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Global pathway to zero emissions: Efficiency + Renewables
Comparison: IEA Current Policy (CP) vs. Energy (r)evolution (E(R))

Source: DLR 2015
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Efficiency first: Reduce losses of the global energy system!
Energy efficiency revolution (= end use + decentralized 
power) needed
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US: Cost of utility efficiency programs (average: 2.8 cents per kWh)
A factor of 50-75% less than levelized cost of new electricity 
resource options

Source: ACEE 2014. Energy efficiency portfolio data from Molina 2014; all other data from Lazard 2013.
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The high-end range of coal includes 90% carbon capture and compression. PV stands for photovoltaics. IGCC stand for
integrated gesification combined cycle, a technology that converts coal into a synthesis gas and produces steam.



Forecasted cost degression of new PV power
- in North America, Australia, India and Mena region (in cts/kWh)

Source: Agora, Current and Future Cost of PV, 2015.
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Breaking news: “Today, wind power costs only 3 cts/kWh” (Siemens)



Current costs of PV and wind in Europe
Compared with levelized costs of nuclear (UK) and 
gas/coal (incl. CCS)

Sorce: Agora/Prognos 2016.
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The missing link:
“Act locally to change globally”
Opportunities and challenges of the German Energiewende
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“Revolutionary Targets” (Chancellor Merkel)
Energy Concept, Federal German Government, 
28. September 2010
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Research consensus: “Energiewende” is technically feasible
Decoupling GDP from quality of life plus ecological 
modernization in Germany

Source: Particular scenario studies and AG Energiebilanzen 2015.
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Green electricity:
How much, how quick, how 
competitive?
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Typical scenarios of future German electricity production
Many options, but uncertainty on final electricity demand and 
energy mix in 2050

Source: B. Lunz et al. 2016.
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The future heat market  interlinked with the power market
85% CO2-Reduction Scenario
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>80% 
heat 
pumps



Feed-in law opens the markets for German green electricity 
Steep learning curves and cost degression for wind and PV 
power
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2015: Wind  ca. 42 GW and PV  ca. 40 GW; total share REN: 38% 



State of the affairs and C02-
turnaround
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• Costs: How much, how long, for whom?
• Security of power supply vs. system integration of intermittent power?
• When phasing out coal, how much increase and  incentives for REN? 
• Focus on power: system transformation of heat and transport sector? 
• Supply side biased; how to foster energy (resource) efficiency?
• Decentralized („smart grids“) vs. centralized power („Coal“)? 
• Citizens participation and democratization?
• Lifestyle changes: sustainable consumption and production?
• Political Leadership: Management and responsibilities?

Controversial topics of the Energiewende
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Decrease of Energy Stock Exchange Prices: Avantage
for industry due to learning effects/EEG
power intensive industry profits by direct purchase
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Trading price of electricity in the spot market and futures trading in Euro/MWh



Gross electricity generation and residual load in Germany
One typical week in April 2022 with 50% renewables:
Forget base load – raise flexibility for security of supply! 

Source: Agora 2016
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Connecting wind (north) and PV (south) by transmission lines
one cost-effective way to raise security of power supply

Source: Fraunhofer ISE 2015; Samadi 2016.
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Monthly power production from PV and Wind in Germany (2012 and 2013)



Major flexibility options on the transition timeline to 2050
Enough potential to manage fluctuating power (PV, Wind)

Source: Henning 2016.
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Macroeconomic benefits
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Projections of the differential costs of the“Energiewende”
All sectors; according to German “Lead Scenario 2011”

Source: BMU 2012.
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Additional investments in climate and resource protection –
A core strategy to raise the investment and innovation rate 

Source: C. Jäger, PIK, 2009. 

19.09.2016 Prof. Dr. Peter Hennicke 25

International comparison of gross investment rates (1970-2006)



Highest priority for energy efficiency –
makes the transition to sustainable 
energy quicker and cheaper
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The economics of “Negawatts” compared to “Megawatts”
140 TWh can be saved with a profit – when barriers are removed!

Source: Wuppertal Institute 2006
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Example for Germany



State of the art: Buildings used as power plants
“Plus-Energy-Houses” in Freiburg/Germany: supply 
more energy than they use!

19.09.2016 Prof. Dr. Peter Hennicke 28



Subsidies for retrofitting the building stock needed!
- economic multiplier and self-financing effects arepromising!
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National Agency for Energy Efficiency + Savings Fund
A proposal for a new “policentric governance” of  
energy efficiency policies 
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Decentralization: 
The role of cities, municipalities, 
cooperatives, citizen financing, …
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Ownership of installed renewable power capacities 
in Germany 2010

Source: Greenpeace International 2013.
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The split of E.ON: “A matter of survival”
FR 12.03.2015: “Tottering giants. Billions of losses for 
RWE and E.ON”!
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Is efficient sufficient? 
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Increase in GDP has decoupled from life satisfaction
GDP/capita in life satisfaction in Germany 1958 until 2009

Source: Denkwerk Zukunft 2010.

19.09.2016 Prof. Dr. Peter Hennicke 36

 real GDP/cap

 share of satisfied
population



System adjustments
• Direct:

• Binding energy saving targets (EU 2011/2012)
• Energy efficiency obligations for utilities (EU ESD 2012)
• Reduction of subsidies and internalizing ext. cost of fossil fuels/nuclear
• Caps, e.g. dynamic standards for fleet consumption of cars (EU)
• Bonus/Malus regulations e.g. for cars (“feebates”)
• More ambitious targets for EU ETS
• Progressive standards (e.g. ICT)
• Ecotax

• Indirect:
• Structural change to less resource intensive sectors (i.e. services)
• Promotion of renewable energy in coordination with energy efficiency
• “ProgRess” (German Program Resource Efficiency)

Behavioral change
• Sustainable consumption, promotion of common goods, education, …
• Reducing societal disparities (e.g. income, wealth, access), …

A strong plea to combine efficiency and sufficiency policies 
– to reduce rebound effects and encourage lifestyle changes!
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„The older I get the more I like regulation“
Eoin Lees, Former Head of Energy Savings Trust/UK



Outlook:
Strengthen international cooperation 
on the energy transition
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Structure of the  Energy Transition Council (GJETC)
First meeting in Tokyo 28./29. September 2016
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Japan
Government 
/ multilevel

Private 
sector / 
Industry

Civil 
Society/NG
Os

Media/Print, 
Internet

Enabling international knowledge exchange 
and mutual learning
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Germany
Government 

/ multilevel

Private 
sector / 
Industry

Civil 
Society/NGO

s

Media/Print, 
InternetFostering the Energy Transition 

to a low-carbon and risk minimizing energy system

• Reinforcing existing bilateral cooperation
• Research driven initiative
• 18 renowned scientists
• Scientific secretariats (IEEJ, WI)
• Independent knowledge generation and

dissemination
• Long term strategies (scenarios)
• Consultancy on systemic problem solutions
• Continuity of cooperation (at least 2 years)

GJETC



Thank you for your attention!
New publication:

The Energiewende
Available under: http://wupperinst.org/info/details/wi/a/ad/3319/

Prof. Dr. Peter Hennicke
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