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Chapter V

Climate Change Mitigation and Development

A. Introduction

The warming of the global climate system as a
A certain degree of global warming and its relatresult of increasing greenhouse gas (GHG) concen- ed impacts have already become unavoidable and will
trations in the atmosphere has become a major con- require adequate adaptation measures. Adaptation is
cern worldwide. Climate change is manifest in higher therefore an important issue, which is mainly related
average global temperatures, rising global mean sea to addressing natural disasters in developing counlevels, melting ice caps and an increased intensity tries that suffer the most from the negative effects of
and frequency of extreme weather events. Most sci- climate change. This necessitates substantial finanentific research suggests that the consequences of cial and technical support for the poorer among the
unabated climate change could be dramatic. And while countries affected. A different, though related issue is
doubts remain about some of the concrete impacts, it that of mitigating further climate change by shifting
seems clear that global warmglobal production and consumping will significantly increase
tion patterns towards the use of
more climate-friendly primary
the risk of a severe deterioration
Climate
change
mitigation
commodities, production equipof the natural environment, with
has much in common with
ment and consumer goods than
attendant effects on human wellother processes of structural
the current GHG-intensive ones.
being. It is virtually impossible
change in which new
to reasonably quantify the impact
This chapter focuses on some of
economic
opportunities
arise.
the economic and development
of unabated climate change in
economic terms, as this involves
policy implications of climate
change mitigation.
a very long time horizon and
highly subjective judgments.
But because of the large risks and uncertainties, and
There is broad agreement that the scale of emisthe potential for severe economic repercussions, sion reductions needed to reduce global warming to
strong and early action to mitigate climate change more acceptable levels requires global action, and
is advocated (Stern, 2006; Weitzman, 2007). Look- that developed countries have to make a major effort
ing at long-term climate change mitigation from this in this regard. They are mainly responsible for the
risk-management perspective is not primarily an eco- current levels of GHG concentration, and they have
greater financial and technological capabilities to
nomic issue but an ethical imperative.
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take the necessary GHG abatement actions. However,
developing countries, where GHG emissions are
growing rapidly, cannot afford to remain as passive
bystanders. Climate change mitigation is as much
in their interests as in those of developed countries;
it would considerably improve their prospects for
development and poverty reduction. The possible
linkages or trade-offs between developing-country
policies for climate change mitigation and policies
geared towards their development and poverty reduction objectives are therefore of central importance for
their development path.
Historically, growth has been associated with
increasing emissions, which gives the impression of
an inevitable trade-off between growth and mitigation. In this chapter, it is argued that efforts directed
at climate change mitigation can be compatible with
faster growth. However, stronger political will is
needed to make emissions regulation and control
more stringent and to internalize the hitherto external
costs of production and consumption. Furthermore,
the wider dissemination of existing technologies
and the development of new technologies and more
climate-friendly modes of production and consumption cannot be left to market forces alone; they also
require strong and internationally coordinated government action.
This chapter shows that developing countries
have many options for contributing to climate change
mitigation, which deserve to be pursued vigorously
with the support of the international community. The
economic approach to climate change mitigation
has been dominated by calculating the costs of such
mitigation and exploring mechanisms for attaining
mitigation targets in the most cost-effective way. This
chapter takes a different perspective: it argues that
climate change mitigation should be associated with
a process of global structural change, the parameters
for which should be set politically by international
agreements and national decisions on desirable reductions of GHG emissions. In the course of this process,
demand will shift from GHG-intensive modes of
production and consumption to more climate-friendly

ones, causing losses and adjustment costs for many
economic agents, but also generating new income for
others. In this sense, climate change mitigation has
much in common with other processes of structural
change in which new economic opportunities arise in
both developed and developing countries, especially
as a result of the rapid growth of new markets.
From this perspective, the challenge for developing countries will be not only to adjust their modes
of production and consumption to the requirement
of reducing GHG emissions, but also to seize new
growth opportunities created by new and fast growing
markets. The process of structural change at the global level offers new opportunities for output growth
because it may bring with it a revalorization of certain
natural comparative advantages, and because the fast
growth of domestic and international markets for what
is sometimes called “environmental goods” is providing new possibilities for value-added creation.
Section B, which follows, summarizes findings
on the economic implications of climate change for
different groups of countries. Section C reviews
policy measures that have already been introduced or
are under discussion in the context of climate change
mitigation. Section D elaborates on the notion of
viewing climate change mitigation as a process of
structural change, and consequently suggests a new
interpretation of the economic costs of mitigation
policies. In the subsequent section, the interaction
between growth and development, on the one hand,
and climate policies, on the other, is discussed. This
is followed by an examination of specific options for
GHG abatement in developing countries. The case is
made for integrating GHG abatement policies with
development policies. This not only offers considerable potential to generate synergies between climate
change mitigation and development, it can also help
developing countries gain from global efforts directed
at GHG emission reductions, rather than losing out.
Section F revisits, from a developing-country perspective, the emerging global framework for climate
change mitigation, and the final section summarizes
the conclusions of this chapter.
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B. Greenhouse gas emissions and the
global impact of climate change

Climate modellers expect that by the end of this
century accumulated GHG emissions could cause a
rise in the average global temperature of up to 6ºC
from the mean temperature of 1980–1999, if the current upward trend in GHG emissions is not reversed
in the coming decades (IPCC, 2007a, table SPM-2).
This global warming trend is a stock-pollutant problem. The emissions of carbon dioxide (CO2) and
other GHGs discharged into the atmosphere are
causing relatively little harm by themselves; the main
problem arises from the progressive accumulation of
these gases over many decades.
There is a strong scientific consensus that most
of the increase in the mean global temperature since
the mid-twentieth century can be attributed to the
progressive rise in atmospheric concentrations of
GHGs resulting from human activities since the
beginning of industrialization in the eighteenth
century (IPCC, 2007b). The main determinants of
GHG emissions are economic growth, population
growth and technological progress. But there is
no mechanical link between these factors and the
levels of those emissions; rather, their current levels
have been influenced largely by the behaviour of
consumers and producers. There are very different
levels of emissions for similar levels of development: for example, CO2 emissions per capita in the
United States are more than twice the level found in
European countries or Japan, which are at similar
levels of development (table 5.1). Efforts to reduce
such emissions will therefore also need to focus on
encouraging more environment-conscious behaviour
among households, firms and public administrations.
Accordingly, policies to mitigate climate change by
reducing GHGs need to encourage not only the development of cleaner technologies, but also the wider
adoption of existing and new, cleaner technologies
by consumers and producers.

The rise in GHG concentrations is mainly due to
CO2 resulting from the use of fossil fuels, especially
for power generation and transport in developed
countries. Another important source of CO2 emissions is change in land use, mainly deforestation
(chart 5.1). Together with emissions of methane
and nitrous oxides, which originate primarily in the
agricultural sector, CO2 accounts for nearly 99 per
cent of global GHG emissions.
Developed countries account for most of the historical GHG emissions, especially the energy-related
ones since 1900, and they are therefore largely responsible for the problem of global warming (IEA, 2008b).
They also have much higher current per capita emissions than developing countries. On the other hand,
most of the growth in total GHG emissions over the
past four decades has taken place outside developed
countries. Thus their share in total current GHG emissions fell considerably over the past 35 years. This
tendency is expected to persist in the coming decades,
primarily on account of the strong economic growth
projected for developing countries, especially for
the largest economies, China and India. This means
that action in developed countries alone will not be
sufficient to achieve a reduction in emissions by the
amount necessary for obtaining a significant degree
of climate change mitigation.
The impact of the accumulation of GHGs is felt
not only in global warming, but also through related
symptoms, such as changing rainfall patterns, receding glaciers, melting ice caps and rising sea levels.
According to most scientific studies, climate change
will also result in a higher frequency and intensity
of extreme weather events (e.g. droughts, floods and
storms), declining water resources, increased transmission of vector-borne diseases (e.g. malaria) and
loss of biodiversity.
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Table 5.1
CO2 emissions relative to population, GDP and energy consumption, 1980–2006
(Tons of CO2 equivalent)

1980

1990

2000

2006

Percentage
change
1980–2006

Emissions per capita
World
Developed countries
Europe
Japan
United States
Transition economies
Developing countries
Africa
Latin America
West Asia
Other Asia, excl. China
India
China

4.2
11.1
8.7
7.5
20.5
11.2
1.1
0.9
2.0
3.8
0.6
0.4
1.5

4.1
10.6
7.9
8.7
15.6
12.0
1.4
1.0
1.8
4.4
0.8
0.7
2.1

3.9
11.1
7.6
9.4
16.0
7.3
1.7
0.9
2.1
5.9
1.1
1.0
2.4

4.4
10.9
7.6
9.5
15.2
8.1
2.3
1.0
2.2
6.8
1.3
1.1
4.3

3.6
-1.2
-12.6
26.7
-25.7
-28.3
105.3
17.6
8.6
78.9
133.3
165.1
185.5

Emissions per $1 000 of GDPa
World
Developed countries
Europe
Japan
United States
Transition economies
Developing countries
Africa
Latin America
West Asia
Other Asia, excl. China
India
China

0.7
0.7
0.6
0.5
0.9
1.4
0.5
0.4
0.3
0.4
0.4
0.4
1.7

0.6
0.5
0.4
0.4
0.7
1.7
0.6
0.4
0.3
0.8
0.4
0.4
1.2

0.5
0.5
0.4
0.4
0.6
1.8
0.5
0.4
0.3
0.9
0.4
0.4
0.6

0.5
0.4
0.3
0.3
0.5
1.3
0.5
0.4
0.3
0.9
0.4
0.3
0.6

-32.9
-39.7
-44.1
-24.4
-44.0
-3.6
-9.3
2.6
-6.7
102.3
-7.9
-8.1
-63.6

Emissions per ton of oil equivalentb
World
Developed countries
Europe
Japan
United States
Transition economies
Developing countries
Africa
Latin America
West Asia
Other Asia, excl. China
India
China
Source:
Note:
a
b

2.5
2.6
2.7
2.6
2.6
2.9
1.9
1.5
1.9
2.6
1.5
1.4
2.4

2.4
2.5
2.4
2.4
2.5
2.8
2.1
1.4
1.7
2.6
1.8
1.8
2.6

2.3
2.4
2.2
2.3
2.5
3.1
2.1
1.4
1.9
2.5
1.8
2.1
2.7

2.4
2.3
2.2
2.3
2.5
2.8
2.4
1.4
1.8
2.5
2.0
2.2
3.0

-4.4
-11.5
-20.4
-9.8
-4.7
-3.1
21.1
-5.4
-1.6
-4.3
32.5
57.9
26.8

UNCTAD secretariat estimates, based on IPCC reference approach.
CO2 emissions based on IPCC reference approach.
Calculations are based on constant 2000 dollars and purchasing power parities.
An oil equivalent is the common unit of account for energy commodities. It is defined as 107 kilocalories (41.868 gigajoules);
this quantity of energy is approximately equal to the net heat content of 1 ton of crude oil.
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The overall impact will depend on the extent to
which the mean temperature rises, but this is non-linear.
Thus, there is a risk that critical thresholds (“tipping
points”) will be exceeded, which could cause irreversible damage to ecosystems and the inability to prevent
potentially catastrophic impacts. The latter makes
the measurement of the economic impact of climate
change very difficult. Estimates in this regard have a
large margin of uncertainty because of the long time
horizon involved, but they are also highly sensitive
to subjective assumptions. Most of the effects are
“priceless” in that they are not reflected in any private
or national accounting systems (Ackerman and Finlayson, 2006). The impact is often estimated in terms
of material wealth lost, for example as a result of the
increased frequency and intensity of natural disasters
and loss of land due to rising ocean levels, as well
as GDP foregone, mainly due to lower agricultural
output. According to some such estimates, the cost
of inaction in the face of global warming could reach
8 per cent of GDP annually by 2100 (Ackerman and
Stanton, 2006; Kemfert 2005; Watkiss et al., 2005).
The extent to which the consequences of global
warming will affect human life in the future largely
depends on the success of environmental and economic policies in limiting GHG emissions through
their influence on the patterns of production, consumption, and research and development (R&D). A target
that seems viable, both scientifically and politically, is
to limit the temperature increase to 2–2.5ºC by 2050
(Stern, 2006; IPCC, 2007b). If this target is reached,
a large proportion of the potential damages from, and
economic costs of, climate change may be avoided.
But even a mean global temperature rise of this order
is expected to have significant adverse impacts.
Even though climate change is a global phenomenon, there are large differences in the vulnerability
of different geographical regions and individual
countries to its symptoms. Climate models that gauge
regional impacts of global warming show that developing countries are more vulnerable to climate
change than developed countries (table 5.2). Assuming global warming is in the order of 2–2.5ºC,
such estimates suggest that Africa, South Asia and
West Asia would likely be the worst affected. In
developing countries, the costs of climate change
reflect mainly their geographical location and their
greater reliance on agriculture, forestry and fisheries,
which are particularly climate-sensitive. Moreover,
the impact of climate change on human health will
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Chart 5.1

Sources of current GHG emissions
(Per cent of total GHG emissions)
70
60
50
40
30
20
10
0

Energy

Deforestation

Agriculture

Industrial
processes

Waste

Developing and transition economies
Developed countries
Source: von Braun, 2008.
Note: Agriculture excludes land use changes.

Table 5.2
Economic impact of a global warming
of 2–2.5°C by 2100, estimates by region
(Percentage change of GDP)
Lower Upper
Mean bound bound
Developed countries
North America
Asia
Europe

0
-1
-1

1
0
0

-2
-3
-3

Transition economies

1

0

2

-4
-2
-3
-3
-1

-1
0
-2
1
2

-9
-4
-4
-9
-5

Developing countries
Africa
Latin America
West Asia
South and South-East Asia
China

Source: Burniaux et. al., 2008: figure 6.2.
Note: Mean temperature increase is measured against the
pre-industrial level.
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reduce the productivity of the workforce, and extreme weather events, with their attendant effects
on physical infrastructure, are also likely to hamper
economic growth. In addition, the adaptive capacity
of most developing countries is limited due to their
widespread poverty, weak institutional capabilities
and financial constraints. By contrast, countries at
mid- to higher latitudes, such as Canada, the countries
of Eastern and Northern Europe and Central Asia, including the Russian Federation, may actually benefit
from higher agricultural productivity due to a strong
carbon fertilization effect.1
In analysing the tangible economic implications
of global warming limited to 2–2.5ºC, it is common
to distinguish between the needs for adaptation to
the inevitable consequences of climate change, on
the one hand, and those for managing the process of
the structural change necessary to contain the temperature rise within this range on the other.
Adaptation to the adverse effects on ecosys
tems, biodiversity, fresh water resources, agricultural

output, human health and desertification, and to the
increased risk of major natural disasters, poses a
major challenge and a heavy financial burden for
the countries concerned. Although dealing with this
challenge requires adaptation programmes that have
to be tailored to the specific needs and circumstances
of each country, the financial burden should be borne
by the international community as a whole. At the
same time, developed countries need to acknowledge
responsibility for the impact of their emissions that
have accumulated over many decades, and provide
the necessary support, primarily in the form of
aid.
The issue of managing the process required to
achieve mitigation targets is distinct from that of adaptation to inevitable climate change; it relates to the
need for structural change to reduce emissions. The
remainder of this chapter focuses on the economic
and developmental dimensions of this process, and
on the policies urgently needed at the national and
international levels to support and accelerate the
process of structural change.

