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Climate Policies

MitigationMitigation
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Limits of Adaptation?

© Bill Hare



CO2-Emissions

Business as Usual (BAU)
vs EU´s 2°C-Target

Climate-

Economists

until 2006:

„2° target
costs 5..20% 
GWP

Too expensive!!
Too dangerous!!“

BAU

2°C Target

MitigationMitigation

GapGap

Our Research Question

• When to invest how much into what energy

technology, given the 2°C target?

• Options:

– Renewable sources

– Energy efficiency

– Carbon capture & „sequestration“ (CCS)

• coupled economy – climate modules.

• Project Edenhofer/Held 2003-2007 funded by

VolkswagenFoundation, then EC funded 

ADAM-Pr.



Carbon Capture & Sequestration

Standard Approach: 
Cost Benefit Analysis of the 

Climate Problem

Economy Welfare Climate

CO2
& SO2

Emissions

Investments in

• Renewables

• Efficiency

• Fossil Fuels

• CCS

Control PathsControl Paths

Warming Impacts

Max ! Max ! dtdt Utility(t) [Utility(t) [controlcontrol PathsPaths]] expexp((-- r t);r t);



Our approach: Cost Effectiveness 
Analysis of the 2°C Target

Economy Welfare Climate

CO2
& SO2

Emissions

T <! 2°C

Impacts set to 0 in our analysis 

Upper bound of climate policy costs

Investments in

• Renewables

• Efficiency

• Fossil Fuels

• CCS

Control PathsControl Paths

Model of Endogenous Economic 
Growth MIND

• Optimisation until 2300

• Discounting 1% / year

• Cost reduction due to 

– ‚learning-by-doing‘ & 

– R&D

(Edenhofer et al., Ecol. Econ. 2005)



Archetypical Economic Growth Model 
(after F. Ramsey)

• Increase in capital (factories, ...)
dK/dt = K  - C

• In each period, production K may either 

– be invested in dK/dt or

– consumed C

• Optimise time-aggr. welfare 
dt    log(C(t))   exp(-r t)

Costs of Fossil Resources Extraction



Mass Production lowers Costs

Source: IEA (2000): Experience Curves for Energy Technology Policy; p. 21

Costs
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Renewable
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Source: Edenhofer, Bauer, Kriegler (2005): Ecological Economics.

~2° Scenario

Energy Efficiency

Traditional nonfossil

Renewable

Fossil with CCS

Fossil without CCS

Economic Costs of Climate Protection

• Stabilisation @450ppm 
0.5...1% GWP loss

• Induces momentum in climate policy:
– Environmentalists may be satisfied as the 2 target

gets a chance

– Economists are satisfied as costs are low.

• Society can act...

• ...in spite of ongoing normative discrepanciesver
climate sensitivity decides what temperature 
change this implies



Guest Eds.:

Edenhofer et al., 

2006



2000 2020 2040 2060 2080 2100
0

50

100

150

200

250

U
S

$1
99

5/
tC

Time [yr]

450ppm CO2
500 ppm CO2
550 ppm CO2

2000 2020 2040 2060 2080 2100
0

500

1000

1500
Fossil fuels
Renewables
Traditional Nonfossils

CO2 will have a Price

Energy Mix

CO2-
Certificate-
Price
[$US(1995)
/ tC]

(Edenhofer
et al., 2005)

Results for Nordhaus / Boyer damage fct.

Kriegler et al., EGU 2006

EU´s
Guardrail

Traditional Cost Benefit Analysis, BUT with Learning by
Doing / R&D in the Energy Sector

Cost Benefit
Analysis



Carbon Capture & Sequestration

No CCS without aggressive 
Warming Mitigation Policy

• 2°C target   ~   450ppm CO2

~ 0.5..1% GWP loss

• @450ppm target: ~500 GtC for CCS

• @550ppm target: ~250 GtC for CCS 

• @650ppm target:          CCS marginal

• (according to our MIND model)



Mitigation costs
(Consumption losses from CO2 stabilization)

Pure time preference rate: 1%
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Edenhofer et al.,

2008
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CCS Bonds as Incentive for Secure Formations

2010           ...    2015              ...   ...  2030

Edenhofer, Held, Bauer 2005;                 Held, Edenhofer, Bauer 2006

Ocean vs. Geol. Sequestration

• Pro of OS:
– Abundant

– Remote

• Cons of OS
– Less efficient

– Unclear impacts + large spatial range
(wrt natural variability)

– Correlated risk with global warming via uncertain 
diffusivity parameter

– Bonds schemes harder to design



Potential for {HH-> Workshop}
• Economically feasible low CO2 conc paths

• Extra costs of ‚strangelove ocean‘ (shut down 
of carbon pump) – ‚within 2h‘

• Effects of economic acididification damages 
on optimal CO2 paths

• Early warning system for system thresholds

Potential for {Workshop -> HH}

• Potential for acidification thresholds?

• Holocene to present day deep sea pH
fluctuations?

• Seabed leakage CO2 observation limit?

• Assessment of Ocean mineralisation?



My Research – Further Topics

• Extra investment to insure against system response 
uncertainty (Held et al., subm. En. Econ.)

• Early warning systems for Tipping Points 
(Held&Kleinen 2004; Dakos et al.,..Held, to be 
resubm.)

• Expected economic value of observation systems
(climate sensitivity, ...)

• Imprecise Bayesian learning & insurance for 
situations of deep uncertainty (Held 2007)

Summary

• GWP-loss of „2° target“ minor: ½..1% 
– due to learning by doing & R&D investments

– assuming average climate & econonmic parameters

• Bond schemes for distributed environmental risk (such 
as CCS) promising instrument – BUT: detection limit for 
leakage?

• Pre-‘System Dynamics‘ Assessment of CO2 release 
into the ocean by reference to natural variability?


