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How to deal with future challenges 
Introductory remark 

„Confidence is before you encompass the problem!“ 
Woddy Alan {American actor}  

2 December 2016 

Source: telegraph.co.uk 
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Introduction – targets and milestones for the German Energiewende 
(energy system transformation pathway)  



Energy Concept of the German government 
Central milestones and underlying sub-targets for Energiewende 
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§  Reduction of GHG emissions:  
 80-95% until 2050  

§  Renewable energy share of gross final energy 
consumption:  

 60% until 2050 
§  Share of electricity production from renewables:  

 80% until 2050 
§  Reduction of energy demand compared to 2008: 

 - Gross final energy consumption 50% until 2050 
 - Gross electricity demand 25% until 2050 

§  Nuclear power phase out 
 Shutdown of all nuclear power plants until 2022 
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IPCC 2007 
        -80% by 2050 

IPCC 2007 
     -95% by 2050 

             German government 2007/2009 
            Merkel/Gabriel: -40% to 2020 conditional) 

    Merkel/Röttgen: -40% to 2020  
  (without 
conditions) 
 

German government 1995 
Kohl/Töpfer: -25% bis 2005 

UN: Kyoto 1992 
EU: Manchester 1998 
             D: -21% by 2012 

Ø  Germany has already achieved significant results... 
Ø ... but there is still an long long way to go! 

Current emissions in 2015:  
908 Mio. t CO2eq  
(ca. -27 % compared to 1990) 

Achieving	
  the	
  goals	
  while	
  guaranteeing	
  compe44veness,	
  taking	
  social	
  concerns	
  and	
  system	
  
stability	
  into	
  considera4on	
  (sustainability	
  triangle	
  as	
  underlying	
  principle)	
  	
  

German energy 
concept – launched in 
2010 (adapted in 2011) 

Source:	
  BMWi	
  2011	
  



Background 
German energy and climate policy is embedded in a multi-level policy regime 

 
 
 

The Multi-Level Approach – from framework setting to practical 
implementation 

local and 
regional 

level 

national 
and state 

level 

confedera-
tion level 

(EU) 

supra-
national 

level 
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implementation framework	
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The different phases of a complex transformation process  
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1.3% 

Total 
100% 

Sector coupling 
(electrification) - supply 

structure completely based 
on RE – power to X as 

important enabling option 

15

Kriterien für die Standortwahl.
 Verfügbarkeit einer erneuerbaren Strom-

quelle (Menge und Angebotscharakteris-
tik). Zusätzlich wird auch das Stromnetz 
maximal entlastet, wenn die Elektroly- 
seure in der Nähe der erneuerbaren Strom- 
erzeuger stehen. Gleichwohl kann aus 
Gründen der Kostenoptimierung die Ins-
tallation größerer Elektrolyseure an zen-
tralen Stromnetzknoten sinnvoll sein.

 Absatz- und Vertriebsmöglichkeiten für 
Wasserstoff bzw. Methan 

 Wasserstoffaufnahmekapazität des Gas-
netzes bei direkter Einspeisung von H2. 
Für Elektrolyseure ist ein Standort mit 
einem ganzjährig kontinuierlich hohen 

e f f i z i e n z  e n t s c h e i d e t .

Gasdurchfluss im Erdgasnetz von Vorteil, 
da hier größere Mengen Wasserstoff  
eingespeist werden können.

 Für große Wasserelektrolyseure mit nach- 
geschalteter Methanisierung ist die räum- 
liche Nähe zu Gasspeichern ein wichtiger 
Standortfaktor, wenn die Transportkapa- 
zitäten nicht ausreichen.

 Für die Methanisierung ist eine Kohlen-
dioxidquelle notwendig. 

 Wirtschaftliche Absatzmöglichkeiten 
für die Nebenprodukte Wärme und  
Sauerstoff steigern zusätzlich den ener-
getischen Nutzungsgrad und die Wirt-
schaftlichkeit.

Standortwahl.

Die Standortwahl hat maßgeblichen Ein-
fluss auf die Kosten einer Power-to-Gas-
Anlage. Die Auswahl des Standorts richtet 
sich nach dem Geschäftsmodell der ge-
planten Anlage. Dabei muss sich die Wahl 
an den Gegebenheiten sowohl im Strom- 
als auch im Gasnetz orientieren. So ist 
zum Beispiel für die Methanisierung die 
räumliche Nähe zu einer Kohlendioxid-
quelle von Vorteil.