C. Policies for climate change mitigation:
some general considerations

1.

Correcting market failure

The problem of climate change has arisen as
a result of a global market failure: part of the costs
of using factors of production is borne by society,
rather than by the economic agents that control the
underlying activity and profit from it. Thus, GHG
emissions are an “external” effect of production and
consumption. The absence of mechanisms to make
the emitters of GHGs pay a sufficiently high price
has led to an overuse of the atmosphere.
The correction of this market failure requires
government intervention in the form of policies that

will create adequate incentives to deter emitters from
producing too many emissions. However, so far governments have been unwilling to impose a carbon
price or to introduce regulations that are sufficiently
stringent to lead to a substitution of carbon-intensive
modes of production and consumption with more
climate-friendly ones.
Generally, a distinction is made between two
main types of instruments for correcting market
failures related to environmental pollution: marketbased instruments that establish an explicit price
for emissions, and regulations and standards, which
create an implicit price for emissions. There is wide
agreement that a progressive increase in the price
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of GHG emissions is a necessary condition for their
sizeable abatement to required levels.

139

of regulations, standard setting and financing. In any
case, climate change mitigation will have to involve
a mix of different instruments to guide a process of
structural change, which depends also on countryspecific circumstances. Some of these instruments
are discussed next.

Carbon prices are also essential for inducing
research and development (R&D) and the diffusion
of technologies that are less carbon-intensive. But
manipulating markets and introducing a price for
future carbon emissions is only a starting point; it
is equally necessary for governments to take action
to strengthen research in carbon capture and storage 2. Carbon taxes, emissions trading and
regulation
technology, support innovation and the diffusion of
new, low-carbon technologies, tighten standards for
vehicle fuel efficiency and facilitate the transfer of
climate-friendly technologies to developing countries
There are two main types of market-based poli
(UNDP, 2007: 20, 21). Government intervention in cy instruments: price-based and quantity-based. A
these areas is necessary because the current patterns carbon tax is a price-based instrument, because it imof production and consumption and the existing poses a direct charge on the use of fossil fuels based
technological frontier reflect the lack of appropri- on their carbon content. Given that the carbon content
ate incentives for research on more climate-friendly is proportional to emissions of these fuels, the cartechnologies in the past. “Autonomous” technical bon tax is equivalent to an emissions tax. In contrast,
progress cannot be expected to advance fast enough in a system of tradable permits, the regulator deterto contribute sufficiently to climines the maximum permissible
mate change mitigation. For
aggregate emission level (the
example, solar energy appears
“cap”), and issues correspondto be a promising alternative
ing allowances for emission disSo far, governments have
source of energy, but the capachargers. Emission allowances
been unwilling to impose sufbility to capture, store and transcan be auctioned, which generficiently stringent regulations
port this energy is still woefully
ates government revenues, or
that would encourage more
underdeveloped.
freely distributed, for example
climate-friendly modes of
in proportion to past emissions
production and consumption.
The role of the price mecha
(“grandfathering”). Supply and
nism in stimulating R&D and
demand for allowances in the
technology diffusion is limited
emissions trading market then
due to the positive externalities and other market determine the carbon price. Emissions trading is therefailures associated with invention, innovation and fore a quantity-based policy instrument.
technology diffusion. In many respects, the problem
of introducing technologies that support climate
Theoretically, a carbon tax can achieve the same
change mitigation is similar to that of all innovation result as a tradable permit system (Baumol and Oates,
activities, which, in a dynamic economy, emerge from 1988), and both can lead to an equalization of the
entrepreneurial spirit and the search for competitive marginal costs of abatement among emitters (i.e. a
gains. Such activities invariably take place within a given emission reduction is achieved overall at the
system of incentives and disincentives, and within a lowest cost). However, in practice both systems have
framework of regulations that imposes or prohibits different sets of advantages and disadvantages. Price
certain forms of production in line with public pref- and quantity controls have different outcomes in the
erences. The introduction of more climate-friendly face of uncertainty about compliance costs (Weitzmodes of production and consumption is increasingly man, 1974).
becoming such a public preference, and therefore
cannot be left to market forces alone. The publicThe key feature of the tradable permit system is
good nature of low-carbon technologies and the that the regulator establishes a target for emissions. The
urgency of reducing GHG emissions in light of the volume of emission reductions is therefore known ex
risks of unabated climate change for future genera- ante, but the abatement cost is not. Carbon prices may
tions calls for public support measures in the form be higher or lower than expected and they can also

140

Trade and Development Report, 2009

be quite volatile. Uncertainty about abatement costs
of future GHG emissions results mainly from the difficulty in predicting the development of low-carbon
technologies and baseline emissions. In contrast, an
emissions tax, or carbon tax, determines the marginal
abatement cost, but the resulting emissions reduction
is uncertain: it could undershoot or overshoot the
level implicitly targeted by the regulator.

will require a progressive increase in carbon prices
over the coming decades, the major question is
whether it would be easier for policymakers to adjust
tax rates or emission caps (Nordhaus, 2008).

The main reason why cap-and-trade schemes
have been the preferred solution in some cases is
that they remove uncertainty about the level of emission reductions. Cap-and trade programmes that
A hybrid “cap-and-tax” system could combine cover CO2 emissions (mainly from energy-intensive
the advantages of a tax (cost certainty) with the en- sectors) are operational in the EU Greenhouse Gas
vironmental advantages of a tradable permit system Emission Trading System (EU ETS) and in some
(emission certainty). Under such a scheme, the gov- other European countries (Norway, Switzerland), as
ernment would set an emissions limit, but at the same well as in 10 northeastern and mid-Atlantic states of
time would guarantee making
the United States that particiadditional allowances availapate in the Regional Greenhouse
ble at a certain maximum “trigGas Initiative and in some of the
A progressive increase
ger” price. This maximum price
more industrialized provinces of
in carbon prices will be
would act as a “safety valve”
Canada. In the United States, a
necessary to achieve strong
that would reduce firms’ adjustnational market-driven system of
emission
reductions.
ment costs (e.g. in the presence
tradable emission allowances is
of inelastic capital substitution).
part of the new American Clean
It is effectively a carbon tax that
Energy and Security Act.2
would allow emissions without
permits. This would prevent companies from having
Viewed from an international climate policy perto cut back on output, or even closing down or relocat- spective, quantity-based mitigation policies have the
ing to countries with less stringent policies. Besides a advantage that the commitments made by countries in
ceiling on the carbon price, the government could also terms of emission reductions over a given time period
fix a lower bound price level; if this were crossed, it are widely known. The “targets and timetable” apwould intervene by removing allowances from the proach is in fact the major characteristic of the current
market. The minimum price would effectively be a international approach to climate change mitigation
subsidy per unit of unused emission permits. The enshrined in the Kyoto Protocol (see box 5.1).
function of the minimum price is to prevent carbon
prices from falling below a level that eliminates incenAn international carbon tax would preclude
tives for investments in low-carbon technologies by the need to negotiate national emission target levels.
firms and households. In a more general way, such However, it would not only be difficult to administer,
a hybrid scheme would be able to cope with unex- but it also implies that the relative adjustment burpected shocks to economic growth and abatement den would be higher on developing countries that are
costs. The safety valve function could also become trailing in energy efficiency. A global carbon market
operational in the event of a serious crisis in energy in the form of a cap-and-trade system, as called for
in the Stern Review, appears to be a more viable
supply (Helm, 2008).
solution (Stern, 2006, 2008a and b). Such a system
The regulator would need to make periodic could be designed in a way that would allow develadjustments to either carbon taxes or emission ceil- oping countries to sell emission rights that are not
ings that have been set too high or too low. In any needed to cover domestically produced emissions.
case, both tradable permit schemes and carbon tax The amount of financing mobilized for developing
schemes would have to be adapted over time to take countries through such a system would depend on the
into account new knowledge about required emission modalities of the initial allocation of permits.
reduction needs and technological change. It is imThe effectiveness of introducing a price for
portant to make these changes in a predictable way so
as not to thwart incentives for R&D and technology carbon, and its subsequent increases, depends on the
diffusion. Given that stringent emission reductions price elasticity of demand for energy. Price incentives
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are quite effective in influencing changes in energy to fast growing demand for them, while at the same
use and carbon emissions by industries, but not by time the prices of the more carbon-intensive types of
households, because household demand for elec- energy fall. For example, the replacement of coal with
tricity is much less elastic. For
gas could be jeopardized if the
both industrial energy use and
increasing demand for gas leads
electricity generation, there are
to a sharp increase in its price.
Use of the price mechanism
alternative fuels that yield the
Gas supply would then need to
to influence demand for less
same result with differing levels
increase with rising demand, or
carbon-intensive energy
of carbon emissions. A higher
the price of coal would have to
is central to market-based
carbon price would therefore
be raised artificially in spite of
intervention ...
cause a noticeable reduction in
lower demand for this source of
industrial energy demand and
energy. Similarly, cutting down
a relatively small reduction in
on the demand for oil could
household electricity consumplower its price if supply is not
tion, but it would also lead to a shift towards the use adjusted to the lower demand. Therefore, producers
of fuels with lower carbon content, such as replacing of different fuels need to get involved in the formulacoal with natural gas.
tion and implementation of an international climate
change mitigation policy.
The picture is different in the transportation sector, where, so far, petroleum fuels have been practiIn addition to changes in the incentive structure
3
cally the only choice. The bulk of crude oil is used through the market mechanism, direct government
for transportation, and a portion of the remainder goes intervention through the introduction of emission
to non-fuel uses such as petrochemicals, where there performance standards and strict regulations that
are no close substitutes. The connection between pe- prescribe specific modes of GHG abatement aptroleum and transportation is projected to grow even pears to be indispensable for achieving ambitious
tighter: transportation is expected to account for about targets within the envisaged time horizon. Regulatwo thirds of the growth in oil demand to end-2030 tory standards have already been widely used, nota(EIA, 2007; OPEC, 2007). Thus the oil/transport bly in developed countries, to address various forms
market is almost disconnected from the market for of environmental pollution. They typically prescribe
other fuels and end uses. The lack of alternatives to either a specific abatement technology – so-called
oil means that, in the short run, price elasticity will best-available technology – for limiting the amount of
remain close to zero for many consumers, and an in- emissions discharged, or they set performance standcrease in oil prices is likely to lead to only a modest ards (such as maximum emissions per unit of output)
change in short-run oil demand while representing while leaving the choice of technology to the emitter.
a heavy burden on consumers.4 Its main effect will While technology standards are easier to implement
emerge over the longer term, as it will accelerate the than performance standards, they do not provide any
transition to more fuel-efficient vehicles.
incentives for firms to develop more efficient technologies than required by the
regulation. They are appropriUse of the price mechaate when the polluter does not
nism to influence the demand
is central to market-based inhave many options for reduc... but it has to be accompatervention in favour of climate
ing emissions, or when emisnied by intervention on the
sions are difficult to monitor and
change mitigation, but it would
supply side of other sources
have to be accompanied by inmeasure systematically (such as
of energy.
fugitive emissions from pipetervention on the supply side of
other sources of energy in order
lines and methane emissions
to avoid the move towards a
from agriculture). Performance
low-carbon economy being stalled by unfavourable standards, on the other hand, provide emitters with
movements in relative prices. Managing supply ad- more flexibility for reaching a mandatory emissions
justments and price formation for different sources target: they can respond, for example, by changing
of energy is necessary to prevent the prices for non- their production technologies, their product mix and/
fossil, renewable sources from increasing in response or the types of fuels they use.
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Box 5.1

Key features of the current multilateral framework for
a global climate change policy and its future

The broad foundation for addressing climate change was established by the United Nations Framework
Convention on Climate Change (UNFCCC), which was adopted in 1992 and ratified by 192 countries. The
central objective of the Convention is embodied in its Article 2, which provides for the “stabilization of
greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous anthropogenic
interference with the climate system”. But the treaty does not define what that level is. It establishes
that climate change is a common concern of mankind, but it recognizes important historical differences
in the contributions of developed and developing countries to this global problem. It also recognizes
that there are differences in their respective economic, institutional and technical capacities to tackle
it. In accordance with the principle of “common but differentiated responsibilities”, the treaty calls on
developed countries to “take the lead in combating climate change and the effects thereof” (Article 3,
para 1). Annex I of the treaty lists the countries (developed countries and countries with economies in
transition) that agreed to take on GHG mitigation commitments.
The Kyoto Protocol to the UNFCCC, which was adopted in 1997 but entered into force only in 2005,
established for the first time legally binding economy-wide GHG emission targets (excluding emissions
from international aviation and maritime transport) for the Annex I countries to the Protocol. Targets are
country-specific, but on average Annex I Parties agreed to a 5.2 per cent reduction of aggregate emissions
during the period 2008–2012 (the so-called first commitment period) compared with emission levels in
1990 (baseline year).
The Kyoto Protocol abolishes free use of the atmosphere by assigning each Annex I country a certain quota
of emission rights based on the emission targets. Since the Protocol does not prescribe how commitments
are to be met, there is considerable flexibility in identifying opportunities for GHG emission reductions in
different economic activities and in the design of country-specific approaches to climate change mitigation.
The Protocol has established three “flexible mechanisms” through which Annex I Parties can attain their
emission targets. These are: (i) emissions trading among Annex I countries, (ii) the Clean Development
Mechanism (CDM), and (iii) joint implementation.
The economic rationale for emissions trading (cap-and-trade system) is to exploit the differences in
marginal abatement costs among emitters within and across Annex I countries. The CDM allows Annex I
countries to earn certified emission reductions (CERs), or carbon credits, by investing in GHG abatement
projects in developing countries, which can be counted against the national emission targets or traded in the
carbon market. In most cases, however, only a limited percentage of emission reductions can be achieved
through CERs. This limits the use that can be made of CDM (see box 5.2 below). Joint implementation
is similar to CDM, but it is designed to allow an Annex I country to earn emission reduction units by
investing in a project in another Annex I country (de facto, mainly transition economies).
It should be pointed out that the Kyoto Protocol puts the mitigation burden of a country only on its
production activities, but not on the consumption of carbon-intensive products. This gives producers
in developed countries the option to shift carbon-intensive production to developing countries, and/
or consumers in developed countries the option to rely increasingly – in the aggregate – on imports of
carbon-intensive goods for domestic consumption.
It could be argued that the environmental effectiveness of the Kyoto Protocol will be limited, given the
short-term focus and the small magnitude of emission reduction commitments. Besides, the United States,
the major emitter of GHGs at the time the Kyoto Protocol was adopted, has not ratified the Protocol, and
no formal mitigation commitments are demanded of developing countries. However, the Kyoto Protocol
provides a clear signal that climate change mitigation is no longer a concern only for a minority of the
population that is particularly sensitive to environmental issues; rather, it is becoming a central parameter
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Box 5.1 (concluded)

for public and private decision-making at all levels. Negotiations on the second commitment period
of the Kyoto Protocol are currently under way, and are expected to be concluded at the forthcoming
United Nations Climate Change Conference, the 15th Conference of the Parties (COP-15), in Denmark
in December 2009.
To meet the emission reduction targets set by the Intergovernmental Panel on Climate Change in 2007
(IPCC, 2007a), it will be necessary for a successor agreement to the current Kyoto Protocol to set
considerably more ambitious targets and involve a larger number of countries, including all developed
and emerging-market economies, which contribute to a rapidly increasing share of the world’s GHG
emissions. In order to avoid cumbersome negotiations in the forthcoming meetings over which countries
should be included in Annex I, it would be desirable to agree on a formula for determining their inclusion.
A formula approach would automatically require countries that pass certain thresholds – for example in
terms of the size of the economy, per capita income and/or carbon-intensity – to make formal commitments
for GHG emission reductions.

