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MODULE 1: GENERAL ASPECTS OF ENERGY MANAGEMENT

1. GENERAL ASPECTS OF ENERGY MANAGEMENT

About this module

Energy Auditors must be well informed about the global conditions that make their work critical to
the accessibility of clean, affordable electricity for industrial consumers.

Learning outcomes
At the end of this module, the participant is able to
=  Understand fossil fuels and their impact on climate change
*  Appreciate the importance of the Energy Manager
= Differentiate the units for energy management
= Describe different energy conversion processes
=  Carry out basic life cycle costing

= Plan an energy monitoring schedule

1.1. CLIMATE CHANGE AND RENEWABLE ENERGIES

Given the lack of emissions-related regulations in Nigeria, transportation and diesel genera-
tors are expected to be responsible for over 50% of greenhouse gas (GHG) emissions
throughout the country. Light-duty vehicles — the cars, vans and light-duty trucks we drive,
with majority being outside the clean drive range — are responsible for almost half of that to-
tal. While automakers have been successful in reducing criteria air contaminant (CAC) emis-
sions from cars and light trucks, fuel usage and carbon dioxide (CO:) emissions have contin-
ued to grow steadily over the past two decades. That is because CO:—the princi-
ple GHG linked to climate change — is an unavoidable by-product of the burning of fossil
fuels.

CLASSIFICATION OF ENERGY SOURCES

Energy is classified in a variety of types and becomes available to humans when it flows
from one place to another or is converted from one type into another. The sun supplies large
flows of radiation energy on a daily basis. Part of that energy is used directly, such as day-
light, ventilation or ambient heat. Another part undergoes several conversions creating water
evaporation, winds, etc. Some of that energy is stored in biomass or rivers that can be har-
vested.

» Nigeria’s intended nationally determined contribution (INDC)*

Nigeria signed the Kyoto Protocol in 2004 and committed itself to approve the Nigeria Cli-
mate Change Policy Response and Strategy. This was done in 2012 by the Federal Executive
Council and reconfirmed at COP 21 in 2015. Above that Nigeria is member of the UN
Framework Convention on Climate Change (UNFCCC).

Nigeria’s INDCs define national policies towards sustainable development including
measures to mitigate effects of climate change. They are declared as national government
priority. According to this plan the emission of carbon dioxide is to be reduced by 45% up to
the year 2030 compared to “business as usual”. By not undertaking these measures Nigeria

1www4.unfccc.int/sublmissions/INDC/Published%20Documen’cs/Nigeria/1/Approved%ZONigeria%Z7s%201NDC_
271115.pdf — accessed April 23, 2017
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would suffer from exacerbated costs caused by climate change like according to a 2009 DFID
study Nigeria's GDP could lose between 2-11% by 2020. This would jeopardise the achieve-
ments of development goals, especially those related to eliminating poverty and hunger and
promoting environmental sustainability.

Nigeria’s INDC provides an opportunity for the Federal Government of Nigeria to reduce
CO: emissions mitigating climate change. It also fosters cost savings through reduced con-
sumption of fossil fuels used for electricity and adoption of energy efficient practices by Ni-
gerian industries. Nigeria’s INDC identifies “enforced energy efficiency” as a strategy of
achieving it’s set targets, providing possible entry points for the government to foster the
adoption of energy efficiency in Nigeria.

» Primary and secondary energy

Primary energy sources are embodied in natural resources (e.g. coal, crude oil, natural gas,
uranium, and renewable sources). The International Energy Agency (IEA) utilises the physi-
cal energy content method for classification, according to which primary energy is defined as
energy that has not undergone any anthropogenic conversion. Primary energy is trans-
formed into secondary energy by cleaning (natural gas), refinement (crude oil to oil prod-
ucts) or by conversion (into mechanical power, electricity or heat). When secondary energy is
delivered at the end-use facilities it is called final energy (e.g. electricity at the wall outlet)
that becomes usable energy in supplying services (e.g. light).

Table 1.1: Overview of fossil fuel resources in Nigeria, 2012 — Source: The Nigerian energy sector — GIZ, 2015

oil Gas Coal (total recoverable)
Reserves 37.2 billion barrels 5.2 trillion m® 209.4 (million short tonnes) (2008)

2,417 thousand barrels

Production
per day

43.2 billion m*/ year N/A

Years of extraction

. 42 years 120 years N/A
remaining

» Renewable and non-renewable energy

Renewable energy (RE) is any form of energy from solar, geophysical or biological sources
that is replenished by natural processes at a rate that equals or exceeds its rate of use. Ob-
tained from the continuing or repetitive flows of energy occurring in the natural environ-
ment, RE includes the utilisation of low-carbon technologies, such as solar energy, hydro-
power, wind, tidal and wave power, ocean thermal energy, as well as renewable fuels such
as biomass.

Various types of RE can supply electricity, thermal energy and mechanical energy, as well as
produce fuels that are able to satisfy multiple energy service needs. Some RE technologies
can be deployed at the point of use (decentralised) in rural and urban environments, whereas
others are primarily deployed within large (centralised) energy networks. Though a growing
number of RE technologies are technically mature and are being deployed on a significant
scale, others are in an earlier phase of technical maturity and commercial deployment, or fill
specialised niche markets (see Table 1.2 for renewable energy potentials in Nigeria).
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Table 1.2: Renewable energy potentials in Nigeria — Source: The Nigerian energy sector — GIZ, 2015

Renewable Energy Potentials in Nigeria

Resource Potential Current utilisation and further remarks
Biomass (non-fossil Municipal waste 18.5 million tonnes produced in 2005 and now estimated 0.5
organic matter) kg/capita/day

Fuel wood 43.4 million tonnes/year fuel wood consumption

Animal waste 245 assorted animals in 2001

Agricultural residues 91.4 million tonnes/year produced

Energy crops 28.2 million hectares of arable land; 8.5% cultivated

UTILISATION OF RE

Deployment of RE has been increasing rapidly in recent years. Various types of government
policies, the declining cost of many RE technologies, changes in the prices of fossil fuels, an
increase of energy demand and other factors have encouraged the continuing increase in the
use of RE.

Despite global financial challenges, RE capacity continued to grow rapidly in 2009 compared
to the cumulative installed capacity from the previous year, including wind power (32% in-
crease, 38 gigawatts [GW] added), hydropower (3%, 31 GW added), grid-connected photo-
voltaics (53%, 7.5 GW added), geothermal power (4%, 0.4 GW added), and solar hot wa-
ter/heating (21%, 31 thermal gigawatts [GWth] added). Biofuels accounted for 2% of global
road transport fuel demand in 2008 and nearly 3% in 2009. The annual production of ethanol
increased to 1.6 EJ (76 billion litres) by the end of 2009 and biodiesel to 0.6 EJ (17 billion li-
tres). Of the approximately 300 GW of new electricity generating capacity added globally
over the two-year period from 2008 to 2009, 140 GW came from RE additions. Collectively,
developing countries host 53% of global RE electricity generation capacity. At the end of
2009, the use of RE in hot water/heating markets included modern biomass (270 GWth), solar
(180 GWth) and geothermal (60 GWth). The use of decentralised RE (excluding traditional
biomass) in meeting rural energy needs at the household or village level has also increased,
including hydropower stations, various modern biomass options, PV, wind or hybrid sys-
tems that combine multiple technologies.

Direct Solar Energy 0.1%
/ L Ocean Energy 0.002%

Gas

22.1% Bioenergy
10.2%

Nuclear
Energy 2.0% ——

Wind Energy 0.2%

Oil
34.6%

Hydropower 2.3%

—— Geothermal Energy 0.1%

Figure 1.1: Shares of energy sources in total global primary energy supply in 2008 (492 EJ) — Courtesy: IPCC,
renewable energy sources and climate change mitigation, 2012

(O8]
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1.2. ENERGY EFFICIENCY DEFINITION

This section about energy efficiency has been written while keeping practitioners as well as
national and international energy efficiency experts in mind. It explains the fundamentals of
energy efficiency and its practical implications on an Energy Auditor’s (EA) or an Energy
Manager’s (EM) work and the functioning of an energy management system (EnMS).

Whoever ventures into the field of energy performance improvements is faced with various
definitions of the term energy efficiency. Understanding this concept is highly important for
the decision makers of a firm during the selection and procurement process for energy-
intensive equipment as well as for Energy Auditors when calculating or testing the energy
efficiency of a machine. Even the software driving EnMS equipment as well as the associated
data analysis functions all fundamentally apply the equations and principals behind the con-
cept. Therefore we will start with a brief overview of the various interpretations and financial
implications of energy efficiency.

ENERGY EFFICIENCY AND CONVERSION

Energy can be neither created nor destroyed but only converted from one form of energy to
another. This conversion is performed by equipment such as boilers, electric motors, pumps,
blowers, lights and diesel generators. Table 1.3 lists some examples.

Table 1.3: Energy form conversions and equipment

Energy input Equipment Useful energy output
Chemically bound energy in coal Steam boiler Steam

Electricity Electric motor Mechanical shaft energy
Electricity Incandescent light bulb Visible light

Steam Steam turbine Mechanical shaft energy
Low-voltage electricity Step-up transformer High-voltage electricity
Mechanical shaft energy Water pump Flow work

Chemically bound energy in diesel fuel Diesel generator set Electricity

Equipment responsible for the energy conversion process always produces some unused en-
ergy that is lost to the environment (but could be partially recovered) and discharged mostly
in form of heat. Figure 1.2 defines the energy conversion efficiency or energy efficiency or simply
efficiency of a machine. The mathematical equation that is used by engineers, norms and
standards gives it the Greek letter eta ().

_ useful energy output _ energy nput — losses 1 losses

energy input energy input energy input

» Measuring and calculating energy efficiency

Two methods to measure and calculate efficiency

The equation already shows that there are two methods to determine efficiency. The first
method, the first part of the above equation is to measure over a given period of time all en-
ergy inputs as well as all useful energy outputs. In the case of a steam boiler running on
heavy fuel oil, the measurable energy input flow would be the volume of fuel oil multiplied
by its energy content. The useful energy output is the measured volume flow of live steam
multiplied by its energy content leaving the boiler. But we could as well apply the equation

4
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above in its last form and measure losses, i.e. the unused energy. Which option is the most
preferable depends on the situation and the time and money invested in measuring equip-
ment that is needed for efficiency testing in the laboratory or the field.

The second method, often called the indirect method, is usually more preferable since it al-
lows losses to be identified and quantified. The lower the energy loss of a machine or a pro-
cess, the less input energy is needed to manufacture a product or deliver a service. Some ex-
amples: Manufacturing 1 tonne of steel, processing and packing 1 litre of milk, producing 1
square metre of plywood, producing 1 tonne of cement, or 1 bicycle, or 1 light bulb, or
pumping 1 m? of water to a height of 8 metres, or transporting 1 tonne of sand by truck over
10 km.

ENERGY EFFICIENCIES AND CORRESPONDING TECHNICAL LOSSES

Table 1.4: Exemplary efficiencies of various energy conversion technologies

Technology % Efficiency % Losses

Step-up transformer of a power plant 98 2
Condensing gas-fired hot water boiler 96 4
Electric motor 92 8
Non-condensing oil-fired boiler 87 13
Combined heat and power plant 80 20
Pumped storage hydro power plant 72 28
Combined cycle gas turbine (CCGT) 60 40
Supercritical coal-fired power plant, 1,000 MW

block a4 >6
Larger heavy fuel oil generator set 40 60
Open cycle gas turbine (OCGT) 34 66
High-efficiency photovoltaic cell 28 72
Biomass power plant 26 74
LED light 16 84
Small 2-5 kW gasoline captive power backup 13 87
Human beings 12 88
Incandescent light bulb 4 96

Physicians and medical researchers have of course discovered that the human being is also a
combustion system, albeit a rather complex one that combusts expensive energy in the form
of food and generates mostly mechanical energy at a relatively low efficiency of about 12%.
Compared to all the other machines humankind has designed in the last 100 years, we are at
the bottom of the list.

% LOSSES

100% ENERGY INPUTS »{ Machine or process ‘

% USEFUL ENERGY OUTPUTS

Figure 1.2: Energy conversion efficiency principle
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ENERGY SAVINGS

Energy savings have been attracting financial incentives in quite a number of countries. The
initiatives are mostly managed by energy utilities and take the form of rebates for buying
energy-efficient white goods or lighting to reduce monthly electricity bills or for investing in
other energy management opportunities (EMOs) to reduce natural gas and electricity con-
sumption. In the context of this handbook these important definitions below are applied.

a) “Energy efficiency savings” means the saving of energy by increasing the energy ef-
ficiency of a technology or process either by retrofitting or by procuring more effi-
cient equipment.

Example 1: Incandescent light bulbs are replaced by efficient LED lighting for an energy effi-
ciency savings of 75%.

Example 2: An open cycle gas turbine (OCGT) is converted to a combined cycle gas turbine
(CCGT). The measure will increase the design energy efficiency from 32% to 50%, resulting on
paper in an energy efficiency savings in the form of natural gas of (50-32)/50 = 36%.

b) “Energy conservation” means the saving of energy without increasing the energy ef-
ficiency of a technology or a process.

Example 3: Turning off office lights at night when not needed is a typical energy conservation
measure that does not improve the energy efficiency of a lighting system.

Example 4: Increasing the temperature of an air conditioned room from 22°C to 24°C will re-
duce the electricity consumption of the air conditioner but not improve the design energy effi-
ciency of an air conditioner.

c) “Energy savings” means the saving of energy through energy efficiency savings, or
energy conservation, or both.

Example 5: Turning off incandescent lights at night when not needed is an energy saving
measure because it conserves energy. Replacing incandescent light bulbs by LEDs is also an
energy savings measure because it improves the energy efficiency of the lighting systems and
therefore generates energy efficiency savings. Replacing incandescent light bulbs by LEDs and
turning the LEDs off at night when not needed is an energy saving measure as well because it
improves the energy efficiency of the lighting system and on top of that conserves energy.

Differentiating between energy efficiency savings and energy conservation is not just a se-
mantic gimmick when it comes to national fiscal and financial incentives programmes man-
aging budgets of hundreds of millions of USD. The question that portfolio managers should
ask themselves is whether energy conservation measures with extremely short pay-back pe-
riods should be incentivised or whether it would be better to impose a direct or an indirect
penalty for not implementing highly cost-effective energy conservation measures.

Note: It must also be remembered that all EMOs that might lead to energy savings must be technically
viable and financially attractive. Recommended EMOs must fall within the financial capacity of the
client.
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» SANS 50010 definition of energy efficiency savings

SANS 50010 is the energy savings monitoring and verification standard of the Republic of
South Africa. The standard is of particular interest since under the 12-L regulation the “kWh
saved” procurement program of Treasury and the South African Revenue Service (SARS); an
energy performance baseline must be prepared according to the provisions of the standard.
Moreover, eligible “kWh saved” must be quantified based on the provisions of the standard
before they can become eligible as a tax reduction. The legally binding definition of energy
efficiency savings of SANS 50010 is provided below.

i.  Definition of energy efficiency savings: “Difference between the actual amount of
energy in the carrying out of any activity or trade in specific period of time and the
amount of energy that would have been used in carrying out of the same activity or
trade during the same period under the same conditions if the energy saving measure
was not implemented “.

ii.  Definition of an activity: “An action, process or operation of machinery or equip-
ment that results in the consumption of energy”.

Both definitions and the past 4-year experience with 12-L regulation implementation showed
some difficulties related to the interpretation of energy efficiency savings and eligibility of
energy conservation measures under 12-L as well as the technical challenges and cost effec-
tiveness of baseline preparations and quantification of energy saved beyond deemed energy
savings estimates.

» Calculating energy efficiency savings

One major objective of an energy audit (EA) is to find ways to reduce costly energy losses or
in other words increase the efficiency of a process or a machine by either retrofitting the
technology, or changing the way it is operated, or replacing it by a more efficient and newer
design that can perform the same job and provide the same service level as the old one under
the same conditions. Energy Auditors have an astoundingly simple way to calculate energy
savings based on the energy efficiency concept. This is easily achieved by applying the sim-
ple equation below:

S =100x 12=n:

N2

Example 6: An incandescent light bulb is replaced with an LED light with the same lumens per watt of
useful energy output. The LED has an efficiency of 16% while the light bulb has only 4%. Consequent-
ly, the electricity savings are S = 100* (16—4)/16 = 75% for the same level of lighting services.

Example 7: Instead of buying an electric motor with an advertised 83% design efficiency at nominal
load management, an electric motor with 87% efficiency is purchased. The electricity cost savings on
paper are S = (87-83)/87 = 4.6%.

Energy units: The most common energy units are kWh, kCal, MJ, and BTU. You can find a
convenient energy unit convertor online at www.iea.org/statistics/resources/unitconverter/

Note: In countries following the SI system, the energy unit kWh is not only used for electricity but also
for fuel and steam energy. Consequently 1 litre of gasoline contains about 9 kWh of energy.
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» Incentives for energy efficiency

Currently, apart from savings on energy costs, there are no incentives to support the adop-
tion and implementation of energy management activities in Nigeria. Industry and business-
es, who attempt to do so, do so solely because they see the benefits accruing from cost reduc-
tions and savings which can be realised. In 2016, the National Renewable Energy and Energy
Efficiency Policy (NREEEP) was approved by the government. The NREEEP realises and
recommends that incentives are required for the seamless adoption of energy efficiency in
Nigeria; it however does not make any suggestions on examples of incentives except broadly
recommending tax breaks.

Notwithstanding Nigeria’s slow progress to the adoption of energy efficiency practices, a
good number of countries have been successful in achieving nationwide adoption catalysed
by incentives. Table 1.5 shows examples of incentives which were successful in ensuring
adoption of energy efficiency concepts in selected countries. Examples from which Nigeria
could make adaptations to suit local conditions.

Table 1.5: Energy efficiency incentives in select countries

Country Incentives

USA® Tax deduction of the cost of energy-efficient assets installed in commercial buildings: A tax
deduction of up to USD 1.80 per square foot for buildings that save at least 50% of the heating
and cooling energy of a system or building that meets ASHRAE Standard 90.1-2001 (if placed in
service before January 1, 2016) or 90.1-2007 (if placed in service before January 1, 2017). Par-
tial deductions of up to USD 0.60 per square foot can be taken for measures affecting the
building envelope, lighting, or heating and cooling systems.

Accelerated depreciation for smart meters and smart grid systems: Currently, taxpayers gen-
erally recover the cost of smart meters and smart electric grid equipment over a 20-year peri-
od. The Energy Policy Act of 2005 (EPACT) allows taxpayers to recover the cost over a 10-year
period.

Singapore2 A one-year accelerated depreciation allowance for EE equipment tax incentive encourages
companies to replace old, energy-consuming equipment with more energy efficient ones and
to invest in energy-saving equipment. Under this scheme capital expenditure on qualifying
energy efficient or energy-saving equipment can be written off or depreciated in one year
instead of three.

Netherlands® The Accelerated Depreciation of Environmental Investments Measure (VAMIL) provides accel-
erated depreciation and deductions on qualifying energy-efficient assets. Depreciation of up
to 75%o0f the investment costs is available and the maximum investment cost is EUR 25 mil-
lion. An additional deduction of 41.5% of investment costs in energy-efficient and renewable-
energy equipment is also permitted.

China’ Companies can apply for a tax deduction of 10% of the amount invested in EE equipment, and
if the deduction is not utilised, it can be carried forward for five years. There are also waivers
on custom duties and VAT for certain imported EE equipment.

Certified ESCOs that are contracted to eligible energy performance contracting projects are
allowed a corporate tax exemption in the first three years and an effective rate of 12.5% over
the following three years. Moreover, ESCOs can claim exemption from VAT on the transfer of
assets to clients at the end of a project and assets can be transferred as if fully depreciated for
corporate income tax purposes.

Japan® The central government supports for energy-efficiency retrofit projects directly. A subsidy

! https://energy.gov/eere/buildings/tax-incentives-energy-efficiency-upgrades-commercial-buildings — accessed
April 23, 2017

2 www.nea.gov.sg/grants-awards/energy-efficiency/one-year-accelerated-depreciation-allowance-for-energy-
efficient-equipment-and-technology-(adas) — accessed April 23, 2017

3 www.iisd.org/sites/default/files/publications/10_big_ideas_making_energy_bankable_india.pdf — accessed April
23,2017
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Country Incentives

seeks to increase credibility and recognition of the energy-efficiency Interventions. The im-
plemented schemes are listed below in volume and percentage subsidised):

= Introducing equipment with lower energy consumption (up to USD 126 million — 33%)

= Highly energy-efficient systems in residential buildings (up to USD 19 million — 33%)

= Local authorities’ energy-saving diffusion-and-promotion projects (up to USD 33 million
—50%)

= Energy management systems for building (up to USD 33 million — 50%)

= Local authorities’ energy saving planning (up to USD 5 million — 100%)

1.3. ENERGY MANAGER/ENERGY MANAGEMENT

The Energy Manager is usually a person that is employed by a firm and he/she has been
trained and maybe even certified in relevant aspects of energy management.

ENERGY MANAGEMENT SYSTEM

In light of global energy prices that are increasingly volatile in an overall upward trend and
environmental priorities such as climate change and greenhouse gas emissions reduction,
managing energy has become a critical priority in today’s industrial sector environment. Ni-
geria, Africa’s largest economy, has the second highest emissions rate on the continent after
South Africa, mainly because of gas flaring. Nigeria was ranked fifth globally amongst coun-
tries with the highest amount of gas flared in 2015 (EIA, 2015).

Improving the energy efficiency of industrial organisations offers many cost reduction op-
portunities. Like people, money, and merchandise, energy is part of the management re-
sources of an organisation, and needs to be systematically managed and controlled in har-
mony with the organisation’s management of other resources. Energy management — the
process of understanding and managing energy costs through energy efficiency and energy
purchasing strategies — is a management issue.

As a management issue, the achievement of energy efficiency and the financially attractive
cost savings that often come with it involves many organisational facets. Clearly, there are
technical issues because energy is consumed by technical systems. But people operate tech-
nical systems, and people can dramatically influence energy consumption levels. A strong
commitment on the part of the organisation is also necessary to ensure the success of any
business undertaking — energy efficiency included. With energy playing a fundamental role
in achieving the goals of sustainable development in Nigeria, strategic planning and the
management of energy resources deserve a high priority in the country and in the develop-
ment plans of any organisation.

Organisations that successfully manage their energy use typically share several characteris-
tics that can serve as a guide:

= Broad awareness of the benefits of energy efficiency throughout the organisation;

= Data collection and analysis for energy use management;

= Existence of an energy management plan — both for the short and long term;

= Integration of the task of energy management into the overall management structure
of the organisation;

= Leadership for energy management through a “champion” or group of committed
staff — an energy management team;
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= Top-down commitment expressed in the form of an energy efficiency policy.

The term “energy management” means many different things to different people. As a gen-
eral rule, it involves the application of at least three principles:

1. Purchasing the energy supply mix at the lowest possible price per unit of useful ener-
gy output;

2. Energy conversion management and peak efficiency consumption;

3. Utilisation of most appropriate technology.

It is a useful exercise to take a few minutes to develop a list of the actions or measures associ-
ated with each of these principles in your organisation.

In considering principle 1, energy purchasing, the building operator needs to assess the
price, availability, and energy content (in fact, the cost per unit of energy available from the
source), as well as those issues that influence his or her ability to negotiate favourable energy
purchase agreements.

Consideration of principle 2 should allow the operator to generate a list of management ac-
tions that he/she or someone else in the organisation can take now to ensure that energy is
used as efficiently as possible.

Principle 3 may be the most difficult one to deal with in the short term for any industry.
However, in thinking about the technological aspects of energy use, it is helpful to categorise
measures as:

= No cost — that is, housekeeping and operational changes

= Low cost — that is, measures that may require some investment in technology, but that
rely extensively on input from people and therefore may include training of staff and
energy groups and (re-)consideration of the purchasing policy

= High cost — those measures that require significant investments of capital for the ac-
quisition and installation of new technology.

» Dimensions of energy management systems

The experience of organisations that successfully manage their energy use indicates that
technological solutions alone do not achieve maximum energy savings, and are less likely to
be sustained in the long term. Rather, energy management has the greatest impact when or-
ganisations address these three dimensions:

* Technical: Energy-consuming devices and systems that use or convert energy effi-
ciently (or inefficiently).

* Organisational: Structures and management systems that can support or hinder the
achievement of energy efficiency goals.

= Behavioural: Personal values, attitudes and practices of individuals in the organisa-
tion that impact on energy use.
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Technical

Behavioural Organisational

Figure 1.3: Dimensions of energy management

What role does behavioural action have to play with all the automated technologies at our
disposal? Energy inefficiency and waste is largely invisible and difficult to quantify — an is-
sue which makes it very difficult to manage. Many people, to varying extents, are unaware of
just how wasteful they are with various forms of energy in their daily behaviour and what
this wasteful behaviour ultimately costs. There are cases to demonstrate that a focus on peo-
ple alone — their awareness of energy efficiency as a corporate priority, their values and atti-
tudes towards energy use, and their skills and knowledge related to the management and
use of energy systems — can achieve significant and sustainable savings. The combination of
these two approaches — technological and human resources — typically yields the best result.

It follows that the success of energy management will be maximised when the “human fac-
tor” — employee behaviour and organisational practices — are taken into account, rather than
focusing exclusively on technological changes; one tool to reach this objective is the energy
audit.

» The energy audit

An energy audit can be instrumental in assessing the potential for energy savings and identi-
fying the specific measures that can give rise to improved efficiency. It is interesting to note
that the term “energy audit” does not refer explicitly to a list of energy saving measures. Ra-
ther, it asserts that gaining an understanding of how a facility uses energy will inevitably
lead to the identification of measures that reduce energy consumption. What follows from
this assumption is that the audit procedures must reveal the energy consumption characteris-
tics of the particular plant or system in question.

Energy audits identify energy saving opportunities. Audits performed by Energy Auditors
have traditionally focused on capital improvements or technological energy saving opportu-
nities. However, good energy audits also have the potential to identify many more opera-
tional, or less capital-intensive, opportunities; this is a theme that is embodied in the methods
developed in this course. It draws on knowledge of topics such as project appraisal, cost
structuring, profitability and environmental responsibility.
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» Organisational structure of an energy-consuming system

Companyi/Site

PlantA

Department A Department B ‘ partment partment
T [

Process A Process B ‘

! | |

Equipment A | | Equipment Juipment Equif Juif ‘

Figure 1.4: Structure of an energy-consuming system — Courtesy: Energy savings toolbox —
An energy audit manual and tool - Natural Resources Canada, 2011. Reproduced with the permission of the
Department of Natural Resources, 2016

An energy-consuming system is a collection of elements that consume energy. Energy audits
are usually concerned with systems that may be as extensive as a multi-plant or multi-
process industrial site, or as narrow as a single piece of equipment such as a boiler.

Figure 1.4 illustrates the generic structure of an energy-consuming system as it may exist on
an industrial site. For simplicity, the figure above only shows one branch for each subordi-
nate level in the system hierarchy. Real systems would have many branches from each com-
ponent to various lower levels. In this manual, the term “energy-consuming system” may
refer to a site, building, department, system or piece of equipment, or any combination of
these.

» Energy balance

The first law of Thermodynamics states: “Energy can neither be created nor destroyed”.
Whatever we or our man-made machines do involves the conversion of one form of energy
input into at least two other forms of energy output. One form is the output of useful energy.
The balance is energy loss. Our sole objective in this context is to change the system in such a
way that we reduce the technical losses cost-effectively.

Energy management comes with two basic challenges:

= How to specifically define the system being considered;

= How to quantify energy flows into and out of that system.
The first of these challenges involves defining a system boundary. As noted above, by “sys-
tem”, we mean any energy-consuming building, area within a building, operating system,
collection of equipment, or individual piece of equipment — around which we can, figurative-
ly, place a boundary. On a schematic diagram, as in the following Figure 1.5, a pencil line en-
circling our “system” serves as the boundary.
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Figure 1.5: Facility energy system

What happens within the system boundary is of little concern from an energy accounting
standpoint. The energy streams that cross the boundary must be accounted for. It is therefore
essential that the system boundary be defined in very specific terms.

The second of these challenges is the more difficult in technical terms, as it involves the col-
lection of energy flow data from various sources, including direct measurements. The estima-
tion of energy flows that cannot be directly measured, such as heat loss through a building
wall, or in vented air, is likely also to be involved. Remembering that we only need to con-
cern ourselves with the energy flows that cross the system boundary as we have defined it,
the following points must be considered when quantifying energy flows:

= Select convenient units of measure, and be able to convert the various units to one se-
lected unit for the consolidation of data (e.g. express everything in equivalent kWh or
M]J of energy);

= Know how to calculate the energy contained in material volume and mass flows — as
in hot water to drain, cooled air to vent, intrinsic energy in processed materials, etc.;

® Know how to calculate heat from the various precursor energy forms, as in electricity
converted to heat through the operation of an electric motor.

1.4. METRICS OF ENERGY
PHYSICAL UNITS AND CONVERSION

» Definitions
Energy is very simply defined as the ability to do work. In technical terms, work is defined as
force (F) applied through displacement (d) (the vector equivalent of distance):

W=F-d

13
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» Forms of energy

Energy can take many different forms and do many different types of work. As stated above,
one very important law of nature which guides the process of energy management is that
energy cannot be created or destroyed, but only converted from one form to another. The
forms of energy discussed in this manual include chemical energy, thermal energy, mechani-
cal energy, and electrical energy. Table 1.6 below shows these and other energy forms and
their natural sources.

Table 1.6: Energy forms and natural sources

Type of energy Sources

Potential energy Hydro

Kinetic energy Wind, tidal, hydro

Thermal energy Geothermal, ocean thermal
Radiant energy Solar

Chemical energy Oil, coal, gas, biomass
Electrical energy Lightning

CHEMICAL ENERGY

Chemical energy is the energy that helps to “glue” atoms together in those clusters called
molecules, or chemical compounds. Of special interest to us are fuels or their derivatives such as
natural gas, liquefied petroleum gas (LPG), coal and oil that can be combusted. When these
fuels burn, they undergo a chemical change that results in a separation and reconfiguration
of the atoms in the molecules into products of combustion. In this process, the chemically
bound energy that held the atoms together is liberated in a different form, as high-
temperature heat or thermal energy, a form well suited to doing many different kinds of
work.

THERMAL ENERGY

Thermal energy involves the microscopic movement of atoms and molecules in everything
around us. Thermal energy is often commonly referred to as heat. In everyday language, heat
is both a noun and a verb. Heat flows; we heat. In fact, we consider two basic types of heat:

= Sensible heat is energy that changes the temperature of a body or a substance — we
can sense it.

= Latent heat is energy that initiates a phase change; the temperature of a substance is
not changed.

To illustrate these two forms, the process of producing steam involves both sensible and la-
tent heat: as the water is raised from its initial temperature to the boiling point, 100°C at 1
atmosphere pressure, sensible heat is required. At the boiling point, additional heat is re-
quired to convert the water from liquid to vapour; that heat is latent heat and it is a property
of the respective substance, in this case water, and the conditions at which the change of state
occurs.

Thermal energy may move in many different ways, between many different substances, and
change back and forth between its sensible and latent forms. However, it flows spontaneous-
ly only from a higher temperature area to a lower temperature area.

14
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Thermal energy units of measure

Thermal and electrical energy units can be inter-converted. The basic unit of thermal energy
is the joule (J) defined as the work done (or mechanical energy required) when a force of 1
Newton is applied over a distance of 1 metre. Because the joule is relatively small, we usually
speak of megajoules (M] = 10¢ joules) or gigajoules (GJ] = 10° joules).

The delivery of 1 J/s is equivalent to 1 watt. It follows that 1 kWh = 3.6 MJ. For further energy
conversions, you may use the unit converter of the International Energy Agency.
www.iea.org/statistics/resources/unitconverter/

Heat capacity

In many everyday situations, thermal energy is transported from one place to another by
simply heating a substance, and then moving that substance. A good example is a hot water
heating system for the generation of hot process water. Heat is moved from the boiler to the
process equipment by heating water at the boiler and then pumping it to the process system
where it delivers the required heat. Water is frequently used because it has a good capacity
to retain heat.

The specific (i.e. per unit mass) heat capacity of a substance is defined as the amount of heat
required to raise the temperature of 1 kilogram of the substance by 1°C. The unit of measure
is kilojoule per kilogram Celsius. Typical specific heats are listed below.

Table 1.7: Specific heat capacity of some substances

Substance Specific heat capacity

Water 4.19 kJ/(kg °C)

Hydrogen (15 °C) 20.4 kJ/(kg/ °C) (constant volume)
Ice 2.04 kl/(kg °C)

Aluminium 0.912 kJ/(kg °C)

Brick 0.8 kJ/(kg °C)

Usually the heat capacity of a substance is a known variable and the question is how much
heat is required to raise its temperature by a certain amount or how much heat it contains. A
very simple formula can be used to calculate the answer.

Q=m-c (T =Ty)

Where, Q = Heat [K]]
m = Mas in [kg]
C = Specific heat capacity [k k] C]
(T—-Th) -

- Temperature change [°C]

This is a very useful formula in energy management. Thermal energy is often transferred via
the flow of water, air, or other fluids. This formula, or one based on it, may be used to calcu-
late the energy flow that is associated with this mass flow.
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Example 8: A cooling system for electric drives uses 1,000 L water per hour; the input temperature is
15°C, the output is 55°C, and the electric drives operate for 6,000 hours per year. How much heat is
captured in the water? Is that heat sufficient to heat a production process that requires heat at a mini-

mum temperature 45°C with an annual quantity of 40 kWh.
kg kJ
Qcool ing = 1’0007 - 4.19 kg °C

kg k]
Qheating = 1,0007 -4.19 kg o

- (55°C—15°0) - 6,000h = 280 kWh

- (55° C— 45° Q) - 6,000h = 69 kWh

The available energy amount is sufficient. A further calculation of a technical solution that
considers among others energy losses, operation times, investment and costs needs to be
made.

MECHANICAL ENERGY

Mechanical energy is the energy of physical movement or position. When stored as energy of
movement, it is called kinetic energy, defined as:

KE—1 2
=5 mev

Where m is the mass of the moving object or substance and v is its velocity. When stored as
energy of position, it is called potential energy, defined as:

PE=m-g-h

Where m again is the mass of the object or substance, g is the acceleration due to gravity (9.8
m/s? at sea level) and h is the height of the object or substance above a reference point.

ELECTRICAL ENERGY

Electrical energy involves the movement of electric current through wires. Electrical energy
is a very useful form of energy because it can perform many functions. Ultimately, most elec-
trical energy or electricity also ends up as thermal energy in the form of sensible heat. Some
devices such as electric heaters convert the energy directly; other devices such as motors
convert electricity to mechanical energy, which eventually becomes heat. The trick to opti-
mising electricity use is to maximise the amount of work done by electricity before it is lost as
heat. Typically, this also involves optimising the use of mechanical energy.

» Units of energy
The basic unit of energy in the metric system is the joule. Energy in the form of electricity is
given in units of watt-hours. The prefix “kilo” indicates 1,000 units. Common equivalencies
between units are shown in Table 1.8. On an international level and depending on the de-
scribed energy form and amount of energy, several different units for energy are used. An
overview is given in Table 1.9.

Table 1.8: Units of energy

Energy equivalents
1,000 joules (J) 1 kilojoule (kJ)
1 kilowatt-hour (kWh) 3,600,000 J or 3.6 MJ
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Table 1.9: General factors for energy

Mtoe MBtu

To: ( Tera.,;',oule) (Giggccgllorie) (IV{egatc.)nnes of (Mega Briti..sh (Gigam?a',l/thhours)
oil equivalent) thermal unit)

From (multiply by):

T 1 238.8 2.388x10° 947.8 0.2778

Gcal 4.1868x10° 1 10”7 3.968 1.163x 10

Mtoe 4.1868 x 10* 107 1 3.968 x 10 11,630

MBtu 1.0551x10°  0.252 2.52x10°% 1 2.391x10"

GWh 3.6 860 8.6x10° 3.412 1

Source: IPCC for further calculations!

» Difference between energy and power

Power is the rate of energy flow, or how fast energy is being used or transferred.

Power is measured in joules per second (J/s). One joule per second is equivalent to one watt.
Mechanical power is usually measured in kilowatts in the metric system and horsepower in
the Imperial system.

Table 1.10: Units of power

Power (energy rate) equivalents
1 kilowatt (kW) 1 kilojoule/second (kJ/s)
1 horsepower (HP) 746 watts (0.746 kW)

The electrical power or demand in a circuit depends on two fundamental quantities, voltage
and current:

= Voltage (U) is the magnitude of the driving force that sends electrical charge through a
conductor (similar to pressure in a water distribution system or the force applied by a
person pushing a child on a swing). Voltage is measured in volts.

= Current (I) is the rate of flow of charge through a wire caused by the push of the volt-
age (similar to the rate of flow of water through a pipe or the speed of the child being
pushed on a swing). Current is measured in amperes (amps).

= Power (P) is voltage and current acting together to do useful work. Power is measured
in watts. Mathematically, the relationship is represented as:

P=U-1

= Demand is the rate of use of electrical energy. The term “demand” means essentially
the same as electrical power, although demand generally refers to the average power
measured over a given time interval. Peak demand is the maximum demand experi-
enced over a given time interval, and is especially important to how we purchase
electricity.

! International Energy Agency. www.iea.org/statistics/resources/unitconverter/ — accessed: March 17, 2017
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» Demand and electrical energy

In the previous section, we talked about electric power or demand. When power is con-
sumed for a period, energy is used. Energy consumption is the total amount of electricity
consumed over time and is measured in kilowatt hours (kWh). By definition:

E=P-t

Whereas E is energy with its unit kWh, P the demand, most in kW (kilowatts) and t is the
time in hours.

» Energy conversion processes

Energy conversion is the process of
changing energy from one form to an-

other normally with the aim of con- A ——— > Useful energy
verting that energy into a useful form.

The crux is that any energy conver-
sion will generate usable and non-
usable energy. We refer to the latter as
technical losses. Figure 1.6: Energy conversion process

Technical losses

Historically, human-driven energy conversion processes have included:
= Biomass — heat (for cooking and heating)
= Solar — heat (for drying clothes or food)

Solar is still the main natural light source, which can be used without the need for conver-
sion. Solar is the energy source for biomass, wind and hydropower.

* Biomass — farm animals — horsepower, food
Later, humans also invented and systematised these conversions:

= Coal — heat

= Hydro — milling flour, running machinery

=  Wind — pump water
During the period of industrialisation, energy conversion processes shifted to rely more and
more on fossil fuels and become the main driver of rapid technological developments. Addi-
tional energy conversion processes in modern times include:
Heating of buildings

= QGas, oil, biomass — heat

= Solar — heat
Electricity generation

= Coal, gas — heat — mechanical — electricity

= Hydro — mechanical — electricity

=  Wind — mechanical — electricity

= Solar — electricity

18
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Transportation

= Qil — gasoline, diesel, jet fuel — heat — mechanical
* Biomass — ethanol — heat — mechanical
= Fuel cell cars: gas — hydrogen — electricity — mechanical

= Hybrid cars: gasoline — mechanical — electricity — battery — electricity — mechani-
cal

1.5. BASICS OF FINANCIAL AND ECONOMIC ANALYSIS OF ENERGY
EFFICIENCY SAVINGS

This section provides a toolkit of methodologies for the financial and economic analysis of
energy efficiency saving measures. The emphasis lies on “energy efficiency savings”
measures, meaning an investment in energy management opportunities (EMOs) that reduce
technical energy losses, i.e. increase energy efficiency as defined the equations above.

Energy conservation measures such as turning off inefficient lights when not needed do not
require investments in more efficient technologies and are considered low-cost investments
primarily aimed at changing the attitude of management and staff. For instance, instead of
just turning off inefficient lighting, an Energy Manager might decide to replace the inefficient
lighting with an efficient alternative and turn off the efficient lighting when not needed.

Both the EM and EA should be familiar with financial and economic appraisals of EMOs for
different reasons. The EA must be familiar with financial appraisals of EMOs with or without
government incentives. The EM needs the know how to defend the financial attractiveness of
EMOs before management because each EMO will compete with other, potentially more at-
tractive projects for the firm’s equity. Fortunately, many EMOs are low-cost measures with a
pay-back period of less than 2 years. But other EMOs such as a combined heat and power
(CHP) system, a new furnace, or a chiller will be capital intensive, have much longer amorti-
sation periods and require more sophisticated financial appraisal methodologies.

Financial and economic analysis is more of an art than a science for EMOs with an operation-
al lifetime of more than 15 years, while EMOs with short pay-back periods do not require a
sophisticated appraisal. In the latter case, a more relaxed approach to financial appraisal will
serve just as well. Companies employ the following financial appraisal methodologies:

a. Benefit/cost analysis: An EMO generates quantifiable benefits as well as costs. Add-
ing up all financial benefits and dividing them by all the costs accruing throughout
the operational life of the EMO should therefore be a number larger than 1 to be fi-
nancially attractive to the company. If not, the benefits are smaller than the cost and
the EMO is certainly not attractive for a company and should not be implemented. A
B/C ratio of 10 means that the benefits represent a tenfold increase over costs and the
EMO would therefore seem to be a very good deal. We will deal with the nitty-gritty
of specifying the benefits as well as the costs in later sections.

b. Pay-back period: Most EMOs require an initial capital investment and may incur ad-
ditional costs throughout their operational life. Simply speaking, the static (SPP) or
dynamic (DPP) pay-back period of an EMO is the length of time needed to recover all
its costs. Cost recovery is achieved through energy cost savings and any other cost
savings or incentives the EMO may trigger. All investors understand the notion of
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pay-back period. Most companies set a maximum pay-back period for EMO invest-
ments that are operational cost-cutting measures as a matter of company policy.

Generation cost of energy saved: Energy consumers have the choice to either avoid
the consumption of 1 kWh of energy or to procure 1 kWh of energy. Obviously it
would be a good deal for an energy consumer if an investment in an EMO saves 1
kWh of electricity at costs of 2 cents/kWh instead of paying the utility 8 cents/kWh for
the supply of 1 kWh. In other words, 1 “kWh saved” results in electricity cost savings
of 8-2 = 6 cents. How to calculate the costs of “kWh saved” will be explained in great-
er detail later in this handbook.

. Net present value (NPV) of an EMO: The NPV of an EMO is defined as the increase
in wealth of a company or any other party implementing and financing an EMO. An
EMO resulting in a negative NPV is not a good project idea since it decreases the
wealth of the investor instead of increasing it. The NPV value is not just a single
number but a curve that shows how the investor(s) recover the investment over the
useful life of the EMO. The SPP or DPP are closely linked to the shape of the NPV
curve and represent the points in time the NPC curve intersects the x-axis.

Internal rate of return (IRR): The internal rate of return for a project is the interest
earned on the outstanding balance of the total project investment. Note that the IRR is
not the interest earned on the total investment. The project IRR is a by-product of the
NPV calculation and defined as the discount rate at which NPV= 0. There may be
more than one point in time with NPV= 0 in the operational life cycle of an EMO. A
typical example is fuel-switching EMOs. As a general rule, the EA or EM should al-
ways prepare the NPV curve and not only calculate the IRR of the project life cycle.

Least life cycle cost (LLCC): There are still too many companies that do not select
and procure energy-intensive equipment based on least life cycle cost considerations.
How to perform an LLCC assessment and how to tender large energy-intensive
equipment and appraise the offers based on least life cycle cost is part of any standard
EM training and will be discussed in later in this handbook. Four more subjects relat-
ed to the financial and economic appraisals of EMOs will be discussed in this chapter
as well:

a. Distinction between economic and financial analysis of an EMO investment;
Basic principles of repaying a loan;

c. “Energy cost/depreciation cost” ratio and its importance to identify attractive
EMOs;

d. Reversible versus irreversible investment errors of energy-intensive equipment.

ECONOMIC EVALUATION

The focus of this section is the financial and economic analysis of energy saving measures.
The financial analysis of an EMO compares the benefits and costs to the firm, while the eco-
nomic analysis compares the benefits and cost to the whole economy. Energy saving

measures encompasses energy efficiency savings as well as energy conservation measures as
defined in section 1.5. For convenience, the abbreviation EMOs is used for energy saving
measures although not all EMOs will result in quantifiable energy savings but may only pro-
vide a conducive environment to reduce energy costs in a technically viable and financially

attractive manner.
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Example 8: An EMO replaces inefficient lighting with efficient LED lights. This action should result in
a B/C ratio larger than 1 and is therefore financially attractive for the company since the benefits out-
weigh the costs. How to calculate the cost/benefit analysis is explained in greater detail in the next sec-
tions.

Next, assume the electricity tariff is low, because the power utility produces electricity from
highly subsidised natural gas costing only USD 3 per million BTU and the subsidy is paid by
the government. Consequently, the EMO financed by the company reduces the subsidy bur-
den of the government and is considered an economic benefit to society as a whole. In this
case, the economic analysis appraises the economic benefit for the government by calculating
the reduction in subsidies.

Furthermore, assume that the government recognises that national promotion of efficient
lighting will reduce public subsidies. It could therefore offer fiscal or financial incentives to
companies participating in an efficient lighting campaign. The national campaign costs for
the government will be the subsidies paid plus administrative and promotional costs.

Consequently, the government must as well estimate its own campaign costs and calculate
the economic B/C ratio to make sure the subsidies and administrative costs are not too high.
The latter phenomenon is called over-subsidising. Standard methodologies for the financial
and economic analysis applied to EMOs addressing electricity and natural gas savings can be
found at the following websites:

1. www.epa.gov/sites/production/files/2015-08/documents/cost-effectiveness.pdf

2. www.cpuc.ca.gov/WorkArea/Download Asset.aspx?id=7741
» Cost/benefit analysis

INTRODUCTION TO ENERGY PRODUCTION COST CALCULATION

The literature refers to the methods for calculating energy production costs as the “levelised
cost of energy” (LCOE). The LCOE interpretation is:” Sum up all monthly or yearly dis-
counted costs for engineering, procurement, construction and the operation of a power plant
throughout its operational life and divide that number by the sum of monthly or yearly dis-
counted energy outputs throughout the operational life. The discount rate d is usually the
weighted average capital cost (WACC). This calculation produces a single number, say in
cents/kWh. The result should be a curve if the calculation is performed for any number of
time periodsn=01, 2, ......... n.

Ct Ct

n n
Lcog = Starar _ ZT0armce )
n kWhe n kWhg
t=0 (1+a)t t=0 (1+ vwacc Ht
Where, C: = Costs for time period t
d = WACC, the discount rate as a fraction per month or per year
t = Time period in months or years
n = Operational life in months or years

This definition appears simple at first glance. However, the underlying financial models can
be quite complicated. Investment grade and bankable models applied for larger EMO in-
vestments are particularly sophisticated. For the purposes of this manual, an in-depth dis-
cussion of the finer points of LCOE calculation is neither necessary nor appropriate, because
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the focus will be mainly on the calculation of levelised costs of energy saved and not of en-
ergy supplied.

INTRODUCTION TO “ENERGY SAVED” PRODUCTION COST CALCULATIONS

Similar to calculating the LCOE of energy supply or energy production, the same equation
can be applied to calculate the levelised production cost of energy saved (kWh(s)). We re-
place in the equation the term kWhe with kWh(s): . Recall that an energy consumer has the
choice to either pay the supply price for one unit of energy, or invest in EMOs and pay the
price for kWh(s). In the context of this chapter, energy production cost refers to the wholesale
price, while energy supply cost refers to the retail price.

If the production cost for one kWh(s) of electricity equals 3 cents and the supply tariff for 1
kWh electricity is 10 cents, management would prefer to invest in EMOs that save electricity
at 3 cents/kWh. For instance, a number of EMOs producing 100,000 kWh(s) in 5 years will
save electricity costs of 100,000 kWh(s) * (10 cents — 3 cents) = USD 7,000. More detailed calcu-
lations and examples are provided later in this handbook Pay-back period of an EMO.

Energy Auditors as well as Energy Managers should rate EMOs that produce quantifiable
energy savings according to the static or dynamic pay-back period. Almost all investors and
even more the lenders look at EMO investments with short SPP or short DPP. A short pay-
back period signals a high rate of return. It also lowers the investment risk because lenders
and equity providers recover their investment faster.

Example 9: A room thermostat is set at 24°C instead of 22°C resulting in 7% electricity savings for an
air conditioner that consumes 720 kWh per month. At an electricity rate of 13 cents/kWh, the annual
electricity cost savings are 12 x 720 x 0.13 x (0.07) = USD 78.62. Calculating the SPP is a “no-brainer” in
this case if the air conditioner has a functioning thermostat that can switch the air conditioner com-
pressor on and off. This component is installed in most modern air conditioners. The static pay-back
period is as expected to be 0 years since no investment is involved. The measure is a typical good
housekeeping measure that conserves energy. The formula to calculate the SPP is

investment 0 USD

SPP = = 0 month

annual energy cost savings ~ 7862 USD

Example 10: Assume a 60 W incandescent light bulb with 12 lumens per watt (Im/W) is replaced by a
12 W LED with 60 Im/W. The LED provides the same lighting level as the light bulb, namely 720 lu-
mens. The LED costs USD 6; the incandescent light bulb costs USD 1. Both lights will be used for 6,000
hours per year. Under favourable circumstances, the incandescent light bulb provides lighting for
2,000 hours and must be replaced thrice a year while the LED will provide services for 30,000 hours
and last for five years. Electricity costs are 12 cents/kWh. Consequently, annual energy cost savings
are (0.060 — 0.012) x 6,000 x 0.12 = USD 34.56. The SPP is,

investment 6 USD

= =21 th
annual energy cost savings  34.56 USD TMOntAs

SPP =

The SSP ignored the annual investment savings of USD 3 for three light bulbs. Including the invest-
ment savings for 3 light bulbs we get,

investment LED _ 6 USD
annual energy cost + light bulb savings ~ 34.56 USD + 3 USD

SPP = = 1.9 months
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Observe: The SPP methodology has two weaknesses. The SSP ignores the profitability of the measure
and the time value of money. Nevertheless, most companies judge the attractiveness of an investment
by its simple pay-back period and most energy audit reports rate the EMOs based on simple pay-back
periods. The next section presents the concept of a benefit/cost ratio of EMOs and explores the thus far
absent profitability angle.

Benefit/cost ratio

This is usually done from the perspective of the energy customer (first stakeholder test). The
benefit/cost ratio (B/C) is one method to look into the profitability of an energy saving in-
vestment. Recall the definition of B/C:

BIC = The sum of al lbenefits throughout the operational life

The sum of al lcosts

Example 11: Example 10 is continued. The annual energy and investment savings were already calcu-
lated as 34.56 + 3 = USD 37.56. The operational life of the LED is five years and therefore the benefits
amount to 5 x 37.56 = USD 187.8. Consequently,

187.8
B/C = ——=313

In other words, the benefits by far outweigh the costs of investing USD 6 in an LED. Next, the ap-
proach is refined to account for inflation on the electricity tariff. Assume the electricity tariff goes up
by 3% annually. Consequently, the energy cost savings over a period of five years can be calculated as

34.56 X (1.03)r + 34.56 X (1.03)......... 34.56 X (1.03)® = USD 188.99.

The cost of light bulbs may have also gone up by 5% per year. The resulting avoided investment costs
are therefore not only USD 15 but amount to

3 x (1.05)' + 3 x (1.05)>.......... 3 x (1.05)5 = USD 17.40. Consequently,

188.99 + 17.40
B/C = ————=3440

If the useful life of an EMO becomes too long, say 20 years, it is too cumbersome to calculate by hand
the sum of energy cost savings or avoided investment savings that are affected by inflation. Use the
following compact equation to calculate the energy or investment savings for any operational life n of
an EMO.

. a+H*-1
Sn=Cx(1+z)x(f)
Where, C = Energy cost or investment cost savings in the first year WACC, the discount
n = rate Lastyear of operational life Time period in months or years
i = Inflation rate of costs in percent but applied as a fraction, e.g. 5% = 0.05

Let us further refine the B/C result by assuming that the single investment of USD 6 is financed by a
bank. This refinement becomes important later in the section when discussing national LED deploy-
ment campaigns managed by a power utility. Assume the annual interest rate of retail banking is 18%
and the pay-back period is five years with 60 equal monthly instalments. These key figures represent a
typical retail banking scenario, albeit for larger investments and not just a single LED. The monthly
instalments (monthly repayment plan) are calculated as follows:

_Ixq*x@-1 _ 6 x (1+40.18/12)%° x ((1 + 0.18/12) — 1)

0.1523 USD
q"—1 (1+0.18/12)*° — 1

A
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The same result can be obtained using www.canadabanks.net/Loan-Calculator.aspx

Where, A = Constant monthly payment to amortise the investment WACC, the discount

[ = ratelnvestment

= 1+
q = 1+
i = Monthly interest rate as a fraction
n = Number of monthly instalments

188.99+17.40
Therefore B/C=———— = 22.86
60%0.1523

Observe: Buying a LED with borrowed money will increase the price from USD 6.00 to USD 9.14.

a. Depending on the level of refinement of the B/C equation to account for realistic scenarios, the
B/C ratio varies between 22.86 and 31.30.

b. All cash flows represent nominal cash flows as shown on electricity bills and sales invoices
and are not yet discounted.

c. To perfect this B/C methodology, the next step would be to apply the time value of money and
discount the nominal cash flow time series. Because this EMO is obviously highly attractive, it
is not necessary to go to that type of detail.

» Weighted average capital cost (WACC)

Except for good housekeeping measures, i.e. those measures requiring no or very small in-
vestments, all other EMOs need financing in one form or the other. The quickest way to fi-
nance EMOs is through a company’s equity. However, equity is the most expensive source of
capital a company has and EMOs may compete with other projects with higher returns. Also,
capital-intensive EMOs will always require a mixture of equity and debt financing. In short,
equity is always scarce and expensive and most lenders expect an investor to provide at least
30% equity, sometimes even more, but offer lower interest rates to the company for higher
equity levels. Furthermore, debt financing of EMOs is not a mainstream business of lenders
because most EMOs are investments in reducing operational costs. Finally, the quantification
of resulting energy cost savings can be complex and lenders may question the results.

Example 12: A company has tendered for a new boiler. The boiler costs USD 80,000. Company equity
is 30% at a 16% expected return and the balance of 70% becomes debt to be paid back at a 9% interest
rate. It follows that the WACC = 0.30 x 16% + 0.70 x 9% = 11.1%.

For completeness but only of interest for large EMO investments, the WACC of shareholder-
owned companies is calculated differently' and is not just based as above on single project
financing where a company sets a hurdle rate for the return on equity and a lender proposes
an interest rate for the debt.

» Net present value (NPV) perspective for energy consumer

In the next example, we will calculate the NPV for Example 10 above. The NPV is a different
interpretation of the B/C ratio and includes the time value of money. Recall that the NPV

1 See Investopedia www.investopedia.com/terms/w/wacc.asp or Money Chimp
www.moneychimp.com/glossary/wacc.htm or WACC calculator www.wacccalculator.com/— accessed March
17,2017
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represents the increase in wealth of the customer (investor) from implementing the project.
Obviously a negative NPV would decrease the wealth of the investor(s) and therefore signal
to the investor(s) not to implement the project.

n
savings; — costs;
NPV =) A+dy
Where, t = Time period in years or months
to = End of the time period zero, meaning the start of the time period 1
n = Project observation period in years or months. Usually the useful life of
d = the EMO
Savings: Discount rate in % but expressed as a fraction, 16% would be 0.16. Usually
- the WACC
Costst Energy cost savings as well as any other monetary savings triggered by

the EMO in the time period t

Investment costs as well as other costs caused by the EMO in the time pe-
riod t.

Example 13: Retrofitting a furnace or boiler with a heat exchanger to capture some of the waste heat in
the stack gas to preheat feed-water or combustion air results not only in fuel cost savings but may at
the same time increase electricity costs for operating a blower to overcome the additional pressure
drop across the heat exchanger and may also increase maintenance costs.

Example 14: Replacing an incandescent light bulb by an LED will not only reduce the cost of electrici-
ty, but also eliminate the procurement of additional incandescent light bulbs during the operational
life of the LED.

Observe: The following,

a. The NPV is not just a number. It is also a curve that usually starts with a negative value and
should eventually become positive at the end of the useful life of the EMO.

b. The NPV calculation considers the time value of money by dividing savings and costs by a
factor (1+d)t with d being the discount rate of the NPV.

c. The discount rate d is in most cases the weighted average capital costs (WACC) of the custom-
er (investor) or a societal discount rate.

Example 15: Example 10 assumptions apply at discount rate of 16%. We get

. (benefit — costs), . (benefit — costs),
2 = costsg + 5
1+4d) 1+4d

t—0 t—0

The first and only Costo at the end of the year zero is USD 6 for one LED. In the following five years
the annual benefits are USD 34.56 in electricity cost savings and USD 3 in light bulb cost savings. The
NPV at the end of the five-year operational life of the LED equals,

NPV(5) = -6 +37.56/(1.16)1 +37.56/(1.16)2 + 37.56/(1.16)3 + 37.56/(1.16)* + 37.56/(1.16)5 = -6 + 32.38
+27.91 +24.06 + 20.74 + 17.89 = USD 116.98

In other words, the replacement of one 60 Watt incandescent light bulb by a 12 Watt LED providing
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the same level of light service made the consumer by USD 116.98 richer over a time period of 5 years if
we account for the time value of money. Accounting for the time value of money has not been done in
the previous sections. Observe that for convenience any electricity tariff inflation or inflation of light
bulb prices has not been incorporated but could be included.

» Project internal rate of return (IRR)

The project internal rate of return (IRR) is a special discount rate. It is the interest earned on
the outstanding balance on the project investment. The mathematical definition of the IRR is
the discount rate d at which NPV = 0 at the end of the operational life of the LED. The IRR
cannot be calculated by a formula but must be found by iteration. At NPV =0 we would get
d = 625%. You can compare this interest earned by the EMO with the paltry few percent one
would earn by investing and operating a power plant.

» Dynamic pay-back period

The simple or static pay-back period (SSP) was discussed in section 3.4. Calculating the SPP
is fully adequate for most EMO investments and does not differ much from the dynamic
pay-back period (DPP) in this case. The DPP is a by-product of the NPV curve and can be
visualised by drawing the NPV(t) curve for 60 months. The months for which the NPV curve
becomes positive is the dynamic pay-back period. In this case, it is shortly after the end of the
second month as shown in the graphic below.

10.00 NPV 504

0.00

-10.00

Benefit/cost ratio

This ratio is usually calculated from the point of view of the power utility (first stakeholder
test). Many power utilities manage large, efficient lighting programs. Some utilities procure
“kWh saved” and pay a price for it, or offer rebates for a wide range of EMOs as practised in
the USA or South Africa. A few also tender GWh saved as can be seen in the following real-
life example from a recent competitive tendering for GWh saved by a Danish power and
natural gas distribution utility:

“DONG Gas Distribution and DONG Electricity Distribution hereby announces the tender
for delivery of energy savings in 2015 and 2016. We are tendering for approximately 100
GWh as a mixture of monthly e-auctions of 5 GWh and an additional 3 e-auctions every
fourth month of 15 GWh. The suppliers are prequalified by handing in an accepted certificate
describing their quality management system and participating in a meeting with DONG En-
ergy where topics such as the contract, the quality requirements of the energy savings deliv-
ered and e-auctions will be elaborated. In order to be prequalified please send a request to:

7”7

Literally thousands of national energy savings programmes are implemented by incentivis-
ing or tendering energy savings in one form or the other. This section explains in a nutshell
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how a power utility under certain conditions will benefit from the EMOs of its customers and
may selectively incentivise EMOs for its own financial benefit. US regulators are currently
requiring power utilities to prove that procuring new power plant capacity is less expensive
than procuring “energy saved” capacity at the same risk levels. The regulators have declared
energy savings as an energy resource. Energy savings are also often called the “first fuel” be-
cause it is the least expensive energy source.

“Regulators should set clear expectations that Utilities should consider energy efficiency as a
RESOURCE and should spent money to PROCURE that resource as they would for other re-
sources in an Integrated Resource Planning (IRP) exercise”. Well informed EMs and EAs will
benefit from national incentive schemes and could take advantage of them.

Example 16: Consider a power utility managing a national efficient lighting programme to replace in-
candescent light bulbs with LED lights. A decision has been made to procure in bulk five million 12
Watt LEDs and distribute the investment over a period of two years. The targeted customer group is
“lifeline” customers who pay only 3 cents/kWh for the first 75 kWh consumed in a month. However,
the electricity supply costs of the power utility for this customer group are much higher at
9 cents/kWh. The utility therefore incurs a financial loss of 6 cents for each kWh supplied and has a
vital interest to reduce the power supplied for lighting without lowering the lighting quality or inten-
sity.

Apply the previously introduced B/C ratio equation below from the point of view of a vertically inte-
grated power utility,

some of utility benefits

B/C tility =
/Cof utility some of utility costs

a) First, calculate utility campaign costs under a worst case scenario for the power utility.

i.  Assume the utility has 12% weighted average capital costs and procures the LEDs for
USD 5 per piece on borrowed money for five years, paid back by 60 monthly instalments.
The power utility costs are then USD 6.67 per LED if the LEDs are given away for free in
the worst case scenario.

ii. ~ Program management running costs such as public relations material and the manage-
ment team and office costs may be USD 2 million over two years or USD 2,259,526 if bor-
rowed money. Consequently, the utility’s total campaign costs are 6.67 +
2,259,526/5,000,000 = USD 7.12 per installed LED.

b) Sum of total benefits of the utility

i.  The utility’s life cycle savings are (0.060-0.012) x 30,000 x 0.06 = USD 86.40 per LED. In
this context savings are in fact the reduction of financial losses of the utility servicing this
customer group.

ii. We get a B/C ratio of 86.40/7.12=12.1.

iii.  The utility’s benefit/cost ratio would be even higher if the procurement cost for the LED
lights is recovered by making them part of the customers’ monthly electricity bill by
charging 6.67/36 = USD 0.19 per LED for 36 months. In this case B/C = 86.40/ (7.12-6.67) =
163.

iv.  Observe that the time value of money was not taken into consideration since it does not
carry any significant weight in such a clear-cut case.

We conclude that the B/C test from the standpoint of the electricity customer shows a B/C range of
22.86 to 34.40 depending on how the B/C is calculated. The B/C test from the utility’s point of view
shows a B/C ratio of 12 to 163. Both stakeholders enjoy significantly high and robust B/C ratios.
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Only when B/C ratios fall below 2 should there be cause for concern and a second look at the financial
details to mitigate the risk of ending up with B/C’s below 1 for one or both parties. Similar tests should
be performed for other stakeholders but will not be covered here. Finally, it is pointed out that in an
unbundled power market, the most vulnerable stakeholders are the transmission and distribution
companies that may not benefit from EMOs due to loss of sales volumes and sales revenues that can-
not recovered. The reason is that these two entities do not reduce their fuel consumption to generate
the electricity.

» Cost of repayment of debt

Larger EMO investments are financed by equity and debt as pointed out in section 3.6. This
section discusses the two most common methodologies of lending and how debt is repaid by
the borrower. The section applies only to large EMO investments and long-term loans. Al-
most all lenders offer loan repayment plans based on fixed instalments, meaning a series of
equal payments per month, quarter, or year (Plan 1), or the loan is paid back in equal repay-
ments of the principle (Plan 2). For demonstration purposes the repayment plans presented
here are based on annual repayments, although a loan is usually paid back on monthly in-
stalments. Repayment plans are usually prepared with the help of custom-tailored Excel™
spreadsheets.

Example 17: A company’s principal banker has agreed to partially finance an EMO investment and
lend L= USD 80,000 (“principle”). Annual effective interest is i=14%. Repayment is based on Plan 1 in
N = 6 equal annual instalments. First calculate the annual instalment,

i XL 0.14 x 80,000 11,200 11,200

= - = = 20,573 USD
A-(1+0)™ (1-(1+014)6) (1—1.146) 1-0.4556

Note: A can also be calculated by applying. The result will be the same although the equation looks
completely different. Next, calculate the principle portion Pn due at the end of a year n,

P, =Ax(1+i)~+-m

Now calculate the interest payment due at the end of the year n,

I,=A—P,
Finally, calculate the remaining outstanding debt after the end of the year n,
I
R, = _n =12

l

Repayment plans provided by the lender to the borrower typically look like those shown below (for
Plan 1 and Plan 2). The plans list the cash flow streams split up into total annual repayment (Column
1), principle repayment (Column 2), interest paid (Column 3) & outstanding loan balance (Column 4).

Table 1.11: Typical repayment plan (Plan 1)

End of year Loan USD 80,000, effective annual interest rate 14% (Plan 1)
Column 0 Column 1 Column 2 Column 3 Column 4
Annual repayment Principal repayment Interest paid Balance
0 80,000.00
20,572.60 9,372.60 11,200.00 70,627.40
2 20,572.60 10,684.76 9,887.84 59,942.64
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End of year Loan USD 80,000, effective annual interest rate 14% (Plan 1)

Column 0 Column 1 Column 2 Column 3 Column 4
3 20,572.60 12,180.63 8,391.97 47,762.01
4 20,572.60 13,885.92 6,686.68 33,876.09
5 20,572.60 15,829.95 4,742.65 18,046.14
6 20,572,60 18,046.14 2,526.46 0.00
Total 123,435.60 80,000.00 43,435.60

Example 18: The structure of Plan 2 is more straightforward and easier to explain. The six equal re-
payments of the principle are 80,000/6 = USD 13,333.33 (Column 2). At the end of each year the re-
maining balance of the outstanding principle is reduced by USD 13,333.33 (Column 4). Interest in the
year n is paid on the outstanding balance at the end of the previous year (n—1) (Column 3). The total
annual payment in Column 1 is the sum of repayment of the principle plus interest paid on the out-
standing balance (Column 2 + Column 3).

Observe: The total amount paid to lenders of USD 103,999 under Plan 2 is smaller than the USD
123,436 paid under Plan 1. However, that does not necessarily mean Plan 2 is the better option for the
investor. An investment grade or bankable appraisal would most likely pick Plan 1 as the preferred
option for the lender as well as for the investor for various risk mitigation reasons.

Table 1.12: Typical repayment plan (Plan 2)

End of year Loan USD 80,000, annual interest rate 14% (Plan 2)
Column 0 Column 1 Column 2 Column 3 Column 4
Annual payment Principal repayment Interest paid Balance
0 80,000.00
1 24,533.33 13,333.33 11,200.00 66,666.67
2 22,666.53 13,333.33 9,333.19 53,333.33
3 20,799.72 13,333.33 7,466.39 40,000.00
4 18,932.91 13,333.33 5,599.58 26,666.67
5 17,066.11 13,333.33 3,732.77 13,333.33
6 15,199.30 13,333.33 1,865.97 0.00
Total 103,998.60 80,000.00 39,197.90

» The energy cost/depreciation cost ratio aids identifying EMOs

The major challenge with energy audits in larger companies is where to start the audit. The
choice involves hundreds if not thousands of energy-consuming devices plus dozens of pro-
cesses. A simple indicator such as annual energy cost divided by annual depreciation cost
(E/D) represents a quick way to identify a group of interesting EMOs such as energy cost-
intensive equipment that can be replaced with more energy efficient options.

During this stage, an EM or EA does not need the skills to judge and estimate the energy effi-
ciency of the equipment. Instead it is more important for him to know the present equipment
options that offer state-of-the-art efficiency in the market. The volume of energy consumed is
not always what makes an energy-consuming technology an attractive EMO. It is also the art
of preventing a firm’s management from making its next irreversible investment error by
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procuring energy cost-intensive equipment based on least investment cost instead of least life
cycle cost decision-making.

Example 19: An irreversible investment error in energy-intensive equipment is best explained by a
striking example of the opposite, a reversible investment error. Assume an industrial firm pays 15
cents/kWh for electricity and operates an electric motor for 5,000 hours a year. The firm buys an 11 kW
(15 hp) inefficient EFF-3 class motor for USD 1,000 on Monday. A convincing Energy Auditor drops by
on Tuesday and the firm changes its mind, junks the 2-day old motor on Wednesday and replaces it
with a more expensive EFF-1 class motor bought on Thursday for USD 1,300. Despite a costly USD
1,000 investment error, the firm will still come away with a financially attractive total investment of
USD 1,000 + 1,300 = USD 2,300.

This investment is still profitable due to the very high E/D ratio of the annual electricity cost divided
by the annual equipment depreciation of an electric motor. The annual electricity costs of this electric
motor, which runs at an 80% load, are 0.8 x 11 x 5,000 x 0.15 equalling USD 6,600 in its first year of op-
eration or at least USD 132,000 over twenty years assuming constant electricity prices. In other words,
the total life cycle cost of the inefficient electric motor is 132,000 + 1,000 = USD 133,000 of which 99%
are energy costs and 1% represent the investment in the motor. The simple book depreciation of the
motor over twenty years at USD 50 per year results in E/D = 6,600/50 = 132. Observe that a ratio of 100
means the annual deprecation cost is only 1% of the annual energy cost. One may refine the E/D ratio
by accounting for the annual inflation of energy costs or, instead of a simple straight line book depre-
ciation, use annual amortisation costs at the company’s WACC. However, these details do not matter
at very high E/D ratios.

Example 20: Try the same calculation with an inefficient 300 litre refrigerator costing USD 400, assum-
ing an annual electricity consumption of 350 kWh and a 20-year lifetime. The E/D ratio of 52.5/20 = 2.6
indicates a financially risky technology and a potentially irreversible investment error, because the
energy consumer cannot replace the inefficient refrigerator with a more efficient one just a few months
later without losing money at this low E/D ratio.

A firm’s Energy Manager should therefore roughly classify major energy-consuming equipment for
retrofitting or replacement based on their actual E/D ratios. Or, even better, enter a new column in the
equipment inventory list to show E/D ratios. Having an idea about the E/D ratios of energy-
consuming equipment is also important for the procurement manager of a company. One would nor-
mally procure equipment with a high E/D ratio by competitive tender based on least life cycle cost
(LLCC) offers.

» Least life cycle cost assessment of EMOs

The previous two examples demonstrate that procurement of energy-intensive equipment
should be based on life cycle costs (LCC) and selecting the preferred technology should be
based on least life cycle cost (LLCC) criteria and not on least capital investment. For further
details on how LLCC strategies can benefit a company as part of procurement procedures see
Article 68(2) of Directive 2014/24/EU and Article 83(2) of Directive 2014/25/EU. Preparing
EMs and EAs for LLCC tendering procedures is part of EM and EA training.
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GENERAL COST CALCULATION

» Cost of electricity supplied versus cost of electricity saved
This section sheds some more light on how to calculate the production cost of electricity as
well as production cost of electricity saved and compare the two. The same approach is ap-
plicable for other energy resources such as oil, oil derivatives, gas, coal and biomass.
PRODUCTION COSTS OF ENERGY (LCOE)
Recall the equation

Ct Ct

n n
LCOE — (=0 +a)t  “t0(1+macc )t
- n kWht - n kWht
t=0 (1+a)t t=0 (1+ macc )t

Example 21: Calculation of a 500kW ‘heavy-duty captive’ diesel generator

Take the example of a heavy-duty captive 500 kW diesel generator set, with a plant capacity factor of
60%, an operational life of 20 years and an overnight turnkey investment cost of USD 200,000. The av-
erage diesel fuel consumption is 0.3 litres per kWh sent to the facility. Assume the weighted average
capital costs (WACC) of the company at 12%. The diesel fuel price of USD 0.6/litre is escalated at 2%
per year. Other annual operational costs are 5% of the initial investment, also escalated at a rate of 6%.
The residual value at the end of 20 years is conservatively set to zero. We can then calculate:

= Annual electricity output 500 kW x 0.60 x 8,760 = 2,628,000 kWh
= End of year 0 annual fuel cost 2,628,000 x 0.3 = USD 788,400 = Eo
= End of year 0 other operational cost 200,000 x 0.05 = USD 10,000 = Mo

EoY Investments Energy cost O&M cost Total USD kWh
0 200,000 0 0 200,000 2,628,000
1 0 x (1.02/1.12)* x (1.06/1.12)* 727,471 x (1/1.12)
2 0 x (1.02/1.12)? x (1.06/1.12)? 662,857 x (1/1.12)
3 0 x (1.02/1.12)? x (1.06/1.12)? 603,993 x (1/1.12)°
0
20 0 x (1.02/1.12)* x (1.06/1.12)*° 124,773 x (1/1.12)*
Total 200,000 6,802,913 117,930 7,120,842 22,257,698

LCOE  USD 7,120,842 / 22,257,698 = 32 cents/kWh

It is important to not neglect price escalations for energy that could significantly influence the LCOE
because the useful life of a diesel generator set is between 10 and 30 years depending on size, capacity
factor, fuel quality, rpm speed, and maintenance level.

The time series should begin with end of year (EoY) = 0. An online reference calculator for simple
LCOE calculations is www.nrel.gov/analysis/tech_lcoe.html. Further documentation can be found at
www.nrel.gov/docs/legosti/old/5173.pdf
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PRODUCTION COST OF ELECTRICITY SAVED

Example 22: Recall Example 10: Assume a 60 Watt incandescent light bulb with 12 Im/W is replaced
by a 12 Watt LED with 60 Im/W. The LED will provide the same level of lighting service of 720 lumens
for 6,000 hours/year as the light bulb did. The LED costs USD 6. The useful life of the LED is 30,000
hours. Consequently, the annual savings in kWh are 6000 x (0.060-0.012) = 288 kWh. Apply the LCOE
formula to calculate the price the investor pays for 1 kWh saved at a WACC of 12%.

i.  Accumulated discounted cost in 5 years: 6 + 0/(1.12)1+ 0/(1.12)?+ 0/(1.12)3+ 0/(1.12)* + 0/(1.12)% =
USD 6

ii. Accumulated discounted kWh saved in 5 years: 288/1.121 + 288/1.122 + 288/1.123 + 288/1.124 +
288/1.125 = 257.14 + 229.59 + 204.99 + 183.03 + 163.42 = 1,038.17 kWh

iii. Production price for 1 kWh saved equals 6/1,038.17 = 0.6 cents/kWh.

In general, a financially attractive production price of 1 kWh saved should be in the range of 0 to 3
cents. Compare this price range to production costs such as

- Retail electricity prices of fossil fuel power utilities between 4 and 35 cents/kWh, depending on the
energy supply cost for coal, gas, or oil, power plant size, technology and capacity factor.

- Very recent successfully negotiated production prices as low as 3 cents/kWh for large utility-scale
(>300 MW) PV solar power plants in sunny regions with a net output of 1,800 kWh/kW per year;

- Recent production prices of 5 cents/kWh at auctions for 500 MW highly distributed small-scale roof-
top solar PV plants also in sunny regions.

iv. It thus comes as no surprise that energy savings are known as the “first fuel”.

ENERGY SERVICE CONTRACTS

An energy service contract is normally signed between the industrial facility (client) and the
energy service company (ESCO). The contract allows the client to transfer risk of generating
energy and focus on its core business and to reduce operating costs.

The energy service contract is usually employed as a form of outsourcing where the client
expects a reduction in cost than if energy (electrical and thermal) was self-generated. This
type of contract operates on the premise that if energy production were outsourced, the total
cost to the client, including the transaction cost of negotiation and relationship management
with the ESCO, would be less than if energy was self-produced. A typical energy service con-
tract will cover the following amongst others:

1. Define the scope of operations: The contract states the type and quantum of energy
required by the client: Does the client require mostly thermal or electrical energy?

2. Define the duration of contract: The contract should categorically state the duration
for which it runs.

3. Define pricing of energy over the duration of the contract: The client and ESCO agree
on a pricing template to be used for the duration of the contract this template which
could be a chart already laid out or a financial model to be activated depending on
conditions is clearly and transparently spelt out.

4. Define technical aspects: The energy service contract should clearly define all tech-
nical aspects required by the client and agreed to by the ESCO. Issues such as power
factor correction, maintenance schedules of production lines, expansion of factory op-
erations are dealt with in the contract.
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» Energy service contract models

Various models are employed for energy service contracts

1.

Shared savings in which savings are shared between client and the ESCO at an
agreed percentage over an agreed duration. In this model, the ESCO finances the cost
of equipment (capital expenditure) through equity (own funds) or debt.

Guaranteed savings in which the ESCO assumes the project risk though capital ex-
penditure is borne by the client. Here, the ESCO guarantees the quantum of energy
and savings to be made. In the event of not meeting agreed figures, the ESCO makes
up for the difference.

Lease rental in which the ESCO is responsible for capital expenditure. The client
makes regular payments to cover capital expenditure and interest based on verifiable
energy and cost savings made. Usually at the end of the lease period, ownership is
transferred to the client.

Build-own-operate-transfer in which the ESCO designs, builds, finances, owns and
operates the equipment for a defined period of time before transferring ownership to
the client. In this model, the client enters into long term supply contracts with the
ESCO and is charged according to service delivered.

Build-own-operate is a form of public-private partnership (PPP) in which the ESCO
provides energy services to a government owned facility. The government does not
provide direct funding but grants special incentives to the ESCO as a form of cost re-
covery.

The following resources are recommended for a deeper review of the subject:

1.6.

= “Model ESCO performance contract” — Koshy Cherail for AEEE with support
from Shakti Sustainable Energy Foundation, available at www.aeee.in/wp-
content/uploads/2016/03/AEEE-Model-EPC-Template.pdf

* Developing model ESCO performance contracts (EPCs) for industrial projects” —
Alliance for an Energy Efficient Economy with support from Shakti Sustainable
Energy Foundation, available at www.aeee.in/wp-content/uploads/2016/03/AEEE-
Report-ESCO-EPC1.pdf

ENERGY MONITORING SCHEDULE

ENERGY MONITORING

This is the regular collection of data on energy use patterns. Its purpose is to determine when
and why energy consumption deviates from an established pattern, and to serve as a basis
for management to take action where necessary. Energy monitoring is essentially aimed at
finding options to trigger energy efficiency saving measure and/or to conserve energy in a
financially attractive and technically viable way.

This chapter discusses how to handle collected data in an organised manner within an ener-
gy consumption monitoring schedule.
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» Data sources

The Energy Manager of an organisation is responsible for the energy monitoring schedule.
Part of designing the energy monitoring schedule is the identification of data sources. A
great deal of intelligence about the operation of the plant can be gained through the analysis
of data that is usually readily available.

Many sources of existing data can be utilised, both within the organisation and external to it.
The types of data and their sources typically include the following;:

= Historical energy consumption data: Invoices for purchased energy of each type
should normally be available from the finance department;

* Metered energy consumption: Often the electricity distribution company that sup-
plies electricity will be able to provide historical data on demand and consumption;

= Plant configuration: The Energy Manager needs to know plant dimensions as well as
the layout of electricity, steam, hot and cold water, compressed air systems, etc. along
with the location of any existing meters;

* Production data: As discussed later in this module, the correlation of energy con-
sumption to production is a step in the analysis of plant performance;

= Plant equipment nameplate data: The design energy characteristics of the equipment
in the plant can usually be taken from nameplates; however, it is important to realise
that the actual operating characteristics may be quite different depending on the age,
condition, and loading of these systems.

» Historical data analysis — analysing the energy tariff

Once available data has been identified, the Energy Manager is in a position to determine
what additional data needs to be collected by direct measurement.

Prior to the site analysis, the Energy Manager should be able to do a great deal of analysis to
understand energy purchasing and the usage of the facility. This historical analysis should
include both the assessment of the various energy prices and the consumption-related costs
as well as the correlation of consumption to the key energy “drivers” that determine the rate
of energy use.

SOURCES OF PURCHASED ENERGY

Energy is purchased in a variety of forms, with varying energy content as shown in below.
This information will be useful when analysing the unit cost of energy from the various
sources, and later when performing savings calculations.

An important step in implementing energy monitoring is understanding how the organisa-
tion purchases electricity. In part, this relates to metering as done by the supply utility. Alt-
hough a number of metering technologies are in use and they differ in various ways, the key
issues for all metering approaches are essentially the same, including:

= Whether or not maximum demand is metered and recorded,

= How data is measured, stored and displayed.

TABULATING ENERGY PURCHASE DATA

Energy consumption data is available from the organisation’s accounting records. Energy
supplier invoices contain valuable information about consumption that may be tabulated.
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Figure 1.7 below is an example of electricity cost tabulation in an Excel spreadsheet. This
sheet contains consumption data collected from bills or invoices and derived figures that
form part of the analysis. An informative graphical presentation of the key data and derive
values is also provided. Starting with the basic historical billing data, a number of calcula-
tions may be performed. Some of the main calculations are:

kWh/day: kWh in period + days. Since reading periods can vary, kWh/day is more useful for
spotting consumption trends than billed kWh.

Electrical load factor (LF) is the energy consumed relative to the maximum energy that
could have been consumed if the maximum (kW) demand had been maintained throughout
the billing period. All information required for this calculation can usually be found on elec-
tricity bills. Mathematically, this is written as follows:

LF = E
© Pp-24h-n
Where, LF = Load factor
E = Energyused in period [kWh]
Pr = Peakpower in period [kW]

Number of days in period

n
A high, short duration peak demand will lower the load factor, whereas a more consistent
rate of energy consumption will raise the load factor.

Example 23: Load factor (Sample electricity bill calculation)

Assume that two sample facilities consume 2.5 megawatt hours over a billing period of 30 days. Facili-
ty A has a maximum demand of 250 kW, while Facility B has a maximum demand of 50 kW. Based on
the tariff given for the period 1 to 30 May, the billings for the two facilities during this period are as

follows:

Facility A
Fixed charge N 2,500
Demand charge 6.4 N/kW 1,500 kW N 9,600
Consumption 0.008 N/kWh 250,000 kWh N 2,000
Total 11,850

Facility B
Fixed charge N 250
Demand charge 6.4 N/kW 500 kW N 3,200
Consumption 0.008 N/kWh 250,000 kWh N 2,000
Total N 5,450

The respective load factors can be calculated as follows:

Facility A
250,000kWh
LF = m =0.23
1,500kW - 24— -30d
250,000kWh
LF = = 0.69

" 500kW - 24%-30d
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Facility A has a load factor of 23% and an average energy cost of & 0.047 per kWh. Facility B has a
load factor of 69% percent and an average energy cost of & 0.022 per kWh. Thus, the load factor is in-
versely proportional to the average cost per kWh for similar facilities with the same rate.

