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Long term trends show clear evidence ===
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» Temporal slow downs of global warming have occurred already in the past
» Recent independent examination of IPCC results (Berkeley Earth Surface
Temperature Project) has confirmed results



Average temperature anomaly per year

Anomaly (°C) wrt 1961-90

Global annual ranked HadCRUT3
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Last decade was the warmest since
the beginning of industrialization !
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( Peterson and Baringer 2009)



Global surface warming (°C)
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Tipping Points
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Impacts
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Impacts for Developing Countries
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Where do we stand? — GHG emissions by country today ===
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Wealth and carbon emissions
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Economic Development, Energy Use, and CO,
Emissions



The scope of the challenge

CO, emissions per capita (metric tons)
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(WDR 2010)
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Key question for developing countries:
Is leapfrogging possible?
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Inequality in per-capita emissions across countries==
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(Jakob and Gruewald, in prep.)

-Inequality in per capita
emissions has decreased
in last decades

-Decrease particularly
driven by manufacturing
sector

-Increasing inequality in
transportation hinges
mainly at increasing
share of transportation
sector



Empirical relationship between economic and emissions growtp—
and energy consumption in developing countries ‘
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Development of global emissions = EEE

World OECD NIC China  China

Global emissions by countries/regions
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Annual change in CO, emissions [%]
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Economic Growth as Driver of CO, Emissions
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Renaissance of Coal?
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Fossil Fuel Scarcity vs. Limited Atmospheric Space=====
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Conclusions 1st part

« Leapfrogging is not taking place

« Economic growth particularly in newly industrializing countries
drives CO, emissions



The Energy System Transformation in the Context
of Global Justice



Fossil Fuels Dominate the World Energy System =s

Direct Solar Energy 0.1%
/ Ocean Energy 0.002%

Bioenergy —— Traditional biomass 6%
10.2% Modern bioenergy 4%

Nuclear e
Energy 2.0% — .

Wind Energy 0.2%
Hydropower 2.3%

W _ Geothermal Energy 0.1%

Shares of Primary Energy Supply 2008

SRREN, Edenhofer et al. (2011)
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Transformation of the Energy System

Mitigation technologies: 450ppm World
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Transformation of the Energy System
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Global Technical Potential [EJ/yr, log scale]
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Costs of Renewable Energy

=

[UScent, . /kWh]
0 10 20 30 40 50 60 70 80 90 100
1 ' i 4 4 : 4 + + -
Biomass Electricity | R
Solar Electricity - A
Geothermal Electricity | 0l _
> Levelized Cost
Hydropower | "I of Electricity
— Lower Bound Non-Renewables
ocean ElectnCIty - I ]—Med]um Values . ElECtT'lCity
: .5 Heat
Wind Electricity CIEE W e
— Upper Bound . Transport Fuels =
Range of Non-Renewable Electricity Cost
ﬁ

Biomass Heat

.
Levelized Cost
Solar Thermal Heat N . >
[ e

of Heat

Geothermal Heat

Range of Oil and Gas Based Heating Cost

Biofuels | EHININ } Levelized Cost

of Fuels

[ S
Range of Gasoline and Diesel Cost

0 25 50 75 100 125 150 175 200 225 250 275
[USDZMS.’G]]

(Edenhofer et al. 2011)



Mitigation Cost [%GDP]

Costs of mitigation

Mitigation Costs, World, 550ppm
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Costs hinge critically on:
* The stabilization target
* The biomass potential
» The availability of technologies, RE and CCS in particular
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Investment Requirements
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How to finance mitigation in developing countries?

Non-market based mechanisms to disburse
climate finance:

Coverage of incremental investment costs

Coverage of total mitigation costs
Market-based mechanisms (International
Emissions Trading):

Grandfathering, or allocation proportional to GDP

Equal per capita allocation of permits

Contraction and Convergence



Non-Market Transfers
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a) Mitigation costs 2020
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(Jakob et al, submitted.)



a) Financial Flows 2020

Emission Trading

c A ¢
AFR | N
< o
&
i & ¢ C&C
X per capita
4
oas | < ® GDP
€o—x
& e
IND | Y
© X 450
-2 0 2 4 6 10 12 14 16

Financial Flows [%GDP]

L o0
o P‘:I:K o
b) Financial Flows 2050
[ 2 O
AFR|
c &
o
LAMT ° ¢ c&cC
X per capita
orsl € ® GDP
®
c—% |
IND |
c—=% 450
2 0 2 6 8 12 14 16

Financial Flows [%GDP]

(Jakob et al, submitted.)



Risk of Adverse Effects
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How to Avolid a Climate Finance Curse?

Possible problems with financial inflows: volatility, Dutch disease,
rent-seeking

Higher risk of climate finance curse with emissions trading; but
problem to efficiently deliver non-market transfers

Transfer of rents can be limited by appropriate choice of
allocation; but might conflict with notions of equity

Properly designed institutions can reduce risk of climate finance
curse (e.g. price corridors, sovereign wealth funds, civil society
involvment)



Conclusions 2nd part

A structural transformation of the energy system is possible at

modest costs (according to state-of-the art models); but without
historical precedent

How to design climate policy in developing countries is a key
ISsue
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Energy Access

2009
REGION
Rural Urban Total

Africa 466 121 587

Sub-Saharan Africa 465 120 585
Developing Asia 716 82 799

China 8 0 8

India 380 23 404

Other Asia 328 59 387
Latin America 27 4 31
Developing Countries’ 1,229 210 1,438
World? 1,232 210 1,441

Number of people (millions) without access to electricity

(Edenhofer et al. 2011)
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Threshold at around 40 GJ per capita
10 GJ per capita can be explained by subsistence needs (e.g. Pereira et al. 2011)



Infrastructure needs can explain parts of the gap =
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developed countries seems to be stable given

today’s technologies.
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IAMs predict large scale reduction of energy use
In developing countries!
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Mitigation trap in a Solow model

Logistic savings rate

PrOdUCtiOn fU nCtiOnZ Savings w/o climate policy
[$] gavings_; with climate policy

Y . ﬂ ka epreciation

Capital formation: |

k =k +s(k)-Y — &k N

0
KO KC
In the case of climate policy Gaptal stook

B decreases.

The trap gets more likely in the
presence of climate policy in the
form of BK(s) [Independent from
the form of the function s(k)]

(Steckel 2012)



Conclusions 3rd part

* Infrastructure can next to subsidiary needs explain an energy
threshold for development

« For low development levels climate policy might have the
potential to induce a poverty trap

- Further research needed !



Thank you for your attention!
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