H2

H2

H2

CO2

CH4

CH4

H2

O2

CO2

Standortfaktoren Power to Gas

Power-to-Gas-Anlage

Industrieanlage / Raffinerie H2-Tankstelle

Strom aus  
erneuerbaren

Energien

Gasnetz

H2- und
Erdgasspeicher

Strom
Biogasanlage

Q
uelle: D

E
N

A 2013 

RE import - due to limited national 
potentials - import of RE electricity or 

RE based synthetic fuels 

System integration and 
continuing supporting market dy-

namic of RE and energy effi-
ciency as second strategic pillar 

The different phases of a complex transformation process  

Electricity 
25% 

2013 

Total 
11% 

Phase I Phase II Phase III Phase IV 

Market introduc-
tion and experi-

ence gaining 
Electricity 

30% 

2015 

Total 
13% 
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Phase 1: Market introduction 
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Phase 1: Market introduction of renewable energies 
Two different velocities: Renewable energy shares of final and primary 
energy demand and electricity in Germany (in %)   PART I :  RENEWABLE ENERGY IN GERMANY8
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Figure 4: Renewable energy shares of final and primary energy consumption in Germany  

in percent

1 calculation of the share of renewable energy in gross final energy consumption without using special calculation rules set out in EU Directive 2009/28/EC 
 See Annex, section 1 for details on how the share was calculated
2 declining share in primary energy consumption caused by a methodological change starting with the year 2012, previous years not yet revised

Sources: BMWi based on AGEE-Stat; ZSW; EEFA; AGEB [1], [2]; Eurostat [3] and other sources; see following figures
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Renewables surpass lignite 

In 2014, more than 161 billion kilowatt hours (2013:  
152 billion kilowatt hours) were generated from renewable 
energy sources, the first time that more electricity was  
generated from renewables than from lignite. With a share 
of 27.4 percent of Germany’s gross electricity consumption 
(2013: 25.2 percent), renewables have advanced to be the 
most important source of electricity in Germany. This 
marked another time that the renewables share of gross 
electricity consumption grew by more than two percentage 
points. This gain was driven not only by the growing 
amounts of electricity being generated from sunshine, 
wind and biomass, but also by the overall decline in  
electricity consumption.

Onshore wind energy

Wind energy further consolidated its position as the most 
important source of electricity among the renewable 
sources of energy in 2014. With 4,745 megawatts of new 
gross onshore capacity, the wind energy sector reported  
a record increase. However, some of these turbines were 

added in the course of repowering projects. Deducting  
the capacity of the old, replaced turbines produce a net 
increase of 4,360 megawatts of onshore capacity. This 
increased capacity, along with good wind conditions par-
ticularly toward the end of the year, also yielded a new 
record level for electricity generation: At 57.4 billion kilo-
watt hours (2013: 51.7 billion kilowatt hours), onshore and 
offshore wind energy alone accounts for 9.7 percent of 
total electricity consumption.

Offshore wind energy

The importance of offshore wind energy also increased  
significantly in 2014. New wind turbines with a capacity  
of 1,437 megawatts were installed, increasing total wind 
energy capacity in Germany’s North Sea and Baltic Sea  
to 2,340 megawatts at the end of 2014. Of this total,  
1,037 megawatts were already connected to the grid. The 
turbines that were not yet on the grid as of 31 December 
2014 by now have been successively connected. Offshore 
wind energy production climbed to more than 1.4 billion 
kilowatt hours 2014 (2013: 0.9 billion kilowatt hours).

Source:	
  Renewable	
  Energies	
  in	
  Numbers	
  2016	
  

2015 

> 30% 
Electricity 

Final and primary energy  
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Implementation of 
Renewable Energy Law 
(Feed in tariff system) 

 
Phase 1: Political Challenge – how to shape an appropriate policy regime  
Kick start of market deployment via providing attractive investment atmosphere 
and R&D support 

Success factors e.g.: 
-  Secure investment conditions 
-  Transparent tariffs 
-  Neutral access to grid  
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Phase 1: Market introduction of renewable energies 
Technology progress: continuously increase of average power of 
installed wind mills in Germany 

22.11.16 17:26PDF.js viewer

Seite 5 von 7http://docplayer.org/docview/27/12342470/#file=/storage/27/12342470/12342470.pdf

Source:	
  Liersch	
  2011	
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...target level: 
§    100% RE-target in the electricity sector 
§     RE-target in the heating sector 
§     Commitment to the objectives and  
§     setting intermediate targets 

...operational level: 
§  Concept of measures 
§  Working on a potential study 
§  Advisory services 
§  Construction of renewable energy plants 

...state level: 
§  RE-share in electricity demand 
§  RE-share in heat demand  
§  Installed capacity photovoltaic and 

solar thermal energy per capita 

Selected criteria at the... 

Energiewende is triggered and backed by regions - more than one hundred 100% 
renewable energy communities have been already established covering 1/6 of 
German population 

12 

Phase 1: Energiewende and renewable energy deployment is not only driven by 
top down policies but based on manifold local and regional initiatives  
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Phase 2: System integration 



Phase 2: Technological Challenge – system integration of renewable energies 
Large annual variations in production and load combinations 

December 2016 14 6

Der Stromsektor 2015 auf einen Blick

Nettostromerzeugung und -nachfrage im ersten und zweiten Quartal 2015

Agora Energiewende 2015

Photovoltaik konventionellWasserkraft WindkraftBiomasse Stromnachfrage
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Der Stromsektor 2015 auf einen Blick