Load factor can be used as a barometer for a facility’s use of electricity, by alerting us to potentially
excessive demand for the energy consumed.

[ C:\Project Files\Audit Manual\Spreadsheets|{Electricity Cost xis)Electicity Consumption Data ]

Billing  Metered Metered Power  Billed Energy Daily Load Demand  Energy Adjust Sub Total
Date kVA kW Factor kW kWh Days kWh _ Factor Cost Cost (+/-) Total Cost
01/01/99 1,800.0 1,800.0 1,006,703 30 33,557 78%  $21,250 $50,365  ($11,147) $71615 $64,701
02/01/99 1,900.0 1,900.0 1,206,383 31 38916 85%  $22,750 $56,441 ($13,204)  $79,191 $70,607
03/01/99 1,400.0 1,400.0 842,286 28 30,082 90%  $15,250 $42,144 ($9,263) $57,394 $51,501
04/01/99 1,850.0 1,850.0 1,102,176 31 35554 80%  $22,000 $53,315  (812,132) $75315 $67,606
05/01/99 1,870.0 1,870.0 1213021 30 40434 90%  $22,300 $56,641 ($13,252)  $78,941 $70,287
06/01/99 2,200.0 2,2000 1,339,599 31 43213 82%  $27,250 $60,438  ($14,716) $87,688 $78,080
07/01/99 1,560.0 1,560.0 850,195 30 28,340 76%  $17,650 $42,540 ($9,438)  $60,190 $54 304
08/01/99 1,570.0 1,570.0 948,747 31 30,605 81%  $17,800 $47467  (810,429)  $65267 $58,677
09/01/99 1,950.0 1,950.0 1,213,798 31 39,155 84%  $23,500 $56,664  ($13,308) $80,164 $71,536
10/01/99 2,300.0 2,300.0 1373054 30 45768 83%  $28,750 $61,442  (315111)  $90,192 $80,337
11/01/99 2,100.0 2,100.0 1347059 31 43454 86%  $25,750 $60,662  (314,731) $86,412 $76,699
12/01/99 2,400.0 2,400.0 1024475 30 34,149 59%  $30,250 $50,984  (811,685) $81,234 §74 418
Totals/Max 2,400.0 2,400.0 13,467,496 364 $274,500  $639,104 ($148,415) $913,604 $818,752
Monthly Demand (kW) Monthly Load Factor (%)
3.000.0 100%
2,500.0
80% 0% 90%
85% 86
2,000.0 o 78% 80% 82Y, 0% 81y 84% 83% :
1,500.0 50%
1,000.0 40%
500.0 20%
00 0%
Daily Energy (kWh/day) D Energy Cost @Demand Cost
50,000 $100,000
40,000 $80,000
30,000 2 $60,000
20,000 ¥ 40,000 I I I I
$20,000 - —
EENEEEEENEENEN 8 383883382838 8§
) d e = < 9 c O 5 5 > € 3 a T 2
§ 8338535585 ¢& § 8223853358338
Figure 1.7: Sample electricity consumption spreadsheet
200K — t 800 mand, energy and total cost.
istribution n de-
15K 600 Cost distribution between de
Energy pemand  mand and energy: These num-
kwh 10K 400 kw bers, along with load factor, can
indicate trends or anomalies in
5K 200 energy usage and demand. This
distribution is generally ex-
5500152 Dec G2 Feb 92 £orG Tun pressed in per cent, and was
Aug ct ec eb %or Jun 7
Jul'92°Sep 92 Nov 92Jan 93 Mar 93 May 93 calculated for the sample bill in
the previous module.
[ ® Energy @ Demand | P

Figure 1.8: Historical demand and energy graph
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Energy and demand intensity: Dividing the annual energy consumption (kWh) and the an-
nual peak demand (kW) by the annual production unit can provide useful comparisons to
other similar operations. In industries with a high number of products, energy intensity is
usually defined as energy input divided by a monetary unit.

Average energy cost (blended rate): The average cost of the firm is simply the entire electri-
cal bill (including demand and energy costs as well as any other fixed or variable service
charges or levies, if any) divided by the billed energy (kWh). It is important that the average
energy cost not be used in the calculation of savings.

A simple but effective way to view electricity consumption history is in the form of a graph
as shown in Figure 1.7.

» Load factor and utilisation factor

As noted above, the load factor (LF) is the actual energy consumed in kWh for electricity di-
vided by the energy that would have been consumed had the maximum demand of the bill-
ing period been maintained for the entire period.

The utilisation factor (UF) refers to the usage rate (occupancy, production, etc.) of a facility
expressed as a percentage. For comparative purposes, this should be calculated over the
same period of time as the electrical load factor (24 hours, one week, one month, etc.).

Completing this exercise is an initial step for determining the present use of electricity and a
good place to start your search for future savings opportunities. If there is a significant dif-
ference between the UF and the LF, further investigation is probably warranted. See the fol-
lowing example.

Example 24: UF and LF comparison for an industrial plant

To illustrate this comparison, consider an industrial facility that exhibited the following properties:

e Maximum demand: 1,350 kW
e Consumption in a 28-day billing period: 806,400 kWh during three eight-hour shifts:
o Shift 1: 100% production
o  Shift 2: 60% production
o Shift 3: 20% production
806,400kWh

LF = ——— =089
1,350kW - 24 - 28d

Now, for the UF:

= 1/3 of a production day at 100% production = 33.3%

= 1/3 of a production day at 60% production = 20%

= 1/3 of a production day at 20% production = 6.7%

=  Factor of utilisation for one production day = 60% (sum of above)

=  Number of production days in period (no production on weekends) = 20
Production day UF - n,

n

Where, np = Number of production days in the period

Days of the period
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In this example:

_0.6-20d

UF 28d

=0.43

Comparison of the load factor and utilisation factor reveals a poor correlation, 89% versus 43%. A high
LF can result from excessive energy consumption during the month, and further investigation of the
demand pattern is probably warranted.

LOAD DURATION CURVE

A load duration curve is a plot of the time that a site’s electrical demand meets or exceeds a
given level. Load duration curves are used by electrical utilities at a system level to plan gen-
eration schedules. However, they
are also useful, in addition to the
\ demand profile, in characterising

_—

ON OO N

N consumption patterns at the site

level, and planning demand man-

agement activities.

M puewaq

As an example, Figure 1.9 shows a
load duration curve for an indus-

0 Hour1sogt or ab%(\),% MW di(r)r?and trial site. This graph shows the
site’s “electrical footprint” —i.e. the
power demand over a monthly pe-
riod. The objective is to flatten the curve as much as possible. This will reduce the line capaci-
ty required and therefore the line charges. In this example, the curve shows that there are
about five hours where 95% of the load is exceeded — so if the customer could move those
load hours (if the operation of the plant allowed it), they would achieve a 5% reduction in
line capacity — which could represent a significant savings.

Figure 1.9: Load duration curve

» Tabulation of fuel consumption data

Wherever possible, ensure that you record data in physically measurable units (cubic meters,
kWh, etc.). Avoid using monetary units as they can fluctuate over time (e.g. via utility rate
changes, product price changes, etc.). Where two different energy sources provide thermal
energy data to the same process, it may be necessary to convert them to a common unit. In a
spreadsheet program, units may be adjusted as needed after the quantities are entered in
their original units.

Table 1.13: Tabulation of fuel consumption data

ABC Widgets Inc. Thermal energy breakdown

Date Purchased oil (Litres) Total energy (G)

Jan-94 531,000 20,521
Feb-94 559,000 21,599
Mar-94 520,000 20,081
Apr-94 420,000 16,609
May-94 445,000 17,182
Jun-94 237,000 9,137
Jul-94 256,000 9,868
Aug-94 284,000 10,964
Sep-94 193,000 7,431
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ABC Widgets Inc. Thermal energy breakdown

Date Purchased oil (Litres) Total energy (G)

Oct-94 354,000 13,651
Nov-94 497,000 19,183
Dec-94 507,000 19,557
Totals: 4,803,000 185,783

Interpolating periodic data (if necessary): Normally it is easiest to analyse energy use on an actu-
al-month basis. In the case of fuel delivered or meters read at uneven intervals (e.g. fuel oil
delivered by truck), it is necessary to interpolate between deliveries to attribute the fuel use
to the proper month in which it was consumed.

» Tabulation of other data

After gathering and tabulating energy use data, it is necessary to determine what factors in-
fluence energy usage and what data, if any, can be gathered about these factors. These may
include.

Table 1.14: Factors influencing energy use

Factor Data Units

Products Product quantities Quantities, volumes, seasonal variations, etc.
Weather Outside air temperature Degree-days

Occupancy Occupied time Hours, shifts, days, schedules etc.

Continuing the example of fuel consumption, we determine that weather and production are
the only two factors influencing the tabulated fuel consumption. The weather (degree-day
data from the local weather office) and production data (numbers of widgets) for the period
corresponding to the fuel data are gathered and entered into Table 1.15.

Table 1.15: Thermal energy use data analysis

ABC Widgets Inc. Thermal energy breakdown

Date Purchased oil Total energy Heating degree- Cooling degree- Product (000’s)
(litres) (GJ) days days kg
Jan-04 531,000 20,521 0.0 27.9 48
Feb-04 559,000 21,599 0.0 28.0 64
Mar-04 520,000 20,081 0.0 0.0 59
Apr-04 420,000 16,609 15.0 0.0 64
May-04 445,000 17,182 99.2 0.0 89
Jun-04 237,000 9,137 150.0 0.0 75
Jul-04 256,000 9,868 179.8 0.0 81
Aug-04 284,000 10,964 164.3 0.0 90
Sep-04 193,000 7,431 120.0 0.0 61
Oct-04 354,000 13,651 0.0 0.0 55
Nov-04 497,000 19,183 0.0 0.0 79
Dec-04 507,000 19,557 0.0 0.0 45
Totals: 4,803,000 185,783 728.3 55.9 810

The effects of varying weather conditions should always be considered as it is a significant
variable when considering thermal energy requirements.
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» Comparative analysis

Based on the historical data analysis, the Energy Manager is able to compare the facility’s en-
ergy performance to other comparable plants as well as the subject plant itself over the peri-
od for which data are available. Energy performance indices, if used carefully, are useful de-
vices for a comparative analysis.

DATA ANALYSIS

By tabulating bills over time and doing these simple calculations you can achieve the follow-
ing benefits:

= Obtaining an initial correlation between the energy and demand figures, and the op-
eration of the plant. A correlation example is provided in the next section.

= Setting a savings objective or target.

= Revealing and subsequently flagging any unexpected increases in demand and/or
consumption. Later you can track down and, where necessary, correct the condition
causing the increase.

= Confirming the savings expected from any energy conservation measures that have
been implemented. As an example, you should be able to ensure that new building
management systems are delivering savings on an on-going basis.

* Evaluating and comparing the energy and demand of one process/building to anoth-
er or to standards (“benchmarks”) on the basis of area or energy density.

These types of calculations are also known as energy use intensity (EUI), energy budget, and
demand density.

The consumption of energy in
many industrial plants is strongly
dependent upon the level of pro-

75000

65000
duction. The comparison of energy
consumption levels with produc-
tion levels can reveal patterns that
are otherwise not obvious. Note
that this approach does not work
in industries with a highly diverse

55000
43000
35000

(ym) ABssuz Ajyuop

25000
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Monthly Production (kg) production mix. It is applicable,

however, in situations with a sta-

Figure 1.10: Energy consumption versus production .
ble product mix.

Graphs are simple but powerful analysis tools. The above graph can be easily prepared from
the tabulated data. It tells us how the overall energy consumption level of the plant varies

with the production level assuming there is no change in the product mix and other varia-
bles.

The squares represent the actual monthly consumption for the various production levels. The
trend line intercepts the y-axis at about 25, 000 kWh; that is, this amount of energy is still be-
ing consumed at zero production. The line represents the “best fit” of the points.

This graph suggests a number of questions, some of which are:

* Why is there a wide variation in energy per unit of production?

*  Why is 25,000 kWh consumed at a level of no production?
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= Could the plant be operated so as to consistently achieve a best fit close to the best
performance indicated (the lowest points)?

= What targets for energy use reduction can be set?

From this simple analysis, it is clear that there may be an opportunity at this plant to reduce
the level of energy consumption related to production. Furthermore, by investigating the
production records for the specific months when the energy consumption was the lowest it
may be possible to determine the type of actions or production schedules that will achieve
these savings.

BENCHMARK COMPARISON

In the previous example, we examined the variation of energy use as a function of produc-
tion. The data used to prepare the graph could also be used to develop an overall energy
consumption measure per unit of production. This figure is called the specific energy con-
sumption, and for this example would be measured in kWh/kg. The energy unit depends
upon your situation, common energy units are kWh, MJ or GJ.

For the data in the previous example the specific energy consumption is:

= Maximum month: 139 kWh/kg
*  Minimum month: 77 kWh/kg
= Average for period: 92 kWh/kg

These figures highlight the range of variation present and provide a point of comparison to
an external benchmark. As an example, industry data might be available for this type of
plant that states the following:

* Industry average: 85 kWh/kg
= Best practice: 65 kWh/kg

The best practice figure represents the specific energy use achievable using the best known
operational and equipment practices. By comparing these values to our own we can draw a
number of simple conclusions:

* On average we may be able to achieve a 7 to 8% reduction in the SEC.

= Using best practices, which may require extensive operational and technological im-
provements, there could be a savings of up to 30%.

It is necessary to be cautious when making this type of comparison, since we don’t know
what the average industry practice is, and the plant being audited may never be able to
achieve best practice standards. But it does provide a starting point. Moreover, firms are in-
terested in energy cost savings. Consequently, management would expect cost-effective and
technically viable recommendations from an Energy Auditor and not just a benchmark com-
parison or savings in tonnes of CO..

What is clearly demonstrated by the comparisons, both internal and external, is that there is
some opportunity for improvement. A modest target of 5% in this case may be a good start-
ing point.

As noted earlier, specific energy consumption (SEC) is a figure often used by industry. It is
simply energy use divided by an appropriate production measure (e.g. tonnes of steel, num-
ber of widgets). It can be calculated for any fixed time period, or by production batch. SEC
values need to be treated with care because their variability may be due to factors such as
economies of scale or production problems, rather than energy management per se.
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There are many process benchmarking schemes based on SEC and their ease of use makes
them attractive to several companies. However, some practitioners are strongly averse to
SEC, regarding it as too simplistic and flawed. On the other hand, the EU emissions trading
system has established SECs at an acceptable accuracy level for 50 energy intensive industrial
products, applying a rather complicated methodology require data monitoring instrumenta-
tion and methodologies usually not practiced in industry.

» Energy monitoring

Energy monitoring and targeting (M&T) refers to activities that use information on energy
consumption as a basis for control and managing consumption to achieve reductions. The
two component activities are distinct yet inter-related.

As mentioned in the beginning of this section, monitoring is the regular collection of infor-
mation on energy use, whereas target setting is the identification of energy consumption lev-
els, which is desirable in terms of creating management objectives.

Monitoring and target setting
have elements in common and
they share much of the same
information. Generally, how-
ever, monitoring comes before
target setting because without
monitoring you cannot know

* kWh and tonnes for a product

* Tabulation, visualision, comparison

precisely where you are start-
ing from, or decide if a target
has been achieved.

* Increase in kWh/tonne last month — why?

DATA AND INFORMATION

Within M&T activities, data
and information are distinct

* Repair relevant production module

entities. The activity of monitor- Figure 1.11: Data and information in production

ing a facility, system or process

encompasses both measurement and analysis. Data are raw numbers such as measurement
results. Information is the result of applying some type of analysis to data.

Figure 1.11 illustrates the distinction between data and information for a production situa-
tion. In this case, the energy consumption and production of a melt furnace are routinely
measured and recorded.

What refines performance data into management information is analysis — the key feature of
the monitoring function. Management information provokes questions about performance
that would not be evident in the raw data, and can lead to actions for the correction of prob-
lems or the optimisation of performance.
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Measure

Data
Result / \v

Y~
Information

Figure 1.12: Measure—analyse-act cycle

Figure 1.11 suggests that the optimisation process (for any production situation) is linear;
however, we prefer to think in terms of a continuous improvement cycle, as illustrated in
Figure 1.12. Action in Figure 1.12 leads to a new round of monitoring and analysis to ensure
that the change has been effective and is being sustained. New optimisation actions typically
result, and so the cycle — measure—-analyse—act — continues indefinitely, true to the intent of
continuous improvement.

INFORMATION NEEDS FOR MONITORING AND TARGETING (M&T)

Energy monitoring is used to find out how much energy is costing the organisation, and to
develop information that can serve as a basis for controlling consumption. This technique
relies on quantitative — not just qualitative — data about energy use. There are qualitative in-
dicators, to be sure: in many manufacturing processes, changes to energy inputs will bring

about changes in product characteristics (e.g. the colour of a loaf of bread or the dryness of
ink).

These qualitative indicators are sensitive and detectable, but not easily quantified and often
dependent on subjective impression. Energy monitoring requires quantitative information,
usually measured, such as:

* Energy billing data, including electricity demand and consumption, fuel consump-
tion, and costs.

= Consumption measurements at some level (for example, the entire building, a pro-
duction department, an individual energy-consuming system).

= Key independent variables that influence energy consumption, such as the produc-
tion units in a manufacturing line/system.

In essence, energy monitoring is the technique of quantitatively relating actual consumption
information to the critical independent variables.

INTERPRETING ENERGY CONSUMPTION DATA

Look at the energy consumption data in Table 1.15: Thermal energy use data analysis Thermal
energy use data analysis and presented in Figure 1.10. These are two ways of presenting per-
formance data, expressed as electrical energy consumption in kWh and specific energy con-
sumption in kWh/tonne, over time. The form of presentation of these data is quite common

43



MODULE 1: GENERAL ASPECTS OF ENERGY MANAGEMENT

practice in industry; the data appear in a time series and the graph uses the energy use per
tonne to indicate how energy use depends on the level of production.

Questions to be answered by monitoring implementation progress for plan:

* How many energy saving measures have been introduced?
*  When did each take effect?

* How much energy has each measure saved?

= Are all the energy saving measures still working?

* Have any breakdowns been restored?

* How much energy will be required for a budgeted production of 120 tonnes a week
in the next quarter?

= What further savings can be achieved?
Although all this information is available from the energy consumption data set, it can only
be accessed through the kinds of analysis. To find out what has been happening in this glass
melting furnace, we have to deal separately with two key questions:

= How does energy use vary with production?

= How does the relation between energy use and production change with time?
We are looking for a general procedure that can be used to relate energy consumption to

whatever key parameters are determinant, usually production and/or weather. Data of this
kind can be visualised in various ways that shed light on the situation.

» Setting targets
TARGETS
= Are a statement of what management wishes to achieve
= Are determined from a position of knowledge
* Must challenge the organization but be achievable
* Convey management priorities
= Have two essential components:
o Anamount
o A time

Targeting is a vital part of energy management as it encourages us to determine the lowest
achievable levels of energy consumption. The Energy Manager needs to have a sense of ap-
propriate targets for the plant as a guide for the measures that will be drafted.

Targeting is quite distinct from monitoring, although from the foregoing discussion we see
that they are clearly related. Monitoring activities primarily attempt to maintain an existing
level of efficiency. Targeting activities endeavour to determine achievable reductions in en-
ergy consumption. In some cases the target performance may be a period of previously
demonstrated superior performance, as was the case in the example. However, targeting
need not stop there.

As stated above, all targets have two basic elements:

= Measure of the level to which consumption can be reduced

! Energy-wise practice 6, NZ Energy Efficiency and Conservation Authority
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= Time by which the reduction will be achieved.
To be worthwhile, both elements must be realistic. Targets related to those achievable by bet-
ter, or more skilled, operators and management need to be distinguished from those that in-
volve capital investments.

Targeting should become a dynamic process in which continued monitoring acts as an input
for fine-tuning medium- and long-term targets. This is an element of a continuous improve-
ment cycle.

REVISION OF TARGETS

After M&T has been in operation for a
while, the preliminary target based on
past performance will be easily attaina- 100 1o s
ble and should be reset. This can be New Tzl:g:t ---------- "
done in a number of ways, including:

Electricity Consumption vs. Production

= Defining best historical perfor-
mance as the new target;

Energy (‘000 kWh)

* Basing a new target on an
agreed set of actions designed to 170 190 210 230 250 270
yield specific and quantifiable Production ("000 L)
savings in both the incremental
and the base loads; Figure 1.13: Target setting based on best historical per-

= Setting a target for an arbitrary formance

percentage of improvement

based on current p erformance Electricity Consumption vs. Production

Although arbitrary, if properly chosen, 100
this last target will be attainable. If the
target exceeds the best historical per-
formance, however, it will likely not be
attainable and should therefore be
avoided. This method is generally not
recommended.

Old Standard
New Target

90

70 | e

60 | —o -—
50

Energy (‘000 kWh)

170 190 210 230 250 270
Whichever method is used, it is essen- Production ('000 L)
tial that personnel from each depart-
ment be involved in the process of set- Figure 1.14: Target setting based on an arbitrary 10%
ting the targets and encouraged to pro- reduction
vide their own input as to what is or is
not realistic. Otherwise, key personnel may not “buy in” to the M&T approach and targets
will not be achieved.

PROCUREMENT OF ENERGY AUDITS

Defining average costs for energy audits is not an easy task. The scope and level of detail of
the energy audit can be a major cost driver. It is obvious that the costs for performing an au-
dit at a company with different electrical and thermal processes will be higher than those for
an audit in a small workshop or a bakery. Because an audit contract is given to an external
consultant, the costs will range from a few hundred to thousands of USD.
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All prices for energy audits of course relate to the time required to perform the audit and the
consultant fees charged by the auditor. While the consultant fee is a factor of national income
level, auditor qualification and experience, market competitiveness and other commercial
factors (taxes, cost of living), what is generally open to discussion is the time required to
complete the audit.

In theory, the timeframe depends on the company characteristics and the type of audit re-
quired (buildings, industrial processes or transport), as well as on the size of the organisation
to be audited and its energy intensity. In practice, many other parameters influence the hours
required by the auditors and, therefore, the typical audit prices.

Auditors need to work with real energy consumption data and company characteristics. Of-
ten they have to “hunt down” the necessary data, ensure its veracity or even obtain special
measurements when information is lacking. The availability of correct company information
is therefore a significant cost factor for energy audits.

Establishing criteria for cost-effectiveness prior to conducting the audit can help limit the
scope to pursuing only viable projects.

Prices as well depend on:

= Level of the energy audit (Level I to III)

= Extent of available documentation and energy data

= Extent of the staff members” familiarity with energy aspects
= Size of the facility

= Type of business

= Scope of assessment

= Equipment and technology — age of technology and equipment affects that amount of
energy being consumed

= Building conditions — integrity of walls, ceilings, and insulation

= Layout of equipment — organisation of technology in isolated areas leads to concen-
trations of energy

* Reporting requirements

If there is already a capital improvement plan to replace ageing, inefficient machinery or to
complete a major overhaul of your building’s lighting system, a Level III energy audit could
direct the capital investment in the most cost-effective way and ensure that energy savings
are maximised. Note that ISO 50002 does not require a certain audit level to be applied. The
decision is left to the company and has to be discussed with the external auditor.

In general, auditing one big installation typically takes less time than auditing several small-
er installations. The total cost of the energy audit for a large installation will of course be
higher than for smaller sites. When expressed as cost per unit of occupied area or per unit of
energy consumption, however, the costs will generally be lower.

Capital improvement and O&M budgets are key funding sources for energy audits. In some
cases, the cost of an energy audit can be seen as a temporary investment rather than a cost,
due to the payback from implementing no-cost or low-cost energy savings measures recom-
mended during the energy audit.
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After the Energy Auditor has assessed the situation, estimated time requirements, set his/her
daily fee and furnished a quote, a plausibility check can be done. See sample contract for
auditor services and sample tender at Annex 6 and 7 respectively.

Example 25: A company has an annual turnover of USD 100 million, and spends 1% on energy, i.e.
USD 1 million per year. Based on the information gathered so far, it is safe to assume an energy sav-
ings of roughly 5%. That would be 2% of USD 1 million = 20,000 USD/year. Depending on the compa-
ny’s energy strategy and the organisation’s economic setting, management can decide whether or not
an energy audit that costs for example USD 15,000 sounds viable for the organisation.

DEFINING THE ENERGY AUDIT FROM PRELIMINARY TO DETAILED AUDIT

There is not a single agreed upon set of definitions for the various levels of facility and sys-
tem energy audits. In this course, we use the terms preliminary audit and detailed audit to
refer to the level of detail with which the audit is concerned. Level of detail is the first signifi-
cant audit qualifier. The second significant qualifier is its physical extent or scope. By physi-
cal extent or scope we mean the definition of the system being audited in terms of the num-
ber of its subsystems and components.

= Level I - The preliminary audit starts at a relatively high level in the structure of en-
ergy-consuming systems — perhaps the entire site or facility — and addresses a level of
detail that permits at minimum the identification of plant areas that may potentially
yield energy management opportunities; preliminary audits have a broad scope and
lower level of detail.

* Level II - The energy survey & analysis starts with the findings of the Level I audit
and evaluates the industrial energy systems in detail to define a variety of potential
energy-efficiency improvements. It involves a detailed analysis of energy consump-
tion to quantify base loads, seasonal variation, and effective energy costs.

* Level III — The detailed audit begins where the preliminary audit ends and works
through an analysis of greater levels of detail; the focus of a detailed audit might be
the entire plant if that is warranted by the findings of the initial walk-through, a spe-
cific energy-consuming system such as plant lighting, or an individual piece of
equipment such as a boiler (this level should also include energy modelling and sim-
ulation).

Generally, as the level of detail of the audit increases, the scope or physical extent decreases.
The opposite is also true; if the extent were increased, the level of detail of the analysis would
tend to decrease.

The purpose of the audit template is to help ensure that nothing is lost in the data collection
and analysis process, and that a logical, systematic approach is employed in the audit.

» Practical auditing method — 13 steps

The methodology described in this and the subsequent sections is adapted from a similar ap-
proach described in the Industrial energy auditing guidebook, currently in preparation for Natu-
ral Resources Canada. The audit mandate and audit scope templates are taken from NRCan’s
previous Energy Auditing Guide, now out of print.

The energy audit is a systematic assessment of current energy use practices, from the point of
purchase to the end use. Just as a financial audit does for dollars, the energy audit identifies
in quantitative terms:

47



MODULE 1: GENERAL ASPECTS OF ENERGY MANAGEMENT

How and where energy enters the facility, department, system or piece of equipment;
Where it goes and how it is used;
Any variances between inputs and uses;

How it can be used more effectively or efficiently.

The first two key steps in the audit are:

Initial client meeting: While the Energy Manager will undoubtedly have numerous
meetings with client representatives, it is especially important that various issues be
addressed at the front end of the process.

Historical data analysis: There is a great deal about the energy performance of the
plant that the Energy Manager can discover through the analysis of historical energy
consumption patterns.

After the initial client meetings and historical data analysis, the main steps include:

Walk-through inspection: To assess the general level of repair, housekeeping, and
operational practices that have a bearing on energy efficiency and to flag situations
that merit further assessment as the audit is implemented; walk-through inspections
will also be carried out to verify the findings of other analysis steps, as indicated in
the flow chart.

Energy consumption and cost analysis: Collect, organise, summarise and analyse
historical energy billings and the applicable tariffs.

Energy performance comparison: Determine energy use indicators and compare
them internally among periods, comparable facilities in your portfolio, comparable
systems; or compare indicators externally to good practice measures within your in-
dustry.

Audit mandate: Secure commitment from management and define expectations and
outcomes of the detailed audit.
Audit scope: Define the energy-consuming system to be audited.

Detailed site inspection: While many site inspections may take place, they serve the
purpose of collecting more detailed energy use information and identifying energy
management opportunities (EMOs) for specific energy-consuming systems.

Energy use pattern profiles: Determine the time relationships of energy use, as in the
electricity demand profile.

Energy use inventory: Prepare a list of all energy-consuming loads in the audit area,
and quantify their consumption and demand characteristics.

Energy management opportunities: Include operational and technological measures
to reduce energy waste.

Benefit assessment: Quantify the level of energy and cost savings, along with any co-
benefits.

Action report: Report the audit findings and communicate as required for implemen-
tation.

Each step involves a number of tasks. As suggested by the flow chart, several of the steps
may result in the identification of potential EMOs.
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{1} Inkial Clont (6) Determine (8) Detailed Walk-
Meeting P Audit Mandate > throughs EMOS>
Y ¢ Y
(2) Historical Data . (9) Analyse
, (7) Define Au Energy Use EMOsh>
Analysis Scope Patterns
Y Y
(3) Preliminary EMOs > (10) Inventory .
Walk-through Energy Use
Y Y
(4) Analyse
Energy EMOs > Pt (11) Identify EMOs | <&
Consumption &
Costs T
Y
' /\
. EMO i
(5) Comparative | | 4 essment AN Detailed
Analysis Wu"ed / Assessment
/
EMOs A /
Y Y
(12) Assess the N
Benefits Engineering Study
Y Y
(13) Audit Report L
for Action Engineering Report

Figure 1.15: Audit process flow chart — Courtesy: Energy savings toolbox — An energy audit manual and tool -
Natural Resources Canada, 2011. Reproduced with the permission of the
Department of Natural Resources, 2016

» Final steps

The audit may identify a wide range of potential EMOs. The assessment of some EMOs may
be beyond the scope of the audit and require a more detailed engineering study. Other EMOs
will not require further study and the savings will likely be significant and rapid; in these
cases immediate implementation will be the logical course of action.

! Natural Resources Canada www.nrcan.gc.ca/energy/efficiency/industry/cipec/5161 — accessed March 30, 2017
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1.7. SOFTWARE TOOLS FOR ENERGY MANAGEMENT

Below is a list of software tools that Energy Managers and Energy Auditors alike may find
useful for carrying out their work.

1. RETScreen ® www.nrcan.gc.ca/energy/software-tools/7465

Description

Relevance
Accessibility

Additional
downloads

Additional
webpages

RETScreen is a clean energy management software system for energy efficiency, renewable ener-
gy and cogeneration project feasibility analysis as well as ongoing energy performance analysis.
The newest RETScreen “Expert” Edition (August 2016) is an advanced premium version of the
previous “Suite” edition.

RETScreen is for professionals and decision-makers to rapidly identify assess and optimize the
technical and financial viability of potential clean energy projects. This decision intelligence soft-
ware platform also allows managers to easily measure and verify the actual performance of their
facilities and helps find additional energy savings/production opportunities. As of October 2016,
the RETScreen software had more than 490,000 users in 222 countries worldwide.

RETScreen Expert is available for download free-of-charge in viewer mode. Viewer mode will be
sufficient for most energy analysis needs of most users. The full functionality of RETScreen Expert
(including the ability to save, print and export files) is available in Professional mode by purchas-
ing a renewable 12-month subscription, currently priced at CAD 869 per subscribing computer
(plus applicable taxes) and charged on a cost recovery basis. The older version of the software,
RETScreen Suite, is made available free-of-charge.

This tool is also relevant for an Energy Auditor: - Calculator: B4

Online: Registration: - Download: - Charge:

RETScreen user manual http://publications.gc.ca/collections/collection_2008/nrcan/M39-115-
2005E.pdf

RETScreen® Plus Software Tutorial of the NASA
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20150000447.pdf

H.

e 90 Minute video tutorial how to use RETScreen for financial analy-sis.
www.youtube.com/watch?v=nX8JNOxkq5A

e 55 Minute introduction to the RETScreen energy efficiency mod-ule.
www.youtube.com/watch?v=Gxféh-MqgbbM

e EnergyStar webpage of the USA about efficient gadgets, technology and process-es.
www.energystar.gov/

e Energy Star portfolio manager for energy efficiency in any build-ing.
www.energystar.gov/building

e EnergyStar webpage of the European Union (EU) similar to the USA webpage www.eu-
energystar.org/

e Energy Star webpage for industrial products energy savings of 13 indus-tries.
www.energystar.gov/buildings/industrial-energy-effiicency-resources-state-utility-programs

2. International Energy Agency ® www.iea.org/statistics/resources/unitconverter/

Description

Relevance
Accessibility

Additional
downloads

An online calculator of the International Energy Agency in Paris, the OECD and EuroStat for con-
version of energy, mass or volume units. Choose units, type number into one of the input boxes
and click on the convert button.

This tool is also relevant for an Energy Auditor: - Calculator: BN%

Online: Registration: - Download: - Charge:

www.iea.org/publications/freepublications/publication/statistics_manual.pdf

Also from IEA the excellent 195 page manual “Energy statistics manual”, suitable for training of
EA and EM professionals. Content: Fundamentals, electricity and heat, natural, gas, oil, solid fossil
fuels and manufactured gases, renewables and waste, energy balance, fuel conversion and ener-
gy production processes, fuel characteristics, units and conversion equivalents, glossary with def-
inition of units and list of abbreviations.
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Additional Universal unit convertor

webpages www.unitconverters.net

3. SinaSave * www.industry.siemens.com/drives/global/en/engineering-commissioning-

software/sinasave/pages/default.aspx

Description SinaSave determines the energy saving potential and payback times based on a particular appli-
cation conditions. The tool offers a wide range of comparison options of various control modes
and product combinations for drive systems for pump and fan applications. These are then
graphically shown with their components as well as the most important results, for instance, the
system and power losses per EN 50598. SinaSave supports an Energy Auditor as well as the pro-
curement officer or Energy Manager of a firm. The tool is especially helpful in comparing the
benefit /cost of various motor — blower or pump configurations.

Relevance This tool is also relevant for Energy Auditors: - Calculator:
Accessibility Online: Registration: Download: - Charge: -
Additional Energy efficiency legislation and standards: www.industry.siemens.com/topics/global/en/energy-
downloads efficient-production/legislation-and-standards/Pages/legislation-and-standards.aspx

Additional Mobile application to compare fixed or variable speed motor operation based on different IE
webpages classifications (IE1, IE2, IE3 and IE4) to select the most cost effective motor considering individual

operating time and motor loads. In the variable speed operation module the most cost effective
drive system can be determined based on a pump application with individual load profiles. The
App also offers an overview of local minimum efficiency requirements for induction motors (so
called MEPS — Minimum Efficiency Performance Standards) for selected countries.
http://w3.siemens.com/topics/global/en/industry/future-of-manufacturing/industry-
apps/simotics-ee-comparator/Pages/simotics-ee-comparator.aspx

4. Loan payback calculator * www.thecalculatorsite.com/finance/calculators/loancalculator.php

Description Loan payback calculator with additional features such as initial charges and extra fees. It presents
amortization schedule based on total equal monthly or annual instalments. The website provides
the equations as well as additional explanations and definition’s common for loan applications.
Allows balloon payments at the end of the term

Relevance This tool is also relevant for an Energy Auditor: Calculator:
Accessibility Online: Registration: - Download: - Charge: -
Additional A complete set of lecture series of the fundamentals of loans and borrowing, annuities, interest
downloads rates and time value of money. Many practical examples and complete set of equations. Replace

“X” by 1, 2, 3, 4 and 5 http://mysmu.edu/faculty/yktse/FMA/S_FMA_X.pdf

Brief practical introduction about long-term loan repayment methods:
http://extension.colostate.edu/docs/pubs/farmmgt/03757.pdf

Additional Calculator that allows extra charges and shows amortization schedule
webpages www.bankrate.com/calculators/mortgages/loan-calculator.aspx?

5. National RE Laboratory ® www.nrel.gov/analysis/tech_Icoe.html|

Description This levelised cost of energy (LCOE) calculator provides a simple calculator for both utility-scale
and distributed generation (DG) renewable energy technologies that compares the combination
of capital costs, operations and maintenance (O&M), performance, and fuel costs. Fossil fuel
based generation cost can also be calculated. Note that this does not include financing issues,
discount issues, future replacement or degradation costs. Each of these would need to be includ-
ed for a thorough analysis. To estimate simple cost of energy, use the slider controls or enter
values directly to adjust the values. The calculator will return the LCOE expressed in cents per
kilowatt-hour (kWh).

Relevance This tool is also relevant for an Energy Auditor: - Calculator: [

Accessibility Online: Registration: - Download: - Charge:

Additional The underlying calculation methodologies and equations are explained at
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www.nrel.gov/analysis/tech_lcoe_documentation.html

A manual (1993) for the economic evaluation of energy efficiency and renewable energy technol-
ogies is provided at: www.nrel.gov/docs/legosti/old/5173.pdf

www.energy.gov/sites/prod/files/2015/08/f25/LCOE.pdf Compares the NREL model with the
more sophisticated CREST models of USA Department of energy
https://financere.nrel.gov/finance/content/crest-cost-energy-models

6. Department of Energy, USA ® http.//energy.gov/eere/amo/software-tools

Description

Relevance
Accessibility

Additional
downloads

Additional
webpages

The Advanced Manufacturing Office (AMO) of the DoE offers tools to help Energy Managers to
identify and increase industrial energy efficiency at the plant-level and in specific systems. Step-
by-step ways are provided to identify opportunities, monitor progress, and improve efficiency in
any facility. Some tools help facilities implement an energy management system and prepare to
become ISO 50001 and superior energy performance certified. The tools are divided into two
major subject areas: (i) Managing a plant’s energy use and (ii) managing and optimizing a plant’s
systems and equipment for steam, process heating, compressed air, pumps and fans.

This tool is also relevant for an Energy Auditor: - Calculator: B4

Online: Registration: Download: - Charge:

e The DoOE (USA) YouTube videos about energy efficiency and renewable energy.
https://www.youtube.com/energygov (1207+ videos also about energy efficiency)

e Steam system tool: https://www.youtube.com/watch?v=xibGrIfOkHQ
e DoE webinars 2008- 2016 http://energy.gov/eere/fuelcells/webinars

e eGuide: https://ecenter.ee.doe.gov/_layouts/ecenter/ppc.eguide/home.aspx

e eGuidelite:https://ecenter.ee.doe.gov/EM/SSPM/Pages/HowToExtract.aspx

e All other tools: https://ecenter.ee.doe.gov/EM/tools/Pages/HomeTools.aspx

e Webinar about free Energy Manager tools. www.youtube.com/watch?v=Je60M1FB070

e Schneider - Electric about Energy Management mMade eEasy.
https://www.youtube.com/watch?v=PYdkKuQiAEs

e Schneider Electric about Energy Management made
easy.www.youtube.com/watch?v=PYdkKuQiAEs

e Anintroduction to the CEM program. www.youtube.com/watch?v=sn3eDAqHWrQ

7. Schneider Electric ® www.schneideruniversities.com/energy-university/

Description

Relevance
Accessibility

Additional
downloads

Additional
webpages

Distant learning energy university. 102 energy efficiency courses are offered for free. Self-paced
modules that take less than an hour, available 24 hours a day. Tailored course selections or
choose targeted learning paths by energy topic, including data centres, energy and infrastructure,
industry, health care, buildings and residential. Professional Energy Manager (PEM) exam costs
USD 400 and is administrated by the Energy Management Diploma Programme provided by North
Carolina State University, USA.

This tool is also relevant for an Energy Auditor: - Calculator:

Online: Registration: Download: - Charge:

Required course list for the PEM exam

H.

www2.schneider-electric.com/documents/training/energy-
university/Energy_University PEM_Exam_Course_List.pdf

Catalogue of 102 courses offered for Energy Manager and Energy Auditors
www.schneideruniversities.com/energy-university//catalog
www.ncsu.edu/mckimmon/cpe/brochures/pdf/em.pdf (PEM)
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2. NORMS, CODES AND STANDARDS

About this module

For their future success as Energy Auditors, trainees must possess in-depth knowledge about the ISO
50001 and ISO 50002 norms which can be applied when carrying out their tasks. This module intro-

duces trainees to the ISO energy management system norm.

Learning outcomes

At the end of this module, the participant is able to

= Explain the characteristics of a management system in general and the ISO 50001 manage-

ment system in particular

= Explain the steps for implementation of the ISO 50001 system

=  Explain the audit as the central element of the ISO 50001 system

2.1. INTRODUCTION TO ENERGY MANAGEMENT AND AUDITING
ACCORDING TO ISO 50001 AND 15O 50002

The international norm ISO 50001 specifies
the requirements for establishing, implement-
ing, maintaining and improving an energy
management system (EnMS), whose pur-
pose is to enable an organisation to follow a
systematic approach to continually improve
its energy performance, including the aspects
of energy efficiency, energy security, energy
use and consumption.

An organisation in the sense of ISO is any
commercial enterprise, as well as private
houses, hospitals or offices. The norm aims to
help organisations continually reduce their
energy use, and therefore their energy costs
and their greenhouse gas emissions.

ABOUT ISO 50001

ISO 50001 was released by the International
Organization for Standardization (ISO) in
June 2011, and is suitable for any organisa-
tion — whatever its size, sector or geograph-
ical location.

ISO is an independent, non-governmental
organisation, the members of which are the
standards organisations of the 164 member

/LR

ISO

NS
ISO 50001

ENERGY MANAGEMENT
Figure 2.1: ISO 50001 energy management logo

— Source: www.batesenergy.com

ISO 50001

is the new standard for
implementing a robust
Energy Management
System (EnMS).

It establishes an
international framework for
industrial plants or entire
companies to manage all
aspects of energy,
including procurement
and use.

Figure 2.2: Introduction to EnMS — Source:
www.slideshare.net

countries. It is the world’s largest developer of voluntary international standards and facili-
tates world trade by providing common standards between nations. Nearly twenty thousand
ISO standards have been defined, covering everything from manufactured products and
technology to food safety, agriculture and healthcare.
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Many countries have meanwhile adopted various ISO standards into their own standard sys-
tems. The Standards Organisation of Nigeria (SON) adopted ISO 50001 as NIS ISO/IEC
50001:2011 without any changes.

The structure of ISO 50001 is designed according to other ISO management system stand-
ards, in particular ISO 9001 (quality management systems) and ISO 14001 (environmental
management systems). Since all three management systems are based on the PDCA cycle,
ISO 50001 can be easily integrated into these systems.

1SO MANAGEMENT SYSTEMS

Before going deeper into the ISO 50001 energy management system, we will start by clearing
up a common misunderstanding.

Note: ISO 50001 is a management system and not a guideline on how to reduce the energy consump-
tion of an enterprise, office, hospital, etc. ISO 50001 provides neither technical measures nor standards
on how to reduce energy consumption to comply with specific benchmarks.

ISO 50001 is a voluntary management standard which helps you to implement a management system
designed to reduce energy consumption and costs.

» The ISO “family”: 1SO 9001, 14001 and 50001
The ISO 9000 et seqq. standard
series mainly applies to quality

management systems (QMS). It < C
is likewise possible to integrate ) 1/\
an environmental management Pl

system (EMS) into a QMS.

The structure of the environ-
mental management standard
ISO 14000 et seqq. matches the
structure of the quality man-
agement standard ISO 9000 et
seqq. and vice versa. All three Figure 2.3: The ISO family
management systems are there-

OSHAS 18001

fore compatible. Many compa-
nies in the US or in Europe have been certified by all three management systems.

As can be seen in the graphic below, an additional standard known as the European OSHAS
or Occupational Health and Safety Assessment Series closely approximates ISO 9001 and
14001 in terms of its structure and is slated for imminent inclusion in the ISO “family” as ISO
45001.

» I1SO 50001: Energy management and energy management systems

Energy management includes all the measures that are planned and implemented to mini-
mise energy consumption for a given activity. Energy management influences organisational
and technical procedures, as well as behavioural patterns, in order to reduce the total opera-
tional energy consumption (thus also the energy required for production) for the cost-
effective use of basic and auxiliary materials and the continuous improvement of an organi-
sation’s overall; energy efficiency.
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An energy management system (EnMS) systematically records the energy flows and serves
as a basis mainly for investments in energy efficiency improvements. A functioning EnMS
helps a company to comply with the commitments in its energy policy and to continuously
and systematically improve its energy performance.

Globally, the ISO 50001 is the first standard for EnMS and presents a systematic pathway for
implementation. This handbook refers to the ISO 50001 almost exclusively. Nut it should be
noted that EnMS can be implemented without reference to this standard. In fact it is estimat-
ed that as of 2016, more than a million enterprises have done — or are still doing — successful
EnMS and are investing in EMOs without applying ISO norms while not more than 30,000
(less than 3%) are following ISO 5000X.

An EnMS encompasses all elements of an organisation that are necessary for creating an en-
ergy policy, as well as defining and achieving strategic objectives. It thus includes the organi-
sational and informational structures required for implementing energy management, in-
cluding all necessary resources. It formulates and implements the energy policy (together
with strategic and operational objectives and the action plan), planning, introduction and
operation, monitoring and measurement, control and correction, internal audits, as well as a
regular management review.

ADVANTAGES OF AN ENERGY MANAGEMENT SYSTEM

The introduction of an EnMS essentially requires the systematisation of energy-saving meth-
ods. In the long term, this results in measurable and quantifiable estimates of energy savings
and cost-related improvements, as well as enhanced process efficiency. At the macro-level, it
vastly contributes to improving the environmental situation. There are various advantages to
introducing an EnMS. The main reasons are discussed below.

Cost reduction

High energy costs reduce overall profit — in almost every company, there is always some po-
tential for reducing energy consumption. An EnMS helps reduce the risk that energy expens-
es unexpectedly increase or supply shortages occur that could seriously affect productivity,
or even threaten the continuous operation of an organisation. By introducing an EnMS, you
can save 10 to 30% of your energy costs in the first few years after implementation. This can
be done by systematically identifying the weak points in your energy consumption and ad-
dressing them with basic measures. Investments in energy-efficient technologies are also
worthwhile: more efficient compressed air and pump systems, as well as ventilation systems,
refrigeration and materials handling technology, will result in a 5 to 50% reduction in power
consumption with an average payback time of less than two years.

Environmental protection

Climate change is already one of the main causes of natural catastrophes like floods and
droughts. Even today, the consequences for humans and the environment are considerable.
While climate change takes place globally, climate protection must occur locally. An efficient
energy management system is therefore an important element as it can contribute considera-
bly to reducing greenhouse gas emissions.

Sustainable management

Resource efficiency in all areas, and particularly with respect to energy, is a much-discussed
topic of our times. Fossil fuel reserves are limited. Those who continue to rely on these re-
sources are not preparing themselves for the future. Efficient energy management, new ener-
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gy concepts and innovative energy technologies are keys to succeeding in the market in the
coming years and decades, as they will help reduce expenditures for critical and finite re-
sources.

Improvement of public image

By achieving an ISO 50001: 2011 certification, you can credibly show the public that your
company is operating sensibly with respect to energy efficiency and is thus doing its part to
protect the environment. Environmental requirements are an increasingly important factor in
public proposals, including, among others, climate-friendly purchasing. Both from the per-
spective of the procurer and the supplier, an EnMS supports the calculation of CO2 emissions
reduction derived from energy savings accounting and carbonaceous fuel properties and en-
hances an organisation’s green credentials.

» Characteristics of 1ISO 50001

ISO 50001:2011 specifies requirements for establishing, implementing, maintaining and im-
proving an energy management system, whose purpose is to enable an organisation to fol-
low a systematic approach to continually improve its energy performance, including the as-
pects of energy efficiency, energy use and consumption.

The norm specifies requirements applicable to energy use and consumption which include
documentation and reporting, as well as design standards and procurement practices for
equipment, systems, processes and personnel that contribute to energy performance.

It applies to all variables affecting energy performance that can be monitored and influenced
by the organisation. ISO 50001:2011 does not prescribe specific energy performance criteria.
It has been designed for independent use, but it can be aligned or integrated with other man-
agement systems.

ISO 50001 is applicable to any organisation wishing to ensure that it conforms to its stated
energy policy and wishing to demonstrate this to others, such conformity being confirmed
either by means of self-evaluation and self-declaration of conformity, or by an external certi-
tying body.

The ISO 50001 standard, which was published in June 2011 and replaces the European EN
16001 standard, defines the first international standards for an energy management system.
The preceding European standard EN 16001 already contributed to significant energy sav-
ings in European companies.

» Justification of 1ISO 50001

In times of increasing greenhouse effects, rising energy costs and the depletion of energy re-
sources, costs for industrial and household energy consumption are becoming more and
more difficult to calculate. This brings uncertainties for the future and for further planning in
the economic sector. The ISO 50001 standard is a management system which can help to re-
duce energy consumption and costs, and therefore contribute to sustainability.

Energy management and energy efficiency are not just for big companies. Small businesses
can also achieve sizable savings, because organisations both big and small, including offices,
hospitals and apartment buildings, all use energy in various ways and there is ALWAYS po-
tential for improvement, i.e. reduced consumption.
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All organisations — whether big or house effects — Source: www.slideshare.com

small, simple or complex, for-profit or non-profit — have some kind of management system.
This can be formal or informal but all systematic internal rules regarding responsibilities and
procedures in a company should be considered and integrated into the energy management
system.

A management system should ensure that all significant objectives of the company are im-
plemented in a systematic manner and can be assessed at every phase. Management systems
which are used appropriately contribute to the improvement of the operational and organisa-
tional structure of a company, in accordance with the requirements of the market, customers,
investors, society and nation. Management systems are based on organisational measures
like establishing responsibilities, positions, operational procedures and monitoring systems.
By defining accountability in action plans (who does what, by when?) and assessing the sys-
tem objectively either through internal channels or, if necessary, by external auditors, it is
possible to monitor whether the objectives are being achieved on time or, if documented,
who or what is responsible for any deviations.

2.2. THE PDCA CYCLE

The ISO norms 9001, 14001 and 50001
are based on the same implementation
structure, the PDCA cycle: plan-do-
check-act (or adjust). PDCA is an iter-
ative four-step management method
used in business for the control and
continual improvement of processes
and products.

The individual steps of the PDCA cy-
cle in energy management can be de- Figure 2.5: Plan-do-check-act cycle

scribed as follows:
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PDCA SYSTEM STEPS
Plan

Establish the objectives and processes necessary to deliver results in accordance with the ex-
pected output (i.e. target or goals). By establishing output expectations, the completeness and
accuracy of the specification is also a part of the desired improvement. When possible, start
on a small scale to test possible effects. To summarise the components of this step: establish
your energy-saving targets, determine the strategy, identify measures and responsibilities,
provide the necessary resources and prepare your action plan.

Do

Implement the plan, execute the process, and make your product. Collect data for charting
and analysing your progress in the following steps (“CHECK” and “ACT”). Establish man-
agement structures to help maintain process continuity and undertake improvement
measures (e.g. more efficient technologies/procedures).

Check

Study the actual results (measured and collected in “DO” above) and compare them against
the expected results (targets or goals from “PLAN”) to ascertain any differences. Look for
deviations from the plan and also check the plan’s suitability and completeness for execution
(“DQO”). Charting data can make it much easier to spot trends over several PDCA cycles and
convert collected data into information. Information is what you need for the next step
(“ACT”).

Review the level of target achievement and the effectiveness of the EnMS, collect new ideas
by performing energy audits. Consider consulting an external expert (also examine and con-
sider deviations as well as corrective and preventive actions).

Act

If your CHECK shows that the PLAN implemented in DO does in fact improve on the prior
standard (baseline), then it should become the new standard (baseline) for how the organisa-
tion should ACT going forward (new standards are enACTed). If the CHECK shows that the
PLAN implemented in DO does not represent an improvement, then the existing standard
(baseline) will remain in place. In either case, if the CHECK turned up an unexpected devia-
tion (whether for the better or the worse), then there is further potential for learning... and
that suggests additional PDCA cycles.

All steps and activities can take place in parallel; the decision to begin a step or an activity
depends on the conditions in the respective company.

When compared to selective measures (ad-hoc energy management), continuous application
of this process clearly reduces the energy-related costs of a company.

Referring back to the main components we find the p/d/c/a elements described at the follow-
ing points in ISO 50001 (sections numbered as in ISO 50001):
Table 2.1: P/D/C/A described in some sections of ISO 50001

Chapter in ISO 50001 p/d/c/a
4.1. General requirements
4.2. Management responsibility

4.3. Energy policy
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Chapter in ISO 50001 p/d/c/a
4.4. Energy action plan Plan
4.5. Implementation and operation Do

4.6. Performance audits/checking Check
4.7. Management review Act

Responsibility of top ¢ Implementation and

management realization
¢ Energy policy ¢ Communication
¢ Management representative ¢ Training

* Awareness
¢ Operational Control

Energy review
Objectives and action plans

¢ Management review
New strategic goals
Optimization

Monitoring
Analysis
Corrective Action
Preventive action
Internal audit

Figure 2.6: PDCA cycle and content

Example 1: Practical example (adapted)

A medium-sized company called “Paper Recycling Miller Ltd” decided to introduce an EnMS to re-
duce energy costs. To implement the EnMS, a continuous, objectively assessable improvement process
should be present in the structures of the company.

The head of the company initiated the process by including the objective of energy-efficient manage-
ment in the company philosophy, appointing an Energy Manager and providing him with the corre-
sponding resources and responsibilities (Plan). The manager was then responsible for coordinating
the documentation of all energy-related processes in the company.

The company “Paper Recycling Miller Ltd” has already taken other approaches for an environmental
management system. In the past, however, these approaches were not applied in a systematic manner,
because only certain processes in the company were controlled and directed by the system. Neverthe-
less, there is some knowledge about management systems in the company. To reflect the continuous
improvement process, management establishes a structure to introduce an EnMS that will make it
possible to record and assess all energy flows in order to then identify savings potentials and imple-
ment measures which are technically viable, financially attractive and within the company’s overall
means (Do).

The Energy Manager regularly assesses the results of the measures, sets new targets and compiles re-
ports (Check).

The Energy Manager then implements newly defined targets and measures with the support of em-
ployees and an external energy advisor (Act).
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» Energy policy

Continual

DEFINITION OF AN ENERGY POLICY iprovement

According to ISO 50001, the
starting point for a function-
ing EnMS is the formulation mm
of an energy policy for the
company. The energy policy
that needs to be documented :

Checking and
in hard copy is a statement m [ Caromaton Aution
containing effective energy ‘
management objectives out-
lined by top management. The
document is the first step in a
structured energy manage- Figure 2.7: Energy policy in the management cycle — Source:
ment process. wwuw.slideshare.net

and Operation

Corrective and
Pruventive Action

The energy policy sets out energy-related guidelines, operating principles and long-term
overall objectives for a company. It is used, over time, as a measurement for the effectiveness
of energy management.

According to ISO 50001, a company’s energy policy must contain the following points:
= The commitment of top management is to continuously increase the energy efficiency
of the company, as well as to carefully handle energy, should be expressed.

= Obligation of management to provide all information and resources required for real-
ising energy objectives and targets.
= Obligation to adhere to all legal obligations that affect the energy aspects of the com-
pany.
= Support for the purchase of energy-efficient products and services.
After developing and introducing an energy policy, its content should be communicated to

all people working directly or indirectly for the company. The energy policy should also be
regularly assessed and, if required, adapted to changing circumstances.

If there are already other policies in the company, such as an environmental or quality poli-
cy, then the energy policy can be integrated into that document. If the company operates in
several locations, the energy policy can refer to activities at all sites or only to specific loca-
tions. Clearly define the system boundaries for the implementation of objectives.

When formulating your energy policy, ensure that it can be easily understood inside and
outside of the company.

According to ISO 50001, it is not mandatory to make an energy policy publicly accessible.
Such transparency is advisable, however, as it places your company in a positive light.

ISO DEFINES ENERGY POLICY IMPLEMENTATION AS FOLLOWS
(Enumeration follows ISO 15001)
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Energy policy

The energy policy states the organisation’s commitment to achieving energy performance
improvement.

Top management has defined the energy policy and ensures that it:

a) Is appropriate to the nature and scale of the organisation’s energy use and consump-
tion;
b) Includes a commitment to continual improvement in energy performance;

¢) Includes a commitment to ensure the availability of information and of necessary re-
sources to achieve objectives and targets;

d) Includes a commitment to comply with applicable legal requirements and other re-
quirements to which the organisation subscribes related to its energy use, consump-
tion and efficiency;

e) Provides the framework for setting and reviewing energy objectives and targets;

f) Supports the purchase of energy-efficient products and services, and design for ener-
gy performance improvement;

g) Is documented and communicated at all levels within the organisation;

An energy policy should, furthermore, be regularly reviewed in energy management team
meetings and management review meetings, and updated as necessary.

Example 2: Energy policy of Repsol (mineral oil company)

Repsol undertakes a commitment to make efficient use of energy at its facilities and during its activi-
ties, with the purpose of preserving natural resources, reducing atmospheric emissions and helping to
mitigate the effects of climate change.

Management will lead and promote energy efficiency programs, ensuring that the organisation works
in accordance with the principles established in this policy.

Repsol will establish objectives and targets in order to improve energy performance and reduce the
relevant greenhouse gas emissions. In order to achieve them, management will ensure the availability
of the necessary information and resources.

Repsol will continuously improve the use of energy resources at its facilities and during its activities
throughout their entire life cycle, optimising the technology and design of processes as well as the op-
eration of its facilities, and supporting the purchase of energy-efficient products and services.

Repsol will ensure compliance with the legal requirements in force and other energy-related require-
ments to which the organisation subscribes, including energy efficiency and the use and consumption
of energy. The company will also encourage the adaptation of its operations and facilities to ensure
compliance with any changes that may be made to the legal framework in force, and will establish
common standards for the management of energy efficiency in all the areas and countries in which it
operates.

In order to promote greater awareness among all stakeholders, Repsol will provide them with reliable
and transparent information regarding its energy consumption, its corresponding greenhouse gas
emissions and the improvement actions undertaken.

Repsol considers that “complying and ensuring compliance” with this policy is the responsibility of all
individuals who take part in its activities.
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2.3. THE PLAN/DO/CHECK/ACT PROCEDURE

PLAN

Continual
Improvement

» Energy plan

The energy plan is the most im-

Implemontation
portant part of the procedure. It : and Operation
forms the basis for all implementa-
tion steps from data collection to
the actions. Errors and mistakes in o
the action plan will lead to non- m
compliance with the defined tar- ‘
gets of the management system.

Checking and
Corrective Action

Corrective and
Pruventive Action

When introducing an EnMS, all rel-
evant areas of energy consumption
in the organisation should be re- Figure 2.8: Planning within the management cycle
viewed and illustrated in a specific

structure defined by the organisation. Savings potentials can be determined using the clear
and understandable illustration of the consolidated data. This helps in defining short- and
medium-term objectives. Additionally, the information gathered can be used for certification
of the EnMS, as well as in communicating results inside and outside the company.

Steps to be followed during the planning stages:
= Identifying responsibilities
= Including legal obligations
= Reviewing the consumption, costs and production figures of energy
= Processing and documenting the collected data
= Defining energy objectives and targets
= Formulating an energy management programme and an action plan.
ENERGY PLANNING AS DEFINED BY ISO
General

The organisation has conducted and documented an energy planning process. Energy plan-
ning is consistent with the energy policy and leads to activities that continually improve en-
ergy performance as per the documented procedure.

Energy planning involves a review of the organisation’s activities like engineering, produc-
tion, maintenance, etc. that can affect energy performance.

Legal and other requirements

Procedures have been established and implemented:

= To identify applicable legal requirements and other requirements related to energy
use, consumption and efficiency subscribed to by the plan/system,

= To verify that these requirements apply to the system’s energy use, consumption and
efficiency,
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* To ensure that legal and other requirements are considered in establishing, imple-
menting and maintaining the energy management system.

The legal and other requirements should be reviewed once every six months in management
review meetings.

The information for legal requirements is updated and relevant information on legal and
other requirements is communicated to the employees and relevant interested parties. Com-
panies should establish and maintain a register of energy legislation.

» Energy review aspects

Organisations also need to develop and maintain an energy review system as per the docu-
mented procedure. Documentation should be provided for the methodology and criteria
used to develop the energy review. Identifying significant energy use areas is an on-going
process that determines the past, current and potential impacts of the activities, products,
and services covering routine and non-routine actions, all activities covering job contractor
work and all facilities at the workplace. The energy review should follow an established pro-
cedure that outlines the expected areas of influence which are subject to inspection. An eval-
uation procedure should also be established to determine significant energy use areas and set
the EnMS objectives. Overall, the energy review system should be developed and relevant
records maintained based on the points listed below.

Designate functional heads to analyse energy use and consumption based on measurements
and other data:

= Identify current energy sources;

= Evaluate past and present energy use and consumption;
Identify areas of significant energy use based on the analysis of energy use and consumption
considering:

= Facilities, equipment, systems, processes and personnel working for, or on behalf of,

the organisation that significantly affect energy use and consumption;
= Other relevant variables affecting significant energy uses;

= Current energy performance of facilities, equipment, systems and processes related to
identified significant energy uses;

= Future energy use and consumption (estimation);

For each area, the functional heads will identify, prioritise and record opportunities for im-
proving energy performance. These management representatives will monitor the results as
per the records. Opportunities are considered to improve existing energy sources such as the
use of renewable energy or other alternative energy sources including waste energy.

» Energy baseline

With the help of the energy management team, the management representative (or Energy
Manager) has to establish an energy baseline (or baselines) using the information in the ini-
tial energy review while considering a data period suitable to the organisation’s energy use
and consumption. Changes in energy performance are measured against the energy base-
line(s) and discussed in the energy team review meeting.
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An adjustment to the baseline is made in the case of one or more of the following;:

* Energy performance indicators no longer reflect organisational energy use and con-
sumption,

= There have been major changes to the process, operational patterns, or energy sys-
tems,

* According to a predetermined method as defined in the procedure.

The management representative is responsible for maintaining energy baseline records.

» Energy performance indicators

With the help of energy management team, the management representative will identify en-
ergy performance indicators (EnPI) appropriate for monitoring and measuring the system’s
energy performance. The methodology for determining and updating the EnPIs is estab-
lished in the procedures and records are maintained. The EnPIs are regularly reviewed in
energy management team review meetings and compared to the energy baseline as appro-
priate.

» Energy objectives, energy targets and energy management action plans

Energy objectives and targets for relevant functions, processes, facilities, and levels within
the company are prepared, documented, and implemented as performance indicators based
on the energy policy. Targets should be based on all parameters that decisively impact ener-
gy consumption. During their selection, management and staff should ensure the measura-
bility of the respective parameters. Targets should be ambitious while also remaining realis-
tic enough to be achieved within the allotted time period.

All such objectives and targets must be made measurable and consistent with the energy pol-
icy, including commitments to comply with the applicable legal framework and other re-
quirements which form the basis for continual improvement. A realistic time frame for the
achievement of the objectives and targets should also be defined.

The energy management action plan must be prepared, implemented, and maintained to en-
sure the achievement of all defined objectives and targets. The energy management action
plan includes:

= Responsibilities for achieving objectives and targets at relevant functions and levels of
staff/organisation,
= Methods/means and time frame for achieving objectives and targets.

= Statement of the method by which an improvement in energy performance shall be
verified

= Statement of the method for verifying the results.
Here are a few starting points for developing targets and objectives:

= Production processes (e.g. efficient use of compressed air and condensate, switches
and valves, automatic integrated systems)

= Motors and engines (e.g. increased usage of electronic controls, variable speed drives,
integrated application programmes, frequency converters, highly-efficient electric
motors)
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= Ventilators, variable speed drives and ventilation (e.g. new devices/systems, use of
natural ventilation)
* Demand management (e.g. load management, servo mechanism for peak load dis-

mounting)

= Highly efficient combined heat and power (CHP plants)

Rough cost-benefit estimates may be helpful when identifying and selecting operational ob-
jectives. The selection can be done using a weighted scoring system, whereby the following
aspects should be considered:

= Legal provisions,

* Industry standards,

* Implementation costs,
= Investment costs,

= Payback time and environmental benefits.

REVIEW CONSUMPTION, COSTS AND PRODUCTION OF ENERGY

Always remember: you can’t manage what you don’t measure! Measurement data can be
obtained from the energy audit. Before measurements can be made, it is necessary to define
certain elements known as indicators.

» Energy performance indicators

Industrial operations are generally complex, involving many sub-activities with a high level
of variability both between similar operating sites and over time. Performance indicators that
take this diversity into account are therefore essential for understanding and analysing ener-
gy performance. Improvements in energy performance require effort and actions at all or-
ganisational levels with indicators that are relevant and adapted to each level.

Indicators should be defined as precisely and accurately as possible, outlining both the scope
and boundaries and identifying the applied metric. Indicators should preferably be in line
with international reporting standards to allow for comparison and internal and external
benchmarking. When evaluating energy efficiency based on indicators, care must be exer-
cised to compare like categories. Indicator values will reflect energy efficiency achieved by
operational enhancements and specific improvement projects, but the overall values will
vary greatly depending on many factors.

INDICATORS BASED ON OPERATIONAL DATA (LAGGING)

Energy performance is commonly assessed with “lagging indicators” which are retrospective
metrics based on actual operational data, reflecting the “was-is” situation of energy perfor-
mance.

OPERATIONAL LEVEL INDICATORS

These indicators are typically relatively simple process functions calculated on a semi- or ful-
ly-continuous basis in order to measure and monitor energy usage over the short term, down
to a single unit or facility.

Operational level indicators are commonly developed for each site and each processing enti-
ty according to the specific local situation (see also 4.5.5 of the ISO standard).
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Care must be taken to account for different quality levels of either products or resources
when assessing energy performance.

SITE LEVEL INDICATORS

These indicators are based on aggregated data from the site and are commonly calculated on
a quarterly or yearly basis. They serve to measure and monitor the energy efficiency of the
site over time and/or against peers.

Absolute energy consumption (in units of energy per year) may be used for management
and/or financial reporting purposes but is of little interest as an energy performance indica-
tor because it does not refer to the corresponding level of activity.

Specific energy consumption (expressed in units of energy per processed production unit) is
a commonly used indicator. It is often referred to as energy intensity. This is, however, of
limited use for the comparison or benchmarking of facilities of different complexity or vary-
ing asset types (production area, offices, storage, etc.).

Taking the oil and gas industry as an example, in many parts of companies, energy con-
sumption is the result of a combination of a large number of factors. In upstream production
operations for oil and gas, such factors may include location, climatic conditions, reservoir
characteristics, age, etc. In refining, energy consumption is dictated not only by size (e.g. in
terms of crude processing) but also, and in a major way, by the complexity of the refinery. As
a result, each operating facility has its own structural energy consumption that reflects the
specific tasks that it carries out.

A systematic review and analysis of energy consumption forms the basis for enhanced ener-
gy efficiency. The higher the consumption the more detailed the measurement should be
and, consequently, the easier it is to ascertain the savings potential.

These measurements are restricted by measurement costs, which should naturally not exceed
the benefits. If you have localised big consumers, you can tighten the system boundaries of
the analysis in order to obtain detailed information.

In addition to consumption data, there are other relevant factors which should be included to
enable a comprehensive assessment of data. In order to maintain clarity, it makes sense to
take into account the entire company, as well as individual areas (e.g. equipment, sites, and
facilities), systems and processes. However, system boundaries and operational conditions
should always be determined.

These can be, for example:

* Measurement interval (time, duration) and measurement accuracy
* Production stages, type of product, locations or even areas of building equipment and
appliances (lighting, ventilation, etc.)

It should always be possible to explain irregularities. Therefore, alongside data for energy
consumption and use, you should also record production figures, turnover and breakdowns.
During the energy review, you should identify the age of your equipment and resources, as
well as any visible defects. In order to determine the savings potential and to identify chang-
es, the complete energy flow of the company should be recorded and documented.

The following essential information should be available for the energy review:

= Name of equipment
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* Unique ID of major equipment (minor equipment such as fluorescent tubes, desktop
PC can be grouped together)

* Equipment location
= Rated power

= Type of energy and measured energy consumption during a particular period (e.g.
monthly record).

» Process and evaluate all data for documentation

Documentation plays a central role in an EnMS. Therefore, during the introduction of doc-
umentation it is very important that a clear and traceable structure be developed from the
very beginning. The objective of this step is to create a clear depiction of the energy flow and
document it over an extended period of time. The prepared data provide the foundation for
the action plans and energy targets.

Therefore, when recording data, always make sure that they are up to date, complete, easy to
maintain, as well as accessible to those responsible. Data reviews using the illustration and
generation of comparative key indicators have proven valuable.

While determining these values, it is important to always establish system boundaries and
operational conditions in order to avoid misrepresentation. Establish a reference period (en-
ergy baseline) in order to assess future changes with regard to energy consumption and use.
This is a prominent requirement in the ISO 50001 standard. Use the results of the company’s
initial energy assessment when defining the reference period, and make sure to choose a rea-
sonable period of time.

ISO 50001 DEFINITION OF DOCUMENTATION

Documentation requirements

The organisation shall establish, implement and maintain information, on paper, electronically or us-
ing any other medium, to describe the core elements of the EnMS and their interaction.

The EnMS documentation shall include:
a. The scope and boundaries of the EnMS;
b. The energy policy;

)

The energy objectives, targets, and action plans;
d. The documents, including records, required by this international standard;
e. Other documents determined by the organisation to be necessary.

Note: The degree of documentation can vary for different organisations for the following reasons:

The scale of the organisation and type of activities;
The complexity of the processes and their interactions;

The competence of personnel.

» Develop action plans

The energy management action plan should be documented, reviewed at regular intervals at
management review meetings, and amended in line with new developments, modifications,
and the expansion of existing activities.

All steps described so far should be consolidated and regularly updated in the action plans
so that implementation is guaranteed and the internal and external control of the EnMS is
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possible. Action plans can be developed based on the collected data stock and self-defined
objectives and targets.

Example 3: Energy consumption target action plan

Table 2.2: Energy consumption target and implementation

No.

10

Identified area for reduc-
ing power consumption

Monitor and maintain
ammonia compressor dis-
charge pressure: less than
180 PSI for all plants at all
times.

Ensure all phases have
equal voltage & current
draw.

Maintain maximum earth
pit resistance at 1 mega
ohm & maximum leakage
voltage at 4 volts.

Running of transfer pump
from sub cooler to storage
tank.

Improve dryer service cycle
and minimise heater &
blower on-time for dryer
without compromising on
process parameters.

Achieve rated output from
each CO, compressor.

Try to reduce the water
pump power consumption
of the cooling tower.

Ensure timely and effective
maintenance of plant
equipment & proper clean-
ing of heat exchanger.

Install KC 2 compressor at
suction of compressor.

Maintain standard
plant/process parameters.

W s W

e

How to implement

Regularly descale ammonia condenser

Ensure regular water treatment to maintain water quality in cooling
tower.

Monitor performance of all cooling towers

Regularly purge air from receiver/condenser.

Arrange power circuit redistribution, ensuring equal loading of all phas-
es.

Use phase changer switch for load balancing for office, laboratory &
plant lighting.

Use auto transformer for office power distribution.

Monitor shift for unbalanced load 3 times per day.

Monitor dryer/heater performance.

Regularly monitor earth pit resistance.
If above 1 mega ohm: add water or replace salt/coal/earthing plate.

With greater earth leakage, check voltage on all electrical equipment &
fix the problem.

Check earth leakage once every 15 days.

Automation of pump start/stop through the reboiler level.

Check dew point regularly, specifically at the end of the dryer service
cycle. Do not change dryer until dew point has reached —60 °C.

Ensure automation is working properly for the dryer. Once the dryer
outlet temp has achieved 110 °C, the heater and blower should be
tripped after 15 minutes.

Adjust GSFC blower rpm through variable speed drive ensuring 3 to 4
PSI suction pressure to each compressor.

Install blower at compressor suction connection to boost suction pres-
sure.

At one of the cooling towers try installing a low-capacity submersible
pump instead of a mono block pump.

Try a different orifice size to attain the correct water requirement for
each heat exchanger. Consider reducing pump capacity.

Strictly follow the maintenance schedule.

Improve quality of maintenance work.

Monitor records of process parameters before and after maintenance.

Reduce CO, temp to 4 °C.
Remove moisture from raw CO,.

Steps 1 and 2 will yield a dual increase in volumetric efficiency & com-
pression of drier CO,.

Point number 6 above (blower to suction of compressor), will increase
the compressor capacity to compensate the additional CO, capacity.

Properly train all engineers.
Regularly monitor and review plant/process parameters.
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11 Improve insulation wher- 1. Check cold & hot insulation for all plants/pipelines.
ever possible. 2. Reinsulate damaged insulation equipment/piping.

12 Use AOD pump for water 1. Use waste vented CO, energy for water transfer.
transfer.

This action plan will subsequently be used or implementation.

» Establish action plans

After having established the operational objectives, action plans can be prepared which in-
clude concrete measures on how the objectives are to be achieved. For each objective and the
related work packages, responsibilities must be defined, a deadline established and resources
for implementation provided. In addition, you must designate the how you will later review
whether the set objectives and corresponding improvements in energy use and consumption
have been achieved, as well as the methods used to achieve them.

These individual measures should be developed parallel to energy objectives with the help of
various factors such as implementation and investment costs and payback periods. Develop
measures jointly with the energy efficiency team, as well as with the employees responsible,
in order to get an overview of the feasibility of the various measures in the company.

» Documentation of action plans

Action plans should be documented in order to simplify their implementation and monitor
their effectiveness. A synopsis of the action plans should also be part of the energy report.

Example 4: Example of an action plan
The following example is part of an action plan for the German company BMW which already em-
ploys ISO 14001 and ISO 50001.
Table 2.3: Practical example for developing an action plan (by BMW)
Strategic objectives Measures Deadline

Management of Resources and Environmental Protection

Breakthrough goal of a 30% reduc- More measures to raise employer 2010
tion in energy consumption, VOC, awareness of energy saving poten-
water, process waste water and tial

solid water per manufactured vehi-
cle between 2006 and 2012 (5% per
year)

Integration of pilot project findings 2009/2010
on consumption structures and en-

ergy flows in Munich in 2008 into all

German locations

Full implementation of “odour-free 2010
foundry” at the Landshut plant by

2010 and subsequent continued

reduction of VOC-emissions

Decrease in drinking water con- Ongoing
sumption as a result og recycling in

production and the use of other

water categories such as near-

surface ground water.

Increase application of renewable Evaluate and promote the option of 2010
energies using wind and geothermal energies
in various locations
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Waste management Integrate the locations Goodwood 2011

and Rayong into the waste infor-
mation system of the BMW group

Nature conservation and biodiversi-  Develop a biodiversity indicator for 2011

ty

the entire network of the BMW
group
Efficient transport logistics

Increase percentage of low- Development of supply concepts 2009
emission transport modes from global procurement sources to

the BMW's group production site by
taking into consideration sustaina-
ble, environmentally friendly
transport modes.

Optimization of transport volumes Development of concepts on traffic 2009

reduction (load factor) and traffic
relocation to more environmentally
friendly carriers.

Example 5: Examples of criteria to be considered when defining energy purchasing specifications for
lighting systems

DO

Unit and total cost

Required number of lighting devices
Power rating

Power factor

Energy savings percentage (i.e. compared with the traditional mercury lamp) and its payback
period

Lifetime (i.e. frequency of replacement)

Lux level

Colour rendering index

Colour temperature

Luminous efficiency

Lumen depreciation

Surface temperature (i.e. impact on operating cost of air conditioning system)
Any stroboscopic effect?

Any need for special disposal?

Any hazardous materials or heavy metals inside in the equipment?

After-sale maintenance service

In order to achieve the maximum financially attractive energy savings, the measures deter-
mined in the action plans should be prioritised and translated into a detailed work plan.

Along with including the responsibilities and timeframe for various activities, the work plan
should account for all necessary resources. The stipulated energy objectives and targets can
thus only be achieved if sufficient financial and technical resources are available. Further-
more, the Energy Manager should systematically record the success of measures and activi-
ties in order to facilitate the realisation of energy objectives and targets and conduct a cost-
benefit analysis of the implemented measures. Success indicators are savings in costs and
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reduced environmental pollution, as well as positive press reviews or positive feedback from
employees.

Always maintain an energy savings register that records all the implemented measures to-
gether with their predicted savings potential.

After having successfully planned an EnMS, it is now time for the actual implementation.
During the implementation phase (“DO”), the activities which were determined in the action
plans are performed.

The following steps must be considered to ensure an effective implementation of the EnMS:
1. Budgeting and securing the necessary resources for implementing the EnMS and estab-
lishing the action plans

Building and increasing awareness

Employee and partner training

Communicating about the EnMS

Documentation of the EnMS and monitoring the documentation

A

Operational control of all relevant processes, including acquisition, purchasing and
maintenance

7. Annual revisions of the action plan to align with changing realities

Continual
Improvement

Energy Policy

Plnnning

Implementation
and Operation

Checking and
Corrective Action

Monitor and
Measzure

Corrective and
Pruventive Action

Figure 2.9: Management cycle — Source: wwuw.slideshare.net

» Legal requirements

Note: Before starting to implement an energy management system with the goal of subsequent certifi-
cation, you must ensure compliance with all legal requirements. Otherwise, the company cannot ini-
tiate the certification process.

While implementing ISO 50001, it is essential to adhere to all currently applicable and rele-
vant laws, regulations and ordinances. This applies in particular to laws relating to energy
consumption, energy use and energy efficiency.
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Pay particular attention to the following, if applicable to your country:

* Energy saving regulation (EnEV 2014)
= Renewable Energy Sources Act (EEG)
= Act on Energy Services and Energy Efficiency Measures (EDL-G)
* Energy Saving Act
= Air Pollution Control Act
* Energy-using Products Act
= Best available techniques (BAT)
Other environmental laws, as well as the occupational safety and health legislation should

also be taken into account.

Companies usually maintain a register of legal obligations so that specific provisions are not
forgotten. This register contains all relevant laws and regulations which are necessary for
their operations. For smaller businesses, a summary table is often sufficient, while a database
is recommended for larger businesses.

» Responsibilities of top management

For the long-term success of an EnMS, the motivation of employees and the commitment
shown for an EnMS are of major importance.

This includes all levels and functions of an organisation and begins at the highest manage-
ment level of a company, the top management.

According to ISO 50001, the responsibilities of top management within the framework of an
EnMS include above all:

* Defining and continually maintaining an energy policy for the organisation.

* Ensuring the availability of required resources for introducing, attaining, maintain-
ing, and improving the EnMS (personnel, special capacities, technical and financial
resources).

= Appointing a management representative (“Energy Manager”) with established re-
sponsibilities and powers for implementing an EnMS. This person should also be re-
sponsible for submitting the report on performance and the results of the system to
top management.

* Deciding on further strategic energy management measures on the basis of docu-
mented energy results in internal audits.

* Reviewing the EnMS of the organisation at regular intervals to test it for results. This
review should be recorded and maintained as part of management reviews.

= Communicating the importance of the EnMS within the organisation.

» Top management appoints an Energy Manager

As a first step in the implementation process, top management appoints a management rep-
resentative (“Energy Manager”) tasked with implementing the EnMS. He/she is the key per-
son who is responsible (if not solely) for compliance with the requirements specified in ISO
50001. His/her tasks and authority should be documented and communicated to the other
employees. To be able to carry out his/her tasks, the Energy Manager needs sufficient skills,
motivation, the necessary authority and the full support of top management. Among other
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tasks, the Energy Manager is responsible for defining criteria and methods to ensure the ef-
fective function and monitoring of the EnMS.

His/her tasks include:

Looking after the implementation of the EnMS

Checking and controlling results, correcting instances of noncompliance
Communicating all results to top management

Serving as an interface between top management and employees
Controlling the energy team

Selecting the energy team depending on the company size
Representing his/her activities within the company

Providing periodical reports to employees and management
Communicating achieved savings

Contextualising achieved performance in striking ratios

Example 6: Example of an internal job description for an Energy Manager

Tasks:

Setting up and leading the energy team in the company

Planning and implementing projects (according to budget, time and quality)
Acquisition, processing and communication of energy-related information
Delegating tasks and setting time limits

Supporting the involvement and recognition of the top management
Attaining staff support beyond individual areas and functions

Regularly reporting to the top management on energy performance and the performance of
the EnMS

Required qualities of the Energy Manager:

Good knowledge of operating procedures

Excellent capabilities in project management, in organisation and communication
Sound knowledge of ISO 50001, 50002, energy audits

Basic technical understanding

Trust and respect of co-workers

Involvement and enthusiasm for the subject of energy management

Listening skills, ability to handle different opinions and ideas

The Energy Manager shares responsibilities and tasks with the members of the energy team.

Regular meetings should take place for coordination. The frequency of these meeting can be
based on demand; they must, however, take place at least once every quarter. Top manage-
ment should be included at least once a year.

» The Energy management team

As it can be seen in the graphic below, the Energy Manager has direct ties to top manage-
ment. The first task of the Energy Manager is to put together and coordinate an energy effi-
ciency team. As energy efficiency affects almost all areas of your company, it is important
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that the Energy Manager work together with the officers in charge of all relevant depart-
ments. When selecting team members’, technical knowledge and motivation play a decisive
role. Motivation is more important to success than technical knowledge, since this
knowledge can always be obtained through an external adviser when necessary.

The task of an energy efficiency team lies essentially in implementing and maintaining the
EnMS. This includes:

= Developing an effective organisational structure to integrate the EnMS into the opera-
tional organisation

= Establishing and maintaining an energy information system for internal communica-
tion

= Developing an energy management programme using a comprehensive data assess-

ment and evaluation process, as well as developing and implementing measures to
increase energy efficiency.

Special Role of the Energy Team

Top-Management
(Energy Manager)

1= Energy Team

I |

Energy Representative

other leader boards

Personnel
.. Energy Office — .. -

Finance/ControIIingI IProductionI | Marketing |

Energy Office

Energy Office

Energy Office

Figure 2.10: Integration with existing systems, management and technology requirements — Source: GIZ

Begin with the implementation of those measures that guarantee quick success, require very
little or no investment and contain easily quantifiable energy cost savings. This leads to a dis-
tinct sense of achievement which makes it easy to communicate the advantages of energy
management and to systematically tie the EnMS into the organisation. Formulate individual
measures like other projects to be implemented within your company. This will simplify the
implementation procedure for employees.

