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What is  the greenhouse effect
Heat Balance of the Earth [W/m2]

170

20 82

20 88 130

397 329

Emitted 
by 

Clouds

Emitted 
by GHG 

Sensible Latent 
Heat

INFRARED

68

14 272

54

Absorbed 
by GHG

1420 68

N  O

CO2
63.5%

CH4
20.5%

N2O
4.5%

CFC 
11.5%



How to measure climate change



How to measure climate change



How the atmosphere changed
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What may happen



Who’s to blame



Emissions and wealth
C    =    P     x     GNP / P     x     E / GNP  x     C / E

C = Carbon content in emitted CO2, tons
P = World population
GNP / P = per capita GNP, $/pers
E / GNP = Energy intensity, GJ/$
C / E = Specific emissions of carbon, kg/GJ
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Political measures

n Kyoto Protocol
uEmission Trading
uFlexible Mechanism
uVoluntary emission offset

n Asia Pacific Partnership
uSpecific measures with strong incentives



Kyoto Protocol
n The United Nations Framework Convention on Climate Change (UNFCCC) and its Kyoto 

Protocol provide the only international framework for combating climate change. The 
UNFCCC, was adopted in May 1992 and came into force in March 1994. It obliges all its 
signatories to establish national programmes for reducing greenhouse gas emissions and to 
submit regular reports, and demands that the industrialised signatory countries, as opposed to 
developing countries, stabilise their greenhouse gas emissions at 1990 levels by the year 2000. 
This goal, however, is non-binding.

n By differentiating between industrialised and developing countries, the UNFCCC recognises 
that industrialised countries are responsible for most of the global greenhouse gas emissions 
and also have the institutional and financial capacities for reducing them. 

n On 11 December 1997, governments took a further step and adopted a protocol to the 
UNFCCC in the Japanese town of Kyoto. The Kyoto Protocol sets legally binding limits on 
greenhouse gas emissions in industrialised countries and envisages innovative market-based 
implementation mechanisms aimed at keeping the cost of curbing emissions low.

n Under the Kyoto Protocol, industrialised countries are required to reduce the emissions of six 
greenhouse gases (CO2, which is the most important one, methane, nitrous oxide, 
hydrofluorocarbons, perfluorocarbons and sulphur hexafluoride) on average by 5.2 % below 
the 1990 levels during the first “commitment period” from 2008 to 2012. There are no 
emission targets for developing countries. 

n The UNFCCC divides countries into two main groups: As of 1 July 2002, 186 countries were 
Parties to the Convention, out of which 40 industrialised countries were listed in the 
Convention’s Annex I, and the remaining 146 were known as non-Annex I countries. Annex I 
countries include the 24 relatively wealthy industrialised countries that were members of the 
organisation for Economic Co-operation and Development (OECD) in 1992, the 15 EU 
Member States and 11 countries with economies in transition to a market economy, including 
Russia.



Kyoto Protocol
n A five-year commitment period was chosen rather than a single target 

year to smooth out annual fluctuations in emissions due to 
uncontrollable factors such as weather. International negotiations on a 
second commitment period under the Kyoto Protocol after 2012 are to 
start in 2005.

n The commitments will become legally binding once the Kyoto 
Protocol enters into force. The rules for entry into force demand that at 
least 55 Parties to the UNFCCC ratify the Protocol and that those 
include industrialised countries (Annex I countries) accounting for at 
least 55% of the CO2 emissions in 1990. 

n There is one Annex I county that has not ratified yet: the United 
States..

n After the Kyoto Protocol was adopted, negotiations on the details of 
the mechanisms that it envisages and on the rules of implementation 
continued. The final negotiations were concluded with the Marrakech 
Accords in 2001. The EU played a major role in bringing the 
negotiations on the Kyoto Protocol to a successful conclusion, in 
particular after the US withdrawal.



Kyoto Protocol mechanisms

n The Kyoto Protocol envisages three market-based “flexible 
mechanisms”: emissions trading, Joint Implementation and the 
Clean Development Mechanism. These are to allow 
industrialised countries to meet their targets through trading 
emission allowances between themselves and gaining credits for 
emission-curbing projects abroad. Joint Implementation refers to 
projects in countries that, too, have emission targets, and the 
Clean Development Mechanism refers to projects in developing 
countries with no targets. 

n The rationale behind these three mechanisms is that greenhouse 
gas emissions are a global problem and that the place where 
reductions are achieved is of less importance. In this way, 
reductions can be made where costs are lowest, at least in the 
initial phase of combating climate change.