Nettostromerzeugung und -nachfrage im dritten und vierten Quartal 2015

Agora Energiewende 2015

Photovoltaik konventionellWasserkraft WIndkraftBiomasse Stromnachfrage
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Phase 2: Technological Challenge – system integration of renewable energies 
Large annual variations in production and load combinations – learn to deal with 
exremes 

Source: Agora Energiewende 2015 December 2016 15 

Agora Energiewende | Die Energiewende im Stromsektor: Stand der Dinge  2015
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23. August 2015:    Maximale Erzeugung von Strom aus 
 Erneuerbaren Energien 

Am 23. August 2015 erreichte die Erzeugung von Strom aus 
Erneuerbaren Energien um 13 Uhr ein Allzeithoch: 50,8 Gi-
gawatt und damit gut 83 Prozent des Stromverbrauchs 
stammten an diesem Dienstag vor allem aus Windkraft- 
(18,9 Gigawatt) und Photovoltaikanlagen (25,1 Gigawatt). 
Gleichwohl lag der Exportsaldo zu dieser Zeit mit 16,9 Giga-
watt recht hoch. Die Preise an der Strombörse notierten mit 
10,04 Euro pro Megawattstunde positiv. 

3. November 2015:     Minimale Erzeugung von Strom aus 
Erneuerbaren Energien

Um 17 Uhr erreichte die Stromerzeugung aus Erneuerbaren 
Energien am 3. November 2015 ihr Minimum für 2015 mit 
einer Gesamtleistung von 7,3 Gigawatt. Der Erneuerbaren-
Anteil zu dieser Zeit lag bei weniger als zehn Prozent, da die 
Windstromproduktion auf das sehr niedrige Niveau von 
0,5 Gigawatt fiel. Am selben Tag um 14 Uhr wurde auch das 
geringste Niveau der Windstromeinspeisung mit 0,2 Giga-
watt gemessen.

Maximaler Erneuerbaren-Anteil von 
83,2 Prozent am 23. August 2015 um 13 Uhr Abbildung 31
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Minimale Erzeugung von Strom aus Erneuerbaren 
Energien am 3. November um 17 Uhr Abbildung 32
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Phase 2: Technological Challenge - system integration of renewable energies 
So far system and grid stability and reliability could be secured - System Average 
Interruption Duration (SAID) Index is even shrinking 

December 2016 16 

© Fraunhofer ISE  

7 

Grid stability with growing amounts of fluctuating RE: 
Grid in Germany today more stable than in 2006! 

Source: BMWi 2015 

1„System Average Interruption Duration Index“ (SAIDI) describes the cumulative  annual average blackout time for customers 
(for periods longer than three minutes). Currently system stability level in comparison to other countries is extremely high.  

System Average Interruption Duration Index1 

Share of renewable energies in electricity mix 
 
 
 
 
 



Phase 2: Technological Challenge – system integration of renewable energies 
Grid extension is necessary – but compensating measures can decrease 
although not fully replace expansion needs 

The expansion of RE sources requires grid 
reinforcement and extension – due to 
acceptance problems demand should be 
limted by compensation options: 
 
§  Broader distribution of RE-production (north/

south) 
§  Underground cables 
§  Curtailment of EE-electricity 

§  Overhead line monitoring 
§  High temperature conductors 
§  HVDC-Overlaynet 
§  Re-Dispatch 
§  Load management 

§  (Seasonal) energy storage 
§  Use of other transport infrastructrues (H2/CH4-

natural gas network) 
...nonetheless remaining need for new grid 
capacities 

 

 Abbildung 3: Stand des Ausbaus von Energieleitungen nach dem Energieleitungsausbaugesetz (EnLAG) 

Quelle: Bundesnetzagentur
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Phase 2: Start to think in broader systems (provide system solutions)  
Smart combination of renewable energies and energy efficiency measures (e.g. 
virtual power plants, smart homes) – make use of smart ICT options 

Quelle:	
  Hao	
  Bai	
  et	
  al	
  2016	
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Phase 3: Sector coupling (electrification) 
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Phase 3: Application of electricity becomes more and more important 
Sector coupling as a main strategy element for more ambitious GHG mitigation 
results in end-use sectors 
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Significant	
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  in	
  number	
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  vehicles,	
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In-depth analysis of key strategies

41   Pathways to deep decarbonization in Germany � 2015 report 

buffer capacities for electricity to keep the grid 
stable. This is where a combination of electrici-
ty production from renewable sources and new 
electric drive trains for road vehicles might be 
able to achieve multiple benefits in both sectors. 
Cross-sector systemic effects are vital here. While 
the electric drive train can be the common denom-
inator of such propulsion systems, it makes sense 
to be active in both battery electric and hydrogen 
fuel cell concepts and to bring both to the market.
Figure 20 shows the number of electric passenger 
vehicles in use in Germany in 2010 and in the 
coming decades according to two of the ana-
lyzed scenarios.19 Electric cars here include not 
only battery electric vehicles but also plug-in 
hybrid vehicles and hydrogen-powered fuel cell 
vehicles. While negligible in 2010, the scenarios 
expect the number of electric cars to reach 6 
million to 10 million by 2030, reaching or ex-
ceeding the government’s current target of 6 
million electric vehicles by 2030. By 2050, this 