Measures requiring minimal investments mostly entail organisational changes such as estab-
lishing responsibilities, systematic data acquisition, switching off machines and devices
when not in use, etc. Modifications to energy supply contracts also fall under this category.
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Sometimes, simple changes in employee behaviour can lead to energy and cost savings of up
to 50%. However, problems that can arise during the implementation process should not be
underestimated and well-defined responsibilities should be determined.

When undertaking measures that do require investments, it is important to include suppliers
and sub-contractors in decisions about these investments in order to realise the greatest pos-
sible savings.

Always ensure the availability of required resources for the implementation of the EnMS and
ensure that no action is part of the plan that does not have the support of management or is
not within the financial means of the company.

Top management must guarantee the availability of all required technical and financial re-
sources to ensure a smooth implementation of measures from the action plan.

» Building and increasing awareness

To guarantee the function of an energy management system it is necessary to determine
whether all affected employees possess the necessary knowledge and expertise in order to
carry out their tasks in the area of energy management. This applies to the energy manage-
ment team as well as all other relevant persons.

You can build and increase awareness through a variety of different channels. Appropriate
channels include, for example, information campaigns, flyers, information screens, email sig-
natures, articles in employee newsletters or the company intranet. In any case, it is important
to motivate employees to participate.

Furthermore, it is important that top management set a good example. Simple attitude
changes can be adopted much more easily if top management is committed and communi-
cates this emphatically.

Employees should be aware of:

= Advantages of energy efficiency for the company and for the environment

= Importance of compliance with the energy policy

= Requirements of the EnMS

= Consequences of noncompliance with EnMS specifications

= Potential impact of their own individual activities on energy consumption and
achieving the energy objectives and targets

= Their specific duties, responsibilities and competencies in implementing the energy
management system according to ISO 50001

FACILITATING EMPLOYEE & PARTNER TRAINING AND PROFESSIONAL DEVELOPMENT
After having defined responsibilities, it is necessary to find out whether participating em-

ployees have the skills required to fulfil their duties and responsibilities under the EnMS.

Appropriate training leads to the establishment of the relevant and necessary competencies
in the company, as well as awareness of the importance of energy management among indi-
vidual employees.

Apart from concrete professional training measures for individual employees, training pro-
grammes for conscious energy use in the company should also be prepared. Training materi-
als should also be updated on a regular basis.
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Make sure that training and awareness of the topic of energy management does not remain
limited to your own company but instead also includes all suppliers and contractors.
COMMUNICATING ABOUT THE ENMS IN YOUR COMPANY

As part of internal communication, relevant procedures could include how staff members are
made aware of energy issues, how decisions are made or information is disseminated to staff,
etc. Provisions may also be made for the communication and handling of energy manage-
ment-related suggestions and complaints. Communication links should clearly be demon-
strated in horizontal and vertical directions within the organisation. Communication proce-
dures should also cover the process of responding to comments and suggestions by contrac-
tors working for or on behalf of the organisation. Communication methods include, for ex-
ample:

* Meetings

= Videos

* Briefings

= E-mails, posters, memos, circulars and

= Suggestion boxes, employee hotlines.

When communicating aspects of an EnMS, it is important to differentiate between internal
and external communication channels. According to ISO 50001, internal communication is
obligatory and closely related to raising employee awareness of EnMS implementation.

Communicate the following aspects of the EnMS:

= Energy policy, objectives and targets

= How individuals can contribute to energy management

* Information on energy consumption and trends within the company
= Compliance with legal and other requirements

* Room for improvement

* Financial and environmental advantages of energy management

= Contact person(s) for further details

Apart from communicating to raise the general awareness of employees, it is important to
regularly communicate the most important aspects of the EnMS. Integrate the results of
measurements and the energy indicators and aspects collected for the energy management
system into your internal controlling. This ensures regular internal communication of the
EnMS results for all employees up to top management.

The external communication of EnMS results is not mandatory; however, it does help por-
tray your company in a positive light and enhance your corporate image.

Externally, the organisation should maintain a documented decision on whether it will
communicate its energy policy, EnMS and energy performance. For organisations that
choose to communicate this information externally, the following aspects should be consid-
ered:

= Approval process for public domain content

= Type and level of information to be communicated

* Target groups of communication

* Mechanisms and responsible parties to handle and respond to enquiries
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= Official response time and
* Recording system, communication format, and associated correspondence.

Even if it is not compulsory communicate the company’s activities externally, it still remains
important. If management decides in favour of external communication, the next steps are to
define the respective responsibilities as well as which information to communicate in which
manner.

All collected comments and suggestions for improvement should be reviewed and answered.
Appoint a person-in-charge and draft a plan for internal communication within the frame-
work of energy management — this simplifies the information flow.

Definition of communication by I1SO 50001

4.5.3 Communication

The organisation shall communicate internally with regard to its energy performance and EnMS, as
appropriate to the size of the organisation.

The organisation shall establish and implement a process by which any person working for, or on be-
half of, the organisation can make comments or suggest improvements to the EnMS.

The organisation shall decide whether to communicate externally about its energy policy, EnMS and
energy performance, and shall document its decision. If the decision is to communicate externally, the
organisation shall establish and implement a method for this external communication.

» Documentation of the EnMS

Documentation within a management system will assist in both EnMS implementation and
promoting understanding of the system’s implementation. Documentation helps the organi-
sation communicate its intent and ensure that all energy-related activities are performed con-
sistently and according to requirements.

All key elements of an EnMS should be captured either on paper or electronically and then
recorded. The documents should be easily accessible and therefore filed systematically. If a
documentation system is already in use at the company, using it for the EnMS can save effort
and costs.

Anyone who is responsible for the documentation of one or more working areas should al-
ways have access to the documents. Ensure that the documentation system is monitored reg-
ularly and always kept up-to-date.

All processes related to energy must be documented. Document the reasons for implement-
ing a certain measure, as well as the areas of consumption and activities in daily work rou-
tines that are affected by a certain procedure.

IMONITORING DOCUMENTATION

Make sure that all documents contain the correct statements before their release. In addition,
all documents should regularly be monitored for accuracy and periodic updates. Ensure that
the latest documents are well protected against damage, loss or destruction. Relevant ver-
sions of applicable documents must be available at the site of use. For legal reasons, a few
obsolete documents also need to be kept. Ensure that these documents are clearly separated
from current documents to prevent unintentional use of out-of-date versions and/or obsolete
documents.
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All documents can be kept electronically in addition to paper versions and should include
information on energy efficiency in processes, design and procurement. All documents have
to be at hand for presentation in case of an external audit.

ENERGY-CONSCIOUS DESIGN

Energy-efficient design should be a primary consideration when designing, modifying or
renovating plants, facilities and buildings. Ensuring the use of energy-efficient alternatives,
low energy standards or alternative energy sources in new facilities and utilities and new
production lines will save both energy and costs.

When implementing energy-efficient designs, it may be advisable to collaborate with an ex-
ternal consultant. Always consider and identify energy performance improvement opportu-
nities at the beginning of design, renovation or modification activities for significant energy-
consuming facilities, equipment, systems and processes.

Guidelines for energy-conscious design:

= Always perform an in-depth analysis of energy consumption in the very first phase of
the development project.

= Conduct an energy review at all relevant development steps (proposals, first detailed
design, final design, selecting the equipment, delivery, commissioning, et cetera).

= Clearly establish the responsibilities of persons-in-charge for an energy-conscious de-
sign.

ENERGY-CONSCIOUS PROCUREMENT

Even when purchasing machinery, equipment, raw materials and services, it is possible to
save a great deal of energy. Make energy efficiency an evaluation criterion in the procure-
ment processes, and make sure that the entire life cycle is always considered when assessing
energy consumption and energy efficiency. Determine relevant criteria and calculation
methods such as the calculation of the payback period, or alternative and potentially more
useful methods (e.g. internal rate of return, net present value method).

CHECK & ACT

According to ISO 50001, an im- mpovement

portant aspect of energy man-
agement is the continuous im-
provement process. A further
certification after a three years’
cycle is only granted when all

Implementation
and Operation

or nearly all energy targets have
been achieved. Verifiable re-
sults must be provided to the
certification company which
executes an external audit.

Figure 2.11: Checks and corrective actions within the

management cycle
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This requires regular checks to

determine whether all energy ot

objectives and targets are being —’
met and if the EnMS is function-

ing  optimally.  Corrective

Implementation
and Operation

measures should be implement-
ed as needed.

Aspects to consider during a

regular review: Checking and
Corrective Action

= Monitoring and meas-
urement

= Reviewing compliance

Corrective and

with legal obligations SRETEA AY o
= Internal audits Figure 2.12: Monitoring and measurements within the
= Nonconformity, corrective management cycle

and preventive actions
= Planning and structuring records

= Review by top management

» Regular monitoring and measurement of EnMS results

Inefficient energy consumption can be promptly detected with frequent and regular compar-
isons of expected and actual energy consumption. In any case, the areas of significant energy
use and the relevant factors for energy consumption must be monitored. Depending on the
type of organisation, one would measure for example the energy consumption of processes,
compressed air, heating or lighting. The typical time period depends on the type and size of
the organisation and individual facilities. Measurements can be performed as real-time
measurements, or be carried out in monthly or even less frequent intervals. Drafting a moni-
toring schedule can facilitate monitoring activities.

Aspects of regular monitoring;:

= Consideration of relevant factors that influence energy consumption
= Examination of significant areas of energy use

= Energy performance indicators

= Reviewing the effectiveness of action plans

= Comparing current and expected energy consumption.

The energy baseline must be adjusted as a reference value whenever significant changes have
occurred in operations or the previously specified EnPIs are no longer appropriate for meas-
urement.

Important: The relationship between energy factors and energy consumption must be re-
viewed on a regular basis to ensure that consumption is assessed based on the current best
possible performance.

Organisations should always have an energy measurement plan. Its level of detail should
depend on the particular requirements. The following points (among others) should be kept
in mind for the plan:
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= Scope of monitoring

* Measurement intervals

= Methods for measuring energy consumption
* Maintenance of measurement instruments

= Assignment of responsibilities

Example 7: Example for scope of monitoring

EnMS scope and boundaries:

The EnMS Manual is applicable to the Organisation’s operations for all the activities carried out at our
plant and implemented for the Manufacture and Supply of Optical Whitening Agents. The boundaries
of the energy management system are defined in the system for all facilities and equipment used at the
plant located at 902-903-904, ‘Samudra’ Annexe, Near Hotel Classic Gold, Sardar Patel Nagar, Off.
C.G. Road, Ahmedabad-380 006, Gujarat, India. It covers the energy management system for all prod-
ucts manufactured and processes used by company employees as well as contract labourers for all
plant activities that significantly affect energy use and consumption.

Source: GIZ

ISO DEFINES THE CHECKING PROCESS AS FOLLOWS

Checking: Monitoring, measurement and analysis

These procedures provide quantitative as well as qualitative measures to meet company needs as well
as monitor the key characteristics of operations, which have significant energy impacts, and achieve-
ments of the EnMS objectives, operational process and activities.

Key characteristics included in the procedure are:

a) Significant energy uses and other outputs of the energy review;

b) Relevant variables related to significant energy uses;

c¢) EnPIs;

d) Effectiveness of the action plans in achieving objectives and targets;
e) Evaluation of actual versus expected energy consumption.

Equipment used for monitoring and measuring (such as clamp meters, energy meters, etc.) is also cali-
brated/verified to ensure accuracy/required precision as per the documented procedure. The calibra-
tion records or verification records are maintained as a means of establishing accuracy and repeatabil-
ity. Any significant deviations in energy performance are investigated and responded. Results of these
activities are recorded and discussed in the energy management review meeting.

Evaluation of compliance with legal requirements and other requirements.

Procedure is documented and implemented for periodic evaluation for compliance with the applicable
legal requirements for energy use and consumption. Records of such periodic evaluation are main-
tained in the Register of Rules and Regulations.

Non-conformity, corrective and preventive actions

Procedure is documented and implemented for dealing with the actual and potential non-conformity
and for taking corrective and preventive actions. Procedure also defines responsibility and authority
for analysis, handling, investigating non-conformity and taking action to mitigate any consequences
from non-conformity and for initiating and completing corrective and preventive actions. Procedure
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also defines the following aspects:

a) Reviewing actual or potential non-conformities;

b) Determining the causes of actual or potential non-conformities;

c) Evaluating the need for action to ensure that non-conformities do not occur or recur;
d) Determining and implementing the appropriate actions needed;

e) Maintaining records of corrective and preventive actions;

f) Reviewing the effectiveness of the corrective or preventive action taken

Control of records

The company maintains legible, identifiable records of the Energy Management System as described
in various sections of this manual to demonstrate conformity to the requirements along with the re-
sults achieved against each performance indicator and records are traceable to relevant activities. Pro-
cedure is documented and implemented for the identification, collection, indexing, access, filing, stor-
age, protection, retrieval, retention time and disposition of EnMS records. .....................

IMONITORING AND ASSESSING LEGAL COMPLIANCE

Compliance with legal obligations and other requirements should be assessed on a regular
basis. This assessment requires a written review which can furthermore be used to keep the
legal register up-to-date.

» Internal Audit of the energy management system

The internal audit of an EnMS differs from — and should not be confused with — an energy
audit or assessment.

In management systems like ISO 50001, the internal audit refers to the system itself and is
different from the energy audit, which specifies the process requirements for conducting an
energy audit in relation to energy performance.

Internal audits of a management system usually include four audit types:

System audit: Verification that standard specifications are integrated in the management sys-
tem (importance decreases substantially as the age of the management system increases).
System audits focus on records, statements of fact or other information which are relevant to
the audit criteria and verifiable, including;:

= Documentation

= Measurement records
= Protocols

= General information

Performance audit: Independent examination of a programme, function, or operation of the
management systems and procedures. Performance audits endeavour to verify the imple-
mentation of internally defined processes and workflows and the pursuit of goals. Processes
are audited to ensure the quality of data acquisition, pinpoint the causes of deviations and
determine the need for corrective action.

Compliance audit: Comprehensive review of an organisation’s adherence to regulatory
guidelines and a verification of compliance with applicable legal regulations and commit-
ments.
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Continuous improvement audit: Identification of potential savings culled from meetings
and suggestions submitted by employees, from on-site inspections, and from the joint analy-
sis of current data and facts.

These four different audits provide an on-going review of the function and performance of
the management system. The audit findings are then the results obtained by evaluating col-
lected audit evidence and comparing it against the audit criteria. Findings may be catego-
rised as

=  Conformities Cootinusl

Improvement

=  Non-conformities
(major and minor)

=  Recommendations

At the end of the audit, the
audit conclusion summaris-
es the outcome of the audit
following the consideration
of the audit objectives and
all audit findings. The con-
clusion can include:

Implemontation
and Operation

Monitor and
Measure

Corrective and

= Degree of overall Praveative Action

conformity

. Figure 2.13: Internal audit within the management cycle
* Measures to improve

conformity or per-
formance

INTERNAL AUDIT, DEFINITION BY ISO
(Enumeration follows ISO 50001)

Internal audit of the EnMS
Internal audit of energy management system EnMS audit is carried out at least once in six months to:

a) Determine whether the energy management system;

i.  Conforms to the planned arrangements for the energy management system and ISO 50001
requirements
ii.  Is implemented and maintained in accordance with the requirements of the energy man-

agement system

b) Provide information on the results of audits to the top management for effective operation of

the energy management system.

Audit programme is planned and implemented and maintained by the company. While programming
the audit of the particular function, consideration is given to the energy importance and results of the
previous audit.

Procedure is documented and implemented while defining the scope, frequency, methodologies and
competencies as well as reporting the results.
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» Energy audit

The following chapter presents a short overview of the energy audit as specified by ISO
50002 in order to illustrate differences to the system audit (ISO 50001).

Note: Both audits overlap because parts of the energy audit (ISO 50002) are components of the energy
system audit (ISO 50001).

You will find the complete procedure outlining the energy audit in Module 6.

ENERGY AUDIT (1SO 50002)

This chapter refers to the energy audit as described in ISO 50002. Although it is not part of
ISO 50001, the main focus of the present module, it shall be introduced here as essential
background knowledge for ISO 50001. This chapter explains the expected practical and ener-
gy reduction components that should result from energy management.

The purpose of an energy audit (sometimes called an “energy assessment” or “energy
study”) is to determine where, when, why and how energy is used in a facility, and to identi-
fy opportunities to improve efficiency. It is mainly part of ISO 50002 (see section 4.6 for a
detailed description).

ISO 50001 and 50002: Definitions and differences

The international norm ISO 50001: 2011 specifies the requirements for establishing, imple-
menting, maintaining and improving an energy management system, whose purpose is to
enable an organisation to follow a systematic approach in continually improving its energy
performance, including aspects such as energy efficiency, energy security, energy use and
consumption.

The international norm ISO 50002:2014 is a supplementary document to ISO 50001. It speci-
fies the process requirements for carrying out an energy audit in relation to energy perfor-
mance. ISO 50002 is applicable to all types of establishments and organisations, and all forms
of energy and energy use.

An energy audit refers to the inspection, survey and analysis of energy flows, for energy
conservation in a building, process or system to reduce the amount of energy input to a sys-
tem without negatively affecting the output(s).

Energy audit as defined by ISO 50002

Systematic analysis of energy use and energy consumption within a defined energy audit
scope, in order to identify, quantify and report on the opportunities for improved energy
performance. In any commercial and industrial real estate, the energy audit is the first step in
identifying opportunities to reduce energy expenses and carbon footprints.

An energy audit comprises a detailed analysis of the energy performance of an organisation
(defined by ISO as a company, corporation, firm, enterprise, authority or institution) or of
equipment, system(s) or process(es). An energy audit is based on appropriate measurement
methods and the observation of energy use, energy efficiency and consumption. Energy au-
dits are planned and conducted to identify and prioritise opportunities to improve energy
performance, reduce energy waste and obtain related environmental benefits. Audit outputs
include information on current use and performance and they provide ranked recommenda-
tions for improvement in terms of energy performance and financial benefits.
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Note: If an energy audit meets the requirements of the systemic approach as described in the ISO
50002 standard, then it can be integrated into the ISO 50001 standard (energy management).

TYPES OF ENERGY AUDITS

Energy audits typically take a whole building approach by examining the building envelope,
building systems, operations inside the building like production activities and maintenance
procedures, and building schedules. Whole building audits provide the most accurate pic-
ture of energy savings opportunities at your facility.

Home energy audits

A home energy audit is a service where the energy efficiency of a house is evaluated by a
person using professional equipment, with the aim of suggesting the best ways to improve
the energy efficiency of applications such as heating and cooling.

Industrial energy audits

For industrial applications, HVAC systems, lighting and production equipment (production
lines, machines) use the most energy, and are thus the primary focus of energy audits. This
refers as well to offices, institutions, etc.

ENERGY AUDIT PROCESS

To learn more about the energy audit process, please see section 4.6 “The energy audit pro-
cess”.

The energy audit process specifies the process requirements for carrying out an energy audit
in relation to energy performance. It is applicable to all types of establishments and organisa-
tions, and all forms of energy and energy use.

Energy audit process components
= Assessment of the general level of repair, housekeeping and operational practices that
have a bearing on energy efficiency
= Definition of the energy-consuming system to be audited (scope)

= Collection, organisation, summary and analysis of historical energy billings and ap-
plicable tariffs

= Determination and comparison of energy use indices

= Determination of the time relationships of energy use, such as the electricity demand
profile

= Preparation of a list of all energy-consuming loads in the audit area to identify the
base line for energy consumption

= Identification of operational and technological measures to reduce energy waste

* Determination of potential energy and cost savings, along with any co-benefits

Note: The energy audit (following ISO 50002) serves as the foundation for verifying improvements
effected by the management system to external auditors for certification purposes. The auditor will
check all the documents related to the energy management system function as well as documents on
the success of the energy reduction measures.

Here the energy audit ends. At this juncture, we return to ISO 50001, the energy manage-
ment system.
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» Procedure for energy management system audits

Internal audits (preferably every 6 months or at least once a year) should include a systemat-
ic review of the EnMS.

The aim of the energy management system audit is to further develop the functionality of the
EnMS, the energy management programmes, objectives and targets, et cetera, and to help
develop new measures for optimising energy management.

An audit is a systematic element of the internal review of the EnMS and thus an important
step for continuous improvement. Therefore, one should not see this type of audit as merely
a control measure but as an opportunity to further improve the company.

The management audit should take place at least once a year. It can be conducted by compa-
ny employees who have the required skills and knowledge about the EnMS, ISO 50001, and
relevant aspects for analysis but who remain outside the direct management of the EnMS. As
an alternative, external auditors may be consulted.
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L o Focul Ports
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6Managomont Rox‘i:z (Lead Auditor)
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o Schedue
Information to staff
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Figure 2.14: Audit process

Audit checklists and timetables should be prepared as a form of guidance during the audit
for all participants. Note the type of resources used, the place and time of the audit as well as
the name of the persons responsible (see Table 2.4 below).

At the beginning of the audit, explain the objective of the management audit to all employees
directly connected to the EnMS elements which are to be audited. It is important to explain
that the audit aims to assess the effectiveness of the EnMS and not individual employee per-
formance.
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Table 2.4: Excerpt from an audit timetable

Place Reference
Time Topic Department Auditor Staff audited chapter in ISO
(room)
50001
9:00 Verification of Engineering Internal Auditor  Engineering Room No. 1
to the audit plan department Mr. XY and ex- department
10:00 ternal Auditor Managers,
Mr. AB CEOs
10:15 Energy policy Board of Internal Auditor ~ Managing Room No.2 4.2 Manage-
to Directors Mr. XY and ex- Director ment responsi-
11:00 ternal Auditor bility
Mr. AB 4.2.1 Top man-
agement
4.2.2 Manage-
ment repre-
sentative
4.3 Energy poli-
cy
11:00  Overview of Production Internal Auditor ~ Manager of Assembly 4.5.2 Compe-
to documents (walk-through Mr. XY and ex- production hallno.50r tenceand
12:00 about assembly if desired by ternal Auditor section, re- office room  awareness
hall No. 5 the external Mr. AB sponsible engi-  if no walk- 4.5.5 Opera-
auditor) neers for re- through tional control
spective pro- takes place
duction units,
labourers

During the audit, the external auditor will check all required documents that pertain to sys-
tem implementation. All the documents in question will be reviewed and evaluated by the
external auditor. The auditor will

* Determine the current energy performance

= Assess the effectiveness of the EnMS, as well as its processes and systems
= Compare the results with the energy objectives and targets

= Assess the information for benchmarking

* Check the analysis of problems and weaknesses

= Assess suggestions about possibilities for continuous improvement

The auditor will check the results of your own internal energy audit and the energy report
containing all current energy data obtained in the internal energy audit). Apart from the sta-
tus quo of the energy management system, the report should also contain a description of
follow-up activities, monitoring and measurement of results, as well as a description of re-
sponsibilities.

The energy report not only focuses on the improvement of the EnMS but also refers directly
to energy efficiency. It compares the results of the activities with plans and energy targets of
the energy management programme and determines by how much energy consumption and
energy efficiency have actually improved. This is simultaneously the main focus of an energy
audit.

Note: The final report should have been previously presented to the top management, as well as to
those employees whose job area is affected by the energy audit.
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- EXAMPLE FOR PREPARING AN ENERGY REPORT (KEY POINTS)

Energy Report, Second Half-Year 2012

1 Short company profile (incl. company processes & products)
2 Energy sources & energy consumption (July - Dec. / 2012)
3 Energy targets as of 31.12.2012

Achievement of targets as of 31.12.2012

4 Identified measures for 2012
Achieved measures in 2012

5 Synopsis of energy management programme
6 Required corrective measures
7 Next steps

Figure 2.15: Main chapters of an energy report — Source: German Federal Environment Agency

The energy report, as seen above, is an internal company document which details the success
(or shortcomings) of the implementation of energy saving measures. It reports the outcome
of the energy assessment referred to in ISO 50002.

» Corrective actions (in case of nonconformities) directed at the management system

If the requirements that ISO 50001 sets for the EnMS are not fulfilled, then corrective action
has to be taken. This is applicable, for instance, when the behaviour of employees or the de-
velopment of the company are not conforming to the energy policy, energy objectives and
targets, or the energy programme.

Deviations and their causes must be identified to ensure that these problems are not repeat-
ed. Although such deviations should be documented, there are no set guidelines on how to
respond to them. If nonconformities are identified, the necessary corrective and preventive
actions must be initiated and implemented. However, an evaluation of the effectiveness of
countermeasures is required as well. Management should maintain a follow-up system to
ensure that corrective and preventive actions have been completed and are effective.

The plan for elimination of nonconformities includes:

= Analysis of the cause or problem

= Identification and means of implementation for corrective actions
= Modification of existing controls, if necessary

= Establishment of preventive measures

= Recording any changes in written procedures resulting from corrective or preventive
actions

= Ensuring follow-up actions are in place to ensure satisfactory resolution of non-
conformance.
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» Control of records

Organisations are required to keep legible, identifiable and traceable records in order to
demonstrate the effective functioning of an EnMS. These documents prove that all proce-
dures conform to ISO 50001. A comprehensive system for managing and maintaining records
is necessary to ensure that records are easily identified, collated, indexed, filed, stored, re-
trieved and maintained for an appropriate length of time.

Companies must keep records of their energy-related activities. These records document the
realisation of energy objectives and targets, energy programmes and action plans. The actual
records which are kept depend on the individual company and must conform to the re-
quirements of the EnMS. They should be traceable, legible and accessible and should be di-
rectly assigned to the relevant processes, activities or persons.

Records should be kept in electronic or written form at a place which is accessible to in-
volved staff. In addition, a copy of the SOPs (standard operating procedures) for the opera-
tion of certain machines or other very detailed procedures must be kept at the appropriate
location and always accessible to the respective staff.

Records should contain:

= Methodology, criteria and results of energy review
= Opportunities for improving energy performance
* Energy baseline

* Energy performance indicators

* Training records

* Internal communication records

= Decision on whether to externally communicate its EnMS and energy performance
criteria and results

* Design activity results

* Monitoring and measurement results of key operational characteristics
= Calibration records

= Compliance evaluation results

* Internal audit programme and results

* Non-conformance records

= Corrective and preventive action records and

* Management review agenda and minutes.

» Management review (management board)

A review of the EnMS should be undertaken by top management at regular intervals (prefer-
ably every 6 months) to evaluate the suitability and effectiveness of the energy policy, objec-
tives and targets, indicators, as well as the general state of your energy management system.

The management review is not only an assessment of the status quo of your EnMS but also
an important tool for the identification of possibilities for improving energy efficiency in the
company.

88



MOoDULE 2: NORMS, CODES AND STANDARDS

In order to ensure that the
suggestions given by top mpoovemn
management are also taken

into consideration, the review
shall be documented, for in- m e
stance, in the form of a proto- A8 Ovorvtien
col or an action plan. Fur- ‘
thermore, follow-up measures

and responsibilities for im- ;
. . Internal Audit Ciokisy e
plementing the suggestions -— Corrective Action
must be identified. The man- A
agement review should also
address external issues rele-
vant to the energy perfor-
mance of the organisation and
identify opportunities for im- Figure 2.16: Management review within the cycle
provement and, where appropri-
ate, changes of emphasis or direction based on the results of the energy audit. Management
should conduct an intensive at least once a year.

Corrective and
Preventive Action

DEFINITION OF A MANAGEMENT REVIEW BY ISO

4.7 Management review (enumeration follows ISO)
4.7 .1 General

At planned intervals, top management shall review the organisation’s EnMS to ensure its continuing
suitability, adequacy and effectiveness.

Records of management reviews shall be maintained.
4.7.2 Inputs to management review
Inputs to the management review shall include:

Follow-up actions from previous management reviews;

a
b. Review of the energy policy;

c. Review of energy performance and related EnPls;

d. Results of the evaluation of compliance with legal requirements and changes in legal require-
ments and other requirements to which the organisation subscribes;

e. The extent to which the energy objectives and targets have been met;

f. EnMS audit results;

g. Status of corrective actions and preventive actions;

h. Projected energy performance for the following period;

[

Recommendations for improvement.
4.7.3 Outputs from management review
Outputs from the management review shall include any decisions or actions related to:

a. Changes in the energy performance of the organisation;
b. Changes to the energy policy;
c. Changes to the EnPls;
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d. Changes to objectives, targets or other elements of the EnMS, consistent with the organisa-
tion’s commitment to continual improvement;

e. Changes to the allocation of resources.

» Certification, assessment and external communication

Once a company has fully introduced an EnMS, it has the option to seek certification for the
system through an independent external certifier. This enables the company to increase the
relevance of the energy management system and simultaneously improve the company’s im-
age. This certificate means that the company has officially demonstrated compliance with the
requirements of ISO 50001. Certification is carried out by an independent third party.

Certificates should be renewed on a regular basis. That includes conducting an audit in order
to check if the company is continuously improving its management system. Therefore, com-
panies are best advised to select a certification body very carefully, as this business relation-
ship should last for several years. The certification process has to be reiterated every three
years, but it is usually checked by the certifying agency on an annual basis.

INITIAL CERTIFICATION

Once the company has selected a certifier, a first pre-audit is usually carried out. Depending
on the particular certifier, the pre-audit looks at the company’s location, business strategies,
requirements of the standard that the company has already fulfilled, etc. Based on these early
assessments, the core points of the measures to be undertaken can be established. In a second
step, the documentation of the energy management system is reviewed to determine the ex-
tent to which it already complies with the requirements of the ISO 50001 standard.

During the actual certification audit, the certifying auditors look at the extent to which the
functionality of the energy management system implemented fulfils the conditions of the
standard in practice. It thus primarily compares the company’s actual performance against
defined targets. The cost of this certification audit depends on the certification body engaged
to conduct the audit. Thus, apart from assessing the documents and the (energy) perfor-
mance, effectiveness can be evaluated through additional appraisal interviews or by observ-
ing company processes.

If the auditors approve the compliance of the management system with the requirements of
ISO 50001, the company is awarded the certificate.

RE-CERTIFICATION

To ensure the continuous improvement of the EnMS, the certifier conducts annual audits.
Performance is thus systematically assessed, enhanced and optimised as necessary. Noncon-
formities can therefore be detected at an early stage and relevant corrective measures taken.

Recertification of management systems requires a regular review audit by the certifier. Re-
member to conduct the re-certification before the existing certificate expires. As previously
mentioned, certification expires after three years, but it may also be withdrawn after one year
when poor results are achieved in terms of the energy targets.

COMMUNICATION OF CERTIFICATE

The certificate signifies to your employees, business partners, clients and the broader public
that your company has successfully implemented an EnMS. Various internal and external
communication tools are available to communicate this achievement. Thus, it is possible; for
example, to include the EnMS in the company’s annual or sustainability reports. It is further
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recommended to define target groups, identify communication media (like newsletters, pro-
fessional journals, events, company website, et cetera) and develop corresponding marketing
strategies.

According to DIN EN ISO 50001:2011, external communication is not obligatory following a
certification but remains the decision of each company. If a company decides against external
communication, it should be able to supply reasons for this decision. External communica-
tion is generally recommended as an opportunity to highlight the credibility of the compa-
ny’s energy policy.

ENERGY PERFORMANCE AUDITING VERSUS ENERGY MANAGEMENT SYSTEMS (EnMS)

The sensor and measuring industry has advanced tremendously in the last 15 years. For al-
most any physical, electrical or chemical parameter required to appraise the energy perfor-
mance of a process there is a sensor available. Sensors, are becoming smaller, smarter and
cheaper at a fast pace. Nevertheless the hardware and software investment for an intelligent
EnMS is high to very high and a barrier to be reckoned with. Often extensive wiring is also
necessary to link sensors and meters to the EnMS computer system. The more energy con-
sumers in a factory are monitored the more complex becomes the analytical software. See
section 3.2.2 for detailed explanation on differences.
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MODULE 3: ENERGY EFFICIENCY IN INDUSTRIES: THERMAL PROCESSES

3. ENERGY EFFICIENCY IN INDUSTRIES: THERMAL PROCESSES

About this module

Thermal processes are central to industrial activities. This module introduces trainees to the opera-
tional principles of common thermal processes. Trainees are then familiarised with common losses
and necessary calculations for adequate analysis.

Learning outcomes
At the end of this module, the participant is able to
= Describe operational principles of common industrial thermal processes
= Use the respective tools and instruments
= Calculate energy losses
= Conceive, analyse and recommend energy conservation measures
= Prepare, present and defend proposals

* Implement measures

The industrial sector encompasses numerous entities engaged in manufacturing, agriculture,
forestry, construction, and mining. These industries require energy primarily for electric
drives, electrochemical processes, lighting, refrigeration, heating, cooling and ventilation fa-
cilities (energy applications geared towards user comfort). Using this energy efficiently is
necessary to keep industries competitive, clean, and operating at peak productivity. Energy
management programs that improve operational and technological efficiency are critical to
the long-term success of industry and manufacturing.

In the industrial sector, the process industry is the largest energy consumer in its processing
of bulk resources such as petroleum, chemicals, and primary metals; pulp and paper; food
and beverages; stone, clay and glass. Good energy management practices and energy-
efficient equipment can bring about appreciable reductions in industrial consumption.

3.1. FUELS AND COMBUSTION

In Nigeria fossil fuels dominate the primary energy supply and are mainly used for power
generation and transport. In contrast to many other countries which rely on fossil fuels for
heating, wood is the main heating fuel in Nigeria, along with being a renewable energy
source. Using electricity for heating is generally not recommended for economic reasons. The
only exceptions are electricity used for heat pumps and for decentralised hot water prepara-
tion. With an eye toward impending climate change, electricity should also be used even for
heating in the future — yet it must be sourced exclusively from renewable energies such as
wind power and solar photovoltaics.

The main problems with fuels occur because:

* Once a heating system is installed, fuels may rarely be changed.
= Fossil fuels are environmentally damaging due to their emissions.

* Many countries have to import fossil fuels and the dependency on foreign markets
and prices carry large risks. Nigeria, however, belongs to the ten biggest net exporters
of crude oil and natural gas worldwide.
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When comparing fuels, it is necessary to create a common standard for comparison. This
should be the energy available to the user in kWh. The calorific value of each fuel and the
efficiency of fuel-fired equipment should be considered when comparing the useful energy
available to a company.

Boilers as well as furnaces utilise fuel combustion to convert chemical energy in fuels into
thermal energy or heat. In addition to fuel, combustion equipment requires an input of oxy-
gen from combustion air. The result is a hot gaseous mixture that includes water vapour.
Process heat is extracted from the gaseous mixture:

= Directly as often occurs in a furnace or kiln, or

* Indirectly with steam or hot water in a boiler.

SOURCES OF FUELS - FOCUS ON wooD

» Wood as a renewable fuel

Wood is an energy source which regenerates through photosynthesis. The reasonable use of
wood will neither destroy nor harm our environmental legacy to future generations. It ena-
bles the conservation of fossil energy sources (petroleum, natural gas, coal, uranium), which
are available only in finite and unevenly distributed quantities throughout the world. Wood
can be replenished much more quickly than other energy sources.

Although wood is a renewable fuel, it is still rare in some areas in the world like parts of Af-
rica. The destructive exploitation of global rainforests is a severe problem that is accelerating
world-wide climate change.

3.2. BOILERS

BOILERS AND HEATING SYSTEMS FOR SMALL AND MEDIUM SIZED COMPANIES

Boilers are used to generate steam. They can be fuelled by gas, oil or coal, and may be fully
or partially fuelled from waste heat. The two main types of boilers are firetube and watertube.
These terms refer to the construction of the heat exchangers built into the boiler. In firetube
boilers, hot combustion gasses pushed though tubes that are immersed in the boiler water. In
watertube boilers, heat exchange is done in the opposite way; water pushed through tubes
that reside in the combustion chamber.
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Figure 3.1: Steam boiler setup

» Boiler efficiency

The efficiency of a boiler is a product of the fuel combustion efficiency and heat exchange
efficiency. The overall boiler efficiency is defined as:

_ o steam energy
Boiler ef ficiency = m x 100

There are always two types of boiler efficiency sought in the procurement and tender of boil-
ers. Efficiency is based either on the higher heating value (HHV) or on the lower heating val-
ue (LHV) of the fuel. The difference can be up to 4 percentage points.

The HHV (also known gross calorific value or gross energy) of a fuel is defined as the
amount of heat released by a specified quantity (initially at 25°C) once it is combusted and
the products have returned to a temperature of 25°C, which takes into account the latent heat
of water vaporisation in the combustion products.

The LHV (also known as net calorific value) of a fuel is defined as the amount of heat re-
leased by combusting a specified quantity (initially at 25°C) and returning the temperature of
the combustion products to 150°C, which assumes the latent heat of water vaporisation in the
reaction products is not recovered.

PERFORMANCE EVALUATION OF BOILERS

There are two methods of assessing boiler efficiency.

1. Direct method: Where the energy gain of the working fluid (water and steam) is
compared with the energy content of the boiler fuel.

. . QX (H-h
Boiler ef ficiency () = W x 100
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Where, Q = Quantity of steam generated per hour (kg/h)
H = Enthalpy of saturated steam (kJ/kg)
h = Enthalpy of feed water (kJ/kg)
q = Quantity of fuel used per hour (kg/h)
GCV = Gross calorific value of the fuel (kJ/kg)

2. Indirect method: Where the efficiency is the difference between the losses and the
energy input.

—

c-o,x—::o,so:-l
Steam Output _aN,0,C0.Ash
.

1. Dry Flue gasloss
2. H)\loss

3 Misture in fuel
4 Nbisture in air

A 5./€0loss

6. Surface loss

CH.S,

moisture.ash

7. Flyash loss

7—) 8. Bottom ash loss

Efficiency = 100 — (142+3+4+5+6+7+8)
(by In Direct Method) J

Figure 3.2: Boiler efficiency calculation by indirect method

Example 1: Boiler efficiency calculation — indirect method
The indirect method is best explained by the following example:

Below are data collected for a typical oil-fired boiler. Calculate the efficiency of the boiler using the
indirect method and the boiler evaporation ratio.

Ultimate analysis of oil : C: 84.0%, Hz: 12.0%, S: 3.0%, O2: 1.0%

GCV of oil : 42,677 K]/kg

Steam generation pressure : 7kg/cm?(g)-saturated
Enthalpy of steam 12,761 KJ/kg

Feed water temperature :60°C (251 kJ/kg)

Percentage of Oz in flue gas : 7% Percentage of CO:z in flue gas: 11% Flue gas temperature (T¢): 220°C
Ambient temperature (Ta): 27°C

Humidity of air: 0.018 kg/kg of dry air, specific heat of flue gas = 1.097 kJ/kgK, specific heat of super-
heated steam = 1.996 kJ/kgK, latent heat corresponding to the partial pressure of water vapour = 2,443
KJ/kg

Solution:
Step 1: Find the theoretical air requirement.

[(11.6 X C) + {34.8 X (H, — 0,/8)} + (4.35 x 5)]/100 = kg/kg of oil
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= [(11.6 x 84) + [{34.8 x (12 — 1/8)} + (4.35 x 3)1/100 kg/kg of oil
= 14 kg of air/kg of oil

Step 2: Find the % of excess air supplied.

0,% 7%
—22 %100 = >

21-0,% T 21-0,%

Excess air supplied (EA) = X 100 = 50%

Step 3: Find the actual mass of air supplied.
Actual mass of air supplied / kg of fuel =[ 1 + EA/100] x theoretical air
(AAS)=[1+50/100] x 14 =1.5 x 14 = 21 kg of air/kg of oil

Step 4: Estimate all losses.
i.  Dry flue gas loss
mXCpX(Tf-Tg)
GCV of fuel

x 100

Percentage heat loss due to dry flue gas =

Total mass of flue gas (m) = mass of actual air supplied + mass of fuel supplied

Now mass of air = mass of CO2 + mass of SOz + mass of N2 + mass of Oz

0.84x 44 0.03x64 21x77
+ + +<

23 i
17 37 100 (21—14)><—)= 21 kg / kg of oil

100

Total mass of flue gas (m) =21+1 =22

22x1.097%(220—27)
42677

x 100 =1091%

Percentage heat loss due to dry flue gas =

ii. ~ Heatloss due to evaporation of water formed due to Hz in fuel

_ 9 X H, % {2443+ C,(T;_ T,)}/100

x 100
GCV of fuel

Where, Hz — percentage of Hz in fuel
_9XH; X {2443+ 1.996(220 — 27)}/100 9

12677 100 = 7.16%
iii. =~ Heat loss due to moisture present in air
AAS X humidity X C,(Tr_T,
- GCV ofyfuelp( - ‘1) * 100
21 % 0.018 x 1.996 x (220 — 27)
= A26TT x 100 = 0.34
iv.  Heat loss due to radiation and other unaccounted losses

For a small boiler this loss is estimated at 2%.
Boiler efficiency =100 - [10.91+7.16+0.34+2]
=100 -20.41=79.6 (app)
Evaporation ratio = Heat utilised for steam generation/heat addition to the steam

= 42677 x 0.796 [ (2761-251) = 33971/2510 = 13.51 kg of steam/kg of oil
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» Boiler blowdown
What causes boiler blowdown?

When water evaporates, dissolved solids become concentrated and precipitate in tubes. This
reduces the heat transfer rate.

INTERMITTENT BLOWDOWN

Intermittent blowdown can be regulated by manually operating a valve fitted to the dis-
charge pipe at the lowest point of the boiler shell to reduce parameters (Total dissolved sol-
ids (TDS) or conductivity, pH, silica, etc.) within prescribed limits so that steam quality is not
likely to be affected.

CONTINUOUS BLOWDOWN

Steady and constant dispatch of a small stream of concentrated boiler water, and replace-
ment by a steady and constant inflow of feed water. This ensures constant total dissolved
liquids (TDS) and steam purity. This type of blowdown is common in high-pressure boilers.

Energy efficiency measures in boiler and heat distribution systems:

= Use an optimum fuel-air mixture to improve the boiler’s combustion efficiency.
= Insulate steam distribution and condensate return lines.

=  Return condensate to the boiler to minimise boiler blowdown; as more condensate is
returned, less makeup water is required, saving fuel, makeup water, chemicals and
treatment costs.

= Use automatic blowdown control and change process steam requirements to reduce
steam demand.

The quantityof blowdowm required to control boiler water solids
concentration is calculated by using the following forraula:

(Continuous Blowdown)
Steara 3 T/
TDS(T) =0
TDS(5) in feed water (g () =3000 phm allowable)
300 ppra
Blowdown(B)
Blow down (%) Feed water TDS x % Make up water
PLI.uunum Permissible TDS in Boiler water

Blowdown flow rate=300x 10%/3000 =1% :=1% of 3,000 =30 kg/h

Figure 3.3: Continuous blowdown formula

= Implement a steam trap maintenance program.
= Install removable insulation on valves and fittings to check leaks.

= Clean the heat exchanger and boiler to remove the sediment and scale layer that insu-
lates the boiler heat exchange tubes.

= Correct boiler sizing. Select boiler sizes to match varying demand. A small boiler
could be installed to operate at close-to-full load for periods of low demand; one or
two larger boilers could handle peak loads.
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= Replace furnaces or boilers that are old, worn out, inefficient, or significantly over-
sized, with modern high-efficiency models.
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» Economisers

Flue gases from large boilers are
typically 230 to 350°C. So-called
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a later time as shown below.
Figure 3.4: Boiler economiser principle

ENERGY PERFORMANCE AUDITING VS. ENERGY MANAGEMENT OF A BOILER SYSTEM

EnMS is a buzz word and subject to a number of interpretations. The software and hardware
features of an industrial EnMS monitoring and controlling a steam boiler system are ex-
plained in detail in this section.

The approach will demonstrate that sophisticated EnMS hardware and software operated by
an Energy Manager (EM) and his/her team have and will more and more in the future re-
place the services of an Energy Auditor (EA). The EnMS will also be capable of analysing the
energy performance of a process, equipment or an entire industrial plant in a much more so-
phisticated way a human being without an EnMS would be able to do provided it is connect-
ed to a number of sensors.

Hardware and software of an industrial EnMS is only one part of the EnMS. However it is
the most important part that delivers at the end of the day the analytical results needed to
reduce energy losses in a cost effective way.

Figure 3.5 shows a boiler featuring already by design, two EMOs that utilise some of the
waste heat of the stack and the boiler blowdown:

a) The economiser (2). It uses high stack gas temperatures to recover waste heat by pre-
heating the boiler feed water (7+8).

b) The boiler surface blowdown (5). This is a source of waste heat that is used to preheat
the makeup water for the boiler.

Imagine this boiler would become part of a perfect industrial EnMS. In reality it means the
Energy Manager could in his office on the displays of the EnMS computer observe the energy
and financial performance of this boiler at any instance of time. Such almost perfect software
and hardware packages are state-of-the-art for larger boilers and not only for boilers but also
for chillers, pumps, blowers, steal distribution systems, compressors, and furnaces of all
types. A boiler system is taken as an example since it combines physical, chemical and elec-
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trical parameters that need to be measured and recorded either at any instance of time or pe-
riodically.

The associated software will take this steady flood of data and analyse it in such a way that
combined with cost data for fuel, electricity and water, and fuel properties (C, H, S, O, H20)
which the EM must provide, it will calculate and display the fractional cost of fuel energy,
electricity and water in USD/ton of steam supplied to the steam distribution network.

In addition the software will point out the set of performance parameters, called a system
performance scenario, at which the boiler system generated the steam at the lowest fuel con-
sumption. At this point we briefly summarise:

i

ii.

iii.

iv.

Vi.

Technology or process specific industrial EnMS packages are available on the market;

The EnMS package comes with hardware of many sensors and meters including wir-
ing and a software package that models the energy and financial performance of the
technology or process in question;

In addition to the data flow provided by sensors, the Energy Manager of the company
must provide fuel, electricity and water supply cost data as well as facility deprecia-
tion cost to let the EnMS calculate an interdepartmental steam transfer price in USD
per ton of steam at any instance of time;

EnMS is analysing the flood of data by algebraic, statistical and heuristic data analysis
means to determine the two operational scenarios at which the system either generat-
ed a ton of steam at the lowest specific energy consumption, or the lowest energy and
operational costs. Both operational scenarios may not be identical;

An EnMS package for large boilers is by far more analytical and takes many more
process performance parameters into consideration than an Energy Auditor and his
mobile measuring equipment could ever consider. More and more Energy Managers
backed up by EnMS will become qualified Energy Auditors without a need to fully
understand the process of steam generation and associated technologies;

An EnMS however cannot prevent a company from making an irreversible invest-
ment error. The EM must be specially trained in this topic.

100



Economizer

2

13

12

oiler Feed
Pump

Boiler Feed Water

Boiler

Deaerator

Deaerator Steam

c
3
3
3
o2
o
§
t
>
%]

Steam

MODULE 3: ENERGY EFFICIENCY IN INDUSTRIES: THERMAL PROCESSES

i

£
3
Q
| & N 8
o) © 2
g S 3
3
o 2 § System
o < s Condensate
2 @ S
© = O Return
£ = Q «
H
@ off @
£ < Condensate
(1]
o a Return Pum
Surge Tank P
Raw
Water
1.2 Make-up
Softened Water 7
I System
i ) Steam
Blowdown Heat Recovery Water Softener Supply
Steam
6
—
Sample 10
Cooler

Chemical Feed
System

Bottom Blowdown
Blowdown Separator

Chemical Feed 9

Figure 3.5: Boiler components and hot and cold energy streams — Courtesy: www.econtrol.com

» Listing the system performance parameters and associated sensors

This section discusses the boiler system performance parameters that could be in principle
monitored by a perfect EnMS system. The list serves as a reminder that the more parameters
are covered by an EnMS software the more in-situ sensors must be installed and the more
expensive the hardware part of the EnMS becomes.

Table 3.1: Feasible steam boiler performance measurement parameters

No
1

Boiler component

Fuel supply system (gas or oil)

Economizer (Heat exchanger, HE)

Stack gas

Boiler feed water pump

Sensors and exemplary units Used by
- Volume flow (m?/period) EnMS
- Fuel oil temperature (°C) EnMS
- Velocity stack gas (m/sec) None
- Temperature stack gas in (°C) EnMS
- Temperature stack gas out (°C) EnMS
- Feed water temperature in (°C) EnMS
- Feed water temperature out (°C) EnMS
- Oxygen content (%v wet basis) EA

- CO (ppm wet or dry) EA

- Pressure drop across HE (mbar) EnMS
- Currents (Ampere) EA

- Volume flow (m*/period) EnMS
- Pressure drop (Abar) EnMS
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No  Boiler component Sensors and exemplary units Used by
5 Surface blow down - Volume flow(m?/period) EnMS
- Temperature (°C) EA
6 Life steam flow - Volume flow(m?/period) EnMS
- Pressure (bar) EA
- Temperature (°C) EnMS
- Dryness fraction None
7 Raw water make up in water softener and - Volume flow (m*/period) EnMS
preheating in flash tank - Water hardness ( pH value) EA
- Temperature in (° C) EA
- Temperature after preheater out (°C) EA
8 System condensate return pump - Volume flow (m?/period) EnMS
- Pressure drop (Abar) EnMS
- Temperature return (°C) EA
9 Chemical feed - Various parameters None
10 Bottom blow down - Volume flow (m3/period) EnMS
- Temperature (°C) EA
11 Deaerator system - Steam volume flow (m?/period) EnMS
- Steam temperature (°C) EA
12 Boiler room ambient air - Temperature (°C) EA
- Relative humidity (% rH) EA
13 Boiler forced air blower - Volume flow (m3/period) None
- Pressure drop (Abar) EnMS
- Current (Ampere) EA

In the above case the perfect boiler EnMS is a system of about 36 sensors feeding the EnMS
software with data. The EM adds to this data boiler depreciation, fuel, water and chemical
costs together with the ultimate chemical and proximate analysis of the fuel. For illustrations
of sensors and instrumentation see www.lesman.com/catupdates.html to get an idea about
costs and appearance of the gadgets.

An EA well equipped with measuring equipment and having access to measuring points
prepared for him by the EM and his team, which is not always the case, may be able to
measure at most 15 performance parameters. Volume and pressure measurements are intru-
sive. The EnMS software solves the equation matrix; call it the mathematical kernel of the
boiler model for 36 parameters to obtain the desired results and much more. The EA calcu-
lates by hand, or Excel spreadsheet, or is using handheld measurement instrumentation that
do cruder calculations. Typical examples are handheld fuel combustion analyzers used for
boilers and furnace efficiency determinations.

Two important additional features of an EnMS are worthwhile to mention. Some EnMS also
monitor preventive maintenance parameters saving a company significant down time costs.
A typical example is vibration and temperature sensors mounted on larger industrial blow-
ers that warn of impending blower outages and a need to rebalance or even replace the
blower.

A second typical example is pressure drop sensors (Ap) installed in steam and air duct and
piping systems. Increased pressure drops caused by plugged filters, pipe fouling and unnec-
essary duct system obstructions are main reasons of higher than necessary power consump-
tion of pumps and blowers.
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Another, for plant staff often embarrassing feature of an EnMS, is its ability to detect ques-
tionable performance data recorded by the plant staff and malfunctioning sensors. Software
based mathematical models verifying the performance of a boiler, or motor-blower-duct sys-
tem or an entire coal fired power plant without the need of sensor inputs have been on the
market for 30 years. These “EnMS minus sensors” systems, call it EnMS (lite), are still today
a useful tool for an EA.

A typical example is the sophisticated models for thermal power plants to identify energy
saving opportunities, detect design anomalies and operational inefficiencies without even
visiting the power plant. EnMS (lite) software is also used by an EA to appraise the perfor-
mance details and guaranteed design efficiencies as part of a tendering process. It is not so
unusual that the “heat rate” i.e. the specific fuel energy consumption of power plants is cited
too low.

For instance, an EA specialized on thermal combustion equipment can with the help of soft-
ware identify questionable sensor signals, or doubtful operational data, or false claims in en-
gineering procurement and construction documents (EPC).

Finally, in these days of inexpensive terrestrial or satellite based mobile telecommunication
reaching almost any corner of this earth, the energy performance monitoring feature of an
EnMS is also outsourced to third parties. Consultants watch the plant performance from a
distance and provide independent advice concerning reduction of technical energy losses
and deviation from normal operation parameters for thermal power plants or power trans-
mission and distribution systems.

3.3. STEAM SYSTEMS

OPTIMISING STEAM / CONDENSATE SYSTEMS

Steam is commonly used as the medium to distribute heat from the boiler to its end-use
point. The same characteristics that make it useful as a transport medium (high heat carrying
capacity) also make its distribution system more susceptible to energy loss and waste. Steam
supply and condensate return systems require regular inspection and maintenance in order
to minimise or eliminate these losses.

After steam is generated at a boiler, it is delivered under pressure to the load by the steam
distribution system. Typically, the latent heat in the steam is converted in a heat exchanger and
the steam is condensed (returned to a liquid state). This hot condensate is returned via the
condensate return system to the boiler makeup water to be reheated and repeat the cycle. In
some cases, live steam is injected directly into the process, in which case no condensate is re-
turned.

Steam systems can be classified by pressure; condensate systems by their return method
(gravity or pumping). Because of the inherent danger in pressurised steam systems, regula-
tions on system modifications are usually quite stringent. Any energy management oppor-
tunity (EMOs) requiring piping or equipment changes must be designed, implemented and
inspected by qualified personnel.

In summary, optimising a steam/condensate system involves three actions: generating the
steam, distributing the steam, and returning the condensate to the boiler as energy efficiently
as possible. Steam leaks are a common source of energy loss, including steam traps that are
stuck open and poorly insulated or uninsulated pipes. The non-contact (infrared) thermome-
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ter is a useful tool for tracking down steam leaks in steam and condensate systems. One by-
product of an optimised steam/condensate system is a reduction in water treatment chemi-
cals — returned condensate not only contains heat energy but also valuable treatment chemi-

cals.

» Steam table excerpt

Because of its importance as a means of moving energy in a plant, it is necessary to have
ready access to steam property data. Traditionally this information is provided in steam ta-
bles, which you can find on the Internet with an online calculator for steam properties:

1. https://ecenter.ee.doe.gov/EM/tools/Pages/SteamSystemCalculators.aspx

2. www.tlv.com/global/TI/calculator/steam-flow-rate-through-piping.html

Table 3.2: Reproduction of a steam table excerpt

Absolute
pressure

(kN/m’)

0.8
2.0
5.0
10.0
20.0
28
35
45
55
65

Specific enthalpy of Specific
Specific
Temperature Density-p-  Liquid . Steam entropy of
volume 3 Evaporation
(°c) (m/kg) (kg/m’) -h;- . - (ko/kg) -h,- steam - s -
(ifkg) T (k) (kifkgK)
3.8 160 0.00626 15.8 2,493 2,509 9.058
17.5 67.0 0.0149 73.5 2,460 2,534 8.725
32.9 28.2 0.0354 137.8 2,424 2,562 8.396
45.8 14.7 0.0682 191.8 2,393 2,585 8.151
60.1 7.65 0.131 251.5 2,358 2,610 7.909
67.5 5.58 0.179 282.7 2,340 2,623 7.793
72.7 4.53 0.221 304.3 2,327 2,632 7.717
78.7 3.58 0.279 329.6 2,312 2,642 7.631
83.7 2.96 0.338 350.6 2,299 2,650 7.562
88.0 2.53 0.395 368.6 2,288 2,657 7.506

» Flash steam recovery

Flash steam is produced when high-pressure condensate is released to a lower pressure zone
and can be used for low-pressure heating.

Flash steam available in %

Where,

S1
Sz
L

_ 515
==L

x 100

Is the sensible heat of higher pressure condensate.

Is the sensible heat of the steam at a lower pressure (at which it has been
flashed).

Is the latent heat of flash steam (at lower pressure).
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Example 2: Calculating the amount of flash steam from condensate

Hot condensate at 7 bar g has a heat content of about 721 kJ/kg. When it is released to atmospheric
pressure (0 bar g), each kilogram of water can only retain about 419 kJ of heat. The excess energy in
each kilogram of the condensate is therefore 721 — 419 = 302 kJ. This excess energy is available to evap-
orate some of the condensate into steam, the amount evaporated being determined by the proportion
of excess heat to the amount of heat required to evaporate water at the lower pressure, which, in this
example, is the enthalpy of evaporation at atmospheric pressure, 2,258 kJ/kg.

Flash steam available in % = (721—419 ) x 100 =13.4 %
2,258k]/kg

SOME USEFUL ENERGY CONSERVATION TIPS
Boilers

a. 5% reduction in excess air increases boiler efficiency by 1% (or: 1% reduction of resid-
ual oxygen in stack gas increases boiler efficiency by 1%).

b. 22°C reduction in flue gas temperature increases boiler efficiency by 1%.

c. 6°C increase in feed water temperature by economiser or condensate recovery corre-
sponds to a 1% saving in fuel consumption, in the boiler.

d. 20°C increase in pre-heated combustion air temperature by waste heat recovery re-
sults in a 1% fuel savings.

e. A 3 mm layer of soot on the heat transfer surface can increase fuel consumption to the
tune of 2.5%.

f. A1 mm layer of scale (deposit) on the water side could increase fuel consumption by
5 to 8%.

Steam

a. Insulation should be designed such that the exterior temperature of the steam carry-
ing pipeline is no more than 20°C above the ambient temperature.

b. A bare steam pipe measuring 150 mm in diameter and 100 m in length and carrying
saturated steam at 8 kg/cm? would waste 25,000 litres of furnace oil in one year.

c. Forindirect heating, keep pressure to a minimum, as steam has a higher latent heat.

The above tips are intended to help you appreciate different possibilities for energy savings.
Energy Managers or auditors have the task of calculating actual savings based on fundamen-
tal data and relations.

3.4. FURNACES

» Types of furnaces

Furnaces are by definition heating devices and therefore energy consumers. Furnace systems
can be divided into batch furnaces (stationary heating) and continuous furnaces (large heat
output at regular intervals). Batch furnaces include box furnaces, cover furnaces, etc. Contin-
uous furnaces are generally used for mass production. This furnace category includes pusher
furnaces, walking hearth furnaces, rotary hearth and walking beam furnaces. The primary
energy required for reheating or heat treatment (in, say, annealing) furnaces occurs in the
form of natural gas, furnace oil, LSHS, LDO or electricity.
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Charging table Discharging table

J. R
Heatingzone " *(Soaking [
' Zone
Effective furnace
length
Figure 3.7: Three-zone reheating pusher furnace Figure 3.6: Walking beam reheating furnace

All non-electric furnaces utilise a burner to deliver a mixture of fuel and air for the combus-
tion process that produces heat, which is subsequently transferred to the product either di-
rectly (within the combustion chamber) or indirectly (through a heat exchanger). Electrical
energy may also be used to operate auxiliary equipment such as blowers or draft fans.

As with boilers it is important to evaluate furnace performance and efficiency over the entire
range of actual or partial loads. Unlike boiler systems, furnaces are not usually integrated in
a large heating distribution system with accompanying losses (i.e. the end use of the heat is
within the furnace).

Maintaining the optimum ratio of fuel to air is critical to the efficient operation of fuel burn-
ing furnaces. A lack of air leads to incomplete combustion, resulting in losses of combustibles
in the flue gases (smoky flame). Excess air needlessly increases the dry flue gas losses, as in-
dicated by increased temperature of the flue gas. In addition, the excess air entering the fur-
nace must be heated, thus increasing energy loss. The temperature of the flue gas also de-
pends on the effectiveness of heat transfer to the product being processed, and is a good in-
dicator of the condition of internal heat transfer surfaces. In some cases, a large amount of
excess air is required to maintain the product quality. If this condition applies, then heat re-
covery should be considered. Portable combustion analysers are useful tools in gauging the
combustion efficiency of process furnaces, dryers and kilns. More information about differ-
ent analyser types can be found at:

1. www.testo350.com/
2. www.mybacharach.com/product-view/pca3/

3. www.e-inst.com/industrial-gas-analyzers/products-E4500
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Flue Losses
20-50%

Figure 3.8: Fuel-fired furnace

Purposes of the performance test:

= To determine furnace efficiency
= To calculate specific energy consumption

The performance test is conducted to determine efficiency of the furnace and the specific en-
ergy consumption for a comparison with design values or best practice standards. There are
many factors affecting furnace performance such as the capacity utilisation of furnaces, ex-
cess air ratio, final heating temperature, etc. This indicator is essential to assess the current
performance level and determine the scope for improvements and enhanced productivity.

» Heat balance of a furnace

Heat balance helps us to numerically understand the present heat loss and efficiency value
and improve the furnace operation using these data. Thus, preparation of heat balance is a
pre-requirement for assessing energy conservation potential.

Normally with furnaces we would, as described, obtain specific energy consumption (SEC)
data from the Energy Manager before looking into the thermal balance of the kiln. There is a
wide range of permissible SEC values, for instance:

Fuel oil consumption ranging from 32 to 98 1/tonne of steel in a reheating furnace,
or 680 to 1050 kCal/kg of clinker in cement plants,
or 890 kcal to 5200 kCal/kg for earthenware and porcelain.

» Performance terms and definitions
Furnace efficiency, %

Heat output
=——F— — x 100
Heat input
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_ Heatin stock (material) (kCal)

= 100
Heat in fuel / electricity (kCal) x

Specific energy consumption

_Quantity of fuel or energy consumed

Quantity of material processed

» Test method for furnace efficiency
The energy required to increase the temperature of a material is the product of the material
mass, the change in temperature and the specific heat, i.e.

Energy = mass x specific heat x rise in temperature

Reference manuals can be used to obtain the specific heat of various materials. Specific heat
describes the amount of energy required to raise one unit of mass by one degree Celsius.

If, moreover, the process requires a change in state, either from solid to liquid or from liquid
to gas, then additional energy is required. This energy quantity is called the latent heat of fu-
sion or latent heat of evaporation and it needs to be added to the total energy requirement. In
this section, however, melting furnaces, to which this energy applies, are not considered.

The total heat input is provided in the form of fuel or power. The desired output is the heat
supplied for heating the material or process. Other heat outputs in furnaces are undesirable
heat losses. Losses occurring in fuel-fired furnaces include:

= Heat loss through exhaust gases, either as sensible heat, latent heat or as incomplete
combustion
= Heat loss through the furnace walls and hearth

= Heat loss to the surroundings by radiation and convection from the outer surface of
the walls

= Heat loss through gases leaking through cracks, openings and doors.
The efficiency of a furnace is the ratio of useful output to heat input. Furnace efficiency can
be determined by both direct and indirect testing.
DIRECT EFFICIENCY TEST

The efficiency of furnace can be assessed by measuring the amount of heat added to the stock
and the heat in the fuel consumed, on a batch/day basis as relevant

Heat in the stock
Heat in the fuel consumed

Thermal efficiency of the furnace =

The quantity of heat to be imparted (Q) to the stock can be found using the formula
Q=mxGCp(t—t)

Where, Q = Quantity of heat in kCal
M = Weight of the material in kg
Cp = Mean specific heat in kCal/kg°C
t2 = Final temperature desired in °C
tt = Initial temperature of the charge before it enters the furnace in °C

108



MODULE 3: ENERGY EFFICIENCY IN INDUSTRIES: THERMAL PROCESSES

INDIRECT EFFICIENCY TEST

Similar to the indirect method of evaluating efficiency for boilers, furnace efficiency can also
be calculated using the indirect method. Furnace efficiency is calculated after subtracting
sensible heat loss in flue gas, loss due to moisture in flue gas, heat loss due to openings in the
furnace, heat loss through the furnace skin and other unaccounted losses from the input to
the furnace. In order to determine furnace efficiency using the indirect method, various pa-
rameters are required: hourly furnace oil consumption, material output, excess air quantity,
flue gas temperature, furnace temperature at various zones, skin temperature, and hot com-
bustion air temperature. Efficiency is determined by subtracting all the heat losses from 100.

» Measurement parameters
The following measurements are to be taken when computing the energy balance in oil-fired
reheating furnaces (e.g. heating furnace):

=  Weight of stock / number of billets heated

= Temperature of furnace walls, roof, etc.

* Flue gas temperature

* Flue gas analysis

* Fuel oil consumption

Instruments like infrared thermometers, fuel consumption monitors, surface thermocouples
and other measuring devices are required to measure the above parameters. Check reference
manuals for data such as specific heat, humidity, etc.

Example 3: Calculating energy efficiency using the indirect and direct methods

An oil-fired reheating furnace has an operating temperature of around 1,340°C. The average fuel con-
sumption is 400 litres per hour. The flue gas exit temperature downstream of the air preheater is
750°C. The preheater heats air from an ambient temperature of 40°C to 190°C. The thickness of the
furnace wall (x) is 460 mm on the billet extraction outlet side, which is 1 metre high and 1 metre wide.
The remaining data are given below. Find out the efficiency of the furnace using both the indirect and
direct method.

Flue gas temperature after air preheater 750°C
Ambient temperature 40°C
Preheated air temperature 190°C
Specific gravity of oil 0.92
Average fuel oil consumption 400 litres/h

400 x 0.92 =368 kg/h
Calorific value of oil 10,000 kCal/kg
Average Oz percentage in flue gas 12%
Weight of stock 6,000 kg/h
Specific heat of billet 0.12 kCal/kg/°C
Surface temperature of roof and side walls 122°C
Surface temperature outside heating and soaking zones 85°C
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» Heat loss

Example 3 (cont’d): Solution

Sensible heat loss in flue gas

Excess air =

(Where O: is the % of oxygen in flue gas = 12%)

Theoretical air required to burn 1 kg of oil

Total air supplied

Total air supplied

Sensible heat loss

m

G

AT

Heat loss =m x Cp x AT

% Heat loss in flue gas =
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21-0:%

x 100

12x 100/ (21 - 12)

133% excess air
14 kg (typical value for all fuel oil)

Theoretical air x (1 + excess air / 100)

14 x 2.33 kg / kg of oil
32.62 kg / kg of oil

m x Cp x AT

Weight of flue gas

Actual mass of air supplied / kg of
fuel + mass of fuel (1 kg)

32.62 +1.0=33.62 kg / kg of oil

Specific heat of flue gas
0.24 kCal/kg/°C

Temperature change

33.62 x 0.24 x (750 - 40)

5729 kCal / kg of oil
5729x 100 _ 57200
10,000 77

LOSS DUE TO EVAPORATION OF MOISTURE PRESENT IN FUEL

Example 3 (cont’d): Solution

M {584 + 0.45 (Tfg - Tamb)}

x 100

% Loss =
Where
M =
Tig = Flue gas temperature
Tamb = Ambient temperature
GCV = Gross calorific value of fuel

GCV of fuel

kg of moisture in 1 kg of fuel oil (0.15 kg/kg of fuel oil)

0.15 {584 + 0.45 (750 — 40)}

% Loss =

x 100 = 1.36%

10,000
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LOSS DUE TO EVAPORATION OF WATER FORMED DUE TO HYDROGEN IN FUEL

Example 3 (cont’d): Solution

o o = 9x H, {584 + 0.45 (Tfg — Tamb)} .
0-0Ss = GCV of fuel x

Where, Hz — kg of Hz in 1 kg of fuel oil (0.1123 kg/kg of fuel oil)

~9x0.1123 {584 + 0.45 (750 — 40)}

= 0
10,000 x 100 = 9.13%

HEAT LOSS DUE TO OPENINGS

If a furnace body has an opening on it, the heat in the furnace escapes to the outside as radi-
ant heat. Heat loss due to openings can be calculated by computing black body radiation at
the furnace temperature, and multiplying these values with the emissivity (usually 0.8 for
furnace brickwork), and the factor of radiation through openings. Graphs can be consulted to
determine the factor of radiation through openings.

Example 3 (cont’d): Solution

The reheating furnace in the example has a 460 millimetre thick wall (X) on the billet extraction outlet
side, which is 1 metre high and 1 metre wide. With a furnace temperature of 1,340°C, the quantity (Q)
of radiation heat loss from the opening is calculated as follows:

Shape of the opening is square and D/X 1/0.46=2.17
Factor of radiation (see Figure 2.4) 0.71
Black body radiation corresponding to 1,340°C 36.00 kCal/cm?/h

Area of opening 100 cm x 100 cm = 10,000 cm?
Emissivity 0.8
Total heat loss Black body radiation x area of opening

x factor of radiation x emissivity

36 x 10,000 x 0.71 x 0.8
204,480 kCal/h

Equivalent oil loss 204,480/10,000
20.45 kg/h

20.45 /368x 100
% Heat loss = 10.000 =556%

HEAT LOSS THROUGH SKIN

Method 1: Radiation heat loss from the furnace surface

The quantity of heat loss from the surface of the furnace body is the sum of natural convec-
tion and thermal radiation. This quantity can be calculated using surface temperatures taken
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on the furnace. Temperatures on the furnace surface should be measured at as many points
as possible, and their average should be used. Too few measurements will result in a large
margin of error. The quantity (Q) of heat loss from a reheating furnace is calculated using
the following formula:

Example 3 (cont’d): Solution
4 4
_ 5/4 6+273\* (4273
Q=ax(t;—t) +4.88E><<(100) (100))

Where, Q = Quantity of heat release in kCal/W/m?
a = Factor regarding direction of the surface of natural convection
ceiling = 2.8 side walls =2.2 hearth =1.5
t1 = Temperature of external wall surface of the furnace (°C)
to = Temperature of air around the furnace (°C)
E = Emissivity of external wall surface of the furnace

The first term of the formula above represents the quantity of heat loss by natural convection, and the
second term represents the quantity of heat loss by radiation.

Method 2: Radiation heat loss from furnace surface

The following Figure 3.9 shows the re- =1 A
lation between the temperature of the 1500 e C— g
external wall surface and the quantity 1800 Emissivity -0.5
of heat loss calculated with this graph 400|

—

A7 ] 1-Cailing
A 2-Sidewrall

r
g / 2 Hearth

foed Cuantity of heat loss

Based on the above graph, it is possible 1200 —!—
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Figure 3.9: Quantity of heat loss at various temperatures

HEAT LOSS THROUGH ROOF AND SIDEWALLS

Example 3 (cont’d): Solution

Total average surface temperature 122°C

Heat loss at 122°C 1,252 kCal/m%h

Total area of heating + soaking zones 70.18 m?

Heat loss 1,252 kCal/m?/h x 70.18 m?
87865 kCal/h

Equivalent oil loss (a) 8.78 kg/h
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Example 3 (cont’d): Solution

Total average surface temperature of area other than heating and soaking zone = 85°C

Heat loss at 85°C 740 kCal/m2/h

Total area 12.6 m2

Heat loss 740 kCal/m?/h x 12.6 m2
9,324 kCal/h

Equivalent oil loss (b) 0.93 kg/h

Total loss of fuel oil 9.71 / 368

Total loss in percent 2.64%

UNACCOUNTED LOSSES

These losses comprise of heat storage loss, loss of furnace gases around the charging door
and opening, heat loss by incomplete combustion, heat loss by conduction through the
hearth, and loss due to the formation of scales.

FURNACE EFFICIENCY (DIRECT METHOD)

Example 3 (cont’d): Solution

Fuel input 400 litres/h
368 kg/h
Heat input 368 x 10,000 = 3,680,000 kCal
Heat output m x Cp x AT
6,000 kg x 0.12 x (1340 — 40)
936,000 kCal
Efficiency 936,000 x 100 / (368 x 10,000)
25.43%
25% (approx.)
Total losses 75% (approx.)

FURNACE EFFICIENCY (INDIRECT METHOD)

Example 3 (cont’d): Solution

Sensible heat loss in flue gas 57.29%

Loss due to evaporation of moisture in fuel 1.36%

Loss due to evaporation of water formed from H- in fuel 9.13%

Heat loss due to openings 5.56%

Heat loss through skin 2.64%

Total losses 75.98%

Furnace efficiency 100 — 75.98 = 24.02%
Specific energy consumption 400 litres/hour

(fuel consumption)
6 tonnes/hour (Wt of stock)

66.6 litres of fuel per tonne of mate-
rial (stock)
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» Factors affecting furnace performance

Important factors relevant to efficiency are listed below for critical analysis:

* Under-loading due to poor hearth loading and improper production scheduling
= Improper design

= Use of an inefficient burner

= Insufficient draft/chimney

= Absence of waste heat recovery

= Absence of instruments/controls

= Improper operation/maintenance

= High stack loss

= Improper insulation/refractories

= Stop and go operation due to problems with the steel mill. Fuel oil consumption may
result in a high SEC if the furnace goes into a forced holding pattern to maintain the
furnace temperature due to a site-related constraint or unplanned downtime at the
steel mill.

USEFUL DATA

» Radiation heat transfer

Heat transfer by radiation is proportional to the absolute temperature to the power 4. Conse-
quently, radiation losses increase considerably as the temperature increases.

Table 3.3: Heat transfer by radiation

°c1 @ “ “ (K1/K2) Relative
(Ambient temp.) (°C1 + 273) (°C2 + 273) radiation
700 20 973 293 122 1.0
900 20 1,173 293 255 2.1
1,100 20 1,373 293 482 3.96
1,300 20 1,573 293 830 6.83
1,500 20 1,773 293 1,340 11.02
1,700 20 1,973 293 2,056 16.91

In practical terms, this means the radiation losses from an open furnace door at 1,500°C are
11 times greater than the same furnace at 700°C. A good incentive for the iron and steel melt-
ers is to keep the furnace lid closed at all times and to maintain a continuous feed of cold
charge onto the molten bath.

» Furnace utilisation factor

Utilisation has a critical effect on furnace efficiency and is a factor that is often ignored or
underestimated. If the furnace is at operating temperature, standby losses will occur whether
or not a product is in the furnace.
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» Standby losses

Heat energy is lost from the charge or its enclosure through (a) conduction, (b) convection,
and/or (c) radiation

» Furnace draft control

Furnace draft control has a major effect on fuel-fired furnace efficiency. Running a furnace at
a slightly positive pressure reduces air ingress and can increase the efficiency.

» Theoretical heat

Example 4: Theoretical heat and efficiency calculaton

Example: Melting one tonne of steel starting from an ambient temperature of 20°C. Specific heat of
steel = 0.186 Wh/kg/°C, latent heat for melting of steel = 40 Wh/kg/°C. Melting point of steel = 1,600°C.

Theoretical total heat Sensible heat + latent heat

Sensible heat 1,000 kg x 0.186 Wh/kg/°C x (1600 - 20)°C = 294 kWh/T
Latent heat 40 Wh/kg x 1,000 kg = 40 kWh/T

Total heat 294 + 40 = 334 KWh/T

So the theoretical energy needed to melt one tonne of steel from 20°C is 334 kWh.

The actual energy used to melt the steel to 1,600°C is 700 kWh.

334kWh

- - = 489
~00 KWh x 100 = 48%

Efficiency =

3.5. RECUPERATION OF HEAT

WASTE ENERGY STREAMS AND POTENTIAL USES

The following Figure 3.10 shows a simple energy flow diagram of a plant with a number of
energy outflows identified. These energy flows are termed waste energy flows, since they are
no longer required by the process discharging them. But they may be useful to another pro-
cess or energy-consuming system. Matching waste energy streams to potential uses involves
answering some key questions.

What waste heat sources are available?

= What quantity of heat (energy) is available?
* At what temperature is the heat available?
Where can the heat be used?

* How much energy is required and at what temperature?
=  What is the time interval between waste and use?

= At what location is the heat required?
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Figure 3.10: Simple industrial waste heat recuperation examples

» Practical recuperation rate

What is the practical recuperation rate? What portion of the waste heat may be used?

The existence of a “waste” energy stream from one process may provide an opportunity to
use the leftover lower-temperature energy in another process. As dictated by basic thermo-
dynamic principles, heat can only flow spontaneously from hot bodies to cold bodies, and
any attempt to raise the temperature of a process must involve the use of a hotter “source”.
This source is only useful (to that process) so long as its temperature is higher than the “sink”
that it is supplying. Should this balance tip, then the heat supply ceases to become useful for
the process, and it is this heat that is often discarded.

If, however, that heat supply is hotter than the temperature needed for some other task (e.g.
cooling water at 40°C is hotter than is required for space heating) then it should no longer be
considered “waste” energy, but instead thought of as a useful energy supply and a means to
save money.

» Direct/indirect heat recovery methods

Heat recovery involves moving heat energy from one system to another, and the piece of
equipment that enables this transfer in most situations is the heat exchanger. In determining
the capabilities of the heat exchanger (and hence the viability of performing the transfer), one
needs to know the availability of both the heat source and the heat sink in terms of their
flows, specific heat capacities, and inlet temperatures. By balancing the energies within the
two streams as in the Figure above, it is possible to determine the size and capabilities of the
required exchanger. The following two Tables summarise typical exchangers available with a
list of typical applications.

Heat recovery methods fall into one of two categories:

= Indirect heat recovery

= Direct heat recovery
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Figure 3.11: Simple heat exchanger temperature profiles

Table 3.4: Direct heat recovery methods

Type Regime Exchanger Typical use
Gas - gas Cross flow Commercial air exchange
Rotary Flue gas heat recovery
Regenerative High temp./low volume exhaust
Liquid - liquid Shell & tube Process water, oil coolers
Direct Spiral High-pressure cooling
heat Plate & frame Dairy, process water
recovery Heliflow Oil coolers
Gas - liquid Recovery boiler Furnace, engine exhaust

Evaporative

Air cooling

Water cooling, humidification, exhaust gas
Scrubber

Oil cooler, space heating

Direct heat recovery refers to the transfer of energy from one process stream to another with-
out the addition of work or energy from an outside source. The energy must degrade since
heat will only flow from a hot “source” to a cold “sink,” but depending upon the design of
the heat sink, the difference between these two temperatures may be just few degrees.

Table 3.5: Indirect heat recovery methods

Type Regime Exchanger Typical use
Thermal — thermal Heat pump Space heating, hot water production
Absorption chiller Water chilling, space heating
Flash tank Boiler blowdown
Indirect Mechanical vapour Brewing, sugar processing
heat recompression
recovery Combustion of waste  Sewage treatment, foundries

gases

Thermal — Expansion turbine Chemical plants

mechanical/electrical

Rankine cycle High-temperature waste gas

Indirect heat recovery describes the transfer and conversion of energy from one format to
another, possibly through the addition of outside energy. It is usually considered a second-
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ary choice to direct heat recovery because it results in either a lower level of energy recovery
or the use of additional, high-grade energy (e.g. electricity, fuel).

3.6. HEAT EXCHANGERS

Heat exchangers are devices that transfer heat from one medium to another. Proper design,
operation and maintenance of heat exchangers will make the process energy efficient and
minimise energy losses. Heat exchanger performance can deteriorate with time, as well as
off-design operation and other interferences such as fouling, scaling, etc. Periodic assessment
of a heat exchanger’s performance is necessary in order to maintain a high level of efficiency.
This section comprises certain proven techniques of monitoring the performance of heat ex-
changers, coolers and condensers based on observed equipment operating data.

DESIGN, OPERATION AND MAINTENANCE

» Overall heat transfer coefficient (u)
Heat exchanger performance is normally evaluated by the overall heat transfer coefficient U
that is defined by the equation:

Q=UxAxLMTD

Where, Q = Heat transferred in kCal/h
A = Heat transfer surface area in m2E
LMTD = Logmean temperature difference in °C
u = Qverall heat transfer coefficient kCal/h/m?2/°C

When the hot and cold stream flows and inlet temperatures are constant, the heat transfer
coefficient may be evaluated using the above formula. It may be observed that the cold fluid
accumulates less heat with time.

A typical heat exchanger is shown in the Figure3.11. The driving force for any heat transfer
process is the temperature difference between two fluids. In the heat transfer process, the
two fluids keep changing their temperature as they pass through the heat exchange, meaning
that an average temperature is required. The average temperature difference throughout the
heat exchange is described by the log mean temperature difference (LMTD). The larger the
temperature difference, the smaller the required heat exchange area and vice versa.

Calculation of LMTD: refer Figure 3.12

LMTD Counter current Flow = ((Ti-to)—(To-ti)) / In ((Ti-to)/(To-ti))
LMTD Co current Flow = ((Ti-ti) —(To-to)) / In ((Ti-ti)/ (To-to))

Where, T
t

Hot fluid
Cold fluid
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Figure 4.1 Typical Shell and Tube Heat Exchanger

Figure 3.12: Typical shell and tube heat exchanger

The heat duty of the exchanger can be calculated either from the high-temperature fluid side
or the low-temperature fluid side, as given below:

Heat duty for hot fluid, Qn =W x Cpn x (Ti — To)
Heat duty for cold ﬂuld, Qc =W x Cpc X (To - Tl)

If the operating heat duty is less than the design heat duty, the difference may be due to heat
loss, fouling in tubes, reduced flow rate (hot or cold), etc. Hence, for a simple performance
monitoring of the exchanger, efficiency may be considered as a performance factor irrespec-
tive of other parameters. However, in industrial practice, the fouling factor method is more
predominantly used.

Example 5: A counter-flow double-pipe heat exchanger operating with hot process liquid is used

to heat water flowing at 10.5 m’/h. The process liquid enters the heat exchanger at 180°C and
leaves at 130°C. The inlet and exit temperatures of the water are 30°C and 90°C, respectively. Wa-
ter has a specific heat of 4.18 k]/kg/°C.

a) Calculate the heat transfer area, if the overall heat transfer coefficient is 814 W/mZ/OC.
What would be the percentile increase in area if the fluid flows were parallel?

Water flow rate =10.5x 1,000 = 10,500 kg/h
Heat content in water =mxCpxT
=10,500 x 4.18 x (90 — 30)

= 2,633,400 kJ/h
=2,633,400/ 3,600
=731.5 kW

For counter-current flow:
T1=180-90=90°C T2 =130 - 30 =100°C

LMTD of counter flow = (100 — 90) / In(100 / 90) = 95°C
Overall heat transfer coefficient = 814 W/m?2/°C

Heat exchanger area for counter flow =731.5x 1,000 / (814 x 95) = 9.5 m*
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For parallel flow:
T1=180-30=150°C T2 =130 — 90 =40°C

LMTD of parallel flow = (150 — 40) / In(150 / 40) = 83°C

Overall heat transfer coefficient =814 W/m?/°C
Heat exchanger area for parallel flow =731.5 x 1,000 / (814 x 83)

=10.8 m*

Increase in parallel flow area =[(10.8 - 9.5) / 9.5] x 100
=14 0/0

Example 6: A heat exchanger is to be designed to condense the hydrocarbon vapour mixture from a
distillation column at a rate of 11.0 kg/s. The mixture is available at its saturation temperature of
120 C. The latent heat of condensation of the hydrocarbon vapour mixture is 450 kJ/kg. The cool-
ing water at 32 C is introduced in the counter-current direction at a rate of 58 kg/sec to condense
the vapour mixture. The specific heat of cooling water is 4.18 kJ/kg/°C. Determine the LMTD and

area of the heat exchanger surface if the overall heat transfer coefficient is 550 ]/mzs"C.