3.

Technology and innovation policies

In the past, there was considerable underinvestment in research aimed at the development of
alternative sources of energy and cleaner producWhile the wider dissemination of existing tech- tion methods, as CO2 emissions could be generatnology could go a long way towards reducing GHG ed at no cost. Moreover, private R&D investment
emissions, climate change mitigation is an impera- is often hampered by the existence of knowledge
tive that also requires faster creation and applica- spillovers, whereby innovators are able to approprition of new technology. Carbon prices may provide ate only a small proportion of the social benefits of
a stimulus for accelerating the creation and applica- their innovations. There are also market failures in
tion of appropriate cutting-edge technologies for car- the adoption and diffusion of new technologies rebon reduction compared to past decades. However, sulting from learning-by-using, learning-by-doing,
there is a high risk that the stimulus may not be strong or network externalities. And incomplete information
enough to generate sufficient technological progress about the potential of new technologies frequently
slows down their application
to keep up with the speed rein practice (Jaffe, Newell and
quired to lower emissions, givStavins, 2004; Fischer and Newen that, owing to market failures
ell, 2004).
and government lethargy in the
There has been considerable
past, GHG concentration in the
underinvestment in research
A carbon tax, a cap-andatmosphere has reached a draaimed at the development
trade
system, and more strinmatic level. Current modes of
of alternative sources
gent regulations and standard
production and consumption
of energy and cleaner
setting will all help to promote
are shaped by “carbon lock-in”,
production methods.
the diffusion of climate-friendly
meaning that carbon-intensive
technolo gy and advance the
technologies gained an early
technological frontier, but new
lead at a time when there was
technologies have rarely evolved
little, if any, concern about global warming (Unruh and Carrillo-Hermosilla, 2006). independently of public policies. They are creatToday, the economic benefits of standardization and ed through a process of what is often described as
the low costs of imitating and replicating existing “learning curves” or “experience curves” (Ackerman,
technologies keep the world locked into that same 2008; Abernathy and Wayne, 1974). The process of
technological change is path dependent, in the sense
undesirable path.
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that the current options available depend on past policies and actions, just as the available technological
options in the future will depend on our actions and
policies today.

world had waited for autonomous technical change
or relied on getting the prices right, microelectronics
might never have happened.” Similarly, public sector
initiatives are likely to be essential to ensure that the
global economy moves along a climate-friendly path.
Direct and indirect subsidies for the diffusion of new
technologies and the use of alternative sources of
energy can also be crucial. Examples are tax credits
for energy-efficient equipment, and price support
such as feed-in tariffs for solar- and wind-powered
electricity.

In all countries technological change typically
advances faster when it benefits from public support,
which can take the form of publicly financed R&D,
such as in nuclear power and, more recently, in wind
power and ethanol production. Wind power became
commercially viable only as a result of decades of
government support in the EU, the United States and
other countries, in the form of subsidies and support
As mentioned above, the level of carbon emisfor R&D. The same will be true of other low-carbon sions is also determined by individual behaviour patenergy technologies that will be
terns at a given rate of growth
needed for a sustainable resoluand a given state of technology.
tion of the climate problem.
These are influenced to a large
Climate-friendly technological
extent by regulations and price
change advances faster when
incentives, but also by climateIt is not merely the financit benefits from public support.
related information and knowling of research, but also the initial
edge. With regard to energy
investments in the application
efficiency, there is often a lack
of the new technology that help
of information on the economic
to make it a competitive choice
for private enterprises, as prices fall with growing and environmental implications of using certain proddemand and larger scale production. Therefore, in ucts, at both the firm and household level. Mandatory
both developed and developing countries, govern- labelling pertaining to energy efficiency of consumment procurement can play an important role in er goods, including household appliances, cars and
advancing climate-friendly technological progress, office equipment, could help promote more rational
as it has done in other areas in the past. As pointed purchasing decisions by reducing transaction costs.
out by Ackerman (2008: 7): “Computers got their There is also an important role for governments in
start with military purchases; the Internet grew out raising environmental awareness through education
of a network sponsored by the United States Defense and information campaigns, and demonstrating efDepartment that was set up in the 1960s to connect fective leadership in terms of application of strinmilitary researchers around the country … if the gent building and appliance standards.
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D. Structural change for curbing global warming

In order to curb GHG emissions sufficiently to
Third, these costs are sometimes measured by
prevent a mean temperature rise beyond 2–2.5ºC, fac- the input of capital, labour and land to processes that
tors of production will partly have to be allocated to are required to achieve a certain volume of emisalternative economic activities, and capital accumula- sion reductions, based on the assumption that these
tion will need to be geared, more than in the past, to resources have to be withdrawn from other uses of
the use of sources of energy and modes of production value to a firm or society at large. This is a highly
that generate fewer GHG emissions. This process may theoretical rationale, which assumes full employment
entail costs for producers and consumers, but efforts to of all factors of production in a static sense. In realmeasure the “costs of climate change mitigation” en- ity, economic activities that are associated with high
counter serious conceptual and methodological prob- GHG emissions will indeed be discontinued. Other
lems. The economic implications of averting dangerous activities that can be conducted in a more climateglobal warming cannot be adequately addressed within friendly manner are created. Moreover, in the real
the framework of a traditional cost-benefit analysis, world there is no full employment of labour, and
for various reasons. First, not enough is known about fixed capital formation in support of one economic
the resilience of the ecosystem to global warming, activity is rarely crowded out by investment in annor about the risks of discontinuous and irreversi- other economic activity. Rather, increased investment
is a driver of overall economic
ble changes caused by crossing
growth and innovation.
“tipping points” that could have
potentially catastrophic impacts
Investment in activities that
To some extent, climate
with incalculable costs.
promote climate change
change mitigation may be
mitigation can provide a
achieved by reducing certain
Second, there is little sense
stimulus
for
growth
and
forms of consumption. But
in adding up the costs that indiemployment creation.
primarily it entails switching
vidual agents will incur in the
coming decades by choosing
climate-friendly modes of production or consumption instead
of carbon-intensive ones. Effective mitigation policies imply structural change in response to the new
public preferences. The whole process is comparable
to the disappearance of telegraphs, telex machines
and public fixed line telephones following the arrival
of new communication technologies. More importantly, microeconomic costs on the demand side
correspond to incomes generated on the supply side:
the production of new technologies and equipment
generates income and employment.

to or increasing expenditure on
alternative types of energy, technology, production equipment
and final goods. From this perspective, investment
in activities that promote climate change mitigation
is likely to create new income in addition to existing
output, and implies a potential stimulus for growth
and employment creation.
Official estimates of the economic costs of climate change mitigation do not reflect these macro
economic dynamics of structural change, and should
therefore be taken with cautions. These estimates are
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Table 5.3
Loss of GDP from climate change
mitigation: selected estimates
Stabilization of GHG
concentrations
At CO2
equivalent Target
ppma
year

Loss of GDP

Per cent

Target
year

IPCC

445

2050

-5.5

2050

Burniaux et al./
OECD

550

2050

-4.8

2050

535–590

2100

-2.6

2040

550

2050

-1.0

2050

IMF
Stern Review

Source: IPCC, 2007a; Burniaux et al., 2008; IMF, 2008; Stern,
2006.
a Particles per million.

to levels at which global warming can be expected not
to exceed 2.5ºC could be in the order of 5.5 per cent
of global GDP in 2050 (table 5.3). This corresponds
to a reduction in the average annual rate of global economic growth in the order of 0.15 percentage point
between 2010 and 2050. To put this in perspective,
the same models typically assume that in 2050, the
world’s real GDP will be more than twice its current
level. In developing countries, aggregate GDP is projected to increase, on average, by a factor of four by
2050. Moreover, these costs of mitigation would have
to be compared with the costs of unabated climate
change, which are impossible to quantify reasonably
in terms of economic accounting, but which, according to many experts, could be much larger.
Thus, the standard model estimates suggest
that the net costs of mitigation for the world econo
my as a whole would be fairly small, even though
they assume exogenous technological progress. Yet
decisive policy action in support of climate change
mitigation is likely to spur not only the wider application of existing climate-friendly technologies,
but also to accelerate the development of new technologies that favour cleaner modes of production,
consumption and energy generation. This aspect is
partly captured in models that allow for induced technological change and consequently show even lower
macroeconomic costs than models that assume exogenous technical progress, if not
overall benefits (Barker, Qureshi
and Köhler, 2006).

based on a comparison of two hypothetical future
states of the economy: a baseline scenario, which
projects economic developments and emissions in the
absence of specific mitigation policies, and an alternative scenario that includes poli
cies to achieve a certain volume
of emission reductions. The results of such estimates depend on
The macroeconomic costs
a host of assumptions concerning
However, while the macro
of mitigating climate change
economic growth trends, future
economic
costs of mitigating
may be negligible for the
price levels of fossil fuels, subclimate
change
may be negli
world economy as a whole,
stitution opportunities and the
gible
for
the
world
economy as
but they may differ consider
5
rate of technological progress.
a whole, the net costs of adjustably across countries …
They normally exclude the posing production and consumption
sibility of shifting preferences.
patterns to meet global mitigaThe timing and location of mitition target may differ consideragation measures influence the
bly across regions and countries,
overall costs, because of the long-service life of depending on the extent to which climate-friendly
energy-intensive capital stock and the costs of pre- technologies and environmental goods are available
mature scrapping, as well as the fact that an equal domestically or have to be imported from abroad.
reduction of emissions can be achieved at lower costs The latter aspect is of major importance for the inin countries that are relatively far from the existing ternational distribution of income generated by the
technology frontier.
production of more climate-friendly technologies,
infrastructure, equipment and consumer goods. It is
Official estimates along these lines suggest that taken up in section E.4 of this chapter, which focusaccumulated global macroeconomic costs of mitigat- es on the design of development strategies that ining climate change by limiting GHG concentrations clude climate change mitigation.
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The potential economic opportunities arising
The UNFCCC (2008a) has provided estimates of
from the transition to a low carbon economy may be additional global financing needs, not only specifically
illustrated by calculations of the International Ener- for the energy sector but also for moving more genergy Agency (IEA), based on a comparison of estimat- ally to more climate-friendly products and processes.
ed future expenditures on low-carbon technologies These estimates suggest that the worldwide annufor meeting a given projected
al additional expenditures inincrease in energy demand unvolved in shifting towards more
der specific emission constraints
climate-friendly modes of proand hypothetical investment exduction and consumption would
... depending on the extent to
penditures for traditional fossilamount to $440–$1,800 billion
which climate-friendly techfuel-based technologies. These
per annum up to 2030, equivanologies and products have
incremental expenditures durlent to 0.7–2.1 per cent of world
to be imported from abroad.
ing the period 2010–2030 will
GDP in 2008. Between $180 and
be within a range of $200 billion
$500 billion of this world total
per annum for stabilizing GHG
would have to be borne by deconcentrations at a level that limits the increase in the veloping countries annually, corresponding to 1.1–
mean global temperature to 3˚C, and $450 billion per 2.9 per cent of their GDP in 2008 (and falling to
annum to limit global warming to 2˚C (IEA, 2008a). 0.3–0.8 per cent of their GDP in 2030).
This corresponds to 0.3–0.7 per cent of global GDP in
2008. About half of this additional capital expenditure
Against this background, major concerns have
will have to be made by developing countries, a large been raised that commitments of developing counproportion by China and India. For individual eco- tries to GHG emissions reduction will jeopardize
nomic agents, these investment costs will likely be their development objectives. This issue is addressed
offset to a large extent by fuel savings over time.
in the next section.

E. Climate change mitigation and the development imperative

1.

