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4.12 Quality Assurance

The Contractor shall use the quality assurance system: "ISO 9001 Quality Sys-
tem Model for quality assurance in design/development, production, installa-
tion and servicing", or similar.

The accepted Quality Assurance certification systems are:

-]
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Photovoltaic Global Approval Programme (PV-GAP) Mark or Seal:

International Electro-technical Commission Quality Assessment System
for Electronic Components (TECQ) approval;

Certification according to ISO 9000 Series;

Quality Assurance certification in accordance with national certification
systems in the country of origin, equivalent to PV-GAP, IECQ or ISO
9000,
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Appendix 1: Project Area Map
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Appendix 2: Project Site Data
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Appendix 3: Weather Data

The following solar data have been used for this functional design.

N AND TEMPERATURE IN

25

MOZAMBIQUE FROM 1970 TO 2005 (MEASURED BY THF
NATIONAL INSTITUTE OF METEOROLOGY-INAM)

NIASSA

Global solar
Month radiation Temperatures (“C)
{EWlvm2/dav)
Monthly [Maximum Monthly |Minimum Kenthly
) honthly means neans  |average average
 MJan 54 20.4 246 16.3
_|Feb 5 205 247 16.3
ar 4.8 20.2 246 159
tApr 5 19.3 239 14.7
- |May 5 17.4 229 122
" |Jun 4.4 15.5 21.1 10
[l 48 15 206 a5
_ {Aug 5.3 16.4 224 10.5
 Sep B 18.8 252 126
oa 6.1 21 27.2 149
_[Hov 5.8 215 7 16.1
Dec 5.2 207 253 16.4
TETE
Global solar
Month radiation Temperatures (°C) t
(EWhi?/day)
ionthly |Maximum fonthly |Minimum Monthly E
fdonthly means means  |average averaye |
_ [Jan 66 286 336 23 6|
_|Feh 6.2 28.4 33.4 235
~ |Mar b3 23.3 335 23
AAp 5. 27.3 325 21.5
_ |May 5.1 25 31.2 18.5
|Jun 46 22.4 269 16.2
~ {Jul 47 21 29 15.8
~ |Aug 5.2 242 3038 17.5
_|Sep 5.8 27 337 203
| Ot 6.1 285 36.1 228
Nov 6.8 30.3 36.6 24
Dec B.6 29.1 34.7 237
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Appendix 4: Site Acceptance Test (SAT)
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Site information

U Site name:

L Provinge; )

r Districi:

r Date: .

Structural issues

11 Orientation towards North 4-15°
o Tilt (15-35°)

0 No external shading on PV array

u Structure and PV modules are properly secured to roof or ground

v Holes in roof and walls arc repaired (watcr thigh)
U Battery storage in vented battery encasing

Electrical issues, DC

0 The polarities arc correct

0 The system voltage are below maximum val ues
1 Diodes arc installed correct

1 The overcharge protection is installed properly

r The cables are of the correct size

01 All cables are properly attached to walls and roof
o All DC appliances are DC labelled

Functions
PV modules

27

Open Circuit Volt-
age Measured

Solar Intensity
Measured

Wim® v

String number

Short Circuit cur-
rent Measured

A

Short Circuit Cur-
rent, Calculated*

A

-

Lo <SR I X

* 8hort Circuit Current Calculated = Short Circuit Current Measy

md X 100G / Solar Intensity Meas Lrac!

CiADocuments and Seniugslmanuhatsana.FUNAE.UDCI\Dusqu.‘n\SO schonls and 50 clinics final versionsiTech Spee HE ADICIONAIS DRAFT 050906 duc
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Battery

0 Air temperature during test (PC)s

Cell number Specific gravity Cell Voltage Specific gravity Cell Voltage
v A Vv
1
2
3
; —_—
: N
: ___]L__ - . N S

Charge Controller

0 Array current present at the input
0 Array voltage present at the input

o Output voltage ok
0 Output current ok

Summary

o Total power output (W) :
A Actual solar intensity (W/m?);

Quality Assurance

o End-user Manual exists
01 Technical Manual exists
1 Local staff member trained

Comments:

Apnraval
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1 Introduction

This purpose of this tender is to clectrify 50 educational sites in the regions ol 8
que (Cabo Delgado, Niassa, Tetc, Sofala, Manica, In-

Provinces of Mozambi
aputo). The clectrification is based solely on stand-alone

hambanc, Gaza and M
solar photovoltaic,
Design, supply and installation, commissioning of the equipment and training
of local staff are included in the scope of works.

b
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2 Scope of Works and Supply

21 To be Provided by the Contractor

The stand-alonc solar photovoltaic system shal] be implemented on a turnkey
basis and single responsibility basis.