number increases in the two scenarios to about 
22 million and 30 million, respectively, and in 
the same year the share of electric passenger 
vehicles in total passenger vehicles reaches 53% 
and 80%, respectively.
Given Germany’s current role in car production 
and use it has the potential to be a forerunner 
in the introduction of such carbon-neutral pro-
pulsion systems. However, other regions like Cal-
ifornia appear to be more conducive to such a 
development given the success of Tesla Motors, 
for example. California’s strict emission targets 
and probably some pioneer spirit on the demand 
side create an economically viable market niche. 
Even though there is no need for imitating reg-
ulations and attitudes that foster the Califor-
nian market, there needs to be a framework that 
sufficiently promotes the introduction of new 
carbon-neutral propulsion systems. Ambitious 
EU fleet fuel-economy standards would be con-
ducive in this regard. 
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Figure 20: Number of electric passenger vehicles in stock (including hydrogen-fueled vehicles, left axis)
and their share in total passenger vehicles (in %, right axis) 

Sources: Own figure 
based on Schlesinger et al. 2014,
Repenning et al. 2014, NPE 2014

19 The third scenario analyzed (the “Renewable Electrification Scenario”) does not provide information about the 
number of electric passenger vehicles.

Phase 3: Application of electricity becomes more and more important 
Central results of a meta scenario analysis  
Development of number of electric vehicles in Germany 

December 2016 



22 

!

Increase	
  of	
  electricity	
  
demand	
  through	
  
Power	
  to	
  X	
  

Source: WI 2015 

Phase 3: Application of electricity becomes more and more important 
Central results of a meta scenario analysis  
Development of electricity supply in TWh compared to 2014 supply mix 
IllustraLve	
  GHG	
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  (parLcularly	
  electricity	
  generaLon)	
  –	
  electricity	
  system	
  partly	
  
contributes	
  to	
  decarbonizaLon	
  of	
  end-­‐use	
  sectors	
  via	
  hydrogen	
  producLon	
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Deep decarbonization pathways for Germany – A comparison of three illustrative scenarios

Pathways to deep decarbonization in Germany � 2015 report  26

reaching 16 TWh by 2050, but are substantial in 
the “90% GHG Reduction Scenario” (74 TWh in 
2050) and especially in the “Renewable Electri-
fication Scenario” (146 TWh in 2050). In these 
two scenarios it is assumed that Germany will be 

able to cost-effectively import renewable-based 
electricity from European as well as North African 
countries. While none of the three analyzed sce-
nario studies discusses in detail the exact sources 
of the electricity imports, other studies assume 
that electricity will be imported mainly from off-
shore wind power located in both Northern Eu-
rope and North Africa and from solar PV and solar 
thermal power plants located in North Africa. 
Even if it is assumed that the imported elec-
tricity will be available to Germany any time 
it is needed, the high reliance on wind power 
and solar PV in domestic electricity generation 
in the scenarios by 2050 leads to high shares 
of fluctuating renewable energy sources. While 
onshore wind, offshore wind, and solar PV made 
up 16% of Germany’s electricity supply in 2014, 
this share grows to between 60% (“Renewable 
Electrification Scenario”) and 73% (“90% GHG 
Reduction Scenario”) by 2050 in the three sce-
narios.10 As Figure 7 shows, the scenarios expect 
that by 2030, about 50% of Germany’s electric-
ity supply will be based on wind and solar PV. 
Section 4.2 will discuss the challenges associated 
with very high shares of fluctuating renewable 
energy sources in the electricity supply and will 
highlight the measures that can be taken to help 
maintain a stable electricity supply. 

3.4.4 Primary energy demand and 
supply 

Primary energy demand is reduced considerably 
in all three analyzed scenarios (see Figure 8). 
Compared with primary energy demand in 2010, 
demand is reduced by between 44% (“Renew-
able Electrification Scenario”) and 54% (“90% 
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Figure 7: Share of fluctuating sources (defined as domestic solar PV, 
onshore and offshore wind) in total electricity supply (in %) 
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Underlying primary energy data for the 90% GHG Reduction Scenario includes only energetic 
primary energy, while the data for the other two scenarios refer to total primary energy.

Scenarios

10 It should be noted that these shares were calculated 
based on primary electricity generation, which does 
not include secondary generation, e.g. electricity 
generation from pumped hydro storage plants or 
from electrolysis-based hydrogen. Including these 
adjustable sources would slightly reduce the share of 
intermittent sources in the total electricity supply.