Emission trading scheme

n Under the EU emissions trading scheme, the EU Member States will set limits 
on CO2 emissions from energy-intensive companies (approximately 10,000 
steel factories, power plants, oil refineries, paper mills, and glass and cement 
installations) by issuing allowances as to how much CO2 these companies are 
allowed to emit. Reductions below the limits will be tradable. 

n Companies that achieve reductions can sell them to companies that have 
problems staying within their limits or for which emissions reduction measures 
are too expensive in comparison with what the allowances will cost. Any 
company may also increase its emissions above the level of allowance it is 
issued by acquiring more allowances from the market.

n This scheme will induce companies to make emission cuts where they are 
cheapest, thereby ensuring that reductions are made at the lowest possible cost 
to the economy and that innovation is fostered.

n It is estimated that the companies currently participating in the scheme account 
for almost half of the EU’s total CO2 emissions. Other sectors, such as 
aluminium producers, the chemicals industry and the transport sector, might be 
brought in later.

n The EU Member States have prepared their National Allocation Plans setting 
out the allowances that each sector and company will be issued.



CDM and JI

n Building on these provisions and the EU emissions trading system, the 
Commission on 23 July 2003 adopted a proposal that links credits from JI and 
CDM projects with the emissions trading system. Under this proposal, 
European companies covered by the EU emissions trading system will be 
allowed to convert credits from JI and CDM projects for use towards meeting 
their commitments under the trading system. 

n The reasoning behind JI and CDM is similar to the one behind emissions 
trading: It does not matter where emissions reductions are achieved as climate 
change is a global problem. The important thing is that they take place and are 
achieved in the most cost-effective way. It is estimated that the linking of 
project credits to the emissions trading system will lower the annual 
compliance costs for companies covered by the scheme, which include 
companies in the ten accession countries, by about a quarter. JI and CDM will 
also transfer environmentally sound technology to countries with economies in 
transition (JI) and developing countries (CDM), which will help them move 
onto a sustainable path of development. 

n A condition for the issue of credits in respect of the reductions achieved is that 
the projects result in real, measurable and long-term climate change benefits.

n Uncertainty remains about the effects of emission removal by carbon sinks: 
projects concerning land use.



Targets of the KP in the EU



Strategies to mitigate CO2
emissions in atmosphere

• Increase in the efficiency of production and utilization 
of energy: rational and economically interesting

• Transition to fossil fuels with a high H/C ratio (from 
coal to natural gas): easy but the trends is opposite

• Renewable energy: may produce an impact in some 
sectors and users but it still needs economic support

• Nuclear energy: political and social issues
• CO2 capture and storage: difficult, expensive but 

may be used in large new and existing power plants, 
guaranteeing security of large scale energy 
production



Non renewable energy sources speeding 
to the end



Oil reserves

In 2002, 77 million barrels per day were consumed: 28 billion barrels per year

In 2030, 121,3 million barrels per day will be consumed: 44 billion barrels per year

In the first 30 years of the third millennium an average of 36 billion barrels of oil per year will be consumed

Dividing the proven reserves by the average consumption: 1400/36 oil will be available for 38 years

Additional or unexplored reserves are estimated at 2600 billion barrels for 72 years more



Gas reserves

In 2002, 2,622 billion cubic meters of natural gas were consumed every year

In 2030 4,900 billion cubic meters per year will be consumed

In the first 30 years of the thir millenium 3,761 billion cubic meters will be consumed every year

Dividing the proven reserves by the average consumption: 180,000/3,761 Natural gas will be available for 47 years 

Additional and unexplored reserves are estimated at 147,000 billion cubic meters for 40 years more



CO2 emissions from different power plants





Specific emissions of CO2 for different types of fuel



RENEWABLES
• Storage and distribution remain challenges

– Hydrogen energy storage and distribution?
– Superconducting long-distance electricity transmission?





Even lowering CO2 
emissions by these 

strategies
• Fossil Fuels

• Energy intensity
• Nuclear

• Renewables

We have to fill a large 
gap

Possible technologies:
• Carbon capture & 

disposal
Adv. fossil

• H2 and Adv. 
Transportation

• Biotechnologies
Soils, Bioenergy, 

adv. Biological 
energy

Stabilizing CO2
Base Case and “Gap” Technologies



Thanks for your attention