For each school the following solar PV Systems shall be implemented:
°  System E-CR/AQO - Classroom(s) and admunistration office
*  System E-SH - Staft house.

All classrooms shall be supplicd from the same solar PV system. The
admunistration office shall nse the same solar PV system as the
classroom(s). The number of classrooms to be clectrified per site can be found
in

*  Appendix 1: Project Area Map

° Appendix 2: Project Site Daty

°  Appendix 3: Weather Data

*  Appendix 4: Site Acceptance Test (SAT).

Staff house shall be electrified as appendix 2.

The E-CR/AQ system shall as 2 minimum comprise:

Solar PV system

Photovoltaic array

Charge cantroller

Battery

Wires, fuses, switches,
plugs, earthing

Structures

474 |
CiDocuments and Seltings\n’lario}_;ul‘;anu.rUNJ\E.ﬂUO\[Jcsklup!S(] schools and 50 cimics tinal versions\Tach spec Cdu ADICIONA|S draftDS0006 dog 1/‘0%
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DC appliances per classroom:

DC appliances, | Quantity | DC load Hours of Days per | Energy load, Amp-hour load,
per classroom®) Power use/day week week days week days
W Whiday Ah/day
General lighting 18 5 540 45,0
Qutdoor lamp 8 8 5 64 5,3
DC Outlet for TV 33 2 7 66 55
(14%+%)
TOTAL 670 55,8
Corrected**) 67,0

*) The number of classrooms per site can be found in Appendix 2.
*¥) Battery efficicney factor of 85 %, and wirc ef: Ticiency factor of 98.
*#%) Only one class room shall have a TV per site.

DC appliances in administration office:

DC appliances | Quantity | DC load Hours of Days per | Energy load, Amp-hour load,
Power use/day week week days week days
W Whiday Ahlday
General lighting = 18 5 3 360 30,0
Outdoor lamp 8 8 5 64 53
TOTAL 424 35,3
Corrected®) 42 .4

¥) Batiery efficiency factor of 85 %, and wire cfficiency factor of 98 %.

The E-SH systems shall as 2 minimum comprise:

Solar PV system

Photovoltaic array

Charge controller

Battery

Wires, fuses, switches,
plugs, earthing

Structures
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DC appliances Quantity | DC load Hours of Days per | Energy load Amp-hour load
Power usefday weelk
W Whiday Ahlday
General lighting 8 5 7 80 6,7
Reading light 18 3 7 54 4,5
Outdoor lamp 8 8 7 64 5,3
DC outlet 15 3 7 45 3,8
TOTAL 243 20,3
Corrected® 24.4

*) Battery efficiency factor of 85 %, and wire efficiency factor of 98 %,

The scope of works and supply shall include the following:
*  Site surveys;
°  Project engineering and detailed design of the system;

°  Project management;

*  Supply, installation, supervision, testing and commissioning of all equip-
ment and materials;

° Training in operation and maintenance of local staff;

*  Documentation, including a manual;

°  Any other works and supplies which are decmed necessary for the comple-
tion of stand-alone solar photovoltaic.

2.2 To be Provided by the Employer
The following will be provided by the Employer:

° Equipment rooms or other available space (ready for installation) for the
supplied equipment;

°  Roofarea, facade area or ground arca for the solar photovoltaic arra y.

For cach project site, a local staff member will follow the installation at all
times, and is to be training in daily maintenance of the systems during the in-

stallation.
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221 General Information and Requirements

2.3 Introduction

This section describes the general requirements of the Works and Supply. Par-
ticular technical requirements for equipment and accessories are described in

the respective sections.