Emissions reduction, growth and
development

There is a commonly held belief that significant
reductions in GHG emissions inevitably imply a
trade-off with economic development. This perception is based on the understanding that the key to
progress in development and poverty eradication is
sustained economic growth, and that, since the beginning of industrialization, economic growth has been
accompanied by a greater use of natural resources
(notably fossil fuels), environmental pollution and
the accumulation of GHG emissions. However, since

more recent industrialization has also been accompanied by a reduction in current emissions relative to
GDP, it may not be necessary for future development
to repeat the experience of the past.
The overall impacts of economic growth on
emissions such as CO2 can be decomposed into three
effects (Copeland and Taylor, 2004):
• A scale effect (i.e. additional emissions due to
increasing production and consumption);
• A composition effect (i.e. the change in emissions due to a shift in the structure of production
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The first reason why climate change mitigation has a
positive impact on development is that in its absence
there would be an increased risk of a significant
• A technology effect (which reflects the favour- slowdown in development progress. But there is
able impact of technological progress in terms also a potentially positive link between policies that
favour climate change mitigation, on the one hand,
of lowering emissions per unit of output).
and policies that support growth and development on
Theoretically, an increase in emissions can be the other. Considerable reductions in GHG emissions
avoided if the scale effect of economic growth is have already been achieved in both developed and
offset by the composition and technology effects, but developing countries as a by-product of policies that
historically the technology effect has not kept pace are primarily aimed at other objectives, such as raiswith the scale effect. However, it should be noted that ing overall productivity, diversification or increasing
this has been the outcome of a major market failure: energy security. Conversely, many national policy
the use of the environment as a factor of production measures in support of climate-friendly structural
changes may also help achieve
has not been included in cost
development objectives, includand price calculations, resulting providing new employment
ing in its overuse. The relative
Slower
economic
growth
is
opportunities and reducing povimportance of each of the three
not a precondition for climate
erty (UNCTAD, 2009a).
determinants for emissions, and
change mitigation.
the interactions between them,
Beyond these possible syndepend on how growth dynamergies, the imperative of climate
ics unfold over time in response
change mitigation also sets new
to the pattern of relative prices
and to legal and policy frameworks. They will be parameters for development strategies: it implies a
influenced by economic, environmental and technol- worldwide move towards new sources of energy, the
ogy policies, which can set appropriate incentives for development of new technologies and the production
economic behaviour that limits CO2 emissions and of equipment that embeds such technologies, as well
appropriate disincentives for behaviour that continues as the adoption of more climate-friendly consumption
patterns. This opens up new opportunities for creating
to produce such emissions.
value added in the markets for more climate-friendly
This means that, while slower economic growth energy, equipment and consumer goods. For some
based on given patterns of production and consump- countries it may offer new possibilities to exploit
tion could help reduce GHG emissions, it is not a natural comparative advantages that so far have
precondition for climate change mitigation, nor is it been of minor importance economically, and for
a requirement for developing countries that are at many others it may offer opportunities to build new
relatively early stages of their industrialization. How- dynamic comparative advantages.
ever, governments in both developed and developing
countries need to influence the pattern of growth (i.e.
the patterns of inputs and outputs) (Arrow and Bolin,
1995). This is not an entirely new challenge. Shap- 2. Options for climate change mitigation
in developing countries
ing structural change has been a key element in the
design of successful development strategies that have
focused on diversification away from a reliance on
only a few export commodities and towards building (a) Production and use of energy
comparative advantages in other areas of economic
activity. Such strategies have given particular emphaEnergy supply is the largest single global source
sis to industrialization in sectors that are expanding of CO2 emissions, and, with current technology and
both nationally and internationally.
sources of energy, growing levels of per capita income will lead to greater energy consumption in all
In many areas this structural change offers the major regions of the world in the coming decades.
possibility of synergies between the pursuit of miti- Thus production and use of energy are the priority
gation and development objectives (Cosbey, 2009). areas of action for climate change mitigation. In these
and consumption towards activities and products with lower emissions intensity);
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areas, developing countries face three major challenges. They need to: (i) satisfy the energy needs of
their large number of rural poor, most of whom are
not connected to any grid, while also increasing the
provision of energy in urban centres to boost overall
production capacity and accommodate rising household demand; (ii) switch from traditional to cleaner
sources of energy, enhancing, in particular, the use
of renewable energy from solar, wind, hydro or geothermal sources; and (iii) combine the increased total
energy supply with measures to raise efficiency of
production, dissemination and end use of energy.
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consumption per capita was less than one third of
the world average in 2006 and about half of its
population has no electricity supply. China’s energy
consumption per capita more than doubled between
1980 and 2006, but compared with consumption
levels in developed countries it is still much lower
(by nearly 70 per cent).

The strong growth in energy consumption has
led to a sharp rise in CO2 emissions. Developing
countries accounted for 41 per cent of global energyrelated CO2 emissions in 2006, compared with some
26 per cent in 1990. By 2020, deAbout 2.5 billion people,
veloping countries are expected
or 40 per cent of the world’s
to contribute to more than half
Developing countries need
population, most of them in
of global energy-related CO2
to combine an increase in
South Asia and sub-Saharan
emissions and for an even largtotal energy supply with a
Africa, still experience energy
er share (56 per cent) by 2030.
greater use of renewable
poverty. They rely on traditional
China’s share in energy-related
sources of energy and
biomass fuels for cooking and
CO2 emissions is projected to
higher
energy
efficiency.
heating, with associated ambient
increase from about 20 per cent
air pollution and adverse effects
to nearly 30 per cent by 2030.
on health. And about 1.6 billion
China, India and West Asia compeople have no access to elecbined are projected to account
tricity. Nevertheless, energy demand in developing for more than 40 per cent of global CO2 emissions in
countries has been rising sharply in all major regions 2030, up from some 30 per cent in 2006. Similar to
in recent decades. Energy consumption during the energy use, per capita CO2 emissions in developing
period 1990–2006 in developing countries rose at countries are on an upward trend, but have remained
an average annual rate of 4.1 per cent, compared to a significantly lower than in developed countries (see
world average of 1.8 per cent, reflecting robust eco- table 5.1 above).
nomic expansion and associated growth in real per
capita incomes. As a result, the share of developing
Although economic growth is generally associcountries in global energy demand increased to some ated with higher energy demand, the energy intensity
42 per cent in 2006, up from 29 per cent in 1990. China of economic activity (i.e. energy use per unit of real
and India alone accounted for 21 per cent of global GDP) can be expected to vary with the stage of deenergy demand in 2006, compared with 13.6 per cent velopment. In the process of industrialization, and
in 1990. This trend is expected to continue. Thus, al- with per capita incomes growing up to a certain level,
though developing and transition economies consume developing countries’ energy consumption intensity
much less energy per capita than developed economies typically increases, but with greater affluence the
at present (table 5.4), they will account for the bulk structure of the economy tends to shift from heavy
of growth in global energy demand by 2030 (IEA, to light industry and services. This leads to a fall in
2008a). Again, China and India alone are expected the intensity of energy use (Hannesson 2002; TDR
to account for half of this increase.
2005, chap. II, sect. B). On average, the intensity of
energy use has been on a slightly downward trend
With regard to energy use per capita, there is in developing countries over the past three decades.
considerable variation in regional levels and trends. South, East and South-East Asia, where the intensity
In Africa, there has been only a moderate upward of energy use is quite similar to that in developed
trend since 1980, with levels only about one third countries (table 5.4), have contributed strongly to this
of the world average in 2006. The past few decades overall trend, even if China is excluded.6
have seen very little growth in energy use per capita
in Latin America. However, in India there has been
A number of other developing countries have
a steady upward trend, although its overall energy achieved considerable improvements in their intensity
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Table 5.4
Energy use relative to population and GDP, 1980–2006
(Tons of oil equivalent)

1980

1990

2000

2006

Percentage
change
1980–2006

Energy use per capita
World
Developed countries
Europe
Japan
United States

1.63
4.22
3.18
2.96
7.95

1.66
4.33
3.26
3.59
7.70

1.65
4.71
3.40
4.15
8.15

1.80
4.70
3.49
4.13
7.74

10.43
11.37
9.75
39.53
-2.64

Transition economies

4.26

4.80

3.09

3.87

-9.15

Developing countries
Africa
Latin America
West Asia
Other Asia, excl. China
India
China

0.56
0.58
1.01
1.44
0.36
0.30
0.61

0.66
0.62
0.97
1.74
0.45
0.38
0.77

0.79
0.62
1.10
2.34
0.61
0.45
0.88

0.97
0.66
1.17
2.76
0.63
0.51
1.44

73.21
13.79
15.84
91.67
75.00
70.00
136.07

Energy use per $1 000 of GDPa
World
Developed countries
Europe
Japan
United States

0.29
0.26
0.22
0.18
0.35

0.26
0.22
0.18
0.15
0.27

0.22
0.20
0.16
0.16
0.24

0.20
0.18
0.15
0.15
0.21

-31.03
-30.77
-31.82
-16.67
-40.00

Transition economies

0.48

0.61

0.57

0.48

0.00

Developing countries
Africa
Latin America
West Asia
Other Asia, excl. China
India
China

0.28
0.26
0.16
0.17
0.25
0.26
0.74

0.27
0.29
0.17
0.30
0.22
0.23
0.45

0.23
0.30
0.16
0.35
0.22
0.19
0.22

0.21
0.28
0.15
0.36
0.17
0.15
0.21

-25.00
7.69
-6.25
111.76
-32.00
-42.31
-71.62

Source:		UNCTAD secretariat estimates, based on IPCC reference approach.
a Calculations are based on constant 2000 dollars and purchasing power parities.

of energy use as a result of policies to strengthen overall productivity, even without the explicit objective
of contributing to reducing global warming. Brazil,
China, India and Mexico have reduced their CO2
emissions growth over the past three decades by
some 500 million tonnes per annum – an amount that
exceeds what the Kyoto Protocol requires of Annex I
countries (IPCC, 2007b; Chandler et al., 2002).

and developing countries (UNCTAD, 2009a). The
large difference in CO2 emissions between the United
States, Europe and Japan reflects, among other things,
different degrees of application of existing technologies. For example, if Chinese coal power plants were
to reach the average efficiency of Japanese plants,
China would consume 20 per cent less coal (World
Bank, 2007).

There appears to be a huge potential for greater
energy efficiency that could be exploited by wider dissemination of existing technologies in both developed

A large amount of GHG emissions could be
prevented at the level of end users, through the
introduction of efficiency standards and labelling,
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and by mandating the use of low-energy appliances
and energy-efficient construction of new buildings.
According to IEA estimates, a package of 25 energy
efficiency measures could save up to one fifth of
the global emissions projected for 2030 in a reference scenario (IEA, 2008b; Cosbey, 2009: 27). The
timing of such efforts is important, not only from
an environmental perspective, but also from an
economic point of view: replacing or retrofitting
an existing capital stock is much more difficult and
generally more costly than mandating efficiency at
an early stage. Power plants have a long service life,
which can exceed 50 years. Therefore, the continued
construction of relatively inefficient plants based on
traditional fuels implies a risk of technology lock-in
with associated high GHG emissions, even though in
this case climate change mitigation could be achieved
with the help of carbon capture and storage technologies (Gallagher, 2007).
A number of policies are already in place to
encourage the development and deployment of lowcarbon-emitting technologies in several developed
countries, as well as in some developing countries,
including Brazil, China, India and Mexico. Many developing countries have adopted targets for enhanced
use of renewable sources of energy (table 5.5). Indeed, the share of developing countries in worldwide
investments in energy efficiency and use of renewable sources of energy has risen steeply, from 13 per
cent in 2004 to 23 per cent in 2007, partly as a result
of improved policy and regulatory frameworks for
clean energy investments, and partly in response to
rising petroleum prices and concerns over supply
constraints (UNEP, 2008). An outstanding example
of these policies is Brazil’s national ethanol programme for motor vehicles (PROALCOOL), which
was launched in 1974 to reduce its dependence on oil
imports. More recent policy measures in Brazil aim
at the promotion of biodiesel and renewable energy
technologies (PROINFA).
In energy-intensive industries, such as iron and
steel, non-ferrous metals, chemicals, petroleum refining, cement, and pulp and paper, the main options for
CO2 abatement include improved energy efficiency
and fuel switching. Many facilities in these sectors are
relatively old and inefficient in terms of energy use,
but there are also a number of others in developing
countries that are new and already operate with the
latest technology and use less energy. As these industries are expanding faster in developing countries
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Table 5.5

Share of renewables in energy
consumption in 2006 and
targets for 2020
(Per cent of total energy consumption)
2006

2020 target

Argentina
Brazil
China
Egypt
India

8.2
43.0
8.0
4.2
31.0

..
..
15.0
14.0
..

Indonesia
Jordan
Kenya
Mali
Mexico

3.0
1.1
81.0
..
9.4

15.0a
10.0
..
15.0
..

Morocco

4.3

10.0b

Republic of Korea

0.5

5.0c

40.0
11.0

15.0a
..

4.0

8.0c

Developing countries

Senegal
South Africa
Thailand
Developed countries
Canada
European Union
Japan
United States
Source:
a
b
c
d

16.0
6.5d
3.2
4.8

..
20.0
..
..

REN21, 2008, table R.7.
2025.
2010.
2011.
2005.

than in developed countries, there are also greater
opportunities for CO2 abatement when developing
countries invest in additional production capacities.
This points to the need for strengthening regulatory
standards to accompany the development of these
industries in developing and transition economies,
not least to discourage the relocation of production
associated with high GHG emissions from countries
with stronger environmental regulations to countries
where such regulations or their enforcement are lax
or non-existent.
In the construction industry, CO2 abatement can
be achieved mainly by improving energy efficiency
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in new and existing buildings. Among the major in areas where public transport is often lacking or is
instruments are building codes that establish strin- not a sufficiently attractive alternative to private cars.
gent energy efficiency standards, and strict product But in urban areas, well-designed public policies and
standards for lighting and electrical appliances. CO2 urban planning can make an important contribution
emissions can also be significantly reduced even with to reducing emissions by influencing transportation
existing mature technologies for energy efficiency. To choices.
support the use of such low-cost abatement opportunities it is important to improve the dissemination
Stringent efficiency standards for vehicles may
of public information on the possible microeconomic help lower CO2 emissions, but integrated urban plangains from energy efficiency measures, alleviate ning that seeks to reduce the need for transportafinancing constraints, and elimition and encourages commuting
nate subsidies for energy use
by offering attractive means of
based on fossil fuels (McKinsey
public transport is equally imGlobal Institute, 2007).
portant.8 This would not only
The development of
cut down on energy use and CO2
energy-efficient industries
In transport, the main mitiemissions, but would also imshould be accompanied
gation options are energy switchprove the quality of life of the
by strengthened regulatory
ing, introduction of fuel-efficiency
population and productivity. Exstandards.
standards, a modal shift from road
amples of the implementation of
to rail transport, and greater use of
eco-efficient transport networks
public transport systems. Groware the cities of Curitiba in Braing transportation activity is part of economic devel- zil and Bogota in Colombia. Curitiba pioneered the
opment, and an appropriate transport infrastructure idea of an efficient all-bus transit network, which inis a prerequisite for many economic activities. Thus spired a similar approach (TransMilenio) in Bogota
the share of developing countries in transport-related (Cosbey, 2009).
CO2 emissions is projected to grow rapidly in the
coming decades. With current technology, transport
relies predominantly on petroleum, which accounts (b) Agriculture and forestry
for 95 per cent of the total energy used for transAgriculture will likely be the worst-hit ecoport worldwide. Today, transport is responsible for
18 per cent of global CO2 emissions and it is one of nomic sector from global warming, particularly in
the most rapidly growing sources of such emissions developing countries. On the other hand, it is itself
in both developed and developing countries. Road a major source of emissions, contributing 10–12 per
transport accounts for 72 per cent of transport-related cent of total global anthropogenic GHG emissions. Of
CO2 emissions (Baumert and Winkler, 2005). Ship- the total agriculture-related emissions in 2005, 75 per
ping, on the other hand, which is the predominant cent originated in developing countries (UNFCCC,
means of global freight transport, is already one of 2008b).9 Moreover, projected population growth and
the least energy-intensive transport modes; neverthe- changing diets with greater meat intake, associated
less, there appear to be relatively large opportunities with rising per capita incomes, particularly in develfor improving energy efficiency even in this sector oping countries, will lead to even larger increases in
(IPCC, 2007a).
agriculture-related emissions.
The limited scope for substitution of petroleum
has been a major reason for the highly price-inelastic
demand for vehicle fuels. With “business as usual”,
CO2 emissions from road transport are expected to increase by almost 40 per cent until 2030 (IEA, 2008b;
Cosbey, 2009: 31).7 Under these circumstances, significant CO2 abatement can only be achieved by large
increases in fuel prices or taxes, or by introducing
prohibitive measures. This can be a problem in rural
areas with predominantly low-income populations, or