Source: WI 2015 

Phase 3: For Germany wind and solar based electricity generation play major role  
Share of variable electricity generation  

IllustraLve	
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  miLgaLon	
  scenarios	
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  growing	
  share	
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  fluctuaLng	
  sources	
  in	
  
electricity	
  mix	
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the residual load – provison of appropriate market incentives crucial 
Range of flexibility options reduces storage requirements Abschlussbericht Vorprojekt : Strom zu Gas und Wärme -                                                          
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Abbildung 27: Schematische Darstellung des Gesamtenergiesystems inklusive aller relevanten 
Technologieklassen für die im Folgenden diskutierten Flexibilisierungsoptionen. 

Kapitel 9 stellt im Folgenden fünf beispielhafte technische Systempfade vor, die eine 
mögliche Einbettung von PtX Technologien ins Energiesystem darstellen. Die Auswahl dieser 
Pfade bietet unterschiedliche Schwerpunktsetzungen und zeigt, dass PtX-Technologien 
unterschiedlichste Versorgungsaufgaben erfüllen können. Die Bandbreite erstreckt sich über 
den Mobilitätssektor, die Netzdienstleistung (Lastmanagement), die Wärmebereitstellung 
(Power-to-Heat), die Einbettung erneuerbarer Energie in der Chemie-Industrie und die 
dezentrale Strom- und Wärmeerzeugung durch Kraft-Wärme-Kopplung.  

In den skizzierten Systempfaden leistet PtX eine Energiespeicher- oder 
Energieumverteilungsfunktion und beschreibt somit mögliche Wege der Integration großer 
Mengen erneuerbarer Energie in das bestehende Energiesystem.  

Alle im Folgenden analysierten Systempfade haben das Potenzial, durch intelligente 
Flexibilisierung des Energiesystems eine höhere Ausnutzung der EE-Anlagen zu erzielen. 
Bessere Anlagenausnutzungsgrade versprechen erhöhte Wirtschaftlichkeit, stärkere 
Durchdringung erneuerbarer Energien in den Markt und somit einen wesentlichen Beitrag 
zur Erreichung der oben genannten politischen Ziele. 

Um eine Diskussion und Beurteilung der Systempfade unter Berücksichtigung möglichst 
vieler Sichtweisen und Aspekte zu ermöglichen, wird zu jedem Systempfad eine SWOT-

Flexibility	
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  power	
  plants	
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  cogeneraLon	
  units	
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  2015	
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 Flexibilisierung durch Strom zu Wärme 9.2.

 Vorstellung des Systempfades 9.2.1

Die Umwandlung von Strom zu Wärme ist vor dem Hintergrund unterschiedlicher 

Versorgungsaufgaben zu sehen. Die zunehmende Stromproduktion auf Basis fluktuierender 

erneuerbarer Energien stellt thermische Kraftwerke vor steigende Flexibilitäts-

Anforderungen. Dies stellt insbesondere für große KWK-Anlagen eine besondere 

Herausforderung dar, da sie in einem bestimmten Verhältnis Wärme und Strom produzieren. 

Die Einbindung von Wärmespeichern in Fern- und Nahwärmesystemen ermöglicht eine 

zeitliche Entkopplung von der Wärmenachfrage und erhöht somit eine flexiblere Fahrweise 

von KWK-Anlagen. Es besteht die Möglichkeit, KWK-Anlagen stromgeführt oder 

wärmegeführt zu fahren und mit schnell realisierbarer Teillastschaltung oder Abschaltung 

den dynamischen Marktbedingungen zu folgen. Aufgrund des stärker ansteigenden Anteils 

volatiler Stromerzeugung ist davon auszugehen, dass die Häufigkeit der Situationen, in 

denen die Stromerzeugung die Nachfrage übersteigt, deutlich zunehmen wird. Es besteht 

also ein Bedarf für temporär zuschaltbare Lasten, andernfalls müsste die regenerative 

Erzeugung zunehmend abgeregelt werden. 

 

 

Abbildung 31: Systempfad - Flexibilisierung durch Strom zu Wärme 

 

Als Alternative zur Abregelung werden derzeit technische Möglichkeiten analysiert, 

überschüssige Strommengen zu nutzen bzw. sogenannte negative Residuallast anzubieten. 

Eine Möglichkeit besteht darin, die Stromüberschüsse in Wärme umzuwandeln und für die 

Wärmeversorgung zu nutzen (Power-to-Heat, PtH). Hierdurch könnte zusätzlich ein Beitrag 
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 Flexibilisierung durch Lastverschiebung 9.3.

 Vorstellung des Systempfades 9.3.1

 

 

Abbildung 32: Systempfad ʹ Flexibilisierung durch Lastverschiebung 

 

Der Begriff Lastintegration (DSI - Demand Side Integration) wird gemäß IEA und VDE als 

Überbegriff für Lastmanagement (DSM - Demand Side Management) und Demand Side 

Response (DSR) definiert. Demand Side Management umfasst die direkte Beeinflussung des 

Energieverbrauchs auf Verbraucherseite. Gründe dafür können technischer, kommerzieller 

oder ökologischer Natur sein. Demand Side Response umfasst die Reaktion des Verbrauches 

auf ein Anreizsignal, welches meist monetärer Art ist, z.B. ein zeitabhängiger Stromtarif 

[94][95]. Lastintegration stellt eine effiziente Option dar, Flexibilität bereitzustellen.  