24  Existing Situation
The present situation at all sites is described in The Project Site Data attached
as appendix to the bidding documents.

241 Electricity and Water
No electricity supply is available at the sites. Water may nced to be transported
scveral kilometres,

2.4.2 The Project Area

The project area is the region of 8 Provinces of Mozambique (Cabo Delgado,
Niassa, Tete, Sofala, Manica, Inhambane, Gaza and Maputo). The area is
shown on the map enclosed in Appendix 1.

2.5  Site Surveys

The Contractor shall carry out a site survey for all sites and verify/update the
data given in these bidding documents.

During the detailed site survey phase, the Contractor shall liaise with the Em-
ployer to identify the nfrastructure, i.c. the locations of the PV array, the equip-
ment room and the DC appliances,

2.6  Detailed Design and Engineering

The work shall include the Contractor's detailed design necded to manufacture,
procure, supply, erect and commission all equipment in accordance with the
functional requirements of thesc biddin g documents.

The detailed design shall include the following:

> Calculation and specification of the solar PV system;
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*  System availability : 95%;

*  Average annual horizontal solar radiation - 6,1 kWh/day/m?® (Cabo
Delgado), 5,2 kWh/day/m® (Gaza), 5,5 kWh/day/m? (Inhambanc),
5,8 kWh/day/m’ (Manica), 5,3 kWh/day/m? (Maputo), 5,3 kWh/day/m’
(Niassa), 5,7 kWh/day/m’ (Sofala), and 5,8 kWh/day/m? (Tete). Source -
INAM - National Institute of Metcorology);

°  Discharge rate of battery: C20 at temperature of 25°C.

The detailed design shall be approved by the employer before installation
works is initiated.

2.7  Completeness of the Supply

All services, apparatus, accessorics and installation materials which may not
have been specifically mentioned, but which are usual or necessary in the re-
spective materials/ equipment for the completeness of the finished plant and
equipment in an operational status, shall be deemed to be included in the supply

and shall be provided by the Contractor without any extra charge.

2.8 Standards and Recommendations

All components, matcrials and equi pment shall be designed, manufactured and
tested in accordance with the relevant sections of the latest editions of the stan-
dards and regulations mentioned below. If the product bears the PVGAP mark

no further test certifications are neceded.
*  National Standards;

> PVGAP

¢ ITU-R (CCIR) recommendations;
¢ ITU-T (CCITT) recommendations;
= ISO Standards;

*  IEE Wiring Regulations;

IEC Standards;

@

e IEC61215:1993 Crystalline Silicon Terrestrial PV modules

° IEC 61427 Secondary cells and batteries for solar PV ENErgy systems.
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e IEC60896: Stationary lead acid batteries
e IEC60335: Safety on Household and similar appliances

* ETSI/ CENELEC Standards;

In addition hereto, the plant and equipment shall comply with other specific
standards/recommendations and regulations as stipulated in the other sections
of these bidding documents,

2.9 Installation and Supervision

The installation and supervision of the equipment shall be carried out by the
Contractor on a tum-key basis.

All installation drawings, work procedures and methods required to ensurc the
proper installation and alignment of the equipment shall be provided.

After completion of the installation work, the Contractor shall restore the sitc to
its initial condition,

210 Test

The contractor shall in collaboration with the employer perform a test of two of
the first systems installed. The test shall be performed for at least 2 days and
include monitoring of the solar insulation, encrgy output from the solar panelis
and total consumption in the period. The details of the monitoring as well as
selection of the sites for monitoring shall be agrecd with the employer beforc
the test. The contractor shall provide documentation for the test as agreed with

the employer.

211 Site Acceptance Test

Upon installation and commissioning, the system shall be inspected, and a Site
Acceptance Test (SAT) shall be carried out by the Contractor in order to verify
that the plant and equipment are in compliance with the specifications.

The Employer shall be entitled to witness the tests.