In agriculture and forestry, rising current GHG
emissions are mainly attributable to changes in land
use. Adjustments in these sectors could contribute
significantly to GHG abatement, without much
technological innovation. They include, for example,
improved crop and grazing land management, such as
the restoration of organic soils that have been drained
for crop production and restoration of degraded lands.
In addition, soil carbon sequestration could contribute
to 90 per cent of the mitigation potential of agriculture
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(representing between 11 and 17 per cent of the total Costa Rica and Mexico pay premiums to landowners
mitigation potential). Improved water management for protecting forests, and Brazil has launched an inand rice management,10 as well as improved livestock ternational fund to attract financing for programmes
and manure management, are other important op- that help preserve the Amazon rainforest, with an
tions for developing countries.
initial pledge of $100 million
Indeed, 70 per cent of the mitiby Norway. While the principle
gation potential of this sector
of rewarding avoided deforestacould be achieved in developing
tion is straightforward, several
Slowing down deforestation
countries (IPCC, 2007b). GHG
difficulties in verification and
is a high-priority mitigation
emissions could also be reduced
monitoring still have to be overoption in tropical regions.
by substituting fossil fuels with
come. The terms “forest”, and
agricultural feedstock for energy
thus also “deforestation”, are
production.11
not easy to define, and there are
problems arising from the pos
Sustainable agricultural production methods, in- sibility that one country’s avoided deforestation might
cluding organic agriculture, can contribute to climate lead to accelerated deforestation elsewhere (Watson
change mitigation and other improvements in the et al., 2000). Programmes that aim at avoiding deenvironment through the reduction or elimination of forestation have to be supported by strengthening
chemical pollutants, and water and soil conservation national legal and regulatory systems as well as
practices. Organic agriculture improves soil fertility national capacity for resource management.
and structure, thus enhancing water retention and
resilience to climatic stress. It also mitigates climate
change by utilizing less energy than conventional (c) Administrative and institutional
capacity-building
agriculture and by sequestering carbon (UNCTAD,
2009a and b).
Mitigation policies and strategies need reliable
Forests serve as sinks of GHG emissions, so that and comprehensive data for setting goals, monitordeforestation implies the loss of these important envi- ing policy implementation and elaborating plausible
ronmental sinks. Deforestation and forest degradation scenarios for future emissions. Designing effective
in developing countries are estimated to account for mitigation strategies also requires reliable projecsome 18 per cent of global GHG emissions. Their tions of future emissions. This not only depends on
main objective is to gain land, in Africa for subsist- an accurate and comprehensive inventory of GHG
ence farming and in Latin America for the extension emission sources and sinks, but also on a good under
of large-scale cattle ranching and soy plantations. In standing of the key economic drivers of emissions.
South-East Asia, deforestation occurs mainly for tim- The development of reliable GHG inventories is also
ber production and for palm oil and coffee plantations necessary to enable firms to gain insights into their
(Stern, 2006, chap. 25). Reducing and reversing de- mitigation opportunities and GHG-related risks.
forestation is believed to offer the
The UNFCCC requires
highest potential of any sector to
developed countries to submit
contribute to low-cost mitigation
such inventories on an annual
between now and 2030 (Enqvist
Developing countries should
basis, whereas reporting obliet al., 2007). It should therefore
enhance their capabilities
gations are much less stringent
be considered a high-priority
for effective participation in
for developing countries. In a
mitigation option in the tropical
international climate policy
2005 UNFCCC compilation of
regions of Africa, Asia and Latin
negotiations.
national communications from
America.
developing countries on GHG
Important instruments in
emissions, most of the counthis area are programmes at
tries reported data for 1994 only
the national and international levels to reward the (UNFCCC, 2005a,b; 2008c). For more than half of
avoidance of deforestation. Several countries in Latin the countries, some important activity data were either
America are already making efforts in this direction. lacking or not accessible. Major problems are the lack
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of institutional capacity for the collection, storage and
management of the data needed for preparing a GHG
inventory. This is an area where developing countries
could benefit considerably from technical assistance.
The GHG Protocol Initiative, for example,12 has been
promoting common standards and tools for GHG
measurement, as well as capacity-building.
In order to reap possible development benefits from global climate change mitigation efforts,
developing countries also have to enhance public
sector capabilities for designing, implementing
and monitoring climate policy measures, for effective participation in international climate change
negotiations, and for effective use of international
instruments such as the Clean Development Mechanism (CDM) (Willems and Baumert, 2003; Gallagher,
2007; see also box 5.2 below).
Clearly, this approach would have to be tailored
to country-specific circumstances, but it involves
institutionalizing a close dialogue between all key actors and institutions, including the relevant ministries,
industries and research institutions. Such a forum
could play a key role in managing the integration of
efforts in support of climate change mitigation with
those in pursuit of development objectives. This
would include identifying synergies between climate
change mitigation and development, and increasing
participation in the markets for innovative, climatefriendly products and services. These are discussed
in the next section.

3.

Development opportunities arising
from climate change mitigation

(a) Synergies
The effects of GHG abatement will not only
be felt globally in terms of better climatic conditions conducive to economic and social progress
in the developing world, compared to non-action;
many effects will also be felt at the local level in
the countries, regions or cities where efforts to mitigate climate change are undertaken, in the form of
improved air, water and land quality, with attendant
benefits for health and labour productivity. There are
also concrete synergies between strategies for climate

change mitigation and development (Cosbey, 2009;
UNCTAD, 2009a). For example,
• There is broad agreement that the provision of
energy to the poor constitutes developmental
progress in its own right. In many cases, this
objective can be pursued using energy from
renewable sources at the micro level (e.g. biogas
digesters, micro hydropower, solar cookers or
photovoltaic panels can reduce the need for
large energy infrastructure investments).
• In combination with measures for forest conservation, equipping poorer households with more
climate-friendly energy sources will also lead to
substantial benefits in terms of reduced indoor
air pollution from inefficient biomass use and
its attendant health problems.
• Increasing national energy efficiency generates
considerable benefits for the national economy
in terms of greater productivity and stronger
international competitiveness of domestic pro
ducers.
• Efforts to achieve household energy efficiency
will allow households, particularly the poorer
ones, to switch their expenditures from heating
and lighting to other purposes, including health
and education.13
• Elimination of subsidies for traditionally produced energy can free substantial resources
for use elsewhere, including public investment
in more climate-friendly technologies and
equipment.
• Efforts to restore forest cover or avoid deforestation or land degradation have important effects
on development, as they help improve flood
control in watersheds (Stern, 2006).
• Reducing the need for commuting through
proper urban planning and providing attractive
means of public transport would also improve
the quality of life of the population and increase
overall productivity.
• Switching to different sources of energy, in
particular towards locally available renewable
sources, would free foreign exchange for the
purchase of capital goods, including equipment

Climate Change Mitigation and Development

that uses climate-friendly technology. It would
also contribute to local employment generation,
and thus to poverty reduction. For example,
Brazil’s ethanol programme, which seeks to
replace petroleum as automobile fuel, has not
only avoided 26 million tons of CO2 emissions
annually, it has also reduced energy import costs
by almost $100 billion compared to a baseline
scenario, and created hundreds of thousands
of jobs for the rural population (Bradley and
Baumert, 2005).
• A greater share of renewable sources of energy
in the overall energy mix also enhances energy
diversification and energy security, which are
pursued as objectives in their own right. It thus
helps to ensure smooth and continuous access
to energy at affordable rates, and shields countries from the balance of payments impacts of
fluctuations in global prices of fossil fuels (IEA,
2008c; Bacon and Mattar, 2005).14

(b) New market opportunities

155

for purposes other than environmental protection.
According to estimates by a leading private strategy
consulting firm, the global market for environmental products and services may amount to as much as
$1,400 billion (UNEP, 2008). Equipment that helps
achieve climate change mitigation represents a significant share of this market.
Thus, there are considerable opportunities for
income generation through increased participation
in this market. Developing countries could seek
such participation by integrating into international
production chains, as many of them have successfully done in other fast-growing sectors. In addition,
they themselves could contribute to innovation in
climate protection processes and environmental
goods based on specific local circumstances and
comparative advantages. The development of “clean
technologies” and early participation in the production of equipment embodying such technologies
in the context of a rapidly expanding international
market confers “first-mover advantages”, given that
other countries will eventually need to adopt these
technologies as well. So far, the global export market
for environmental goods is still clearly dominated by
developed countries, which account for about 80 per
cent of the total traded value of such goods. But
developing economies such as Brazil, China, India,
Indonesia, Malaysia and Taiwan Province of China
already account for an increasing share of this market.
China, for example, is already a major producer of
equipment in the global wind power market, and it is
among the world’s largest producers of solar cells and
lighting products. Brazil is the second largest global
producer of biofuels, and India’s photovoltaic production capacity has expanded
rapidly in recent years (REN21,
2008; UNEP, 2009).

More stringent climate-related standards and
policies, in conjunction with increased consumer
preferences for “green products” have already led to
a rapidly growing global market for environmental
goods and services. Private investments in energy
efficiency and renewables rose from $33.2 billion
in 2004 to $148.4 billion in 2007. New fixed investments in clean energy in 2007 were equivalent to
9.6 per cent of global energy infrastructure investment
and 1 per cent of fixed capital
formation (UNEP, 2008). Since
dynamic growth in many developing countries has put enorDeveloping countries
mous pressures on their national
As environmentally sound
should seek to participate
environments, policymakers in
equipment, consumer goods
in the rapidly growing global
these countries are increasingly
and sources of energy can be
market for environmental
realizing that environmental polconsidered “sunrise” industries,
goods and services.
lution and inefficient use of raw
developing countries could immaterials entail huge costs. As a
prove their prospects for growth
result, there is considerable poand employment creation by
tential for further growth of the
directing their industrial and
market for energy from renewable sources and for agricultural development in this direction (UNCTAD,
equipment to generate such energy, as well as for 2009a). Initially, many developing countries will be
energy-efficient cars, buildings and appliances. The mainly engaged in adapting these new technologies
overall size of this market is difficult to gauge, giv- to their specific national and local contexts. But
en that many environmental goods can also be used if integrated into a broader development strategy,
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these efforts could ultimately lead to the development of domestic supply capacities for exporting
these adapted technologies to other countries with
similar needs. This represents a growing potential
not only for exports to developed countries but also
for enhanced South-South trade.
Promotion of these technologies will require
an appropriate framework for technology transfer.
It will also require the development of mechanisms
to promote domestic knowledge accumulation,
technological learning and innovation in order to
increase technological absorptive capacity. The level
of domestic technological capabilities will determine
to what extent developing countries could, where
possible, move directly (“leapfrog”) to the frontier
technologies developed in industrialized countries,
rather than merely imitating and adapting second-best
technologies with a strong emphasis on end-of-pipe
solutions.15

Climate policies will involve a revalorization
of comparative advantages and open new options
for agricultural and industrial development. Relying
on market forces to trigger adequate responses to the
new challenges and opportunities would be risky in
light of both objectives: achieving the desired limit
of global warming and successfully integrating developing countries in the markets for climate-friendly
energy, technology and equipment. Experiences with
economic catch-up in mature and late industrializers
(TDR 2006: chap. V; Amsden, 2001; Chang, 2002;
Rodrik, 2006) have shown that the dynamic forces of
markets that underlie structural change and economic
growth can be, and often have to be, stimulated by
targeted government policies.

The main reason for such policy support is
insufficient information and associated uncertainty
about the viability of new modes of production or
the success of new products. This is particularly the
case in countries and sectors where industrial development is at a relatively early stage and the scope for
imitation is relatively limited. This uncertainty may
discourage investment in new, low-carbon modes of
4. Integrating climate change mitigation
production and the integration into markets for inpolicies with development strategies
novative, climate-friendly technologies, equipment
and consumer goods. Supportive policies could help
improve the information base for decision-making
Although responsibility for the already high and thereby encourage the necessary investment,
levels of GHG concentrations in the atmosphere which in turn could lead to economies of scale. Such
rests primarily with developed countries, developing- support should take into account both national needs
country governments should not remain passive. for climate-friendly technologies and products, as
There are growing opportunities for their economies well as the structural move towards their use at the
resulting from increasingly stringlobal level that offers opporgent policies for GHG abatement
tunities for strategic integration
around the world. The most efinto the global market for these
fective way forward is to inteproducts.
The dynamic forces of markets
grate climate change mitigation
that underlie structural change
strategies with more proactive
Many developing countries
and economic growth often
national industrialization strat
are
likely
to have natural comhave to be stimulated by
egies. As in other areas of indusparative advantages – especially
targeted government policies.
trial policy, in order to benefit
in the production of energy –
from these opportunities a set
that become more valuable in an
of coherent policies and effecera when the level of CO2 emistive institutional arrangements
sions has to be sharply reduced.
is needed that supports the process of economic re- For example, solar, wind and hydro energy are likely
structuring and technological change. It will also be to be highly valued substitutes for fossil fuels in donecessary to integrate the development and diffusion mestic energy generation and consumption in a large
of climate-friendly technology, equipment and con- number of developing countries. Their potential for
sumer products with wider national R&D, innovation exports may improve over time, once the problems
and investment promotion policies (Rodrik, 2008; of storage and transport of energy over long distances
TDR 2006, chap. V).
are solved through technological advances.
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However, developing countries may also be
well advised to evaluate to what extent they can
acquire new comparative advantages in the growing
market for environmental goods. These can be the
result of an early establishment of an industry and
the consequent acquisition of specialized knowledge
or economies of scale or scope (Gomory and Baumol
(2000: xiii). Such acquired comparative advantages
play a particularly important role in medium- and
high-technology-intensive industries such as those
that contribute to climate change mitigation. Entry
into such industries “is slow, expensive, and very
much an uphill battle if left to free-market forces”
(Gomory and Baumol, 2000: 5).
As in other industries, it may be possible for a
developing country to start producing climate-friendly
equipment by initially carrying out labour-intensive
functions and thereafter progressively undertaking
technological upgrading. Government support could
serve to obtain dynamic scale economies, which
requires both successive innovative investments and
learning processes. Policy measures in support of
industries that contribute to climate change mitigation may also include attracting FDI, particularly if
it comes with a transfer of technology, organizational
and managerial skills, and helps entry into international networks.