Man unterscheidet zwischen abschaltbaren Lasten, zuschaltbaren Lasten und 

verschiebbaren Lasten. Die Elektrizitätsnachfrage kann so in Zeiten mit hohen Strompreisen 

reduziert und bei niedrigen Strompreisen erhöht werden. Damit kann Lastintegration sowohl 

positive als auch negative Flexibilität bereitstellen. Verschiebbare Lasten haben als 

Flexibilitätsoption dieselben positiven Effekte wie die Energiespeicher und können deshalb 

als funktionales Äquivalent zu Speichern betrachtet werden. Da aber bei der Verschiebung 

der Nachfrage keine Energieumwandlung stattfindet, wie z.B. bei Pumpspeicherkraftwerken 

die Umwandlung in mechanische bzw. potenzielle Energie, und somit keine oder nur geringe 

Energieverluste auftreten, ist diese Flexibilitätsoption technisch deutlich effizienter. 

Potenzial bieten vor allem Anwendungen mit großer Leistungsaufnahme und unterbrech- 

oder verschiebbarem Leistungseinsatz (shedding and shifting). Für Teile des Industriesektors 
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Phase 3: Phase relevant for step by step market introduction of PtX-products - 
synthetic gases, fuels and feedstocks based on RE electricity 
Basic principles of Power to X (various opportunities) 

X = Heat, Hydrogen, synthetic natural gas and fuels, feedstocks for chemical industry 
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63

Climate Change Germany in 2050 – a greenhouse gas-neutral country

The renewably derived methane produced in this way is almost e[actly the same Tuality as fossil gas./ 
The e[isting natural gas grid infrastructure could be used without restriction. There is no need to ad-
apt the system or to increase safety provisions.

Figure B-11: Diagram showing the methanation process and its integration into the energy  
system57
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CO� needs to be available for methanation at the site of the electrolysis plant. In a sustainable energy 
system, this CO� should come from a renewable source, e.g. from biogas plants, thermochemical gasi-
fication plants, sewage treatment plants or breweries.

In general, it is possible to link biogas plants and methanation plants. The biogas is removed from 
the fermenter and the CO� fraction is reacted with hydrogen in the presence of a catalyst to produce 
methane, as described above. This increases the CH� content of the gas to the same level as natural 
gas (!���). The feed-in gas can be stored and used in the natural gas network in the same way as re-
newably sourced methane.

The methane stored in the network could then be converted back into electricity as reTuired, used 
as fuel, for heat generation or supplied to the chemical industry (as the basis for organic chemistry). 
Renewably sourced methane is a full substitute for fossil-based natural gas, which means that it can 
be used with all application technologies (gas turbines, burners, boilers, vehicle technology) without 
restriction. There is a need for further research and development here, particularly in the area of pro-
duction technology.

/ Fossil gas contains other hydrocarbon compounds besides methane.
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Phase 3: Long-term storage needed if share of renewable energies exceeds 65%  
Regarding the time axis that corresponds with the time frame where storable PtX-
products are necessary to start full decarbonisation of end-use sectors  

Due	
  to	
  a	
  broad	
  spectrum	
  of	
  flexibility	
  opLons	
  large-­‐scale	
  (energy)	
  storage	
  is	
  inevitable	
  only	
  
above	
  a	
  specific	
  share	
  of	
  renewable	
  energies	
  in	
  the	
  system	
  

In-depth analysis of key strategies

37   Pathways to deep decarbonization in Germany � 2015 report 

utilities of the cities of Lemgo and Nürnberg, for 
example, have installed electric boilers in 2012 
and 2014, respectively, to support district heating 
generation. The boilers are run at times when high 
electricity generation from renewables (especially 
in combination with low electricity demand) leads 
to low power prices (Agora Energiewende 2014a, 
N-ERGIE 2015, Stadtwerke Lemgo 2012). 
In the long term, a higher share of renewables 
will only be feasible if the energy system is re-
organized (see Table 1 on the characteristics of 
transformation Phase 2). To this end, flexibility 
needs to be promoted to compensate for greater 
fluctuation (compare Figure 17): 

 y The grid needs to be expanded in order to bal-
ance the differing local occurrence of renewable 
energy in-between the regions and to transfer 
electricity to the places where it is needed.

 y Flexible conventional power plants can be op-
erated according to the deficits that remain 
between the load and the electricity produc-
tion from renewables and hence facilitate the 
integration of electricity from renewable en-
ergy sources.

 y The renewables need to provide flexibility, 
too: In future system configurations of a de-
carbonized electricity system, they will need 
to provide control power in order to maintain 
system stability. 

 y Demand can also play a part in the transforma-
tion process: The lower the electricity demand, 
the easier it can be met. 

 y Besides reducing the demand, it is also possible 
to shift part of this demand to times of high 
renewable production. This measure is called 
demand-side management (DSM). 

 y An additional balancing option of great impor-
tance is to store electricity in times of produc-
tion surpluses and to use it in times of deficits.