The results of the test shall be documented usin g the Site Acceptance Test
Sheets enclosed in Appendix 4. The test resulis shall be handed over (o the Em-

ploycr.
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The staff member shall follow all steps of the installation. During the installa-
tion the contractor shall go trough the entire "End-user manual"” and the "Tech-
nician’s Manual for Installation, Operation and Maintenance" (see scction
4.11.2) when appropriate duri ng the installation.
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3 Technical Specifications

3.1 Photovoltaic Modules

Crystalline modules are required and shall comply with relevant PV GAP stan-
dard is PVRS 2 "Crystalline silicon terresirial Photovoltaic (PV modules)". Te
design qualifications and type approval of the PV modules shall comply with
IEC 61215 "1993 Crystalline Silicon Terrestrial PV modules."

The deviation of electrical parameters from the nominal values by the manufac-
Lurer must not exceed:

¢ Nominal power : -10% to +20%
e Short circuit current : 15% to +20%
*  Open circuit voltage : -10% to +15%

The encasing of the modules is done in category IP55 in relation to EEC/IEC
1215.

The PV shall be able to withstand temperatures between 0°C to 95°C.

The solar power systems shall consist of solar cells/modules and charge con-
troller connected to batteries of nominal voltage of 12 V.

The solar modules shall be mounted on a roof or on the ground, with roof
mounting as first priority. The orientation of the PV array is duc north. In case
duc north is not possible, an orientation £25° from north is acceptable. The
slope of the PV modules shall between 15-35°. The slope must not be below
15° due to the self-cleaning.

The backside of the PV modules shall be freely ventilated. Roof mounted PV

maorilec chall ho masotad afoa 3.



Section VI - Technical Specificalions

Each PV modules shall be clearly marked with the text indicating that the mod-
ules belong to MINED.

A blocking diode is required between the PV array and the charge controller.

A circuit breaker is required between the PV array and charge controller for the
purpose of maintenance.

3.2  Battery

The battery shall be of the type "deep cycle" with flooded lead-acid electrolyic.
The battery shall be manufactured for the purpose of PV systems. and sealed
maintenance-free battery with no lopping up requirements,

The battery's nominal Depth of Discharge - at 2000 operation cycles - shall be
between 35% and maximum 60%. During operation, the Depth of Discharge
must not exceed the battery's nominal maximum Depth of Discharge. The de-
sign should be based on maximum Depth of Discharge.

The battcry nominal capacity (at C20) shall be

Co CorrectedDm’szoad * N

DoD
Where
C 1s the capacity, Ah
CorrectedDailyl.oad  is the average corrected daily load, Ah/day
Ni s the number of autonomy days, decimal number
DoD is the actual rated Depth of Discharge of the battery,

decimal number.

The working temperature is between 0-55°C. The self-discharge of the battery
at 25°C must not exceed 6% of the rated capacity per month.

Batteries shall be supplied complete with accessories. The battery shall be de-
livered and mstalled in a well-vented battery enclosure that prevents users from
conung in contact with battery terminals or battery electrolyte. The enclosure
must bc made of acid resistant matcrials.

For a flat plate battery shall comply with TEC Standard 61427 IEC:2001 Ed.2
"Secondary Cells and Batteries for Solar Photovoltaic Energy Systems -
Gencral Requirements and Methods of Test". The battery capacity should be at
least 100% of the nominal C20 canacitv after the Stk (90 tarttt v 4 et
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3.3  Charge Controller
Charging of the batteries shall be controlled automati cally with the following
features:

°  Temperature compensated charging through an extemnal probe;
> Function in accordance with Pulse Width Modulation (PWM) or On/OfT:

° Overcharge protection. High Voltage Disconnection (HDV) must be at the
batiery end voltage that correspond to 0% of the Depth of Discharge

(DoD);
°  Over-discharge protection, e.g. by disconnecting the load;
= Series charge controller with solid state relay;

°  Protection against reverse polarity must be provided in both the PV mod-
ules and battery lines;

*  Reserve leakage current must be less than 500 micro-Amperes (current
from batlery to "dark" module);

° Decp discharge protection. Low Voltage Disconnection (LVD) must be at
the battery end voltage that correspond to maximum allow Depth of Dis-

charge (DoD).
The charge controller must support at least 25% more than the nominal current.

The battery consumption voltage drop must be under 0,5 V. The input battery
drop must be under 0.5 V.

The voltage drop across the Charge Controller when charging or discharging
should be less than 5% of the nominal system voltage.