157

activities, could aim at encouraging investment in developing capacities to produce or
participate in the production of climate-friendly
equipment and appliances.
• Direct public credit, possibly in the form of
loans by development banks at preferential
interest rates and with favourable repayment
schedules, could facilitate the financing of
investments for the purpose of creating capac
ities to produce climate-friendly equipment and
appliances and for acquisition of such goods
produced locally.
• Subsidies could be allocated to those firms
which show the greatest potential capacity to
facilitate the use of locally available renewable
sources of energy and to strengthen the country’s position in the market for environmental
goods.
• Venture capital institutions could play an important role in providing risk capital for firms
engaging in the production of equipment and
appliances that can substitute to more carbon-intensive ones. Since such organizations
themselves often face financing constraints,
development banks and other public actors that
are motivated by social returns and externalities,
rather than by private profit, could play a crucial
role.

As with structural change policies more generally, specific policy measures depend on a country’s
particular initial conditions and its stage of economic
development. However, there are several types of
• Research and development (R&D) activities in
policy measures that may be relevant for differsupport of technology upgrading and local adent developing and transition
aptation of technology for the
economies in their efforts to
production of climate-friendly
combine global climate change
equipment and appliances could
mitigation with building dobe carried out by public instiIndustrial policy to promote
mestic production capacity in
tutions, or private institutions
the environmental goods
and firms could be given pubthe growing markets for envisector
is
of
particular
lic grants for this purpose. In
ronmental goods. Measures of
relevance for forward-looking
this case, budgetary constraints
relevance for industrial policy in
development strategies.
a broader development context
could be alleviated through roywere discussed in greater detail
alty payments by the private users
in TDR 2006 (chap.V). In the
of public research output comspecific case of building domesmensurate with their profits, or
tic capacities for the provision of climate-friendly
by common-project-financing through regional
products and services, support could be provided, for
cooperation agreements. Such measures may be
example, by the following types of instruments:
complemented by according favourable treatment to FDI that is associated with spillovers
• Fiscal incentives, apart from those that may
of climate-friendly technologies and knowbe provided for innovative GHG abatement
how.
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• The creation and expansion of firms involved
in the development of climate-friendly technol
ogies and the production of related equipment
and appliances could be supported by public
procurement schemes (see also section C.4
of this chapter). This could help the domestic
firms reach the economies of scale necessary for
making their environmental goods competitive
relative to those of external suppliers. It could
even help domestic firms take the lead in certain
subsectors.

Industrial policy with a special focus of using
comparative advantages and creating new ones in
environmental goods is of particular relevance in
the context of forward-looking development strat
egies. This is not only because of the growing size
of the market for such products, but also because the
policy space for support measures in this area is less
narrowly circumscribed by multilateral agreements
than in other areas. According to Article 8 of the
WTO Agreement on Subsidies and Countervailing
Measures (SCM), specific subsidies for research or
for the pursuit of environmental objectives are classified as non-actionable.16 Subsidies are permitted for
the “promotion of adapting existing facilities to new
environmental regulations”. They are also permitted
for R&D, including the financing of venture capital
funds and for the provision to the private sector of
technologies and innovations developed in government research laboratories. Also included in this
category is public procurement policy in support of
the proliferation of domestically defined standards for
particular technologies. Moreover, in order to support
a shift in economic activity to new products or to the
use of new technologies, activities can be subsidized
as long as they are in the pre-competitive phase (i.e.
before they result in the production of goods that are
exported or subject to significant
import competition).

• Specific policy measures may also be relevant
for the purpose of strategic integration into the
global market for environmental goods, such as
the creation of export processing zones that offer
preferential tax and customs treatment. Measures such as selective liberalization through
differentiated tariff and non-tariff barriers and
granting duty drawbacks for imports of certain
capital and intermediate goods have been successfully employed in the past for the development of specific industries in many countries.
However, in recent years their use has become
more difficult, and in many cases impossible,
as a result of multilateral and bilateral regional trade agreements. While
trade liberalization may
help in the diffusion of
In the climate-friendly goods
climate-friendly technol
The practical relevance of
sector policy space for
ogies, it may render the
subsidies that fall under Article 8
support measures is less
exploitation of comparaof the SCM Agreement becomes
narrowly circumscribed by
tive advantages in markets
very clear from the assistance
multilateral
agreements
than
for renewable energies
measures that many developed
in other areas.
more difficult. It may also
countries have adopted in rehamper the development
sponse to the current recession
of domestic capacities for
in support of their ailing automothe production of climatebile firms. Due to their subsidy
friendly technologies, equipment and appli elements, these measures could be challenged as
ances. While it is important, from a development violations of the subsidy rules under that Agreement.
perspective, to arrive at an appropriate balance However, if assistance is tied to new fuel-efficiency
between these two objectives in multilateral and environmental standards, they are likely to fall
trade negotiations (see section F below), de- under the exemptions from WTO subsidy disciveloping countries need to identify what policy pline for environmental reasons. Another example
space is still available to them in support of do- concerns China’s granting of about $1.5 billion in
mestic climate-friendly industries. They should research subsidies to bolster its automobile industry
also avoid commitments in regional or bilateral by encouraging the development of more environagreements with developed countries that would mentally friendly cars. This move is designed to
circumscribe this policy space more narrowly encourage Chinese auto-makers to focus on electricthan multilateral trade agreements have done.
vehicle technology (Shirouzu, 2009).
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Several types of these support measures have an
impact on the public budget. It may therefore be difficult for developing countries, particularly the poorest,
to implement such measures. This constraint applies to
domestic development policies in general, and has to be
addressed in the broader context of strengthening public finances in developing countries. However, it may
be easier to gain access to external financial support for
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the specific area of climate change mitigation than for
other areas of industrial policy, given the possibilities
arising from the emerging international framework for
climate policies. For example, a strengthened CDM or
a global carbon market in the form of a cap-and-trade
system (Stern, 2008a and b) would allow developing
countries to sell emission rights that they do not need
to cover domestically produced emissions.

F. Towards an effective international climate policy framework

1.

The broad agenda

Decisive action to reduce GHG emissions is
required by national governments, especially those of
developed and emerging-market economies that are
responsible for the bulk of current GHG emissions. At
the same time, because of the global nature of climate
change and the risks involved, this action needs to
be coordinated and organized within an international
framework that includes all countries. International
cooperation started with the establishment of the
UNFCCC in 1992. Since the UNFCCC entered into
force in 1994 there have been annual Conferences
of the Parties (COPs) with the aim of strengthening
the international climate policy framework. A further
step in this direction was the adoption of the Kyoto
Protocol on Climate Change at COP-3 in 1997, which
entered into force in 2005 (see box 5.1 above).
Given that the Kyoto Protocol expires at the end
of 2012, a new global agreement is needed to deal
with climate change mitigation thereafter. A first step
towards a post-Kyoto Protocol agreement was taken
in December 2007 with the adoption of the Bali Action Plan adopted by COP-13. It defines four main
building blocks of a new agreement, which will be
presented for endorsement at COP-15 to be held in
Copenhagen in December 2009. These are mitigation,

adaptation, technology and financing. There was also
agreement on the need to develop a shared vision for
long-term cooperative action, including a long-term
goal for global emission reductions.
The negotiations will have to address the need
for “enhanced national/international action on mitigation of climate change” by both developed and
developing countries. This primarily involves determining the extent of mitigation commitments to be
made by Annex I Parties. But in addition, negotiations
will also have to extend to “nationally appropriate
mitigation actions” by developing countries. Without
their effective participation, it will not be possible to
ensure stabilization of GHG concentrations at relatively “safe” levels, in the light of past and projected
future regional trends in economic growth and associated GHG emissions.
The negotiations will also have to agree on main
policy approaches to achieve emission reductions,
including the future role of the CDM, which so far
has been the main vehicle for involving developing
countries in the international framework for climate
policy (box 5.2). An important issue to be resolved
pertains to policy approaches and incentives for
reducing emissions from deforestation and forest
degradation in developing countries. Other key issues are how to support adaptation in developing
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Box 5.2

The clean development mechanism: large potential but underutilized

The Clean Development Mechanism (CDM)a is based on the recognition that since GHG emissions
are a problem at the global level, it does not matter where emission reductions are achieved. The same
amount of additional emission reductions can be achieved more easily and at a lower cost in developing
countries, which tend to operate at a greater distance from the world’s technological frontier, than in
developed countries. The CDM offers investors from Annex I countries (see box 5.1 above) the possibility
of earning carbon credits – or CERs – if they undertake projects in developing countries that help these
countries prevent or reduce GHG emissions.
Interest in CDM projects has grown rapidly in recent years. In July 2009, there were more than
4,400 projects in the “CDM pipeline”, up from 534 at the end of 2005. Of these, 1,725 projects had been
approved by that date. The UNFCCC expects the approved projects to reduce emissions by a cumulative
1.6 billion tons of CO2 equivalent by the end of 2012, or by an annual average of 308 million tons. This
indicates that CDM has considerable potential to contribute to a reduction in global GHG emissions,
which totalled 41 billion tons in 2005.b The value of CDM projects by investors from Annex I countries
amounted to $7.4 billion in 2007, up from $5.8 billion in 2006 (World Bank, 2008). This corresponds to about
1.3 per cent of total direct investment flows to developing and transition economies (UNCTAD, 2008).
So far, CDM projects have been concentrated in only a few activities, including hydro power, and in a
small number of countries. In July 2009, China and India accounted for nearly two thirds of all CDM
projects in the pipeline and for 70 per cent of all expected CERs by 2012, the end of the first commitment
period of the Kyoto Protocol. China alone is expected to supply some 55 per cent of these carbon credits.
Besides China and India, the two other major players in the CDM market are Brazil and Mexico, but
the gap with China and India in terms of both the number of projects and CERs is considerable. By
contrast, the share of the least developed countries (LDCs) is only about 1 per cent, which is even lower
than their share in FDI to all developing and transition economies. This may reflect not only a limited
number of potential projects that can generate GHG emission reductions relatively easily, but also the
limited administrative capacity of these countries to participate in the mechanism.
Wider participation of developing countries in CDM has been encouraged through the Nairobi Framework
launched in November 2006. This cooperation agreement, initially concluded among six multilateral
agencies (UNDP, UNEP, UNFCCC, the World Bank, the Asian Development Bank and the United Nations
Economic Commission for Africa), which UNCTAD joined in May 2009, aims at building capacity in
developing countries, especially in sub-Saharan Africa, to develop CDM projects and benefit from access
to carbon finance.
Although CDM can make a substantial contribution to climate change mitigation, its potential remains
underutilized to date, for various reasons. The absolute amount of investment in CDM projects will be
higher the more restrictive emission limitations become as cap-and-trade systems evolve. The role of the
CDM is also circumscribed by the possibility of Annex I countries to limit the share of their domestic
GHG emissions that can be offset through CERs. Just as it does not matter for global warming where
GHGs are emitted, it does not matter for climate change mitigation as to where those gases are reduced.
Considering the urgent need to reduce GHG emissions in the coming years, it is desirable that all “quick
wins” possible in developing countries be utilized, and that low-cost abatement opportunities in those
countries be exploited. On the other hand, the larger the scope for counting emission reductions achieved
through the CDM in developing countries against commitments made by developed countries, the lower
will be the incentive for clean technology innovations in developed countries. Therefore, a strengthening
of the CDM should be accompanied by tighter emission restrictions, as well as greater government support
for R&D and for wider application of innovative technologies in developed countries.
The effectiveness of the CDM also depends on the capacity of the CDM Executive Board to expedite
approval and implementation of CDM projects. Judging by the backlog of projects, this capacity appears
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Box 5.2 (concluded)

Distribution of CDM projects, by region
and selected countries, 2009
CDM projects in the pipeline
(as at 1 July 2009)

CERs expected
by 2012

Number

Per cent

Africa
of which:
Egypt
Nigeria
South Africa

105

2.35

81

2.92

12
7
29

0.27
0.16
0.65

16
28
20

0.59
1.00
0.72

Latin America
of which:
Brazil
Mexico
Chile

797

17.84

392

14.20

346
154
69

7.75
3.45
1.54

175
65
40

6.32
2.36
1.44

49

1.10

34

1.21

3 470

77.68

2 237

81.00

1 754
1 127
63
71

39.27
25.23
1.41
1.59

1 534
424
103
22

55.52
15.34
3.72
0.78

46

1.03

18

0.67

4 467

100.00

2 762

100.00

45

1.01

26

0.94

West Asia
Other Asia and the Pacific
of which:
China
India
Republic of Korea
Viet Nam
Europe and Central Asia
Total of 76 countries
Memo item:
Least developed countries

Million

Per cent

Source: UNEP, Risø CDM Pipeline Analysis Database, at: http://www.cdmpipeline.org/overview.htm
(accessed 1 June 2009).

to be low at present. The approval process could perhaps be accelerated by simplifying and streamlining
the criteria for approval. At present, CDM projects submitted for approval have to pass a counterfactual
test: the emission levels associated with a project have to be below those that would occur under a
“business-as-usual” scenario. It has been observed that “the projects that have made it through the
CDM project cycle have tended to be those that are the simplest to quantify [in terms of GHG-emissions
reductions] and not necessarily those with the greatest benefits in terms of co-benefits or sustainable
development” (Schmidt et al., 2008: 2; Cosbey et al., 2005). Promoting co-benefits of CDM projects
is also an important objective in the ongoing negotiations on the future climate mitigation framework
(Kinley, 2009). Depending on the project, co-benefits may include, for example, the elimination of a
health hazard or the generation of local employment. Such co-benefits are highly desirable, but it is also
important to avoid too much emphasis on such co-benefits in the evaluation of CDM project submissions
so as not to further complicate and retard the approval process.

a
b

For a more detailed review of the CDM, see UNCTAD, 2009c.
UNFCCC, CDM statistics online, at: http://cdm.unfccc.int/Statistics/index.htm (accessed 10 June 2009).
The European Commission Joint Research Centre shows worldwide GHG emissions growing faster (http://
ec.europa.eu/dgs/jrc/index.cfm?id=2820&obj_id=341&dt_code=HLN&lang=en, accessed 25 May 2009).
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countries as well as their transition to low-carbon
economies through technology transfer and financing.
The challenge is to carefully balance commitments
and entitlements across the four proposed pillars
between developed and developing countries, taking
into account their diverse socio-economic conditions
and vulnerabilities to climate change.
The widely varying socio-economic conditions
across countries suggest that it will be necessary to
adopt a multi-track framework involving different
degrees of commitments and/or national policy measures for different groups of countries based on their
level of development. In addition, new mechanisms
for financial and technological support will need to
be established, depending on the development stages
of countries and their contributions to the climate
change problem (Bodansky and Diringer, 2007).
There is considerable GHG abatement potential in
developing countries, which can be exploited at
much lower costs than in industrialized countries. It
is therefore in the interest of the developed countries
to strengthen cooperation with developing countries
in the pursuit of climate change mitigation. The CDM
is a promising starting point for mutual action in that
direction, even though it does not by itself lead to additional emissions abatement at the global level.