Heat loss in hydrocarbon vapour mixture = heat gain in cooling water
11*450=58 *4.18 * (T-32) T
=52.4°C

Water leaves the exchanger at52.4°C

LMTD = (120 - 32) — (120 — 52.4) / In(120 — 32) / (120 — 52.4)
LMTD of counter-flow pattern = 77.4°C

Q=m*Cp* T=U* A *IMTD

58*4.18 * (52.4 — 32) * 1,000 = 550 * A * 77.4 A
=1163m’

Heat exchanger surface area = 116.3 m’

For more examples, e.g. liquid-liquid exchanger; surface condenser; vaporiser; air heater,
see: www.beeindia.gov.in/sites/default/files/4Ch4.pdf

» Heat exchanger terminology

Table 3.6: Heat exchanger terminologies, definitions and units

Terminology Definition Units

Capacity ratio Ratio of the product of the mass flow rate and the specific heat capacity N/A
of the cold fluid to that of the hot fluid. Also given as the ratio of the
temperature range of the hot fluid to that of the cold fluid.

The higher the ratio the larger the exchanger size.

Co-current flow ex- Exchanger in which the flow direction of the cold and hot fluids are the N/A
changer same.

Counter-flow ex- Exchanger in which the cold and hot fluids flow in opposite directions. N/A
changer Normally the preferred exchanger type.

Cross flow Exchanger in which the flow direction of cold and hot fluids intersect. N/A
Density Mass per unit volume of a material kg/m3
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Terminology

Effectiveness

Fouling

Fouling factor

Heat duty

Heat exchanger

Heat flux

Heat transfer

Heat transfer surface
or heat transfer area

Individual heat
transfer coefficient

LMTD correction
factor

Logarithmic mean
temperature differ-
ence (LMTD)

Overall heat transfer
coefficient

Pressure drop

Specific heat capaci-
ty

Temperature ap-
proach
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Definition
Ratio of the cold fluid temperature range to the inlet temperature differ-

ence (hot and cold fluid). The higher the ratio the smaller the surface
requirement for heat transfer.

Formation and development of scales and deposits over the heat transfer
surface which diminishes the heat flux. Fouling process is indicated by an
increased pressure drop.

The reciprocal of the heat transfer coefficient of the dirt formed during
the heat exchange process.

The higher the factor, the lower the overall heat transfer coefficient.

Capacity of heat exchanger equipment expressed in terms of a heat
transfer rate, namely magnitude of energy or heat transferred per unit
time.

Indicates that the exchanger is capable of performing at this capacity in
the given system.

Equipment designed and constructed to transmit the heat content (en-
thalpy or energy) of a comparatively high temperature fluid to a low-
temperature fluid, wherein the temperature of the hot fluid decreases
(or remains constant due to latent heat loss caused by condensation) and
the temperature of the cold fluid increases (or remains constant due to a
latent heat gain caused by vaporisation). Heat exchangers normally pro-
vide indirect contact heating, e.g. a cooling tower cannot be called a heat
exchanger when water is cooled through direct contact with air.

Rate of heat transfer per unit surface of a heat exchanger

Process of transporting heat energy from a hot source to comparatively
cold surroundings

Surface area of the heat exchanger that provides indirect contact be-
tween the hot and cold fluid in effecting the heat transfer. Heat transfer
area is thus defined as a surface wetted on both sides with hot fluid on
one side and cold fluid on the other, to provide indirect contact for the
heat transfer.

Heat flux per unit temperature difference across the boundary layer of
the hot/cold fluid film which forms a coefficient at the heat transfer sur-
face. The magnitude of the heat transfer coefficient indicates the heat
conductivity of a given fluid. Becomes greater with an increase in density,
velocity, specific heat, or the geometry of the film forming surface.

Calculated based on the capacity and effectiveness of a heat exchange
process. Multiplying the LMTD with this factor yields the corrected LMTD,
thus accounting for the temperature differential driving the specific
cross-flow pattern inside the exchanger”.

Logarithmic average of the terminal temperature approaches across a
heat exchanger (see also “Temperature approach” below).

Ratio of heat flux per unit difference in approach across a heat exchanger
considering the individual coefficient and surface conductivity of the
metal. Magnitude indicates the heat transfer capacity of a given surface.
The higher the coefficient, the lower the heat transfer surface require-
ment.

Pressure difference between the heat exchanger inlet and outlet

Heat content per unit weight (of any material) per temperature increase
or decrease (in Kelvin)

Temperature difference between the hot and cold fluids at the heat ex-
changer inlet or outlet.

The greater the difference, the greater the heat transfer flux.
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Units
N/A

N/A

(m? K)/W

N/A

W/m?
N/A

W/(m?K)

N/A

°C

W/(m?K)

Bar

1/(kg/K)

°C
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Terminology Definition

Temperature range Temperature difference between the heat exchanger inlet and outlet for
a hot/cold fluid

Terminal tempera- Temperatures at the inlet/outlet of the hot/cold fluid steams across a
ture heat exchanger

Thermal conductivity Rate of heat transfer by conduction though any substance across a dis-
tance per unit temperature difference

Viscosity Force per unit volume on any material caused by pressure

Units
°C

°C
W/(m*/K)

Pa

Note: Recommended measures for saving energy in thermal applications must be serviceable by the
on-site technical team of the client. They must be financially viable to ensure cost savings can be

achieved reducing expenditure of the client.
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4. ENERGY EFFICIENCY IN INDUSTRIES: ELECTRICAL APPLICATIONS

About this module
This module explores electrical applications commonly used in industrial settings. Equipment such
as lighting systems, electric motors, compressed air systems, VAC and power generating equipment
are discussed.
Learning outcomes
At the end of this module, the participant is able to

= Describe operational principles of common industrial electrical applications

=  Use the corresponding tools and instruments

= Calculate energy losses

* Understand the implications of the fuel and load factor in power generating equipment

= Conceive, analyse and recommend energy conservation measures

= Prepare, present and defend proposals

* Implement measures

4.1. LIGHTING SYSTEMS

LIGHTS AND LIGHTING

Lighting comprises 20 to 40% of energy consumption in commercial buildings and about 2 to
5% in industrial plants. Often, significant energy savings can be implemented with a minimal
investment of capital and common sense.

The following forms of illumination are generally used:

= Lighting system for single rooms
= Lighting system for several areas with different lighting requirements
= Direct and indirect lighting
The lighting system designed for a single room enables the control of individual lamps or a

group of lamps in the room. These systems are normally installed in offices and combine
general lighting and task lighting.

Lighting systems designed for a larger area or for a group of rooms can normally be found in
conference centres, restaurants, offices or production areas. Normally the whole area is illu-
minated even though only a small area is occupied. Typically, problems occur due to the in-
flexible controls for these lighting systems.

Direct lighting is normally used in office buildings and has the advantage that lamps cast 90
to 100% of their output directly onto the working area. Direct lighting occurs in both general
and task lighting. Indirect lighting emits only 0 to 10% of its outputs directly onto the work-
ing area. A lighting system may use different lighting sources although incandescent and
fluorescent lamps are best known. Each lighting source has its advantages and disadvantages
and the use of a lamp depends on the specific lighting requirements.

= Traditional bulbs
= Standard fluorescent lamp

* Compact fluorescent lamps
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* New generation fluorescent lamps
= LED technology

Light yield is the ratio of the luminous flux emitted by a light source to the power used by
this source. It is expressed in lumens per watt (Im/W).

Ballasts are required to control the electrical properties of fluorescent lamps. Ballasts are im-
portant as they influence the energy consumption of the lamp and guarantee proper opera-
tion. There are two types of ballasts:

=  Conventional ballasts
= Electronic ballasts

Conventional ballasts are used in standard fluorescent lamps. These lamps generally do not
guarantee a flicker-free operation and are not as efficient as those with modern electronic bal-
lasts.

Electronic ballasts are used in modern fluorescent lamps. These lamps are more expensive
than those with conventional ballasts but guarantee flicker-free operation and better efficien-
cy. In addition, their useful life is about 50% longer than lamps with conventional ballasts.
Compact fluorescent lamps with integrated ballasts require minimal maintenance. Integrated
electronic ballasts are permanently connected to the lamp. Fluorescent lamps with electronic
ballasts are often referred to as high-frequency switching lamps.

[Nlumination requirements depend on the necessary lighting levels for different types of in-
dustries, rooms and activities. When evaluating the illumination requirements, it is im-
portant to consider the following factors:

* Illumination power measured in luminous flux

= Evenness of the lighting

= Colour rendering
Luminous flux is the light quantity which is radiated by a light source per unit of time. Lu-

minous flux is measured with a light meter in lumen.

Lux is the metric unit of measure for the illuminance of a surface. One lux is equal to one lu-
men per square metre. Benchmarks for horizontal illumination power depending on the re-
quired accuracy, type of activity, and work space are given in the following table.

Table 4.1: Illumination depending on required lighting levels

Lowest permissible average luminous

Degree of work accura Examples
g 2 ceuracy flux density E,, (lumen/m?) xamp

Limited visual needs 50 Staircase, corridors, hall — with little
usage

Limited visual needs 100 Staircase, corridors, hall — with heavy
usage

Work requiring average accu- 300 Occasional office work

racy

Accurate work 500 Intense office work, computer laborato-
ry, precise machining

Very accurate work 750 Very precise machining

Colour rendering describes the comfort level of a lamp and has a significant impact on
workplace comfort. The vertical illumination power is responsible for the colour rendering.
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The horizontal illumination power is responsible for the lighting intensity. As a rule of
thumb, the vertical illumination power should reach at least one-third of the horizontal illu-
mination power. Both measurements can be taken directly with a light meter. Lamps with
very good colour rendering will normally be used in areas intended to provide a good com-
fort level or where very precise work is undertaken.

» Lighting costs

It is normally not possible to pinpoint lighting costs in an energy invoice, or to undertake
separate measurements. Therefore, you will need to perform some calculations to identify
your electricity costs. The following step-by-step process provides guidance in this area. Start
to evaluate your system by analysing an individual room and then continue with the rest of
the organisation.

First, go through the room and identify all lamps in use. Count the number of lamps and
multiply each lamp by its power rating in watts. Do not forget to add ballasts for fluorescent
lamps. Where ballasts are not known you should generally add in 12% of the power rating
for each lamp. This calculation yields a total power rating for the lighting system. Take care
to always calculate with the same unit, i.e. kW (1,000 W =1 kW).

Example 1: 71 conventional lamps at 150 W = 10,650 W / 1,000 = 10.65 kW. Calculate the annual num-
ber of hours the lighting system is in use by taking the number of office hours per day and multiplying
it with the number of business days per year. For a shop open 8 hours per day and 50 weeks in the
year, the total annual usage is then 2,000 h.

Multiplying the annual operating hours with the total power rating leads to the annual electricity con-
sumption. Now you can use the unit price from the invoice to calculate your current lighting costs.

Solution

2,000 h x 10.65 kW = 21,300 kWh
Electricity price =30 N / kWh
Total cost = 639,000 N/year

GUIDELINES FOR COST ANALYSIS
= First, focus on activities which do not require investments.
= Second, focus on activities that increase the efficiency of the current system.

= Third, focus on activities connected with changes to the system itself or building al-
teration work.

Energy costs for lighting depend on the power requirements of the system and the operating
hours. The main focus must therefore be to reduce both the power requirements and operat-
ing hours. The following actions and techniques can help:

* Make use of natural light

= Switch off lights

= Perform regular maintenance and cleaning

= Utilise interiors and colours

= Reduce lighting levels, but not below normative lux levels

= Select high-efficiency components
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= Use control systems

» Energy efficiency

Employees sometimes forget that artificial light is only necessary when there is too little nat-
ural daylight. Therefore, it is crucial to raise awareness of electricity use and to encourage
staff to switch off lights when daylight is sufficient. In addition, you can maximise the use of
daylight through interior design measures such as moving desks next to windows and open-
ing blinds.

Manual switching off: Switch off lamps whenever they are not needed. Install more switch-
es so that lighting can be zoned. Opportunities to switch off lights include breaks, lunchtimes
and when finishing work. This method is the cheapest because no investment is needed but
requires staff awareness.

Time switch: For rooms requiring only intermittent or short-term illumination, time control-
lers are helpful to reduce energy consumption. Automatic lighting control allows lights to be
turned off automatically at predetermined intervals.

Daylight control allows lights to be switched on and off gradually. Lighting requirements
should be continuously adapted, first and foremost, to the needs of staff. Lights do not need
to operate 24 hours a day in most cases, although this is sometimes perceived as customer-
friendly for businesses such as clothes shops and hotels.

Lighting has become much more energy-efficient in recent years; retrofitting and relighting
projects can save a considerable amount of energy. Furthermore, additional energy savings
can be achieved by using intelligent lighting control systems. The energy efficiency of a light-
ing system is expressed in:

. . Output: lumen (Im)
Efficacy of a light bulb =

Input: electrical power (W)

Where lumen is a unit of luminous flux - a measure of the total quantity of visible light emit-
ted by a source. The lumen rating is usually indicated on the bulb package, expressed in
terms of “brightness”. Different lighting technologies have very different efficiencies.
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Figure 4.1: Energy efficiency of different lamps

Replacing all lamps with energy-efficient lighting fittings and bulbs is a major undertaking.
It is more advisable to make the switch to efficient fixtures during repair and maintenance
work and to continuously update the system. This is also true for replacing old thick fluores-
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cent lamp models with newer and thinner ones as they have a higher light intensity and offer
an energy savings of up to 5%. When fluorescent lamps flicker, their energy consumption is
up to 30% higher, and the ballast has to be checked.

Selecting energy-efficient components also includes regular window cleaning, painting walls
in bright colours, and cleaning the surfaces, reflectors and coverings of all lamps.

LED technology is state-of-the-art in terms of efficiency and also offers the lowest life cycle
cost. For industrial purposes, high-pressure sodium (HPS) and metal halide (MH) lamps are
commonly used as efficient systems. However, many industrial plants still use the common
high-pressure mercury (HPM) lamps with a very low efficiency.

» Energy efficiency measures in lighting systems
A lighting upgrade can cut energy bills, improve the appearance of a facility, and boost em-
ployee morale, but all these benefits can fade if the new lighting systems are not well main-
tained. All lighting systems experience a decrease in light output and efficiency over time,
because:

= Lamp light output decreases (lamp lumen depreciation)

* Dirt accumulates on fixtures (luminaire dirt depreciation)

* Lamps burn out

= Control systems drift out of spec or are overridden by occupants

To keep your lighting system clean and in good working order, you will need a maintenance
plan. For maximum effectiveness, maintenance should be addressed right from the start of
the design process through the following measures:

* Design lighting systems with components that minimise light loss over time, are easy
to maintain, and use the fewest different types of lamps.
= Train personnel in proper maintenance techniques, including cleaning and re-
lamping.
= Control purchasing and inventory to ensure that only the right replacement compo-
nents are available.
CONTROL SYSTEMS
Lighting control systems are an effective instrument to reduce energy consumption. Their
main disadvantage is that they require high investments and are only economical in build-
ings where lighting makes up a large portion of the electricity bill. Lighting control systems
should therefore be considered in the planning phase of a building. The following control
systems are commonly used:
* Motion control
= Daylight control
* Time clock
* Remote control

Motion control: Motion detectors switch lights off when there is no occupancy in a building
segment. Experience shows that motion detectors reduce energy consumption significantly,
but their installation requires high investment costs.

Daylight control: Daylight detectors dim lights or switch them off when daylight reaches the
detector. Installation may require high investment costs but also yield significant savings.
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Users are more likely to accept daylight control systems when artificial lighting is gradually
reduced.

Time clock: Lights are turned on and off at predetermined intervals. Typical examples are
shop window displays.

Remote control: Uses a device similar to your TV remote control. Individual users can con-
trol the luminous flux in the room according to their needs. An additional advantage of us-
ing remote control is that no wiring is required.

4.2. ELECTRIC MOTORS

ELECTRIC MOTORS AND APPLICATIONS

Electric motors offer a great opportunity for improving energy efficiency in industrial set-
tings. Electric motors are the primary mover for a vast majority of industrial activities. They
account for approximately 65% of the electricity consumed by industry and many motors are
rather old and not yet optimised for energy efficiency. Motors with low energy efficiency will
dissipate their losses as heat. This phenomenon increases energy costs. Over the course of
time, the heat will also affect the motor condition, reducing its energy efficiency even further
and increasing the risk of failure.

Electric motors have three main system boundaries. Moving from the first to the third
boundary systematically expands the system, which, in consequence, increases its complexi-
ty as well as its potentials for energy efficiency improvements.

Electric motor system boundaries:
1. The electric motor itself

2. The core motor system, which can comprise a variable speed drive, driven equipment
(fan, pump or compressor) and the connection (gear or belt)

3. The total motor system, which also includes ducting or piping systems and all possi-
ble end-use equipment like compressed air tools. It may also entail an uninterruptible
power supply.

In these boundaries, motor systems have different energy losses.
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Figure 4.2: Motor energy losses

The main factors that influence motor efficiency are age, capacity, running speed, type of
control, temperature in the working environment and load served. Motors are designed for a
load of 50 to 100% of their nominal capacity. They run most efficiently at a 75% load and
their efficiency rapidly drops below a 50% load.

» Determining motor load: Input power measurement

When direct-read power measurements are available, the motor’s part-load can be calculated
using three formulas:

1. Calculate the three-phase input power to the loaded motor:

. VXIXPFxv3

Pi =
l 1000
2. Quantify the motor’s part-load:
0.7457
P.=hp X
r
Where, Pr = Input power at full rated load in kW
hp = Name plated rated horse power
N = Efficiency at full rated load

3. The % loading relationship

Pi
Load = —x 100%
Pi

Where, Load Output power as a % of rated power

Pi = Measured 3-phase power in kW
Pr

Input power at full rated load in kW

LINE CURRENT MEASUREMENT

Down to about 70% of full load, the amperage draw of a motor varies in a near linear fashion
with respect to load as shown in this diagram. Below the 70% load point, due to reactive
magnetising current requirements, the power factor degrades and the amperage curve be-
comes increasingly non-linear. In the low load region, current measurements are not a useful
indicator of load.
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Figure 4.3: Typical induction motor characteristic curves

Example 2: Estimate the percentual load of the induction motor with the following data using the in-
put power method, line current method and slip method.

Name plate details: Rated kW of motor (output) = 30 kW,
Rated amps =55 A,

Rated voltage =415V,

Name plate efficiency = 92%

Name plate speed = 1,440 rpm,

No. of poles =4,

Frequency =50 Hz

Operating data:

Measured speed = 1,460 rpm, Input load current = 45 A, Operating voltage =425V,
Input power = 20 kW

Solution

a) Input power method: Input power at full rated power in kW, Pi=30/0.92 = 32.6 kW, percentage
loading =20/32.6 =61.3%

b) Line current method: % load = [input load current / input rated current] x [rated voltage / operating
voltage] x 100

=[45/ 55] x [415/425] x 100 = 79.9%
c) Slip method: Synchronous speed = 120 x 50 / 4= 1,500 rpm, slip = 1,500 — 1,460 = 40 rpm
40

0 1 = 0f — 0,
%loading (1500 — 1440) x (415,/425)7 X 100% = 69.9%

» Energy efficiency measures in electric motors
Electric motors should be replaced proactively, prior to failure. Indeed, a closer look at all
cost factors will reveal that an early replacement is often paid back in a very short time. This
payback is not only fed by improved energy efficiency, but also by reduced maintenance
costs, and by avoiding unplanned outages and associated losses.
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Additional measures include the use
of a soft starter technology for mo- 100 7
tors and correct motor sizing to

avoid a maximum demand charge ] e e
and overburdening of the power e s ———
infrastructure, or partial or ineffi- ' T eeR e
cient operation of motors. Also re- IEC IE2
duce under-loading.

efficiency %

—IEC IE3

Moreover, planners can optimise
component selection to include var-
iable speed drives (VSD) in pumps, 100 150 200
permanent magnet motors, copper -

die-cast rotors, superconductivity, Figure 4.4: IEC motor efficiency classification
screw compressors for refrigeration,

etc.

To optimise the system, check and replace the throttle if necessary, plug leaks, ensure correct
pump impeller sizing, and introduce appropriate behavioural measures for energy conserva-
tion.

MOTOR EFFICIENCY CLASSES

A classification of motor efficiencies in the range of 0.75 to 375 kW is internationally docu-
mented in the IEC classification:

» Power factor improvement at motor terminals (concept explained with an example)

Example 3: A 3-phase, 415 V, 110 kW induction motor is drawing 50 kW at a 0.75 PE. Calculate the ca-
pacitor rating requirements at the motor terminals for improving the PF to 0.95. Also, calculate the
reduction in current drawn and kVA reduction, from the point of installation back to the generating
side due to the improved PF.

Solution: kVAr rating = kW [Tan ¢1 — Tan ¢2]

Cos ¢1 =0.75, ¢1 = Cos(inv) 0.75 = 41.41, Tan ¢1 = 0.882

Cos ¢2 =0.95, ¢2 = Cos(inv) 0.95=18.2, Tan ¢2 = 0.329

Therefore, kVAr rating = 50 kW (0.882 — 0.329) = 27.65 kVAr (consider a lower overall kVAR rating of
25 kVAr and not 30 kVAr, as the motor is not to be overcompensated)

Current drawn at 0.75 PF =50 / V3 x 0.415 x 0.75=92.8 A
Current drawn at 0.95 PF =50 /V3 x 0.415 x 0.95 =73.3 A
Reduction in current drawn =92.8 -73.3=19.5 A

Initial kVA at 0.75 PF =50/ 0.75= 66.7 kVA

kVA at0.95PF =50/0.95=52.6 kVA

Reduction in kVA =66.7 —52.6 =14.1 kVA

Note: The above values are to be readjusted corresponding to 25 kVAr capacitors
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» Variable speed drives (VSD)
VSDs are also known as inverters. Where process conditions demand an adjustment of the
input flow from a pump or fan, varying the speed of the drive may save energy compared
with other techniques for flow control.
Concept of variable frequency drive
The speed of an induction motor is proportional to the frequency of the AC voltage applied
to it, as well as to the number of poles in the motor stator. This is expressed by the equation:

RPM = (f x 120) / p

Where, f
p = Number of poles in any multiple of 2

Frequency in Hz

Therefore, if the frequency

applie d to the motor is Sine Wave Variable Mechanical
Power Frequency Power
changed, the motor speed Power Pump
. . -/.\_./. ; AC Motor
changes in direct propor- Variable _y:‘j\_—l:‘_jl
tion to the change in fre- 'ggg;iﬁ::'
quency. The VSD controls || 1540 |
the frequency which is ap- | [J(a/¥)
plied to the motor. OllZI® | Power Conversion . Power Conversion 1
Operator :1
The VSD’s basic principle of Interface .
operation is to convert the t Control loop _!1

electrical system frequency Figure 4.5: Variable motor speed drive

and voltage to the frequency

and voltage required to drive a motor at a speed other than its rated speed. The two most
basic functions of a VSD are to convert power from one frequency to another, and to control

the output frequency.

Drives that enable speed selection from several different pre-set ranges are usually known as
adjustable-speed drives. If the output speed can be continually adjusted over a range, the
drive is usually referred to as a variable speed drive. Induction motors change their speed by
converting 50 Hz of incoming power to a variable frequency and voltage. VSDs can be in-
stalled in existing systems and reduce electricity demand by about 10 to 30% in fan and
pump motor systems, “depending on the actual flow control and its frequency.

4.3. COMPRESSED AIR SYSTEMS

OPERATION AND COST OF COMPRESSED AIR SYSTEMS
Compressed air is a major energy consumption factor in many manufacturing operations.
Electricity used to compress air is converted into heat and potential energy in the com-
pressed air stream. Efficient operation is achieved by following these guidelines:

= Select the appropriate type and size of the compressor for the duty cycle required.

= Ensure proper operation of compressed air systems, as it can also lead to improved
energy utilisation.
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= Avoid leaks, since leakage is the greatest ef-
ficiency offender in compressed-air sys-
tems.

= Substitute electric motors for air motor
(pneumatic) drives.

The supply of compressed air accounts for 10 to
15% of the average industrial consumer’s electricity
bill. It is used for processes as diverse as paint
spraying, bottling, blow moulding, vacuum pro-
duction and transportation applications.

The demand side of the compressed air system in-
cludes the distribution system with regulators,
valves, hoses, and fittings. It also employs a storage
tank and the end-use equipment. For a typical air compressor, the energy consumption rep-
resents 75% of the lifetime cost of operation, and so energy efficiency should be the priority
for reducing the total costs of compressed air.

Figure 4.6: Life cycle costs (LCC) of a
compressed air system

» Energy efficiency measures in compressed air systems

Numerous energy conversions, storage and transportation steps lead to significant energy
losses and inefficiencies. Efficiency improvements are available at practically all points in the
system.

Other measures

42% Locating and
eliminating leaks
Compressors with
variable motor speed
Waste heat recovery 10% '12% Design of the pneumatic system
incl. multi-pressure networks

Figure 4.7: Energy saving potential in compressed air systems

» Cost of compressed air leaks

The main source of losses in a compressed air system is leaks in fittings, hoses, connections,
etc. Leaks can account for up to 30% of compressed air consumption and, thus, electrical con-
sumption. Some typical leakage rates for different hole sizes are given in the table below.

Table 4.2: Air pressure leakage

Jcte L();;::)meter FI(;'éVF;;;e Power Loss (hp) D?ITM‘;;;:;SS Energy loss(kWh/yr) I}Z‘;I;;;:;
1/64 0.33 0.09 0.82 594 35
1/32 1.33 0.36 3.26 2,375 142
1/16 5.33 1.46 13.05 9,498 566
1/8 21.33 5.83 52.19 37,994 2,264
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Hole Diameter Flow rate Demand loss Leak cost
Power Loss (h Energy loss(kWh/yr,
(in) (SCFM) W (hp) (kW/mo) avics Kb (USD/yr)
1/4 85.33 23.32 286.76 151,974 9,055
1/2 341.33 93.28 835.02 607,897 36,222

» Simplified air leakage test

Determine the free air delivery capacity (Q) of your compressor (litres/second).

Find a time when the equipment is connected to the compressed air system but not in
use. Turn on the compressor and allow it to come up to full pressure.

Record the time (t) until the compressor starts again (loads).
Record the time (T) until the compressor stops (unloads).
Repeat the above two measurements at least four times.
Average the tand T cycles.

Calculate the leakage

Leakage:

Q XT/(T + t)litres/s

COST CALCULATIONS FOR ENERGY SAVINGS AND LEAKAGE

After determining the leakage rate as explained above, calculate the cost of leaks.

Leakage cost (Naira/year):

B leakage (L/s) X actual load (kW)measured
" Q(L/s) x operating time (h/y) X energy cost (N/kWh)

» Low cost, no cost and higher cost actions

LOw COST OR NO COST ACTIONS

Identify and fix leaks on a regular basis. This can reduce compressed air use by over
10%.

Reduce the system pressure to a minimum, based on your requirements. A reduction
of 1 bar will save 7%.

Fit pressure indicators on air filters to show when they require changing (at 0.5 bar(g)
or in line with the manufacturer’s specification).

Partially or completely isolate unused equipment or network legs whenever possible
to reduce leakage.

Replace older unreliable condensate drain traps with modern and more energy-
efficient and reliable electronic condensate drain traps.

HIGHER COST ACTIONS

Look at where compressor air is being used. Are there lower cost alternatives?

Move the air compressor inlet to a cooler location. A reduction of 10°C can save 3.5%
in energy consumption.

Air quality requirements should be carefully specified according to your needs. Ex-
cessive air quality increases energy costs. Reduce inefficient frequent cycling by in-
stalling an air receiver close to the compressors, and also near applications with a par-
ticularly high but periodic demand.
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When purchasing air compressors, ensure that the full load and part-load energy per-
formance is specified and measured in accordance with specific inlet conditions.

Rotary screw compressors can be supplied with integrated variable speed drives
(VSDs) to improve part-load performance.

Look for heat recovery opportunities in the air compressor installation.

Maintenance of compressors and dryers is important to ensure optimal efficiency and
avoid unplanned outages.

Heat Loss = Space Heating Energy Heat Loss = Water Heating Energy
Conversion rate = 90% Conversion rate = 70%

wen Compressed Air
Cooling 0Oil

Cold Water
Hot Water (60°C, 70%)

Figure 4.8: Waste heat recovery in compressed air systems

VENTILATING, AIR CONDITIONING AND REFRIGERATION SYSTEMS

EFFICIENT OPERATION OF COOLING SYSTEMS

The environmental needs in an industrial operation can be quite different from those in a res-
idential or commercial structure. In some cases strict environmental standards must be met
for a specific function or process. More often the environmental requirements for the process
itself are not overly stringent; however, conditioning of the space is necessary for the comfort
of operating personnel, and thus large volumes of air must be processed. Efficient operation
can be achieved by following these guidelines:

Review VAC controls. Building cooling controls should be examined and preset.

Ventilation, air, and building exhaust requirements should be examined. An airflow
reduction will also reduce the electrical energy delivered to motor drives.

Do not condition spaces needlessly. Review air conditioning, seal off sections of plant
operations that do not require environmental conditioning, and use air conditioning
equipment only when needed. During nonworking hours the environmental control
equipment should be shut down or reduced. Automatic timers can be effective.

Provide proper equipment maintenance. Ensure that all equipment is operating effi-
ciently (filters, fan belts, and bearings should be in good condition).

Use only the equipment capacity that is actually needed. When multiple units are
available, examine the operating efficiency of each unit and put operations sequence
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in merit order (preference to operation of efficient units in order to maximise overall
efficiency.

= Recirculate conditioned (cooled) air where feasible. If this cannot be done, check
whether exhaust air can be used as supply air for certain processes (e.g., a paint
spraying) to reduce the volume of air that must be conditioned.

= The first principle of energy conservation is turning off equipment whenever it is not
needed.

» Ventilation systems

Industrial ventilation generally involves the use of supply and exhaust ventilation to control:

=  Emissions
= Exposures and

= Chemical hazards in the workplace

TYPES OF VENTILATION

Different systems and methods for ventilation are available depending on the specific re-
quirements. In general there are two types of ventilation: natural ventilation and mechanical
ventilation.

Natural ventilation

There are many office buildings throughout Europe that rely on natural ventilation to meet
all of their cooling needs. In North America, there is a growing trend towards natural venti-
lation and many new buildings have operable windows. Turbo ventilators are now finding
an increased use in industrial sheds. Hot air inside these sheds tends to rise. When the venti-
lators rotate, they suck the warm air out through the vents, allowing a supply of fresh air at
ambient temperature to enter through the doors and windows.

Figure 4.9: Turbo ventilation system — Courtesy: Sudha Ventilating Systems
Mechanical ventilation
Systems are capable of providing a controlled air exchange and responding to the varying
needs of occupants as well as to pollutant loads. In general, incoming supply air is filtered
and some systems are equipped to recover heat from the exhaust air stream. Mechanical ven-

tilation is often essential in large office buildings where fresh air must penetrate to the centre
of the building and high heat gains can cause overheating.

The necessary ventilation quality depends on the amount and nature of contamination pre-
sent in a space. Two basic rules of thumb for ventilation rates are provided in the below:

1. Airflow for humans (25.2 m3/h per person)

2. Airflow to ventilate emission from construction materials (2.5 m3/h per floor area)
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= Approximately 30% of the energy delivered to buildings dissipates in departing ven-
tilation and exfiltration air streams.

* In buildings constructed to very high standards of thermal insulation, the proportion
of airborne energy loss can be much higher.

» Components and efficiency

The most comprehensive and complex ventilation systems consist of the following compo-

nents:
* Fans * Heat recovery systems
= Air-cleaning and filtration systems = Components for indoor air recircu-
*= Cooling and humidification sys- lation

tems = Control systems

All components are important when discussing energy efficiency. Many of the components
are selected during the design phase, but component maintenance and replacement often oc-
cur during the operation phase.

FANS

Fans are used in ventilating units to transport the air from various air intakes through the
duct system to the room which is to be ventilated. Every fan must overcome the resistance
created by having to force air through ducts, bends and other ventilation equipment.

This resistance causes a pressure drop whose size is critical when choosing the dimensions of
individual fans. Fans can be divided into two basic categories determined by the impeller’s
shape and operating principle: radial fans and axial fans.

Radial fan: Radial fans are used when a very high total pressure is required. The particular
characteristics of a radial fan are essentially determined by the shape of the impeller blades.

Axial fan: The simplest axial fan is a propeller fan. A freely rotating axial fan of this type has
a very poor efficiency rating, so most axial fans are built into a cylindrical housing. Efficiency
can also be increased by fitting directional vanes immediately behind the impeller to direct
the air more accurately. The efficiency rating can be 75% without directional vanes and up to
85% with directional vanes.

Efficiency of fans
Fan connections to the inlet and outlet must be designed in a specific way to avoid losses.

As a rule of thumb it can be said that the

= Duct diameter on the inlet side must have the same size as the inlet

= Duct diameter on the pressure side (outlet) must be 3 times larger than the duct di-
ameter on the inlet side.

Radial fan connections must be at least 5 times larger on the suction side (inlet), and the same
size as the duct diameter on the pressure side (outlet). Deviating connection sizes can result
in a greater pressure reduction. This extra pressure drop is called the system effect or system
dissipation, and can cause the fan to produce a smaller volume of air.

Specific fan power

There are now stringent requirements to ensure that power consumption in a building is as
efficient as possible so as to minimise energy costs. Specific fan power (SFP) has been intro-
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duced as a measurement of a ventilation system’s energy efficiency. The SFP for an entire
building can be defined as the power consumption of all the fans in the ventilation system
divided by the total air flow through the building. The lower the value, the more efficient the
system is at transferring the air. For example, in Norway the recommendations for public
sector purchasing are that the maximum SFP should be 2.0 when maintaining and repairing
ventilating units, and 1.5 for new installations.

To calculate the SFP the following information is required:

= Power of all fans in the system (kW)
= Volume flow of air in the system (m?/s)
SFP = P/V [kW/(m?/s)]

To obtain the power of all fans it is necessary to measure the kW input and the volume flow
with the appropriate instruments.

AIR-CLEANING AND FILTRATION SYSTEMS

There are two reasons for using filters in an air-handling unit:

= To prevent impurities in the outside air from entering the building
= To protect the unit’s components from contamination.
CONTROL SYSTEMS

Ideally, buildings should have minimal HVAC (heating, ventilation, and air conditioning)
systems. However, most modern urban buildings, due to their locations and building con-
straints, require more extensive electrical and mechanical systems with automatic control
equipment.
= The best control strategy allows occupants to directly manipulate simple and under-
standable building features such as windows or shades.
= Controls should provide immediate feedback on their effects.

= Controls should not require occupant attention to ensure safe, healthy indoor condi-
tions, low energy consumption or operating costs.

* Automatic building controls must ensure that the building operates efficiently re-
gardless of occupant behaviour.

All of the following system components are important when discussing energy efficiency:

Fans: While fans can offer an efficiency of 80 to 85%, the inappropriate choice and/or dimen-
sioning of a fan can result in an efficiency of less than 50%!

Air cleaning and filtration: Along with ensuring the proper condition of filters, all system
components require regular cleaning. Dust covering a heat recovery unit will decrease per-
formance from 80% to 20%.

Control systems: The potential energy savings gained from controllers can be up to 60% of
ventilation energy costs, depending on the building type and use as well as the local climate.
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Table 4.3: Best efficiency parameters
Parameters Functions

Direct digital control (DDC) Allows precise, flexible management of the electrical and mechanical parts
of a ventilation system. Digital controls can easily respond to building modi-
fications and changing occupancy needs throughout the life of the building.

Occupancy sensors Ensure that the air flow rate will be reduced or switched off when people are
not at their workspace/desk.

Daylight controls Allow occupants to adjust lighting according to their needs. Reduced elec-
tricity use translates into lower cooling loads, smaller HVAC equipment and
lower energy consumption.

Fan motor controllers Ensure that the motor speed is correctly matched to the load requirements
of the ventilation system.

Time clocks Provide very simple and low-cost controllers which often can be quickly in-
stalled.

4.5. FANS, BLOWERS, PUMPS AND SYSTEMS

Simple control changes are the first thing to consider with these component and equipment
types. Switches, timers, or other devices can be installed to ensure that they only operate
when needed by the process. The size of fans and pumps is then dictated by heat removal
requirements or process mass flow rates. Variable speed drives (VSDs) are another technique
for reducing process energy use. VSDs permit fans, blowers, and pumps to vary their speed
depending on process requirements. This can lead to significant savings for non-continuous
processes.

Fans, blowers and pumps are the mechanical conversion devices used to satisfy the require-
ments for fluid movement. In terms of consumption, they can easily account for 50% of all
electricity consumed in a plant. Though their individual efficiencies can reach up to 80%, is-
sues such as faulty application, misuse and lack of regular maintenance often mean that ex-
tensive savings opportunities have yet to be realised.

» Affinity law
Fan and pump systems share many similar characteristics and may thus be analysed, from
an energy perspective, in similar ways. Each is typically driven by a motor, either directly or
through a belt or gearbox. Both systems will frequently utilise centrifugal devices to create
motion in the fluid or air and as a result both systems are governed by a set of rules known
as affinity laws. The affinity laws describe the relationship between the required speed, flow,
pressure and power.

The power required for the movement of air or fluid in the system downstream of the fan or
pump is governed by the pressure drop presented by the system to the flow. Both systems
share significant losses in friction downstream and consequently share similar opportunities
for flow balancing, static and dynamic head (pressure) reduction and speed control rather
than throttling for flow control. Identifying energy savings opportunities in fan and pump
systems involves critically assessing the existing energy use.
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Table 4.4: Relationship between require speed, flow, pressure and power

Flow proportional to speed

100% 100%
&
2
5 2
- w
T 4
a
0 0
O N
0> N>

Varying the RPM by 10% de-
creases or increases flow deliv-

ery by 10%.

Pressure proportional to

(speed)’

sPEED  100%

P,

SP> E

Varying the RPM by 10% de-
creases or increases the static

pressure by 19%.

Power proportional to
(speed)’
100%
2
0

Wy (N
kWa> \ N2

Varying the RPM by 10% de-
creases or increases the power
requirement by 27%.

Where Q - flow, SP — static pressure, kW — power and N — speed (RPM)

Energy In

Meter

Motor

Drive

Distribution

Fan

Total Losses
= 80%

Filter

Damper

Typical
Component Efficiency

Meter 100 %
_Distribution 96 %
Motor 85%
Drive 98%
Fan 60%
Damper 70%
Filter 75%
Ductwork 80%
Overall 20%

Energy Out

Only
20%

Figure 4.10: Sankey diagram of fan system energy flows

The various losses shown in this Sankey diagram are itemised and defined in Table 4.5.

Table 4.5: Energy flows in a fan (pump) system

Energy flow

Electrical distribution
losses

Motor losses

Drive
losses

Fan (pump) losses

Description

Heat from resistance of
the wires

Heat created at the
motor during conver-
sion from electrical to
mechanical power

Heat created due to
friction in the bearings,
pulleys and belts.

Heat created due to
friction and fluid vis-

Key factors for
evaluation of flow

Voltage drop in wiring

Motor efficiency rating
and operating condi-
tions, namely applied
voltage, loading and
temperature

Belt tension, bearing
and belt temperature.

Fan (pump)
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Portable
instrumentation used for evaluation

Handheld power meter or clip-on
ammeter

Motor efficiency rating, temperature
measurement of motor, tachometer
to check motor loading speed

Infrared temperature measurement

Flow and pressure measurements



Energy flow Description

cous losses caused by
the fan (pump)

Damper Heat and pressure drop
(valve) losses created by friction
damper (valve)

Filter (strainer) losses Heat and pressure drop
created by airflow fric-
tion in filter (strainer)

Ductwork (pipework) Heat and pressure drop

losses created by friction be-
tween air (or water)
flow and ductwork

(pipework)
Air (water) power Quantity of air (water)
delivered power delivered at the

terminal point such as
the diffuser or outlet
(end-use heat exchang-
er)

» Assessment of fans and pumps
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Key factors for
evaluation of flow

Highest efficiency rating
at operating point de-
fined by flow rate and
pressure drop as speci-
fied by the fan (pump)
curve

Damper (valve) setting
and pressure drop inlet
to outlet

Pressure drop across
filters (strainers)

Pressure drop per unit
length or overall

Pressure difference and
flow achieved at the
end-use point

Portable
instrumentation used for evaluation

Differential pressure measurement

Differential pressure measurement

Differential pressure measurement

Flow and pressure measurement

Fans and pumps work in conjunction with a fluid distribution system. When operated out-
side the ideal operating range (with pressure or flow rates that exceed or fall below specified
norms), their reasonable efficiencies can fall dramatically. Thus, the following approach is

suggested:

Determine the flow requirement and match the delivered flow in time and volume. Analyse
the fluid distribution systems. Estimate and quantify the pressure drop, since a pump/blower
supplier needs this data to advise you on the correct design and capacity of the pump/blower
system. Look for ways to reduce resistance to flow. Ensure that the pump or fan is suitable

for the application and is operating
pump/fan selection.

at near optimal conditions - if not reconsider the

Maximum

Figure 4.11 shows the relation-
ship between pressure, flow and
the optimum operating point for
a centrifugal pump. The most
efficient operation of the pump-
ing system is at the optimum
point where the flow restriction

Total Head (metres)

Head -Capacity !

Efficiency at

e it | this Point

Efficiency (%)

reaches its minimum. A similar
set of relationships exists for cen-
trifugal fans and blowers.

Capacity (litres/sec)

Figure 4.11: Optimum pump operation
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» Selected savings opportunities

More detailed analysis is required to realise the following opportunities:

CLEAN AND BALANCED AIR DISTRIBUTION SYSTEMS

Poorly maintained air distribution systems will increase the power required by the fan to cir-
culate air. Avoid excessive closing of dampers when balancing a system. Consider fan speed
and hence flow reductions after balancing a system in order to minimise the use of dampers
for flow control.

CHECK OVERALL FAN/PUMP SIZING AND EFFICIENCY

Subsequent changes to the initial design of a system can result in inefficient fan/pump opera-
tion. This occurs when the conditions imposed upon the fan/pump are not ideal for the type
and/or size of the fan/pump. By re-considering the design and operating conditions of the
fan/pump, it may be possible to make changes that will result in higher efficiency.

ELIMINATE AIR FLOW REDUCTION WITH DAMPERS/FLUID FLOW CONTROL WITH VALVES

Controlling the capacity of air/fluid

that a system delivers by speed con- Throttling
_ . HP Method
trol is far more efficient than conven- 25 \
tional methods of flow control such . : PR
1 1 1 v - .
as discharge dampers/inlet guide 2 ! \ et > Vgrlabée
: S VRS SRR S, JEY. S 09 pee
vanes on fans or throttling valves on S : K / Method
pump systems. 15 . " | Power '
USEABOOSTER FAN/PUMP | , v 'Sa_"_mgt N .
When a fan/pump is operating under 10 _| .-\ ___|_____ , _____ A
a relatively high pressure differential, S ,' ! !
it may be possible to increase system 5_1 _____ \ V, _____ S .
efficiency and reduce power re-
quirements by utilising a booster 0 ‘ l l [ |

fan/pump to assist the main

40% 60% 80% 100% FLOW

Figure 4.12: Power—flow relationship

fan/pump. Check for pump systems
that are operating in a series or in
parallel. This may be an indication that the initially selected pump was of the wrong design
or that the system’s head capacity has changed significantly.

REDUCE FAN/PUMP SPEED

When the speed of a centrifugal fan or pump is reduced by 50%, the delivered flow is also
reduced by 50% but the power required to drive that fan/pump may be reduced by up to
87.5%. Methods of decreasing the speed include installing a two-speed motor, making sheave
or pulley changes, using a mechanical variable speed device, or installing an electrical VSD
that is appropriate to the application at hand. Even small reductions in centrifugal fan/pump
speed will result in large reductions in power. Figure 4.12 illustrates this savings opportuni-

ty.

Example 4: An energy audit was carried out for a fan. It was observed that the fan was delivering
16,000 Nm?3/h of air with a static pressure rise of 55 mm water column. The power measurement of the
3-phase induction motor coupled with the fan recorded 2.1 kW/phase on average. The motor operat-
ing efficiency was assessed as 86% from the motor performance curves.

What would be the fan static efficiency?
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Solution

Q =16,000 Nm3/hr = 4.444 m3/s

SP =55 mm WC,

st =?

Power input to motor (for three phase) =2.1 x 3 =6.3 kW

Power input to fan shaft = 6.3 x 0.86 = 5.418 kW

Fan static n

3
.. m g
volume in—X AP in mm WC

102 X power input to shaft

=4.444 x 55
102 x 5.418

=0.4423 =44.23%

Fan speed can be increased or decreased with a change in the drive pulley or driven pulley.

° 10" 261

1470 RFIL 1181 RFIL

o 10" 14 X'V

1470 RFM SSIFFLI

Pump efficiency explained using an example:

Example 5: Example: A centrifugal pump is pumping 70 m3/h of water with a discharge head of 5
kg/cm? gand a negative suction head of 3 metres. If the power drawn by the motor is 16 kW, find out
the pump efficiency. Assume motor efficiency as 90% and water density as 1000 kg/m3.

Solution:
Hydraulic power Prn=Q (m?/s) x total head, ha— hs (m) x @ (kg/m?) x g (m/s?) / 1,000
Q=70/3,600 m¥s, ha—hs=50 — (-3) = 53 m
Hydraulic power Prn= (70 / 3,600) x 53 x 1,000 x 9.81 / 1,000
=10.1 kW
Pump shaft power =16 kW x 0.9
=144 kW

Pump efficiency = Hydraulic power / pump shaft power =10.1 /14.4 = 70%
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4.6. POWER GENERATING EQUIPMENT: DIESEL, NATURAL GAS AND SOLAR
PHOTOVOLTAICS

DIESEL GENERATORS

The diesel engine is a type of internal combustion engine; more specifically, it is a compres-
sion ignition engine. The fuel in a diesel engine is ignited by sudden exposure to the high
temperature and pressure of an oxygen-containing compressed gas (usually atmospheric
air), rather than a separate source of ignition energy (such as a spark plug). This process is
known as the diesel cycle after Rudolf Diesel, who invented it in 1892.
Generator sets produce either single-phase or three-phase power. Most homeowners require
single-phase power whereas industrial or commercial applications usually require three-
phase power. Diesel engine generators are recommended due to their longevity and lower
operating costs. Modern diesel engines are quiet and generally require much less mainte-
nance than comparably sized gas (natural gas or propane) units.

» Diesel engine generators — industrial applications
Diesel generators are designed to meet the needs of small and medium-sized businesses
apart from heavy usage in industries. Most modern generators are engineered to satisfy
emergency power requirements. These units continuously monitor the electrical current and
automatically start up if the power is interrupted and switch off when it returns. In indus-
tries, during critical processes, generators can supply emergency power to all vital and se-
lected loads as desired.
ENERGY SAVING OPPORTUNITIES IN OPERATING DG SETS

1. Ensure steady load conditions on the DG set & provide cold and dust-free intake air.

2. Improve air filtration.

3. Ensure fuel oil storage, handling and operation as per the manufacturer’s guidelines
or oil company data.

Consider fuel oil additives.
Calibrate fuel injection pumps periodically.
Ensure compliance with maintenance checklists.

Ensure balanced electrical loading.

® N O e

In the case of base load operations, consider a waste heat recovery system.

IMPACT OF UNBALANCED LOADING ON DG SET

Always try to keep loads as balanced as possible, since unbalanced loads can increase losses,
elevate heating requirements and decrease efficiency. They also result in unbalanced output
voltages. An unbalanced load between phases should not exceed 10% of the capacity of the
generating sets.

Example 6: A diesel gen-set is operating at 800 kW load with 480°C exhaust gas temperature. The DG
set produces 8 kg gas per kWh generated, and the specific heat of gas at 0.25 kCal/kg °C. After the in-
stallation of a heat recovery boiler, the exhaust gas temperature is reduced to 180 °C. How much
steam will be generated at 3 kg/cm? with an enthalpy of 650.57 kCal/kg? Assume a boiler feed water
temperature of 80 °C.

Solution:

144



MODULE 4: ENERGY EFFICIENCY IN INDUSTRIES: ELECTRICAL APPLICATIONS

Quantity of flue gas =800 x 8
= 6,400 kg/h

Heat recovered = 6,400 x 0.25 x (480 — 180)
= 480,000 kcal/h

Quantity of steam generated = 480,000 / (650.57 — 80)
=841 kg/h

Example 6: A 180 kVA, 0.80 PF rated DG set has a diesel engine rating of 220 BHP. What is the maxi-
mum power factor which can be maintained at full load on the alternator without overloading the DG

set? (Assume alternator losses and exciter power requirement as 5.60 kW and there is no derating of
the DG set.)

Solution:
Engine rated power =220 x 0.746 =164 kW
Rated power available for alternator =164 — 5.6 = 158.4 kW

Maximum power factor possible = 158.4 / 180 = 0.88

STEP-BY-STEP APPROACH FOR CONDUCTING AN ENERGY PERFORMANCE ASSESSMENT OF A DG SET ON THE SHOP
FLOOR

The routine energy efficiency assessment of DG sets on the shop floor involves the following
typical steps:
1) Ensure reliability of all instruments used for trial.
2) Collect technical literature, characteristics, and specifications of the plant.
3) Conduct a two hour trial on the DG set, ensuring a steady load, wherein the following
measurements are logged at 15 minutes intervals:
a) Fuel consumption (by dip level or by flow meter)
b) Amps, volts, PF, kW, kWh
c) Intake air temperature, relative humidity (RH)
d) Intake cooling water temperature
e) Cylinder-wise exhaust temperature (as an indication of engine loading)
f) Turbocharger RPM (as an indication of loading on engine)
g) Charge air pressure (as an indication of engine loading)

h) Cooling water temperature before and after charge air cooler (as an indication of
cooler performance)

i) Stack gas temperature before and after turbocharger (as an indication of turbocharger
performance)

4) Refer to oil company data for the fuel oil/diesel analysis.
5) Analysis: The trial data is to be analysed with respect to:

a) Average alternator loading
b) Average engine loading

c) Percentage loading on alternator
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d) Percentage loading on engine
e) Specific power generation in kWh/litre

f) Comments on turbocharger performance based on RPM and gas temperature differ-
ence

g) Comments on charge air cooler performance

h) Comments on load distribution among various cylinders (based on exhaust tempera-
ture; temperatures ranging +5% of mean and high/low values indicate a disturbed
condition)

i) Comments on housekeeping issues like drip leaks, insulation, vibrations, etc.

NATURAL GAS GENERATORS

Natural gas is often informally referred to simply as “gas”, especially when compared to
other energy sources such as oil or coal. However, it is not to be confused with gasoline, es-
pecially in North America, where the term gasoline is often shortened to “gas” in colloquial
usage.

» Steam generation units

Natural gas can be used to generate electricity in a variety of ways. The most basic natural
gas-fired electric generation consists of a steam generation unit, where fossil fuels are burned
in a boiler to heat water and produce steam that then turns a turbine to generate electricity.
Natural gas may be used for this process, although these basic steam units are more typical
of large coal or nuclear generation facilities. Basic steam generation units have a fairly low
energy efficiency. Typically, only 33 to 35% of the thermal energy used to generate the steam
is converted into electrical energy in these types of units.

» Centralised gas turbines

Gas turbines and combustion engines are also used to generate electricity. In these types of
units, instead of heating steam to turn a turbine, hot gases from burning fossil fuels (particu-
larly natural gas) are used to turn the turbine and generate electricity. Gas turbine and com-
bustion engine plants are traditionally used primarily for peak load demands, as it is possible
to switch them on both quickly and easily. These plants have increased in popularity due to
advances in technology and the availability of natural gas. However, they are still traditional-
ly slightly less efficient than large steam-driven power plants.

» Combined-cycle units

Many of the new natural gas-fired power plants are known as “combined-cycle” units. In
these types of generating facilities, there is both a gas turbine and a steam unit, all in one. The
gas turbine operates in much the same way as a normal gas turbine, using the hot gases re-
leased from burning natural gas to turn a turbine and generate electricity. In combined-cycle
plants, the waste heat from the gas-turbine process is directed toward generating steam,
which is then used to generate electricity much like a steam unit. Because of this efficient use
of the heat energy released from the natural gas, combined-cycle plants are much more effi-
cient than steam units or gas turbines alone. In fact, combined-cycle plants can achieve ther-
mal efficiencies of up to 50 to 60%.
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» Distributed generation

Until recently, methods of generating power have been discussed in the context of large, cen-
tralised power plants. However, with recent technological advancements has come a trend
towards what is known as “distributed generation”. Distributed generation refers to the
placement of individual, smaller sized electric generation units at residential, commercial,
and industrial sites of use. These small-scale power plants, which are primarily powered by
natural gas, operate with small gas turbines or combustion engine units, or natural gas fuel
cells.

Distributed generation can take many forms, from the small, low output generators used to
back up the supply of electricity obtained from the centralised electric utilities to the larger,
independent generators that supply enough electricity to power an entire factory. Distribut-
ed generation is attractive because it offers electricity that is more reliable, more efficient, and
cheaper than purchasing power from a centralised utility. Distributed generation also allows
for increased local control over the electricity supply, and cuts down on electricity losses dur-
ing transmission. Below is a discussion of the various forms of natural gas-fired distributed
generation.

Because of the extensive natural gas supply infrastructure and the environmental benefits of
using natural gas, it is one of the leading choices for on-site power generation in Nigeria.
There are a number of ways in which natural gas may be used on site to generate electricity.
Fuel cells, gas-fired reciprocating engines, industrial natural gas-fired turbines, and micro
turbines are all popular forms of using natural gas for on-site electricity needs.

» Industrial natural gas-fired turbines

Industrial natural gas-fired turbines operate based on the same concept as the larger central-
ised gas turbine generators discussed above. However, instead of being located in a central-
ised plant, these turbines are located in close proximity to the future usage site of the electric-
ity being generated. Industrial turbines produce electricity through the use of high-
temperature, high-pressure gas to turn a turbine that generates a current. They are compact,
lightweight, easily started, and simple to operate. This type of distributed generation is
commonly used by medium-sized and large establishments, such as universities, hospitals,
commercial buildings and industrial plants, and can achieve an efficiency of up to 58%.

In contrast with distributed generation, the heat that would normally be lost as waste energy
can easily be harnessed to perform other functions, such as powering a boiler or space heat-
ing. Such installations are known as combined heat and power (CHP) systems. These sys-
tems make use of heat that is normally wasted in the electric generation process, thereby in-
creasing the energy efficiency of the total system.

In addition, on-site natural gas turbines can be used in a combined-cycle unit, as discussed
above. Due to the advantages of these types of generation units, a great deal of research is
being put into developing more efficient, advanced gas turbines for distributed generation.

» Natural gas-fired reciprocating engines

Natural gas-fired reciprocating engines are also used for on-site electric generation. These
types of engines are commonly known as combustion engines. They convert the energy con-
tained in fossil fuels into mechanical energy which rotates a piston to generate electricity.
Natural gas-fired reciprocating engines typically generate an output ranging from less than 5
kW up to 7 megawatts (MW), meaning they can be used as small-scale residential backup
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generators to a base load generator in industrial settings. These engines offer efficiencies
from 25 to 45%, and can also be used in a CHP system to enhance energy efficiency.

Fuel cells are becoming an increasingly important technology for the generation of electricity.
They are much like rechargeable batteries, except instead of using an electric recharger; they
use a fuel such as natural gas to generate electric power even when they are in use. Fuel cells
for distributed generation offer a multitude of benefits, and are currently an exciting area of
innovation and research for distributed generation applications.

SOLAR PHOTOVOLTAICS

» Global solar photovoltaic (PV) industry statistics

Global solar photovoltaic capacity has grown from around five gigawatts in 2005 to slightly
below 230 gigawatts in 2015, by which time cumulative solar PV installations had already
reached some 35.7 gigawatts in Germany alone. The projected worth of the residential solar
PV market in the United States was around 4.7 billion USD for 2016.

In 2013, the global market for solar photovoltaic manufacturing was sized at just over 90 bil-
lion US dollars, with China being the largest market for solar cells and modules. China was
home to seven of the world’s ten leading solar module manufacturers in 2015. In 2011, the
country’s share of the global photovoltaic market reached 50%, thus eclipsing the revenue
generated by Germany’s PV industry, which saw major companies leaving the market over
the past four years, including Sunfilm and Q-Cells. As a result of the price war initiated by
Chinese firms, the United States imposed anti-dumping tariffs against several Chinese manu-
facturers in 2012, while the European Union set a price floor on solar modules at EUR 0.56
(or approximately USD 0.74) in 2013.

» How solar cells work

Sunlight is composed of miniscule particles called photons, which radiate from the sun. As
photons strike the silicon atoms of the solar cell, they transfer their energy to “non-bonded”
electrons, thus removing them from their orbital sphere. Photons could be compared to the
white ball in a game of pool, which passes on its energy to the coloured balls it strikes.

Freeing up electrons is, however, only half the work of a solar cell: it then needs to “herd”
these stray electrons into an electric current. This involves creating an electrical imbalance
within the cell, comparable to a downward slope along which the electrons all move in the
same direction.

Creating this imbalance is made possible by the internal organisation of silicon. Silicon atoms
are arranged together in a tightly bound structure. By squeezing small quantities of other el-
ements into this structure, two different types of silicon are created: n-type silicon, which has
spare electrons, and p-type silicon, which is missing electrons, leaving “holes” in their place.
When these two materials are placed side by side inside a solar cell, the n-type silicon’s spare
electrons jump over to fill the gaps in the p-type silicon. This means that the n-type silicon
becomes positively charged, and the p-type silicon negatively charged, creating an electric
field across the cell. Because silicon is a semiconductor, it can act as an insulator to maintain
this imbalance.

As the photons “smash” the electrons off the silicon atoms, this charge field drives them
along in an orderly manner, providing the electric current to power calculators, satellites and
everything in between.
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» Efficiency

Electrical efficiency (also called conversion efficiency) is a contributing factor in the selection
of a photovoltaic system. However, the most efficient solar panels are typically the most ex-
pensive, and may not be commercially available. Therefore, selection is also driven by cost
efficiency and other factors. The electrical efficiency of a PV cell is a physical property which
represents how much electrical power a cell can produce for a given insolation. The basic ex-
pression for the maximum efficiency of a photovoltaic cell is given by the ratio of output
power to the incident solar power (radiation flux multiplied by area):

_ Pmax
" ExAcell

The efficiency is measured under ideal laboratory conditions and represents the maximum
achievable efficiency of the PV material. Actual efficiency is influenced by the output voltage,
current, junction temperature, light intensity and spectrum.

n

The most efficient type of solar cell to date is a multi-junction concentrator solar cell with an
efficiency of 46.0%, first produced in Germany in December 2014. The highest efficiencies
achieved without concentration include 35.8% using a proprietary triple-junction manufac-
turing technology in 2009, and 40.7% also using a triple-layer design.

One of the major causes for the decreased performance of cells is overheating. The efficiency
of a solar cell declines by about 0.5% for every one degree increase (in Celsius) in tempera-
ture. This means that a 100 degree increase in surface temperature could decrease the effi-
ciency of a solar cell by about half. Self-cooling solar cells are one solution to this problem.
Rather than using energy to cool the surface, pyramid and cone shapes can be formed from
silica, and attached to the surface of a solar panel. Doing so allows visible light to reach the
solar cells, but reflects infrared rays (which carry heat).

» Photovoltaic panels and systems

Photovoltaic (PV) panels convert O
sunlight directly to electricity.

Although sunlight is free and
abundant, solar electricity is still
usually more expensive to pro-

duce than large-scale mechanical- . D T ITSROEN

ly generated power due to the ' LOW VOLTAGE (OPTIONAL)

cost of the panels. Low-efficiency _ R

silicon solar cells have been de- O <+——— i ——> [l AC CIRCUITS

creasing in cost and multi- ~ CONTROLLER

junction cells with a conversion b

efficiency of nearly 30% are now EiEEE - »
STAND-ALONE

commercially available. Over 40% P T R A YOR BACKI

efficiency has been demonstrated
in experimental systems. Until
recently, photovoltaics were most commonly used in remote sites without access to a com-
mercial power grid, or as a supplemental electricity source for individual homes and busi-
nesses. Recent advances in manufacturing efficiency and photovoltaic technology, combined
with subsidies driven by environmental concerns, have dramatically accelerated the de-
ployment of solar panels.

Figure 4.13: Stand-alone solar PV hybrid system setup
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Solar PV systems can either be designed as stand-alone (no utility connection, with battery
storage) or grid-connected (utility power for times when the PV system cannot supply elec-
tricity) installations. The latter type of installation makes it possible to feed electricity from
the PV system into the grid in times of excess power. Significant growth of the global PV
market has generated economies of scale, thus leading to a major decrease in PV prices.

» Rooftop and building-integrated systems

Photovoltaic arrays are often

—_—_— 4 , ' &
associated with buildings: either . 3 / / J
integrated in building structures, H ’ gy f T — /
mounted on buildings, or CEl T T S v ' // / / ‘
mounted nearby on the ground. // /’
Rooftop PV systems are most PANEL STRING
Some mochdes. suenmbled A number of panel
often retrofitted onto existing a2 3 commen STIUCTLU  intesconnected in series
buildings, usually mounted on ’/ // 77/ /; 7777/ //
. . y '-’ /J / / / / /
top of the existing roof structure 'S S S
o 7T 7T
or on the existing walls. A // / L] / / f
. VAV j _ i
Alternatively, an array can be !/ /” /7 / / / y e // // /
located separately from the Phassveitaic Gerwerator
. . A number of 2 intesconnected in paraliel 1o obtain the required povwer
building but connected by cable i : =
to supply power for the bUﬂding- Figure 4.14: Solar PV system: Cell, module, panel, string

Building-integrated photovoltaics

(BIPV) are increasingly incorporated into the roof or walls of new domestic and industrial
buildings as a principal or ancillary source of electrical power. Roof tiles with integrated PV
cells are sometimes used as well. Provided there is an open gap in which air can circulate,
rooftop-mounted solar panels can provide a passive cooling effect in buildings during the
day and also keep accumulated heat in at night. Typically, residential rooftop systems have
small capacities of around 5 to 10 kW, while commercial rooftop systems often amount to
several hundreds of kilowatts. Although rooftop systems are much smaller than ground-
mounted utility-scale power plants, they account for most of the installed capacity
worldwide.

Inside modules the cells are encapsulated between two protective layers, which can be made
of glass (glass—glass modules) or transparent plastic resins (transparent plastics—transparent
plastics modules). Combinations exist with glass as the upper or front layer and transparent
plastics as a backing layer (glass—transparent plastics modules) as well as with flexible or
folding modules made of amorphous or thin-film microcells. Fixed modules are usually sup-
plied with an aluminium frame around the circumference, used to suspend or attach mod-
ules to the supporting structures. A distribution/junction box with electric connections is lo-
cated at the back of the panel.

PROSPECTS FOR USE IN RURAL AREAS

The development and distribution of solar and wind energy technologies are two high priori-
ty objectives, provided that such installations do not disturb the landscape and the existing
habitat and that they be implemented in the best way possible. Today, the most promising
semiconductor material generally used for the production of photovoltaic cells is silicon. It is
used in various forms: as single-crystal, polycrystalline and amorphous silicon. The first two
types of silicon have meanwhile become widespread options in the marketplace. In the elec-
tronics industry (semiconductors), where requirements for material purity are quite high,
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single-crystal and polycrystalline silicon are manufactured in part by processing waste mate-
rial.

In photovoltaics technology, these requirements are much lower. Silicon is widespread due
to its reliability. Typically, its colour is blue but it can be produced in other colours as well —
i.e. in the yellow, green and red range. Quite interesting is, moreover, the so-called “thin-
film” technology for the production of photovoltaic cells, which takes the form of industrial-
quality “sheets” with a thickness of some tenths of a millimetre. Some of these products are
very light and flexible, which makes them suitable for non-standard installation conditions
(e.g. uneven surfaces), as well as for car and boat installations and for the power supply of
specific equipment (radiophones, battery charging, etc.). Solar cells are an intermediate
product of the photovoltaic industry: their voltage and current levels are limited compared
to those typically required by units. They are also very fragile and lack both electrical insula-
tion and mechanical support. Solar cells are therefore installed in such a way that they form a
complex structure. This structure is also known as a “photovoltaic module”, in other words,
a “sandwich” comprising materials with good conductivity and resistance and a middle part
which is the cell’s surface.

Modules are the major component of all types of photovoltaic systems. They are integrated
into a structure called a panel. When modules are interconnected in a series, the total current
becomes equal to that of the module generating the least current, the total voltage being the
sum of the voltages of the individual modules. A number of modules interconnected in a se-
ries form a “string”. A number of strings interconnected in parallel make a “photovoltaic

generator”. ) )
Comumption (DC)

Stand-alone installations

are generally used to pro- - C“‘( .
vide electricity to custom- ‘ “"'M'm
ers located in hard-to- | | | B | |

|

access areas. As electricity b
consumption is usually ..., |
limited in such regions, the 4 Electrical Conswmption
costs for a connection with AC
the power grid are not jus-
tifiable. Photovoltaic instal- Figure 4.15: Isolated (stand-alone) system

lations generally offer a

Batery

more economical power-supply alternative at distances of over 3 kilometres from the existing
electricity distribution grid. Currently, the following types of installations are most widely
spread:

FLAT PASSABLE ROOFS

This type of roof can be found most often in larger residential areas mainly on reinforced
concrete and/or steel structure buildings as well as multi-storey (multifunctional systems)
and single-storey (mono-functional systems) structures. Undoubtedly, flat roofs are the most
suitable option for photovoltaic system installations, as there are no restrictions to their ori-
entation. Modules are installed onto individual support structures and the system can be set
up at an optimum orientation to maximise annual energy generation. In terms of appearance,
however, this option does not always offer the best solution.
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SLOPED TILE ROOFS

Sloped roofs covered with tiles are typical for geographic areas with severe winters and fre-
quent snowfalls. Modules are installed onto the sloped roofs of buildings. The slope deter-
mines the efficiency of the installation and the energy yield can therefore be suboptimal. On
the other hand, support structures may not be required. This option offers more pleasant aes-
thetics due to the visual harmony between the building and the installation.

» Facade systems

Building facades can provide large areas and a high potential for very aesthetic installations,
especially when combining photovoltaic systems with other components like glass surfaces.
Building-integrated installations have various different advantages:

= They do not require special-purpose areas for installation and thus occupy surfaces
that normally go unused. There is no additional impact on the environment. New ar-
eas are not occupied, as is the case with power plants, where modules are installed on
the ground and arrays should be spaced far enough apart to prevent shading between
rows. Ground modules occupy twice as much space as the useful surface on the
module that generates energy from sunlight.

= Some materials used for supporting structures (typical features of power plants) can
be avoided by using existing structures provided by the building. Moreover, part of
the materials for covering a building can be replaced by photovoltaic cells, function-
ing in this case as a real roofing structure. Of course the savings mentioned above are
obtained only when the photovoltaic system is designed simultaneously with the
building and cannot be achieved in the case of modifications, i.e. subsequent changes
to existing building structures.

= Integrated photovoltaic systems not only generate electricity but also improve and
optimise energy flows between a building and the environment.

» Major components of a photovoltaic system

The three major components of a photovoltaic system are modules, the inverter and the elec-
tric meter. A module generates electricity by converting sunlight into a constant type of elec-
trical voltage, like the voltage in batteries. An inverter converts constant voltage into alter-
nating voltage, i.e. similar to the domestic voltage used by household appliances (washing
machines, TV sets, etc.). Grid-connected facilities are also equipped with an additional elec-
tric meter: the inverter converts direct current electricity generated by photovoltaic modules
connected in series into alternating current. AC is then fed to the power grid, supplying the
electrical installation of the consumer. An additional electric meter registers the redundant
energy (i.e. energy not used by the consumer), which is then fed to the national electrical dis-
tribution grid.

» Sizing and energy output

Photovoltaic cells are sized to meet the electricity requirements — in full or in part — of the
consumers for whom they are installed. With stand-alone systems, batteries are designed and
installed to meet 100% of the consumer electricity demand at any isolation status. With a
grid-connected photovoltaic system, cells can be sized to meet a different percentage of elec-
tricity consumption as well as to generate more electricity than the required total; redundant
electricity is then fed to the power grid.
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Many parameters affect system sizing. One is electricity consumption (daily, monthly or an-
nually). Selecting low-consumption devices such as special pumps and refrigerators, energy-
saving lamps, etc., is an important measure. If the energy demand is low, a smaller photovol-
taic system can be used, meaning a lower purchasing cost, more limited usage (daily, month-
ly, seasonally) and a smaller installation area. If more space is available, more adequate
modules with lower conversion efficiency can be used. The geographic location of the instal-
lation (latitude), available sunlight (daily duration, intensity) and average ambient tempera-
ture are additional factors for system sizing.

To assist the sizing process, available sunlight should be assessed horizontally along with the
light effectively captured by the respective module surface with its specific angle and orien-
tation. Shadow assessment can be done using a diagram of sun trajectories. It is essential for
the system to be exposed to the sun during most daylight hours throughout the year. A total
consumption analysis goes through the following stages:

1. Assessment of the consumption of available electrical appliances as well as their max-
imum operating capacity.

2. Assessment of the possible interventions to reduce electrical consumption. Almost all
interventions to save electricity and use high-efficiency appliances result in cutting
the costs for a photovoltaic system. The use of photovoltaics is effective only when
other consumption-reduction strategies are simultaneously applied. According to this
approach, the assessment of a widely used photovoltaic system (in a residential
dwelling, tourist site or small enterprise) can be unbiased (fair) only when the possi-
ble electricity-saving measures have been accounted for as well.

3. Assessment of optimised electric consumption.

For grid-connected photovoltaic systems, sizing is not as important as for stand-alone sys-
tems. The grid can also meet the consumer demand when there is no sunlight.

» Conditions for installation: Functioning

Photovoltaic modules can be located on any part of a building owned by a consumer. Their
technical feasibility is determined by the installation site as well as by the following factors,
which should be inspected in situ by the designer or installation engineer:

= Availability of the required area for module installation (useful area of about 8-10 m?
kW of installed capacity is required);
= Correct exposure and inclination of the area mentioned above.

For Italy, for example, the optimum conditions are southern exposure (southeast and south-
west are also acceptable with a limited loss in productivity), an inclination angle of 30 to 35°
and no obstacles for sunlight.

Main technical and architectural installation options:

=  Modified location above the roof
* Incorporated in the roof
= On balcony

* Incorporated in vertical facade
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» Power grid connection

Within the group of grid-connected systems, we can distinguish between power plants and
building-integrated installations. Power plants feature a high capacity (from tens of watts to
several megawatts) and they are designed for the centralised generation of electricity which
then is supplied to a national or local grid. These are plants for electricity generation and
supply. Integrated installations have recently gained great popularity and importance, with
the possibility of connecting them to the electrical distribution grid making them even more
significant. Integrated installations use building roofs and facades as the basic area for pho-
tovoltaic modules and aim at meeting the electricity demand of the consumers for whom
they are installed (distributed generation). Therefore, they have a relatively low capacity
(from several kilowatts to tenths of kilowatts). Grid connections enable more flexible sizing.
With stand-alone systems, photovoltaics and storage batteries need to ensure the entire an-
nual consumption of a consumer. However, with a grid-connected photovoltaic system, this
is not necessary, because the power grid serves as a practically unlimited storage battery. Siz-
ing can therefore be done on the basis of other parameters, like the available effective area on
a given roof or the initial investment budget.

Integrated photovoltaic installations can be classified according to the location and arrange-
ment of the modules on the roofing areas of a building. Within grid-connected systems,
building installations have various advantages compared with power plants:

= Integrated systems generate electricity exactly where it is required, thus considerably

reducing transmission losses, which can reach 7 to 10% in a single grid.

= Electricity generation during sunlight hours helps decrease demand from the grid
during the day, this being the period of highest consumption. Assuming the large-
scale development of photovoltaic system integration in newly constructed buildings,
we can envisage an equalisation of the daily peaks in electricity demand curves corre-
sponding to the most expensive periods of energy generation. This is an interesting
alternative, particularly when considering the increasing use of air conditioning sys-

tems in residential and public buildings.

= Finally, the use of these systems is an incentive for the revival of better “energy
awareness” among customers, which will have a positive effect on the current global
energy situation as rational and efficient energy use becomes more indispensable.

= Customers who generate electricity and own installations will tend to use electricity
more reasonably. Research has shown a considerable decrease in the amount of elec-

tricity consumed in dwellings where home owners had installed with photovoltaic
installations.

Note: Recommended measures for saving energy in electrical applications must be serviceable by the
on-site technical team of the client. They must be financially viable to ensure cost savings reducing
expenditure of the client.
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5. ENERGY EFFICIENCY IN BUILDINGS

About this module
This module explores the gains of energy-efficient buildings in accordance with existing standards.
Trainees will learn the fundamentals of building energy management and proper methods for
achieving energy gains.
Learning outcomes
At the end of this module, the participant is able to

= Describe the fundamentals of building energy management

=  Appreciate the importance of building management systems (BMS)

= Identify energy consumer groups in a building

= Collect and analyse data gathered

* Develop, analyse and recommend energy conservation measures

= Prepare, present and defend proposals

* Implement measures

5.1. ELEMENTS OF THE BUILDING ENERGY MANAGEMENT PROCESS
BUILDING ENERGY MANAGEMENT SYSTEMS

» Residential sector

The share of the residential sector in TEC for Nigeria in 2011 was almost 80%. This share is an
estimate from International Energy Agency (IEA) energy statistics and should be used with
caution as a preliminary indication of the weight of the residential sector relative to the other
sectors, as there may be difficulties separating the consumption of the residential sector from
the services sector for several end uses and energy forms.

While the share of the residential sector in TFC varies widely from country to country, so do
the shares of the respective energy sources consumed in this sector. Globally, the residential
sector consumes almost a quarter of world TFC, but it accounts for the consumption of 74%
of biomass, 30% of natural gas, 27% of electricity and only 6% of oil.

» Energy management system (EnMS)
The development of an energy policy is the starting point for effective energy management.
Although some companies and municipalities may already have taken action to reduce their
energy bill, few have recognised the need for structured and formalised measures that start
with an energy policy. Steps to developing such a policy include:

= Discussing the strengths and weakness of the energy system,

* Understanding interdependencies of individual departments,

= Discussing possible future developments

* Being aware of the strong dependency on fossil fuels and external suppliers.

Experience shows that when developing an energy policy, staff must have a clear under-
standing about why such a document is needed in the first place as well as the benefits it is
likely to bring. The development of an energy management system (EnMS) is an elaborate
and time-consuming process, so staff must be motivated to play an active role. For staff
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members to participate, they must be convinced that this extra work will result in actual ad-
vantages.

» EnMS within the company/municipality

In the first place it is important to visualise the energy consumption to establish a common
understanding about key figures. As data about losses, weaknesses and strengths is often
unavailable, the Energy Manager should focus on these areas (i.e. where no data is available
and no information could be collected). In the beginning, invoices are often the first and only
available source that provides an overview of the energy system. Focusing on black boxes
like a “company” or a “municipality” might lead to the realisation that additional work is
necessary to understand the actual costs, consumption, losses and improvement potentials.

Staff members are the most important resource for the realisation of saving potentials.
Adopting and maintaining best practices in the workplace can result in a 20% reduction in
total energy. It is therefore essential to involve staff in the development of policy statements.
As this can be a very time-consuming process, it might be a good idea to contact staff via a
short questionnaire before the actual policy statement is drafted. Survey staff members re-
garding areas in which losses occur and strategies that could be implemented to increase en-
ergy efficiency. The results then may be used to formulate the policy.

After brainstorming, discuss contributions to reach a common understanding. Summarise
and distribute statements for additional comments and suggestions. Explaining individual
statements and consequences in greater detail can also be helpful.

The project group then decides about the last modifications and prepares the final policy,
which senior management will then be asked to officially sign and support. Management is
responsible for implementing the energy policy at the company and the document in ques-
tion presents guiding principles.

At least one of the following strategies should be chosen and implemented:

= Energy policy on notice boards

* Energy policy in company/municipality magazine

= DPolicy presentation in direct meetings

= Policy-related articles in local newspapers and trade publications
* Email signatures

Energy systems, factors influencing their management (EnMS) and the organisations in
which they are found are never in a static state but instead continuously changing. An ener-
gy policy is therefore not set in stone; it must be adapted from time to time. Energy Manag-
ers must be aware that the policy must be revised in the following situations:

= Changes in the external pressures on the company/municipality, e.g. introduction of
new legislation (e.g. emissions trading), changing markets

= Corporate changes, e.g. company merger

= Site changes, e.g. introduction of a new product range or production process

= Changes in stakeholder pressures, e.g. growing public concern about a particular is-
sue
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» EnMS documentation

The primary purpose of energy management documentation is to provide a good description
of the energy management system. The energy management manual should act as a perma-
nent reference for the implementation and maintenance of the system.

» Energy management manual

Documentation of policy, objectives and targets, management programmes, key roles and
responsibilities, and the interaction of system elements is a necessary part of a management
manual. The energy management system does not need to be contained in a single manual. It
should provide references to other documentation containing more specific information on
individual EnMS components. It can also point to related documentation, which may include
the following items:

= Description of the management system, detailing its scope and purpose and its rela-
tionship to the organisation’s energy policy, objectives and targets

= Copy of the energy policy

= Organisational objectives and targets

* Organisation chart, depicting the organisational structure with respect to energy
management. This should include a list of the names of current job holders

= C(riteria for assessing significant energy consumers
= List of significant energy consumers
= Register of legislative, regulatory and other policy requirements

= List of procedures and work instructions with energy relevance (detailed documents
may be annexed)

= Description of the organisation’s energy management programmes
= Description of the system for keeping energy management records

= Arrangements for regular audits, including reports or references to the location of re-
ports

= Arrangements for management reviews

» Document control features
= Date stamped (including revision dates).

= Readily identifiable, for example by named procedures, clear reference numbers,
specified ownership, etc.

* Maintained in an orderly and easily referenced manner, i.e. by systematically provid-
ing numbered and lettered references to individual procedures, schedules, etc.

» Communication

Data about the energy management system (EnMS), quantities and costs should be user-
friendly or they will likely be ignored. Each target group requires dedicated information and
its presentation has a strong influence on whether the information will be immediately for-
gotten or whether it has a lasting impact on behaviour.

Reports should be compiled for a well-defined target group. General reports or very detailed
reports are not often widely read. Before a report is compiled, the following should be con-
sidered:
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= Who needs this information?

=  What kind of information is necessary?

= How should the information be provided?

*  When should the information be provided?
There are several methods to present information and each method has its advantages and
disadvantages. It is up to the Energy Manager to decide which method is the most suitable
for his/her organisation. Mixing methods is also a good idea to keep things interesting. The
following methods may be used to present energy data:

1. Indicators
Information in text form
Information in tables

Graphs

S

Symbols and pictures

Indicators are a helpful instrument to trace a company’s energy performance. Absolute indi-
cators present the development of the total energy consumption. Relative indicators are built
with reference units and take into account the development of the organisation. It is common
practise to use relative indicators in order to be able to compare different systems and their
performance over time.

Information in text form may be seen in more detailed reports, analyses and descriptions.
Information and data in text form may not be the best way to attract and keep the reader’s
attention. Therefore, text-only presentations should be avoided if the Energy Manager’s pri-
mary goal is staff motivation.

Information in tables should be used for qualified staff. This presentation format can be
very confusing for staff members who have never dealt with topics such as energy consump-
tion and energy savings — especially if quantities are expressed in kWh or m?.

Tables must be explained in detail. Staff members need guidance in terms of where to focus,
which figures are relatively high or low and whether improvements are possible. In addition,
the Energy Manager should consider whether staff members truly require a comprehensive
overview or whether it would be better to focus on specific areas.

Graphs are easy to compile and provide clear visuals. Nonetheless, it is important to
= Keep data to a minimum
= Label the axes,
* Find a clear title and — if possible — focus on a selected area.

Also consider providing a short description to explain the graph.

Remember: energy cannot be seen, so visuals are important. Provide support by showing
staff where energy gets used and which appliances are the biggest offenders.

Describing quantities with pictures and symbols will help staff remember the key state-
ments. It is a fact that managers rarely use such drawings and pictures, as they believe they
will not be perceived as serious and “tough”. However, especially in an area where the in-
formation itself is very technical, care must be taken to avoid materials that are completely
devoid of inspiration. Make sure to tailor your communication to your audience. Your choice
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of media — such as an energy report — to convey and disseminate information should depend
on the size of the company/municipality and the strategy in place. Use a joint approach that
combines technology and communications for more effective energy savings.

» Structure of an energy report

An energy report should be compiled on a regular basis and summarise all activities and da-
ta about the energy consumption of the past period. The main goal of the report is to inform
management about the energy management system. The findings should be presented to top
management, including planned activities and the budget required to increase energy effi-
ciency. Reports may include the following components:

EXECUTIVE SUMMARY
* Motivation for developing an energy report
* Main findings and areas of improvement
INTRODUCTION

= Opverview of the company/municipality

ENERGY PRICE & DEVELOPMENT
= Suppliers and their delivered energy prices
= Description of energy prices for the past 5 years and outlook for the coming year
= Description of the price structure
TOTAL CONSUMPTION
= Cost structure of the company (staff, energy, investments, capital)
* Energy consumption for the last 5 years
= Energy benchmarks (energy consumption/product; energy consumption/m?)
= Energy production and re-use of energy
ENERGY CONSUMPTION OF INDIVIDUAL AREAS
* Building
* Infrastructure

=  Production

5.2. ENERGY CONSUMER GROUPS

In Nigeria the MYTO II tariff categorises five customer groups: residential, commercial, in-
dustrial, special and street lighting, over the 11 distribution zones (11 distribution compa-
nies). These groups are further divided into subclasses. Every class is assigned a separate
tixed charge.