The controller shall function in the range of 0-50°C, and must withstand at least
90% of rated current from the PV module to battery and from battery to load at
this temperature interval.

The controller shall not be installed in the battery enclosure (batiery box).

3.4 Cables

The contractor shall include 75 m of cable ner solar photovoltaic evstem in hic
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_03%L*],

lSY
AV
where
S is the cross section, m’
L s the cablc length, m
Im is the maximum current, A
AV is the maximum allowed voltage drop, %

The maximum allowable value of voltage drop (AV) must be Icss than

* 5% between the Charge Controller and the DC load

* 3% between the PV modules and the Charge Controller
* 3% betwecen the Charge Controller and Inverter

° 1% betwceen the Charge Controller and the Battery

All cables used outdoor shall be UV-resistant and waterproof.

Cables must be colour coded in accordance with the existing clectric coding
norms,

3.5 Switches, Sockets and Protection

DC sockets must be used with reverse polarity protection. DC fuses and circuit
breakers must be rated for DC service. The equipment shall be rated at least
20% more than the design voltage and current.

Allow for one socket per room.

3.6  Grounding (earthing)

All metallic enclosures and structures of the system must be bonded and
grounded using the shortest practical route to an adequate earth contact using
an uninterrupted conductor of at least 16 mm?’ cross-section.

The maximum allowed earth resistance must be 10 Ohms with the maximum
bonding resistance (between the metal parts of the devices and metal parts of
the consumer carth terminal) of 0.2 Ohms.

The maximum allowable earth resistance between consumer and earth terminal
to earth spike must be 1.7 Ohms, including earth electrode.
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Support structures must be made of stainless steel, aluminium or galvanized
iron, and must be able to withstand wind speeds of 120 kmv/h so as to be able to
resist at least 20 years of outdoor exposurc without suffering significani dam-
age or corrosion.

3.7.1  Fence

If the PV modules are placed on the ground fencing shall be delivered and in-
stalled. Assume that 40% of systems will be situation on the ground. No any
specific specifications in respect of the fencing.

3.8 Appliances

3.8.1 Compact Fluorescent Lamp (CFL) and Tubular Lamp (TL)
All general and outdoor li ghting shall be of the type CFL or TL.

Luminous yicld of the total ballast and fluorescent lamp system must be al least
35 lumens/Watt. Ballast must ensure safe and regulated ignition within 10 scc-
onds in the voltage range from 10.3 to 15 V over 0 to +45°C. Minimum electri-
cal efficiency of the ballast should be 80% in the voltage range from 10.3 (o
I5V.

The electrical waveform at the fluorescent lamp terminal must be symmetric in
time to within 10 percent (i.e., 60%/40% waveform maximum differences in
Symmelry over voltage range of 11.0 to 12.5 Vdc at an ambient lemperature of

25°C).

There must be no blackening or reduction in the output (reference Lux) by
more than 10%, observed after 1,000 on/off cycles, and the lamp must still be
operational aficr 5,000 on/off cycies.

*  General use: Wide anglc with high luminance (330 to 370 lumen);

*  Localised use: Narrow angle with medium to high luminance (180 to 220
lumen);

> Luminous yield of the total ballast and [luorescent lamp system must be at
least 35 lumens/W.

¢ Task specific use: Work specific, for example dim light.

The DC component of the current through the fluorescent lamp should be zero.
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A suitable filament pre-heating circuit should be provided. The lamp should be
protected against reverse polarity.

Standby consumption (in no-tube condition) of ballast should be less than 10%
of rated capacity.

3.8.2 LED Cluster Lamp
Reading light shall be of the type LED.

Power consumption must be less than 2 Watt/cluster. LED clusters must oper-
ate flawlessly at voltages between 10.3 to 15 V and temperature from 0°C to -+

45°C.

To protect eyes from intense light, a white LED cluster should shine through a
solid angle of at least 45°, for proper diffusion.