2.

Involvement of developing countries

should reduce their emissions at a more rapid rate
than developing countries (Stern, 2006: 495; UNDP,
2007: 7; IPCC, 2007b: 748).
A promising approach to reducing GHG emissions would be to extend the coverage of existing
cap-and-trade systems and increase their effectiveness. Ideally, all developed and developing countries
that have made reduction commitments would trade
under the same system so as to discourage double
standards and ensure fair competition. However, in
order to ensure the participation of developing and
transition economies in the same international capand-trade system, it will be indispensable to allow
different levels of commitments and target dates for
different categories of countries, and, accordingly, to
find acceptable criteria for the distribution of emission permits amongst all participating countries.
Proposed criteria include, inter alia, per capita
GDP, per capita emissions, emissions per unit of
GDP, current emissions, historical emissions and
population size.17 One possibility would be to use a
sequence of formulas for dynamic emission target setting within a cap-and-trade framework that would be
determined by a combination of historical emissions,
current emissions, population, income, and possibly
some other country-specific indicators. This could
also involve indexing emission targets to economic
growth (Frankel, 2007). Similarly, a graduation
index has been proposed that combines a country’s
per capita income and per capita emissions for determining emission thresholds, which would oblige
developing countries to take on emission reduction
commitments (Michaelowa, 2007).

In order to reach a new climate agreement, it
will be necessary that all parties view the distribution of responsibilities as sufficiently fair or equitable. The challenge is to secure a commitment to
For the time being, several developing countries,
GHG reductions not only by developed countries, but in particular low-income and least developed counalso by emerging-market econotries, may be exempted from
mies, which in recent years have
formal reduction commitments.
drastically increased their GHG
But in order to avoid larger ademissions.
justment burdens at later stages,
Commitments have to vary
these countries should neverfor different categories of
The principle of common
theless begin to work early on,
countries and over time.
but differentiated responsibilities
and with the support of the inis a starting point for defining the
ternational community, towards
type and scale of mitigation acdeveloping capabilities to intions to be undertaken by developed and developing troduce climate-friendly modes of production and
countries. In accordance with this principle, several consumption.
studies have proposed that, since the GHG emissions of developed countries peak earlier than those
There are a number of proposals for progresof developing countries, the developed countries sively engaging developing countries in climate
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change mitigation. A major focus has been on the to enable them to reduce emissions in a given secsectoral approach that targets emission reductions tor by a certain agreed amount below the initial nofor a range of energy-intensive industries, such as lose target baseline. Given the additional support
power, iron and steel, and cement. The thrust of these provided, only emissions below this more stringent
approaches is to achieve large volumes of emission target would be credited. The emission baseline esreductions, while also mobiliztablished under SNLT would be
ing, via carbon trading credits
based on a country’s past emisor other mechanisms such as
sion trends, and would assume
CDM, sufficient funds for the
the implementation of poliReducing deforestation has the
deployment and diffusion of
cies and measures aimed at rehighest potential to contribute
clean technologies. The sector
ducing emissions below the
to low-cost mitigation, but ...
al approach could also serve
SNLT baseline. It has been proas a stepping stone for develposed (Schmidt et al., 2008)
oping countries towards adopthat a more ambitious reference
tion of economy-wide emission limitation goals in path for emissions than that of the SNLT approach
the medium term. The longer term goal would be to could be achieved with additional external finanincreasingly integrate developing countries into in- cial and technological support for domestic abateternational cap-and-trade systems (Bodansky, 2007; ment measures.18
Jackson et al., 2006).
Sectoral agreements could require considerable
This sectoral approach could be incorporated financial transfers from developed countries to speinto a modified CDM, or organized outside the CDM. cific sectors. But such transfers may not be forthcomA sectoral CDM would involve the reduction of emis- ing for agreements that cover major competitors in
sions below a specified baseline for a predetermined internationally traded goods sectors. The sectoral aptime period, with a corresponding supply of carbon proach may therefore be best suited for domestically
credits. Incorporating a sectoral approach into the oriented sectors that have only a few major emitters,
CDM would help counteract a growing trend towards such as electricity generation (Bradley et al., 2007).
fragmentation of mitigation efforts and thereby fa- However, sectoral agreements need not be limited to
cilitate uniform standards and monitoring. However, carbon crediting schemes; they could also focus on
establishing a sectoral mechanism outside the CDM technological standards similar to the vehicle emisappears to be simpler in many ways. First, it would sion standards of the EU, or they could mandate the
preclude the need to demonstrate additionality and use of specific technologies or alternative sources of
compliance with an increasing number of conditions, energy, or proscribe heavily polluting equipment.
which at present make approval of projects extremely
cumbersome, lengthy and costly. Second, it would
Reducing emissions from deforestation and forenable the emission baseline to be negotiated directly est degradation is an example of a sectoral approach
between developing and developed countries within that could make a significant contribution to climate
the framework of the UNFCCC. In both cases, emis- change mitigation. Although reducing and reversing
sions below baseline would generate carbon credits, deforestation has the highest potential of any sector
to contribute to low-cost mitibut failure to reduce emissions
gation between now and 2030
below baseline would not lead
(Enqvist et al., 2007), emisto penalties that would require
… the present international
sions from this source are not
developing countries to purclimate
policy
framework
does
addressed in the existing interchase corresponding emission
not address deforestation.
national climate policy frameallowances. This approach is
work. The Bali Plan of Action
therefore known as the “sectoral
has therefore emphasized the
no-lose target” (SNLT).
strategic importance of slowing
A variant of SNLT has the main objective of pro- deforestation, which is a high-priority mitigation opviding additional specific incentives – in the form of tion in the tropical regions of Asia, Africa and Latin
financial support and transfer of cutting-edge tech- America. One option for international support in the
nology – to major emitting developing countries prevention of deforestation could be to establish an
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explicit carbon crediting mechanism. But this would
have to overcome considerable methodological challenges of establishing credible baselines, accurately
measuring emissions, and ensuring that local emission reductions are permanent. There has also been
a proposal to establish a dedicated fund under the
UNFCCC to support voluntary engagement of countries in reducing emissions from deforestation. Some
funds designed to support a slowdown in the rate of
deforestation are already operational (UNFCCC,
2008a). Moreover, “positive incentives” could be
provided by developed countries to build institutional
capacities for reducing illegal logging and fire outbreaks, and banning imports of illegal timber.
Agriculture, particularly in developing countries, also has a significant potential to mitigate
climate change at a relatively low cost. However,
existing financing mechanisms under the Kyoto
Protocol enable only a very small fraction of the mitigation potential of agriculture to be realized (Martino,
2009). For instance, soil carbon sequestration, which
accounts for most of the mitigation potential in agriculture, is outside the scope of the CDM. It would
therefore be desirable to include the issue of GHG
emission reduction in agriculture on the agenda of
the forthcoming climate change negotiations (see
also FAO, 2009; IAASTD, 2009).
Developing countries have implemented a host
of measures that focus primarily on promoting priority
national development goals, but which also contribute
to global GHG abatement as a “by-product”. These
policies and measures fall in the wider category of
sustainable development policies and measures (SDPAMs). It has been proposed that in the post-Kyoto
climate regime, developing countries should have the
possibility of unilaterally pledging implementation
of specifically tailored policies with a development
focus that have climate-friendly co-benefits as a major characteristic (Baumert and Winkler, 2005). This
would allow them to gain formal recognition for their
contribution to GHG abatement and help overcome
the perception that countries without emission targets
do not contribute to climate change mitigation. Implementation of SD-PAMs would allow developing
countries to accumulate knowledge about the mitigation potential of the economy, and related economic,
social and environmental costs and benefits. It could
also contribute to increasing the capacity of domestic institutions for effective policy integration. To
encourage SD-PAMs, developed countries could

offer to provide financial and technical assistance.
But linking SD-PAMs with carbon crediting mechanisms is unlikely to be feasible given the difficulty
in establishing “additionality” and credible emission
baselines (Bradley et al., 2007).

3.

External financing, trade and
technology transfer

The effective participation of developing countries in global GHG abatement depends to a large
extent on their utilization of climate-friendly technologies. The issue of technology development and
transfer is therefore high on the agenda of the climate
policy negotiations. The incremental investment costs
of introducing clean energy technologies in developing countries are estimated at several hundred billion
dollars per annum over the next few decades.19 As
discussed in the previous section, participating in the
production of equipment and appliances that embed
such technologies, and contributing to further technological progress in this sector, are important aspects
of industrial development that should become major
elements in the design of development strategies for
the coming decades. The poorer developing countries
may require additional foreign direct investment
(FDI) and official development assistance (ODA) if
they need to import the technology and equipment
for helping GHG abatement.
The funds available through the UNFCCC (from
the Global Environment Facility (GEF) Trust Fund,
the LDC Fund and the Special Climate Change Fund)
are very small compared to the size of resources
required to cover the external financing needs of
developing countries, particularly those that will not
benefit from a revalorization of comparative advantages in the production of energy, or will not be able
to build relevant new dynamic advantages. Various
other multilateral financial mechanisms exist that rely
on developed-country contributions for promoting
GHG abatement in developing countries, such as the
World Bank Climate Investment Fund and the Clean
Technology Fund (CTF). In addition, a number of
new financing options have been proposed, including
a World Climate Change Fund, based on financial
contributions by all countries, except the LDCs, to
scale up financing for climate change mitigation and
adaptation.

Climate Change Mitigation and Development

An international carbon market in the form of
a cap-and-trade system could be a source of income
for many developing countries. If designed in a
manner that takes into account the responsibility of
the industrialized countries for the existing GHG
concentrations in the atmosphere, on the one hand,
and the need for developing countries to contribute
to global climate change mitigation, on the other,
such a system might go a long way towards meeting
their requirements for the financing of imports of
the technology and equipment necessary for GHG
abatement. For example, if population size were to
be given an important weight in the initial allocation of permits across countries, many developing
countries would be able to sell their emission rights
because they would be allotted considerably more
permits than they need to cover domestically produced emissions.
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have been resisting liberalization of imports of
agricultural products, including ethanol, while subsidizing their own biofuel production. Yet ethanol
from sugar cane is currently considered by many
experts as a very efficient biofuel in terms of cost,
energy balance and GHG abatement. The reductions
obtained from the use of biofuels based on feedstocks
that are used in Europe and North America are much
smaller than those from ethanol, and their supply
and use are being supported by sizeable government
subsidies. These subsidies, which are projected to rise
from $11 billion in 2006 to $25 billion per year by
2015, correspond to $960 to $1,700 per ton of CO2
equivalent saved (OECD, 2008). If the same fiscal
expenditure were to be allocated for emission reduction projects in developing countries, a much larger
abatement effect could be obtained, while respecting
their comparative advantages in biofuel production.

Access of developing countries to clean enAnother potential obstacle for developing counergy technologies could also be promoted through tries to contribute to climate change mitigation and
bilateral, regional and international cooperation at the same time grasp the opportunities provided by
agreements, such as the Asia-Pacific Partnership on fast growth in the market for environmental goods
Clean Development and Climate Change (APP). This is the protection of intellectual property rights. Typagreement, launched in 2005,
ically, technology transfer is eicomprises Australia, Canada,
ther associated with FDI or it is
China, India, Japan, the Reorganized on the basis of licensAn
international
cap-andpublic of Korea and the United
ing. The WTO Agreement on
trade system could be a
States. These countries have
Trade-related Aspects of Intelsource of income for many
agreed to work together, along
lectual Property Rights (TRIPS
developing
countries.
with private sector partners, to
Agreement for short) severely
meet goals for energy security,
restricts reverse engineering and
national air pollution reduction
other forms of imitative innovaand climate change mitigation
tion, since it upholds the private
by accelerating the development and deployment of rights of patent holders. As a result, it tends to limclean energy technologies. In addition to renewable it the access of developing countries to proprietary
energy, the APP focuses on GHG emission reduc- knowledge. This implies an asymmetry that favours
tions in industries such as steel and cement. Another the producers and holders of protected intellectual
example is the EU-China Partnership on Climate property – mainly in developed countries – at the
Change, formed in 2005. It aims to: promote the expense of those trying to gain access to protected
development and deployment of “zero emissions” intellectual property, mainly in developing countries
and carbon capture and sequestration technologies; (TDR 2006, chap.V). Exceptions are limited to very
lower the costs of major clean energy technologies specific cases, such as access to medicines in develto enhance their diffusion and use; and support the oping countries. This exception is made for humanimutual goal of improving energy efficiency.
tarian reasons, but it can also have a positive impact
on the development of pharmaceutical industries in
In addressing climate change, it would be developing countries.
appropriate for the international community to
consider support measures for developing countries
Multilateral rules on proprietary knowledge aim
that combine GHG abatement with the promotion of at protecting the interests of the innovating firms in
development objectives (Cosbey, 2009). From this gaining an adequate profit. However, they also have
perspective, it is regrettable that developed countries to strike a balance between these interests and global
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public interests. The Doha Declaration explicitly
recognized the flexibility within TRIPS to grant
compulsory licences, and clarified the need to interpret TRIPS from a public health perspective. Given
the global public good character of climate change
mitigation, and that it is in the interest of developed
countries to involve developing countries in global
efforts to reduce GHG emissions, similar flexibility
as that applied to medicines appears to be justified
for proprietary rights in the field of climate-friendly
technologies.