CONSUMER GROUPS AND CONSUMPTION

» Electricity and consumption

Currently, the percentage of residents with electricity access in Nigeria is relatively low. Ac-
cording to official statistics less than half of the population is connected to the national grid
(60.4% in urban areas and 16.1% in rural areas). In other words, most households across the
country are not served by the national grid network, meaning that the majority of rural and
poor households do not receive electricity from the national grid.
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Household energy usage is intimately linked to the lifestyle and associated cultural and de-
mographic factors of inhabitants. These factors are very subjective and not easily defined
with precision.

Nonetheless, there are broad patterns or trends discernible amongst households in particular
regions of the country (e.g. more cooling in hot northern states, more industrial activities in
the southwestern states).

When taking a broad account of the typical daily activity schedules of Nigerian households
based on demographics, the following activities make up the bulk of energy demand: cook-
ing; water heating; lighting; brown goods (TV, computers, etc.); refrigeration and various
other electrical appliances. This activity mix is also changing with the increasing use of solar
panels and inverters.

The huge metering gap across the industry is a major issue. Energy efficiency would go a
long way in closing the demand-supply gap and much can be done to reduce consumption,
especially for the residential and commercial class (behavioural changes) and the industrial
class (machine retrofits). The average percentage of metered customers in the above-
mentioned 11 distribution zones was about 48% in 2011.

Table 5.1: Power usage by the average Nigerian household

Energy consump-

Capacity Operating time/day tion/month
Incandescent bulb 50w 6 hours 9 kWh
Water heater 2,000 W 30 minutes/ day 30 kWh
Microwave oven 1,000 W Avg. 3 hours/day (multiple uses) 5 kWh
Laptop 100 W Avg. 8 hours/day 15 kWh
Ceiling fan 75W Avg. 7 hours/day 15.75 kWh
Kettle 2,000 W Avg. 30 min/day (multiple uses) 10 kWh
Iron 1,000 W Avg. 1 hour / day 30 kwh
Split air con 950 W 8 hours/day 228 kWh
Fridge 600 W 24 hours 432 kWh

A study conducted in Jos (mid-sized city) suggests the typical Nigerian household has three
distinct demand peaks (with little difference between weekdays and weekends), namely:

= 6am -9 am (water heating, cooking, lighting)
= 2 pm -3 pm (cooking, air conditioning)

* 8 pm -9 pm (cooking, air conditioning, entertainment, lighting)

» Behavioural sources of electricity wastage

Energy consumed in Nigeria could be drastically reduced through the replacement of incan-
descent bulbs with energy-efficient bulbs. Households can reduce energy used for lighting
by approximately 80 to 90% with LED lamps. Energy efficiency policies should be imple-
mented to encourage a gradual phasing out of incandescent bulb and discourage the impor-
tation and production of incandescent bulbs. Policies can also encourage the importation and
local production of energy-efficiency light bulbs as well as reduce the cost of these bulbs
through subsidies. Awareness is also needed to change the attitude of Nigerians regarding
the need to save energy through the use of corresponding technologies. The FMENV’s De-
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partment of Climate Change has outlined how energy efficiency potentials can help mitigate
the climate change impact of Nigeria’s energy system.

INCANDESCENT LIGHT BULBS

The introduction of compact fluorescent light (CFL) bulbs results in a negative incremental
cost of USD 58 per tonne CO2, with a 5.155-million tonne CO: reduction capacity. However,
this potential will become more attractive if LED is preferred over CFL.

Incandescent light bulbs are commonly referred to as “yellow bulbs” by many Nigerians be-
cause of the yellowish colour of their light rays. A study from 2009 revealed incandescent
bulb use among 65% of the respondents. Anytime an incandescent bulb is switched on, only
about 5% of the total energy input is converted to light energy while the remaining 95% is
converted to heat energy. Thus, the incandescent bulb can be more aptly described as a heat-
er than as a light source. In the Nigerian market, the energy rating of incandescent bulbs
ranges from 40 to 200 W.

AIR CONDITIONERS

Between 2006 and 2014, a total of 24 million air conditioning units (domestic, commercial and
industrial) were imported by Nigeria, the majority for domestic use. Air conditioners make
up a substantial share of household electricity consumption. A recent GIZ report suggests the
Nigerian market is far from saturated and the stock of air conditioners will continue to in-
crease.

WASTEFUL DAYTIME LIGHTING

Many Nigerian small businesses are in the habit of using light to advertise their goods and
services during daytime hours. This is a common tactic among retailers of electrical goods
and fast food centres. Some use incandescent light bulbs to keep food warm and, at the same
time, draw people’s attention to their products. A lot of energy could be saved if Nigerians
would stop using artificial lighting in the daytime. The government can require large and
medium-sized firms and public buildings to carry out energy audits on a regular basis to en-
able the designated agency to tax them. Energy audits should be performed by government-
designated agencies or external firms to ensure transparency. The government can also en-
courage medium and large privately owned firms to create energy management units before
they register their business with the government.

USE OF PRIVATELY OWNED WATER BOREHOLES

Water scarcity in Nigeria has encouraged the use of privately owned water boreholes. The
equipment used in boreholes for pumping water from the aquifer is energy-intensive and
can consume up to 2,000 W of electricity. In many parts of the world, water is conveyed from
a central system through a network of pipes to residential, public and private buildings. This
method significantly reduces the energy required to extract water from the ground and make
it available to people. Government policy can be designed in this sense to encourage a cen-
tralised water provision system for citizens.

IMPROPER TOWN PLANNING

Improper planning is a problem that affects many Nigerian cities. The practice of building
industries in residential areas is unhealthy for power supply systems. Local and state gov-
ernments should support and institute policies that will encourage support the proper plan-
ning of towns and cities to promote the efficient use of energy.
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STANDBY MODE

Electrical equipment consumes energy when in standby mode. Manufacturers of electrical
appliances should inform consumers that their products consume energy on standby. Labels
attached to appliances can be used as an effective means to communicate this information.
Government policy should ensure that energy labels provide adequate and comprehensive
information to consumers.

IMULTIPLE APPLIANCES IN PUBLIC BUILDINGS

Many public buildings such as universities, hostels and offices are not metered; thus users of
these facilities are not accountable for the energy they consume.

There may be need for governments to formulate policy that encourages the users of public
buildings to reduce their electricity use. Public and private institutions should develop their
own energy management policies that will restrict the use of certain appliances. Govern-
ments can obligate public and private building owners to conduct energy audits and furnish
the details to the relevant agencies.

APPLIANCES NOT IN USE

Electrical appliances (USD 16/tonne) and wood-stoves (USD 3/tonne) have recently seen
some advances and improvements in the residential sector (9.566 m tonne CO: reduction ca-

pacity).
Many citizens do not switch off their appliances when not in use. This practice encourages
the wastage of electricity, since the actual consumption of these devices tends to be forgotten.

SOLAR WATER HEATERS

A recent GIZ study concludes that solar water heaters (SWH) for domestic application and
electric heaters yield roughly the same energy cost savings. One reason is that the SWH mar-
ket is not yet well developed in Nigeria and hence prices are high. The second reason is that
the electricity tariffs in Nigeria are comparatively low (although rising according to the
MYTO 2.1 regulation). The situation is similar in educational institutions and hospitals.
Therefore, incentives, grants, and financing models are needed to make SWHs more attrac-
tive for potential users.

On the other hand, the study also reveals that the use of SWH is profitable in hotels, even
without subsidies. Results show a theoretical payback period of 3 to 10 years. However, most

hotels have decentralised water-heating systems that make retrofits with SWH systems more
difficult.

» Largest energy savings potential: Hot water heating, cooling and lighting

Compared to other countries, Nigeria shows a relatively high energy use per unit of GDP.
This can hardly be influenced by reducing the price of grid electricity, given that the electrici-
ty supply from the grid is erratic and diesel generators, an alternative fuel source, are com-
paratively expensive throughout the country. The low absolute consumption figure is indica-
tive of the lack of generating capacity. The high relative energy use, however, is clearly a
point where energy efficiency measures could pay off.

As an example, the 2010/2011 General Housing Survey provides data on the distribution of
households based on main lighting fuels. Most households rely on kerosene as their main
lighting fuel, followed by electricity, battery/dry cell and firewood, respectively. Based on
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these figures, one can assume that electricity consumption for lighting will increase as more
and more households are connected to the electricity supply.

An analysis of energy savings potential conducted in 2013 reveals that hot water heating,
cooling and lighting hold the most promise at the household level.

Looking at the end-user side, some 26.8% of the total per household energy consumption
could be saved with the introduction of solar water heaters (whereby this does not consider
energy for pumping water). Secondly, estimates reveal that the total energy requirement
could be reduced by an additional 6.7% if the average energy consumed by cooling systems
were decreased through shading, insulation, timer switches, etc. Thirdly, the introduction of
energy-saving lighting sources would produce a net energy savings of around 6% per
household. All in all, measures taken in this regard would garner energy consumption re-
ductions of close to 40%.

However, inadequately trained personnel and professionals is another factor inhibiting the
development of energy efficiency in Nigeria. Out of the 150 respondents interviewed in the
study conducted by Community Research and Development Centre in 2009, 77% stated that
no member of their organisations had received energy management training.

5.3. TARIFF EVALUATION
ENERGY COST

» Off-grid electricity prices

In the present set-up of the Nigerian electricity market, off-grid generation based on medi-
um-sized diesel gen-sets is by nature far more expensive for the consumer than the on-grid
supply of electricity. The World Bank estimates the cost for generation with medium-sized
diesel gen-sets at approx. USD 250/MWh (corresponds to USD 0.25/kWh). This is significant-
ly higher than the electricity charges for residential usage and also higher than electricity
charges of USD 0.124-0.185/kWh for industrial usage, purchased from the DISCOs based on
MYTO 2.1. Small-scale businesses and families spend an average of USD 21.8 billion annual-
ly to power their generating sets with diesel and petrol due to the unstable electricity supply.

Most strikingly, electricity generated by solar PV is expected to fall to a level similar to that
for small hydropower plants, with the cost of diesel/solar hybrid systems falling proportion-
ately.

Notably, to date, solar PV is already substantially cheaper than electricity produced using
diesel generator sets. This especially is the case in areas located at long distances from diesel
depots — which includes most parts of northern Nigeria. This trend seems to be persistent,
considering various international predictions of the PV prices compared to other means of
power generation. Fossil fuel prices, particularly in Nigeria, are expected to rise more than in
other (comparable) economies, due to expected cuts in subsidies. Taking these circumstances
into consideration, solar PV plants broke even with diesel generator sets much earlier than
predicted in studies. Solar PV/diesel hybrid systems can thus be expected to gain sway over
time.

However, if customers begin to understand the tendency for electricity prices to rise in the
future, they may start to adopt more energy-efficient habits.
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» Grid electricity prices
In Nigeria, grid electricity prices are controlled by the Nigerian Electricity regulatory com-
mission (NERC). Electricity tariffs are stated in the Multi Year Tariff Order II (MYTO II)
which sets electricity prices up till 2018 for all classes of consumers. The MYTO specifies 5
consumer groups namely: Residential (R), Commercial (C), Special (D), Industrial (A), Street
lighting (S).

Tariff classes
Customer
Residentlal
Life-Line (50 kWh)
RZ Single a.nd 3-phase A consumer who uses his premises exclusively as
R3 v Mamfnum Demand a residence- house, flat or multi- storied house
R4 HV Maximum Demand (11/33
KV)
Commercial
C1 Single and 3-phase
c2 LV Maximum Demand A consumer who uses his premises for any
X purpose other than exclusively as a residence or
c3 E\\II)MaXImum Demand(11/33 as a factory for manufacturing goods.
Industrial
D1 Single and 3-phase A h hi - f
D2 WiMakinuniDemand consumer who uses his premises for
. manufacturing goods including welding and
D3 E\\Il)maxlmum Demand (11/33  jronmongery
Special
Al Single and 3 Phase
A2 LV Maximum Demand Customers such as agriculture and agro-allied
industries , water boards, religious houses,
A3 HV Maximum Demand (11/33  government and teaching hospitals, government
KV) research institutes and educational
establishments.
Street Lighting 2
S1 Single and 3-phase

Figure 5.1: Tariff classes according to MYTO II

For more information, visit the NERC website on: www.nercng.org

5.4. ENERGY EFFICIENCY INDICATORS

In Nigeria, a great deal of energy is wasted because households, public and private offices, as
well as industries use more energy than is actually necessary to fulfil their needs. One of the
reasons is that they use outdated and inefficient equipment and production processes.

ENERGY PERFORMANCE OF BUILDINGS

» Energy efficiency: Costs, certification and consumption

Writing a clear definition of “energy efficiency” is no easy task. In fact, it is often easier to
define criteria that make something more (or less) energy efficient than to define energy effi-
ciency itself. For instance, something is more energy efficient if it delivers more services for
the same energy input, or the same services for a smaller energy input. People can define en-
ergy efficiency using one of two perspectives: a service perspective or a mechanical perspec-
tive. And, in fact, energy efficiency leads to important social benefits, such as reducing the
energy bills of poor households.
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ENERGY COSTS AND CONSUMPTION

Costs and consumption depend on the:

= Cooling system (higher maintenance equals lower heating/cooling costs)
* Building structure (well-insulated buildings have lower costs)
* Outdoor climate
= Fuel price
CERTIFYING ENERGY EFFICIENCY

An energy efficiency certificate is a summary of the building’s energy audit. It is meant to
give information on the building’s energy consumption and its energy efficiency rating.
The purpose of energy efficiency certificates is to:

* Inform tenants and prospective buyers of the expected running costs;
= Create public awareness;
= Define prerequisites to improve energy efficiency;

= Effect incentives, penalties or legal proceedings.

Which information should be displayed on energy performance certificates, and how it
should be interpreted is a key issue. In order to facilitate comparisons between buildings, the
energy performance certificate should include reference values such as current legal stand-
ards as well as benchmarks and recommendations for cost-effective investments which can
be undertaken in the building to improve its energy performance.

The empirical and modelled benchmarks mentioned above are used to indicate how a par-
ticular building compares to the rest of the stock. These benchmarks are used for two ratings
normally displayed on the energy performance certificates — the asset rating and the opera-
tional rating.

Asset rating

Modelled benchmarks are typically used to rate the intrinsic performance potential of the
building and contribute to the building’s asset rating. This is a rating of the standard of the
building fabric and building services equipment and is based on theoretical values.

Operational rating

Empirical benchmarks are typically used to rate the in-use performance of the building—the
operational rating. This will be influenced by the quality of the building (as measured by the
asset rating), but also by the way the building is maintained and operated. The operational
rating is based on actual metered energy consumption, normalised in some way to account
for the effects of building size, pattern of use, weather, etc.

To supplement certification, in some European countries regular inspection of heating and
air conditioning systems to assess their efficiency and sizing compared to the heating and
cooling requirements is carried out.

ENERGY EFFICIENCY INDICATORS

Energy efficiency indicators can be highly aggregated, for example, total appliances/average
energy consumption per appliance (e.g. average heating consumption per floor area of single
houses using natural gas for heating). Indicators are usually composed of an energy con-
sumption unit as a numerator and activity data as a denominator.
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Energy consumption can be expressed in various units (kWh, joule, tonnes of oil equivalent,
etc.), while activity data cover a wide range of activities: production of cement, floor area,
passenger-kilometres, employees, etc., expressed in as many units as activities (tonnes,
square meters, kilometres, number of employees, etc.).

Particularly in large commercial office buildings, high heat loads are developed through
lighting, computing and other electrical sources. Further heat gains are derived from occu-
pants, solar radiation and high outdoor temperatures. These factors make cooling of indoor
air essential.

When choosing a cooling method, the choice is between mechanical cooling and ventilation
cooling. In either case, heat gains should be minimised by a good building design and re-
duced power consumption. Mechanical cooling is energy intensive and contributes to peak
power loads. When mechanical cooling is needed, ventilation must be minimised to prevent
the unnecessary loss of conditioned air.

Cooling appliances account for a large percentage of the energy we consume in our homes
and offices. It has been found that cooling accounts for about 44% of the average domestic
utility bill. Home owners can reduce energy spent on cooling by investing money in proper
insulation and weathering. The insulation of walls and loft spaces alone can help reduce heat
loss/gain by over 50% and prevent wasted energy.

By combining proper equipment maintenance and upgrades with insulation, weatherisation
and thermostat setting, energy consumption can be reduced drastically.

Energy consumption

Energy ef ficiency indicator = Activity data
Energy efficiency indicators are computed at the end-use or sub-sectoral level, or at an even
more disaggregated level, that is, the unit energy consumption level. For example, within the
residential sector, energy consumed by space heating per unit floor area is an energy effi-
ciency indicator at the end-use level, and energy consumed per unit of appliance is an energy
efficiency indicator at the unit consumption level.

» Energy intensity

The specific parameter to measure the energy consumption required for a certain product or
unit is energy intensity. The energy intensity is the ratio of energy consumption in relation to
the reference metric. The main reason for measuring the energy intensity is that it is readily
available, since it is the ratio of the total primary energy supply (TPES) divided by the gross
domestic product (GDP).

As a consequence, since TPES and GDP are numbers that are easily obtained for any country,
energy intensity is often used as a proxy for energy efficiency. This is a mistake; however,
since a given country with a low energy intensity does not necessarily have a high efficiency.
For instance, a small service-based country with a mild climate would certainly have a much
lower intensity than a large industry-based country in a very cold climate, even if energy is
more efficiently consumed in the second country than in the first.

Efficiency is a contributing factor in intensity, but many other elements — and often more sig-
nificant factors — also need to be considered. These include: the structure of the economy (e.g.
presence of large energy-consuming industries); the size of the country (higher/lower de-
mand from the transport sector); the climate (higher/lower demand for cooling); and the ex-
change rate.
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» Natural energy gains

Natural energy gains include passive cooling, natural ventilation, and daylight. Intelligent
maximisation of natural energy gains can significantly reduce the energy that must be deliv-
ered to meet a building’s needs. Environmentally smart buildings make intelligent use of en-
ergy resources while minimising waste.

Natural energy gains can be maximised by exploiting the potential contribution to a build-
ing’s performance offered by the site and its surroundings through:

* Building plan which places functions in locations that minimise the need for applied
energy;

= Shape which encourages the use of daylight and natural ventilation, and reduces heat
losses;

= Orientation that takes account of the potential benefits from solar gains while reduc-
ing the risk of glare and overheating;

= Effective use of natural daylight combined with the avoidance of glare and unwanted
solar gains;

* Natural ventilation wherever practical and appropriate, with mechanical ventilation
and/or air conditioning used only to the extent they are actually required;

* Good levels of thermal insulation and prevention of unwanted air infiltration through
the building envelope;

* Intrinsically efficient and well-controlled building services, well-matched to the
building fabric and to the expected use.

This is best achieved at the building’s design stage but can also be done during refurbish-
ment.

» Delivered energy

This is the amount of energy supplied to meet a building’s net energy demand to provide
energy for applications such as heating, cooling, ventilation, hot water and lighting. Deliv-
ered energy is usually expressed in kilowatt hours (kWh) and the main energy carriers are
electricity and fuel, i.e. gas, oil or biomass for boilers. Delivered energy can be supplemented
by on-site renewable energy in the form of solar PV, solar water heaters or wind.

» Exported energy

This is the fraction of delivered energy that, where applicable, is sold to external users.

» System losses

System losses result from inefficiencies in transporting and converting delivered energy, i.e.
of the delivered energy, only 90% may actually be used to provide the actual services, e.g.
lighting, cooling or ventilation, due to the inefficiency of the equipment used. When address-
ing the energy efficiency issue in buildings, the main focus is on the energy used to attain the
required indoor climate standards. The amount of energy required by a building to attain
these standards is dependent on:

* Building properties, i.e. whether the building is designed to minimise the need for
applied energy depending on outdoor climatic conditions;

= How efficiently the delivered energy is used to meet the building’s net energy de-
mand, i.e. the efficiency of the equipment and appliances used;
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= How efficiently energy is used by building occupants;

= Percentage of the building’s energy requirement that is supplied by renewable
energy.

» Determining a building’s energy performance
ENERGY USE INDICATORS

The calculation of energy use in buildings is based on the characteristics of the building and
its installed equipment. It is structured in three levels as illustrated below and the calculation
is performed from the bottom up.

Step 1 is the calculation of the building’s net energy requirements, i.e. the amount of energy
required to provide the indoor climate requirements as specified by the building code. The
calculation is used to determine the net energy required based on the outdoor climate and
indoor climate requirements while considering the contributions from internal gains, solar
gains and natural lighting as well as losses due to building properties, i.e. heat transmission
and airflows (air infiltration and exfiltration). This calculation is used to determine the intrin-
sic energy performance of the building.

Step 2 is the determination of the building’s delivered energy, i.e. the energy performance of
the building in actual use. This is the amount of energy used for heating, cooling, hot water,
lighting, ventilation systems, controls and building automation, and includes the auxiliary
energy needed for fans, pumps, etc. Energy use is broken down and recorded for the indi-
vidual energy applications and fuel types.

Step 3 is the determination of the overall energy performance indicators: It combines the re-
sults from step 2 above for the different energy applications and fuels to obtain the overall
energy use and associated performance indicators. Since a building can use more than one
fuel (e.g. gas and electricity), the different energy sources have to be converted and combined
in terms of primary energy to provide the optional end result of the calculation of energy
performance. Commonly used energy indicators for buildings are kWh/m? (energy consump-
tion in kilowatt hours per meter square of floor area) or CO: emissions.

For the purposes of this calculation, buildings are classified into categories depending on
whether they are residential or non-residential, the type of building design and the building
size and use. In addition to calculating the performance of existing buildings, energy perfor-
mance calculations are also undertaken for new buildings at the design stage and for refur-
bished buildings to simulate energy performance following modifications.

It is the government’s responsibility to provide, at the national or local level, calculation
guidelines and methodologies for determining energy performance. In most instances, soft-
ware is developed for these calculations.

5.5. ENERGY EFFICIENCY MEASURES FOR BUILDINGS

Energy efficiency measures for buildings are approaches through which the energy con-
sumption of a building can be reduced while maintaining or improving the level of comfort
in the building. They can typically be categorised into the following reductions: cooling de-
mand; energy requirements for ventilation; energy use for lighting; energy used for heating
water; electricity consumption of office equipment and appliances; as well as good house-
keeping and people solutions.
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REDUCING ENERGY CONSUMPTION

» Reducing cooling demand

Energy use in most air-conditioned office buildings is approximately double that of naturally
ventilated office buildings. The need for air conditioning or the size of installed systems can
be reduced by:

= Controlling solar gains through glazing;

* Reducing internal heat gains;

= Making use of thermal mass and night ventilation to reduce peak temperatures;
* Providing effective natural ventilation;

* Reducing lighting loads and installing effective lighting controls.

= Use of cool roofs.

» Avoiding excessive glazing

Windows should be sized to provide effective daylight while avoiding excessive solar gains.
Large areas of glazing will increase solar heat gains in summer and heat losses in winter,
making it more difficult to provide a comfortable internal environment.

» Use of shading

Solar gains can be reduced by the use of external shading, mid pane blinds (where blinds are
integrated between the panes of the double or triple glazing unit) or by internal blinds. Inter-
nal blinds are the least effective method of controlling solar gains, as the heat will already
have entered the space. External blinds are the most effective but may be difficult to maintain
and are less easily adjusted for controlling glare. Mid pane blinds often provide an effective
compromise. They can be raised when solar gains and glare are not an issue or lowered
when required. High angle summer sun can be controlled on south facing elevations by the
use of overhangs and fixed shading devices. Solar gains on east and west glazing are more
difficult to control and will require adjustable shading devices. Other materials like the spray
polyurethane foam-based (SPF) roof systems offer a decent R-value and reduce solar gains.

» Solar control glass

Glazing is available with a range of selective coatings that alter the properties of the glass;
ideally, glazing should be selected with the highest light transmittance and the lowest solar
heat gain factor. This will help provide daylight while reducing solar gains. All major glass
manufacturers provide data on the properties of their products, including those with coat-
ings as described here.

» Selecting equipment with reduced heat output

To reduce cooling demands, you can select office equipment with a reduced heat output and
ensure that the equipment has effective controls with automatic switch-off when not in use.
Flat screen monitors can significantly reduce heat gains, while at the same time reducing en-
ergy use and using office space more effectively. These benefits usually compensate for the
higher cost of flat screen monitors.
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» Separating high heat load processes from general accommodation

Where a building includes energy-intensive equipment such as mainframe computers, these
are best located in a separate air-conditioned space, avoiding the need to provide the re-
quired level of cooling for the computers to the whole building.

» Making use of thermal mass and night ventilation to reduce peak temperatures

Thermal mass is the ability of a material to absorb heat energy. High-density materials such
as concrete, bricks and tiles need a lot of heat energy to change their temperature. They are
therefore said to have a high thermal mass. Lightweight materials such as timber have a low
thermal mass.

Thermal mass is particularly beneficial where there is a big difference between outdoor tem-
peratures during the day and at night. Correct use of thermal mass can delay heat flow
through the building envelope by as much as 10 to 12 hours, producing a warmer indoor
climate at night in winter and a cooler climate during the day in summer. High-mass build-
ings need to gain or lose a large amount of energy to change their internal temperature,
whereas lightweight buildings require only a small energy gain or loss. Allowing cool night
breezes or convection currents to pass over the thermal mass in these buildings will draw out
all the stored energy.

» Reducing heat gains from lighting

Heat gains from lighting can be reduced by making best use of natural daylighting and by
providing energy-efficient lighting installations with effective controls.

» Predicting the impact of passive cooling strategies

Computer simulation tools can be used to predict the likely comfort conditions in buildings
and optimise glazing and shading arrangements.

» Reducing the energy requirements for ventilation

When the cooling demand is sufficiently reduced by implementing the above measures, it
may be possible to reduce heat gains so that air conditioning is not necessary and comfort
conditions can be maintained through the use of natural ventilation. The energy required for
ventilation can be minimised by:

* Building design that maximises natural ventilation;

= Effective window design;

= Use of mixed mode ventila-
tion;

= Using efficient mechanical
ventilation systems;

USE OF A COOL ROOF

The last point refers to a roof with
the ability to reflect and reject heat.
Cool roof surfaces have both high
solar reflectance and a high emittance

(emittance: the energy radiated by the surface of a body per second per unit area) (reflec-
tance: rejecting heat back to the environment).

Figure (a) Conventional Roof (b) Cool Roof

Figure 5.2: Use of cool roof
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Note: For all recommended measures to have the desired impact, they must fall within the financial
capability of the client. Recommendations must be financially attractive and technically feasible for
them to make meaning to the client.

5.6. BUILDING DESIGN

The most effective form of natural ventilation is cross ventilation, where air is able to pass
from one side of a building to the other. Effective cross ventilation typically dictates that
buildings can be no more than 12 to 15 metres in depth. However, in deeper plan spaces,
natural ventilation can be achieved by introducing central atria and making use of the “stack
effect” to draw air from the outer perimeter and up through the centre of the building.
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Figure 5.3: Cross ventilation

Hot air flowing out of the building draws
in low-level fresh air

\M_/L

“~ Y -
W i

Fresh cool air flows in at low level, picks up heat, rises
and flows out at high level

Figure 5.4: Stack effect
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PASSIVE ARCHITECTURE

» Examples for reducing energy consumption by improved ventilation, window design and
lighting
EFFECTIVE WINDOW DESIGN
Windows should allow ease of control by building occupants and controlled ventilation that
will not blow papers off desks, or cause draughts.

Night ventilation can be an effective method of maintaining comfort conditions in summer.
Where night ventilation is used, it is important that building occupants understand how the
building is intended to operate, or that effective control measures be introduced, as it is
counter-intuitive to open windows before leaving a building at night. Other factors to con-
sider include maintaining security, and controlling the ingress of wind and rain. In some cas-
es, high ambient noise levels or air pollution may prohibit the use of natural ventilation.
MIXED MODE VENTILATION

Mixed mode ventilation strategies allow natural ventilation to be used for most of the year or
to serve parts of a building. Mechanical cooling is used to deal only with peak design condi-
tions in summer or to serve areas of the building that experience a higher accumulation of
heat.

REDUCING ENERGY USE FOR MECHANICAL VENTILATION

The main energy consumers for both mechanical cooling and for air conditioning are the fans
needed to circulate air. To reduce energy use by fans for mechanical ventilation you can:

= Design the system to reduce pressure drops.
= Select efficient fans.
= Utilise variable speed fans to respond to varying load requirements.
= Avoid excessive air supply volumes.
REDUCING ENERGY USE FOR LIGHTING
This can be accomplished by following these guidelines:
* Maximise use of daylight while avoiding excessive solar heat gain.
= Use task lighting to avoid excessive background luminance levels.
= Install energy-efficient luminaires with a high light output to energy ratio.
= Select lamps with a high luminous efficacy.
= Provide effective controls that prevent lights being left on unnecessarily.
MAXIMISING THE USE OF DAYLIGHT

Introducing natural light into buildings not only saves energy but also creates an attractive
environment that improves the well-being and comfort of building occupants. The provision
of effective daylight in buildings can be assessed using average daylight factors and by en-
suring that occupants have a view of the sky.

The average daylight factor will be influenced by the size and area of windows in relation to
the room, the light transmittance of the glass, the brightness of internal surfaces and finishes,
the depth of reveals, and presence of overhangs and other external obstructions which may
restrict the amount of daylight entering the room.
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Window design has a key impact on natural lighting. As a very general rule of thumb, a
window will introduce effective daylight into a room at a depth that is twice the head height
of the opening. High ceilings and clerestory windows can be effective in providing good day-
light. Sun pipes and skylights can be used to introduce daylight to windowless areas.

ENERGY-EFFICIENT LIGHTING SYSTEMS

An efficient lighting installation should be able to provide the required illuminance level for
a particular use with minimal energy consumption. As a general rule, efficient lights should
provide illuminance levels of 500 lux on a working plane for less than 12 W/m? of installed
power. Lux is the SI unit of illuminance. It is used in photometry as a measure of the intensi-
ty of light per square metre. Achieving an illuminance of 500 lux might be possible in a home
kitchen with a single fluorescent light fixture with an output of 12,000 lumens. Lighting a fac-
tory floor with an area several times that of the kitchen would require dozens of such fix-
tures.

LIGHTING CONTROLS

Lighting controls should be designed so that small groups of lights can be controlled indi-
vidually with controls provided adjacent to the work area. Perimeter lighting should be con-
trolled separately from core lighting so that perimeter lights can be switched off when ade-
quate daylight is available. Intermittent use spaces should be equipped with presence detec-
tors that automatically switch lights off after a set period of time if a room or space remains
unoccupied. Daylight sensors and timed switches should be used to prevent unnecessary use
of external lighting. Daylight sensors can also be used to switch off internal lighting when
daylight levels are sufficient.

» Reducing energy used for heating water
This can be achieved by:

* Installing time controls and setting them to correctly reflect the hours of hot water
use;

= Setting sanitary hot water thermostats to the appropriate temperature — no more than
60°C for normal requirements (but ensure that hot water does not drop below 56°C);

= Switching off electric heating elements (immersion) when hot water from the boiler is
available;

= Switching off any associated pumps when hot water is not required;

= Replacing any damaged or missing insulation from all hot water pipework and cylin-
ders, except where the pipes are supplying useful heat to the space;

= Identifying a suitable hot water system.

Hot water is either supplied via a central generation plant, with a distribution network for
provision to the required areas within a building, or by localised provision at the point it is
required. In the case of localised hot water systems, water is heated and stored locally or it is
provided on demand. The most significant reduction in energy use for hot water can be
achieved by providing solar water heating.

» Reducing consumption of office equipment and appliances

Most businesses rely on a range of office equipment for their operations. From the basic es-
sentials such as computers, monitors, printers, fax machines and photocopiers to projectors,
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scanners and teleconference facilities, it is widely recognised that these items have become
integral to daily business activity.

Office equipment is the fastest growing energy user in the business world, consuming 15% of
the total electricity used in offices. This is expected to rise to 30% by 2020. There are also as-
sociated costs that are often overlooked, specifically those of increasing cooling requirements
to overcome the additional heat this equipment produces. As ventilation and air condition-
ing are themselves major energy consumers, it makes good business sense to ensure they are
only used when absolutely necessary.

Typical measures to reduce consumption which also apply to household appliances include:

= Switching off: Turning off devices or enabling power down mode reduces their ener-
gy consumption as well as the heat they produce, which in turn lowers cooling costs.

= Upgrading existing equipment: Some energy-efficient appliances may cost more to
buy but will recoup savings over the lifetime of the equipment.

* Matching the equipment to the task: Consider current and predicted requirements
and purchase equipment accordingly.

= Taking advantage of energy labelling schemes: Some well-known energy labelling
schemes are Energy Star, European ecolabel scheme, Energy Saving Trust Recom-
mended and the Market Transformation programme.

» Good housekeeping and people solutions

The level of achievable energy savings from office equipment often comes down to everyday
management by staff. A simple energy conservation programme for an organisation would
consider:

= Setting up an energy policy for the organisation;
= Appointing an energy champion;

* Involving staff;

= Setting targets;

= Using notices and reminders;

= Conducting walk-rounds;

= Taking meter readings.

SETTING UP AN ENERGY POLICY

Commitment to energy efficiency has to come from the top and should be backed by a per-
sonalised mission statement and energy policy. It is also important to appoint an energy
champion. In very small businesses, this may be the owner or manager but in larger compa-
nies, an appointed staff member will often improve involvement and awareness across the
whole organisation. Demonstrate management’s commitment by developing a procurement
policy that requires the special identification of energy-efficient products when purchasing.

INVOLVING STAFF

All staff members play an important role in saving energy, so they must be made aware of
wastage areas and be trained to operate equipment and controls correctly. Motivating staff
includes measures such as asking for opinions and encouraging people to review their own
working practices to increase energy savings. The best ideas usually come from people who
use the equipment on a daily basis. Competitions, campaigns and team projects are great
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ways to get buy-in for this objective. Reinforce the benefits of improving the working area
and give staff a sense of ownership of energy management.

SETTING TARGETS

Tell staff how much energy is currently being a consumed and set a realistic savings target.
As the energy saving programme gathers momentum, it will be possible to track progress
and highlight energy savings.

USING NOTICES AND REMINDERS

Use notices and reminders for turning off equipment. They can also be used to highlight how
less device use makes the working environment more pleasant.

CONDUCTING WALK-ROUNDS

Carry out regular good housekeeping walk-rounds in your building to find out where ener-
gy is being used. Note down when equipment is being used and act on any wastage or
maintenance measures needed. As patterns of energy use vary throughout the day, it is ad-
visable to carry out a series of walk-rounds at different times to get a better idea of where
and when energy is being wasted. Walking around your office after everyone has left, before
everyone comes in and when offices are empty during the day will give you an idea of which
equipment tends to be left on after office hours.

TAKE METER READINGS

Meter readings can provide an overview of energy usage at the office. Meter readings can be
used to determine electricity use during and after office hours. These figures will let you
know how much energy is used every hour the office is empty. You can also find out how
much energy is used when no one is in the building. In most offices, overnight energy con-
sumption should only be a small percentage of the overall energy use.

» Investments in energy efficiency in buildings

Investments in energy efficiency in a building can be compared with the cost of capital in-
vestments necessary on the supply side of the energy system to produce a similar amount of
peak capacity or annual energy production. Usually, the capital costs of efficiency are lower
than comparable investments in increased supply and there are no additional operating costs
of efficiency compared to substantial operating costs for supply-side options. In addition,
energy efficiency investments generally have much shorter lead times than energy supply
investments, a particularly important consideration in countries where the demand for ener-
gy services is growing rapidly.

The building sector is consistently subject to a high degree of regulation. Building codes of-
ten influence material use and appliance standards that have a significant effect on energy
efficiency. Regulatory regimes, to the extent that they exist, may therefore provide a pathway
to improve efficiency for both building construction and a variety of building appliances.

5.7. RETROFITTING HOMES AND PUBLIC BUILDINGS

The practice of retrofitting homes and public buildings is now common in many parts of the
world to reduce energy consumption. Because many homes and public buildings are older
and equipped with all kinds of inefficient appliances, owners and governments are now in-
creasingly choosing to replace this old equipment with newer and more efficient models. Be-
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low, we discuss some ways individuals and organisations can improve energy efficiency in
home and offices.

» Lighting

Many households and offices spend far more than necessary on energy for lighting. Energy
spent for lighting can be reduced by about 60 to 80% by replacing incandescent bulbs with
energy-saving bulbs such as compact florescent lamps (CFLs) and light-emitting diodes
(LEDs). CFLs and LEDs are much more efficient than incandescent bulbs and they last six to
ten times longer. Incandescent bulbs have been banned in some parts of the world. One good
example is Cuba, where the Cuban Government banned the use of incandescent bulbs and
also developed programmes to phase out these bulbs. Below is a simple computation to
demonstrate that huge savings can be achieved by replacing incandescent lighting with en-
ergy-saving bulbs. When one million 60-watt incandescent bulbs are each replaced with 15-
watt energy saving lamps, the resulting savings is 45 MW.

For outdoor lighting, timers can be used to help switch off lights automatically at a specified
time.

» Refrigeration

Modern and energy-efficient refrigerators can help save much more energy compared to re-
frigerators that were designed 15 years ago. In many parts of the world, energy-efficient re-
frigerators are replacing older, inefficient models. It should also be noted that refrigerators
are designed for different climates; some refrigerators are designed for temperate regions
while others are designed for tropical regions. Using a refrigerator designed for the temper-
ate region in a tropical climate will lead to an inefficient use of energy. Refrigerators should
be used in the climate foreseen by their design. In Nigeria, the use of second-hand refrigera-
tors from Europe should be discouraged, because these refrigerators may be designed for a
temperate climate.

» Landscaping

There are natural ways we can keep our homes comfortable and reduce our energy bill. Trees
can help reduce the energy we spend on cooling by providing shade to keep our home cool.
Landscaping is a natural and beautiful way to maintain a comfortable indoor climate and
reduce energy consumption by up to 25%. Apart from adding aesthetic value and eco-
friendly quality to your home, greenery such as trees, shrubs or vines can deliver effective
shade and reduce wind.

» Providing incentives

Various incentives for purchasing energy-efficient products have been employed to change
the behaviour of consumers in a way that promotes energy efficiency. Such strategies have
proven effective in a variety of places worldwide. Policies can be designed to penalise the use
of inefficient products and reward the purchase of highly efficient appliances.

» Renewable energy technologies

The use of renewable energy technologies (RETs) can help reduce electricity consumption.
For instance, households and hotels can use solar water heaters to reduce the amount of elec-
trical energy spent on heating water. Solar water heaters have been developed and used in
residential settings in other parts of the world. The use of RETs will be discussed in a subse-
quent chapter.
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» Energy Star — energy-efficient equipment and appliance labels

Products with an Energy Star label are the same or better than standard products, only they
use less energy. To earn an Energy Star, products must meet strict criteria for energy efficien-
cy. More information on these criteria is provided in the next section.

5.8. REFERENCE STANDARDS (LOCAL AND INTERNATIONAL)
ENERGY EFFICIENCY, STANDARDS AND LABELS (S&L)

» Policy tools to promote building efficiency

The most effective programmes are designed not only to ensure that a particular target level
of energy efficiency improvement is realised but also to assure that the market is prepared to
continually introduce better and better technologies for energy efficiency. Continuous im-
provements in energy efficiency should be anticipated in the developmental process for en-
ergy efficiency codes by requiring that the codes be reviewed periodically — such as every
three or four years — and updated to include requirements for the use of newer technologies
that are both cost-effective and feasible. There must be laws mandating that large energy
consumers conduct an energy audit every four years, with permissible emission targets set
depending on annual consumption (in MWh).

Legislative and policy options that have had some record of success in promoting energy ef-
ficiency in buildings include:

= Codes and standards for new constructions and performance-based economic incen-
tives to exceed the standards;

* Long-term incentives with ambitious energy efficiency targets;
= Normative labels to distinguish the most energy-efficient buildings and equipment;

* Informative labels that provide the information necessary to measure energy efficien-
cy and annual energy costs for operation;

* Education and outreach to promote market acceptance of energy efficiency technolo-
gies and energy-efficient designs, most notably efficiency demonstration centres;

* Government-funded research and development on energy efficiency in buildings.

» Codes, standards and labels

Codes refer to mandatory energy efficiency requirements for new construction in buildings.
New construction refers either to an entirely new building being erected, or the construction
of a new energy-using system (such as a lighting system or an air conditioning system) in an
existing building. Standards refer to minimum mandatory requirements for equipment used
in buildings, such as air conditioning units, furnaces or boilers, water heaters, office equip-
ment, appliances, etc.

Energy efficiency standards are a set of procedures and regulations that prescribe the mini-
mum energy performance of manufactured products. Energy efficiency labels are informa-
tive labels affixed to manufactured products. Such labels indicate a product’s energy perfor-
mance and efficiency in a way that allows for a comparison with similar products or endors-
es the product’s use. Standards and labels (S&L) are meant to help the market recognise en-
ergy efficiency and act on it.
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Standards can be set to ensure that obsolete and inefficient technology does not continue to
dominate the market, much more effectively than is possible by the actions of individual
end-users. Low-income households are often inclined to buy the cheapest product on the
market. This burdens these users with much higher running costs for years to come, and
countries with the need to invest higher amounts in energy supply networks than would be
necessary if all products complied with minimum energy performance requirements. No one
customer or manufacturer alone can alter this situation.

Governments, however, with technical support, can implement standards and labelling pro-
grammes that protect the poor from such purportedly cheap yet in reality highly expensive
products, at a limited cost, and protect the manufacturers of highly efficient products from
competitors who saturate the market with these expensive “cheap” products.

Due to the efficiency they achieve, standards and labels mean fewer investments in addition-
al power plants and less fuel consumed in the generation of electricity. The result is economic
gains (e.g. freeing up capital for investments in non-energy social infrastructure like schools,
roads or hospitals) and environmental benefits (e.g. avoiding carbon emissions).

In addition, environment benefits will be realised through significantly reduced greenhouse
gas emissions: according to recent estimates, compared to “business as usual” almost 204
million tonnes of CO: will have been saved from 2005 to 2020.

Benefits from more energy-efficient products extend beyond their direct impact on energy
bills for households and businesses. Reducing peak demand improves grid reliability, afford-
ing better and more stable power to marginal users. Moreover, the harmonisation provided
by S&L in the face of appliance globalisation reduces trade barriers, thereby reducing appli-
ance prices for consumers relative to other commodities and making energy services more
affordable to the economically disadvantaged.

» Retail pricing of efficient appliances
Before the introduction of standards and especially mandatory comparison (or endorsement)
labels, consumers do not usually pay a premium for energy-efficient products. Consequently,
the supply chain does not specify energy efficiency, and there is little correspondence be-
tween efficiency and product prices.

In the absence of an energy-efficiency programme, it is not uncommon to find products with
the same price but very different energy efficiency characteristics. Even after the introduction
of EE S&L, prices for products with varying energy performances may not differ a lot. An
analysis of the European market for refrigerators demonstrated that the price for products in
all energy classes varied only marginally, with the exception of the highest energy class. Fur-
thermore, prices of energy-efficient products tend to go down over time. This shows that it is
possible to achieve considerable energy savings at little initial cost to consumers as well as
important financial benefits over the lifetime of products.

» Benefits of energy-efficient S&L programmes

Well designed and well implemented S&L programmes compare favourably to other gov-
ernmental energy policies. Some advantages include:

= Extremely high energy savings potential, estimated at USD 100 billion for the USA by
2020;
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= Excellent effectiveness in terms of delivering energy savings, reductions in green-
house gas emissions, as well as significant financial gains to consumers and society;

= Manageable change, i.e. these programmes require change in the behaviour of a man-
ageable number of manufacturers rather than all consumers in a society;

= Creation of a level playing field with equal treatment of all manufacturers, distribu-
tors and retailers; governments impose performance requirements instead of pre-
scribing specific technologies;

* International enactment and scope increase harmonisation between major trade
blocks and form part of a global approach; and

= Relative reliability in terms of energy savings, easy verification.

Setting standards and providing information to consumers will mean that all consumers ob-
tain appliances which save money over the product lifetime, in most cases at little or no addi-
tional cost to the household. This leads to a better use of resources, resulting in a more effi-
cient economy and lower costs for individual households.

» Residential and non-residential buildings

All major energy-related choices — the thermal conductivity of insulation, the thermal trans-
mission qualities of windows, the heat capacity of building materials, the solar heat trans-
mission qualities of windows, the visible light transmission of windows and the building en-
velope in general, the air and water movement output of fans and pumps, the efficiency of
motors, heat transfer efficiencies of heaters for air and water, etc. — must be determined by
standardised measurements. Before advanced energy-efficient equipment requirements can
be determined for either a mandatory or a voluntary programme, test protocols and labelling
rules must be established and enforced. For energy efficiency in buildings, the most effective
codes offer two compliance options: prescriptive and performance-based compliance.

PRESCRIPTIVE STANDARDS

These standards refer to predefined requirements for the components of a building, for ex-
ample, the thermal conductivity of insulation or the efficiency of a heating or cooling device.
They do not offer the designer the flexibility to deviate from many of these minimum specifi-
cations.

PERFORMANCE-BASED STANDARDS

This set of standards, on the other hand, defines maximum values for energy consumption or
annual projected energy costs for a building as a whole. Performance-based standards allow
the designer to specify less energy efficiency in some components in return for more efficien-
cy in others. They are more economically efficient because they allow the designer or builder
to optimise the selection of efficiency measures to minimise initial investment costs. They
also tend to lead to innovations in which actual efficiency measures exceed those required by
prescriptive standards.

In addition to establishing protocols for the testing of buildings and components and the
regulation of minimum acceptable levels of performance, the regulator must develop plans
for the implementation and enforcement of standards. These can be more difficult to estab-
lish at first, since the goal is to establish a positive feedback cycle in which compliant compa-
nies and individuals receive positive reinforcement in the marketplace, whereas their non-
compliant counterparts face potential penalties. Once it is established that a code will be en-
forced, it is not difficult to maintain these positive expectations, but a jurisdiction must plan
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to make significant initial efforts to enforce the code with credibility. Certain categories of
buildings may be exempted from these standards, e.g. buildings and monuments designated
officially as protected (listed buildings or heritage sites), places of worship, temporary build-
ings destined for short-term use (two years or less), non-residential agricultural buildings
with low energy demands, buildings whose useful floor area is below a certain range (e.g.
less than 1,000 square metres).

» Incentives

Economic incentives serve as a complement to codes and standards. They depend on the pri-
or existence of standards both to establish the criteria by which superior performance can be
measured and to establish levels of efficiency at which economic incentives are justified. In
turn, incentives can complement standards by providing for differentiation in the market-
place, e.g. the ability to distinguish between low efficiency, average efficiency and high effi-
ciency when referring to buildings or products. Incentives can also encourage the wide-
spread use of new technologies that may later be appropriate for standards, but which can-
not be required at a given time due to questions of availability or the impossibility of univer-
sal application.

Although incentives are often more effective than regulation, they must be balanced against
the need to provide a financial revenue source for the incentives. Standards require a dramat-
ically smaller investment by the government to produce a given level of energy efficiency.
They also guarantee that at least basic efficiency will be met in all applicable cases. Legisla-
tion establishing programmes for energy efficiency incentives must provide a funding mech-
anism for the incentive as well as an administrative mechanism for spending the money in
the most effective way.

» Certification and labelling

Labels can typically be classified as normative or informative.

NORMATIVE LABELS

Normative labels mark products or buildings that achieve an “exemplary” or recommended
level of energy efficiency above that of average efficiency levels. Normative labels can be es-
tablished as an independent government programme, or as private sector programmes. Gov-
ernment policy can make use of normative labels by requiring that products purchased by
the government directly or on government contracts qualify for the appropriate label.

INFORMATIVE LABELS

Information labelling as a policy tool can be a meaningful part of energy efficiency policy. It
can encompass new and existing buildings or be limited to new buildings only. The Europe-
an Union (EU), for example, has recently required that all buildings be rated for energy effi-
ciency over the next several years. However, the EU has yet to implement a standardised test
protocol with which such ratings could be performed. These ratings would apply to all
buildings, both existing and new.

» Minimum energy performance standards

Minimum energy performance standards (MEPS) are also simply referred to as “standards”
or “efficiency standards” in some countries. MEPS are specified minimum energy efficiency
levels that products must meet before they can be legally sold in any country. In this case,
specific energy standards are set before products are allowed into a country and sold. MEPS
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are mandatory standards and are defined in a manner that balances technical possibility with
economic viability and the competitive forces within a particular market.

» Energy Star label

As mentioned in the previous section, products with an Energy
Star label use less energy. To earn the Energy Star, they must
meet strict energy efficiency criteria. Energy Star is a US pro- W
gramme for office equipment, appliances, commercial food ser-

vice products, home electronics, home envelope products, light-
ing, residential heating, cooling and ventilation equipment, new ENERGY STAR

homes and other products. It is widely used and accepted
across the commercial sector.

Figure 5.5: Energy Star
label
Energy Star models have the following benefits:

= Computers — use 70% less electricity than computers without enabled power man-
agement;
* Monitors — use up to 60% less electricity than standard models;

= Printers — use at least 60% less electricity and must automatically enter a lower power
setting after a period of inactivity;

= Fax machines — use almost 40% less electricity and may have the capability to scan
double-sided pages, reducing both copying and paper costs;

= Refrigerators — at least 15% more efficient than standard models;

= TVs - consume 3 watts or less when switched off, compared to a standard TV, which
consumes almost 6 watts on average;

= Light bulbs (CFLs) — use two-thirds less energy than a standard incandescent bulb
and must meet additional operating and reliability guidelines;

=  Furnaces — 15% more efficient than the standard.

Additional labels: Energy labels used in Indonesia, India, Malaysia, Singapore & Thailand
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Figure 5.6: Energy rating labels from other countries (left to right): Indonesia, India, Malaysia, Singapore

» Energy Benchmark Pool Frankfurt in commercial buildings

The Energy Agency of Frankfurt (Germany) organised the Energy Benchmark Pool for com-
mercial buildings. Building users, owners and investors were invited to analyse and optimise
the energy use of their buildings in small groups of up to 10 participants and publish the re-
sults anonymously. The aim of the initiative was to enforce competition among energy-
efficient buildings in Frankfurt and to give owners and investors clear figures to describe en-
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ergy efficiency for their planners. The benchmark process with the owners, users or investors
of a commercial building was facilitated as follows:

Step 1: Introduction workshop (questionnaire and determination of the benchmark
process);

Step 2: Data collection by participants;
Step 3: Data analysis by energy agency;

Step 4: Discussion of the analysis, experience and information exchange and best
practice presentation in up to three workshops;

Step 5: Collection and public presentation of the (anonymous) results;

Step 6: Biannual follow-up meetings to exchange experiences.

Results of the energy benchmark process:

On average, savings potentials were identified for 25% of the total energy demand of
the buildings with a payback time of less than five years.

On average, optimising the running time of equipment with no additional invest-
ments reduced the total demand by 10 to 15%.

The project yielded the first ever detailed analysis of the electricity demand in 10 big
office buildings in Frankfurt (parts of lighting, HVAC, office equipment, etc.), show-
ing large deviations in specific demands as well as high saving potentials.

Implementation of the defined potential energy saving initiatives is still in progress.

A huge improvement in the energy efficiency awareness of responsible managers was one of
the positive aspects of the project’s implementation. The process must be made attractive to
both the technical and financial departments.
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6. PROCESS PERFORMANCE ASSESSMENT, MONITORING AND
VERIFICATION

About this module

An Energy Auditor’s main task is to assess and analyse the performance of industrial systems. Mon-
itoring and verification are thus vital performance aspects for systems and equipment. This module
provides in-depth knowledge of diverse thermal and electrical energy-consuming equipment.

Learning outcomes
At the end of this module, the participant is able to
= Explain the energy audit procedure
= Carry out an energy audit
= Develop an audit report with an analysis of reductions in energy consumption and recom-
mendations
=  Understand the most common groups of industrial energy-consuming equipment
= Perform tests to determine the efficiency of various thermal and electrical industrial energy-
consuming equipment
= Perform tests to determine the efficiency of various energy-consuming elements in key
manufacturing industries
= Evaluate options for improving energy efficiency for each of these groups
=  Appreciate the importance of monitoring and verification in an energy management plan

* Include monitoring and verification in an energy management plan

6.1. ENERGY AUDITS

INTRODUCTION TO ISO 50002 AND ENERGY AUDITS

The norm ISO 50001:2011 specifies the requirements for establishing, implementing, main-
taining and improving an energy management system (EnMS), whose purpose is to enable
an organisation to follow a systematic approach to continually improve its energy perfor-
mance, including the aspects of energy efficiency, energy security, energy use and consump-
tion.

The norm ISO 50002:2014 specifies the process requirements for carrying out an energy au-
dit in relation to energy performance. It is applicable to all types of establishments and or-
ganisations, and all forms of energy and energy use. It defines the minimum set of require-
ments leading to the identification of opportunities for the improvement of energy perfor-
mance.

An energy audit comprises a detailed analysis of the energy performance of an organisation
(defined by ISO as a company, corporation, firm, enterprise, authority or institution), equip-
ment, system(s) or process(es). It is based on the appropriate measurement and observation
of energy use, energy efficiency and consumption. Energy audits are planned and conducted
as part of the identification and prioritisation of opportunities to improve energy perfor-
mance, reduce energy waste and obtain related environmental benefits. Audit outputs in-
clude information on current use and performance, and they provide ranked recommenda-
tions for improvement in terms of energy performance and financial benefits.
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An energy audit can be the first step toward identifying opportunities to reduce energy ex-
penses and carbon footprints. The purpose of an energy audit (sometimes called “energy as-
sessment” or “energy study”) is to determine where, when, why and how energy is used in a
facility, and to identify opportunities to improve efficiency.

The Energy Auditor — an expert from inside the company or an external consultant — leads
the audit process but works closely with building or company owners, facility managers,
staff and other key participants throughout the organisation to ensure the accuracy of data
collection and the appropriateness of energy efficiency recommendations.

ISO 50002:2014 does not address requirements for the selection or evaluation of the bodies
that provide energy audit services as well as their competence, nor does it cover the auditing
of an organisation’s energy management system, as these topics are described in ISO 50003.
An energy audit can support an energy review and facilitate monitoring, measurement and
analysis as described in ISO 50001, or it can be used independently.

» Energy audit as defined by ISO 50002

According to ISO 50002, an energy audit is a systematic analysis of energy use and energy
consumption within a defined audit scope, conducted in order to identify, quantify and re-
port on opportunities for improved energy performance.

This international standard is not fixed to a specific procedure; it allows differences in ap-
proach and in terms of the audit scope, boundaries and objectives, and seeks to harmonise
common aspects of energy auditing in order to enhance clarity and transparency.

The energy audit process is presented as a simple chronological sequence, but this does not
preclude repeated iterations of certain identical steps.

The main body of this international standard covers the general requirements and frame-
work common to all energy audits that can be supplemented by equivalent national audit
standards. For auditing of specific types of facilities, processes or equipment, refer to the rel-
evant international, national and local standards and guidelines.

Note: ISO 50001 requires that an energy review be conducted and energy performance improved
over time. An energy review carried out in accordance with ISO 50001 shall consist of an analysis of
past and present energy use and consumption based on measurements and other data, identify areas
of significant energy use, identify, prioritise and record opportunities for improving energy perfor-
mance, and estimate future energy use and consumption.

But: An energy audit as described in ISO 50002 is not a requirement for ISO 50001. An energy man-
agement system (EnMS) in accordance with ISO 50001 can be implemented without following the
practices prescribed in ISO 50002.

» Types of energy audits
RESIDENTIAL OR HOME ENERGY AUDITS

A residential energy audit is a service in which an auditor uses professional equipment to
evaluate the energy efficiency of a house with the objective of suggesting expedient ways to
improve the energy efficiency of the home’s heating and cooling systems.

The leakage rate or infiltration of air through the building envelope is of concern, both of
which are strongly affected by the window construction and the quality of door seals such as
weather stripping.
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COMMERCIAL ENERGY AUDITS

In the last decade, the number of commercial energy audits has exploded as objectives such
as reducing expensive energy costs and moving towards a sustainable future have placed
energy audits in great demand. This importance is magnified since energy spending presents
a major expense for large organisations (accounting for approximately 41%" of the average
manufacturer’s expenses). This trend is likely to grow with rising energy costs.

Since the year 2011 when the international standard ISO 50001 was introduced and linked
with ISO 14001 (environmental management) and certification afforded several advantages
for large organisations, energy audit have gained tremendous importance.

While the overall concept is similar to a home or residential energy audit, commercial energy
audits require a different skill set. For industrial applications, it is the production equipment
that consumes the most energy and therefore builds the primary focus of energy audits.

» Energy audit levels

Generally, four levels of analysis can be outlined, while ISO 50002 only defines levels I to III.
All four general levels are included below:

LEVEL 0 — BENCHMARKING, CHECK (SEE SECTION 2.5.2)

This first analysis consists of a preliminary Whole Building Energy Use (WBEU) analysis
based on an analysis of the historic utility use and costs, as well as a comparison of the build-
ing performance to that of similar buildings. This benchmarking of the studied installation
allows auditors to determine whether further analysis is required. In industrial energy audits
the energy consumption of certain manufacturing lines are analysed and compared to state-
of-the-art reference lines which are used as benchmarks.

LEVEL | — WALK-THROUGH (OR) PRELIMINARY ENERGY AUDIT

The preliminary energy audit (alternatively called a simple audit, screening audit or walk-
through energy audit (WTEA)) is the simplest and quickest type of audit. It involves minimal
interviews with on-site operating personnel, a brief review of the facility’s utility bills and
other operating data, and a walk-through of the facility to become familiar with the building
operation and to identify any glaring areas of energy waste or inefficiency.

Typically, only major problem areas will be covered during this type of audit. Corrective
measures are briefly described, and quick estimates of implementation costs, potential oper-
ating cost savings, and simple pay-back periods are provided. A list of energy conservation
measures (ECMs, or energy conservation opportunities, ECOs) requiring further considera-
tion is also provided. This level of detail, while not sufficient for reaching a final decision on
implementing proposed measures, is adequate to prioritise energy efficiency projects and to
determine the need for a more detailed audit.

Level I audit — Contents

= Review of basic utility invoices

= Interviews with personnel

= Review of facility operations data

= Identification of ECMs with simple paybacks

= Correction of observable low-hanging fruit

! Nigerian Manufacturing Sector: Summary report 2010-2012, Nigerian Bureau of Statistics
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LEVEL Il — GENERAL ENERGY AUDIT

This is a methodical and systematic process of quantifying all aspects of an organisation's
energy consumption with recommending non-capital expense energy conservation measures
(ECMs) and capital-expense energy efficiency measures and EMOs that are justified by a fi-
nancial return.

The general energy audit includes the determination of the energy baseline. Information is
collected by measuring a building’s or production’s energy performance for a minimum of
12 months (preferably 36 months) to establish a baseline for energy consumption. This base-
line can serve as a starting point for setting energy efficiency improvement goals as well as a
reference point for evaluating future efforts and trending overall performance.

In some cases, a facility may be sub-metered, meaning that if individual production lines are
included, you can develop a separate baseline for each sub-metered area or production line
in addition to the whole-building baseline.

As previously mentioned, the typical audit process includes benchmarking (see section 2.5.2),
a building plan review, a site survey, and software-based modelling of the building’s or pro-
duction’s energy use. This use is compared to the building’s benchmark consumption, identi-
tying and researching possible EMOs and ECMs. Collected use data is combined with the
necessary technical and financial calculations required to justify or reject recommendations,
researching utility provider incentives and rebates and compiling the results in a compre-
hensive report.

The general audit expands on the preliminary audit described above by collecting more de-
tailed information about facility operations and by performing a more detailed evaluation of
potential energy conservation measures. Utility bills are collected for a 12- to 36-month peri-
od to allow the auditor to evaluate the facility’s energy demand rate structures and energy
usage profiles.

At this stage, on-site measurements, sub-metering and monitoring data are used to refine the
calibration of the BES (building energy simulation) tool. Extensive attention is given to un-
derstanding not only the operating characteristics of all energy-consuming systems, but also
situations that cause load profile variations in both the short and long term (e.g. daily, week-
ly, monthly, annually). If interval meter data is available, the detailed energy profiles made
possible by this data will typically be analysed for signs of energy waste. Additional meter-
ing of specific energy-consuming systems is often performed to supplement utility data. In-
depth interviews with facility operating personnel are conducted to provide a better under-
standing of major energy-consuming systems and to gain insight into short and long-term
energy consumption patterns. This type of audit (general audit) will be able to identify all
energy conservation measures appropriate for the facility, given its specific operating pa-
rameters. A detailed financial analysis is performed for each measure based on detailed im-
plementation cost estimates as well as site-specific operating cost savings and the customer’s
investment criteria. Sufficient detail is provided to justify project implementation. This form
of energy audit can be applied by organisations in order to initiate the ISO 50001 implemen-
tation and certification process.

Level II audit — General energy audit contents

= Deeper energy use analysis

* In-depth examination of individual buildings and systems
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= Collection and analysis of energy data
= Correlation of data with historic patterns
LEVEL I1l — DETAILED ANALYSIS OF CAPITAL-INTENSIVE MODIFICATION AUDITS

These audits are sometimes referred to as “investment grade” audits. They provide solid rec-
ommendations and financial analysis for major capital investments. In addition to Level I
and II activities, Level III audits include monitoring, data collection and engineering analysis.

The Energy Auditor you select will work with you to understand your project goals and
available budget, and help you determine which level of audit you need. For smaller facili-
ties where there is no major capital improvement plan or budget, a Level I audit could al-
ready yield results that make the audit well worth its cost.

If you have a larger facility that has never been audited, a Level II or Level III audit would be
more appropriate due to the complexities of systems and potential savings opportunities.

Level II and Level III audits are more expensive, but nonetheless good options if you have
defined energy efficiency goals but have not yet taken any actions to achieve them, or if you
have plans for a major renovation or equipment upgrade. These audits should include a pre-
liminary feasibility study (often provided free of charge by potential Energy Auditors) to
scope out the energy saving opportunities and ensure that the cost of the energy audit is
worth the payoff in energy savings.

Level III audit — Detailed audit contents

= Computer modelling and analysis of load profile variations

= Data collection and accounting for all sources of energy consumption (all building
components, equipment and systems)

= Measurement of energy usage, day by day, hour by hour

* Minimum of 7 days logging and metering major energy-consuming equipment of
building services or industrial equipment/systems

= Detailed review of processes
= Comfort study, if relevant
* Detailed recommendation on comprehensive ESMs

= Detailed investment plan using net present value (NPV) methodology against life cy-
cle

* Include indoor air quality report to ensure system is not affected (if chiller audit)

*  Written report and presentation

Directives in ISO 50002 about the application of audit levels

A.3 Assessment of audit types (enumeration follows ISO 50002)
A.3.1 General

Depending on the needs of the organisation, one or more of the following types of assessment may
be selected as a guide to the determination of the scope and level of detail of the audit. The types of
audit outlined in Table A.1 [refers to ISO 50002] are not absolute requirements. Organisations may
adjust the level of detail of the energy audit between type 1 and type 3 to suit the needs of the organi-
sation. Type 1 represents the minimum level of detail that might be appropriately referred to as an
energy audit. The appropriate level of detail required for an audit depends on the object of the audit,
the energy uses and energy consumption and the resources available for the audit. As a preliminary
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audit activity, the organisation and the Energy Auditor should establish the availability of data for
the energy audit and determine whether or not the data are sufficient to enable a more detailed type
of audit. If additional measurement is required, the organisation and the auditor should typically
agree on the extent of required measurements.

ENERGY AUDIT SCOPE AND BOUNDARIES

Micro-audits will often have a scope within the boundaries of a site or within the walls of a
building. The scope may be a specific process or piece of equipment. A macro-audit will con-
sider a whole company or parts of it, but not concentrate on one building only. It may also
refer to different locations of the same company. In this situation, defining the audit bounda-
ries and the associated energy inputs will be a more difficult undertaking.

» Definition of scope
Energy audit scope as defined by ISO 50002

Extent of energy uses and related activities to be included in the energy audit, as defined by
the organisation in consultation with the Energy Auditor, which can include several bounda-
ries. Figure 6.1 illustrates a sample audit scope. The scope may be anything from an entire
plant to a piece of processing equipment. The figure illustrates the hierarchy of an audit
scope and the pertinent levels of information.

Agaregated

Utility Company/Site
lnvoices
|
Utility
Invoices & Plant A nt
Meter Data
|_’ [
W;,‘:‘:” Department A Department B epart ’ art i
| I—l—l |
Sub-Meter [
of Portable Process A Process B Process C ( ! Pr S I
Meter Data
1 |
[ l 1 ! l :
lquu)ln(-l‘ll
Specs & Spot Equipment A Equipment B Equipment C Equipment D Equipment E EquipmentF
Measurement

Figure 6.1: Scope of a sample audit — Courtesy: Energy savings toolbox — An energy audit manual and tool -
Natural Resources Canada, 2011. Reproduced with the permission of the Department of Natural Resources, 2016

DEFINITION OF BOUNDARIES

Boundaries (as defined by ISO 50002) are physical or site limits and/or organisational limits
as defined by the organisation. This can be a whole company within its physical limits or
part of it. Or, if different parts of the organisation are on different sites, all sites can conceiva-
bly be included.

PHASES OF THE ENERGY AUDIT (OVERVIEW)
Energy audit phases as defined by 1SO 50002

The energy audit process consists of the following phases:

= Energy audit planning (5.2)
= Opening meeting (5.3) and data collection (5.4)
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Measurement plan (5.5)
Conducting the site visit (5.6)
Analysis (5.7)

Energy audit reporting (5.8)
Closing meeting (5.9)

Numbers indicate the chapter of ISO 50002 where the requirements are elaborated.

Opening
meeting {

B3] Conducti E
Energy audit Measurement onthuectlng ) ;jé?[y Closing
planning plan L ¢ L] Analysis [ ] ] —»|  meeting
5.2] 5.5 site visit [5.7] reporting 5.9)
Data 5.6] [5.8]
collection 1 |
(54]

Figure 6.2: Phases of the energy audit as defined by ISO 50002 — Source: ISO 50002

For a comparison with the audit scheme put forward in ISO 50002, we have included another
non-standardised version of an energy audit below:

Conduct a condition survey — assess the general level of repair, housekeeping and
operational practices that have a bearing on energy efficiency and flag situations that
warrant further assessment as the audit progresses. Usually during a first site visit
and walk-through.

Establish the audit mandate — obtain commitment from management and define the
expectations and outcomes of the audit.
Establish the audit scope — define the energy-consuming system to be audited.

Analyse energy consumption and costs — collect, organise, summarise and analyse
historical energy billings and the tariffs that apply to them.

Compare energy performance — determine energy use indices and compare them in-
ternally from one period to another, from one facility to a similar one within your or-
ganisation, or from one system to a similar one, or externally to best practices availa-
ble within your industry.

Profile energy use patterns — determine the time relationships of energy use, such as
the electricity demand profile.

Inventory energy use — prepare a list of all energy-consuming loads in the audit area
and measure their consumption and demand characteristics.

Identify energy management opportunities (EMOs) (actually opportunities for energy
performance improvement — include operational and technological measures to re-
duce energy waste.

Assess the benefits — measure potential energy and cost savings, along with any co-
benefits.

191



MODULE 6: PROCESS PERFORMANCE ASSESSMENT, MONITORING AND VERIFICATION

Note: For initiating an energy audit based on the defined scope, access is require to:

a) The organisation, facility/facilities, equipment, system(s) and process(es)

b) Personnel (engineering, operations, maintenance, etc.), their equipment vendors, contractors
and others to collect information pertinent and useful to the energy audit and analysis of data

c) Other information sources, such as drawings, manuals, test reports, historical utility bills.

For audit steps and contents see Annex 4.

» Energy audit plan

An energy audit plan outlines the strategy and process for the audit. Although it should be
relatively detailed, an audit plan must be flexible enough to accommodate adjustments to
allow for unexpected information and/or modified conditions. An audit plan is also a vital
communications tool for ensuring that the audit will be consistent, complete and effective in
its use of resources.

= The audit plan should provide the following:
* Audit mandate and scope

* Time and place of the audit

= Timetable for major audit activities

* Details of the organisational and functional units to be audited (including contact in-
formation)

* High-priority audit elements
= Names of audit team members (internal and external)

= Format of the audit report including contents and deadlines for completion and dis-
tribution

The Energy Auditor prepares an audit plan for each individual audit. The audit plan consid-
ers the status and importance of the processes and areas as well as the results of previous
audits. The internal audit incorporates a legal compliance check.

The Energy Auditor invites the relevant persons to set up the list of the elements to be audit-
ed and sets up a timetable that incorporates the necessary resources for successful audit im-
plementation. Management approves the resources for use in the audit. The heads of de-
partment or production plants are expected to provide all necessary means for the audit to
take place.

The audit plan has to be coordinated with the relevant departments. Coordinating with pro-
duction departments, engineering, plant operations and maintenance, etc. is critical to a suc-
cessful audit. A good initial meeting with staff, representing all plant departments involved
in the audit, can form the foundation for confidence in the process and, ultimately, the au-
dit’s findings.

192



MODULE 6: PROCESS PERFORMANCE ASSESSMENT, MONITORING AND VERIFICATION

ENERGY AUDIT PLANNING AS DEFINED BY ISO

1. Emnergy audit planning

Energy audit planning activities are essential to define the energy audit scope and the objective(s), and
to gather preliminary information from the organisation.

In order to develop the energy audit scope and ensure that an effective energy audit is conducted, the
following shall apply.

2. The Energy Auditor and the organisation shall agree on the following:

* Energy audit scope, boundaries and objective(s)

* Needs and expectations to achieve the audit objectives

= Level of detail required

= Time period to complete the energy audit

= Criteria for evaluating and ranking opportunities for improving energy performance

= Time commitments and other resources from the organisation

= Relevant data to be made available prior to the start of the energy audit

=  Expected deliverables and report format

=  Whether a draft of the final report should be presented to the organisation for comment

= The organisation’s representative responsible for the energy audit process

= The process for agreeing on any change in the energy audit scope.

3. The Energy Auditor shall request information to establish the energy audit context, including,
as applicable:

= Regulatory requirements or other variables affecting the energy audit

= Regulatory or other constraints affecting the scope or other aspects of the proposed energy
audit

= Strategic plans that may affect the organisation’s energy performance
= Management systems, such as environmental, quality, energy management or others

= Factors or special considerations that may change the energy audit scope, process and conclu-
sions

= Any considerations, even subjective ones, including existing opinions, ideas and restrictions
relating to potential energy performance improvement measures.

4. The Energy Auditor shall inform the organisation of:

= Facilities, equipment and services required to enable the energy audit to be carried out

=  Commercial or other interest which could influence his or her conclusions or recommenda-
tions

=  Any other conflict of interest issues. (see sample contracts for auditors Annex 6)

» Site assessment or condition survey (pre-audit)

CONDITION SURVEY

An initial walk-through of the facility is essentially an inspection tour. Attention should be
given to areas where energy is obviously being wasted, where repair or maintenance work is
needed and where capital investment may be required in order to improve energy efficiency.
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The condition survey has at least three purposes:

= To provide the auditor and/or audit team with an overview of the entire facility to
observe its major uses of energy and influencing factors for energy use.

* To identify areas that warrant further examination as opportunities for energy per-
formance improvement before establishing the audit’s mandate and scope.

= To identify obvious opportunities for energy savings that can be implemented with
little or no further assessment, e.g. simple repairs or housekeeping measures that re-
quire only minimal expenditures.

During the site assessment or condition survey, the Energy Auditor will meet with key staff
from operations and maintenance to learn how the building or the production line operates
and discuss any current concerns or issues with the facility.

The Energy Auditor will also conduct a visual inspection and inventory of the building’s key
elements, including:

= Construction details of the building envelope (e.g. walls, roof, windows, doors and
related insulation values)

= Inventory of the heating and cooling systems (HVAC) capacities and rated efficien-
cies

= Machines

=  Manual, timeclock or automated HVAC control methods

* Interior and exterior lighting systems and related controls

= People movers (escalators and elevators)

= Service hot water systems

Level I, Level IT and Level III site assessments each include some degree of investigation into
operations and maintenance procedures, schedules, and typical building occupancy. The du-
ration of the on-site assessment varies depending on the level of audit you choose, and time
commitments required from you and/or your staff may increase as you move from Level I
audits (which may take as little as four to eight hours) to Level II and Level III audits (Level
III audits in particular may require the auditor to conduct multiple site visits and meter
equipment to capture usage data).

Building staff (facility managers, operations and management staff, key contractors as ap-
propriate) should participate actively in the site assessment. Energy Auditors can often de-
tect changes that building staff can implement immediately. Building staff may also share
their perspectives on building conditions in the context of the physical review of equipment
and systems. These interactions help to engage building staff in the energy audit process and
encourage ownership of building maintenance and on-going energy efficiency improvement
measures.

Prior to the site assessment, inform the Energy Auditor of any previous audits and recent or
planned building improvements. Additionally, you may need to ensure in advance that the
Energy Auditor has permission or security access to complete certain tasks such as photo-
graphing facility equipment, accessing machine rooms, or collecting data from control sys-
tems.

An easy checklist for a survey can be found in Annex 5.
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FINDING OPPORTUNITIES

Energy efficiency as defined by ISO 50001 & 50002:

Ratio or other quantitative relationship between an output of performance, service, goods or energy,
and an input of energy.

Energy performance as defined by ISO 50001 & 50002:

Measurable results related to energy efficiency, energy use, and energy consumption.

Although the condition survey precedes the main audit, it can also identify opportunities for
energy performance improvement. The survey rating system helps to identify and prioritise
areas of the facility that should be assessed more extensively. However, direct observations
of housekeeping, maintenance and other procedures can lead to EMOs that need no further
assessment and that can be acted on right away. For example, fixing leaks in the steam sys-
tem, broken glazing and shipping dock doors that do not close will pay off immediately in
terms of reduced energy consumption.

At the conclusion of the site assessment, plan to hold an exit meeting with the Energy Audi-
tor and key building staff to discuss preliminary findings, recommendations and the feasibil-
ity of EMO implementation. This will help focus the next step of the process — data analysis.

Using a schematic diagram of the area being audited, you should be able to list energy inputs
and outputs. It is important to identify all flows, whether they are intended (directly measur-
able) or unintended (not directly measurable). Obvious energy flows are electricity, fuel,
steam and other direct energy inputs; along with flue gas, water drainage, vented air and
other apparent outputs. Less obvious energy flows may be heat loss though the building en-
velope or the intrinsic energy in produced goods.
Areas to be examined:

*  Whole site

* Individual buildings (details)

= Department/processing unit (details)

External site subsystems:
* Lighting
* Heating mains
= Other

Individual subsystems:
= Boiler plant
= Steam distribution
* Domestic/process water
= Process refrigeration
= Lighting
= HVAC
* Building envelope
* Production/process operations
= Other
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Types of information to be gathered:
= Electricity billings
= Fuel billings
* Production data
= Weather data
= Facility specifications and drawings
* Sub-sector benchmarks
= Others

» Preliminary review of utility data

The energy audit explores the company’s current position on energy, as far as it is known at
this point, including energy consumption and costs. It includes:

= A general review, the investigation of unusual energy losses, and the company’s posi-
tion in relation to benchmarks as well as organisational aspects influencing energy
consumption.

= Systematic data collection and measurements, which are essential since unstructured
or poor data will be meaningless for the monitoring of energy consumption. An ener-
gy flow chart (a.k.a. Sankey diagram) of the energy consumption pattern in an organ-
isation provides a detailed picture of the main consumption streams.

= Data analysis to review company’s overall position on energy consumption and es-
tablish a baseline.

* Energy performance indicators (EnPIs) and key performance indicators for selected
areas of energy consumption.

The Energy Auditor first performs a preliminary energy use evaluation by examining utility
data, building or system diagrams, equipment lists, and other facility information. In general,
the Energy Auditor should collect and review at least two years of utility data during the en-
ergy use analysis to account for seasonal variations and patterns of energy use. Monthly utili-
ty bill data is most commonly used; however, hourly or more frequent interval meter data is
becoming more widely available from utilities. All forms of energy (electricity, gas, oil, wa-
ter, diesel, and other fuels) should be included in this analysis. An evaluation of utili-
ty/energy bills from the past two to three years will identify the best opportunities and may
uncover billing errors (high energy bills or upward trends).

From this evaluation, the Energy Auditor can calculate the first benchmarks, e.g. for build-
ings the energy utilisation index (EUI) value (annual energy use/square footage) and energy
end uses (energy used by each building system). The EUI and base energy load enable the
Energy Auditor to benchmark this data against the energy use figures of similar buildings
and systems to illustrate the potential magnitude of energy efficiency opportunities and pro-
vide an early estimate of potential savings. The Energy Auditor also looks for any changes in
energy use over time and potential causes for those changes.

The Energy Auditor will provide a preliminary presentation or report, which should include
a summary of data and graphs and other visuals to allow for easy interpretation. Results
from this analysis can be helpful in determining which level of audit to perform; results also
inform recommendations in the final audit report.
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» Data analysis

After the Energy Auditor has collected the necessary data for the organisation, he/she will
begin the energy and cost analysis. Baseline energy use, data collected through the on-site
assessment and financial impacts of energy efficiency measures and installations are taken
into account during the analysis. Before beginning the analysis, the Energy Auditor should
have a good understanding of the organisation’s economic methodology and business crite-
ria to ensure that the analysis is fairly performed compared with other investment opportu-
nities and that cash flows match expectations.

Energy analysis methodologies vary widely. Typical analysis methodologies include spread-
sheet analysis (e.g. MS Excel) based on engineering formulas that account for variations due
to production levels, the time of day or seasonal variations. More complex methods used in
Level II and Level III audits enable more accurate calculations of potential energy savings,
but are also more time-consuming.

In general, the analysis will comprise the following elements:

= Correlation of consumption with production and weather
* Internal and/or external benchmark analysis

* Energy demand versus supply analysis

* Load inventory analysis

= Pay-back analysis of EMOs and other financial criteria

= Others

» Cost analysis

A cost analysis considers current energy costs and measures implementation costs and po-
tential savings over time to help determine practicality and priority of EMOs. The organisa-
tion should provide the financial method that the Energy Auditor will use to determine the
order of EMO implementation. Examples of financial methods include simple pay-back peri-
od, life cycle cost, NPV, internal rate of return and discounted payback.

Accurate installation cost data are critical for the financial analysis. Underestimating costs
could result in inadequate budgeting for energy efficiency improvements, while overestimat-
ing costs may cause facility decision makers to delay or reject an improvement project. The
Energy Auditor should gather and compare installation costs from a sample of vendors, and
costs should include any specific considerations for your particular facility. Level II and Lev-
el IIT audits should include a detailed cost analysis to ensure a valid economic analysis.

Additionally, utility incentives and tax credits for any recommended measures should be
taken into consideration at all levels of financial analysis.

Using this analysis, the Energy Auditor develops a list of recommended EMOs and generates
savings estimates. The Energy Auditor then works with your project team to prioritise the
list of practical recommendations. While EMOs are typically evaluated individually, when
implemented as a bundle, some measures (such as premium efficiency motors and motor
controls) result in synergies for a total savings that is greater than their individual sum. In
other cases, combined measures may reduce the overall savings potential. EMO synergies
and potential negative effects of combined measures should be a consideration in the Energy
Auditor’s analysis.
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Installing EMOs may also impact the organisation’s operations. Aspects that should be con-
sidered when analysing potential EMOs include:

= Operations and maintenance (O&M): Does the facility have adequate staff to follow
up on savings from the energy efficiency planning, will the measure be sustainable
and will it have a positive or negative effect on O&M costs?

= Safety: Will the measure result in increased occupational health and lower risks for
accidents (and potentially lead to fewer sick days)?

= Comfort: Will the measure result in increased human comfort (and potentially lead to
fewer maintenance calls)?

* Improved system reliability: Will the measure lead to lower contractor costs?

= Feasibility of system replacement: Are parts easily replaced, will installed technology
be outdated in the near future, will replacement parts still be available or expensive
or hard to find?

= Ease of implementation: How will installation of the measure affect daily business
operations? Are power outages required? Can the facility stay open during installa-
tion?

= Risk of failure: What are the operational, financial and safety impacts if the system
fails?

= Marketing & public relations aspects: Does the new system/technology merit the at-
tention of public media, a social media posting, or an article in a sector-specific jour-
nal? Will it be able to turn around or improve public opinion about the company?
How does its cost compare to paid ads?

» Defining a baseline (benchmarking)

Developing an energy use and energy intensity baseline is a valuable way to get started look-
ing at the energy management of the organisation. This includes data for energy use and
costs, both past and present. Baselines create a benchmark for comparing energy perfor-
mance from year to year. Baselining is the act of measuring energy use at a specific level of
detail for the purpose of establishing a benchmark for future comparisons. Energy perfor-
mance is defined here as the energy consumed per unit of output (see below).

SETTING THE SYSTEM BOUNDARIES
It is always essential to define the system boundaries, for instance, a plant, plant subsection,

production hall, house, etc.

The entity establishing the baseline must be in financial or operational control of the opera-
tions and activities within the defined boundaries; activities outside the entity’s control (e.g.
suppliers, product distributors) should not be included.

SETTING A BASELINE YEAR

Companies are encouraged to choose as a baseline year the most recent year for which they
have reliable data.