3.9 Spare Parts

The Contractor shall compose and deliver an optimal package of sparc parts
equal to 2,5 % of the Contract sum. The spare part package shall minimum in-
clude the following items.

ltem

PV modules

Batteries

Battery interconnects

Battery fuse

Charge controller

Inverter

Wiring

Indoor lights

Exterior lights

Appliances

Distilled water

3.10 Warranty

s ~ us
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o

5 years for batteries:

2 years for all other parts of the PV system, including all DC and AC ap-
pliances.

3.11 Documentation to be Provided by the Contractor

3.11.1 General
All documents shall be prepared in the English language.

The following information shall be delivered for each solar PV system:

PV modules

[
@

Bat

o
-]
]

Brand and name of the manufacturer
Modecl and type

Manufacturer’s serial number of the system indicating the year of manu-
facturing

Rated peak Watt per module

Maximum Rated Current

Maximum Rated Voltage

Short Circuit Current

Open Circuit Voltage

Quantity of modules

Total installed nominal power, W,

tery

Brand and name of the manufacturer

Model and type

Rated capacity in Ampere-hours at the discharge rate C20
Quantity of batteries

Total installed rated capacity (C20), Ah.

Charge Controller

Brand name

Type (On/Off or PMW) and model
Maximum input current
Maximum load current

Nominal voltage

Size of fuses

Quantity

DC appliances

Brand name
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Other component
*  List of other components (wires, switches, fuses, outlets, grounding, etc.)

*  Name, modcl and type
°  Quantity.

Energy
State the expected annual energy production per solar PV system calculated
with the Retscreen tool using solar data of Appendix 3.

Drawings
Schematic of the solar PV system.

3.11.2 Documentation after Award of Contract
The documentation to be supplicd after award of Contract shall include:

°  Dectailed design documentation including installation drawin £s;

*  End-user manual;

¢ Technician’s Manual for Installation, Operation and Maintenance.

Detailed Design Documentation
The documentation shall include specifications and calculations, which shall be

submitted in 2 copies to the Employer for approval no later than 1 menth after
the signing of the contract. A period of 2 weeks shall be allowed for the Em-
ployer's examination and approval of this documentation.

The documentation to be prepared by the Contractor in connection with the de-
tailed design shall be sufficiently detailed for the purposes of*

= Assembly and erection details of solar pancls arrays;
*  Erection drawings for all other cquipment;

¢ Calculation of battery capacities and charger ratin gs;
*  Schematic diagram of generating sct control;

° Detailed schematic diagrams of DC supply, its distribution and supervision
with accompanying description;

*  Layouts and detailed drawings of cables etc.;
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End-user Manual
The End-user Manual shall include:

Theory of operation of the SPVS with a discussion on: battery charging by
the array; functions, battery low voltage protection and battery overcharge
protection. The relationship betwcen energy available on a daily basis and
sunlight conditions should be clearly and simply explained;

A description of all user interactive hardware includin g disconnect
switches and status indicators;

Procedures for proper system operation, including a list of load limitations
and any problem loads. Suggested operation, including load conservation
during periods of inclement weather and/or a low voltage disconnect event.
The procedures for that checking the photovoltaic array is not shaded and
how to prevent shading must be explained;

Any user maintenance items;

Procedures for emergency shut-down and for extended periods of system
non-use;

A trouble-shooting guide for users.

Technician’s Manual for Installation, Operation and Maintenance
The technician's manual shall include:

-

A complele list of all system components, with associated manufacturers
literature, specifications and warranties;

Complete installation instructions;

Installation protocol with the initial start-up numbers from the approval
test and general measurement values

Explanation to the user of the system operating principles, load manage-
ment requirements, impact of shading of the array and how to check and
avoid it, user maintenance checks and how to conduct themy;

A recommended annual maintenance schedule, with complete maintenance
mstructions;

A detailed trouble-shooting guide referencin g all the system components.
This shall include repairs and diagnostic procedures that can be done by

Hhim 12 At 4
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© A lunctional block diagram, electrical single-line drawi ng showing the
placement of all hardware and rafings of all components and physical lay-
out;

*  Emergency shut down procedures.

The Contractor shall supply documentation in the form of manuals and all nec-
essary documentation concerning the operation of the equipment in the English

language.

3.12 Quality Assurance

The Contractor shall use the quality assurance system: "ISO 9001 Quality Sys-
tem Model for quality assurance in design/development, production, installa-
tion and servicing”, or similar.

