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Outline

Outline:

Size of the problem                   drastic changes particularly in 
the energy sector 

Policy Instruments                     can they drive the big change? I.e. 
A massive deployment of non-
fossil primary energy? 



3

Main questions

- Cumulative new investment in energy-supply infrastructure is 
projected by IEA to be $22 trillion by 2030 (to meet increasing 
energy demand). Will the $22 trillion energy-supply infrastructure 
investment stream already in the baseline be deployed mostly in 
fossil fuel projects?

- Can government policies be developed that will “redirect” the $22 
trillion investment stream from high carbon to low carbon primary 
energy?

- To accomplish this task those policies must incentivize private 
capital (the source of the $22 trillion) to turn away from high carbon 
toward low carbon energy investments. Is this feasible? How?
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Per capita emissions

7 Billions tC, 7 Billion people   1tC emitted per capita each year

However, lots of variation across the globe…

Which lifestyle will the 
developing world 
converge to ….
….  considering that  
non OECD countries 
will add 2 Billions 
people in the next 30 
yrs.
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A different world

• Given the projected dynamics of world population, the objective 
of limiting temperature increase below 2°C implies that average 
per capita emissions in the second half of this century are to be 
reduced from about 2 to about 0.3 tC per year. 

• In other words, the world will have to emit not more than today’s 
India average – quite a significant reduction for most 
industrialised countries (US average per capita emissions are 
about 6 tC) and for countries that aim at similar lifestyle 
standards. 

• Just to provide another benchmark, 0.3 tC is the amount of 
GHGs emitted by an individual flying – one way – from the EU to 
the US East coast!
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A different world/2

• Is a world in which per capita emissions are about 0.3tC 
feasible?

• What changes in the energy sector and in energy 
technologies are necessary?

• What are the required investments (including R&D 
Investments)?

• What policies can drive the change to such a different 
world?
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Carbon Emissions

More than 1000 GtC abated throughout the 
century in the 450 scenario, 3 times the 
cumulative fossil fuel emissions released 
since the industrial revolution

SMALL differences in 
concentrations leads to 
LARGE differences in 
emissions.
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Per capita Emissions

550ppm scenario: per capita emissions in 2050 at todays world average
450ppm scenario: per capita emissions in 2050 at half todays world 

average
Very challenging given rising lifestyles in the developing world, and much 

above world average in the developed world.
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Emission reductions

Expected reductions with respect to BAU:

- 3 billions ton of C in 2020

- 10 billions ton of C in 2050

- 18 billions ton of C in 2100
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Options to achieve 1 billion tonnes of C reduction per year

Technology action Required for 3.3 billion tonnes per year 

Option 1. Coal-fired power plant with CO2
capture/ storage

800 x 1 GW plants

Option 2. Efficiency of large coal-fired power
plants

Raise efficiency of 1,600 plants from 40% to
60%

Option 3. Displacing coal by Nuclear: = 2 x current
Wind: = 40 x current
Solar: = 700 x current

Option 4. Deforestation Stop all deforestation

Option 5. Hydrogen fuel 1 billion H2 cars (CO2-free H2) displacing 1 
billion conventional 30 mpg (7.84 litres per 
100 kms) cars 

Option 6. Geological storage of CO2 Inject 100 mb/d fluid at reservoir conditions

Option 7. Biomass fuels from plantations 100 x 5x106 ha (half of US agricultural area)

Option 8. Measures related to energy
consumption in existing building stock (heat
installation, insulation, appliances, etc.)

9 times the EPB Directive* if extended to all
houses (hypothetical global application)

* EU buildings (insulation) Directive

Pacala & Socolow, 2004
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Nuclear power investments

Nuclear would become very competitive (if exogenous constraints are not 
imposed). Back to the hype of the 1980s. 20 1GW nuclear plants and more 
would need to be built each year in the next half century

But what about large risks (proliferation, spent fuel, human capital) ?



12

Carbon capture and sequestration

CCS could provide decoupling of fossil fuel use from emissions. Up to 150 
GtC injected in our simulations cumulatively to 2100. Between 30 and 40 1 
GW coal-with-CCS power plants need to be built each year from 
2015/2020 onwards…

Question mark: CCS not carbon free (90% capture rate), imposes energy 
penalties, potential leakage from reservoirs, real availability of storage

Presenter
Presentation Notes
150 GtC cumulatively stored to 2100 in a 550 (ie average 1.5GtC/yr), with transport and storage costs that reach 100$/tC (25$/tCo2).
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Renewables in the 450 scenario

An almost three-fold capacity expansion with respect to a baseline scenario – more 
than for any other generation technology – and an overall 17-fold expansion of 
present installed capacity should be achieved by 2050. This is equivalent to about 
60,000 new large open-sea wind turbines!
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Technical Change
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Financial problem?

• Where will financial resources to do all this come from?

• Will investment needs in the energy sector crowd out 
other investments?

• How will financial resources be re-distributed globally?
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Policy instruments

Three objectives of policy instruments:

• Equalise marginal abatement costs

• Foster an efficient level of innovation and diffusion of GHG 
emissions-reducing technologies. An effective policy 
framework should provide adequate R&D and technology 
diffusion incentives. 

• Cope effectively with risks and uncertainties.
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Policy instruments

I would add two other objectives:

– Time consistency/Credibility

– Provide incentives for participation of all, in particular 
developing, countries (not only because of free riding 
incentives)
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Only Environmental Policy?

• Report focuses on environmental policy instruments 
(taxes, permits, voluntary agreements, R&D incentives, 
standards,…)

• However, other policies may be very effective in reducing 
GHG emissions
– Trade
– Infrastructure
– Agriculture and Forestry
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Forestry and land use

Forestry management:

halves 550ppmv policy costs
achieves 50 extra ppmv at no 

cost
delay energy abatement
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Recyling and redistributing

• Report correctly focuses on price instruments

• And correctly identifies complementary policies to deal with 
market imperfections (that prevent price instruments to deliver 
the socially optimum outcome)

• However, price instruments generate revenue. No discussion 
of recycling issues and how to link carbon related revenues 
with complementary policies
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Uncertainty

Main issue is optimal policy under uncertainty (Stern 
review)

– Optimal policy under uncertainty is not the average of 
optimal deterministic policies

– Optimal policy depends on probability distribution of 
future climatic changes (Weitzman)

– Other uncertainties are also relevant, i.e. impacts of 
climate change, or relationship between R&D 
expenditure and new carbon free technologies
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Optimal Strategy under Uncertainty
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Conclusion

• Final recommendation favors a policy mix.
• Multiple targets require multiple instruments
• Market imperfections in particular require dedicated 

instruments 
• Careful analysis to avoid policy overlaps

• All this is likely to require some institutional changes. E.g. 
climate policy cannot be managed by environmental 
ministries or finance ministries only

• Leadership should be taken by prime ministers both 
internationally and domestically.
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Thank you !
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