With growing shares of renewables in electricity 
supply, energy and electricity markets will need 
to be designed in a way to incentivize the use of 
the various flexibility options. At the same time, 

the market design should encourage competition 
among these options so as to ensure that the 
least costly options are utilized first.
There are diverse challenges to implement-
ing these flexibility options: First, they are in 
most cases more costly than today’s practice 
of providing flexibility via conventional power 
plants. Moreover, transformation is complicat-
ed by the inertia of the system. For example, 
electricity grid extension in Germany during the 
past few years has progressed more slowly than 
was originally envisioned, partly because of lo-
cal opposition against new transmission lines. 
More generally, it needs to be taken into account 
that the electricity system is highly complex and 
that any changes are likely to influence different 
components of the system. System changes thus 
require careful implementation. 
In the following we will discuss the use of stor-
age technologies in more detail to indicate the 
complexity of the transformation of the electricity 
system. Figure 18 shows schematically the devel-
opment of storage demand as the share of fluctu-
ating renewable electricity increases. 

Figure 18: Share of renewable electricity generation and resulting storage demand. 

Source: Own figure based on Adamek et al. 2012, EFZN 2013, Agora Energiewende 2014 b.
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Phase 4: RE-Import or import of PtX-products 



Phase 4: Full decarbonisation of end-use sectors through use of PtX options? 
Supply structures must be fully based on renewable energy based electricity 

28 

RES-power as core primary supply  

Final energy from direct power, 
methane and fuels 1/3 each 

High losses due to 
conversion of electricity 
into 1) hydrogen and 2) 
methane or fuels 

Source: UBA 2015 December 2016 
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Dabei treten verhältnismäßig große Umwandlungs- und Speicherverluste auf. In 
Anlehnung an [UBA10] werden diese mit 20 % des ursprünglichen Strombedarfs 
abgeschätzt. 

Tabelle 10 und Bild 13 zeigen dabei den nötigen Strombedarf, wenn keinerlei Effizienz-
maßnahmen umgesetzt werden. Der Wärmebedarf wird dabei im Wesentlichen durch 
Gas gedeckt, das über Power-to-Gas-Anlagen auf Basis von Strom gewonnen wird. Im 
Verkehrsbereich werden fossile Treibstoffe weitgehend durch Treibstoffe ersetzt, die 
ebenfalls aus Strom erzeugt werden. 

Tabelle 10 Entwicklung des Strombedarfs für eine klimaneutrale Energieversorgung ohne Effizienz-
maßnahmen 

Sektoren ohne Effizienzmaßnahmen TWh Anteil 

Stromverbrauch ohne weitere Sektorkopplung 600 19,2 % 

Raumwärme und Warmwasser 770 24,7 % 

Industrieprozesswärme von Industrie und GHD 530 17,0 % 

Verkehr 700 22,4 % 

Speicher- und Übertragungsverluste im Stromsektor 520 16,7 % 

Summe 3120 100 % 

 

Bild 13 Entwicklung des Strombedarfs für eine klimaneutrale Energieversorgung ohne Effizienz-
maßnahmen 

Damit ergibt sich für das Szenario ohne Effizienzmaßnahmen ein Strombedarf 
von über 3000 TWh. Das bedeutet, dass sich der Strombedarf in Deutschland durch 
die Sektorkopplung mehr als verfünffachen würde. Diesen Bedarf durch erneuerbare 
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Phase 4: Full decarbonisation of end-use sectors through use of PtX options?
Supply structures must be fully based on renewable energy based electricity 
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Full	
  decarbonisaLon	
  would	
  lead	
  to	
  an	
  extremely	
  high	
  electricity	
  demand	
  –	
  without	
  energy	
  
efficiency	
  offensive	
  3,000	
  TWh	
  might	
  be	
  needed	
  (cf.	
  circa	
  600	
  TWh	
  in	
  2015)	
  	
  	
  

Source: Quaschning 2016 
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Phase 4: Full decarbonisation of end-use sectors through use of PtX options?  
Supply structures must be fully based on renewable energy based electricity 
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Full	
  decarbonisaLon	
  would	
  lead	
  to	
  an	
  extremely	
  high	
  electricity	
  demand	
  –	
  without	
  energy	
  
efficiency	
  offensive	
  3,000	
  TWh	
  might	
  be	
  needed	
  (cf.	
  circa	
  600	
  TWh	
  in	
  2015)	
  	
  	
  

Source: Quaschning 2016 

E
le

ct
ric

ity
 d

em
an

d 

December 2016 

Due to limited national potentials 
import of electricity from RE or 

directly PtX-products (fuels, gas, 
feedstocks) needed in addition 
to energy efficiency offensive 
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Phase 1 „Market 
Introduction“ 

n  Development and 
introduction of basic 
technologies (resp. 
adapted options) 

n  Trigger significant 
cost reductions 
based on learning 
curves 

n  Deployment asso-
ciated without signi-
ficant implications on 
the system structure 