The accepted Quality Assurance certification systems arc:
*  Photovoltaic Global Approval Programme (PV-GAP) Mark or Seal:

°  International Electro-technical Commission Quality Assessment System
for Electronic Components (IECQ) approval;

> Certification according to ISO 9000 Scries;

*  Quality Assurance certification in accordance with national certification
systems in the country of origin, equivalent to PV-GAP, IECQ or ISO
9000.
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Appendix 1: Project Area Map
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Appendix 2: Project Site Data
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Appendix 3: Weather Data

The following solar data have been used for this functional design.

DATA OF RADIATION AND TEMPERATURE IN
MOZAMBIQUE FROM 1970 TO 2005 (MEASURED BY THE
NATIONAL INSTITUTE OF METEOROLOGY-INAM)

CABO DELGADO
Global solar ra-
Month diation Temperatures (°C)
| (KWh/m2/day) | ,
Monthly | Maximum Minimum Monthly
Monthly means means Monthly average average
Jan 59 27.3 30.9 L 23.6
Feb 53 27.1 309 234
Mar _ 58] 27| T 39 232
| Apr 5.9 26.5 | 30.9 224 |
May 5.5 25.2 29.7 20.7
Jun 51| 238 28.4 19
Jul 5.2 232 277 18.6
[Aug | 6] 235] o8 19
| Sep | 68| 245 28.9 20.2
Oct 7.3 25.8 29.7 21.9 |
Nov 7.3 26.9 30.5 _ 233
Dec 6.7 274 30.9 23.9
NIASSA
Global solar ra-
Month diation Temperatures (°C)
(KWh/m2/day)
Monthly | Maximum Minimum Monthly
Monthly means means Monthly average | average
Jan 5.1 20.4 24.6 16.3 |
Feb 51] 205 24.7 16.3
Mar 4.8 20.2 24.6 15.9
Apr | 5] 193] 23.9 147
| May 5 17.4 22.9 B2
Jun | 4.4 15.5 211 10
Jul 4.8 15] 20.6 95
Aug 5.3 16.4 224 10.5
Sep 6 18.8 | 252 12.6_‘
Mad i
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TETE ]
Global solar ra-
Month diation Temperatures (°C)
| (kKWh/m2/day) |
Monthly | Maximum Minimum Monthly
Monthly means means Monthly average average
Jan 66 286] 336 236
Feb 6.2 28.4 33ﬂ 235
| Mar | Bo). 288 " d&s5] o3
Apr | 57| 273 39| s,
May 51| 25 L 31‘2‘% 18.5
[Jun [ 46| 224 " 289 16.2
Jul 4.7 22.1 29 15.8
| Aug o 5.2 242 30.8 17.5
| Sep 5.8 27 33.7 20.3 |
Oct 6.1 29.5 36.1 228
Now, 4w &8l " Boal %8| 24
Dec 6.6 29.1 34.7 23.7
SOFALA
Global selar ra-
Month diation Temperatures (°C)
_(kWh/m2/day) | ——
Monthly | Maximum Winimum Monthly
Monthly means means Monthly average average
Jan 6.6 26.8 31.2 24.6
Feb 63 26.7 30.8 24.7
Mar 5.9 26.4 30.2 24.2
Apr 55 24.4 29 224
May | A7 224 73 98
jJun | 4.2 20.3 255 17.4
Jul 4.4 19.7 24.9 16.9 |
Aug 5{ 207 26.1 17.9
| Se 5.7 222 27.2 19.6
Oct 6.4 23.8 28.6 21.4
Nov 6.7 254 | 29.9 23.1
Dec 66| 262 30.6 24.1
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| MANICA \I

