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The current global energy system is dominated by fossil
fuels.

Direct Solar Energy 0.1%
/ _I— Ocean Energy 0.002%

Bioenergy

10.2%

Wind Energy 0.2%
- . Hydropower 2.3%
W _ Geothermal Energy 0.1%

Nuclear =
Energy 2.0% — .

Shares of energy sources in total global primary energy
supply in 2008
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We are not on track — Renaissance of Coal!
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The Preindustrial Earth System — A Sketch
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According to Lenton (2011)



From a Solar to a Fossil Stock Economy
The Earth System of the Anthropocene
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* Governance

According to Lenton (2011) and Ostrom (2011)



Population (Billions)

Fossil Resources Stock — A Lottery Prize!

The Global Economy, 1-2006 AD
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What are the Impacts on Climate?

Global surface warming (°C)

— A2
6.0 — A1B
— B
5.0 s Yoar 2000 Constant
’ Concentrations
= 20th century
4.0

- N
() o

©
o

w
o
||||||||||||||||||\||||||\||||||||

-1.0 —

©IPCC 2007: WG1-AR4

B1

1900 2000

Year

2100

A1T
B2

A1B
A2

A1FI



Tipping Points in the Earth System

Melt.of Arctic E‘-_ea-!ce Loss _/

Greenland Ice Sheet N
Permafrost and
' 2
Boreal Forest Boreal Forestyaundra Loss?
Dieback Dieback

Indian
Monsoon
Chaotic
Multistabili
N

Climatic
Change-
Induced
Ozone
Hole?

Sahara
Greening

Change in Dieback "
ENSO of Amazon n:Vest Af";‘;‘_l'_'ﬂ
Amplitude or Rainforest onsoon Shi
Frequency
Changes in

Antarctic Bottom Water Formation?

Instability of West Antarctic
Ice Sheet

population density [persons per km?]

J
nodsta 0 5 10 20 100 200 300400 1000

“Tipping processes of the climate system” show a strong reaction
already to small climate changes

Schellnhuber, 1996; Lenton et al., 2008



Burning Embers Diagram

Prognosis
for 2100
(IPCC 2007)
2°C above
pre-
industrial
level
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T. M. Lenton & H. J. Schellnhuber (Nature Reports Climate Change, 2007)



Climate Policy as an Insurance
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GHG emissions resulting from the provision of energy services contribute
significantly to the increase in atmospheric GHG concentrations.
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Facing which Future?

Atmosphere
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According to Lenton (2011) and Ostrom (2011)



Facing Which future?
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The BAU Scenarios Could Exceed the Level of Greenhouse
Gas Concentration of 600ppm (~4°C Temperature Increase)
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[GLCO. /a]

The Great Transformation

Mitigation technologies: 450ppm World
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The Atmosphere as a Global Common




The Technical Potential of Renewable Energies
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The Costs of Renewables Are Often Still Higher Than
Those of Non-Renewables But...
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...Some RE Technologies Are Already Competitive

Biomass Electricity
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Global RE Primary Energy Supply from 164 Long-Term Scenarios
versus Fossil and Industrial CO, Emissions
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Global RE Primary Energy Supply from 164 Long-Term Scenarios

20

versus Fossil and Industrial CO, Emissions
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Global RE Primary Energy Supply from 164 Long-Term Scenarios  *
versus Fossil and Industrial CO, Emissions
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Potential Role of Renewables
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Consumption Losses [%)]
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The German Case: Pricing in a Liberalised Electricity Market

Marginal Cost

—

Electricity demand

Price <«
without nuclear
plants

Price with |4
nuclear plants
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Electricity demand

Price without
replacement

Price with
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Wholesale Market Prices

Knopf et al. 2011



Impact of High Shares of REs on Price Formation

Electricity demand

Price with low
RES share




Impact of High Shares of REs on Price Formation

Electricity demand

Price with low
RES share

Price with medium
RES share




Impact of High Shares of REs on Price Formation

Electricity demand

Price with low
RES share

Price with medium
RES share

Price with high
RES share

» Merit-Order effect of RES: Decreasing power prices

* Negative long-term impact:

— Reduction of profitability of conventional technologies, less
investments

— Risk of capacity shortage in times of low RES generation
(intermittency)

— What kind of capacity instruments are needed?



Options of Integration

Demand management

Network expansion

Improvement of weather forecast
Flexible power plants

Energy storages



CCX

X = Cycling, Storage, Utilitization

Capture and

Storage of CO, (CCS) Carbon Capture and Cycling (CCC)

o




RE-Specific Policies and RE Targets (2011)

i 'l.l
B Countries with AT LEAST ONE National RE Policy and ONE RE Target . Countries without RE Policy Mechanisms and RE Targets
I Countries with AT LEAST ONE National RE Policy | NoData
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Case 1: Emissions Trading is Necessary and Sufficient

A '\
MC Black MC Green
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Electricity Electricity
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Source: O. Edenhofer et al., Potsdam Institute for Climate Impact Research, Research Domain “Sustainable Solutions”, 2007



Renewable Energies Have a Potential to Lower Costs
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Promotion of Renewable Energies Is Worthwhile!

MC Black \
Electricity /

PE; p—

MC Green
Electricity

» Several stable equilibrium
points (PE; and PE,) are
possible if the supply curves
show a non-convex behavior

PE, /| (PE, is not stable).

T | >Without additional policy

| support, the system will steer
_ . . . towards the neighboring
Black Energy equilibrium point PE,.

—

»PE,; > PE;: the system is
efficient.

v

Kalkuhl/Edenhofer/Lessmann, Resource and Energy
Economics, Volume 34, Issue 1, January 2012, p. 1-23



Promotion of Renewable Energies is Worthwhile!

MC Black
Electriclty

PE,

PE,

PE,

Social Costs of Carbgh

P —
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' MC Green
Electricity

Black Energy
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Kalkuhl/Edenhofer/Lessmann, Resource and Energy
Economics, Volume 34, Issue 1, January 2012, p. 1-23

> The internalization of the social
costs of energy supply (e.g. via a
cap and trade system) improves the
competitiveness of renewable
energies

> As long as the cross-over point
PE, does not vanish,

this, however, still results in

an inefficient state.

> Trio infernale: a) learning
spillovers, b) high substitutability
between carbon-free technologies,
C) increasing returns to scale



Welfare losses [%]
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Recommendable Literature

http://srren.ipcc-wg3.de/report