CO2-reduction  
∼ 0-20% 

Phase 2 „System 
integration“ 

n  Identification and 
management of 
system integration 
needs  

n  Demand Side 
Management 

n  Continued public 
support of market 
deployment 

n  System solutions (RE 
and efficiency) 
Regional economic 
impact (added value) 

CO2-reduction  
∼ 20-50% 

Phase 3 „Sector coup-
ling (electrification)“ 

Phase 4  
„RE-Import“ 

CO2-reduction  
∼ 50-75% 

CO2-reduction  
∼ 75-100 % 

n  Management of 
increasing negative 
residual load 
situations 

n  Use of full portfolio of 
flexibility options 
needed 

n  Generation of 
electricity based 
fuels and gases/
chemical feedstocks 
(sector coupling) 

n Complete 
displacement of 
fossil resources in 
all sectors (incl. 
end-use sectors) 

n  Import of renewable 
energy based elec-
tricity or electricity 
products (fuels, 
gas, chemical 
feedstocks- e.g. 
from MENA) 

n  In parallel: continuously increase of energy efficiency in all areas, e.g. 
Ø  Improvement of insulation in building stock 
Ø Reduction of electricity demand in traditional fields of application 

(e.g. lighting, pumping, traction) 
n   Continuously extension of share of electricity in final energy mix (electrification) 

The different phases of a complex transition process in summary  
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Outlook - the different phases for Tunisia: where does the country stay 
and where to go 
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The different phases of a complex transformation process (Tunisia)  
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Infrastructure dimension 

Market  and regulatory dimension 

Social dimension 

Demand side dimension 

Supply side dimension 

The different phases of a complex transition process (Tunisia) 
It is more than a pure technological challenge of electricity generation – 
different dimension have to be considered  



The different phases for Tunisia: where does the country stay and where to go 

Where is the country in the phase model located and where the country 
should be prepared for? 

 

•  Tunisia is still at the beginning of building up a renewable energy system: 
phase1 

•  To leapfrog the transition to phase 2 preparatory steps should be done and 
are possible 

•  In addition potential anchor points for a phase 3 and 4 should be considered 
early and first concepts should be discussed (e.g. in terms of export 
opportunities for PtX-products (fuels, feedstocks) 

December 2016 36 

If smart and stable policy 
conditions are provided a 
significantly faster progress is 
possible – leapfrogging to phase 2 



The different phases for Tunisia: where does the country stay and where to go   I 

Where is the country in the phase model located and what should be done in 
the current situation? 

•  Tunisia is still at the beginning of building up a renewable energy system: phase1 

Ø  Stable market conditions (attractive investment conditions) crucial: set the right 
political framework for small and large-scale applications/projects 

Ø  Gain experience at national and international level (including success factors 
for certain policy instruments, e.g. tendering models) and pick up lessons 
learned  

Ø  Conduct accompanying research for small and large scale projects 

-  Socio-economic impacts (cf. Social CSP project for CSP plant Quarzazate 
(Morocco)) 

-  Employment and market options along the value chain 

Ø  Secure sufficient options for stakeholder to participate in market deployment 
(e.g. attractive conditions for small scale applications, access to grid without 
discrimination) – public acceptance 
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The different phases for Tunisia: where does the country stay and where to go   II 

Where is the country in the phase model located and what should be done in 
the current situation? 

•  Tunisia is still at the beginning of building up a renewable energy system: phase1 

Ø  …. 

Ø  Provide opportunities for new market options (e.g. private-to-private sale of 
electricity from renewable resources)  

Ø  Motivate energy utilities to provide specific services around renewable energies 

-  One shop packages for home owners to facilitate installation and operation 

-  Identification of appropriate system solutions according to the specific 
conditions in the country (including: electricity, heating/cooling, e-mobility, 
ICT/communication: smart home, smart districts 

-  System solutions have to be based on solid needs assessment (make use of 
co-creation mechanism like living laboratories) 

Ø  …. 
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The different phases for Tunisia: where does the country stay and where to go 

Where the country should be prepared for and should take first actions? 
•  To leapfrog the transition to phase 2 preparatory steps should be done and are 

possible 

Ø  Define clear mid- and long-term target (currently: 30% RE-share by 2030): 
ambitious but realistic goals 

Ø  Synchronize targets with broader policy perspective (particularly SDGs, NDC and 
long-term pathway development under Paris Agreement, energy-water nexus)    

Ø  Define associated infrastructure requirements, identify appropriate options, 
prepare implementation plan and start step by step realisation  

-  Grid extension (including international cooperation/networks) 

-  Flexibility options (e.g. DSM, storage systems) 

Ø  Set a stronger focus on energy efficiency as efficiency gains facilitate 
achievement of RE targets significantly  

Ø  Monitor real development and adapt targets and necessary accompanying 
measures accordingly 
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Thank you very much 
for your attention 

Contact: manfred.fischedick@wupperinst.org  
(0202-2492-121) 
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