Another means for enabling developing countries to enhance their own production of equipment
and appliances that help reduce global warming
would be for developed countries and/or multilateral
institutions to provide them with financial support
for the acquisition of the appropriate licences. In
this spirit, China and India have recently proposed
the establishment of a Technology Acquisition Fund,
to be financed by Annex I countries, to enable the
purchase by developing countries of international
property rights for low-carbon technologies.

G. Conclusions and policy recommendations

The impact of unabated global warming is
the most severe in developing countries. Past and
present GHG emissions, the bulk of which have been
produced by developed countries, are commonly considered to be the main cause of global warming. But
in developing and transition economies, especially
in the largest and fastest growing among them, such
emissions are now on a steeply rising trend. This
trend will continue unless vigorous action is taken
to change the energy mix and modes of production
and consumption.

of developing and transition economies to contribute
to global mitigation efforts in line with the principle
of common but differentiated responsibilities, because current trends in their GHG emissions are not
sustainable. And developed countries have an ethical obligation to support developing and transition
economies in their efforts.

Climate change is the outcome of a gigantic
market failure, and mitigation efforts now require
strong government action at the
national and international level.
Developed countries need
The international framework for
to lead global action to mitigate
a climate policy is still weak. If
Climate change is the outclimate change by adopting
strengthened, many of its elecome of a gigantic market
strong policy measures, not
ments could contribute to more
failure, and mitigation efforts
only in their own interest, but
effective global GHG abatement
require strong government
also for ethical and economic
efforts and to the greater particiaction at the national and
reasons. They need to assume
pation of developing countries
international level.
responsibility for the accumuin those efforts. These elements
lation of emissions affecting
include, inter alia, the promothe global climate, which have
tion of carbon trading, and the
resulted from their past actions,
two project-based mechanisms
particularly as they have greater economic, techno- of the Kyoto Protocol – the Clean Development
logical and administrative capacity to shift rapidly to Mechanism and Joint Implementation – as well as
a low-carbon economy. It is equally in the interests the prevention of deforestation.
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Putting a price on emissions, in the form of taxes knowledge spillovers may prevent them from fulor tradable emission permits, and thereby changing ly reaping the profits from their innovations. In the
the incentive structure for producers and consumers, case of technology and know-how that advance more
could help set in motion a pro
climate-friendly modes of process towards establishing lowduction and consumption, such
carbon economies. Measures
spillovers may even be desirable.
There is considerable scope
that increase the demand for less
Therefore, subsidies and public
for developing economies to
carbon-intensive or carbon-free
acquisition of patents could be
gain from the structural change
sources of energy are central
ways to compensate private firms
towards climate-friendly
to market-based intervention in
for possible losses resulting from
modes
of
production
and
favour of climate change mitisuch spillovers. Moreover, exconsumption ...
gation, but these measures also
perience shows that technologineed to be accompanied by incal change often advances faster
tervention on the supply side of
when it also benefits from R&D
energy from other sources. Manin public institutions, and when
aging supply adjustments and price formation for the public sector takes the lead in applying new techdifferent sources of energy is necessary in order to nologies in practice.
prevent prices of non-fossil, renewable energy from
increasing – relative to the prices of the more carThe engagement of developing countries in clibon-intensive types of energy – as demand for them mate change mitigation efforts will largely depend on
grows. Therefore, producers of different fuels need to how a global climate policy is designed. Such a policy
be involved in the formulation and implementation of should facilitate their access to clean technologies, to
an international climate change mitigation policy.
financing for emission reducing investments, and to
compensation for income losses that certain countries
In addition to changes in the incentive structure may face, for example as a result of energy-switchthrough the market mechanism, direct government ing or forest conservation. International emissions
intervention in the form of emission performance trading within the framework of a global cap-andstandards and strict regulations that prescribe spe- trade system with a distribution of emission rights
cific modes of GHG abatement is indispensable in that favours developing countries could serve as a
order to achieve ambitious targets within the envis- new financing mechanism. This could complement
aged time horizon. Also, more proactive policies to increased ODA for public GHG abatement projects
advance technological progress are required, because and additional FDI in low-carbon activities.
innovation towards low-carbon modes of production
has become a necessity, unlike innovations in most
Climate change mitigation does not have to be
other areas. Leaving this process to the market mech- at the expense of growth and development. Experianism alone carries the risk that
ences from both developed and
it may not provide a sufficiently
developing countries show that
strong stimulus for accelerating
many synergies are possible be... but they need sufficient
the development and applicatween GHG abatement, on the
space for proactive industrial
tion of appropriate cutting-edge
one hand, and development obpolicies to promote the domestechnologies for carbon reducjectives on the other. Similarly,
tic development of renewable
tion to reach the required taraction undertaken primarily in
sources of energy, climategets. This is partly because there
the pursuit of other social and
friendly
technologies
and
has been considerable underineconomic development objecthe production of low-carbon
vestment in research aimed at
tives can often also lead to GHG
equipment and appliances.
the development of alternative
abatement as a by-product. More
sources of energy and cleaner
generally, in order to implement
production methods in the past,
successful programmes to reso that current modes of producduce GHG emissions, develoption and consumption are shaped by “carbon lock- ing countries need the strengthened administrative
in”. In many cases, private firms may be reluctant and institutional capacity that typically comes with
to increase R&D investment sufficiently, because development.
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Climate change mitigation is best understood as
Each developing and transition economy will
a process of structural change. This process certainly need to define its own strategy for integrating into
implies adjustment costs for many economic agents, the emerging new markets for new products that help
but the time horizon for climate change mitigation is achieve GHG abatement objectives, taking into acso long that it is difficult to estimate the total “costs count both the local needs for specific “environmental
of mitigation”. Estimations of these costs may be goods” and the options for producing such goods for
misleading as they are subject to a considerable un- local, regional or global markets. Experience from
certainty and have to be based on highly subjective developed countries and several emerging-market
judgements. It is important to recognize that, as in economies shows that a successful industrial policy
other instances of structural change, this process also may comprise, among other elements, public sector
offers enormous new opportunities for product and engagement in R&D, simplifying access to patents,
process innovation, income growth and employment fiscal and financial support for new production activigeneration. From this macro
ties, information dissemination
economic perspective, climate
and FDI policies that favour
change mitigation is likely to
integration into international
involve only negligible net costs
production chains, government
It would be justified to allow
in terms of lower global GDP; it
procurement and temporary procompulsory licensing of
may even have a growth stimutection of specific subsectors. A
patents for the production of
lating effect in many countries.
proactive industrial policy with
climate-friendly equipment
Economic development always
a special focus on using existand goods that embed
implies a process of structural
ing comparative advantages
climate-friendly technologies.
change. What is important is to
and creating new ones in the
guide this change in the direction
environmental goods sector is
that is compatible with public
of particular relevance in the
preferences (in this case the need
context of forward-looking
to reduce the risks arising from global warming), and development strategies. This is because the policy
to design development strategies that take account of space for support measures in this area is less narthe new opportunities offered by this process.
rowly circumscribed by multilateral agreements than
in other areas.
In the years and decades ahead there is considerable scope for developing economies to gain from
The international community can support industhe opportunities that will emerge from the structural trial development in this direction by allowing develchange towards renewable sources of energy, climate- oping countries sufficient policy space in the context
friendly technologies, low-carbon equipment and of relevant international agreements on climate
appliances, and more sustainable modes of consump- change, trade, FDI and intellectual property rights.
tion. Successful participation in the new markets is Given the global public good character of climate
largely a matter of reassessing natural comparative change mitigation, it would be justified to interpret
advantages, especially in the production of clean en- the flexibilities of the TRIPS Agreement in a way that
ergy, and creating new dynamic comparative advan- would allow compulsory licensing of patents for the
tages through a proactive industrial policy. Such a production of climate-friendly equipment and goods
policy should aim at the early creation of capacities that embed climate-friendly technologies, similar to
to produce or participate in the production of such the exemptions accorded for medicines in support
of public health.
goods, and their subsequent upgrading.
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Notes

1

2

3

4

In general, agricultural output and productivity are
expected to decline given an adverse carbon fertilization effect. The carbon fertilization effect is the
potentially beneficial effect of rising GHG concentrations in the atmosphere on crop growth by stimulating
photosynthesis and lowering water requirements. But
in tropical regions, crops are already close to critical temperature thresholds. However, some parts of
China may benefit from this effect due to moderate
temperature increases (Stern, 2006, chap. 3). A study
by Cline (2007) finds that a global mean warming of
3ºC will have a negative impact on global agricultural
productivity in the longer run (by 2080), even in the
presence of a carbon fertilization effect. The study
suggests that the adverse impact on agricultural
productivity will be felt first in developing countries,
and they will suffer much more than developed
countries.
The House of Representatives passed the American
Clean Energy and Security Act on 26 June 2009
(for full text see: http://energycommerce.house.gov/
Press_111/20090701/hr2454_house.pdf).
At the global level, the available supply of biofuels
is too small to make a noticeable dent in the demand
for oil.
Clearly, carbon pricing also has a distributional
impact that is not negligible. An analysis of the
distributional effect has to identify the social groups
that finally have to bear the direct burden by paying
higher prices for certain types of energy or goods, the
production and consumption of which implies environmental costs that so far have not been accounted
for in price calculations. This is relatively easy, but
it is only part of the analysis, which also needs to
take account of a number of other factors. It is true
that the final consumers will have to pay the price,
and consumption patterns across income groups are
such that the share of energy in total consumption
is higher among lower income groups. Thus, the
direct effect of the introduction of instruments, such
as carbon prices or taxes, on income distribution

5

6

7

is regressive. However, the overall distributional
effect of policies for climate change mitigation is
also influenced by the use of revenues from carbon
emission reduction policies and the distribution of
income from production based on new technologies
and more environment-friendly goods compared to
that of production based on traditional technologies
and goods. Since there are likely to be considerable
differences in each of these variables, depending on
the different policy instruments chosen, the actual
impact on income distribution could only be assessed
based on concrete policy choices. For this reason,
the distribution and equity effects of climate change
mitigation policies in general are not pursued further
in this chapter.
Global integrated assessment models such as those
used by the IMF (2008) or the OECD (2007) employ
a least-cost approach, involving equalization of marginal abatement costs across sectors and countries
based on internationally harmonized carbon taxes or
global emissions trading. In these models, the shift
to low-carbon technologies is driven by assumptions about exogenous technological change and
endogenous substitution away from carbon-intensive
inputs in response to higher carbon prices (see also
Burniaux et al., 2008).
In China, there was an exceptionally large reduction
in intensity of energy use as a result of the country’s
dramatic structural change after 1980 (see TDR 2005,
chap. II). This decline bottomed out during the period
2000–2006, but the Government’s 11th five-year plan
for 2006–2010 specifies the objective of a reduction
of energy consumption by 20 per cent in 2010 from
its 2005 level. This reflects its concern about the
sustainability of the rapid growth in energy demand
in view of the potential adverse economic and environmental consequences (see People’s Republic of
China, State Council Information Office, 2008).
In many fast-growing developing countries, where
private automobile transportation is expanding
rapidly, estimates are much higher: based on data
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from IEA (2004). Baumert and Winkler (2005) have
estimated an increase in CO2 emissions from road
transport by 2020, in China of 143 per cent, in India
of 67 per cent, in Indonesia of 122 per cent, in Mexico
of 71 per cent and in West Asia of 68 per cent.
Locating residences close to places of work and other
destinations is probably the most effective policy option. This option is of particular relevance for urban
centres that are expected to expand in the future, but
less so for urban areas that have already been built.
UNFCCC (2008c) presents an in-depth discussion
of the challenges and opportunities emerging from
climate change mitigation in agriculture, along with
case studies.
As rice is the major crop grown in developing countries, improving water and rice management is considered an important option for methane abatement in
developing countries, notably in South-East Asia.
In sectoral carbon reduction accounting, such substitution would be counted in favour of the sectors
using the energy.
For details, see www.ghgprotocol.org.
Cosbey (2009) found that household energy efficiency projects scored higher than all other types
of projects in terms of “development dividend”, as
calculated for the assessment of projects under the
Clean Development Mechanism.
On the other hand, the search for energy diversification does not necessarily imply a move towards a
more climate-friendly energy mix, since it can also
imply the development of a conventional source of
energy, such as domestic coal, at the expense of other
fossil fuels, such as imported oil.
End-of-pipe systems are used for the treatment of
emissions where these cannot be avoided in the first
place. This traditional approach still plays an important role in many industries, and will continue to do
so as long as carbon-intensive technologies remain in
use. The sensible environmental and developmental
option is to minimize the need for such treatment and
to maximize the use of cleaner solutions upstream in
the production process, especially when new productive capacities are built.
Formally, these subsidies became actionable following a review of the initial provision in 2000 and
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the failure to reach agreement over its extension.
However, in practice no action has been taken in
this regard. In order to qualify for the initial provision, subsidies for research must be for activities
conducted by firms or research establishments on a
contract basis with firms, on the condition that the
assistance covers not more than 75 per cent of the
cost of industrial research or 50 per cent of the cost
of pre-competitive development activity. Regarding
environmental objectives, subsidies are permitted
for the “promotion of adapting existing facilities to
new environmental regulations”. The Doha Ministerial Conference took “note of the proposal to treat
measures implemented by developing countries with
a view to achieving legitimate development goals,
such as regional growth, technology research and
development funding, production diversification and
development and implementation of environmentally
sound methods of production as non-actionable
subsidies, and agrees that this issue be addressed ...
[as an outstanding implementation issue]. During
the course of the negotiations, Members are urged
to exercise due restraint with respect to challenging
such measures” (WTO, 2001: 6). In the meantime,
however, the issue of Article 8 subsidies seems to
have been eclipsed by negotiations on other issues.
For an overview, see Bodansky, 2004.
This would imply that emission reductions below
the initial baseline but above the more ambitious
new reference path would not be credited any more.
Instead, they would be permanently “retired from the
atmosphere” as a mitigation contribution of developing countries.
According to UNDP estimates, developing countries
will need to undertake investments of about $44 billion per annum by 2015 for “climate-proofing”
existing infrastructure, in addition to investments
for adaptation to climate change. A similar amount
is considered necessary for adapting poverty reduction programmes to climate change (e.g. support for
public health, rural development and communitybased environmental protection). A further $2 billion
per annum will be needed for strengthening disaster
response measures (UNDP, 2007: table 4.3).
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