COMPILING ENERGY USE DATA

Companies need to gather their energy records for the selected baseline year. Energy records
must include a breakdown of the energy used by type (e.g. electricity, natural gas, oil, coal).
Energy use within the defined system boundary may include manufacturing and industrial
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operations as well as non-manufacturing energy use (e.g. energy consumed in office build-

ings).

» Energy benchmarking

Energy benchmarking is a method used to determine whether a building or production line
is using more or less energy than peer facilities with a similar occupancy, climate, and size.
Very simple benchmarking for buildings can be done for example by taking a building’s total
energy use per year (e.g. in kWh) and dividing it by the building’s total area (m?). This num-
ber, frequently referred to as the energy usage intensity or EUI, is then compared to build-
ings with the same type of usage (e.g. comparable office space) to determine how efficiently
the building is utilising energy. Through energy benchmarking, building audits can then be
pursued more effectively when determining which buildings are inefficient consumers.

SECTOR BENCHMARKING

Sector benchmarking involves setting performance indicators at two levels: 1) key perfor-
mance indicators (KPIs) for overall performance monitoring and review by top management
and 2) performance indicators (PIs) at the component level. Factories routinely feed data into
the EIS (energy information system) and monitor KPIs and PlIs against their respective tar-
gets. Any abnormality observed in KPIs leads to review of individual PIs and subsequently
helps to identify the root cause for deviation from the baseline. Furthermore, these perfor-
mance indicators are regularly reviewed (every six months) and redefined by setting more
challenging targets. An energy efficiency improvement programme and anticipated energy
savings are therefore considered whenever reviewing the baseline for KPIs and PlIs.

See the Energy Star Portfolio Manager (Annex 3) for more information on determining
benchmarks.

Example 1: Benchmarking for textile production in Pakistan

“For spinning mills, a specific energy ratio with regards to average count (yarn thickness) is compared
among different factories and the top-performing mills are identified. T The compiled results indicate
that the best performing spinning mill achieved 1.45 kWh/Ib for an average count of 21-22.Similarly,
for weaving and processing mills, specific energy with regards to average GSM (fabric thickness) shall
be monitored and compared”.

From: Introduction of management system approach in implementing energy efficiency improvement
in the textile industry: experience from Pakistan. — Pakistan TVET Reform Programme

BENCHMARK COMPARISON

Consumption and production data can be used to calculate an important parameter: specific
energy consumption (SEC).

SEC is simply the relevant energy consumption divided by the production output for the
same period. Its units depend on the individual circumstances, with the production unit be-
ing characteristic of the plant and process (e.g. tonnes, kilograms or some other mass unit,
units dispatched for assembly, etc.).

Common energy units used are kWh, MJ and GJ.
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Example 2: Specific energy consumption
Maximum week: 2,098 kWh/tonne
Minimum week: 744 kWh/tonne
Average for period: 1,000 kWh/tonne

These figures highlight the range of variation present and provide a point of comparison with an ex-
ternal benchmark.

For example, the following industry data may be available for this type of plant:
Industry average: 850 kWh/tonne
Best practice: 700 kWh/tonne

Best practice represents the specific energy use achievable with the best-known operational and
equipment practices. By comparing these values with our own, we can draw simple conclusions:

= On average we may be able to achieve a 15% reduction in consumption.

= Using best practice, which may require extensive operational and technological improve-

ments, we could achieve savings of up to 30%.

It is wise to be cautious when making this type of comparison since you may not be familiar
with average industry practice and the plant in question may never be able to achieve best
practice standards. But it does provide a starting point. On the other hand, investigating the
differences between our plant and the benchmark in terms of practices and technology em-
ployed may well enable us to identify both operational and technological opportunities.

» Internal comparison by energy monitoring
Energy monitoring serves to analyse information on energy consumption in order to identify
EMOs.

By definition, monitoring is the regular collection of information on energy use. Its purpose
is to determine when and why energy consumption is deviating from an established pattern,
and form a basis for management control and taking action where necessary. Monitoring is
essentially aimed at preserving an established pattern.

Energy monitoring may be conducted over a short period as part of the energy audit. Subse-
quently, data can be analysed to help uncover opportunities (i.e. EMOs), especially those that
are possible through improved operating practices and process control.

Energy monitoring can be applied to a variety of systems and types of energy “driver” data:

* Monthly plant gas consumption versus weather and production

= Daily gas consumption versus daily production for a bakery

= Electricity consumption versus tonnage melted in an electric furnace

=  Weekly or daily steam consumption versus fabric production for a dye-house

= Daily fuel consumption versus production and weather for a cement or lime kiln

An internal comparative analysis methodology suggested for the audit would involve the
following;:

= Collection and recording of energy “driver” data
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= Use of regression analysis to investigate what drives energy use and establish a base-
line relationship for energy consumption

= Use of cumulative sum (CUSUM) analysis to investigate deviations in energy use
from the baseline

= Definition of a target for reduced energy consumption levels

These qualitative indicators are sensitive and detectable, but they are not easily quantified
and often depend on subjective impressions. Energy monitoring requires quantitative infor-
mation, usually measured data, such as:

* Energy billing data, including electrical demand and consumption, fuel consumption
and costs

= Consumption measurements at some level (e.g. whole building, single production
department or an individual energy-consuming system, such as a furnace)

= Key independent variables that influence energy consumption, such as production of
a manufacturing system, occupancy of a building in terms of persons and hours,
and/or weather factors such as heating degree-days.

In essence, energy monitoring as a technique entails quantitatively relating consumption in-
formation to the critical independent variables.

» Profile energy use patterns

Considerable information about a facility’s operations can be revealed by its electrical de-
mand profile. This time record of energy consumption shows electrical loads operating at all
times and the aggregate demand represented by those loads. In addition, a demand profile
can reveal loads that are operating despite the absence of demand and identify systems that
are inappropriately sized. Because the cost of electricity is determined in part by the maxi-
mum demand drawn, reducing that demand can significantly lower your energy costs.

Depending on the size of the facility and the resources at your disposal, it may be possible to
install metering — even temporarily — at various locations in your facility to generate a profile
of electrical demand. Alternatively, your electrical utility may be able to provide you with an
electrical demand profile or help you to obtain it. Although the demand profile is a meas-
urement of electrical energy, it also provides information about the consumption of other
forms of energy. The demand profile provides an operational fingerprint, or energy signa-
ture, of a facility, and it is a key part of any energy audit.

» Demand profile

The demand profile for a facility, building, service entrance or any user of electricity is simp-
ly a record of the power demand (rate of energy use) over time. Its purpose is to provide de-
tailed information about how the facility as a whole uses energy. As the electrical fingerprint
of the facility, it is extremely useful for tracking energy use. The simplest demand profile is a
series of manual utility meter readings recorded monthly, daily, hourly or, if possible, more
frequently. The particular time interval used will depend on what the information in the de-
mand profile is to be used for.

Obtaining a demand profile
Facility demand profiles may be obtained by a number of methods, including

= Periodic utility meter readings
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Recording clip-on ammeter measurements

Basic and multi-channel recording power meters
Facility energy management system

Dedicated monitoring system

Data loggers

Although reading the utility meters periodically is the cheapest and simplest method, the
resulting data is limited. At the other end of the spectrum (a dedicated monitoring system),
multi-channel recorders are expensive and complex to use, but they yield a wealth of infor-
mation, from real power-to-power quality.

Whatever technique is used, it is important to measure the demand profile at a time when
the operation of the facility is typical and, if at all possible, when peak demand is equal to the
peak demand as registered by the utility meter for the current billing period. This is because
the overall objective in measuring the load profile is to identify which loads contribute to the

billed peak demand.
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Figure 6.3: Example of a load profile for a single machine
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Figure 6.4: Example of an overall load profile for a shop
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» Compiling a load inventory

To begin the load inventory, choose a period of time corresponding to the utility billing peri-
od (usually a month, although it could also be a day, week or year). Select a period that is
typical for your operations. Determine the actual demand in kW and the energy consump-
tion in kWh for the selected period. If the period is a month, take this information from the
utility bill. If the electric facility demand is measured in kVA, this will require a calculation
based on the peak power factor to convert kVA to kW.

Identify each of the major categories of energy use in the facility. You may have to tour the
facility and list categories as you notice them. When identifying various categories of energy
use, it is useful to consider both the type of energy use (heat, cooling, transport, electricity)
and the activity in each area. Selecting categories with similar operational patterns is a good
approach.

After all loads in all categories are inventoried, the total demand and energy can be recon-
ciled with the utility data billed for the selected period. Pie charts can be created from the
summary information.

Example 3: Sample energy system of a food processing plant

Fws Steam T
Lobster
Exhaust Fan Cooling

Tank

Lobster
Cooking v,

Steam Boiler .

#2 Oil H

Hot/Warm Drain I |
Blast Freezer \\>
A GOLQO_QQD(—
=y

Refrigeration Condenser Cold Water Packing Conveyor

Plant

Warm Woeter

Figure 6.5: General flow chart of a food processing unit — Source: Capacity-Building, Leadership & Action.

“Mitigating greenhouse gas emissions in Southern African industry, industrial energy auditor training guidebook”

Figure 6.6 below is a visualisation of the simplified energy flow diagram used to build the
energy use inventory.

All energy figures in this example are for one day’s operation of a lobster processing plant —
a 10-hour operating period. The heat of fusion (freezing and melting) for water is assumed to
be 360 kJ/kg. The amount of lobster processed during this 10-hour period is assumed to be
equivalent in heat capacity to 1,000 kg of water. The reference water temperature is assumed
to be 10°C.
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Hot Flue Gases 990 M) Hot Moist Air Exhaust 1690 M)
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Figure 6.6: Schematic flow chart of a food processing unit — Source: Capacity-Building, Leadership & Action.

“Mitigating greenhouse gas emissions in Southern African industry, industrial energy auditor training guidebook”

Table 6.1: Energy use inventory of the food processing plant —Source: Capacity-Building, Leadership & Action.
“Mitigating greenhouse gas emissions in Southern African industry, industrial energy auditor training guidebook”

No. 2 oil
Electricity

Hot flue gases
Blowdown loss
Steam heat

Moist exhaust

Hot water overflow
Hot water dumped
Hot lobster

Warm water dumped
Electricity to conveyor
Heat and noise

Warm lobster to freezer

Electricity to compressor

Condenser cooling water

Heat from surroundings

Basis for energy calculation Energy (MJ)
127 L per day 4,937 MJ
150 kWh per day 539 M)

20% of energy into boiler 990 MJ

1% of fuel 49 MJ

79% of energy into boiler 3,900 MJ

Sensible heat (1,000 L/s from 20°C to 30°C) 430 MJ 1,260 MJ 1,690 MJ
Latent heat (1,000 L/s from 50% to 70% rel. humidity) total

450 L per day at 90°C 170 MJ
4,500 L per day at 90°C 1,700 MJ
Equivalent to 1,000 kg of water raised from 10°Cto 90°C 340 M
15,000 L at 15°C (lobster cooled to 15°C) 315 M)
3 kW for 10 hours 108 MJ
All of conveyor energy 108 MJ

Lobster is cooled from 15°C to 0°C. Lobster is frozen at 63 MJ 360 MJ 60 MJ
0°C. Lobster is cooled to -30°C (equivalent to 1,000 kg of 483 MJ total
water).

11.6 kW for 10 hours 420 MJ
Freezer is 10 tonnes (convert to “tonnes”) (35 kW) with

a COPof 3.0

33 L/min from 10°C to 30°C 1,680 MJ

Cooling water minus heat from lobster minus electricity 777 MJ
to compressor

Using this inventory, the company is able to identify the most important energy consumer
(aka significant energy user or SEU) and can compare the consumption to other bench-
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marked plants or simple processes within these plants. In this way it is possible to spot po-
tentially exaggerated sources of consumption, analyse them and find solutions. These solu-
tions can appear as targets within the energy management strategy and be part of the EMOs.

While considering individual pieces of equipment, groups of loads or heat-consuming sys-
tems, take into account operating time, the justification for each load and the need for the
equipment to be operating at any given time.

CONSIDERATIONS FOR THE ELECTRICAL LOAD INVENTORY

Examine each load in the inventory. Look first at the required energy being provided - light,
air or water power, process energy or heat. Then consider the following factors:

Diversity factor

A high value indicates a load that is contributing heavily to the peak demand. Is this neces-
sary? Could it be avoided?

Operating hours

Loads that have valid extended operating hours are good candidates for efficiency improve-
ment. Could lamps be upgraded? Are pumps and fans the most efficient? Could a higher-
efficiency motor be used? Could variable speed drives be integrated?

Load grouping

Are there large groups of loads that have similar operating hours simply because they oper-
ate or are switched only as a group? A good example of this is lighting. Can lights be zoned
or switched automatically by occupancy detectors, time clocks or photocells?

Night load

If you have a demand profile available, can you justify the night load? Do all loads that oper-
ate during the night or during vacant hours need to operate? Can demand response and peak
load management be applied?

Loads that require monitoring

Are there loads or groups of loads that consume a significant portion of the overall energy
and demand? Could these loads be monitored for excessive running time or power con-
sumption? A good example of this would be a large refrigeration system in a supermarket or
food-processing operation.

Identify opportunities for energy performance improvements. The audit process flow chart
shows several stages at which EMOs can be identified:

= At the condition survey stage, when obvious needs for repair or operational changes
that require no further assessment become apparent.

= While examining the facility demand profile, when other opportunities can be identi-
fied to reduce cost or consumption: for example, load-shifting opportunities that low-
er peak demand or load that remain on when the plant is down.

* During the load inventory process, when the distribution of energy consumption
among plant systems is quantified to provide a basis for reconciling loads with
billings; variances in the reconciliation and insight into load distribution can lead to
turther EMOs.
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THREE-STEP APPROACH TO IDENTIFYING EMOS

All energy-consuming equipment and systems were designed to meet a specific need or set
of needs. This may be as simple as providing illumination, or far more complex as in the case
of an integrated processing plant. Finding EMOs involves reducing the level of energy use
while still meeting the original need or requirements.

To identify EMOs, start at the point of end use where the need or requirement is met and
work back methodically toward the point of energy purchase.

Step 1: Match usage to requirement

The first and most important step in realising savings opportunities is to match what is actu-
ally used to what is needed. The key consideration here is the duration of use and the magni-
tude of use. Mismatch between equipment capacity and user requirements often leads to in-
efficiencies due to part-load operations, wastage, etc. Questions that might be asked include:

=  What is being done?

*  Why is it being done?

* What energy is being consumed?

= What energy should be consumed?

= Does the process equipment idle for significant periods of time?
Step 2: Maximise system efficiencies
Once the need and usage are properly matched, the next step is to ensure that the system
components meeting the need are operating as efficiently as possible. In this step, the effects
of operating conditions, maintenance and equipment/technology will be considered. Ques-
tions to guide this aspect of the investigation include:

* Could the process be accomplished in the same way but more efficiently?

= Are the principles underlying the process being correctly addressed?
Step 3: Optimise the energy supply

The first two steps will reduce the energy requirement. At this point it makes sense to seek
the optimum source or sources for the net energy requirement.

The final step in identifying savings opportunities is to consider the supply of energy to the
system and to look for savings opportunities that you can achieve by optimising the supply.
Opportunities for optimisation typically include the following:

HEAT RECOVERY

Heat recovery systems utilise waste energy streams to displace inflowing energy. Such sys-
tems range from simple ducting of warm air to complex heat pump systems.

HEAT PUMPS

In addition to facilitating heat recovery, heat pumps are used to exploit low-grade energy
sources such as geothermal energy (ground heat) and air. These are commonly called
ground-source and air-source heat pumps.

COGENERATION

Cogeneration is often referred to as combined heat and power (CHP) systems. When facili-
ties or processes require hot water and/or steam and at the same time have a demand for
electrical energy, there may be an opportunity to supply both/all facilities or processes using
fuel-fired combustion equipment. These systems take advantage of what would otherwise be
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waste energy. With a typical efficiency of 15 to 30% in converting fuel to electricity, the waste
heat from the exhaust stream can provide the required thermal inflow to the appropriate fa-
cilities or processes, thus boosting the overall efficiency by 50 to 80% or more.

RENEWABLE ENERGY

Systems that use renewable energy such as solar, wind or ground heat can be used to sup-
plement conventional energy sources. Although not always economical, certain renewable
energy applications may be cost-effective, including off-grid use of photovoltaics (solar-
generated electricity) and wind energy as well as passive solar designs for new and existing
buildings.

FUEL SWITCHING & ENERGY SUBSTITUTION

Fuel switching involves replacing one fuel with another, less expensive energy source. Good
examples of fuel switching and energy substitution would be replacing coal with coconut
shells or rice husks and converting hot water heating from electric to gas. In general there are
two ways to reduce energy dependency: energy conservation and substitution.

PURCHASE OPTIMISATION

Purchase optimisation takes full advantage of the open market of natural gas and electricity.
Organisations that understand what their energy use patterns are and how these patterns can
be manipulated will benefit most from purchase optimisation.

It is important to recognise that the appropriate time to consider purchase optimisation is
after each of the preceding steps. It would be counter-productive, for example, to negotiate a
new electricity supply contract before properly managing the facility’s demand profile. Any
future changes to the demand profile could make the new supply agreement less economical.
Likewise, sizing a cogeneration system on the basis of existing electrical and thermal loads
without good usage practices in place would be less than optimal. In fact, future reductions
in thermal or electrical loads could make the cogeneration system uneconomical.

ACTIONS AT THE POINT OF END USE SAVE MORE

Where is the best place to begin to look for EMOs? This is a simple question with a simple
answer: begin the search for opportunities where energy is the most expensive — at the point
of end use.

Example 4: To illustrate this point, consider the case of a system designed to pump a fluid throughout
a facility. In a commercial facility, this might be a chilled water pump for the air conditioning system
or for cooling process equipment. Figure 6.7 is a simplified system diagram that shows each compo-
nent involved in the system’s energy conversion. Energy passes through each system element, starting
at the meter — the point of purchase — through to the heat exchanger in the terminal devices, where the
cooling is required. Energy is constantly being converted and transferred.

Next, consider that the efficiency of each component is 100% or less. The meter would have
an efficiency of very close to 100%, but other components are not as efficient. Efficiency is
defined as the ratio of the output of a system or component to its corresponding input.

Each component with an efficiency of less than 100% wastes part of the difference between
the energy input and output. The result of this waste is that the unit cost (USD/kWh or
USD/M]J) of the energy increases between the input and output.
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» Special considerations for process systems

There is significant energy sav-

ings potential in actions that Utility Meter Flow
deal with operations and tech- R —

. . Valve | Eodijce Heat
nology. Often, in the search for Bearings Exchanger
savings, much emphasis is NAA
placed on technological actions —=
such as equipment retrofits and | Distribution e Al Other Heat

] System Exchanger
upgrades; however, many high- o
. . 1pimn
potential/low-cost  operational Ne:m%k

opportunities are overlooked.

Figure 6.7: Process flow diagram - Source: Capacity-building, leadership
Industrial energy use can be & action. “Mitigating greenhouse gas emissions in Southern African indus-

broken down into plant and try, industrial energy auditor training Quidebook”
process use. Plant use includes

the supporting equipment and systems that supply the process equipment.

Many other types of systems may be present to provide for the energy needs of the process

systems:

Combustion systems
Steam and hot water boilers and distribution

Compressed air

= Lighting
= Refrigeration Steam
= Pumps and fans (fluid Cooling Waste Heat
movement) Electricity
Applying the three-step critical as- Fuel Industrial Product _
. h—c— Process >
sessment process requires us to de-  Comp Air
termine how closely the process  pMaterials
needs are being met. Then we can
consider the energy use in the sys-
tem designed to meet the require- Figure 6.8: Example breakdown of process energy use ex-
ment. To analyse the requirement, pressed in kilowatt-hours per tonne (kWh/tonne) ratio -

we must take a more in-depth look  Source: Capacity-building, leadership & action. “Mitigating green-
at the internal workings of the pro- house gas emissions in Southern African industry, industrial ener-

cess.

gy auditor training guidebook”

Equipment kWh/tonne is defined as the energy required when the optimum amount
of equipment is operating at design efficiency.

System kWh/tonne is defined as the energy required when the operator and machine
influences are included — this takes into account operational techniques and mainte-
nance practices.

Actual kWh/tonne is the energy use taking into account any operator and supervisor
responses to variations and external influences and the time lag in responding.

The differences between the various levels identified in Figure 6.9 above represent the poten-
tial for reduced energy use. Although it may not be possible for a real process to achieve a
theoretical consumption level, a realistic target can be set. An energy audit or assessment for
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each process area would examine
each of these levels and associated Actual kWh/Tonne
factors that influence consumption.

Every manufacturing or industrial
process presents opportunities for
energy management. However, for
the unwary, energy management
also has the potential to create op-
erational problems. The best way to
avoid these problems is to involve
operating staff in an auditing or

System kWh/Tonne

Equipment kWh/Tonne

Target kWh/Tonne

Theoretical Equipment kWh/Tonne

kWh/Tonne of Production

P
>

assessment process. Figure 6.9: Process energy use - Source: Capacity-building, lead-

The audit or assessment outcome  ership & action. “Mitigating greenhouse gas emissions in Southern
will often include a set of actions African industry, industrial energy auditor training guidebook”
that are operational and technolog-

ical. Operational actions typically

address variability and system consumption levels; technological actions reduce equipment
consumption levels. It is expected that over time, as actions are implemented, various con-
sumption levels will drop and actual consumption will approach the target level for the pro-
cess.

SUMMARY

The method presented above is a means of looking at each of the energy-consuming systems
in your facility and identifying savings opportunities. The steps in the method are as follows:
i. Verify/validate energy need/requirement.
ii. Conduct loss & waste analysis.
iii. Optimise energy supply.
Electrical and thermal inventories can provide valuable insight for identifying and estimat-
ing potential savings opportunities.

» Assess the costs and benefits

Having identified a “shopping basket” of EMOs, the auditor should also provide guidance
on the feasibility of measures and recommendations for implementation. Assessing proposed
measures primarily involves a cost/benefit analysis.

Although a detailed economic analysis may exceed the scope of the audit, the auditor should
nevertheless know the following;:
=  What benefits should be taken into account?
= What costs should be included in the analysis?
= What economic indicators provide a realistic projection of the financial viability of a
proposed measure over time?
COMPREHENSIVE ASSESSMENT

A comprehensive assessment of the benefits and costs associated with an energy savings op-
portunity extends well beyond the simple cost of the energy involved and in many cases may
involve the following.
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Benefits

* Direct energy savings

= Indirect energy savings

= Comfort/productivity increases

= Operating and maintenance cost reductions

* Environmental impact reduction

* Direct implementation costs
* Direct energy costs
= Indirect energy costs

* Operating and maintenance (O&M) cost increases

ASSESSING DISADVANTAGES ASSOCIATED WITH SAVINGS

Assessment of savings opportunities generally involves a cost/benefit analysis. First, what
are the savings (and other benefits) associated with the opportunity? Second, what will the
EMO cost to implement? Depending on the type of economic analysis used, consideration
may also be given to the cost of maintenance, with and without implementation of the EMO.

One often overlooked factor is the indirect costs of the proposed action. These can include
such things as reduced illumination levels and increased heating costs when lighting is re-
duced, since energy for light contributes to a building’s heat in the winter. An extreme indi-
rect cost could be reduced employee productivity because of unexpected reductions in light
levels or a safety hazard created by an improperly located motion detector that switches
lights off when a space is still occupied. It may become apparent that what seems to be the
most attractive savings opportunity is in fact not so desirable when all impacts are consid-
ered.

Often these costs are declared as unforeseen. However, a thorough assessment should antici-
pate most of them and clearly identify the associated risks before any changes are imple-
mented.

Another often neglected consideration is the technical and economic risk associated with the
planned implementation. Simply put: savings are not always guaranteed. For example, it is
unlikely that a motion detector installed to switch lighting in a high-traffic area will pay back
its cost. Replacing a poorly loaded motor with an energy-efficient one may result in lower
overall efficiency because of its partial load characteristics. When the predicted savings de-
pend on varying operating conditions or occupant habits, there is always a risk that the ex-
pected savings might not materialise or might be lower than predicted.

In such cases, the indirect costs are, in fact, uncertain savings. A conservative assessment
would be based only on savings that are certain in terms of their realisation. If the uncertain
savings do materialise, this can be regarded as a “bonus”.

In summary, consider the direct costs and the impact that the planned implementation will
have on occupants, comfort, productivity, safety and equipment maintenance. Also consider
any potential interactions between the new equipment and existing systems and the likeli-
hood that the expected savings will in fact be realised.
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ENERGY AUDIT REPORT

The Energy Auditor’s main deliverable for the energy audit is the final report. Any audit re-
port should provide enough information to allow you to make informed decisions about next
steps to meet your energy savings and financial goals. Audit reports include an inventory of
existing equipment under review, a summary of your building’s current conditions and en-
ergy use, and a list of recommended no-cost, low-cost, and longer-term EMO recommenda-
tions based on an analysis of historical energy use and the on-site assessment.

Table 6.2: Contents of audit reports based on different levels!

Level | audit report Level Il audit report Level Il audit report

e Executive summary o All items from level | audit o All items from level Il audit

o Brief facilities description e More comprehensive energy end e Detailed information on capital
e Scope of audit/methodology use analysis intensive measures — including
e Preliminary analysis findings, in- ® Description of building systems schematics,  equipment lists,

and major equipment equipment specifications, design

cluding benchmark and end use re-
sequences and costs

sults

Financial analysis of EEMs
¢ Highly detailed financial evaluation

e List of no-cost and low-cost energy Description of energy efficiency
measures measures considered and not rec-
e Potential measures for further ommended or not financially viable
consideration

Description of energy efficiency
measures recommended
e Summary table with measure

name, installed cost, energy sav-
ings by utility and O&M savings

Capital intensive measures requir-
ing level lll audit

o Detailed energy analysis calcula-
tion

Measurement and verification
(M&V) plan for verifying energy
savings

The report should focus primarily on recommended EMOs. Typically, these are presented as
no-cost or low-cost measures, practical measures meeting your financial criteria, and capital-
intensive measures. The report should include detailed descriptions of each recommended
EMO, and explain:

= Existing conditions and recommended changes, including equipment specs and spe-
cific locations of installations
* How the measure will save energy and how much energy it will save
= Financial analysis results including costs of recommended measures
= Effects on maintenance and comfort
The report should also present optimised bundles of measures, where shorter pay-back
EMOs are combined with longer pay-back EMOs to collectively meet energy savings and fi-

nancial goals. This may be of particular interest if your facility has significant deferred
maintenance items.

! Source: Energy management systems in practice ISO 50001: A guide for companies and organisations, Umwelt-
bundesamt (UBA), Germany — Source: www.bmu.de
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An energy audit report could include a summary of utility incentives and rebates or tax cred-
its available from energy efficiency installations. Some energy audit reports provide lists of
quality energy-efficient products or vendors, making it easy for you or your contractors to
upgrade to more energy-efficient equipment.

Plan to hold a final meeting with the Energy Auditor and key building staff to review the fi-
nal report. Audit reports, even when considered a useful investment, sometimes get pushed
aside and forgotten, leaving potential energy and cost savings unclaimed. At the final meet-
ing, walk through the analysis, results and recommended EMOs. Discuss high-level next
steps and a schedule for action. There may be operational changes you can implement im-
mediately in one or more buildings in your portfolio that will result in instant energy sav-
ings. Other changes may need to be assessed further and incorporated into your longer-term
plans.

» Energy audit report sections
The audit report consists of the following sections:
EXECUTIVE SUMMARY

The audit report should start with an executive summary that lists the recommended energy
conservation measures and shows the respective implementation costs and dollar savings
amounts. This section is intended for readers who only want to see the bottom line. Although
the executive summary can be as simple as a short table, you may also add a brief explana-
tion of recommendations and include other special information needed to implement the
recommendations as appropriate.

ENERGY ACTION PLAN

In this subsection, you should describe the steps that a company should consider in order to
start implementing the recommendations.

ENERGY FINANCING OPTIONS
Optional short discussion of the ways that a company can pay for the recommendations.
MAINTENANCE RECOMMENDATIONS

This section of the report should contain energy-savings maintenance checklists for lighting,
HVAC systems and boilers.

TECHNICAL SUPPLEMENT

The technical supplement contains specific information about the facility and the audit rec-
ommendations. There are two main sections: 1) assumptions and general calculations and 2)
detailed recommendations including the calculations and methodology.

STANDARD CALCULATIONS AND ASSUMPTIONS

Standard values are calculated in this section including operating hours, average cost of elec-
tricity, demand rate, off-peak electricity costs, and the fraction of the air conditioning load
attributable to lighting.

AUDIT RECOMMENDATIONS

This section contains a discussion of each of the energy management opportunities that have
been determined to be cost-effective. Each an energy management opportunity (or EMO) that
was capsulised in the executive summary is described in depth here.
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» Audit report content as defined by ISO 50002

5.8.2 Energy audit report content (Enumeration follows ISO)

The content of the report shall be appropriate to the defined energy audit scope, boundaries and objec-
tive(s) of the energy audit. The energy audit report shall include the following topics:

a) Executive summary:
1) Summary of energy use and consumption;
2) Ranking of opportunities for improving energy performance;
3) Suggested implementation programme;
b) Background:
1) General information on the organisation, Energy Auditor and energy audit methods;
2) Relevant legal and other requirements applicable to the energy audit;
3) Statement of confidentiality;
4) Context of the energy audit;

5) Energy audit description, defined scope and boundaries, audited objective(s) and
timeframe;

c) Energy audit details:
1) Information on data collection:
i) Measurement plan (see 5.5);

ii) Type of data used (acquisition frequency, measurement period, which is measured
and which is estimated);

iii) Copy or reference to key data used, including test reports, calibration certificates,
equipment records in accordance with 5.2 (energy audit planning);

2) Analysis of energy performance and any energy performance indicator(s);
3) Basis for calculations, estimates and assumptions and the resulting accuracy;
4) Criteria for ranking opportunities for improving energy performance;

d) Opportunities for improving energy performance:
1) Recommendations and the suggested implementation programme;

2) Assumptions and methods used in calculating energy savings, and the resulting accuracy of
calculated energy savings and benefits;

3) Assumptions used in calculating costs of implementation, and the resulting accuracy;

4) Appropriate economic analysis, including known financial incentives and any non-energy
gains;

5) Potential interactions with other proposed recommendations;

6) Measurement and verification methods recommended for use in post-implementation as-
sessment of the recommended opportunities;

e) Conclusions and recommendations.
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» Industrial contracting models

One common contracting
model for industrial audits
that covers all audit levels 4
is performance-based: The
external contractor comes

Energy audit costs - Manufacturing

3.5 +

iI'I, does the audit (usually ':‘E e GErMany
at no charge), implements €25 1 ——France
the changes (usually at no ;__3= § —— Italy
charge), and receives a 3 ——Denmark
commission based on the ?1'5 A —Romania
& 14 ~Sweden

monthly savings.

Another model in use is A

payment based on area of 0
the respective installation.
Figure 6.10 shows an over-
all calculation for audit Figure 6.10: Energy audit costs. Source: European Commission, library
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costs with reference to a of typical energy audit recommendations, costs and savings, 2016

number of European coun-
tries.

6.2. ENERGY PLANNING

The energy planning process is the most important management system process in ISO
50001. It is important that an organisation’s Energy Manager collaborates with his/her energy
team to carefully design, implement and improve this process every year.

After the energy review and/or energy audit, the Energy Manager should know the planning
inputs consisting of:
= Past and present energy uses

= Significant energy users (SEU) including all energy consumption parameters (units,
cost), their balance rooms, and energy performance indicators (EnPIs) based on rele-
vant variables affecting the SEU’s performance

= Energy baseline, which is a summary of total energy use defined for a reference peri-
od and reference parameters of production.
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| Energy planning process concept diagram |

Planning Inputs Energy Review Planning Outputs ‘
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Action plans
performance

Figure 6.11: Energy planning process concept diagram according to ISO 50001

Other important planning inputs:

Legal requirements are a crucial planning input: After checking the legal requirements, the
Energy Manager should know the areas in which actions must be taken to (re-)establish full
legal compliance. Hence priorities and necessary actions are clear.

Also, in the first years of implementing an energy management system or at least trying to
improve energy performance, this might be an easy task, as there are several low hanging
fruits with no-cost or low-cost opportunities to harvest.

But after legal compliance has been established and secured, and after the first basic im-
provements have been made, the task can become considerably more challenging.

Other planning inputs: In larger organisations, other inputs relevant for energy planning
appear quite frequently, e.g.
= Top-management decides to move to new locations or enlarge its current site.

= Production management decides to change the process technology or replace equip-
ment for non-energy-related reasons

= Employees have ideas for improvement
= Clients want a change in design/quality/quantity
= Response to accidents or disaster

For a structured approach to identifying EMOs within the energy planning process, these are
the recommended steps:

a) Get a first idea of where EMOs are located (e.g. using estimates, team decisions, rule
of thumb calculations).

b) If there are too many areas for improvements, prioritise them (tool/methodology or
team decision).

215



MODULE 6: PROCESS PERFORMANCE ASSESSMENT, MONITORING AND VERIFICATION

c) Take your prioritised areas and establish more concrete ideas about the energy sav-
ings that can be achieved (benchmarking, calculations).

d) Narrow down your focus and answer open questions (e.g. economic calculations, de-
tailed studies, consulting).

e) Create a final list of opportunities with concrete parameters for energy savings, finan-
cial savings and other parameters relevant for decision-making. Link this list with
your targets, objectives and energy policy.

f) Have the responsible manager approve the prioritised list of targets and projects. Se-
cure the budget.

g) Finalise the targets and action plans.

h) Plan implementation of actions and projects.

These individual steps are elaborated in the following;:

» EMO Prioritisation Data (energy, production, weather,...)

Consider this question:
Which of the many SEUs . I. [ | [ ——
should we focus on to de- [ & ,L 0

velop energy improve-
ment projects?

.
<

For a company with only EnPl i

KPI i /
~—_

QB (

a dozen balance grids and

_e
o
-

o

corresponding EnPIs, a
tew clear SEUs, and rela- | )
tively few on-site conver- B

>

sion and distribution Figure 6.12: Illustration of how to prioritise areas for improvement
technologies (e.g. steam, based on EnPIs and other data — Source: Josef Buchinger
pressurised air), prioriti-

sation may turn out to be a relatively straightforward task.

In an organisation with several production facilities, each with dozens of production lines
consisting of dozens of balance grids, complex on-site generation, conversion and distribu-
tion facilities (e.g. chemical factories, sugar mills) or a completely vertically integrated textile
manufacturer, prioritisation will be a more complex task.

In case we have access to an established EnPI/KPI system and long term historic energy
measurement data, illustrates a scenario for prioritising areas by looking at

a) Trends for different KPIs and EnPIs; negative developments indicate a need for action
and

b) Biggest consumer(s) (in absolute quantities) to be considered as a high priority.

» Methods to retrieve information on opportunities for energy performance improvement
INTRODUCTION

After narrowing your focus to significant energy users or just a few even more promising
areas, the next step is to establish more concrete ideas about the amount of energy savings to
be achieved. In this section, we start by introducing an overview of relevant information
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sources. We then elaborate benchmarking as a methodology for the comparison and identifi-
cation of performance improvements.

RELEVANT INFORMATION SOURCES

There are several sources from which we can extract the required data and information for
energy efficiency improvements including:

* Machine/equipment manuals = Articles

= Brochures * Newsletters

= Case studies * Best practices

= Research papers * Energy labels

= Journals = (Calculation software and tools

MACHINE/EQUIPMENT MANUALS

Machine and equipment manuals are basic sources to start your research. What is the rated
efficiency and performance of the product? What are the prescribed targets, what are the ac-
tual working conditions and parameters? Are we following the prescribed operating proce-
dure? When calculating potential for improvement, one method is to compare the existing
efficiency or performance of the equipment or process with the rated capacity in new condi-
tion. This is because with the passage of time wear and tear has occurred and the product’s
efficiency has been reduced. Efficiency calculated in the form of an EnPI for current and rat-
ed performance will show the potential for improvement over the selected period.

BROCHURES AND MANUFACTURER INFORMATION

Before purchasing any new equipment, brochures and other manufacturer’s information like
technical data sheets will provide information about the equipment in question. What are the
features of the new item? What are the standard and optional accessories? Why is it more
energy efficient? Why is it more productive? What are the performance indicators? Often
producers already have special presentations and advertising materials where they highlight
potential increases in productivity or reductions in energy consumption associated with their
product. Always question whether this information is fully applicable to your situation.

ENERGY LABELS

Energy labels either provide concrete information about the energy efficiency of machin-
ery/equipment (e.g. EU energy labels), or indicate that the product meets a set of prerequi-
sites that makes it more energy efficient than others. Typically, an energy label is based on a
national or international standard that makes comparison as objective as possible. Depend-
ing on this standard, the information provided on the label could be the result of independ-
ent third party testing (best case) or merely a declaration by the producer (worst case). Con-
sumer associations also provide energy labels and comparative testing.

Energy labels are available for mass products such as light bulbs, cars, refrigerators and car
tires, and increasingly for products such as water heaters, motors, controllers, etc.
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Figure 6.13: EU energy label for tires comparing fuel efficiency, wet grip performance and noise levels
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Figure 6.14: EU energy label for a light bulb with a comparable energy performance (left) and US Energy
Star label indicating the fulfilment of energy efficiency criteria (right).
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Figure 6.15: Different types of energy labels for an electric motor from different countries

Energy labels can be used as a criterion for procurement.

CASE STUDIES / BEST PRACTICES

Best practices feature a description of procedures, methods, and techniques that showed con-

sistently better results than other methods in the industry at the national or international
level.
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Case studies typically feature successful projects on energy performance improvement.
These case studies highlight problems and their solutions as well as methods adopted for
improvement. Well written case studies elaborate the hurdles and problems that occurred
during implementation and discuss how these problems can be handled. They provide facts
and figures about implementation results and consequences of the technology or methods
adopted.

Case studies and best practices are published by industry sectors, associations, producers of
specific equipment, energy advisors, etc. They can be found in books, journals, brochures,
newsletters and other public domains.

RESEARCH PAPERS

A research paper is an entirely original piece of scholarship created by an author who con-
sults several different sources for the purpose of answering a research question. A research
paper is a synthesis of the researcher’s interpretation and an evaluation of the information
discovered, with a complete documentation of the source of all discoveries. Research papers
about nearly every topic can be found on the Internet, though they are sometimes only acces-
sible at a charge. In a research paper, new work is discussed to answer a question and inter-
pret and evaluate possible outcomes. Most research papers are written by university or other
researchers. Often, research papers also discuss very practical cases from specific industries.

ARTICLES

Besides case studies or research papers, articles are more general — less scientific or technical
— and appear in different newspapers, journals or blogs. Typically, a well-defined topic or
subject is discussed by the author while elaborating on problems, effects, solutions and re-
sults. The market launch of new technologies or new legal requirements and laws can also be
discussed.

JOURNALS

These are magazines on a particular topic, subject or activity. Journals combine case studies,
research papers, articles and other information. New technologies are introduced or they
contain records of events like symposia or conferences. Journals may have an academic, sci-
entific, or industrial focus.

Example 4 : The following example shows that the same source can be categorised as a case study, a
research paper or a journal article:
o Title: Case Study of load optimisation of energy management in an office building
e Author: Sadaf Zeeshan, Mechanical Engineering Department, University of Central Pun-
jab, Lahore, Pakistan
e Publication: International Journal of Advances in Engineering & Technology, Jan. 2014.
Link: www.e-ijaet.org/media/9118-IJAET0118631_v6_iss6_2398-2407.pdf

CALCULATION SOFTWARE AND TOOLS

There are several calculators, software programs and tools available on the Internet for users
to conduct their own assessment of the energy performance of a machine or piece of equip-
ment. These are the SMALL function in Microsoft Excel, Matlab, C or Java programs which
employ engineering formulas to calculate energy performance and efficiency (with and
without a specified improvement) as well as energy savings, i.e. motors, pumps, boilers,
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compressors, furnaces, HVAC, building envelope, solar PV system, insulation, etc. These
programs are available free of charge on different sites like www.smeda.org

ENERGY SAVING BY INSTALLING HIGH

EFFICIENCY MOTOR

o0

ESPIRE

energy

ISSUE: Installing energy efficient motor is very feasible because of lower operating and
maintenance costs, coupled with relatively short payback periods. Energy efficient
motors accomplish more work per unit of electricity than their less efficient counterparts.

Example
73

92.0%

70%

6,240

93.5%

5713

18.00

102,827

150,000

18

HOW TO USE:

Motor Power

(kW]

Motor Efficiency

% Full Load

Annual Operation

Hours
New Motor
Efficiency
[%]
Energy Savings

HDIV/O! ][kWh/y

Average Electricity
Price

[PKR/
KWh]

>

Annual Cost
Savings

[PKR/

#DIV/O!
yl

Investment for
new motor

[PKR]
Payback Period

HDIV/O! g\]’b”th

Compressor motor rating

Standard compressor motor
efficiency (default =92%)

Estimate of average percentage
motor load factor (default =65%)

24h/7d =8.760 hours; 24h/5d
=6.240 hours; h/5d = 2.080 hours

= Efficiency new motor [%]-
Efficiency old standard

= (Motor Power [kW] x (Full Load
[%]) x Operation Hours [h/y]) x
(1/Compressor Motor Efficiency
[%] - 1/New Motor Efficiency [%])

Insert from Energy Bills

= (Annual Energy Savings [kWh/y]
x (Average Electricity Price
[PKR/kWHh])

1. Insert data from your company in cells that are highlighted in white
ADDITIONAL INFORMATION & TIPS
1. Rule of Thumb: a high efficiency motor will typically be 1,5% more efficient than a

Figure 6.16: Screenshot of the efficiency tool for motors by BFZ/ESPIRE!

» Benchmarking

TYPES OF BENCHMARKING

Benchmarking and benchmarks can be classified into a number of different categories, each
of which has their own distinguishing features and uses.

Internal benchmarking

The same activities are performed in various balance grids, e.g. departments, production
lines or factory sites. Performance indicators are defined that can be used to compare those
same activities and determine the scope of performance improvement.

! http://espire.com.pk/ee_service_portfolio.htm
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Advantages:

* Smaller communication gap
= Easy access to data
= Easy implementation

Disadvantages:

* Limited exposure
* Bias
= Lack of external input

* Less innovation potential

Example 5: Some generic examples for internal benchmarks

e Production parameter
If the plant was operated using the same methods as in the reference year, this parameter is used to

identify the energy that would be needed to produce that year’s outputs and is called the production

parameter.

It is the ratio between productions in the current year to that in the reference year.

Current year production

Production factor = -
f Reference year production

e Reference year equivalent
The energy required to produce the current year’s production is called the “reference year equivalent”

for short or sometimes the “reference year energy use equivalent”. It is calculated as

RYE =RYEU - PF

Where, RYE = Reference year equivalent
RYEU = Reference year energy use
PF = Production factor

e Energy performance
The energy performance is the percentage of energy saved at the current rate of utilisation over the

reference year rate of utilisation. The greater the improvement, the higher the energy performance.

Precisely this difference between the reference year and the current year is called “energy perfor-
mance” and is an estimation of the plant’s energy management performance. It is the minimisation or
increment in the current year’s energy use over the reference, and is measured as

Reference year equivalent — Current year's energy 1
X

% Plant energy performance = Reference year equivalent

Benchmark parameters can also be gross production parameters such as:

=  kWh/MT clinker or cement produced (cement plant)

= kWh/kg yarn produced (textile unit)

=  kWh/MT, kCal/kg, paper produced (paper plant)

= kCal@eHHV/kWh power produced (heat rate of a power plant)
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= Million kilocals/MT urea or ammonia (fertiliser plant)
=  kWh/MT of liquid metal output (in a foundry)

External benchmarking

External benchmarking is a benchmark method that looks outside the organisation to com-
pare the performance and process parameters with those of other organisations that have
same processes.

Identifying comparable activities and parameters is vital; otherwise findings can be heavily
misleading. Some analogous factors to be explored in the course of external benchmarking
include:

= Range of progress

= Choice of technology and innovation

= Raw material condition, quality and other details

* Product detail and quality

= Balance grid, boundaries

Advantages:

= Measures performance parameter

= Assists in identifying good practice(s)
Disadvantages:

* Time consuming

* Makes data collection

= Requires external or additional support

= Depends on the culture of both organisations

Competitive benchmarking

In this benchmarking method, the focus is on a comparison with direct competitors, e.g. or-
ganisations that have the same customer base. Competitive benchmarking is actually more
relevant for market and financial data than for energy performance.

Industrial benchmarking

This method is also called functional benchmarking. It is a form of external benchmarking
where organisations (typically of the same industry sector, e.g. pulp and paper, steel) volun-
tarily compare their performance within a network or association.

Advantages:
= Network development
= Sharing and discovering innovation practices
= Willing partners
* Readily transferable
Disadvantages:
= Cost
* Some “willing partners” may not be so willing!

= Not suitable for every organisation or industry sector
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Examples 6: For the paper industry, paper quality, unprocessed material, and recycling ability are
some vital factors to be documented along with specific energy consumption measured in
(kWh/Tonne and J/kg).

For a power industry or plant, important factors to be included alongside heat rate (kWh/J) are the

plant consumption, condenser vacuum and the temperature of inlet cooling water.

Unit consumption (toe/t)
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Figure 6.17: Steel sector energy benchmark for EU countries

Figure 6.17 shows a comparison of the performance (in terms of energy unit consumption) of
the European steel sector across the different EU-27 countries taking into account the relative
share of electric steel in total crude steel production.!

Figure 6.18 compares the energy unit consumption of cement in EU countries as a function of
the share of clinker: the higher this ratio, the higher the specific energy consumption.?

! European Environment Agency. www.eea.europa.eu/data-and-maps/figures/benchmarking-in-the-steel-
industry-2 — accessed March 03, 2017

2 European Environment Agency. www.eea.europa.eu/data-and-maps/figures/benchmarking-in-the-cement-
industry-2 — accessed March 03, 2017
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Figure 6.18: Cement industry energy benchmark for EU countries

Process and generic benchmarking

Breaking down the operation into smaller units that are universal processes or generic tech-
nologies (e.g. HVAC, compressed air, water treatment) enables a comparison amongst oth-
erwise unrelated organisations.

Definitions and ratings in rules, regulations, standards, norms and energy labels, etc. can also

be considered as process benchmarks.

Some typical detailed benchmark operators for equipment/utility/processes:

Air compressors (kWh/m?3)

Refrigeration/cooling plants (kW/TR)

Transport effectiveness (1/100 km, miles/gallon, etc.)
Lux levels vs. norms

Mills, crushers (kWh/tonne)

Transformer efficiency (%)

Heat exchangers (effectiveness %)

Diesel generator sets (kWh/litre)

Cooling energy demand of buildings (kWh/m?/year)
Heating energy demand of buildings (kWh/m?/year)
% thermal efficiency of a boiler plant

% cooling tower effectiveness in a cooling tower

kWh/litre in a diesel power generation plant

» Calculate energy efficiency improvement potential

When examining the success of energy efficiency programmes, the crucial metric of interest
is energy savings. However, this quantity cannot be measured directly. Instead, efficiency
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programme impacts are estimated by taking the difference between the following two fac-
tors:
1. Actual energy consumption after installation of efficiency measures

2. Baseline, i.e. how much energy would have been consumed during the same period
without efficiency measures.

In addition, several steps can be taken to (c) adjust the baseline and/or the post-installation
energy use to account for energy-related factors other than the energy-efficient measures or
systems (e.g. weather, building occupancy, operating hours, etc.).

Mathematically, energy savings can be calculated using the following formula or equation.
Energy saving formula:

Energy savings = (b) (baseline energy use) — (a) (post-installation energy use) + (c) (adjust-
ments).

Implementation

e - base
g 750,000 / /
2 /// 5
e < %
g 7
= Z, 7
o

250 Baseline Period Reporting Period

Jan-01 Jul-01 Jan02 ul-02 Jan-03 i-03 Jan-04

Month

Figure 6.19: Energy use (KWh) on the y-axis and consumption on x-axis (months), comprised of baseline
period and reporting period and plotted on the graph. Implementation in Jan 2003!

In the graph shown below, energy savings are represented by the shaded area (i.e. the area
under the curve indicates the amount of energy saved).
Example 6: Simple before and after (no adjustments)

Desktop PC replacement: 300 desktop PCs are replaced with mini PCs with the same performance pa-
rameters.

Calculation Unit Baseline Post-installation
Number of items to be exchanged # 300 300

Type of item HP 8200 SFF HP 800 G1 DM
Py, nominal power rating W 240 65

P,, power at typical usage W 23! 12?

! International Performance Measurement & Verification Protocol http://www.nrel.gov/docs/fy020sti/31505.pdf —
accessed March 20, 2017
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Example 6: Simple before and after (no adjustments)

Pss, power at standby w 11 8

Top, Operating hours per year h 2,080 2,080
Tsg, standby hours h 520 520
Energy consumption

E = Py*(Top-Tss) + Psg*Tsg kWh/a 41,605 22,880
Energy savings kWh/a 18,725

1: Actual measurements
2: From technical data sheet

Example 7: Adjusted baseline

Baseline energy use:

Baseline energy use is typically calculated with an EnPL

EnPI example for compressed air: 0.13 kWh/m?

The baseline had a constant monthly use of compressed air of 250,000 m?.
Energy consumption: 32.5 MWh/m (or 390 MWh/a).

Post-installation energy use:
After the installation of a new compressor unit, the new EnPI for compressed air will be 0.09 kWh/m3.

If the compressed air consumption remains constant, the post-installation energy use will be: 22.5
MWh/m or 270 MWh/a.

(Simply: Esaving = 390 — 270 = 120 MWh/a)

Adjustments: Due to certain changes in the market, we also expect different production rates and
hence the following variations in compressed air demand in the future:

Months 1, 2, 3: 200,000 m?

Months 4, 5, 6: 250,000 m?

Months 7, 8: 400,000 m3

Months 9, 10, 11, 12: 300,000 m?

To include the adjustments, we therefore have to calculate:

Esqving = (0.130 — 0.090) * (200,000 * 3 + 250,000 = 3 + 400,000 * 2 + 300,000 = 4) =134 MWh

» Prioritising opportunities
INTRODUCTION

After narrowing the focus, establishing concrete energy savings targets for the prioritised
area(s), and finding answers to any remaining questions, the energy advisor, Energy Manag-
er or energy team will draft a list of opportunities for enhanced energy performance which
contains all energy-related parameters. If this list is rather long, some ranking and periodisa-
tion is required, since it will hardly be possible to fit everything into the budgetary and other
limits of the company and moreover obtain a blanket approval from top management.
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Table 6.3: Exemplary list of identified EMOs

Investment  Internal Saving Savings
Short title Description costs, costs, Energy type potential, g
in kWh
in PKR workdays %
Change of Installation of energy management 45,000 150 electricity 3% 90,000
process cool- system (real-time data measure-
ing system ment, monitoring of electricity and
cooling consumption -> identifying
possible saving measures)
Compressed Installation of a local pressure rising 14,000 0 electricity 8% 11,299
air system plant (-> overall lower pressure re-
quired)
Dryer Heat recovery from waste heat into 15,000 10 natural gas 40% 120,000
heating system for drying
Interior light- Lighting control in production halls 2,000 0 electricity 30% 70,080
ing
Line 1 opti-  Optimisation of controls for start-up 20,000 5 electricity 15% 35,040
misation and breaks
Line 1 opti-  Optimisation of controls for start-up 5,000 5 natural gas 10% 60,000
misation and breaks
PV system Installation of 200 kW PV system 260,000 0 electricity 300,000
Steam boiler Installation of economiser and im- 70,000 30 natural gas 10% 90,000
provement of insulation
Trainings Training of personnel (e.g. switching 2,500 200 electricity 1% 30,000
off equipment that is not in use,
conscious use of energy)
Weaving More regular maintenance 0 20 electricity 1% 3,738
machine

Prioritisation tells us what is more important and hence needs to be done first. But different
units in the company have different goals and priorities, and top management again might
have other priorities. Therefore it is not often easy or fair to prioritise and decide based on
only a few factors like the economics of projects.

Depending on the methodology, ranking a list of opportunities can be a formal procedure
that is fully automated in a spreadsheet calculation. Some factors are not as easy to quantify,
however, a situation which may require additional opinions. General management practices,
and more specifically ISO 50001, recommend making such decisions in a team.

Different prioritising techniques as well as their underlying parameters or criteria are ex-
plained in the following.

Regardless of the chosen method for ranking or prioritisation, actions that are required in
order to fulfil legal requirements always must be given top priority. After the scoring the op-
tions, the next step is to hold a general discussion to compare notes and develop a master list
of prioritised projects that everyone agrees upon. Note that the rating scores are an excellent
way to promote discussion while still allowing room for necessary adjustments. Remember
that the prioritisation matrix itself is just a tool, and the people scoring projects are exercising
their best judgment. Upon reviewing the resulting list, the whole group may decide that a
project still needs to move up or down in priority, despite the score it received. These types
of adjustments are to be expected and help to fine-tune the priority list. As a final step, a de-

227



MODULE 6: PROCESS PERFORMANCE ASSESSMENT, MONITORING AND VERIFICATION

partment may decide to establish groupings of projects based on “natural” breaks in scoring,
for example high, medium and low priority.

» Parameters for prioritisation

FINANCIAL FEASIBILITY / VIABILITY

Economic assessments and cost/benefit analyses are important factors for prioritising and
ranking different opportunities.

Financial feasibility includes the capital cost of the planned energy efficiency measure, suffi-
ciency of funds, projected savings and payback, running costs and maintenance costs. Vari-
ous techniques are used for these calculations, i.e. simple payback, life cycle cost analysis in-
cluding net present value (NPV), internal rate of return (IRR), etc. For these calculations, de-
cision makers will need access to the initial investment (capital cost), inflation rate, discount
rate, residual value, lifetime of measure and actual and projected running costs.

Besides the criterion of profitability, expressed as ROI, NPV or IRR, another important pa-
rameter is always the investment sum itself, as annual investment planning is often im-
portant for companies.

TiME / URGENCY

Time is a critical factor in the prioritisation of opportunities. Time is a valuable resource
for projects. When prioritising an opportunity, both the timing and duration of implementa-
tion are important.

Sometimes a project may be very viable, but the required implementation time is too long for
a typical industry, e.g. an industry cannot afford to shut down its processes for an extended
period. In another case, a company has two different options with the same promised bene-
fits and two different technologies, project completion times and costs. After considering the
required completion time for the project, the company might ultimately choose a relatively
expensive solution that saves downtime.In processing industries, plants usually run continu-
ously for years and close for maintenance only after an extended period (oil, gas, and chemi-
cal plants). In this case, to qualify for implementation, it is essential to complete the project
within prescribed time frame. Every project and all project deliverables are time-bound.
Without appropriate time management, a project can quickly be headed towards failure.

COMPLEXITY / RISK

Project complexity depends on the relative degree of unpredictability and uncertainty that
the project entails. Complexity is a dynamic variable. While making decisions, the project
manager must take into account that many critical factors are outside the team’s control.

There are many dimensions of complexity of a project. Few (not all) are listed below:
* Financing
= Approval procedure, legal aspects
* Production schedule
= Technical design, planning, etc.
= State-of-the-art solution or still in the R&D phase
* Local availability of materials, service staff, replacement parts

* Productivity, quality of products
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= Skill level of available workforce, i.e. trained and educated staff to run the project.

Prioritisation of opportunities based on complexity is very important in many aspects. This
approach requires us to estimate the complexity factor and include it in the overall rank-
ing.To define the complexity factor of a project, it is advisable to map its complexity by un-
derstanding the nature and magnitude of potential contributing factors. To address the com-
plexity of a project, the steps are same such as resources allocation (human, financial and
administrative).

ENVIRONMENTAL EFFECTS

What are the environmental effects of the proposed improvement measure? A measure
might have an effect on noise, waste water, air pollution, solid waste, transport needs, etc.
Most of the times, the environmental impact of energy measures are expressed as a reduction
in greenhouse gas emissions (COz).

OTHER PARAMETERS

In addition to the described parameters, the proposed projects could be assessed in light of
the following factors:
a. Energy consumption per unit of production of a plant or process

Current status of repair and maintenance costs, energy performance of equipment
and processes

c. Residual value and working life of existing equipment or plant
d. Space requirements, space availability
Social aspects
i. Effect of a proposed measure on worker’s attitudes and behaviour
ii. New safety and health hazard
iii. Suitable transport to/from new site
iv. Coverage of basic needs at that location
All of these factors could be considered while prioritising investment opportunities. For ex-
ample, if the priority is to implement technological measures in the largest energy-
consuming plants, failing to improve the worst environmental and working conditions in

that plant may cause you to lose the support of the plant workers and staff who face those
conditions.

Keep in mind that, in the long term, investments which isolate workers and staff may cost
you and your company more in many ways such as:

* Reduced productivity

* Loss of good housekeeping practices

= Misuse of resources

* Abused maintenance

These issues will reduce the impact of improvement projects, which is what you are expect-
ing to achieve by implementing the measures in the first place.
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» Prioritisation techniques

In general, there is no fixed rule regarding which prioritisation technique should be used. A
prudent recommendation in this area would be to carefully establish and properly document
a specific technique for your company and use it the same way each time or year to ensure
consistency in your decision-making process.

PRIORITISATION MATRIX

A prioritisation matrix is a simple tool that provides a way to sort a diverse set of items in the
order of their importance. It also identifies relative importance by deriving a numerical value
for the priority of each item.

Comparative ranking

For every criterion, rank your options from 1 to x and then calculate the sum of all rankings
to obtain the overall rank.

Table 6.4: Simple score matrix

Criterion1  Criterion 2  Criterion 3  Criterion 4 Total Rank
Option 1 4 2 6 5 17 2
Option 2 1 3 2 4 10 5
Option 3 2 1 3 2 8 6
Option 4 3 4 5 6 18 1
Option 5 5 5 4 1 15 4
Option 6 6 6 1 3 16 3

Simple score matrix

Every option will receive a rating for each criterion. The rating scale could be from 0-2, 1-3,
1-5, 1-10, etc. It could be based on qualitative evaluation as in the first table below, or it
could contain quantitative limits, as in the subsequent table. Whatever rating scale you
choose, always make sure it is well defined and documented.

Table 6.5: Scoring based on qualitative aspects

Strategic alignment with criteria Score
Low 1
Medium 2
High 3

Table 6.6: Scoring based on quantitative limits

Energy savings Score
<1000 kWh/a 1
1000-10000 2
10000 < 3

Table 6.7: Simple prioritisation matrix based on points (range 1-5)

Energy Economic CO,sav- Total

savings viability ings Complexity Urgency points Rank
Option 1 2 5 5 3 3 18 2
Option 2 2 4 2 3 3 14 4
Option 3 3 2 3 4 4 16
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Energy Economic CO,sav- Total

savings viability ings Complexity Urgency points Rank
Option 4 5 4 4 3 5 21 1
Option 5 4 3 2 2 2 13 5
Option 6 4 1 1 1 5 12 6

Weighted score ranking
Assign a weight to each criterion. When a project is scored, the rating for a particular criteri-
on is multiplied by its weight to create a priority score.

Table 6.8: Weight factor examples

Criterion Weight factor
Energy savings 25%
Economic viability 35%
CO, savings 10%
Complexity 10%
Urgency 20%
Total 100%

Table 6.9: Prioritisation matrix based on weighted points (range 1-5)

Option S:‘f’; ‘;’; 25% E;ZZZ?:;C 35% Saf;:zgs 10% pf:z,’;y 10% Urgency 20% w;‘;‘;:’;’e 0 Rk
points
P wp P wp P we P WP P wp
Optonl 2 05 5 1.75 5 0.5 3 03 3 0.6 3.65 2
Opton2 2 05 4 1.4 2 0.2 3 03 3 0.6 3 3
Opton3 3 0.75 2 0.7 3 0.3 4 0.4 4 0.8 2.95 4
Option4 5  1.25 4 1.4 4 0.4 3 03 5 1 435 1
Option5 4 1 3 1.05 2 0.2 2 0.2 2 0.4 2.85 5
Option6 4 1 1 0.35 1 0.1 1 0.1 5 1 2.55 6

Legend P = Points, WP = Weighted points

VISUAL PRIORITISATION

The diagram in Figure 6.20 shows all available opportunities plotted on a bubble diagram
that weighs technical difficulty against investment cost. The size of the bubbles is propor-
tional to the expected savings. Items in the bottom left section are low-cost opportunities
with low technical difficulty and should normally be completed first. This is very often not
the case. Many engineers tend to prefer a challenge and may therefore prioritise more diffi-
cult, high-cost opportunities. From the organisation’s point of view this is a poor manage-
ment of resources. Bubble diagrams can serve as practical aids but their use is neither critical
nor mandatory.
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High
Investment ‘
Low

Easy . Difficulty/Barriers Difficult

Figure 6.20: Prioritisation of opportunities with bubble diagram.
Bubble size corresponds with energy savings

ENERGY STRATEGIES OF THE ORGANISATION

The depth of examination during the audit is determined by the energy policies and strate-
gies of the organisation. Organisations that implement an EnMS according to ISO 50001 need
to define their policies and strategies. In the following we present a brief classification of en-
ergy strategies based on their “aggressiveness”.

» Energy strategy types

PASSIVE STRATEGY

Passive strategies involve no systematic planning. The energy issue and environmental man-
agement are not perceived as an independent field of action. The organisation only deals
with the most pressing subjects.

SHORT-TERM PROFIT MAXIMISATION STRATEGY

Management concentrates exclusively on measures with a relatively short pay-back_period
and a high return. Low-profit measures are not considered as their scope is limited to specific
areas.

LONG-TERM PROFIT MAXIMISATION STRATEGY

This strategy requires in-depth knowledge of energy prices and technology development.
Relevant measures (e.g. heat exchangers or power stations) can have an effect that lasts for
several decades. Moreover, these measures can help to improve the company’s image and
increase employee motivation.

REALISATION OF ALL FINANCIALLY ATTRACTIVE ENERGY MEASURES

This strategy endeavours to implement all measures with a positive return on investment.

MAXIMUM STRATEGY

In the name of climate protection, some strategies even go as far as to change the object of the
company. In reality, these different strategies are usually found in hybrid forms.

Source: http://digrenenergy.ie/services/energy-management/
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TARGETS AND ACTION PLANS

» Targets

Targets should support the achievement of objectives, i.e. each objective will probably have a
number of associated targets. One example of a target which supports a specific training ob-
jective would be “to train five operators in refrigeration energy by the end of October”. This
target is Specific, Measurable, Achievable, Realistic and Timed — in short, everything that
good targets should be: SM.A.R.T.

SPECIFIC

This first quality is the most important when it comes to setting a realistic target. The desired
goal must be as specific and clear as possible. There must be no ambiguity in understanding
the objective to be achieved. To formulate a specific goal, we need to tell the team what exact-
ly is being expected, why it is important, who will be involved, where it will take place and
where our priorities lie.

A specific goal usually answers following five “W’s”:

= What: What is to be accomplished?

=  Why: What purpose, reasons, and benefits are motivating this goal?
*  Who: Who will be involved?

*  Where: Where will it happen?

=  Which: Which restrictions and requirements will be relevant?

MEASURABLE

This term emphasises the need to develop solid criteria for measuring and monitoring how
the project progresses towards achieving the specified goals. Without being able to gauge the
achievement of goals, we will not know whether we are making any progress toward their
completion. By assessing progress we can stay on track, meet target dates and enjoy the
achievements that motivate our actions.

A measurable goal usually answers following questions:

* How much? What is the extent of our goal?

* How many? Resources, time, etc.

= How long? How can we verify that our goal is accomplished?
ACHIEVABLE

The third point focuses on the importance of management in designing a target, since man-
agement should make setting a realistic and achievable goal one of their topmost priorities.
The goal might be a “stretch” for the team, but it should not go too far. When establishing a
goal, always try to achieve a happy medium. Do not set a goal that is clearly out of reach or a
goal that is so simple that it is meaning]less.

Once you identify the goals that are most valuable and important to you, you must figure out
how to attain them. You have to develop the corresponding approach, capacities, skill sets,
and financials.

According to research, a realistic goal can cause management to recognise previously ig-
nored opportunities that bring them even closer to achieving their goals.

An achievable goal usually includes the following aspects:
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REALISTIC

The term “realistic” emphasises the importance of selecting goals that matter. An Energy
Manager’s goal to “make 20 cartons of indomie noodles by 4:00 pm” may be specific, meas-
urable, achievable, and time-bound but not realistic.

In order to get the needed support, goals must be realistic to your team, your boss and your
organisation. When we achieve realistic goals, our team, departments and our organisation
all move forward. A goal is considered realistic if it supports or is in line with our company’s
further goals. A realistic goal usually provides an affirmative answer to the following ques-
tions:

* Does the goal seem meaningful?

= Is this the right time to start the project?

* Does the goal match the company policy?

= Are you an appropriate person for this project?
TIME-BOUND

The fifth term emphasises the importance of attaching time limits to goals. By assigning a
target date, the team will have a reference point to check the timeliness of their progress. Ef-
fort can then be put into achieving set targets within the prescribed timeframe. Deadlines
create a sense of urgency and compel personnel to work for the timely achievement of the
goal.

Various companies set targets for goal achievement but sometimes fail to accomplish the de-
sired results. This is usually due to overambitious goals or, if a goal is in fact achievable but
fails to be implemented, it may lack commitment (e.g. not be properly executed).

Targets should include:

= Area of consumption corresponding to targets (e.g. pumps, lighting)

* Quantitative reduction target. Use EnPI, KPI or other ratios here, as the review is in-
dependent of production activity and other interfering factors.

* Deadline for target achievement.
* Financial and ecological value (IRR, NPV, payback time, CO: equivalents saved)
* Measures and persons-in-charge necessary for implementation

= Estimated expenditures and costs (investment costs, production accidents, personnel
costs, etc.)

Example 8

Objective and target: ~ Reduce coal consumption of power house boiler by 5% per tonne in 2016
(using 2015 as baseline).

Performance indicator: (g/kWh)

Baseline: 390 g/kWh (in 2015)
Target: 370 g/kWh
Measures: Install steam accumulator; check CO and CO:2 smoke levels and install com-

bustion control device.

Responsible division:  Engineering
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Person in charge: Maintenance Supervisor
Resources: Investment: 6,200,000 PKR
Timeframe: Start date 1 Jan 2016

Completion date 15 Aug 2016

HOW TO ESTABLISH REALISTIC TARGETS

In order to achieve specific energy saving goals, companies or utilities set targets. These tar-
gets may also be adopted for legislative purposes or for the company’s internal requirements.
Energy targets are a main motivator for companies trying to minimise their energy cost per
unit of production.

Realistic targets simplify the kick-off of small to medium-sized energy efficiency pro-
grammes as compared to complex programmes that necessitate a detailed study and analysis
of in-depth targets.

We can apply two basic approaches to set energy saving targets, which are as follows:
Approach A

In this approach, we simply choose a target value that we believe to be achievable and realis-
tic. It may be based on studies, experience, expert opinion, historical analysis or the result of
an energy efficiency measure within our company or any other company within our sector.

Approach B

This is a more analytical method of establishing a target. It begins with the study of potential
in the energy efficiency market. This study of market potential explores many factors, includ-

ing:
= Availability of energy-efficient technologies
= Penetration and acceptability of these technologies and products in the market
= Cost of the implementation of technology or implementation
* Benchmarks as described above

Carrying out a cost/benefit analysis and potential study in tandem will provide a roadmap
that clearly illustrates potential energy savings as well as their cost.

This approach does harbour some uncertainties due to the wide variety inherent in potential
studies and their underlying assumptions. For example, we might estimate achievable annu-
al savings at 5% using conservative assumptions, whereas another person could estimate
those savings to be 10% based on bolder assumptions.

There are several variables that can affect potential studies such as:

= Range of efficiency measures examined

= Assumptions made during the development of measures and their estimated imple-
mentation costs

= Assumption regarding the “automatic” adoption of no-cost/low-cost measures, espe-
cially in the absence of an energy management programme

In other words, potential studies provide a variety of estimates with different results as a
function of assumptions made during processing. Such assumptions are useful tools to cali-
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brate the potential studies by comparing actual results with estimated results. This helps to
fine-tune the potential studies for future projects.

DEFINITIONS OF TARGET LEVELS

It is very important to understand the target level of an objective. When we talk about a 1%
annual savings target, it is a very common to mistake it for a 1% reduction in our energy bill
for the next year. This actually means something totally different. If the target is set at 1%, it
means that on implementation the energy efficiency project will result in an energy savings
equal to 1% of the company’s production or sales.

Furthermore, if production normally grows by 3%, but the energy efficiency project saves
1%, the overall savings will be the 1% of the total value of production/sales. The results can-
not be understood to include the company’s economic growth, since increasing production
will inevitably mean an increase in energy consumption.

So, in setting targets for savings, we must be very much clear about what is meant by the
sales or production value and the actual savings.

The most realistic approach is to set targets based on actual data. For example, a target can be
set in accordance with the actual energy consumption baseline. This might be actual energy
consumption in the year 2015 or, alternatively, energy consumption in 2014 or an annual av-
erage of the last four years, e.g. from 2011 to 2015.

The energy policy and objectives need to clearly specify the nature of baseline as well, i.e. a
static or adjusted baseline. In a static baseline, for example, the average of past four years will
serve as the baseline for next two years. In an adjusted or dynamic baseline, energy con-
sumption from the past year is always used as the baseline.

Types of SMART energy targets used in industries

Energy targets should be set at different levels to ensure energy efficiency. Starting right
from the technical or tactical level and continuing up to employees and top management,
everyone should be involved in working towards energy targets. Targets can be set at the
company level or even at the aggregate level as a combination of different industries, a sector
or a sub-sector, or they may be national or even global targets.

Targets can be further distinguished as mandatory targets, semi-mandatory targets and vol-
untary targets.

As the name indicates, mandatory targets are legally binding and may be imposed by the
state, by business associations or a municipality, etc. Noncompliance results in penalties.

Semi-binding targets, on the other hand, arise from threats of future energy and environmen-
tal regulations such as GHG emission taxes, carbon credits, etc. Binding targets resulting
from standards such as the ISO standards discussed above can be classified as semi-binding
targets, as well. Failure to comply may not result in financial penalties but certification will
still be at stake.

Relevance of targets for industry

Both energy efficiency targets and profitability targets are vital for industry in terms of in-
creasing competitiveness. Profitability targets can be efficiently analysed with industrial
practices such as cost/benefits analyses, net present value (NPV), pay-back period and inter-
nal rate of return (IRR), which often settle decisions regarding energy efficiency project in-
vestments.

236



MODULE 6: PROCESS PERFORMANCE ASSESSMENT, MONITORING AND VERIFICATION

Physical targets are advantageous in many ways as they easily fit in the industrial practices
and can be tracked, i.e. specific energy consumption per unit of production.

However, these types of targets are not suitable for the industries with a wide product mix.
A suitable denominator is essential to measure output of an energy performance indicator.
Such a figure is easily available for typical industrial setups; calculating performance be-
comes far more complex in the context of diversified operations.

DEVELOPMENT OF ACTION PLANS

Action plans shall include:

= Designation of responsibilities

= Timelines for the completion of measures for each step

= Allocation of required resources

* Documented plan which is updated at defined intervals

* Means and timeframe by which individual targets are to be achieved

= Statement of the verification method for energy performance improvements

= Statement of the method of verifying the results.
The purpose of this section is to translate all your other preparatory/planning work into ac-
tion plans for the coming period, typically one year. These plans will form the basis of your
energy saving activities. Please note that action plans are not limited to lists of technical in-
vestment projects and will also include housekeeping, management and organisational activ-
ities.
The action plan defines specific actions to be taken to improve energy performance. Actions

in this context are those activities that you will complete in the coming period.

Targets should be SMART, as discussed above, but action plans should be SMARTER and
include Evaluation and Reassessment. This means that you should verify the actual savings
achieved on completion of an action and reassess or check for further opportunities or im-
provements. The level of effort required to verify actual savings will vary with the value and
complexity of the savings opportunity. Verification of savings can often be complex in that
you need to separate the effects of the energy drivers from those of the achieved reduction.

6.3. CONTROL SYSTEMS

CONTROL SYSTEMS AND STRATEGIES AS A SOURCE FOR ENERGY PERFORMANCE IM-
PROVEMENT

» Introduction

Control systems are a very important part of a large number of energy-related processes.
They may be simple (like a thermostat) or complex (like an aircraft control system). Moreo-
ver, these systems are economically justified in terms of their return.

Topics covered in this chapter:

+ Use of control systems in the field of energy with some practical examples
+ Common terms (e.g. dead band, cascade, controller output and input)

+ Main control techniques

237



MODULE 6: PROCESS PERFORMANCE ASSESSMENT, MONITORING AND VERIFICATION

+ Benefits (savings) of automatic control systems

+ Complex control methods
The purpose of this chapter is to explain energy-consuming control systems.
After discussion, the reader will be able to:

+ Differentiate technical details from the fundamental control concepts
+ Explain how to apply control systems for energy savings

+ Discuss topics using common examples such as HVAC systems, etc.

» Technology classification

In this section the key objective is now to learn about process fundamentals and the concept
of controlling. Hardware is of secondary importance in this context, although much hard-
ware data is available. Plus, sometimes it is more tiring and tedious to discuss the “hard-
ware” part.

Keep in mind that automatic controls are no more than machines that work for us.

Like every technology, control systems can be classified in a number of ways. Two main cat-
egories in this regard are
+ Means of signal processing

+ Complexity of control system

DIFFERENT MEANS OF SIGNAL PROCESSING

Conventional electric

Electricity is a commonly used technology in the modern world. Conventional electric sys-
tems operate using an “ON & OFF” (two-state) control. This system is very widespread and
it may be very simple or highly complex.

Examples:
+ Thermostat (residential heating): ON at 292.5 Kelvin and OFF at 293.7 Kelvin, thereby
maintaining a room temperature of approximately 293 Kelvin.

+ Motor pump controller: ON when the storage tank pressure is 30 Pa and OFF when
the storage tank pressure is 50 Pa, thereby maintaining a system pressure of approx-
imately 40 Pa.

Analogue electronic

Analogue systems differ from conventional electric controls based on modulation. Inputs and
outputs in an analogue system control are variables and not two discrete states. A small
change in the output positioning of controlled devices enables a stronger control as com-
pared to a two-state control system. Analogue electronic controls consist of hardware con-
taining rheostats, resistors, operational amplifiers, Wheatstone bridges, or solid-state compo-
nents for process measurements and output modulation.

Example: Radio volume control

Pneumatic systems

In pneumatic systems, the motive force for outputs and inputs is compressed air. Analogue
as well as discrete pressures can be coded or de-coded to control units. For example: 3-15 Pa
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= 0-1200 k, and 0 Pa = OFF, 20 Pa = ON. Pneumatic devices are either modulating or two-
state control systems, but are generally modulating. Pneumatic controls often have interface
components that translate pneumatic signals to electric signals and vice versa, like electric-to-
pneumatic solenoids, pressure-to-electric switches and transducers.

Digital controllers or direct digital controllers (DDC)

Digital controllers use microprocessors for control purposes. A big advantage of DDC is that
they are economical because they use adaptive software capable of changing the process by
itself and they do not require any additional physical contact.

Analogue-to-digital converters (A/D) and digital-to-analogue converters (D/A) are used to
transform signals from analogue to digital and vice versa. The greater the resolution of the
D/A and A/D conversion, the more closely the digital signals resemble to the actual analogue
signals, thus providing better control.

DDC graphics

An overlay on DDC control systems. Creating DDC graphics is a labour-intensive process,
but they are very effective in reducing the skill required for a DDC system. In this case, we
can easily use symbol and colour codes which can be readily identified and help us boost our

productivity and achieve quick results. These graphics are similar to charts with several indi-
cators and symbols.

Field user interface

For effective maintenance and operations, the user interface need not be restricted to opera-
tor workstation graphics. Like the test ports of a pneumatic system or pressure gauges, some
type of user interface needs be provided at the control point to invite personnel to interact.
This interface can either be a fixed display adjusting device or possibly a portable work-
station for the operator.

DDC controller hardware

Digital controllers come in a variety of styles depending on the application. One controller
type is a definite purpose controller. These are factory-programmed and also provide high-
speed start-up. Options for creating special instructions are limited, however, and the con-
troller requires sufficient programming by the supervisory controller.

Another type is the multi-purpose generic controller which provides the option of custom
programming. These controllers come with a fixed number of inputs and outputs that can be
expanded using multiplexers. They are preferred for the situations requiring adaptability
and dynamic calculations.

DDC information technology system maintenance

This system shares a communication infrastructure with other, more sensitive systems and
requires careful attention to information maintenance and configuration.

» Control system complexity
There are various types of process control systems:

Single-loop controllers — electronic relays and simple ON-OFF controllers are used to se-
quence, for example, valve movements and carry out other mechanical operations involved
in process start-up and shut-down.
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Sequence controllers — such as programmable logic controllers (PLCs). PLCs have a modular
design so that they can be expanded to cover more aspects of process operation. PLCs can
carry out a sequence of actions and incorporate single-loop controllers along with more ad-
vanced controller types.

Distributed control systems (DCS) — DCSs control large and complex processes, and can
sequence process start-up and shut-down operations. They enable operators to adjust the set
points of many individual controllers from a central control room. The central supervisory
control unit monitors the operation of all other controllers, enabling the production of high-
quality products.

Supervisory control and data-acquisition (SCADA) systems — SCADA systems are software
packages designed to run on a computer workstation and control a wide range of industrial
processes. Some advanced SCADA systems also include fault diagnosis and production
scheduling systems.

» Symbols in control engineering

BLOCK DIAGRAM: BLOCKS AND LINES OF oontroller |

AcTion w: + e rontrolling : v y final .
The functional relationship be- _|L'jor_" element : ENIgRE control

tween an output signal and an in- N g — 11 element

put signal is symbolised by a rec- system
tangle (block). Input and output :

signals are represented by lines measuring

and their direction of action (input equipment

or output) is indicated by arrows. Figure 6.21: Graphical symbols for describing temperature

control of a heat exchanger — Source: Samson
SOLUTION-RELATED REPRESENTATION

Whenever the technical solution of

a process control system requires S 5 6

visualisation, the use of graphical 4 —_—
symbols in the signal flow dia- AER
gram is recommended. As this <
representation method concen- -
trates on the devices used to per- - |
form certain tasks in a process S - T

control system, it is also referred A
to as solution-related representa-
tion. Such graphical representa-

£ Q

Figure 6.22: Block diagram of a control loop

tions make up an essential part of the documentation when it comes to planning, assembly,
testing, start-up and maintenance.

(1) Sensor (temp.), (2) transmitter, (3) signal converter, (4) controller, (5) pneumatic linear
valve, (6) heat exchanger
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Each unit has its own graphical symbol that is usually standardised. Equipment consisting of
various units is often represented by several lined-up symbols.

) ) — N ‘ .
-/ [ M) N\ 4 (M)
‘ . ‘ N
hand-operated dio;:hr?gm moigr'g'r iven hand-opercted diaphragm motor-driven
actuator actuator aduaior actuator actuator acuator
/) M\ .
(M) N -
valve mofor-driven valve with | dri ve with
bunerﬂy valve diophrogm valve mofor-driven valve wifl
—_— butterfly valve diaphragm
acator actuator

Figure 6.23: Graphical symbols for controllers, control valves and software-
based functions according to DIN 19227 Part 2

Do not base decisions about the con-
trol mode solely on technology, as
many technologies are available. In
some cases a simple ON-OFF control
may be sufficient, while others may
require modulating controls.

CLOSED-LOOP CONTROL

Apart from the selection of the con-
trol mode and control technology, a
basic consideration for control strat-
egy is whether to use open- or a
closed-loop system.

In a closed-loop system, there is a
feedback relation between process
measurement and the controller.

In a closed-loop system, the output
also depends on feedback in addi-
tion to the input.
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Figure 6.24: Representation of a control loop according to
DIN 19227 Part 1
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Figure 6.25: Representation of a control loop according to
DIN 19227 Part 2
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Example 9: Automatic valves (like safety and relief valve) are used in a power plant. In case of fire,
water sprinklers are activated when the valve is switched ON because of feedback between the sensor
and controller.

OPEN-LOOP CONTROL : Feedback +— Measurement
In an open-loop system, there is "'i"'
no relation between controller A [l s feomrore] [ e
feedback and process measure- B
ment. T

Set Point

This is the basic single loop control that is
the mainstay of automatic control
applications.

Controller output creates process change,
which in turn affects the measurement,
providing feedback to the controller.

Closed Loop (Feedback) Control | Hence the term “Closed Loop.”

Figure 6.26: Closed-loop control

Example 10: Turning off the heating boilers in a building in April and keeping them off until Septem-
ber. This is an open-loop system because there is no automatic call for heat feedback based on temper-
ature.

ON-OFF CONTROL Measurement

This is the simple “two-position con- i

trol” in which equipment can either +

be ON or OFF. The nominal set point /\ | omtrotert— outpur —»f Sontrolied Process

may exist but is not usually

achieved. If we cannot use a modu- T . P AR L iy gl s e
lating control system for the equip— Set Point only, and does not achieve tight control.
ment, this control type is the only S T e
choice. The system capacitance needs D
to be high in this case otherwise it Hence the term “Open Loop.”

may face short-cycling issues with Open Loop Control

this control. Figure 6.27: Open-loop control
FLOATING CONTROL Controlled

This control is a combination (hy- 4

brid) of the ON-OFF control and the

modulating control. It also has a gl

control range (cut-in/cut-out) like an - 7/—\— - f_—\— - I: ===
ON-OFF control; however the mid- X \// Set Point
position of the control device can be / )

set at some point other than a full-

OFF or full-ON condition. Between

these thresholds the control device p Time

does not usually hold its last posi-
tion but keeps on floating with the Figure 6.28: On-Off control
load until some threshold is crossed
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and an incremental nudge is made —
to control the direction. With this Variable

control whenever the motor has a *
signal that is sufficiently off the set
point, the actuator is energised and Coia | Closma
corrective action is taken. — T T T O " < *
The control continues to monitor the — - ¥ setpomt
process and, as it returns to the set / e
point, it de-energises the actuator, | - Eorti oty i
but it holds the last value that may opena
be %2 or ¥4 open, providing this sys- > Time
tem with a tighter control than the
simple ON-OFF control, and hence Figure 6.29: Floating control mode
approaching a true modulating con- ol
trol. Variable

A

Though not as tight as a true modu-
lating control, the floating control
does offer good reliability and a low ﬂ\ e et
cost. Equipment from terminal units / l\\/\__llj -
to a 1000 HP water chiller can be con- AN \&
trolled with good success by this ——

method. It is important to note that

this control is limited to processes
that change very slowly and do not . :

need a very tight control. Figure 6.30: Proportional control mode

PROPORTIONAL-ONLY CONTROL (P-ONLY CONTROL OR POC)

This is the basic modulating control
used by most analogue electronics ——

and pneumatic systems. It is an er-
ror-sensing device with fixed ampli-
fication or gain. A control output
proportional to the size of error is
generated to regulate the process.
There is naturally a characteristic
offset with this type of controller
and its size increases with the load.