Global selar ra- |
Month diation Temperatures (°C)
Wh/m2/da i
Monthly | Maximum Minimum Monthly
Monthly means means Monthly average average
Jan 6.7 23.9 85| 19.5
Feb 65 23.8 o 28 19.
| Mar [ el Al . T 7| e
Apr 55| 215 265 16.8
Ma 4.9 19.7 252 142
fdun, | 45| 477 22| 122
| Jul - 4.7 17.4 23 118
| Au 5.3 18.9 248 12.9
Se 5.9 21.2 274 14.9
Oct 62) 229 28.9 16.8
Nov - 66| n7 21 182
Dec 6.1 23.8 28.5 19.1
INHAMBANE
Global solar ra-
Month diation Temperatures (°C)
(kthm_Zidax) N
Monthly ’ Maximum ! Minimum Monthly
Monthly means means Monthly average average
: 26.9 - 31.1 22.9
27 31.1 23 |
205
18.2
162,
__ 156
165
184
19.6
2]
22|
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33

GAZA j
Global solar ra-
Month diation Temperatures (°C) !
(kWh/m2/day)
Monthly | Maximum Minimum Monthly
Monthly means means Monthly average average
Jan 6.6 26.5 31.3 21.8 |
Feb 63| 262 31 219
Mar 5.5 25.5 30.2 20.7 |
Apr 4.6 23.7 29.2 18.5
May 3.9 21.2 27.4 15.4
| Jun 34| 189 253 12.7 |
Jul 36| 185 25:1 . 12.3
Aug 4.3 20 26.5 13.6
Sep 5.1 21.9 28 15.9
Oct - 58| 234 29.1 177
Nov 6.3 | 24.7 30.6 19.5
Dec 6.7 25.8 31 20.8
MAPUTO
Global solar ra-
Month diation Temperatures (°C)
| (kWh/m2/day) i
Monthly | Maximum Minimum Monthly
Monthly means means | Monthly average | average
Jan 6.9 26 29.9 222
Feb 6.6 26 29.7 22.2 |
Mar 5.8 254 29.3 21.5
| Apr 4.9 23.8 28.1 19.4 |
May 4.1 21.8 26.6 16.8
Jun 3.8 19.6 248 14.5
| Jul 3.8 19.3 244 14.1 |
Aug 4.5 204 255 15.3
Sep 5 216 26.2 47
Oct 5.7 22.5 26.7 18.4
Nov 6 23.9 27.8 19.9
Dec 6.8 25.2 28.2 21.3
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Appendix 4: Site Acceptance Test (SAT)
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Site information

o Site name:

o Province:

a District:

gDate: .

Structural issues

O Orientation towards North 4-15°

o Tilt (15-35°)

1 No external shading on PV array
properly sccured to roof or ground

o Structurc and PV modules are

11 Holes in roof and walls are re

paired (water thigh)

01 Battery storage in vented battery encasing

Electrical issues, DC

o The polarities are correct
0 The system voltage are below maximum values
11 Diodes are installed correct
1 The overcharge protection is installed properly

u The cables are of the correct size

0 All cables are properly attached to walls and roof

u Al DC appliances are DC labelled

Functions

PV modules

(]
LA

String number

Solar Intensity
Measured

W/m?®

Open Circuit Volt-
age Measured

v

Short Circuit cur-
rent Measured

A

Shori Circuit Cur-
rent, Calculated*

A

‘ E=3 L] (3% -

* Short Circuit Current Calculated = Short Cirzuit Ciirrent Measured A Ann

CADocuments ang Sutlinusnn;lriol.\at:ana_FUNAE.UUmDeskmp'.E-D schoals

Solar nlensity Fiess, .

aid 50 Shinics fmal versionst Mech spec Edu ADICIONAIS Urafti50806 dog

COWL
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Battery

0 Atr temperature durin g lest (°C) :

Cell number Specific gravity

Cell Voltage
Vv

Specific gravity

A

Cell Voltage
Vv

-

Charge Controller

0 Array current present at the nput
0 Array voltage present at the input
0 Output voltage ok
o Ouiput current ok

Summary

0 Total power output (W) :
0 Actual solar intensity (W/m?):

Quality Assurance

U End-user Manual exists
o Technical Manual exists
o Local staff member traj ned

Comments:

Approval

0 Approved
1 Date
 Namc

0 Signature

CADocuments and Srzllmgs\un:iriomtsan:'i.FUNAF_OUNDus!ilup\.‘T

! schowls and 50 clinics fina! versionst el spec Edu ADICIONAIS dra MUS0Q00 o