> metal bellow

B2

set point spring

This offset is due to the controller’s
fixed gain. If the proportional con-
trol is too sensitive, oscillations will
occur and it will not settle out.

Figure 6.31: P-only control example. Self-operated pres-
sure regulator

PROPORTIONAL-PLUS-INTEGRAL CONTROL (PI)

In this control, an integral control is added to the proportional control to eliminate residual
error. This control actually adjusts the controller gain to a stronger and stronger value so that
the error is eliminated. The integral control continues to operate until an error occurs, but
normally a small acceptable error band around the nominal set point is permitted to avoid
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the endless searching required to achieve a zero-error condition. Problems can occur with
integral controls in rapidly changing processes.

PROPORTIONAL-INTEGRAL-DERIVATIVE CONTROL Controlled
Variable
(PID)
. A
The purpose of a PID controller is to ac- t.w.;mn
Action
commodate rapid process changes and

minimise overshoots. This is achieved

—— — — Set Point

by reacting to the change rate of error l
(derivative) rather than to its magnitude | \@
(proportional) or duration (integral).
Analyses of characteristic response
curves show that the PID is the best con-
trol, with a tighter performance than all
other control modes.

’ Time

|- ral
Figure 6.32: Proportional-integral (PI) control mode
When compared to all other controller
types, PID controllers are the superior
choice.

SEQUENCING

In many cases, overlapping between
adjacent opposing processes results in ~0
the wastage of energy, and thus offers a

large energy savings potential. One ex- I
ample is an HVAC reheat process,

where air that has just been cooled by

an energy source is reheated. The one

effective tool to avoid this problem is

effective equipment sequencing. Figure 6.33: Integral pressure controller (I-only, no P)

Controlled
Variable

A

e Set Point

\ g N
| Derivative . Integral
Action Action

’ Time

Response to Step Change: Proportional - Integral - Derivative Control (PID)

Figure 6.34: Proportional-integral-derivative (PID) control
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%/ Control
Output
Zero-Energy
Dead Band
100 Prevents Energy Waste

From Overlap

Heating Cooling
L
L]

1
- = Temperature

-5 -2 Set Point +2 +5

Heat-Cool Sequencing with Dead Band

Figure 6.35: Sequencing with dead band

INPUT/OUTPUT DEVICESS

Many input/output devices are available in a varying quality range for both general and spe-
cific needs. In this context it is useful to recognise the basic distinctions between sensors,
switches, transmitters and transducers.

» Transducers

Transducers are devices that convert some basic physical phenomenon into a form that is
more useful for the instrument.

Examples 11

Pressure transducers: diaphragm, Bourdon-tube gauge, strain gauge

Temperature transducers: two-phase gas bellows, bimetal coil, etc.

» Switches

These devices can have two states (OPEN-CLOSE, ON-OFF, etc.). They can be used to regu-
late ON-OFF electrical circuits or as an actuator for some other equipment or device in a two-
position control system (e.g. example relays, solenoid, valves, etc.).

» Sensors

These “passive” input devices are directly read by the controller without any signal condi-
tioning. Limitations include short cable lengths and characteristic linear outputs.

Examples 12: RTD (resistance temperature detector).

» Transmitters
These instruments typically use an analogue input. A transducer is coupled with some
pneumatic or electronic signal conditioning. The output of a transmitter is a linear, standard
value that can be easily decoded as an input. A remote device location is possible due to the
stable long-range signal achieved thanks to signal conditioning. Examples:

+ 0-100°C 90-110 Ohm

+ 3-15 psig 0-0V

+ 0-100°C 4-20 mA
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» Addressable (“smart”) devices and wiring
These are the devices that can be directly controlled using a digital control system which as-
signs them a unique identification code or “address” to differentiate them from similar de-
vices. They have an advantage of reduced wiring since a single communication trunk can be
used for multiple devices. Since they cost more than conventional devices, the cost/benefit
ratio has to be kept in mind.
Common addressable devices:

+ Lightning control devices

+ Fire alarm devices

+ Security devices

Other addressable devices:
+ Transmitters and sensors
Actuators
Thermostats
Relays
Lighting ballast

+ o+ o+ o+

6.4. ENERGY MEASUREMENT, VERIFICATION AND MONITORING

“Seeing is believing” is a highly applicable phrase in the context of energy management.
Energy measurement, verification and monitoring pursue the following objectives:

+ Visualising energy flows and the conversion of energy

+ Highlighting potentials

+ Supporting goal setting and achievement

+ Visualising and reporting results

+ Keeping energy management (a)live and moving it ahead

+ Visualising energy use

Monitoring & Measurement
for all

Here are some quotes that will —
surely come in handy at some
point when talking about
measurement, data, and verifi-
cation:

= In God we trust; all oth-
ers must bring data. (W.
Edwards Deming)

Analysis of data [

= If you can measure it,

you can improve it.
(Lord Kelvin) Figure 6.36: Visualisation of basic principles for im-

. provements based on monitoring and data analysis
* The most important

things cannot be measured. (W. Edwards Deming)

246



MODULE 6: PROCESS PERFORMANCE ASSESSMENT, MONITORING AND VERIFICATION

Energy monitoring systems are mainly classified according to their respective data collection
(i.e. measurement) and analysis' methods.

Systems with temporary measurements mostly rely on manual data collection: these include
systems with manual data logging, data analysis and reporting (for example once every 24
hours).

Systems with continuous measurement often rely on features such as automatic data logging,
data analysis and reporting. Sampling occurs at one-second (or shorter) intervals.

In practice, however, most systems are hybrids with some combination of manual or auto-

= Calculation of actual savings for projects that have high

uncertainty or highly variable energy consumption Figure 6.37: (CMVP)

matic features.

MEASUREMENT & VERIFICATION

Measurement & verification (M&V) is the process of using en-
ergy conservation measures (ECMs) to reliably determine actu-
al savings in terms of energy, demand, costs and greenhouse
gas emissions within a site. M&V enables:

characteristics

= Verification of installed performance against manufacturer claims

= A verified result which can be stated with confidence and improve return on invest-
ment

= Performance checks whenever financial incentives or penalties are involved (e.g.
EPC)

= Effective management of energy costs

= Building of robust business cases to promote successful outcomes.

You can become certified as an M&V professional according to international protocols? and
there is a wide range of available training materials and support, including tools, templates
and examples.? Figure 6.37 shows trademark of the Certified Measurement and Verification
Program (CMVP)%

» Basic concept of M&V

The basic concept of M&V is that savings in energy, water or demand cannot be directly
measured, since savings represent the absence of energy/water use or demand. Instead, sav-
ings are determined by comparing measured use or demand before and after implementa-
tion of an energy conservation measure (ECM), making suitable adjustments for changes in
conditions.

! Petroleum Conservation Research Association www.pcra.org — accessed March 30, 2017

2 Efficiency Valuation Organisation. http://evo-world.org/en/ — accessed March 30, 2017

3 NSW Government Office of Environment & Heritage.
www.environment.nsw.gov.au/energyefficiencyindustry/confirm-energy-savings.htm — accessed March 30,
2017

* Association of Energy Engineers. www.aeecenter.org/i4a/pages/index.cfm?pageid=3356 — accessed March 30,
2017
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The effect of an ECM is best understood against the energy usage that would have occurred
in a “business as usual” or “baseline” situation had the ECM not been implemented. The
chart below illustrates this concept.

|
!| SAVINGS ="Adjusted Baseline'minus 'Actual’
T

=

|

I

I

|

|

|

|

1

T

|

1

1

|-
-1

I

I

I

|

Energy Use
<
\

Actual Post-Retrofit:
Monthly energy usage

Actual Baseline:
Monthly energy usage

Adjusted Baseline:
'‘Business as Usual 'forecast of
usage using currentactivity data

Baseline Model
Energy model developed using
baseline usage and activity data

-

Baseline Period Retrofit Post-Retrofit Performance Period

Figure 6.38: Implementation of an energy conservation measure: measuring savings achieved — Source:
NSW and Office of Environment and Heritage, 2012.

To understand the process described in the chart above:
Before the ECM is implemented:

i. A time period prior to the ECM implementation is selected and measured — this is the
“baseline period”.

ii. During the baseline period, data is also collected for “independent variables”, which
change on a regular basis, and have a direct effect on baseline energy usage patterns.
Examples of such variables include changes in weather.

iii. An energy model is developed to describe the relationship between baseline energy
use, and the independent variables affecting energy use.

After the ECM is implemented:
i.  Once the ECM is implemented, data is once again selected and measured over a suit-
able period. This is called the “post-retrofit” performance period.
ii.  Datais also collected for the same independent variables for the post-retrofit period.
Calculating savings:
1. A “business as usual” forecast of energy use or demand is determined by adjusting

the developed baseline energy model with data for independent variables from the
post-retrofit period. This is known as the “adjusted baseline”.

2. Finally, savings are determined by subtracting the measured actual usage from the
adjusted baseline.

Adopting structured M&V techniques is a powerful approach to verifying the impact of
ECMs in the areas of energy and demand savings, as well as cost savings. Other areas of sav-
ings, such as reduced maintenance costs, are usually determined using other methods and
data. Below we have compiled some important terms for M&V.
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Table 6.10: Key M&V terms

M&YV term

Measurement boundary

Energy use

Key parameters

M&YV options

Routine adjustments

Non-routine adjustments

Interactive effects

Performance

Definition

A notional boundary that defines
the physical scope of an M&V pro-
ject. The effects of an ECM are
determined at this boundary.

Energy used within the measure-
ment boundary.

Data sources relating to energy use
and independent variables that are
measured or estimated which form
the basis for savings calculations.

Four generic approaches for con-
ducting M&V which are defined
within the IPMVP.

Routine adjustments to energy use
that are calculated based on an
analysis of energy use in relation to
independent variables.

One-off or infrequent changes in
energy use or demand that occur
due to changes in static factors.

Changes in energy use resulting
from an ECM which will occur out-
side our defined measurement
boundary.

Output performance affected by
the ECM.

» Calculating and reporting savings

Examples

Whole facility, sub-facility, lighting circuit,
mechanical plant room, switchboard, indi-
vidual plant and equipment, etc.

Electricity, natural gas, LPG, transport fuels,
etc.

Instantaneous power draw, metered energy
use, efficiency, operating hours, tempera-
ture, humidity, performance output, etc.

These are known as options A, B, Cand D.

Energy use may be routinely adjusted based
on independent variables such as ambient
temperature, humidity, occupancy, business
hours, production levels, etc.

Energy use may be non-routinely adjusted
based on static factors such as changes to
building size, facade, installed equipment,
vacancy, etc. Unanticipated events can also
temporarily or permanently affect energy
use. Examples include natural events such as
fire, flood, drought or other events such as
equipment failure, etc.

Changes to the HVAC heat load through
lighting efficiency upgrades, interactive ef-
fects on downstream systems due to chang-
es in motor speed/pressure/flow, etc.

System/equipment output (e.g. compressed
air), comfort conditions, production, light
levels, etc.

The standard M&V practice includes a baseline within the post-retrofit period through ad-
justments. A standard savings equation used for calculating savings from energy projects is

shown below.

Note: Energy savings = adjusted baseline energy — actual energy

And, adjusted baseline energy = baseline energy

+ routine adjustments

+ non-routine adjustments

Actual energy = Energy consumption measured during the post-retrofit performance period.

Baseline energy = Energy consumption measured during the baseline period.

Routine adjustments = Adjustments due to regular changes in independent variables (e.g. changing
weather conditions, varying production levels).
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Non-routine adjustments = One-off or infrequent changes in energy use or demand that occur due
to changes in static factors (e.g. building facade changes, extreme weather events, building extensions
and changes to equipment).

The inclusion of adjustments is one of the critical elements of the M&V process. This is the step often
overlooked or ignored by practitioners seeking a quick and low-cost outcome. The M&V process out-
lined within the International Performance Measurement and Verification Protocol (IPMVP) aims to
guide practitioners while considering and incorporating these adjustments.

» Energy measurement plan
The ISO 50001 standard in its clause 4.6.1 requires the organisation to ensure that the key
characteristics of its operations determining energy performance be monitored, measured,
and analysed at planned intervals. Key characteristics shall include, at minimum:
Outputs of the energy review

a
b. Significant energy uses

L]

Relationship between significant energy use and consumption, and relevant variables

&

Energy performance indicators (EnPIs)

Effectiveness of the action plans in achieving objectives and targets

Monitoring, measuring and analysing key characteristics require an energy measurement
plan. Such a plan should describe the suitable monitoring and measurement actions. Signifi-
cant nonconformities determined through monitoring and measurement must be investigat-
ed and acted upon.

The following pages will now show different types of worksheets used to create an energy
measurement plan.

Using the different energy measurement worksheets which were presented in the theoretical
segment of the class, record the data for your factory. These worksheets will assist you in
measuring and assessing your factory’s energy measurement plan.

ENERGY MEASUREMENT PLAN WORKSHEETS:

Using the output from the “Monitoring and Measurement of Key Characteristics Planning
Worksheet”, complete the following worksheet to develop your energy measurement plan.

The following tables show the components of an energy plan. Below it are columns that help
in measuring energy performance.

Table 6.11: Components of an energy plan. — Courtesy: U.S. Department of Energy. https://ecenter.ee.doe.gov/
(accessed March 307, 2017

Components of an energy plan

System/process/equipment and location

What data is collected?

How will it be monitored/ measured?

How often will it be monitored/ measured?

Who is responsible for monitoring and measurement?

What calibration is required?

What operational control/ maintenance/design procurement ac-

! https://ecenter.ee.doe.gov/ — accessed March 30, 2017
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Components of an energy plan
tion or action plan is it linked to?

Where is data recorded?
How is data analysed?
What significant deviation requires action?

How does this demonstrate performance?

Example 13: Equipment energy measurement plan sheet

Following table contains an explanation of each section of the Equipment Energy Measurement Plan
Worksheet!

Equipment energy measurement plan

Key Characteristic(s): Location:

State the variables to be measured. Provide information for the building/facility within
the scope of your energy measurement plan.

System/Process/Equipment:

List the equipment to be measured.

Data Collected:

List items to be measured, e.g. unit amperage, outside temperature, total air flow, evaporator coil tempera-

ture difference, etc.

Monitoring/Measurement Method:

List the measurement equipment to be used, e.g. ACME digital thermometer, unit power meter.

Data Collection Frequency:

State how often you plan to collect data (daily, weekly, monthly, yearly).

Data Collection Responsibility:

State the position/designation of person responsible for data collection.

Calibration Requirements:
State whether measurement equipment requires annual or semi-annual calibration.

Links to Energy Management Action Plans, Operational Controls, Training and Design Activities:

State any links between this measurement plan and the energy management action plan, as well as any moni-
toring and measurement training requirements and design activities.

Site of Data Collection:

State where the data will be recorded.

Data Analysis Method:

State here the tools and techniques to be used for data analysis, e.g. statistical tools, mean, mode, median,
regression analysis, Six Sigma tools.

Definition of Significant Deviation:

State here the upper and lower limits for acceptable data, e.g.

Amperage: +/- 10% of rating

Air flow: Upper limit 4,400 SCFM, lower limit -3,500 SCFM

Motor amperage: COP +/- 10%.

Effect on Energy Performance:
Indicate here how this will affect the energy performance.

Date: Insert current date here. Approved: Insert signature of approval authority.
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Below you can see the equipment energy measurement plan worksheet completed with ac-
tual data'.

Example 14: Equipment energy measurement plan sheet
Equipment energy measurement plan

Location:
Administration Building 130

Key Characteristic(s):
Significant energy use
Related variable

EnPI

System/Process/Equipment:
Rooftop HVAC

Data Collected:
Unit amperage, outside temperature, total air flow, evaporator coil temperature difference

Monitoring/Measurement Method:

Unit amperage — unit power meter

Outside temperature — ACME digital thermometer

Total air flow — ACME velocity meter

Evaporator coil temperature difference — ACME digital thermometer

Data Collection Frequency:
Unit amperage, total air flow, evaporator coil temperature difference — every Monday
Outside temperature — daily

Data Collection Responsibility:
Production engineer

Calibration Requirements:

Unit power meter, ACME digital thermometers and velocity meter — semi-annual by equipment manufacturer
— Contact maintenance

Links to Energy Management Action Plans, Operational Controls, Training and Design Activities:

No current action plan links

New employees will require training in monitoring and measuring requirements

Design changes will require evaluation of monitoring and measuring requirements

Data used to verify control settings and indicate filter clogs and fan blade build-up

Site of Data Collection:
Production engineer process records

Data Analysis Method:

Initial review during data collection for major anomalies; monthly data plotting to monitor performance trends
and indicate potential problems; calculate coefficient of performance (COP)

Definition of Significant Deviation:

Amperage: +/- 10% of rating

Air flow: Upper limit 4,400 SCFM, lower limit -3,500 SCFM

Motor amperage: COP +/- 10%

Effect on Energy Performance:
Change in these parameters can indicate clogged filters, low refrigerant, dirty fans, compressor problems or
line leaks.

Date: 06/17/201X Approved: Samuel Jennings

1 Source: U.S. Department of Energy. https://ecenter.ee.doe.gov/ — accessed March 30, 2017
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Example 15: Monitoring and measurement of key characteristics planning worksheet

The following standard tables are used as to monitor and measure energy consumption.

Date:  03/29/201X Prepared by: Matt Horne__

Key characteristics: Energy sources, current energy use and consumption

Energy source/  Department How will it How often How will the data be ana- =~ What calibration is

energy use/ be moni- will it be lysed? required?

energy con- tored/ . monitored?/

sumption measured? measured?

Facility natural = Facility Utility meter =~ Monthly Month to month compari- = Utility responsibil-

gas son for previous 3 years ity

Dryer natural Flow meter Continuous Continuous monitoring by  Annual calibration

gas operator for change in by equipment
consumption manufacturer

Electricity Facility Utility meter ~ Monthly Month to month compari-  Utility responsibil-
son for previous 3 years ity

Source: U.S. Department of Energy. https://ecenter.ee.doe.gov/ — accessed March 30, 2017

TEMPORARY MEASUREMENT EQUIPMENT

For initial energy auditing and to design and follow up on energy efficiency measures, the
temporary measurement of different parameters might be necessary. In the following the
most relevant instruments for temporary measurement are introduced.

» Temporary measurement equipment

DIGITAL CLAMP AMPERE METER [A]

Digital clamp ampere meters are devices that measure current flow and display the result in
digital format. They also provide information about current draw and current continuity.
These devices have a jaw-like structure (clamp) in
which the live wire is placed for measurements. This
has the main advantage that there is no need to open
circuits, hence it is safer to apply and there is no
production downtime.

In most cases such ampere meters can be used as a
first approach to develop an idea of the distribution
of electric energy on site. By measuring all the dif-
ferent main cables and sub-switches, you will be able
to gain rough idea of the load distribution. The limit-
ing factor is that these measurements cover only a
short period and do not capture load fluctuations. Figure 6.39: Digital clamp ampere

. . . meter
Practical instructions:

=  Only hook the live wire for current measurement, otherwise the resultant current will
be zero.
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= The range of the ammeter can be changed ac-
cording to the current drawn by the wire.

= DC currents require special DC clamps.

= The clamp must be closed to provide accurate
measurements.

For bigger diameters (e.g. copper busbar) and greater
flexibility in narrow switch boards, flexible
Rogowski coils are available for advanced ampere
meters or multi-meters.

MULTI-METER [V, A, Q2] Figure 6.40: Flexible Rogowski coil

A (digital) multi-meter is an electronic device used for electrical current measurements

to measure the electric current voltage and re-
sistance over a defined range of values.

Direct power or energy measurements are not pos-
sible with one multi-meter, but you can measure
voltage and current separately to subsequently cal-
culate the power and energy consumption.

Practical instructions:

= Carefully select the measurement mode
and wiring for the individual measurement
task.

. . Figure 6.41: Digital multi-meter
= Take safety precautions against arc blasts

and other risks

ENERGY ANALYSER WITH DATA LOGGER [KWH, V, A, Hz, PF, ETC.]

An energy analyser is a device used to measure different electrical parameters. Energy ana-
lysers give accurate readings for power factor (PF), instantaneous power (W), frequency
(Hz), single-phase and three-phase voltages (RMS), phase angles and all the other attributes
related to electrical power. In addition, some of these instruments also measure harmonics
and other voltage parameters.

If equipped with clamps or coils, these instruments can be applied on-line, i.e. on running
motors without any need to stop the motor. Instant measurements can be taken with hand-
held meters, while more advanced measurements facilitate cumulative readings with
printouts at specified intervals.

Current clamps are easy to apply on isolated cables, BUT it is easy to make errors: Make sure
to always follow the instructions and symbols of current flow on the clamps in order to ob-
tain accurate results. Be careful with the voltage pins/brackets.
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Figure 6.42: Different portable energy analysers

If you keep an energy analyser in a r . n
switchboard for a longer measurement ——
period (e.g. 24 hours, or 7 days), make '-‘_ 0= '0‘

sure to install protection against electrical € _ wh
hazards for the device, as well as switch- e 210 El&cé{ié:rty
board users and their surroundings. | 00O v
: e 0
A specific low-cost energy meter that can D?srrt)allat;/eumt
%

be used for energy auditing is available

on the market starting at around USD

100. With simple clamp meters, the cur-

rents of three lines (three-phase, or three

individuals) are measured and transmit-

ted wirelessly to a processing and display

unit. The voltage is assumed to be a con-

stant pre-set voltage. Hence, the power Q,T's"‘;‘:;“;}‘e’ Sensor
and energy consumption is calculated. L8
Efergy! meter shown in figure 6.43 is
one type of an energy meter.

Figure 6.43: Simple energy meter by Efergy

The advantage over a multi-meter is that a simple energy meter is easier and safer to use, and
it also offers long-term logging and post-processing in web interface software. The advantage
over a high-level energy analyser is its price.

FLOW METER [M/s, KG/S, L/S]

Flow meters are used to measure the flow of gas or liquids in pipes. The flow of air is meas-
ured by pitot tubes, manometers, rotary detectors or self-heated platinum resistance temper-
ature detectors (RTD). Air flow is crucial for checking the functionality and efficiency of heat-

ing, ventilation and cooling systems in buildings as well as equipment such as re-cooling de-
vices in refrigeration systems.

1 Efergy. http://efergy.com/ — accessed March 30, 2017
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- |

Figure 6.44: (left to right) Pitot tube, RTC sensor, rotary detector for air flow measurement

For the temporary measurement
of flow within pipes, clamp-on
devices are normally used.
These devices provide the ad-
vantage of measuring liquid
flow without cutting the pipe.
Clamp-on devices use the S
measurement principles of ul-
trasound and Doppler. Other

A\

flow meter principles are Corio- Figure 6.45: Typical clamp-on ultrasonic flow meter
lis, vortex, magnetic induction,

pressure difference, or thermal loss, displacement and many others.

Clamp-on devices further have the advantage of being mostly independent from pipe diame-
ters, independent from the flow type (gas or liquids) and permanently shielded from direct
contact with the media flowing inside the pipe. Furthermore, they can measure the concen-
tration and pH levels of liquids.

Nevertheless, clamp-on devices might have limits with different materials of the pipe wall,
wall surface temperatures and mixed flows of gas and liquids as can be found in steam
pipes, for example.

HEAT METER [KWH]

A heat meter is a device which measures thermal energy provided by a source or delivered
to a sink. It measures the flow rate of the heat transfer fluid and the change in temperature
(AT) between the outflow and return legs of the system. The flow measurement utilises flow
meters as described above, but heat meters are also equipped with a special processing unit
to allow for the connection of two thermal sensors. Permanent heat metering utilises other
flow sensors as they are normally cheaper.

Heat meters are typically used in industrial plants for measuring boiler output and process
heat, and in district heating systems for measuring heat delivery to consumers.

Cautionary note: The accuracy of the temperature sensors needs to be in line with the tem-
perature difference to be measured, e.g. steam circles have a AT of 50 K, so an accuracy of +/-
1 K is acceptable. Cooling circles, however, might have a AT of as little as 2 K, meaning that
an accuracy of +/- 1 K would not be acceptable.
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Figure 6.46: Typical installation of a heat meter

INFRARED THERMOMETER [°C, K, F]

An infrared thermometer infers surface
temperature by measuring the infrared en- - |
ergy emitted by an object. An IR tempera-
ture gun measures the temperature differ-
ence between two laser points emitted by
the gun to enable remote surface tempera-
ture measurements. Typically, these devices

are used to measure the surface tempera- )
Figure 6.47: 568 IR temperature gun by Fluke

tures of kilns, boilers, pipes or electric de- and others

vices.
Advanced IR guns can provide adjustment controls in emissivity and data logging. Some al-
so provide the distance [m] to the targeted object.

THERMAL IMAGER, INFRARED CAMERA [°C, F, K]

Whereas infrared thermometers provide only spot readings, thermal imagers or infrared
cameras are used to capture the image of a device using infrared radiations. These devices
use different colours to visualise surface temperatures, which are then automatically record-
ed as images and made available for various post-processing and analysis steps with the spe-
cial provider software.
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Figure 6.48: Different thermal image cameras

Thermal imaging is typically used to:

= Detect hot spots on electronic devices like computers and switchboards
= Detect overloaded cables
= Detect hot spots on photovoltaic panels
= Detect thermal bridges in buildings, cooling systems and other thermal insulations
Limits of thermal imaging;:
* Measurements cannot be taken through glass, since it normally blocks infrared radia-
tion.

= Reflective surfaces like blank metal sheets show you the infrared reflections like mir-
rors; it is not possible to measure the actual temperature of blank polished metal
sheet.

= Different surfaces have different emission factors, therefore requiring adjustments
during the measurement process or subsequently during post-processing.

Crucial points for selecting an IR camera:

= Resolution of the IR sensor — high resolution is better, yet also more expensive
* Fixed focus or variable focus of the lens

= Overlay of standard picture over the IR image

258



MODULE 6: PROCESS PERFORMANCE ASSESSMENT, MONITORING AND VERIFICATION

Figure 6.49: Typical applications for thermal imaging

LEAK DETECTORS

Ultrasonic instruments can be used to detect leaks of compressed air and other gases which
humans could otherwise not identify by relying only on their senses. Ultrasonic air leak de-
tectors employ a high-frequency, short-wave signal and ultrasound emissions tend to be lo-
calised around the leak site. By scanning an area with an ultrasound instrument, the device
user will follow the sound of the leak to its loudest point. Once detected, the leak amplitude
can be noted and used in the compressed gas reporting tool from UE Systems for reporting,
cost analysis and environmental impact purposes.

Figure 6.50: Selection of ultrasonic leak detectors

Ultrasonic leak detectors are used to detect leakages in compressed air, steam or any other
pressurised gas systems.
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FLUID PRESSURE [PA, BAR, PSI]

For pressure, there are is a
range of different sensing tech-
nologies. Some of the most rel-
evant are those which use pie-
zo-resistive, piezoelectric, ca-
pacitive or electromagnetic
principles to transform the
force on a specific area (pres-
sure) into an electric signal.
Pressure sensors need to be
placed within a pipe or vessel
and thus a flange or connection
point is required.
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o

Figure 6.51: Pressure data logger

Pressure data loggers are electronic devices used to measure and record the pressure of flu-
ids. Temperature or humidity can often be simultaneously measured and logged. Pressure
data loggers indicate the usage of pressurised fluids such as compressed air or steam while

also detecting leaks.

TOTAL DISSOLVED SOLIDS METER [PPM, SIEMENS, TDS]

®
.

Figure 6.52: Hand-held total
dissolved solids meter

Methodology:

Water is the universal solvent because it dissolves more
substances than any other liquid. Some industrial processes
require clean, distilled water that is free of minerals and
solids. Industries normally use a reverse osmosis (RO) sys-
tem for water purification and employ demineralised water
in industrial processes. Hand-held TDS meters are used to
check the proper function of RO system as shown in the

Figure 6.52.

TDS meters reveal the working condition of a reverse osmosis system to ensure effective sys-
tem use. The method for using TDS meter is as follows:

= Take two glasses of water, one unfiltered and one from an RO system.

= Place these glasses at room temperature for one hour.

= Push the button to turn the TDS meter on and dip the TDS meter probe into water
from an unfiltered plant and take the reading.

= Record these readings and clean the probes with clean dry paper or cloth.

= Now some calculations are involved. Suppose this reading shows 100 ppm.

= Then take a reading from the RO system water.

Note: The water reading from the RO system must be less than 20 ppm for this system. If the value
increases from 20 ppm, it indicates that the RO system is exhausted, i.e. not working properly, and the

filters must be replaced.
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LUX METERS [LUX]

Lux meters are used for measuring light intensity as perceived by
the human eye in luminous flux per unit area. Lux is basically the
system international (SI) unit of luminance. As the intensity of light
varies at different places based on international standards, some
type of device is needed to measure the actual use of illumination.
Moreover, proper workplace illumination is increasingly important
for both employee motivation and occupational safety.

Figure 6.53: Lux [llumination levels are measured with a lux meter. This device con-
meter sists of a photocell which senses light output and converts it to elec-
trical impulses which are calibrated as lux.

[Nlumination levels are an important parameter for all kinds of energy efficiency opportuni-
ties related to lighting. Often there is enough natural light available and artificial lighting can
be reduced and energy saved.

a nuisance. Noise indicates loss due to friction, vibration
and other faults. Maximum noise levels for certain loca-
tions and environments are regulated by law. Noise me-

NOISE METER [DB]
Noise is mostly a by-product of energy losses as well as

ters are therefore occasionally required to confirm the .o
improvements of energy measures. Noise meters are ul- : @
timately just highly sensitive and calibrated micro- s
phones. Advanced meters also analyse frequencies. e,

STOPWATCH [5] Figure 6.54: Typical noise

Time is of critical importance for almost all scientific and meter

industrial processes. Task durations and the intervals

between activities are usually timed as well. Time plays a sizeable role in shaping industrial
processes and it is a factor for determining the efficiency of different tasks and processes.
Stopwatches are a device that can be used to measure time intervals.

Meanwhile, every (smart) phone is equipped with a stopwatch function or mobile phone ap-

measure earth resistance at var-

plication

EARTH RESISTANCE TESTER [QQ] '__ '

The resistance of earth varies :i m T R r———
from place to place. Earth re- Y H~
sistance testers are wused to oo Ta il o %

ious points. Insufficient earthing
can play a role as a supporting
argument for upgrading electri- =
cal distribution networks and

hence implementing energy effi-

ciency opportunities.

SeGiray
RESSTaNce TesTER

T man

Figure 6.55: Digital earth resistance tester
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Some typical earth resistance tester uses:

* Measurement of interference voltage
(UST)

* Measurement of interference frequency
(FST)

* Measurement of probe resistance (RS)

* Measurement of auxiliary earth elec-
trode resistance (RH)

= Measurement of earthing resistance
3pole, 4pole, (RE) with or without using
the external clip-on current transformer
for selective measurement of single

Figure 6.56: Exemplary wiring diagram of a

. . digital earth resistance tester
earthing branches in mesh operated &

earthing systems
* Resistance measurement 2pole with AC voltage (R~)

* Resistance measurement with DC voltage 2pole, 4pole, (RF)

DISTANCE MEASUREMENT [M]

Distance measurement is broadly used for all kinds of engineering applications to measure
the height and width of different objects. Measurement tape is the simplest form of distance
measurement. Laser distance meters are a more advanced option for measuring distances in
the visible range and taking indirect measurements of angles and heights as shown in figure
6.57 below!.

/

ettt

Auto height measurement
L Auto horizontal measurement _/

b

Figure 6.57: Laser distance meter and advanced usage

! Gain Express. www.gainexpress.com/products/gm100d-professional-100m-laser-distance-meter-w-high-
accuracy-1-5mm; PCE. www.industrial-needs.com/technical-data/images/laser-distance-meter-disto-dxt-uso-4.jpg
—both accessed March 30, 2017
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OCCUPANCY DATA LOGGER [1/0]

Occupancy sensors can contribute to energy savings.
They turn off appliances when the occupancy of a room
falls below a set value and automatically switch them
back on once the value has been reached. This automatic
shutoff function helps consumers use electrical applianc-
es more responsibly.

Figure 6.58: Occupancy data

Occupancy data loggers record the interval or time dur-
ing which automatic energy savings (could) occur. They
can be used to assess potential savings once an occupancy sensor for controlled lighting or

logger based on an IR sensor

ventilation is installed in an office or a meeting room.

CO, DATA LOGGER [PPM]

CO2 data loggers help us to calculate the intensity of carbon dioxide in an environment. CO2
data loggers play a pivotal role in air conditioning and ventilation systems by calculating
COz levels. These checks are imperative as excess CO: levels can lead to health problems.

TACHOMETER [RPM]

The tachometer is a device used
for measuring the rotational
speed of a shaft, a disc, an electri-
cal machine or an engine. For the
industrial measurement of rotary
device speeds, tachometers nor-
mally display the corresponding
speed value on a digital or ana-
logue scale expressed in revolu-
tions per minute [rpm].

Figure 6.59: Contact (left) and photo
» Combustion analyser (CO, CO,, O,, etc.) (right) tachometer

Combustion analysers have been
designed to test the combustion
efficiency of boilers, heaters and
furnaces. Combustion  analyser
use ranges from residential to
commercial and industrial appli-
cations, and each type of envi-
ronment requires its own specific
tests, sensors and detection levels.

/At el
The main parameters to be meas- Figure 6.60: Different combustion analysers for on-site
ured are concentrations of Oz, CO, measurement

CO», temperature levels to calcu-
late combustion efficiency, excess air, and losses. More advanced analysers can sense concen-
trations of NO, NO:, NOx, SO, CO», CH, H-S.
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CONTINUOUS MEASUREMENT

» Introduction

Energy management systems demand
continuous monitoring of EnPIs, KPIs
and SEUs. You will need to check and
monitor consumption data at many lo-
cations in your organisation. Some me-
ters such as utility meters for electricity
and gas might already be installed.
Other information may be available
from process and building control sys-
tems, or from bills and other records.
Additional measurement equipment
may also need to be permanently
mounted to the system to supply regu-

2010-01-01 12:00:01
U 23.12°C
@@ 0.29Bar . -
it =
1 (P)0.14Bar X
_ @@ F-002

@

U-001

Figure 6.61: Example screen of a SCADA system

lar consumption data. If the meter and data loggers are read manually, the logical next step is
a spreadsheet for data processing in regular energy reports.

If these meters and data loggers are configured as part of an automated system to generate

online views of consumption, advanced energy analytics and regular energy reports, then
special hardware and software is required, i.e. an energy monitoring and controlling tool

(EnMCT).

TERMS AND DEFINITIONS

Below we have listed some specific terms and definitions relevant to this chapter.

Table 6.12: Terms and definitions

Terms Definitions
Measurement point Actual, real source of data coming from a measurement device
Data point Source of data that is either calculated (like KPI) or imported from other databases

(like production data),

but is stored in the system and uses up data storage space

SCADA Supervisory control and data acquisition

PLC Programmable logic controller

ERP Enterprise resource planning (e.g. SAP)

EDIFACT — UN/EDIFACT United Nations Electronic Data Interchange For Administration, Commerce and
Transport

FM Facility management

CAFM Computer-aided FM

EnMCT Energy monitoring and controlling tool

ICT Information and communication technology

IT Information technology

BUS Communication system that transfers data between components
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» Measurement equipment and hardware for automated measurement, logging and data
transfer

METERS

Measurement equipment can be in-

stalled to meet all parameters already eessesse | *0000000
introduced in 0, that is, Temporary
measurement equipment, perma-
nently mounted and wired, with ei-
ther on-site displays for manual
reading or automated data transfer
technology.

Figure 6.62: Energy meter for top hat rail mounting (left)
Now we would like to introduce and power analyser for front side mounting (right)
some specifics of the most important
meters for continuous measurement.

Most of these meters can be differentiated by the following features:

= Gauged for billing OR enabled for set-up and calibration
* No data storage OR built-in data storage (e.g. SD card)

= Simple data transfer like M-Bus OR advanced data transfer (e.g. TCP/IP) with inbuilt
browser

Always remember that sophisticated meters offer more parameters, which open up more po-
tential sources of error. Most measurement errors happen during the installation and ini-
tial start-up of the meters.

Some additional considerations:

Measuring instruments should be selected for the appropriate bandwidth (e.g. temperature
—10/+20°C for cooling; 20-2,000°C for kilns)

Whenever there is a potential for high deviations between flow conditions (e.g. low flows on
average coupled with intermittent bursts with up to 100 times higher flows), two meters may

be required to fit the respective bandwidth.
)
above criteria, they can be differenti- ’)
ted in terms of: £
ated i @

. . P~y e )
* Basic energy consumption me- —~ Q

ELECTRICITY METERS

Besides utility meters, there is also a
wide range of electricity meters avail-
able on the market. In addition to the

ters OR full power analysers Figure 6.63: Basic principle of a current transformer (left
= Top hat rail mounting OR and practical example of a current transformer (right) —
front side mounting Courtesy: WAGO electronic pte Ltd. www.wago.sg/ — ac-

. . cessed March 20, 2017
= Direct connection (up to 65 A)

OR with current transformer for indirect measurement
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Caution: current transformers might look
simple to install, but they come with a high
potential for wiring errors

FLOW AND HEAT METERS

Flow and heat meters are essential devices to
monitor the flow of gas, pressurised air, steam,
hot water, water, waste water and the associat-
ed energy flow and consumption.

While clamp-on ultrasound devices are the
main solution for temporary measurements,
stationary meters apply the whole range of
measurement principles and mounting varia-
tions.

Simple flow or heat meters are equipped with
sensors like rotary displacement or vortex sen-
sors. Advanced meters use magnetic induction,
ultrasound or Coriolis sensors.

Figure 6.64: Installation of a set of electrici-
ty meters in a switchboard

Figure 6.65: Flow meter for a heat meter (left), thermal flow sensor (middle), utility gas flow meter (right)

Preis Annahme DN 50

Coriolis

Ultraschall *
Thermisch .‘

N
9000 €
4400 €
4200 €
2800 € Vortex
MID -
1700 € e
Wirkdruck y
~
500 €

>

>

Messprinzip/Funktionalitat

Figure 6.66: Cost correlation for different flow meters (for a pipe diameter of 50 mm) based on their
measurement principles (pressure, MID, vortex, thermal, ultrasound, and Coriolis)
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The cost for stationary flow measurement equipment depends heavily on the accuracy and
the pipe diameter, as the following figure indicates.
INTERFACE AND DATA TRANSFER
Ideally, these stationary meters are all connected to an automated data acquisition system.
Common data transfer options used in meters include:

+ Analog: 4-20 mA, 0-10 V

+ Impulse: SO

+ Simple digital bus systems: M-Bus, Modbus RTU

+ Advanced bus systems: KNX, LonWorks, Profibus, RS-485, Fieldbus, CAN bus, BAC-

net, etc.
+ LAN: IP/TCP, Modbus TCP, etc.
+ Wide area network (WAN): GSM/ISDN, OPC, IP/TCP, etc.

In general, the more advanced the data transfer technology, the higher the cost. Gateways
and data transformers or loggers are available for all kinds of configurations, but are first an
additional cost item, and second an additional source for failure.

Depending on the area of application, the distribution of meters, availability of existing me-
ters, etc, a mix of data transfer technologies might be necessary and can generally be
achieved using different gateways and data loggers, as the following scheme shows.

' Efﬁcio Kundeneigener Serve
(®) |

Zugriff auf Efficio uber Browser
an jedem beliebigen Arbeitsplatz

S7 (GLT)

Automatisiert

Implementierunc
bzw. Betriebs

LAN

RS 232/485
Konverter
Datenlogger
MBL 25

Switch
Datenlogger Ethernet

MBL 25

PROFIBUS DP

Bei Einsatz von Datenloggern
kein Datenverlust bei
Netzwerkunterbrechungen

LAN
AN

oty

B-Serie
M-Bus

Impuls (S0)

Anbindung géngiger
Bus-Systeme
(M-Bus, Modbus)

N[~

Erfassung aller Medien

Modbus RTU

B-Serie
Modbus

Anbindung Netzwerk
fahiger Zahler
(Modbus TCP)

Modbus TCP

\

Auch Fremdfabrikate
auslesbaer

Figure 6.67: Scheme of an EnMCT system that implements different data transfer technologies

When selecting a prevailing data transfer technology, the following two recommendations

can be applied:
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= M-Bus is well suited for simple meters: cheap, reliable, easy set-up, huge assortment
of instruments, specifically designed for meters (hence the name Meter-Bus, M-Bus)

= (Modbus) TCP/IP for advanced meters: widely available and hence familiar technolo-
gy
DATA LOGGER

Data loggers are required:

+ For collecting data of different gateways (S0, M-Bus, etc.)
+ For intermediate storage with inbuilt RAM or SD cards
+ To enable a direct connection to a local computer, or remote readings
+ Price range: 1,500-3,000 EUR for SO/M-Bus data loggers
Advanced data loggers have:

+ Integrated web browser with small software for data visualisation

+ Active controller outputs (switches, 0-10 V, etc., e.g. for load management and simple
controller operations)

+ IP/Web interface

+ Multiple gateways and bus controllers

IIIIIININIE. i

[ ————

2 = o =B
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I
L2 - = 4 Hilfsspannung
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Figure 6.68: Simple (left) and advanced (right) data loggers for rail mounting

ICT SERVER NETWORK

All data is finally stored in a database (e.g. SQL, MSQL, Access) that is managed by energy
data software. The database and software can either run on local servers (internal hosting on
a virtual machine or a dedicated system) or on remote servers (external hosting with differ-
ent modes of operation, security and billing).

Usually, the bigger the organisation, the more likely it is to have internal hosting, as relevant
ICT personnel and infrastructure will already be available, and management can issue a di-
rective that prevents data from leaving the boundaries of the organisation as an added secu-
rity measure.

Smart home systems and other end-user energy monitoring software and apps typically run
on cloud services, i.e. external hosting.

» Energy data software

Most energy optimisation activities start with a table of monthly utility meter readings.
These tables are then further developed into comprehensive databases for all sorts of energy
data, and eventually limits can be reached due to data volumes, file size and complexity of
links. At this point, the databases are often no longer possible to update, as the knowledgea-
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ble person has left the organisation or the organisation has been restructured and parameters
have fundamentally changed.

While the first set of problems, i.e. data volume, files size and complexity, should not be an
issue for dedicated software, the second set of problems is far more difficult to solve, no mat-
ter how good your energy data software supposedly is.

In the next two chapters, we introduce some key functions and features while in the last
chapter on implementation, we provide special advice on finding the proper solution for
your needs and requirements.

MANUAL SPREADSHEET

Manual data reading and analysis in spreadsheet software like MS Excel has some ad-
vantages and disadvantages:

Advantage Disadvantage

e No extra investments e Time-consuming

¢ Benefit from inspection visits e Low time resolution

e Easily customisable analysis function e Limited analysis due to low time resolution

Note that some special smartphones apps are
available that support the specifics of manual me-
ter readings and their export into spreadsheet . :
software. These apps can check for plausibility at = 98709 25052452
STADTWERKE

the point of input and automatically complete : S0 SCWABAH G
missing values. '

Ll LT TN

KEY FEATURES AND ADVANTAGES OF AUTOMATED SYSTEMS

+ Significantly improved data quality

+ Signal validation, filtering and averaging

. . e Figure 6.69: Smartphone app to support
for increased accuracy and reliability 8 P PP 7o SHPP

manual meter readings
+ Real-time and synchronous data collection

+ Real-time data analysis for decision-making, e.g.:
= Alarm system

* Routine maintenance operation

Note: Potential issue: Data volumes can be overwhelming and therefore require good data manage-
ment

BASIC FUNCTION

The basic function of dedicated energy management software is automatic data collection
from different sources (shown on the left in the picture below), processing and database stor-
age, along with the provision of special analytics and reports to different users (right side).
Sources can include special meters, manual readings, and the import of data from other
software like CAFM or ERP. Processing generally happens on a server where the software
runs and the data is stored. Access to the software usually happens through a web interface,
i.e. internally via intranet or an Internet platform. Participating users have different roles and
rights. They see the data that correspond with their permissions and can only edit certain
content. Alert messages, reports and other data are sent automatically to specified users.
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Figure 6.70: Basic elements of automated energy monitoring and control tools

Generally speaking, all EnMCT software programs on the market have these functions:

+ Systematic energy data management
* Automatic data acquisition

Real-time monitoring

Manual data entry
= Data import/export

+ Processing & storage
+ Analysis/visualisation/dashboard

,_l“”lluu
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Figure 6.71: Screenshot of a typical EnMCT software showing basic dashboard functions with actual con-
sumption profiles in different time scales
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Figure 6.72: Example report automatically generated by EnMCT software, consisting of different graphs,
trend analysis with traffic light indication and data tables

ADD-ONS

In addition to basic functions, some better software packages include the following function-
alities and add-ons:

Load profile analysis

Alarm system email/SMS

SEU assessment

Load management
Consumption prognosis
Archive for energy bills
Detailed tariff and cost analysis
Sankey diagram

Heat diagrams

Role-based authorisation concept
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When calculating your virtual measurement points, EnPIs and KPIs, one crucial factor is the
flexibility provided by the software. Some programs can only calculate using basic mathe-
matical functions like +, -, ¥, /, (). Better products let you apply Boolean operators like AND,
OR, WHEN, IF as well as the option to define boundary conditions, thresholds and other pa-
rameters for advanced calculations.

EXTENSIONS

While add-ons are features normally included in the basic software package, they can still
come with slight differences that make it possible to distinguish the better from the good (as
in cars, e.g. simple or multi-stage airbag, front-wheel or all-wheel drive). Extensions are fea-
tures that you would order only if required and that come at an extra cost (in the same com-
parison, e.g. navigation systems, anti-theft systems, seat heating).

Possible extensions include:
+ Energy management
* Automatic prioritisation of SEUs, KPIs
= Supporting features for energy planning (decision matrix)

+ Finance
= Controlling (ERP)

= Cost centre, billing

+ Organisation
* Administration of measuring points (calibration, maintenance, etc.)

* Document & record management (EnMS documents, bills)
= Task & delegation management (action plan)
* Maintenance & service admin (O&M, CAFM, etc.)
* Project management (Gantt diagram with milestones, etc.)
= Facility/building management (CAFM)
INTERFACES AND PORTS
An EnMCT is never alone in the ICT environment; communication with other systems such

as building control, process automation, different meters, ERP software, etc. is essential.

The software therefore needs to be equipped with special interfaces and ports. Below is a
short list of some possible requirements for your EnMCT:

Table 6.13: Some requirements for EnMCT

Type Examples
Import/export protocols Xls, .csv, OPC, ODBC, SQL, FTP, *.DLL, Gorlitz ENZ2000, Gorlitz EDW3000

Ports to hardware and systems M-Bus, KNX, Wago, ILON 100, GMC U16xx, Frako, Relay ,Berg Facinet, BLON,
BZEM, Tixi Alarm CPU HE400, Gérlitz ENC 200/400, Skalar, HMS Anybus X-
gateway, Siemens PCS7, Kaeser, RS-485, RS-232, Fieldbus, CAN, etc.

Interfaces to PLC Siemens, Honeywell, Sauter, JCI, K&P, etc.

Interfaces to ERP SAP, CAFM systems such as speedikon & BuiSy

DATA PROCESSING

The software performs a data check for plausibility (i.e. errors can occur!) by checking if the
received values fall within a set bandwidth. For advanced software, it is also possible to set
up autocorrect features. Data needs to be checked for completeness, as well (i.e. data loss is
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possible!). Again, advanced software can be set up to auto-complete, permit blank spaces,
and/or issue alarms according to certain criteria. Data can also be checked for drift (i.e. tem-
perature) and calibration or maintenance requirements.

» Implementation

NEEDS ASSESSMENT Stufe A
Before implementing any energy measurement /’
hardware or software, you should conduct a needs
. . STTTE T oo T 7
assessment by trying to obtain answers to the fol- Z, 0
: y trying Stfo B z/jz z:l
lowing questions: 4 7 i

%
/s (=
’ | s
’
’
AR .

+  Which specific requirements exist in your

company? (both generally and in your ca- suec L7 _ || , o d
pacity as energy advisor/manager) g _Lé_;_/z, “ L= 5 ) )

+ How much time and effort is currently O e
spent collecting and compiling energy da- Figure 6.73: Visualisation of top-down
ta? approach for installation of meters and

measuring devices

+ How much does an EnMCT cost? (budget
for location, unit cost)

+ How many measuring points are required?
= Use the ISO 50001 energy planning process as a guide
+ Energy performance indicators
+ Significant energy users
+ Follow up on objectives, targets, actions
= Start buying equipment staged from top to bottom
+ (Utility meters)
+ 1.level — production lines, buildings
+ 2.level — processes, machines
+ What does the ICT framework of your organisation look like?
= Existing servers, networks, databases (SQL), licences
= Existing data exchange protocols (M-Bus, KNX, TCP/IP, etc.)
= Safety rules, firewalls, etc.
TYPICAL COST
+ Hardware

= Electric meters from € 300 + transducer + mounting + wiring = up to € 1,000
per Measurement Point

= Pipe-bound meters from € 500 to € 4,000 + mounting + wiring
+ Software licence (initial cost)

= Small and simple from € 3,000 to € 20,000

=  Advanced from € 10,000 to € 100,000
+ Implementation cost

= Planning, training, configuration from € 1,000 to € 20,000

+ Running cost
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= Updates, hotline, service, licence fees from € 0 to € 10,000 per year

SELECTING A PROVIDER/SOFTWARE

On the German market alone, there are over 200 providers of special energy management
software. Internationally, this number could be as high as 300 to 500.

Some are new market players coming from academic spin-offs or directly from the field of
energy advisory and consulting. But most of them have their roots in other well established
areas of software and computer-aided management. The following table provides a brief
overview.

Table 6.14: Different origins of EnMCT

Origin of software Original tasks
Load management/peak management Energy monitoring & load switching
Building control system Automation, controlling, SCADA

Process control system

Facility management, CAFM Management of access to buildings, keys, cleaning, hardware,
maintenance, etc.

Documentation
Billing of energy to tenants

Management system SW (e.g. for ISO 9001, Management of tasks, projects, documents, records
maintenance, OHS, etc.)

If you are about to purchase and implement this type of a software, or advise an organisation
on selecting one, the selection is enormous, and the decision difficult. Certification by inde-
pendent standards bodies such as TUV or DEKRA in Germany is available, but it no longer
serves as an USP, as almost over 100 software packages meanwhile have these certificates.

One key criterion is cost. Financial offers should include the full cost for a period of e.g. 10
years for:

= Full software licence(s) for a predefined number of users, data points, measurement
points and other parameters on which the licence model can be based.
= Cost of additional interfaces, add-ons and plug-ins
= Cost of implementation for the project, including planning, installation, commission-
ing, training
= Cost of updates, upgrades and service hotline support
Technical offers should be based on your requirements for hardware, interfaces, protocols,

analytics, user roles, reports, etc.

Otherwise a field agent or sales representative should present the functionality of the soft-
ware, ideally with data that you have provided. Further criteria to consider:

= Is the provider a start-up that might be out of the market soon, or a reliable long-term
market player?

= Is the software scalable to your needs, e.g. from your current 100 data points to 1000
in a few years?

* Interface usability (can you find what you need in seconds, even after not having
worked with the software for several months?)

= How easy is it to change and personalise automatic reports?

274



MODULE 6: PROCESS PERFORMANCE ASSESSMENT, MONITORING AND VERIFICATION

6.5. SOFTWARE TOOLS FOR AUDITORS

Software tools for calculation, analysis, comparison, assessment, benchmarking that may be
useful for the Energy Auditor.

1. BizEE Software ® www.degreedays.net

Description

Accessibility

Additional
downloads

Additional
webpages

Introduction to degree-days and online input fields to calculate them for locations worldwide.
Essential tool for every EA dealing with heating or cooling of buildings and retrofitting of build-
ings envelopes requiring an estimate of degree-days to perform energy loss calculations through
the building envelope.

Allows for heating and cooling degree-days. Historical temperature data up to 36 months can be
considered. Searches for weather stations in any country and shows their location on a map. Re-
ports real-world weather station data and identifies some irregular, missing, and erroneous tem-
perature readings. Provides an opinion of the quality of the degree-days data and warns about
grossly incorrect temperature data. A brief introduction of the subject area is given on line. Be-
sides the free calculator, a desktop based interface that handles many buildings at different loca-
tions is also offered for a monthly fee of USD 49.

Online: Registration: - Download: Charge:

Results of the free software are tabulated and provided ready for download as an Excel spread-
sheet together with an assessment of data quality.

www.wunderground.com/ Reference for raw temperature data.

www.degreedays.net/regression Introduction regression analysis

2. WACC calculator ® www.miniwebtool.com/wacc-calculator/

Description

Accessibility

Additional
downloads

Additional
webpages

Calculates the WACC as dozens of other calculators also do and shows the formula. For most
EMO investments, the approach is sufficient. However this simple WACC formula seems easier to
calculate than it is. Just as two people will hardly ever interpret a piece of art the same way, rare-
ly will two people derive the same WACC. And even if two people do reach the same WACC, all
the other applied judgments and valuation methods will likely ensure that each has a different
opinion regarding the components that comprise the company's value.

Online: Registration: - Download: - Charge: -

None at this webpage

www.wacccalculator.com/wacc-en-weighted-average-cost-of-capital.php Calculates the WACC in
the traditional manner. The first step is to calculate the equity costs based on the next year divi-
dends in currency, the stock market value of the company in currency and the growth rate of
dividends. The second step is to calculate the WACC by either applying the equity cost calculated
in the first step, or assuming speculative equity costs if the firm’s stock market financial perfor-
mance is not available. Underlying equations are not provided.

www.waccexpert.com A highly sophisticated online calculator. Select a country and a sector to
get a readymade WACC assessment. A description of the methodology is at
www.waccexpert.com/Home/OurMethodology

3. Troubleless Valve (TLV) ® www.tlv.com/global/TI/calculator/

Description

Accessibility

Additional
downloads

For Energy Auditors dealing with efficiency improvement and design optimization of steam gen-
eration and distribution systems. Over 50 calculators for practitioners about steam properties,
steam tables, condensate recovery, water, air and gas systems. The underlying equations are
clearly defined and shown as a simple as well as an advanced but more complex and more accu-
rate option. A free mobile version for Android and iOS is also available as an application (TLV
ToolBox).

Online: Registration: Download: - Charge: -

The site also offers excellent classroom training material (73 tutorials) at
www.tlv.com/global/TI/steam-theory A steam pipe life cycle insulation cost calculator at
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www.tlv.com/global/Tl/calculator/steam-economical-insulation-piping.html

Additional www.spiraxsarco.com/Resources/Pages/calculators.aspx offers also a smaller set of free online

webpages calculators to help Energy Auditors, steam practitioners and designers solve problems associated
with steam and condensate engineering. Typical calculations include valve sizing for saturated
steam and sub-saturated water, pipe sizing for saturated steam and condensate, start-up and
running losses from tanks and steam pipes, and some other useful aids such as a flash steam cal-
culator. Users can set unit preferences at
www.spiraxsarco.com/Resources/Pages/Preferences.aspx

30 Minute video about steam traps and energy efficiency
www.youtube.com/watch?v=IiRyxcCBTa0

4. Insulation Institute ® http://insulationinstitute.org/tools-resources/free-3e-plus/

Description Comprehensive free software 3E Plus version 4.1 from NAIMA (USA) to (i) determine economic
thickness of insulation based on fuel cost, installed cost, tax rates, maintenance, and other eco-
nomic factors, (ii) calculate insulation needed for personnel protection in various design condi-
tions, (iii) calculate thickness of insulation for condensation control, (iv) calculate greenhouse gas
emissions and reductions, (v) determine surface temperature and heat loss or gain efficiency, (vi)
perform calculations for flat surfaces and various pipe sizes.

Accessibility Online: Registration: Download: Charge: -

Additional Manual at http://insulationinstitute.org/wp-content/uploads/2016/03/3E-Plus-V4-Users-
downloads Manual.pdf for download

Additional www.wbdg.org/design/midg_calculators.php simpler alternative online free calculator. The
webpages webpage provides a wealth of information about insulation material properties.

http://armwin.armacell.com/Calculation.aspx Professional free online calculator disclosing the
norms used to calculate the results. Allows to print summary reports. Free desktop and mobile
version for download also available.

5. Siemens ® www.industry.siemens.com/drives/global/en/engineering-commissioning-

software/sinasave/pages/default.aspx

Description SinaSave determines the energy saving potential and payback times based on a particular appli-
cation conditions. The tool offers a wide range of comparison options of various control modes
and product combinations for drive systems for pump and fan applications. These are then
graphically shown with their components as well as the most important results, for instance, the
system and power losses per EN50598. SinaSave supports and Energy Auditor as well as the pro-
curement or Energy Manager of a firm when making a decision to select the most cost-effective
investment. The tool is very helpful in comparing the benefit /cost of various motor — blower and
motor pump configurations. No desktop application available .

Accessibility Online: Registration: Download: Charge: -

Additional Introduction to the software for download
downloads http://w3app.siemens.com/mcms/infocenter/dokumentencenter/ld/InfocenterLanguagePacks/e
ngineering-tools/engineering-tools-en.pdf

Legislation and Standards are available at www.industry.siemens.com/topics/global/en/energy-
efficient-production/legislation-and-standards/Pages/legislation-and-standards.aspx

Additional Efficient Motor webpage and list of implemented project documents for VSD
webpages www.motorsmatter.org/case_studies/alpha_list.html

6. Energy + Environmental Economics ® https://ethree.com/public_projects/cpuc4.php

Description Highly specialized tools provided as open source Excel spreadsheets for Energy Auditors and EE
impact monitoring professionals whom advise the power industry in cost effective demand side
management programs. The information is highly relevant because effective electricity demand
side management programs are hardly possible without power utilities involvement and program
management. The tool is also useful for advisory services to government treasuries to shift ‘poor’
power subsidies into ‘good’ subsidies for energy consumers. Calculators are (i) the E3 to evaluate
the impact of an EE programmes, (ii) E3 avoided cost model for power utility and/or treasury, (iii)
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GHG calculator, (iv) electricity generation cost tool, (v) RE capacity credit calculator based on the
three most wide spread LOLP, LOLE, ELCC methodologies.

Accessibility Online: Registration: - Download: Charge: -

Additional The underlying policy and implementation process document

downloads www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Industries/Energy
/Energy_Programs/Demand_Side_Management/EE_and_Energy_Savings_Assist/EEPolicyManual
V5forPDF%20(1).pdf

Additional List of manuals for cost-effectiveness tests. Of importance is the standard practice manual.
webpages www.cpuc.ca.gov/General.aspx?id=5267 and
https://www.michigan.gov/documents/energy/cost-effectiveness_411711_7.pdf

7. Caterpillar Energy Solutions GmbH. e http://chp-calculator.mwm.net/

Description Online combined heat and power (CHP) calculator of reputed CHP manufacturer.
www.mwm.net/mwm-chp-gas-engines-gensets-cogeneration. Applies to industrial and commer-
cial applications of 400-4500 kW,,. The tool includes financial analysis based on the return of in-
vestment. Focus is on gas-engines including biogas and sewage gases. Allows user input for instal-
lation country and fuel types.

Accessibility Online: Registration: - Download: - Charge: -

Additional e EU Directive for CHP with interesting equation to calculate the primary energy savings of a
Downloads CHP: http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32004L0008&from=EN

e CHP efficiency metric of the EPA(USA) with definitions :
www.arb.ca.gov/cc/ccei/presentations/chpefficiencymetrics_epa.pdf

e EPA manual and equations to calculate the energy and environmental performance of a CHP
facility as compared to the separate generation of heat and power. Based on American units.
www.epa.gov/sites/production/files/2015-
07/documents/fuel_and_carbon_dioxide_emissions_saving

e EPA calculator as Excel spreadsheet download for CHP:
www.epa.gov/sites/production/files/2015-09/chp_emissions_calc.xls

e CHP good practice design for buildings and commercial operation such as hotels and hospitals
and any other business requiring process heat and power: www.cwp-Itd.com/wp-
content/uploads/2012/03/UKGoodPracticeGuide.pdf

Additional Comprehensive EPA site exclusive for CHP www.epa.gov/chp

webpages CHP summary of EPA www.epa.gov/chp/methods-calculating-efficiency

8. eQuest ® www.doe2.com/download/equest/eQUEST_3-65_b7173_2016-04-16.msi

Description Complete building design and energy efficiency performance tool for all climate conditions. The
eQuest desktop software (100 MB download) is based on the standard DOE-2 building energy
simulation program that has been perfected over the last twenty years. Contains only USA relat-
ed data therefore a user must provide its own data or select a similar USA climate region. The
software is most useful for EA that provide regular services for all kinds of industrial, residential
and commercial buildings.

Accessibility Online: Registration: - Download: Charge: -

Additional Overview of the software and its capabilities: www.doe2.com/download/equest/eQUESTv3-
Downloads Overview.pdf

Introductory tutorial to get a first idea of what is important
http://doe2.com/download/equest/eQ-v3-64_Introductory-Tutorial.pdf
Additional None

webpages

9. Air Technologies Energy Calculator ® www.aircompressors.com/resources/energy-calculators/

Description Very practical Excel spreadsheet calculators in American and Sl units for compressor energy, filter
pressure drop and oil carryover, installation pipe work, load duty cycles, pressure /volume, and
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pressure drop cost. Formulas are not provided.

Accessibility Online: Registration: - Download: Charge: -

Additional Excellent compressed air manual for training and classroom teaching
Downloads www.atlascopco.com/Images/Compressed_Air_Manual_tcm30-1249312.pdf

A complete example of a real compressed air energy efficiency audit
www.enproinc.com/assets/1/6/Sample_Air_Audit.pdf

Additional e |SO standards on compressed air energy efficiency assess-ment.
webpages www.iso.org/iso/catalogue_detail.htm?csnumber=46580

e “Use your energy twice” air compressor heat recov-ery.
www.atlascopco.com/useyourenergytwiceus/

e Air compressor cost effective waste heat recovery calcula-tor.
www.atlascopco.com/useyourenergytwiceus/useenergytwice/energyrecoverycalculator/

e Sustainable energy authority of Ireland compressed air calculators. This site www.seai.ie also
provides more online calculators and a most useful emission mitigation calculator. Search the
site for “calculators”.
www.seai.ie/Your_Business/Technology/Industry/Compressed_Air_Option_Calculator.xls

10. Exothermic Engineering LLC ®* www.exoeng.com/calculators.htm

Description Set of boiler performance calculators based on the ASTM 4.1 standard. Main sheet at
www.exoeng.com/boilereffcalc.htm

Accessibility Online: Registration: - Download: - Charge: -

Additional Equations and instructions for ASTM 4.1 standard
Downloads www.arb.ca.gov/cc/capandtrade/allowanceallocation/boiler_efficiency_calc.pdf

ASME performance test codes for technologies www.asme.org/about-
asme/standards/performance-test-codes

Boiler efficiency guide of reputed boiler manufacturer www.cleaver-brooks.com/reference-
center/insights/boiler-efficiency-guide.aspx

Additional e Simple calculators to estimate efficiency but not based on a stand-
webpages ard.www.tlv.com/global/Tl/calculator/boiler-efficiency.html

e Simple calculator with tutori-
al.www4.eere.energy.gov/manufacturing/tech_deployment/amo_steam_tool/equipBoiler

e More sophisticated boiler efficiency calculator

o www.hsb.com/efficiencycalculators/boilers.aspx

FURTHER READING

1. Setting SMART targets for industrial energy use and industrial energy efficiency ® M. G.,
Rietbergen, and K., Blok. Energy Policy, 38(8), 4339-4354, (2010)
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7. ANNEXES

ANNEX 1: KEYWORDS, SUMMARY AND DEFINITIONS

Energy policy

Determine energy policy objectives with those responsible (Top Management)

Cover all aspects of energy implementation
Define areas affected

Determine which parties are responsible
Commit to continuous improvement

Specify resources needed to achieve objectives

Supply adequate information.

Planning

Investigation and testing of existing energy implementation

Analysis of energy usage

Estimation of expected energy usage

Identification of areas for potential improvement

Identification of all persons and their activities, which affect total energy usage
Accounting for compliance with legal requirements

Determination of responsibilities

Development of measurable, documented and (within a time frame) achievable goals.

Implementation and operation

Top Management: availability of necessary resources (personnel, technical and financial capital, know-how)

Personnel: provided with adequate knowledge (energy policies, requirements of the EnMS, influ-
ence of their work on total energy usage, etc.) — Provision of training

Internal and external communication
Documentation describing the organisation’s EnMS

Communicate work flows and plans of action that guarantee compliance with the firm's energy
policy.

Checking and corrective action

The organisation shall ensure that:

The key characteristics of its operations that determine energy performance are monitored, meas-
ured and analysed

The equipment used in monitoring and measuring of key characteristics provides data which is ac-
curate and repeatable Key characteristics shall include at a minimum:

The energy profile
Significant energy uses and

Effectiveness of the action plans in achieving objectives and targets.

Monitoring and measurement

Evaluation and description of the requirements of the organisation's energy programme

Periodic measurement, oversight and recording of central energy uses, as well as the factors affect-
ing them.
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Corrective and preventive actions
=  Detect and investigate nonconformities
=  Resolve them in a suitable manner within a defined time frame

= [nitiate corrective and preventive actions appropriate to the magnitude of the actual or potential
problems and the energy consequences encountered

= Reviewing the effectiveness of the action taken.
Internal Audit
Examples of subjects for consideration by internal auditing include:
=  Proper implementation of energy management programmes, processes and systems
= Opportunities for continual improvement
= Capability of processes and systems
=  Use of information technology
=  Performed by employees and/or by external parties appointed by the organisation

= The person or persons performing the audits are qualified, experienced, objective, impartial and
independent of the area of the organisation to be audited.

Management review
The top Management shall review the EnMS at predetermined intervals

= The management review is to be documented and presented with the following as input parame-
ters:

o Follow-up actions from previous management reviews
o Review of the energy policy
o Review of energy performance
o The extent to which the energy objectives and targets have been met
o Evaluation of its conformity with legal requirements and changes within
o Status of corrective and preventive actions
o Energy management system audit results
o Forecast of energy related performance
o Recommendations for improvements.
Results of management review

=  Changes in energy-related performance of the organisation

= Changes in energy policy

= Changesin EnPIs

= Changes in strategic and operational objectives and other elements of EnMS in accordance with
the commitment of the organisation to continual improvement

= Changes providing resources.
Motivation and communication (contents)
Energy management systems lead to:

* Reduced costs

*  Reduced energy consumption

= Increase of productivity

* Reduced emissions

= Environmental protection
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= Increase of competitiveness

= Improvement of the external representation of the company and communication.
Improved communication between different departments of the company leads to:

= More efficient workflow

=  Awareness of all, which department needs specific amount of energy

= Implementation of measurements can be validated with all affected people.
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ANNEX 2: 1SO 50001 CHAPTERS, OVERVIEW, GLOSSARY

Commitment

Chapter 1 — Energy management describes how your organization can develop a systematic continuous
improvement method rather than have an ad hoc approach to energy management.

Chapter 2 — Scope and boundaries helps you to define which energy sources and uses are included, and
which parts of the organization are included.

Chapter 3 — Energy policy helps you to develop and periodically review the energy policy document, stat-
ing your organization’s commitment to achieving energy performance improvement as defined and signed
off by top management.

Chapter 4 — Resources helps you to ensure that relevant personnel understand their roles, responsibility
and authority, and are resourced and supported in their roles in the implementation of the energy man-
agement system. It also considers other resources such as financial and data requirements.

Planning
Chapter 5 — Planning helps you to develop plans to reduce energy consumption.

Chapter 6 — Legal and other requirements helps you to identify and document all the legal and other re-
quirements affecting your organization’s energy use, consumption and efficiency.

Chapter 7 — Energy review takes you through all the steps that are necessary when carrying out an energy
review.

Chapter 8 — Performance measurement covers energy consumption, relevant variables, energy perfor-
mance indicators and baselines.

Chapter 9 — Target setting and action plans, based on available energy-saving opportunities, helps you to
develop targets and action plans. Implementation

Chapter 10 — Awareness, training and competence enables you to help people that affect the energy con-
sumption of the organization to understand their roles and to be competent in their use of energy.

Chapter 11 — Communication helps you to ensure that relevant people are aware of the Energy Manage-
ment system activities and have an opportunity to contribute to the improvement of energy performance.

Chapter 12 — Documentation helps you to ensure that critical documents and records pertaining to energy
performance and the energy management system are maintained and available to those requiring them.

Chapter 13 — Operational control helps you to ensure that all significant energy-using equipment and sys-
tems are maintained and are operated efficiently.

Chapter 14 — Energy-efficient design helps you to ensure that new projects or changes with a potentially
significant energy impact are evaluated from an energy perspective.

Chapter 15 — Procurement helps you to ensure that the procurement of energy, equipment and services is
managed to reduce costs and improve performance.

Checking

Chapters 16 — Monitoring, measurement and analysis helps you check energy performance indicators, op-
erating parameters and other performance-related data and information.

Chapter 17 — Evaluation of compliance with legal requirements and other requirements helps you appraise
your fulfilment of the legal requirements you identified in Chapter 6.

Chapter 18 — Internal audit helps you check if the system you have set in place is working
Chapter 19 — Nonconformities provides different approaches to manage nonconformities.

Chapter 20 — Management review and continual improvement helps you monitor, audit, and check the
people are using the system as intended.

Chapter 21 — Demonstrating conformity focuses primarily on the third-party certification process carried
out by an independent and competent body and provides guidance on the steps involved.

282



ANNEXES

Chapter 22 — Integration with other management systems looks at the benefits and factors to take into
account when using more than one management system.
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ANNEX 3: EPA PORTFOLIO MANAGER

/\/ ENERGY STAR:
PortfolloManagerf**

Portfolio Manager® Quick Start Guide

“How To” Series

EPA’s ENERGY STAR Portfolio Manager tool helps you measure

and track the energy and water use, waste and materials, and W Getting Started
greenhouse gas emissions of your buildings, all in a secure
online environment. You can use the results to identify under- Step 1: Add s Property

performing buildings, set investment priorities, verify efficiency )
improvements, and receive EPA recognition for superior energy Step Z: Enler Energy & Weler Dete
performance. Follow the steps in this guide to get started using the Step 3: View Results & Progress
new Portfolio Manager to benchmark your properties, assess
performance, and view results.

1 Add aProperty

To get started, log in to Portfolio Manager at www.energystar.gov/portfoliomanager. Then,
follow these instructions to create a property and to enter property information.

1. Click Add a Property on the MyPortfolio tab.

5 . )
2 ::Iasrvtf:(r’ !questlons about your property and click Get iy Propeny Types
3. Enter basic property information and select the boxes next
to the statements that apply to your property. Then click g&m&p:;‘:‘o;msm
Continue. multiple buildings only hospitals,
4. Enter Use Details such as Gross Floor Area (GFA), hotels, K-12 schools, multifamily,
operating hours, and number of workers for each type of and.sentlor care mﬂ":“;’"mm
use. You can use default or temporary values at this time ?P?E:eGYO ';::gemm -
and enter more accurate data later. NOTE: Mouse over

the Use Detail to see a definition.

5. Click Add Property. When you have successfully added your property, you will see the
property’s Summary tab.

If you have additional types of uses on the property, you can add them at any time.

1. Click the property’s Details tab, and then select a Property Use Type from the Add Another
Type of Use drop-down menu. Click Add.

2. Enter Use Details for the property and then click Save Use.

Figure 7.1: Energy Star Portfolio Manager — quick start guide

How to proceed using the Energy Star Portfolio Manager:

= Determine the energy team. This can include the building engineer, facility manager, head of pro-
duction line manager and commissioning agent.

= Gather at least 12 months (36 months, if possible) of monthly energy data from utility bills (e.g.
electricity, natural gas, etc.). This data should be readily available from the utility.

1. Note whether the facility sub-meters specific energy systems.

2. Foradditional guidance, visit
www.energystar.gov/index.cfm?c=assess_performance.gather_data

= Analyse monthly utility bills to identify overall trends, seasonal fluctuations, and unexplained
changes in energy use.
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1. An easy way to analyse trends and discover unexplained changes in utility consumption is to
use a spreadsheet to track a rolling 12-month average of monthly utility consumption and de-
mand. This method helps screen out seasonal variation and identify underlying energy con-
sumption or demand increases.

2. Conversion to units per square foot will help to recognize disparities caused by changes in a
building’s square footage. Use the ENERGY STAR methodology for calculating square footage
to ensure that data entered in the system is comparable, a necessity for achieving accurate
benchmark rating comparisons.

Create an account with EPA ENERGY STAR Portfolio Manager. For help getting started, use the fol-

lowing resources:

1. Portfolio Manager Overview

2. Portfolio Manager "Starter Kit"

3. Portfolio Manager Animated Trainings

4. Portfolio Manager Data Entry

5. Portfolio Manager Quick Reference Guide

6. Portfolio Manager Data Collection Worksheet

7. How to Submit & Manage a Building Profile
Establish a baseline year (or average of several years).

Enter utility data into EPA ENERGY STAR Portfolio Manager to benchmark energy consumption
with comparable facilities. To understand the data you need to gather, you can find the definitions
for each field name in Portfolio Manager in this spreadsheet.

Note your facility’s baseline ENERGY STAR score. If it is greater than 50, your facility’s energy sys-
tems are currently more efficient than half the similar facilities in the United States. If the score is
75 or higher, your facility falls into the top 25 percent of energy-efficient hospitals in the United
States and is eligible to receive an ENERGY STAR label. The label is valid for one year and requires
third-party validation of performance. This process can be performed every year if a facility quali-
fies, and the program covers hospitals, laundries, garages, data centres, health care campuses, and
medical office buildings. For additional information about how to apply for the ENERGY STAR label,
visit www.energystar.gov/index.cfm?c=evaluate_performance.bus_portfoliomanager_intro.

Trend and track ENERGY STAR scores and energy use over time to demonstrate improvements.

Use the Roadmap’s target-setting Energy Reduction Tool to help set goals based on your baseline
and benchmark data.

Consider the use of sub-metering and circuit-level metering to identify and track specific end users
and reductions.
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ANNEX 4: SUMMARY OF AUDIT STEPS AND THEIR CONTENTS>

Steps

Conduct a condition survey

Establish the audit mandate

Establish the Audit Scope

Analyse energy consumption and
costs

Comparative analysis

Profile energy use patterns

Inventory energy use

Identify Energy Management Oppor-
tunities (EMOs)

Contents

Identifies the most likely locations for the audit
Identifies EMOs that could be implemented without further analysis

Helps to set priorities for the audit's mandate and scope

Establishes and articulates the purpose of the audit.

Secures stakeholder input and commitment to the audit mandate
Specifies the physical extent of the audit by setting the terms of the
boundary around the audited energy consuming system.

Identifies energy inputs that cross the boundary to be audited

Tabulates all energy inputs - purchased and otherwise.

Establishes the annual pattern of energy consumption and total annual
consumption.

Compares current energy performance with internal historical perfor-
mance and external benchmarks.

Provides insight into what drives the energy consumption of a facility and
what relative savings potential may exist

Develops an understanding of the time patterns in which the system con-
sumes energy

Provides a clear picture of where energy is being used.

Helps to prioritize possible EMOs and reveal opportunities for reduction
by eliminating unnecessary uses’

Involves critical assessment of systems and levels of energy consumption.
Methods range from open-ended analyses to close- ended checklists

Helps to determine whether a more detailed micro audit is needed

34 Energy savings toolbox — An energy audit manual and tool - Natural Resources Canada, 2011. Reproduced with the
permission of the Department of Natural Resources, 2016
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ANNEX 5: CHECK LIST FOR A SURVEY OF BUILDINGS AND OFFICES

1. Basic Information required data

Basic information Comment
Date of energy audit:

Department/Building/Area covered:

Persons conducting audit:

Normal occupancy hours of building:

Cleaning times:

2. Lighting
Questions Comments

Are any tungsten lights present? Can they be replaced with energy saving
bulbs? Look particularly in store rooms, uplighters, desk lamps etc.

If there are several light switches, can they be labelled to make it more
obvious which switches relate to which appliances?

Can lights be switched off to make use of daylight? (e.g. lights parallel to
windows or in corridors)

If space is intermittently occupied (e.g. store roomes, toilets, kitchen areas,
copying rooms, corridors) is there scope for automatic lighting controls?

Are any external lights on during daylight hours?
Can main lighting ever be switched off and use made of desk lamps?
Do any light fittings need cleaning?

Do windows and skylights need cleaning to allow in more natural light?

3. Cooling and Ventilation

Questions Comments

If there is air conditioning with local controls, make sure it is only on when
necessary. Is it obvious how to control it? What temperature is it set to?

Could the building reduce heat by closing blinds or fitting reflective film to
windows which reduce solar gain? Remember, unnecessary lights and elec-
trical equipment also produces heat.

Are all external doors and windows closed when air conditioning is on?

Are you making the most of natural ventilation? Opening windows overnight
in the summer, where it doesn’t present a security risk, will help cool the
building down and reduce the need for air conditioning.

Is air conditioning on in unused spaces, such as cupboards, corridors?

4. Electrical equipment

Questions Comments

Are computers, printers, photocopiers and other equipment switched off at
the end of the day?

Can screens and other equipment be switched off during the day?

Can standby settings be avoided? (E.g. TVs, LCD projectors, printers etc.)
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Questions Comments

Are photocopiers, fax machines and other equipment on ‘Energy Saver’ mode
during the day?

Are photocopiers in a well ventilated area — not where there is air condition-
ing?

Can a 7 day timer be put on some equipment? (E.g. photocopiers, water cool-
ers, cold drinks machines).

Can any equipment be switched on later and switched off earlier?
Could timers be fitted to water coolers?

Are kettles overfilled for hot drinks?

Can kettles be removed if there is a wall mounted boiler?

Are fridges places next to heat sources? They run more efficiently when in a
cool environment.

Is the office fridge/freezer defrosted regularly?
Is the fridge thermostat working and set to the right temperature (2-4°C)?
Are microwaves switched off at the plug after use?

Is equipment clearly labelled so that staffs know how to activate energy saving
features or switch it off?

5. Water use

Questions Comments
Is there any evidence of water leaks? (e.g. wet pathways on a dry day)

Are taps left running? Are there any dripping taps? Do taps need
maintenance?

Is there scope for push button taps?
Are hot water heater timers set correctly?
If there is no timer should one be fitted?

Is water escaping from overflows either inside or outside buildings?

6. Awareness>

Questions Comments

Are there posters/stickers/guidance displayed to remind people of good
practice?

Would it be of benefit to have a formal energy audit with a member of the
estates team?

3> Green Impact Universities. Energy audit checklist, www2.le.ac.uk — accessed April 12, 2017
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ANNEX 6: SAMPLE CONTRACTS FOR CONTRACTING AN AUDITOR
SAMPLE 1
ENERGY AUDIT AGREEMENT MODEL ENERGY AUDIT AGREEMENT (DRAFT COPY)

This Energy Audit Agreement s entered into on , 201, by and between

(the "Institution") and (the "Company").

The Institution and the Company are referred to herein as the "Parties". Whereas, the Institution has issued
a Request For Proposals (RFP) to identify a Qualified Provider for a guaranteed energy savings contract.
Whereas, the Company submitted a response to the RFP and participated in a competitive evaluation pro-
cedure designed to identify a Qualified Provider. Whereas, the Institution has selected the Company as a
Qualified Provider;

Whereas, the Institution is responsible for the operation, management and maintenance of
(the "Facility").

Whereas, a comprehensive energy use and savings analysis (the "Energy Audit") must be performed at the
Facility in order to determine the feasibility of entering into an Energy Performance Contracting Project to
provide for the installation and implementation of energy conservation measures (ECMs) at the Facility.

Whereas, if the ECMs are demonstrated to be feasible, and if the amount of energy savings can be reasona-
bly ascertained and guaranteed in an amount sufficient to cover all costs associated with an energy perfor-
mance contracting project at the Facility, the Parties intend to negotiate an Energy Services Agreement
(ESA) under which the Company shall design, procure, implement, provide training, maintain and monitor
such energy conservation measures at the Facility.

Therefore, the Parties agree as follows:
ARTICLE 1: SCOPE OF ENERGY AUDIT

The Company will perform the Energy Audit and prepare a detailed engineering and economic report (the
"Report"), which specifically identifies the energy improvements and operational changes which are rec-
ommended to be installed or implemented at the Facility. The Report shall contain detailed projections of
energy and cost savings to be obtained at the Facility as a result of the installation of the recommended
energy conservation measures (ECMs). The savings calculations must utilize assumptions, projections and
baselines which best represent the true value of future energy or operational savings for the Facility, includ-
ing accurate marginal cost for each unit of savings at the time the audit is performed; documented material
and labour costs actually avoided, adjustments to the baseline to reflect current conditions at the Facility,
compared to the historic base period, calculations which account for the interactive effects of the recom-
mended ECMs, etc.

The Report shall clearly describe how utility tariffs were used to calculate savings for all ECMs. The Report
shall describe the Company's plan for installing or implementing the measures in the Facility, including all
anticipated costs associated with such installation and implementation. The primary purpose of the Report
is to provide an engineering and economic basis for negotiating an ESA between the Institution and the
Company,; however, the Institution shall be under no obligation to negotiate such a contract. The Company
shall perform the following tasks in performing the Energy Audit and preparing the Report:

Collect General Facility Information
1. The Company shall collect general Facility information such as:
Size, age, construction type, condition and general use of the Facility.

The Company shall also collect and summarize Facility utility cost and consumption data for the
most recent 36-month period.

Company shall evaluate the impact on utility cost and consumption for any energy measures cur-
rently being installed or currently contemplated to be installed by the Institution in the Facility
which will remain separate from the Energy Services Agreement throughout the duration of the
ESA.

289



ANNEXES

Institution shall furnish (or cause its energy suppliers to furnish) all available records and data con-
cerning energy and water usage for the Facility for the most current 36 month period, if available,
including:

Utility records, occupancy information, descriptions of any changes in the structure of the Facility
or its heating, cooling, lighting or other systems or energy requirements, descriptions of all major
energy and water consuming or energy and water saving equipment used in the Facility, and de-
scription of energy management procedures presently utilized.

The Facility shall also furnish a record of any energy related improvements or modifications that
have been installed during the past three years, or are currently being installed or are currently
contemplated to be installed by the Institution in the Facility separate from the Energy Service
Agreement throughout the duration of that agreement.

The Institution shall also provide copies of drawings, equipment logs and maintenance work orders
to the Company insofar as this information is readily available.

2. Inventory Existing Systems and Equipment

Company shall compile an inventory based on a physical inspection of the major electrical and me-
chanical systems at the Facility, including:

- Cooling systems and related equipment
- Heating and heat distribution systems
- Automatic temperature control systems and equipment
- Air distribution systems and equipment
- Outdoor ventilation systems and equipment
- Kitchen and associated dining room equipment, if applicable
- Exhaust systems and equipment
— Hot water systems
—  Electric motors 5 HP and above, transmission and drive systems
— Interior and exterior lighting
— Laundry equipment, if applicable

- Water consumption end uses, such as restroom fixtures, water fountains, irrigation,
etc.

- Other major energy using systems, if applicable
The inventory shall address the following considerations:

a. The loads, proper sizing, efficiencies or hours of operation for each system; (Where meas-
urement costs, facility operating or climatic conditions necessitate, engineering estimates
may be used, but for large fluctuating loads with high potential savings, appropriate
measurements are required unless waived by the Institution).

b. Current operating condition for each system;

¢. Remaining useful life of each system;

d. Feasible replacement systems;

e. Hazardous materials and other environmental concerns.

The Company shall use data loggers and conduct interviews with Facility operation and maintenance staff
regarding the Facility's systems operation, occupancy patterns and problems with comfort levels or equip-
ment reliability.

3. Establish Base Year Consumption and Reconcile with End Use Consumption Estimates. Company
shall examine the most recent 36 months of utility bills and establish Base Year consumption for
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electricity, fossil fuels and water by averaging, or selecting the most representative contiguous 12
months.

Company shall consult with Facility staff and account for any unusual or anomalous utility bills
which may skew Base Year consumption from a reasonable representation.

Company shall estimate loading, usage and/or hours of operation for all major end uses represent-
ing more than 5% in aggregate of total Facility consumption including, but not limited to:

- Water

- Lighting

- Heating

- Cooling

- HVAC motors (fans and pumps)
- Plug load

- Kitchen equipment

- Other equipment

- Miscellaneous

Where loading and/or usage are highly uncertain Company shall employ spot measurement and/or short
term monitoring at its discretion, or at the request of the Institution.

Reasonable applications of measurement typically include variable loads that are likely candidates for con-
servation measures, such as cooling equipment. The annual end use estimated consumption shall be recon-
ciled with the annual Base Year consumption to within 5% for electricity (kwWh), fossil fuels and water. The
contribution to electric peak demand for each end use shall also be reconciled to within 5% of the annual
Base Year peak. The “miscellaneous” category shall not be more than 5%. The purpose of this is to place
reasonable limits on potential savings.

6.

vi.
vii.

viii.

Develop List Of Potential Energy Conservation Measures (ECMs)

Identify and propose potential ECMs for installation or implementation at the facility, including
water conservation measures, ECMs that the Institution is particularly interested in are speci-
fied in Attachment A, and should be addressed in the Report. The attached list is not intended
to be exhaustive nor limit the Company's evaluation and development of a comprehensive list
of potential ECMs.

Estimate the cost, savings and life expectancy of each proposed ECM.

Specify Facility operations and maintenance procedures which will be affected by the installa-
tion/implementation of the proposed ECMs.

Provide analysis methodology, supporting calculations and assumptions used to estimate sav-
ings. Manual calculations should disclose essential data, assumptions, formulas, etc. so that a
reviewer could replicate the calculations based on the data provided.

For savings estimates using computer simulations, Company shall provide access to the pro-
gram and all inputs and assumptions used, if requested by the Institution.

Provide a preliminary savings measurement and verification plan for each proposed ECM.
Provide a preliminary commissioning plan for the proposed ECMs.

Provide detailed calculations for any rate savings proposals.

Provide detailed supporting calculations for any proposed maintenance savings.

Estimate any environmental costs or benefits of the proposed ECMs (e.g. disposal costs,
avoided emissions, water conservation, etc.). This list shall be compiled and submitted to the
Institution within __ days (120 days is recommended) of the execution of this Project Devel-
opment Agreement.
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7. Select Final Recommended ECMs Company shall, in consultation with the Institution, recommend
specific ECMs from its preliminary compilation for installation and implementation at the Facility. 6.
Cost and Fee Estimates Company shall provide detailed estimates of costs associated with the in-
stallation, implementation and commissioning of each of the ECMs proposed in the Audit including
breakouts for labour, materials, and equipment.

In addition, project cost data must be provided in the format included in Attachment B: AUDITING
COMPANY XXX, Cost Proposal and Cash Flow Analysis. Company shall also provide estimates of
monthly costs associated with sustaining the project performance including breakouts for mainte-
nance fees, monitoring fees, and training fees.

8. Savings Estimates

The Institution has endeavoured to provide the Company with sufficient general and specific guidance in
this Article 1 to develop the savings estimates for the Report. In the event that questions arise as to the cal-
culation of savings or whether certain items will be allowed as savings, the Company should seek written
guidance from the Institution. The Institution reserves the right to reject items claimed as savings, which
are not in the Institution’s utility budget line, or which have been claimed contrary to the guidance given in
this agreement or contrary to written guidance given to Company.

The Institution also reserves the right to reject Company calculations of savings when it determines that
there is another more suitable or preferable means of determining or calculating such savings. For the pur-
poses of completing the Cash Flow Analysis in Attachment B, the following items will be allowed as savings
or in the development of savings:

Escalation rates of % for natural gas Escalation rates of % for electricity Escalation rates of

% for oil Escalation rates of % for steam Escalation rates of % for water Escalation rates
of % for other fuel type (specify) Escalation rates of % for operation and maintenance cost
savings Escalation rates of % for material/commodity cost savings Escalation rates of % for
allowable labour savings.

The following items will not typically be credited as savings derived from a proposed ECM. The Company
may seek exemptions from the Institution on a case-by-case basis. However, the final determination of al-
lowable savings in each case considered shall reside with the Institution:

- Institution in-house labour cost
- Institution deferred maintenance cost
- Offset of future Institution capital cost
9. Report Format
The Report shall, at a minimum, include the following:

a. An executive summary which describes the facility, measures evaluated, analysis method-
ology, results and a summary table presenting the cost and savings estimates for each
measure and for the project as a whole.

b. A discussion of measures not evaluated in detail and the explanation of why a detailed
analysis was not performed.

¢. A summary of all utility bills, Base Year consumption and how it was established, and end
use reconciliation with respect to the Base Year including a discussion of any unusual char-
acteristics and findings.

d. Detailed descriptions for each ECM including analysis method, supporting calculations
(may be submitted in appendices), results, proposed equipment and implementation is-
sues.

e. Adiscussion of the conclusions, observations and caveats regarding cost and savings esti-
mates.

f.  Thorough appendices, which document the data, relied upon to prepare the analysis and
how that data was collected. It should be noted that the base rate value for each fuel and
water unit will not devalue in the event of any rate decrease. The Institution reserves the
right to impose ceiling rates for fuel escalations. The Report shall be completed within
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days (120 days is recommended) of the date of execution of this Energy Audit
Agreement. The cost for the completed Energy Audit and Report will be

ARTICLE 2: ENERGY SERVICES AGREEMENT (ESA)

The Parties intend to negotiate an ESA under which the Company shall design, install and implement energy
conservation measures which the Parties have agreed to and provide certain training, maintenance and
monitoring services. However, nothing in this Agreement should be construed as an obligation on any of
the Parties to execute such an ESA. The terms and provisions of such an ESA shall be set forth in a separate
agreement.

ARTICLE 3: PAYMENT

Payment to Company for services performed in connection with the Energy Audit Agreement shall be made
by Institution only in accordance with the provisions of Article 4 herein.

ARTICLE 4: TERMINATION

1. By Contractor: Company may terminate this Agreement prior to the completion of the Energy Au-
dit and Report or subsequent to the scheduled completion of the Energy Audit and Report if:

i It determines that it cannot guarantee a minimum ___ % savings in energy costs through the
implementation of an energy performance contracting project at the Facility; or

ii. It determines that even though it can guarantee a % savings in energy costs, that amount
would be insufficient to cover the costs associated with performing the Audit, installing energy
conservation measures and related training, maintenance and monitoring services. In the event
Company terminates the Agreement pursuant to Section 4 A (i) or (ii) the Institution shall not
be obligated to pay any amount to Company for services performed or expenses incurred by
Company in performing the Energy Audit and Report required under this Agreement.

Company shall provide the Facility with any Audit documents (preliminary notes, reports or analysis), which
have been produced or prepared prior to the effective date of the termination. Company will return any
documents or information that was provided by the Institution. Termination under this section shall be ef-
fective upon Institution's receipt of written notification from the Company stating the reason for the termi-
nation and all documents which support termination pursuant to 4 A (i) or 4 A (ii) herein.

2. By Institution:
Institution may terminate this Agreement:

i If the Company fails to complete the Energy Audit and deliver the Report to the Institution by
the date established in Article 1 H. above; or fails to obtain a written extension of that date
from the Institution. Termination under this subsection B (i) shall be effective upon Company's
receipt of written notification from the Institution that the deadline for submission of the En-
ergy Audit and Report has past. In this event, the Institution shall not be obligated to pay any
amount to Company for services performed or expenses incurred by the Company in perform-
ing the Energy Audit and preparing the Report required under this Agreement. Company shall
provide the Facility with any Audit documents (preliminary notes, reports or analysis), which
have been produced or prepared prior to the effective date of the termination. Company will
return any documents or information that was provided by the Institution.

ii. If, prior or subsequent to the completion of the Energy Audit or Report, the Company notifies
the Institution in writing that it is unable to guarantee a sufficient level of savings pursuant to
subsection 4 A (i) or (ii) above. Termination under this subsection B (ii) shall be effective upon
Company's receipt of written notification of termination from the Institution. In this event, the
Institution shall not be obligated to pay any amount to Company for services performed or ex-
penses incurred by Company in performing the Energy Audit and preparation of the Report re-
quired under this Agreement. Company shall provide the Facility with any Audit documents
(preliminary notes, reports or analysis), which have been produced or prepared prior to the ef-
fective date of the termination. Company will return any documents or information that was
provided by the Institution.

iii. If, prior or subsequent to the completion of the Energy Audit or Report, the Institution notifies
the Company in writing that it has elected to terminate this Agreement and not enter into an
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ESA, the Institution shall reimburse the Company for either the actual expenses incurred or
percent of the Audit and Report completed as of the effective date of the termination, the
amount being determined as fair and equitable by the Institution. Termination under this sub-
section B (iii) shall be effective upon Company's receipt of written notification from the Institu-
tion.

Company agrees to provide the Institution with any records of expenses incurred and any preliminary
notes, reports or analyses which have been produced or prepared prior to the effective date of the termi-
nation. Such documentation shall be used by the Institution to determine the extent of work completed by
Company prior to termination and shall become the property of the Institution. If after completion and ac-
ceptance of the Energy Audit, the Institution does not enter into an ESA with the Company within

days (60 days is recommended) after written acceptance of the Energy Audit, the Institution
agrees to reimburse the Company for the cost of the Energy Audit as detailed herein. Termination under
this subsection B (jii) shall be effective upon Company's receipt of written notification from the Institution.
The Energy Audit and Report will become the property of the Institution. It is clearly understood by both
parties hereto that, if the Parties successfully negotiate and execute an Energy Services Agreement, no
payment shall be due for the Energy Audit or Report under the terms of this Agreement. This Agreement
shall automatically terminate upon the execution of an ESA by Company and the Institution for an energy
performance contracting project at the Facility.

It is further understood that provisions for payment for the Energy Audit shall be incorporated into the ESA.
ARTICLE 5: STANDARD TERMS AND CONDITIONS SECTION
1. SECTION 1 Agreement Term

The Agreement term shall commence on the date the Agreement is executed by the Institution and end on

, unless earlier terminated pursuant to the provisions of Article 4 hereof. Notwithstanding,
Company shall adhere to the deadlines set forth in Article 1 regarding the completion and submittal of the
list of ECMs and the Report.

SECTION 2. Materials, Equipment and Supplies

The Company shall provide or cause to be provided all facilities, materials, equipment and supplies neces-
sary to perform the Energy Audit and prepare the Report.

SECTION 3. Patent and Copyright Responsibility

The Company agrees that any material or design specified by the Company or supplied by the Company
pursuant to this Agreement shall not knowingly infringe any patent or copyright, and the Company shall be
solely responsible for securing any necessary licenses required for patented or copyrighted material utilized
by the Company in the performance of the Energy Audit and preparation of the Report.

SECTION 4. Institution Access to Records

The Institution shall have the right, throughout the term of this Agreement and for a minimum of __
years following completion of the Agreement, to inspect, audit and obtain copies of all books, records and
supporting documents which Company is required to maintain according to the terms of this Agreement.

SECTION 5. Personnel

All personnel necessary for the effective performance of the Energy Audit shall be employed by Company
and its designated subcontractors, shall be qualified to perform the services required under this Agree-
ment, and shall in all respects be subject to the rules and regulations of Company governing staff members
and employees. Neither Company, its designated subcontractors nor its personnel shall be considered to be
agents or employees of the Institution.

SECTION 6. Compliance with Applicable Law

In performance of its obligations pursuant to this Agreement, Company shall comply with all applicable
provisions of federal, state and local law. All limits or standards set forth in this Agreement to be observed
in the performance required under this Agreement are minimum requirements, and shall not affect the ap-
plication of more restrictive federal, state or local standards applied to the performance of the Agreement.
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SECTION 7. Waivers

No right of either party hereto shall be deemed to have been waived by non-exercise thereof, or otherwise,
unless such waiver is reduced to writing and executed by the party entitled to exercise such right.

SECTION 8. Assignment
This Agreement may not be assigned by the Company without the prior written consent of the Institution.
SECTION 9. Federal Taxpayer Identification Number and Legal Status Disclosure

Under penalty of perjury, the Company certifies that __ - is the Company's correct Federal Taxpayer
Identification Number and that the Company is doing business as a Corporation.

SECTION 10. Governing Law

This Agreement shall be governed by and construed only in accordance with the laws of the Federal Repub-
lic of Nigeria.

SECTION 11. Agreement
The following documents are incorporated in, and made a part of, this Agreement:

Attachment A - Facility’s Recommended ECMs (Optional) Attachment B — AUDITING COMPANY XXX cost
proposal and project cash flow analysis (Note: Institution should include all required policy provisions which
may include the following :)

Attachment | - drug free workplace provisions

Attachment Il - equal employment opportunity clause
Attachment Il - Certification of Capacity to Contract Attachment
Attachment IV- Certifications

SECTION 12. Project Management

All necessary and ordinary communications, submittals, approvals, requests and notices related to Project
work shall be issued or received by: For Institution: For Company:

SECTION 13. Amendments

This Agreement and Attachments referenced in Section 11 herein constitute the entire Agreement between
the Parties. No amendment hereof shall be effective until and unless reduced to writing and executed by
the Parties.

ARTICLE 6: EXECUTION IN WITNESS WHEREOF, the parties have executed this Agreement this day of
, 201_. INSTITUTION BY:
TITLE: COMPANY
BY: TITLE:
SAMPLE 2

Technical Energy Audit & Project Development Agreement Sample

Technical energy audit and project development agreement with Negotiating Tips. The contract is a sample
document only and does not attempt to identify or address all circumstances or conditions you may en-
counter or desire. Consult with your legal counsel and procurement staff to adapt this to meet your needs.
This Technical energy audit & project development Agreement (the "Agreement") is made and entered into
as of <Date>, between <Energy Service Company Name> (AUDITING COMPANY XXX), having its principal
offices at <AUDITING COMPANY XXX Address>, and the <name of Institution> (Institution).

WITNESSETH

WHEREAS, AUDITING COMPANY XXX is a company with experience and technical and management capabil-
ities to provide for the discovery, engineering, packaging, procurement, installation, financing, maintenance
and monitoring of energy and water saving measures at facilities similar in size, function and system type to
Institution’s facilities, and WHEREAS, AUDITING COMPANY XXX has submitted a response to Institution’s
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Request for Proposals (RFP) pertaining to the discovery, engineering, packaging, procurement, installation,
financing, maintenance and monitoring of energy and water saving measures at Institution’s facilities.

WHEREAS, Institution has selected AUDITING COMPANY XXX to provide the services described herein, and
WHEREAS, Institution desires to enter into an agreement to have AUDITING COMPANY XXX perform a
technical energy audit and project development Proposal to determine the feasibility of entering into an
Energy Performance Contract (EPC) to provide for installation and implementation of energy and water
saving measures at Institution’s facilities.

WHEREAS, if energy and water saving measures are determined to be feasible, and if the amount of savings
can be reasonably sufficient to cover all costs, as defined by Institution, associated with an energy perfor-
mance contracting project, the parties intend to negotiate an EPC under which the AUDITING COMPANY
XXX will design, procure, install, implement, maintain and monitor such energy and water saving measures.
However, this intent does not commit Institution to entering into such EPC.

THEREFORE, the parties agree as follows:
1. Technical Energy Audit And Project Development Agreement

AUDITING COMPANY XXX agrees to perform a technical energy audit in accordance with the Scope of Work
described below. AUDITING COMPANY XXX agrees to complete the technical energy audit and present to
Institution a final report within <Number of Days —about 45 to 90 days recommended depending on size
and complexity of facilities> calendar days from the execution of this Agreement.

The Institution agrees to assist the AUDITING COMPANY XXX in performing the technical energy audit in
accordance with the Scope of work described below. The Institution agrees to work diligently to provide
full and accurate information. AUDITING COMPANY XXX agrees to work diligently to assess validity of in-
formation provided and to confirm or correct the information as needed.

AUDITING COMPANY XXX agrees to offer a Project Development Agreement with a proposal of Energy Per-
formance Contract terms and conditions, based on a recommended package of energy and water saving
measures selected by the AUDITING COMPANY XXX. The proposal will include details as specified in the
Scope of Work below.

2. Compensation to AUDITING COMPANY XXX

Except as provided for below, within <Number of Days: about 45 to 60 days recommended> days after AU-
DITING COMPANY XXX’s submission of the final Technical Audit report, The Institution shall compensate
AUDITING COMPANY XXX for performance of the Audit by payment to AUDITING COMPANY XXX of <Audit
Cost Amount> <Note to Customer: Expect about $0.06 to $0.12 per square foot depending on project com-
plexity, size and scope of project, and geographic location.>:

a. Institution shall have no payment obligations at the time of execution of this Agreement, but
acknowledges that the fee indicated above shall be incorporated into AUDITING COMPANY
XXX's project costs, in the event AUDITING COMPANY XXX and Institution execute an EPC with-
in <Number of Days - allow sufficient time for contract negotiation and signing, 60 to 75 days
recommended> days, or such longer period as the parties may mutually agree, after submis-
sion of the final Technical Energy Audit report and Project Development Agreement by AUDIT-
ING COMPANY XXX to Institution.

b. Should the AUDITING COMPANY XXX determine any time during the Technical Energy Audit
that savings cannot be attained to meet Institution’s terms as set forth in the RFP, the Tech-
nical Energy Audit will be terminated by written notice of the AUDITING COMPANY XXX to the
Institution. In this event this Agreement shall be cancelled and Institution shall have no obliga-
tion to pay, in whole or in part, the amount specified.

c. Institution shall have no payment obligations under this Agreement in the event that AUDIT-
ING COMPANY XXX's final Technical Energy Audit report does not contain a package of energy
and water saving measures which, if implemented, will provide the Institution with guaranteed
cash savings to meet the following terms:

d. Sufficient to fund Institution’s payments of all costs and fees associated with the Energy Per-
formance Contract, including any annual fees to the AUDITING COMPANY XXX, less any cash
payment the Institution may choose to contribute. Analysis will be based on AUDITING COM-
PANY XXX’s proposed financing terms including a conventional, level payment, fully amortizing
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(less a nominal final purchase option price of $1.00) lease-purchase agreement over a fixed
twenty-five (25) year maximum term with a fixed rate of interest actually available to Institu-
tion.

3. Scope of work

The Technical Energy Audit and Project Development Agreement shall be performed as described below:

a. Establish allowable cost and savings factors approved for consideration by Institution. The Institu-
tion will provide AUDITING COMPANY XXX with sufficient guidance to develop savings estimates.

1)  Savings estimates may include:

a)

b)
9

d)

)

g
h)

Procurement of low-cost energy supplies of all types, including electricity, natural gas and wa-
ter.

Insulating the building structure or systems in the building.

Storm windows or doors, caulking or weather stripping, multiglazed windows or door systems,
heat-absorbing or heat-reflective glazed and coated window and door systems, additional glaz-
ing, reductions in glass area or other window and door system modifications that reduce ener-
gy consumption.

Automated or computerized energy control systems.
Heating, ventilation or air conditioning system modifications or replacements.

Replacing or modifying lighting fixtures to increase the energy efficiency of the lighting sys-
tem.

Energy recovery systems.

Cogeneration systems that produce steam or forms of energy such as heat, as well as electrici-
ty, for use primarily within a building or complex of buildings.

Installing new or modifying existing day lighting systems.
Installing or modifying renewable energy and alternate energy technologies.

Building operation programs that reduce energy costs including, but not limited to, computer-
ized programs, training and other similar activities.

Steam traps improvement programs that reduce energy costs.
Devices that reduce water consumption, and

Any additional building infrastructure improvements that produce energy cost savings signifi-
cantly reduce energy consumption or increase the energy efficiency of the facilities for their
appointed functions and are in compliance with all applicable state building codes.

2) Savings estimates will not include:

a)
b)

Institution in-house labour costs b) Institution deferred maintenance cost

Offset of future customer capital cost

3) The following items may be negotiated:

a)

Escalation rates for natural gas, electricity, water, material/commodity cost savings, and allow-
able labour savings. These are rates to be used in cash flow projections for project develop-
ment purposes. Actual rates and a floor rate may be used in a subsequent performance con-
tract.

<Note: Check with your local utilities to ensure reasonableness. Also note that rates could vary in different
years during the contract term. >

b)

)
d)

Interest rates (municipal tax-exempt rates for public institutions)
Institution equity cash outlay (Institution’s option)

The following items may not be negotiated: <Note: Insert non-negotiable items from above
list. > h) The following mark-up costs are disclosed to provide Institution and the Institution
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with typical project costing approach for a project of similar scope and size. These rates will be
expected to be used in the Technical Energy Audit and subsequent

EPC, however, scope and size of project may change and necessitate a change in the mark-ups provided
below.

<Note: Include any additional categories your AUDITING COMPANY XXX uses in its pricing structure.>
Cost category

% of project construction cost

Overhead Profit Mark-ups on subcontractors
Mark-ups on equipment/supplies Mark-ups on self-performed

work Design Construction Management

Commissioning Monitoring and Verification Other

<Note: It is important to negotiate these costs prior to entering this Agreement. Also, identify how mark-
ups and fixed fees were determined and how they will be applied.>

b. Collect data and background information from Institution concerning facility operation and energy use
for the most recent three years from the effective date of this Agreement as follows.

1)  Building square footage.

2) Construction date of buildings and major additions
3) Utility company invoices

4) Occupancy and usage information

5) Description of all energy-consuming or energy-saving equipment used on the premises, as availa-
ble.

6) Description of energy management procedures utilized on the premises
7) Description of any energy-related improvements made or currently being implemented
8) Description of any changes in the structure of the facility or energy-using or water using equipment

9) Description of future plans regarding building modifications or equipment modifications and re-
placements

10) Drawings, as available (may include mechanical, plumbing, electrical, building automation and
temperature controls, structural, architectural, modifications and remodels)

11) Original construction submittals and factory data (specifications, pump curves, etc.), as available
12) Operating engineer logs, maintenance work orders, etc., as available

13) Records of maintenance expenditures on energy-using equipment, including service contracts 14)
Prior energy audits or studies, if any

The Institution agrees to work diligently to furnish AUDITING COMPANY XXX, upon request, accurate and
complete data and information as available. Where information is not available from the Institution, AUDIT-
ING COMPANY XXX will make a diligent effort to collect such information through the facility inspection,
staff interviews, and utility companies.

AUDITING COMPANY XXX agrees to work diligently to assess validity of information provided and to con-
firm or correct the information as needed.

c. Perform a facility inspection.
1) Interview the facility manager, maintenance staff or others regarding:
a) Facility operation, including energy management procedures
b) Equipment maintenance problems

¢) Comfort problems and requirements
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d) Equipment reliability,

e) Projected equipment needs, etc.

f)  Occupancy and use schedules for the facility and specific equipment.
g) Facility improvements, past and planned

Inspect major energy-using equipment, including:

a) Lighting (indoor and outdoor)

b) Heating and heat distribution systems

c) Cooling systems and related equipment

d) Automatic temperature control systems and equipment e) Air distribution systems and equip-
ment

e) Outdoor ventilation systems and equipment

f) Exhaust systems and equipment

g) Hot water systems

h) Electric motors, transmission and drive systems

i) Special systems (kitchen/dining equipment, swimming pools, laundry equipment, etc.)

j) Renewable energy systems I) other energy using systems m) Water consuming systems (re-
stroom fixtures, water fountains, irrigation systems, etc.)

Perform "late-night" surveys outside of normal business hours or on weekends to confirm building
system and occupancy schedules, if deemed necessary.

Develop a preliminary list of potential energy and water saving measures. Consider the following
for each system:

a) Comfort and maintenance problems

b) Energy use, loads, proper sizing, efficiencies and hours of operation
c) Current operating condition

d) Remaining useful life

e) Feasibility of system replacement

f) Hazardous materials and other environmental concerns

g) Institution’s future plans for equipment replacement or building renovations h) Facility opera-
tion and maintenance procedures that could be affected

The Institution will allow AUDITING COMPANY XXX reasonable access to facility staff to ensure understand-
ing of existing systems and opportunities.

AUDITING COMPANY XXX agrees to work diligently to assess validity of information provided and to con-
firm or correct the information as needed.

d. Establish base year consumption and reconcile with end use consumption estimates.

1)

Examine utility bills for the past 3 years and establish base year consumption for electricity, gas,
steam, water, etc. in terms of energy units (kWh, kW, ccf, Therms, gallons, or other units used in
bills) and in terms of dollars. Describe the process used to determine the base year (averaging, se-
lecting most representative contiguous 12 months, etc.). Consult with facility personnel to account
for any anomalous schedule or operating conditions on billings that could skew the base year rep-
resentation. AUDITING COMPANY XXX will account for periods of time when equipment was bro-
ken or malfunctioning in calculating the base year.

Estimate loading, usage and/or hours of operation for all major end uses representing over five
percent of total facility consumption including, but not limited to:

a) Lighting b) Heating
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¢) Cooling f)  Kitchen equipment
d) HVAC motors (fans and pumps) g) Other/miscellaneous
e) Plugloads

Where loading or usage are highly uncertain (including variable loads such as cooling), AUDITING COMPANY
XXX will use its best judgement, spot measurements or short-term monitoring. AUDITING COMPANY XXX
should not assume that equipment run hours equal the operating hours of the building(s) or facility staff
estimates.

3) Reconcile annual end-use estimated consumption with the annual base year consumption to within
five percent for electricity (kWh), fuels and water. The miscellaneous category can be no greater
than five percent. This reconciliation will place reasonable limits on potential savings.

4) Propose adjustments to the baseline for energy and water saving measures that will be imple-
mented in the future and that will remain separate from the Energy Performance Contract.

5) Develop a preliminary analysis of potential energy and water saving measures.

This list shall be compiled and submitted to Institution and the Institution within <days> of the execution of
this Agreement.

1)  Identify measures which appear likely to be cost effective and therefore warrant detailed analysis

2) For each measure, prepare a preliminary estimate of energy or water cost savings including de-
scription of analysis methodology, supporting calculations and assumptions used to estimate sav-
ings.

e. Meet with Institution and the Institution to present preliminary findings prior to thorough analysis.

Describe how the projected project economics meet Institution’s and the Institution’s terms for completing

the Technical Energy Audit and Project Development Agreement. Discuss assessment of energy use, savings
potential, retrofit opportunities, and potential for developing an energy performance contract. Develop a
list of recommended measures for further analysis. Institution’s rejection of calculations of savings, poten-
tial savings allowed, or retrofit recommendation shall be at the risk of the AUDITING COMPANY XXX.

f. Analyse savings and costs for each energy and water saving measure.

1) Consider technologies in a comprehensive approach including, but not limited to: lighting systems, heat-
ing/ventilating/air conditioning equipment and distribution systems, controls systems, building envelope,
motors, kitchen equipment, pools, renewable energy systems or other special equipment, irrigation, water
saving devices.

2) Follow the methodology of ASHRAE or other nationally-recognized authority and be based on the engi-
neering principle(s) identified in the description of the retrofit option

3) Utilize assumptions, projections and baselines which best represent the true value of future energy or
operational savings. Include accurate marginal costs for each unit of savings at the time the audit is per-
formed, documentation of material and labour cost savings, adjustments to the baseline to reflect current
conditions at the facility, calculations which account for the interactive effects of the recommended
measures.

4) Use best judgement regarding the employment of instrumentation and recording durations so as to
achieve an accurate and faithful characterization of energy use

5) Use mark-ups and fees stated above where applicable in all cost estimates
6) Develop a preliminary measurement and verification plan for each measure
7) Follow additional guidelines for analysis and report preparation given below
g. Prepare a draft “Technical Energy Audit” report.

The primary purpose of the report is to provide an engineering and economic basis for negotiating a poten-
tial Energy Performance Contract between the Institution and the AUDITING COMPANY XXX. The report
shall be completed within <days> of the date of execution of this Agreement. The report shall include:
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Contact information

Summary table of recommended energy and water saving measures, with itemization for each
measure of design and construction cost, annual maintenance costs, the first year cost avoid-
ance (in dollars and energy units), simple payback and equipment service life

Summary of annual energy use and costs of existing or base year condition

Calculation of cost savings expected if all recommended measures are implemented. Include
total percentage savings.

Description of the existing facility, mechanical and electrical systems

Summary description of measures, including estimated costs and savings for each as detailed

above

Discussion of measures considered but not investigated in detail

Conclusions and recommendations

2) Full description of each energy and water saving measure including:

a) Written description

Existing conditions

Recommendations

Include discussion of facility operations and maintenance procedures that will be affected by installa-
tion/implementation. Present the plan for installing or implementing the recommendation.

b) Base year energy use

Summary of all utility bills
Base year consumption and description of how established

End use reconciliation with base year (include discussion of any unusual findings

c) Savings calculations

vi.
vii.

viii.

Xi.

Base year energy use and cost
Post-retrofit energy use and cost

Savings estimates including analysis methodology, supporting calculations and as-
sumptions used. Clearly state how utility tariffs were used in calculating savings

Conclusions, observations, caveats

Savings estimates must be limited to savings allowed by Institution as described
above.

Percent cost-avoidance projected
Description and calculations for any proposed rate changes

Explanation of how savings interactions between retrofit options is accounted for in
calculations

Operation and maintenance savings, including detailed calculations and description

If computer simulation is used, include a short description and state key input data. If
requested by Institution, access will be provided to the program and all assumptions
and inputs used, and/or printouts shall be provided of all input files and important
output files and included in the Technical Energy Audit with documentation that ex-
plains how the final savings figures are derived from the simulation program output
printouts

If manual calculations are employed, formulas, assumptions and key data shall be stat-
ed.
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d) Cost estimate - detailed scope of the construction work needed, suitable for cost estimating.
Include all anticipated costs associated with installation and implementation.

i. Engineering/design costs

ii. Contractor/vendor estimates for labour, materials, equipment, include special provisions,
overtime, etc., as needed to accomplish the work with minimum disruption to the opera-
tions of the facilities.

iii. Permit costs
iv. Construction management fees

V. Commissioning costs (or present this category in the Project Development Agreement to-
tal project cost below)

vi. Other costs/fees
vii. Company overhead/profit
viii. Environmental costs or benefits (disposal, avoided emissions, handling of hazardous mate-
rials, etc.)
ix. Note that all mark-ups and fees stated in this Agreement shall be used in the cost esti-

mates, unless otherwise documented and justified due to change in scope or size of pro-
ject or other unforeseen circumstances

X. Conclusions, observations, caveats

e) Others
i Estimate of average useful service life of equipment
ii. Preliminary commissioning plan

iii. Preliminary measurement and verification plan, explaining how savings from each measure
is to be measured and verified (stipulated by agreement, utility bill analysis, end-use meas-
urement and calculation, etc.)

iv. Discussion of impacts that facility would incur after contract ends. Consider operation and
maintenance impacts, staffing impacts, budget impacts, etc.

Complete appendices that document the data used to prepare the analyses. Describe how data
were collected.

Meet with Institution to:

Institution agrees to work diligently to provide full and accurate information, and will also allow AUDITING
COMPANY XXX reasonable access to facility staff to ensure understanding of existing systems and opportu-

nities
ii.

Revise Audit as directed by Institution.

Prepare a proposed “Project Development Agreement in anticipation of AUDITING COMPANY XXX
and Institution and the Institution entering into an EPC to design, install, and monitor the energy
and water saving measures proposed in the Technical Energy Audit.

Project Cost is the total amount the Institution will pay for the project and AUDITING COMPANY XXX’s ser-
vices. Costs must be consistent with maximum mark-ups and fees established above. Costs may include but
are not limited to:

a)

b)
)
d)
e)

Engineering, designing, packaging, procuring, installing (from Technical Energy Audit Report re-
sults)

Financing (based on interest rates likely available to Institution at this time)
Performance/payment bond costs
Construction management fees

Commissioning costs
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f) Maintenance fees
g) Monitoring fees
h) Training fees
i) Legal services
j) Overhead and profit margins not included above
l. Include a List of Services that will be provided as related to each cost.
Il Prepare a preliminary analysis of energy performance contract terms to include:
1)  List of energy and water saving measures included in recommended package
2) Interest rate used in the analysis
3) Expected contract term (in number of years)
4) Analysis of annual cash flow for Institution during the contract term

5) Explanation of how savings will be calculated and adjusted due to weather (such as heat-
ing or cooling degree days), occupancy changes or other factors.

4) Termination
AUDITING COMPANY XXX may terminate this Agreement at any time as described in Section 2.b. above.

Institution may terminate this Agreement without cause upon at least 14 days written notice to the AUDIT-
ING COMPANY XXX. In this event the AUDITING COMPANY XXX shall be compensated by the Institution for
expenses actually incurred prior to termination.

This Agreement may be terminated by either party upon 14 days’ written notice should the other party fail
to perform substantially. Termination shall be effective 14 days from receipt of written notice.

5) Insurance

Before commencing any Work under this Agreement, AUDITING COMPANY XXX shall file with Institution
insurance policies as specified below:

a) Workers’ Compensation Insurance with statutory limits as required by statute, and Employer’s Lia-
bility Insurance with limits of not less than $

b) For the duration of the Agreement, AUDITING COMPANY XXX shall maintain Comprehensive Gen-
eral liability Insurance written on an “occurrence” basis. Such insurance shall bear a combined sin-
gle limit per occurrence and annual aggregate of not less than $ and the annual ag-
gregate shall be endorsed to apply separately for each job site or location, exclusive of defence
costs. Such insurance will name Institution as an additional insured as respects AUDITING COMPA-
NY XXX’s acts or omissions, and shall contain standard cross liability or severability of interest pro-
visions and waiver of litigation.

6) Energy Performance Contract

The Parties intend to negotiate an Energy Performance Contract under which the AUDITING COMPANY XXX
will design, install and implement energy and water saving measures which the Parties have agreed to and
provide certain maintenance and monitoring services. However, nothing in this Agreement should be con-
strued as an obligation on any of the Parties to execute such an agreement. The terms and provisions of
such an Energy Performance Contract will be set forth in a separate agreement.

IN WITNESS WHEREOF, and intending to be legally bound, the parties hereto subscribe their names to this
agreement on the date first written above.

AUDITING COMPANY XXX Institution

By: By: Its:
Its:
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ANNEX 7: SAMPLE TENDER FOR ENERGY AUDIT*®

GENERAL CONDITIONS OF CONTRACT

1. Agreement:

Contractor’s acceptance of the work order in writing shall constitute contract between him and JPL. If ac-
ceptance [comments (if any) is not received from contractor, within one week from the date of this order,
it will be considered that the various terms and conditions indicated in the order is acceptable to the con-

tractor.

2. Offloading & Subletting of Job:
Contractor shall not offload/ sublet the job given to him without prior approval and permission in written

from M/s JPL for any contract in full/ partial.

3. Measurement of Work:

Work shall be supervised, inspected and measured as directed by E7ngineer-in-charge and entered in the
measurement book for the Scope of Work with signature of both contractor and Engineer-in-charge or
their representative as token of acceptance. Payment shall be made as per actual quantity executed. For all
labour intensive jobs, it is mandatory to maintain and submit daily report of workmen attendance duly veri-
fied by EIC.

4. Submission and Payment of Bill:

a.

The invoice/ RA bills for the Scope of Work as defined earlier should be submitted within 2 weeks
of completion of job to Engineer-in charge in triplicate for verification, on monthly basis or as spec-
ified complete in all respect and acceptable.

The invoice must be supplemented with the work measurement sheet and workmen attendance
sheet duly attested by Engineer in charge.

In case, the job is associated with the supply of materials, the invoice must be supplemented with
the material challan duly stamped with Gate Entry number, Packing list, Tax invoice, Quality assur-
ance & test certificates.

The workmen payment sheet and PF challan, if applicable, must be submitted with invoice after
verification and attestation by in charge (P&A). If applicable and specified explicitly in the work or-
der, PF and Insurance shall be reimbursed at actual on producing documentary evidence.

JPL will release the payment after all deductions as per specified conditions and statutory rules
within 15 days after receipt of the invoice. HOD (Finance & Accounts), JPL shall be the paying of-
ficer.

5. Taxes & Duties:

a.

Unless otherwise specified, all taxes, duties, levies, charges etc. that may be applicable to this con-
tract is deemed to have been included in the contract price. Service / Sales Tax, as applicable, must
be indicated in the bills separately. This will be paid only if supported by documentary proof of
payment. The bills shall be prepared & raised along with following information:

Tax Credit documents should be original. The document should be serially numbered either with
numbering machine, or pre-printed stationery or computer printed with date.

The document should contain the name, address and Service Tax Registration Number of the
service provider.

The document should contain our name & address as "Jindal Power Limited, P.O. & Tehsil -
Tamnar, Raigarh (C.G.) - 496107”.

The document should contain classification of services, for example "Engineering Consultancy
Services", "Erection, Commissioning & Installation services" etc.

The document should contain description of service provided, value of taxable service provided,
the amount of service tax payable and education cess thereon.

36 Excerpt from a published tender of Jindal Power Ltd, Chhattisgarh, India in 2014
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As regards Indian Income Tax, Surcharge on Income Tax, Withholding Tax or any Corporate Tax, JPL
shall not bear any Tax liabilities whatsoever. The contractor shall be liable and responsible for payment
of all such taxes, if attracted under the provisions of law. JPL shall however, deduct applicable taxes at
source like TDS under Income Tax Rules and Work Contract Tax under C.G. VAT Act as per law from
time to time from bills / payments to be made to the contractor and will issue the TDS Certificate for
the same to the contractor.

As regards the payment of Welfare Cess under Building and other Construction worker (RE & CS) Acct
1996, all the Building and Construction Contractor whose contract value is more than Rs 10 Lac or
more, shall be liable to pay welfare cess @ 1% of the contract value and submit the documentary evi-
dence with P&A department.

In case any contractor fails to meet the above statutory requirement, the same will be deducted from
its bills directly.

Deductions and Penalties:

a. JPL shall be entitled to recover from contractor’s bills all cost, damages, expenses which may have
to incur or become liable to incur as a result of contractor’s negligence or any other action that
may originate such cost, charges, expenses etc.

b. In case contractor’s bill amount is not sufficient to cover such recovery amount the balance shall
be deducted from any sum which may become due to contractor at any time thereafter under this
or any other contract contractor may have with us. Should this sum also not be sufficient to cover
the full amount recoverable, then we reserve our right to recover the same as remedies available
under the law.

c. If thereis any delay in completion of work on the part of the contractor and there is any statutory
increase in duties [taxes [ levies during the period of delay, in such cases the differential shall be on
account of the contractor. In case of failure to execute the work within due date, Security Deposit,
if any may be forfeited and JPL reserves the rights to offload the same (complete/ partial) and get
it done through other agencies at the cost and risk of the default contractor.

d. Any intentional delay, or delay due to improper mobilization of men and material for executing the
work by Contractor or any unprofessional attitude of Contractors causing delay, penalty @ 1% of
the contract value for each week of delay shall be imposed subject to a maximum of 10% of the
contract value.

e. In case in delay in completion of work due to reasons attributable to Contractor, he is liable to pay
the liquidated damages @ 1% of the Total Order Value, for each completed week of delay or part
thereof subjected to a maximum of 10% the Total Order Value.

f. In case of non-performance /continuous poor performances, the contract shall be terminated and
the work shall be done by any other means at Contractor cost and risk. If the price of contract for
the balance work shall be higher, the additional amount shall be recovered from Contractor’s se-
curity deposit or any dues of this contract or any other contract that the Contractor may have tak-
enin JPL.

g. The Contractor shall be solely responsible for any loss or damage to JPL property during the cur-
rency of this contract due to negligence, fraud etc. on the part of their personnel and will be liable
to make the damages in good condition. In case of any JPL material is lost or damaged during exe-
cution of work due to Contractor negligence or wrong workmanship, the cost of the same as per
prevailing market rate plus departmental expenses shall be recovered from Contractor bills.

h. Forany accident due to the negligence of the contractor/ contractor’s deployed agencies/workers
or subcontractors, following penalties shall be levied.

i.  For fatal accident - Rs. 500,000/- ii. For reportable accident (Permanent disability) - Rs. 100,000/-

Statutory and Labour Regulations:

a. Contractor and his workmen shall abide by all statutory rules and regulations, including but not
limited to Contract Labour Act, Workmen’s Compensation Act, Minimum Wages Act, Employee In-
surance Act, Group Personal Accident Insurance, Provident Fund Act, and any other laws, rules and
regulations etc. that may be applicable to this type of work, including any licenses like labor license
etc. that may be required to be obtained by the contractors.
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Contractor shall comply & maintain all statutory records, registers and displays as required under
various labour laws. Any deviation or fine levied by the Government. authorities while their inspec-
tion will be recovered with penalty from contractor’s running bills or security deposit.

Coverage under Employee Provident Fund & Miscellaneous Provisions Act is mandatory. You must
obtain a new PF Code for all your workmen and staff from RPFC, Raipur only.

8. Safety, Health & Environment:

a. Contractor and his workmen shall abide by all Safety, Health and Environment rules and regula-
tions of JPL. Any violation of the safety rule shall be viewed seriously and contractor shall be penal-
ized as per JPL rule.

b. Contractor workmen shall have to obtain Gate pass before commencement of work, which shall
be issued only after getting safety training & guidelines from JPL safety officer and ensuring medi-
cal fitness from JPL medical officer.

c. Contractor shall have to ensure minimization of pollution at source through environment friendly
processes, techniques.

d. Before starting the work, contractor shall submit detailed work program, milestone of different
activities, safety & quality plan and any other relevant documents required for the work to the En-
gineer-in-charge for his approval, after which work shall be started as per the approved program.

e. All safety equipment as per statutory requirements like helmets, safety shoes, safety belts and any
other specific safety equipment required for the work will have to be provided by the Contractor
to his manpower and will meet the following quality standards for PPEs;

i Safety Helmet IS : 2925
ii. Safety Shoes IS : 15298

iii. Safety Belt IS: 3521 (Only double lanyard and full body harness type safety belt shall be provided

by the contractor to their workers while working at height in plant premises.)

iv. Welding Helmet IS: 1179

V. Face Shield IS: 8521

vi.  Ear Plug/ Ear Muff IS: 9167

vii. Rubber Hand Gloves (Electrical) IS: 4770

viii. Rubber [ PVC Hand Gloves IS: 4770

ix. Rubber/ PVC Coated Fabric Hand Gloves IS: 4501

X. Leather, Cotton and Canvass Hand Gloves IS: 2573

Xi. Rubber / PVC Coated Fabric Apron/ Clothing IS: 6110

Xii. Canister Type Gas Mask IS: 8523

xiii. Cartridge Type Gas Mask IS : 8522

Xiv. Dust Mask IS: 9473
XV. Eye — Protector 1S: 5983
9. Discipline:

The contractor and his workmen shall have to follow JPL’s standard Code of Conduct and the Law of the
Land. It shall be Contractor’s responsibility to maintain and keep the deployed manpower in specified area
only. If the contractor or his workmen is found violating the same or participating in unlawful activities, or
influencing JPL staff by any offerings or other inducements, the contract shall stand terminated with im-
mediate effect.

10. Manpower/ Material/Consumable/Tools & Tackles:

a.

Contractor has to ensure availability of all the resources required for the job as follows:

Skilled / Semi-skilled / Un-skilled Manpower
Site-In-charge [ Supervisors

Drawing and Design

Material

Tools & Tackles

Plants & Machineries

General Purpose Consumables
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Commissioning Consumables and Spares
Maintenance Consumables and Spares
Measuring Instruments

Scaffolding [ Working Platforms Material
Material Handling & Transportation Equipment

b. Lighting at work site will be Contractor’s responsibility for which power supply of 220V will be pro-
vided by JPL free of cost. Only 24V supply will be permitted for lighting in confined spaces. Con-
tractor has to ensure availability of 220V/24V transformers and bulbs for the purpose.

c. For the material | spares issued by JPL and used by contractor, record is to be maintained and

submitted at the time of billing. The damaged spares replaced are to be kept in Contractor’s cus-
tody and should be deposited to JPL stores immediately after the completion of work. The stock
of the damaged spares /[ consumed material will be reconciled with the quantity issued. If the Con-
tractor fails to do so, the cost of the same will be deducted from the Contractor’s bill. The Contrac-
tor must return the unused spares [ material issued.

11. Insurance:
The jobs wherein the entire scope of supply and service lies with contractor, he will have to take Insurance

policy for Contract value including taxes for Storage cum Erection Policy for the period of contract. The

contractor will provide third party insurance at the time of commencement of work or before release of

any payment other than mobilization, valid for the contract period including extended contract period if

any.

12. Manpower Competency:

a. In addition to the site-in-charge, the Contractor has to ensure supervision of work in progress by
deploying at least one technically competent site supervisor. The site-in-charge of the Contractor
shall authorize his representative to collect/return materials from/to JPL as per requirement of
work.

b. The job is of skilled nature and manpower with suitable requisite skill & experience only shall be

permitted to be deployed. Contractor has to ensure that the credentials and certificates of the
workmen deployed are submitted to JPL and shall be vetted by them before the start of work.

13. Indemnity:

Contractor shall keep JPL indemnified from all liabilities resulting out of this contract and act of Contractor
workman, including but not limited to taxes & duties, damages, penalties, fines, punitive measures, lawyer
fees etc. of whatever nature due to non-compliance by contractor in his scope of the applicable statutory
laws, rules, notifications etc.

14. Force Majeure:

In case force majeure is established and one party informs the other promptly of such occurrences, no in-
crease in price and / or any claim shall be made by the contractor. In case of very prolonged force majeure
condition the parties shall mutually discuss and agree to the future course of action.

15. Termination of the contract:

For reasons covered elsewhere in this contract document, if the Contract is to be terminated, Fifteen (15)
Days’ prior notice shall be given by JPL. In such an eventuality, the Security Deposit and Outstanding pay-
ments, if any may also be forfeited at the sole discretion of JPL. However, if the Contractor desires to quit
the Contract or JPL decides to short-close the contract, one month’s prior notice shall be given by either

party.
16. Dispute Settlement:

a. Any dispute or difference arising out of in connection of this contract shall be referred to the sole

arbitrator Executive Director, OP Jindal Super Thermal Power Plant, Jindal Power Ltd., Tamnar,
Raigarh (CG) and the decision given by the sole arbitrator will be conclusive and final and be bind-
ing on both the parties.

Arbitration, if arise, shall be resolved in accordance to the Indian Arbitration & Conciliation Act
with latest revisions. This agreement being executed at Raigarh & the parties agreed that any dis-
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pute or differences arising out of this agreement would be subject to the jurisdiction of only Rai-
garh court.

STATUTORY AND SAFETY COMPLAINCE

The statutory and legal conditions shall be applicable to all labour intensive jobs and the contractor shall
have to strictly comply with all the clauses mentioned hereby:

1.

10.

1.

12.

Labour Act: Contractor shall abide by all provision of contract labour (R&A) act 1970 and other applica-
ble labour laws and rules made there under from time to time.

Labour License: Before commencement of work, Contractor shall submit labour license (if applicable)
from competent authority to the JPL’s P&A officer through Engineer-In charge.

Gate Pass: Before commencement of work, Contractor has to arrange gate pass for his workmen from
JPL’s P&A officer as per JPL’s standard norms.

. PF registration: Before commencement of work, Contractor shall submit the Provident Fund Registra-

tion No. and ensure to recover provident fund amount from wages of all workmen and deposit to the
Provident fund authorities and submit a copy of the same by 20™ of every month to the JPL’s P&A of-
ficer through Engineer-In-charge. In case, contractor fails to produce documentary evidence of PF re-
covery and deposition, JPL will arrange to deposit the same to the Provident fund authorities and the
amount along with overheads @30% will be recovered from the Contractors’ bill.

Workmen Insurance: Before commencement of work, Contractor shall obtain Insurance policies under
Group Personal Accident Policy & Workmen’s Compensation Policy covering employment accidental
benefit upto Rs. 4.0 Lacs through each policy (total 8 Lacs) and furnish the copy of it to the JPL’s P&A
officer through Engineer-In charge. In case of non-submission of Insurance Policies before start of work,
5 % (Five percent) of the Monthly Bill values shall be retained by JPL until the Contractor presents the
copy of Policy document.

. Wage Payment: Payment to contractor’s workmen shall be disbursed on or before seventh day of the

wage period in presence of the JPL’s P&A officer & Engineer-In charge or their duly authorized repre-
sentative who shall certify on the payment sheet/register for fulfilment of provision of law. In case of
failure to make payment to the workmen within 07(seven) days after wage period, JPL will arrange for
labour payment and the amount along with overheads @30% will be recovered from the contractors bill.

Bonus & Retrenchment: Contractor shall have to pay its workmen the bonus as per applicable act.
Moreover, retrenchment benefits to workmen under Inter State Migrant act if being retrenched shall be
paid by contractor.

. Records, Register and Display Notices: Contractor must maintain statutory registers and records as ap-

plicable under various labour laws. Contractor must displays notices in front of his office in Hindi& Eng-
lish as required under various labour laws.

. Statutory Reimbursement: Any payment against statutory obligations, if applicable and specified explic-

itly under JPL’s scope, such as PF, insurance etc. shall be reimbursed at actual by JPL on producing doc-
umentary evidence by the contractor.

Code of Conduct: The contractor shall have to follow JPL’s standard Code of Conduct. If the contractor
is found violating the same or influencing JPL staff by any offerings or other inducements, the contract
shall stand terminated with immediate effect and the contractor may be debarred to work for a period
as decided by JPL.

Work Permit: Work on any equipment or in any area should be started only after ensuring valid permit.
Before starting the work, contractor shall submit detailed work program, milestone of different activi-
ties, safety & quality plan and any other relevant documents required for the work to the Engineer-in-
charge for his approval, after which work shall be started as per the approved program.

Tools & Tackles: Contractor will have to produce fitness test certificate of all lifting tools and tackles
being used by him from any outside competent person.
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13. Vehicle: All the vehicles (except used by specific person) to be deployed by contactor shall be fit for use
in all respect. The Vehicle must be commercially registered with the transport authority and must carry
all statutory documents (valid Driving license, Insurance policy, P.U.C. certificate etc.)

14.Labour Health & Hygiene: Contractor shall have to ensure periodical cleaning and disposal of waste
from workers residential colonies. Contractor must ensure the hygiene, potable drinking water and reg-
ular housekeeping in his workers colony. Non-compliance of the same would be viewed seriously by the
company and suitable action would be initiated to ensure proper living conditions. During summer this
area becomes very hot and prone to the cases of dehydration. Contractor must ensure the provision of
ORS drink to all the workers during summer.

GENERAL CONDITIONS OF PURCHASE ORDER

1. Scope - Acknowledgement of Order : The present general Conditions shall be applicable to purchase
orders placed by JPL, unless otherwise specified in the order. The vendor shall return to JPL, the
acknowledgement of the order, duly signed, within one week from the date of dispatch of the pur-
chase order as a token of acceptance through courier/post/fax/scanned email. JPL reserves the right to
cancel the order should the vendor make any alteration to the acknowledgement. Any action taken to
execute the order from JPL, even if there has been no acknowledgement of the order, shall be deemed
to constitute acceptance of the present General Conditions.

2. Execution of Orders: The vendor shall be solely responsible for the execution of the order in every re-
spect, in accordance with the normal customs of the trade. He shall draw JPL’s attention to any ele-
ment likely to impede the satisfactory execution of the order, in particular by providing JPL at all times
with all relevant information for this purpose.

3. Price: Unless otherwise stated, the unit prices as indicated in Purchase Order are the Ex-Works [ shop /
depot prices. Prices mentioned in the order shall remain firm and not subject to escalation till the exe-
cution of the order even though the completion/execution of the order may take longer time than the
delivery period specified and accepted in the purchase order.

4. Price Revisions: Price revisions, if applicable, will be effective only if agreed and confirmed by the buy-
er in writing and shall not remain effective beyond the specified time limits if the delay is due to the
vendor.

5. Packing & Forwarding: Unless otherwise stated explicitly in Purchase Order, P&F expenses will be
deemed as Inclusive in the unit price.

6. Packing Conditions: You are requested to reduce packaging waste and minimize utilization of wood
items for the packaging without affecting the quality. Any damage to material at the time of delivery at
site, due to improper packing shall be the responsibility of vendor. Vendor has to ensure prompt re-
placement of such damaged items failing which appropriate actions will be taken as deemed fit.

7. Sales tax CST/ VAT and other taxes: Sales tax/VAT, levies and any other duties shall be shown separate-
ly in the invoice if payable extra. Any increase in the rates of taxes, levies and duties beyond delivery
period stipulated in the purchase order shall be to Vendors’ account. Vendor will furnish your Sales tax
registration number in all your invoices. The registration number indicated in the invoices shall have to
be in force on the date of sale of goods.

8. Excise duty: Extra as applicable at the time of removal from Vendor’s premises and will be paid against
submission of original copy of transporters’ invoice, duly authenticated. Vendor is to ensure that the
duplicate copy of the Invoice is sent to the destination / consignee along with the material, without
which Excise Duty amount will be retained. Present Rate of Excise Duty is @10% and CESS as @ 3% of
Excise Duty.

9. Declaration: We are in the business of Generation, Transmission and Distribution of Electricity, which
are non-excisable goods. Therefore we do not have Excise Control Code (ECC) number / Excise Regis-
tration No. If you are a SSI, please specify Notification Number and the Concessional duty applicable
thereto. If duty is paid under protest then the Notification Number and date should be mentioned.
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Delivery & invoices: Time is the essence of this order. Material shall be delivered within stipulated date
in the order [ delivery-schedule. The invoices shall be made in triplicate (3 copies) and shall accompany
the material. The material along with the Original bill/Invoice shall be delivered to the following ad-
dress; MANAGER - CENTRAL STORES Jindal Power Limited, O.P.Jindal Super Thermal Power Plant
P.O. Tamnar,Dist. Raigarh (C.G.) PIN - 496107 11. Delivery Timings 09.00 to 13.00 hrs & 14.30 to 17.00
hrs. except Sundays & Public Holidays.

Mode of delivery

a. F.O.R.JPL Central Stores: Vendor will send the materials through any reputed Bank approved
transporter as mentioned below and will book the consignment on "Freight prepaid basis" for
door delivery.

b. F.O.R. Ex works: Vendor will book the consignment through any reputed Bank approved trans-
porter as mentioned below on "Freight prepaid / Freight to be billed basis” for door delivery.

c. Freight charges are payable by JPL against documentary evidence. d. Tax at Source (TDS) shall be
deducted at source as per statute and applicable government laws.

Our preferred transporters:
M/s Associated Road Carriers (ARC), M/s Transport Corporation of India Limited, XPS.

12.

13.

14.

15.

16.

17.

18.

Insurance: Insurance for the material in transit would be as per the terms agreed and mentioned in the
Purchase Order. If this is agreed on ‘Vendor’s Scope’, vendor shall ensure suitable coverage of the ma-
terial on warehouse to warehouse basis. If, Insurance is in ‘JPL Scope’, then vendor shall endorse the
Open Marine Policy number, as mentioned in Purchase Order, in all the relevant dispatch documents,
viz; Challan/ invoice/ LR copy etc. or else the materials will be received at Vendor’s risk.

Acceptance of the Supplies: Acceptance of the supplies shall always take place on the JPL site, after
due checking, even when the goods are invoiced "ex Works" or "ex Warehouse.

Payment: Invoices shall be settled only to the value of the goods accepted, and on condition that all
the relevant and other necessary documents have been received at JPL .Provided the invoiced goods
have been accepted by JPL after inspection, payment will be made within 30 days from the date of ac-
ceptance of the supplies at JPL site, unless otherwise specified in Purchase Order.

Liquidated Damages: Delivery period should be guaranteed. In case of delays, the vendor shall be liable
to pay the purchaser by way of liquidated damages @ 0.5% of the undelivered value of the order for
each week’s delay subject to maximum of 5% of the total value of the order. In specific cases this gen-
eral standard LD clause may be modified and shall be indicated in order [ delivery schedule.

Risk purchase: In the event you fail to supply the material on order, JPL will have the right to buy the
material from other sources at market rates and the extra cost incurred in such procurement along
with company overheads will be recovered from your future bills against subsequent supplies/bills.

Quality and Inspection: The materials supplied hereunder shall be of good quality, free from any faults
and defects and in conformance with the Purchase Order, and shall at all times be subject to inspection
before acceptance by JPL [ JPL's Inspection Agency, who will carry out inspection at site. JPL reserve
the right to reject part or full consignment received in defective condition. In case JPL representative
would like to inspect the item at your site prior to dispatch, the same will be communicated to vendor
in advance against intimation of readiness received from vendor’s end.

Return of Non-Conforming Product: In case of Non-conforming product/ rejection, vendor shall have
to arrange for replacement on immediate basis. Vendor shall also arrange to lift the non-conforming/
rejected material from our plant within 15 days of the date of Rejection Note, till then the Non-
conforming material will remain at Central Stores - JPL at vendor’s risk. Further, if vendor fails to lift
such materials within 60 days without any intimation to us, it will be presumed that you are not inter-
ested to lift the same and in that case JPL reserves the right to shift the non-conforming/ rejected ma-
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terials to scrap yard at the vendor’s risk without any further communication for which no further
communication will be entertained.

Suitability / Compatibility Certificate: You would be required to furnish at the time of supply, a certifi-
cate confirming the suitability with the parent equipment in use, of the material offered by you. In case
of any modification in design or manufacture of the spares, which result in not meeting our end use
requirement, such spares shall be replaceable by you at no extra cost.

Guarantee: Equipment/material shall be guaranteed for satisfactory performance for a period of 12
months from the date of commissioning or 18 months from the date of receipt whichever is earlier
against faulty design, material and workmanship and shall be replaced free of cost in the event of fail-
ure during the guaranteed period, unless otherwise specified and agreed in your offer and our pur-
chase order subsequently.

Health & Safety: Vendor will provide complete information regarding the usage for which the product
has been designed, and any restrictions and safeguards which should be observed in all stages of its
handling, operation and disposal. This may be in the form of technical specification, leaflet/ brochure,
MSDS (Material Safety Data Sheet), instructions for safe Material handling and Storage instructions
etc.

Compliance to Environment Laws: Please indicate whether your organization is ISO 14001 certified. If
not, please certify that the handling, use and disposal of your product consider practices consistent
with sound environmental management. We prefer environment friendly products and processes.

Grievance Redressal: In case of any grievance the vendor shall bring the same to the notice of the
Head - Materials & Contracts. Vendor may also drop his concerns at the drop-box available for this pur-
pose at the reception of Administrative Building, JPL, Tamnar or may send the same through post or
electronic mail.

Vendor Rating: Vendor is requested to ensure compliance to the terms of the individual orders with
regards to timely delivery, provision of all applicable documents / challans / test certificate, quality of
the material etc. Vendor performance with respect to these factors will be taken into consideration
during rating of vendors for future business.

Order Manager: This order will be managed by the Buyer as mentioned in the Purchase Order. All fu-
ture correspondence related to this order shall be addressed to the above officer.

Payment Manager: AGM (F&A) will be the payment manager as per the Purchase Order terms. All fu-
ture correspondences related to payment shall be addressed to the above officer under copy to the
order manager.

Indemnity against Patent Rights: The equipment, system, drawings, and other materials supplied by
the vendor against this order will become sole property of JPL and JPL management and any individual
engaged in this business shall remain indemnified against any claim for infringement or breach of any
of the statues, rules & regulations by the use of or sale of any article or material supplied by the ven-
dor. This indemnity shall include any infringement of patent, trade mark, design, copyright or other
property rights whether in Country of origin, or elsewhere resulting from vendor’s design, manufac-
ture, use, supply or re-supply & would also cover use or sale of any article or material supplied by ven-
dor to JPL under this order. This Indemnity shall cover any claim/action taken by a third party either di-
rectly against JPL or any claim/action made against the vendor & where under we are made liable. The
Indemnity shall be for loss, damages, and cost including litigation costs incurred by us under this order.

Arbitration: Any disputes and differences arising out of or relating to this Purchase Order including
interpretation of its terms will be resolved through joint discussion of the designated officials of the
concerned parties. However, if the disputes are not resolved by Joint discussions then the matter will
be referred for adjudication to the arbitration of a person appointed by the parties in Raigarh (C.G.) in
accordance with the Indian Laws. The decision of the arbitrator shall be final and binding on the par-
ties.
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29. Jurisdiction: This Purchase Order shall in all respect be subject to the jurisdiction of courts at Raigarh
(C.G.). Any dispute relating to this order shall be deemed to have arisen in Raigarh (C.G.) and subject to
jurisdiction of Raigarh (C.G.) courts only.

30. Suspension Termination: The Buyer shall have the right, even if there is no delay in execution of the
order, to suspend or terminate the Purchase Order with prior intimation to the vendor. If, the vendor
defaults in his obligations under the Purchase Order, payment shall be limited to such part of the Pur-
chase Order price corresponding to the order executed until such suspension or termination. The ven-
dor may only claim reimbursement of its proven suspension or termination cost, if the Purchase Order
was suspended or cancelled for reasons attributable to Buyer.

31. Breach of Contract: If Vendor breaches any obligation resulting from or in connection with the Pur-
chase Order, the Buyer shall be entitled to claim full compensation of his damages suffered due to such
breach including but not limited to damages arising outside the Goods, except where such breach is
not due to Vendor's fault. However, Buyer will not hold Vendor liable for loss of production or loss of
profit except to the extent damages or losses are due to Vendor's gross negligence or wilful miscon-
duct.

32. Order Validity: The Purchase Order shall stand CLOSED automatically after the expiry of One Year be-
yond the scheduled completion date, pending in full or partial.

33. Force Majeure: Neither party shall be liable for failure to perform its obligations under the Contract if
such failure results from circumstances which were not in the contemplation of the parties at the time
of the Contract and which are beyond the reasonable control of the party in breach.

SCOPE OF WORK

General instruction for tenders which is to be awarded to carry out energy audit.

Introduction

Jindal Power Limited (JPL), a subsidiary of Jindal Steel & Power Ltd. (JSPL), has been contributing signifi-
cantly to the growing needs of power in the Country. JPL has set up India's first mega power project in the
private sector at Raigarh, Chhattisgarh. The Company has invested approximately Rs. 4338 crore for set-
ting up a 1,000 MW power plant, the 1st unit of which was commissioned on 2.9.2007. All four units (250
MW each) were commissioned within a span of nine months. The fuel supply of the plant is met through its
captive coal mines. A 6.9 km conveyor pipeline has been set up for transportation of coal between the
mines and the plant. The Company has constructed a 258 km, 400 KV Double Circuit transmission line from
the plant to the PGCIL substation at Raipur through which power can be sold anywhere in India. For meet-
ing the plant's consumptive water requirement, an 18 m high dam over the Kurket River has been built, 25
km away from the project site. Jindal Power Limited is expanding its capacity at Tamnar by setting up a
2,400 MW thermal power plant at an estimated cost of Rs 13,410 crore. The two units of 600 MW have
been already commissioned. Commissioning activities of other two units are under progress. Boiler, Tur-
bine and Generation (BTG) package of both 250 MW and 600 MW are supplied by BHEL.

Qualifying requirements

The offer of only those firms will be considered who will produce documentary proof in support of follow-

ing criteria

1. The firm should have experience of minimum two years for conducting energy Audit Test in Coal
Based Thermal Power Station of 210/250 MW or above unit in Govt. /[Semi Govt. /[PSUs/Renowned
Private Sector for which copy of two work orders for conducting Energy Audit Test or similar type of
work along with satisfactory performance certificate/completion certificate will be required.

2. The firm should have executed similar type of work of minimum value of Rs. 10 Lac against single
order during the last two years along with satisfactory performance certificate or repeated orders
for similar works from the same organization.

3. The firm should have certified Energy Manager/Energy Auditor from Bureau of Energy Efficiency
(BEE) for the proposed job.

4. The firm must be enlisted in BEE (Bureau of Energy Efficiency) accredited Energy Auditor list for the
proposed job.
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Expectations from the Work

1. We expect that this assignment to get completed within three (3) months from the date of issue of
work order. The work shall be started immediately from the date of notice, which shall be given to
the contractor by JPL. The quantity of work may be decreased to any extent depending upon the
plant/front available. The payment shall not be made for the work not done.

2. We expect you to identify various energy and cost saving opportunities available at our facility. For
each identified opportunity, a clear and sound reasoning for its recommendation is expected. Oppor-
tunities should be identified on the basis of our normal loading factor conditions and without affect-
ing the plant reliability.

3. Comprehensive benefit/cost analysis and Payback period calculation keeping in view the energy cost
of JPL.

4. A detailed audit report containing all energy saving measures, which are identified and quantified.

5. The draft report should be submitted within one and half (1.5) month from date of completion of
field audit.

6. The final report & presentation to higher management should be submitted with in fifteen days after
submission of comments on draft report by JPL.

7. A set of soft copy (Excel sheets) containing all the measurements and calculations related to energy
audit.

Site of Work Inspection
Before submission of offer, the bidder is encouraged to inspect the site of work to get acquainted with the
actual work, equipment, facilities available& other prevalent conditions. JPL will not pay any cost associat-
ed with this
Visit.

Technical Terms & Conditions

1. Energy audit should be carried out as per the guidelines given on website www.cea.nic.in, energy
Conservation Act, 2001 and BEE latest guidelines in this regard.
2. The Energy Audit reports shall also include as desired under Energy Conservation Act form-1, formz,

form-3 etc. given in concerned regulation of Act. The energy audit report should be structured as de-
tailed in Energy Conservation Act, 2001 and BEE latest guide lines in this regard.

3. The performance audit of different equipment like Boiler, Turbine, Condenser, Air heater, ESP, others
etc. should be carried out strictly as per the latest version of ASME codes for e.g. ASME PTC :6 2004
for steam Turbine, ASME PTC :4 2008 for Steam Generators, ASME PTC : 12.2 for Surface Condenser,
ASME PTC:19.2,19.3,19.5 for pressure, temperature & flow measurement etc. The standards and
guidelines to be followed are attached in Annexure-1

4, Any repair and maintenance required after preliminary study to conduct final audit study has to be
clearly identified by the energy auditing executive agency and the same will be carried out by JPL.

5. Power, water and compressed air will be made available by JPL at free of charge to carry out the
proposed energy audit work.

6. Collection of samples such as coal, bottom ash, fly ash etc. will be carried by the Contractor. Reading
to be taken by specialized equipment & also to be carried out by the contractor.

7. The contractor has to evaluate the lab facility (Chemical, Electrical &C&l) available at our site and any

test or calibration required and if such facility is not available with us then the contractor has to ar-
range on its own.

8. List of Instrument — Accuracy Level & Calibration certificates. All the measuring instruments, fittings
& other ancillaries shall be arranged by the bidder. The bidder should ensure that the instruments
possess the desired accuracy as stipulated under ASME PTC for process parameter measurement
and are calibrated by NABL approved lab with valid certificates. JPL will provide the required loca-
tion/points for the placement of instruments & connection of power cables.

9. Equipment /instruments/T&P used during energy audit test with following minimum accuracy level:
Power analyser - 0.1%
Transmitters - 0.1%
RTDs, thermocouples - % DIN

313



10.

11.

12.

13.

14.

15.

16.

17.

i)
i)
i)

iv)

ANNEXES

Data Logger - 0.03%
All the equipment/instruments/T&P used during energy audit should have accuracy as per IS stand-
ard for measurement purpose.
Process parameter measurement should be done without causing major disturbance to the actual
process stream. Some operational arrangements/corrections/ adjustments, if desired so for process
measurement, should be intimated at least one week in advance to the Sr. DGM./O&E (concerned)
JPL,TAMNAR. However final decision pertaining to the availability of the equipment for test, opera-
tional adjustments, time line etc. will rest solely with JPL, TAMNAR.
JPL as far as possible will provide all the available design data, Characteristic curve, P&IDs, GA draw-
ing, Electrical SLDs & other technical specifications to the bidder for calculation of test result. How-
ever, in case, required data is missing or not available, then bidder can use standard guidelines &
curves (for e.g. ASME) for the sake of calculation of test result with a-priori permission from JPL.
The bidder should submit detailed report describing major efficiency parameters , methodology fol-
lowed & specific recommendation for energy reduction with cost- benefit analysis pertaining to all
the audited systems/ drives after the completion of audit.
The prospective bidder should submit following documents along with the proposal for review &
approval of JPL.

a) Proposed Audit plan with timelines

b) Reference List of Thermal Power Plant where comprehensive audit has been carried out.

c) List of test instrument with their accuracy class, calibration date & certifying Agency

(Instrument accuracy should be as per relevant ASME guidelines)
d) Copy of Report of Energy Audit carried out at similar units as per ASME Standards with test
schemes

e) Auditor’s profile & work experience
All the performance parameters of key equipment/systems are to be computed & compiled in the
detailed report (which should also Include calculation methodology, sample calculation, assumptions
& field data sheet) to be submitted by the Bidder. Report should clearly describe any observations
regarding deficiencies and recommend the corrective measures along with potential benefits in
Kcal/Rs terms.
Contractor will furnish the bar chart/PERT schedule of all the activities to be carried out for complet-
ing energy audit assignment before the start of work.
If major shutdowns/outages of any units due to any reasons, the energy audit agency shall have to
carry out the energy audit work at the quoted rate after synchronization of units even though the
contract period is over, without any extra payment.

Scope of work for 4 Units of 250 MW along with BOP
The energy audit should include

Field visit for data collection for detailed energy audit.

Data analysis and report preparation.

Identification of any Deviation from Design, Cause & Operational Measure
Identification of Energy Conservation opportunities and performance improvement.

The areas with detailed scopes of works are as follows:-

No ok~ owbd

A.

BOILER

Evaluation of boiler efficiency by loss method including Dry & Wet stack losses, losses due to com-
bustibles in fly ash & bottom ash, losses due to leakages, furnace radiation loss etc. At 100% and /
or 75% TMCR load with coal fired (and oil fired).

Boiler temperature/pressure profile

Sectional (SH, RH, economizer) heat transfer efficiency.

Performance evaluation and Power consumption of ID fan, FD Fan and PA fan.

Fan loading and combined efficiency of fan and motor.

Boiler Feed Pump (power consumption and performance evaluation).

Assessment of air ingression at different levels of Furnace.
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Performance testing of Air Pre-heaters (APH) to determine efficiency, leakages (%), X-Ratio, flue
gas temperature etc.
Oxygen profile along the draft system

B. TURBINE

Calculations of turbine heat rate (Efficiency) of Plant at 100%, and | or 75% TMCR load with coal fired
(and ol fired).

Calculation of Turbine Heat Rate (Efficiency) at 100% load with 0% MU in Valve throttles Condition &
VWO Condition. Heat rate calculation on Heat rate Deviation method also.

Turbine pressure survey.

Performance of turbine glands

TG cycle losses [ deviation computation

High pressure drain valve survey

Performance study of Vacuum Pump.

Calculation of Turbine cylinder efficiency (HP, IP & LP) and cycle efficiency.

C. REGENERATIVE FEED WATER HEATING SYSTEM

Assessment & Performance evaluation (including TTD, DCA, LMTD, ITD & Degree of Sub cooling cal-
culation).

Heat duty, Overall heat transfer coefficient of HP Heater, LP Heater, De-aerator, and Drain Cooler &
Gland Steam Condenser.

Degree of Sub-cooling etc.

D. CONDENSER & CONDENSATE PUMP

Performance & study of deviation of indicated condenser vacuum from the expected values and de-
terioration in the performance of condenser due to dirty tubes, scale formation, air ingress, CW inlet
temperature & CW flow.

Assessment of condenser heat load, deviation of condenser heat load, if any.

Condensate Extraction Pumps power consumption and performance Evaluation.

PUMPS

Boiler feed pumps power consumption and performance evaluation.
CW pump, ACW pump, DMCW & DMCW booster pumps power consumption and performance
evaluation.

COOLING WATER SYSTEM

Assessment of cooling tower capacity and efficiency /effectiveness and operational L/G ratio.
Evaluate circulating water pump flow rate, head developed pressure of pumping system and pow-
er consumption.

Assessment of condenser heat load, deviation indicated in respect of the CW pump performance.
Water circulation, condenser efficiency,

Assessment of Vacuum system and fan performance

COAL MILLS PERFORMANCE TESTING

Assessment of air/coal ratio.

Coal fineness test

Mill performance data analysis vis-a-vis performance Guarantee values

Energy Consumption

Pressure drop across the milling system and velocity estimation.

Mill internals replacement analysis with respect to specific energy consumption using historical data.
Study & Analysis of Mill rejects

ESP AND ASH HANDLING PLANT
Evaluate the ESP performance pin comparison with the design.
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Study the collection efficiency

Ash property

Study the Evacuation and disposal methods including consumption of water, ash-water ration for
ash disposal in wet disposal system, Recommendation for optimization.

Power consumption and pump performance of ash handling system.

NOx, SOx, SPM, COx measurement

WATER TREATMENT PLANT & DM PLANT

Capacity utilization and power consumption of all major drives.
Performance evaluation of Pumps

COAL HANDLING

Estimate the average capacity utilization of the CHP.

Measure consumption of motors, (Current, Power factor)

Assessment of specific power consumption for various options i.e. Direct bunkering, Stacking & Re-
claiming etc.

G. COMPRESSED AIR SYSTEM

Compressor FAD (Free Air Delivery), if compressor gets isolated.

Performance evaluation of air compressors by using power measurement analysers.

Air pressure profile measurement for 24 hrs at different locations (farthest & highest points)
Air leakage identification.

Optimization of compressed air utilization and distribution.

H. TOTALELECTRICAL SYSTEM INCLUDING LIGHTING

Performance evaluation of generator.

Assessment of the loading pattern of GTs, UATs, ICTs, STs and other transformer to identify
measures for reduction of losses.

Electrical parameters like current, voltage, power factor and power by using power measurement
analysers.

Assessment of health of capacitors and adequacy of the existing VAR compensation system

HT/LT motor consuming power more than 2 0 KW needs to be checked for measuring electrical pa-
rameters and performance.

Feasibility study for replacing the existing motor by energy efficient motors.

Lighting of Main plant including office building lux. Measurement and power consumption (day/night
phase wise).

Distribution losses.

Harmonic analysis.

I.  AC&VENTILATION SYSTEM

Cooling Load and performance of VAM/ AC CHILLER.

Performance of chiller, CW PUMP & Cooling Tower.

Performance analysis of AHUs.

Power consumption by each AC system by using power measurement analysers including Cooling
effect and humidity.

J. FIREFIGHTING SYSTEM

Input Power measurement of all the key equipment of the Fire system like hydrant, spray (Electric &
Diesel), Jockey Pump, Booster Pump
Establishment of specific energy performance indicators.

K. INSTRUMENT AND CONTROL

Evaluate the instrumentation available in the plant and identify the locations where online measure-
ments are necessary for efficiency calculations however unavailable
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Recommendation regarding type of instrument, installation details, make etc.
Measuring instrumentation at coal handling plant, ash handling system, Raw water and waste water
system

L. THERMALINSULATION

Insulation of Boiler, Air and Flue gas path and Steam piping.

Surface temperature measurement at the damaged and Hot spot area by infrared temperature
indicator.

Estimation of Heat loss in the hot spots and damaged insulation area

Proposal Requirements

Please submit your proposal as per the scope of work mentioned above. At your option, additional pro-
posals with different scope of work are welcome.

1.
2.

7.

Technical offer and Commercial offer for Energy Audit of the unit should be submitted separately.
Commercial offer should include 1) Professional charges 2) Lodging, Boarding, traveling (Internal and external)
separately with break-up, (3) Total no. of days & man-days at site for each work mentioned above.
Relevant documents should be attached----

a) BEE accreditation letter.

b) List of Instruments to be used for Energy audit with makers name & Accuracy Level.
Please provide your firm's credentials related to experience by providing

a) List of jobs done including Client, Site, nature of job and year.

b) Explicitly state your experience in:

c) Energy Auditing in Power Plants

d) Energy Management
In addition to the proposal, any documents which are relevant to the subject or to your offer may be
submitted.
Please provide the following details related to Audit Team:

a) Project team structure delineating individual roles and responsibilities

b) Team strength by person category

c) List of Energy Manger/Auditors along with whole team who will be involved during energy
audit (With designation, qualification, experience, etc.)

d) CV of each team member, indicating whether full time employee or associate, and specify-
ing total experience in years, duration of employment with your firm, relevant experience
in areas related to this project with details of specific projects.

Please indicate the schedule for auditing activities, milestones and deliverables.

Energy Audit Report Outline (Draft & Final)

The comprehensive audit report should contain all energy saving measures, which are identified and quan-
tified.

The following outlines a final report of an energy audit.

a)
b)
)
d)
e)
f)

)
h)

A table of contents.

Executive Summary.

Standard formulae used and assumptions (along with justification).

Field measurement of all consumption.

Schematic diagram with mass & energy balance all measured system.

Identifying relationship of processes & operational methods being followed and details of changes
required for energy saving.

Identifying the major factors, which are contributing to high-energy consumption for all systems.
Recommendations to reduce energy consumption relating to system changes (process improve-
ment, maintenance practices, replacement or modification etc.).

Comprehensive benefit/cost analysis and Payback period calculation keeping in view the energy
cost of JPL.

The energy audit report will incorporate reports as per BEE latest guidelines of Energy Conserva-
tion Act, 2001.
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Total impacts on the system on implementation of all the recommendations with various level of
process.

Related impact, on the system reliability, availability and stability.

Final preparation of technical and Economical viable energy conversion report which Include: i)
Technical viability ii) Economical feasibility iii) Calculation of investment & payback period iv) Sug-
gestion of name of supplier/consultant for further implementation.

The audit report shall include references taken for technical inputs as papers, journals, handbooks,
publications etc.

The software’s & charts used for analysis to be given along with the report.

Five hard copies (Each Unit) of the draft Energy Audit report to be delivered.

Three soft copy of draft Energy Audit report to be delivered (PDF and Word format).

Five hard copies (Each unit) of the Final Energy Audit report to be delivered.

Three soft copy of Final Energy Audit report to be delivered (PDF format).

An Excel file should be provided for all the measurements, calculations and charts included in the
report.

Measurements by your instrument, Measurement by already installed instrument and standard
values used needs to be categorized in different colour codes.

Date and time for each measurement (at which taken) should be provided.

General Terms & Condition

1.

No overrun charges shall be paid in the event of the completion period being extended for any rea-
son.

Furnished limited accommodation will be provided in our guest House, Tamnar for duration of en-
ergy audit test of units if available on chargeable basis at standard/market rent (Whichever is high-
er).

After award of contract, No subletting of the contract shall be allowed and any subletting will lead
to cancellation of the contract.

No extra payment will be made for any additional work carried out by the contractor for energy
audit which is not mentioned in work order.

If the contractor does not engage sufficient skilled staff or the quality of work is not up to the sat-
isfaction of Engineer-in-charge or there is delay in attending of jobs, the penalty @ 1% of the con-
tract value per day for part thereof up to maximum of 10% of total contract value.

If the contractor fails to adhere to the time schedule or if his services are found to be unsatisfacto-
ry, JPL will be entitled to cancel the contract & forfeit the security.
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