








However, because of the great difference between
sources, the different types of renewable are best
discussed separately.

Large scale hydro – Apart from traditional biomass,
large-scale hydro is far and away the most important
renewable source. It accounts for about 15% 
of electricity generation worldwide and the
generating process itself emits no CO2. In the right
circumstances, hydropower is very economic and 
it reduces the requirement for fossil fuel sources.
Countries like Norway, New Zealand, Costa Rica,
Brazil and Iceland have high proportions of hydro
resources in their electricity supply, low power 
prices and low CO2 emissions.

However, large scale hydro projects have very
significant environmental impacts of other sorts
(including emissions of greenhouse gases, e.g. 
from forest clearance or rotting sedimentation), and
assessing their overall sustainability is a complex
matter – discussed in some detail by the World
Commission on Dams.

The availability of hydro resources also obviously varies
from country to country – wet, mountainous countries
will have significant resources (e.g. Norway, where 99%
of power comes from hydro), while dry flat countries
will have none (less than 1% of electricity across 
the whole Middle East comes from hydropower).

Large scale hydro is regarded as more or less fully
exploited in many OECD countries. The position 
in developing countries varies. Latin America as 
a region has already exploited a good deal of its
hydro potential (it accounts for over 80% of power
generation in Brazil and Paraguay for instance) but
there is probably room for further expansion. Africa

makes relatively low use of hydro at present but there
is thought to be very significant potential for growth;
the so-called Greater Inga project alone, which
potentially has a capacity of up to 40GW, is so large
in relation to the continent’s power demand that it
has been seen as a possible source for exports of
power outside Africa. China’s Three Gorges project,
when completed, will be the largest hydro project 
in the world with a capacity of around 18GW.

Such projects are, however, often highly controversial
and it is not clear whether hydro power will be able
to increase its share of the energy mix substantially
(as opposed to achieving an increase in absolute
volumes) while remaining sustainable.

Small scale hydro – is generally regarded as more
acceptable and receives support in many countries in
both developed and developing worlds. For instance,
nearly half of low income non Annex 1 countries 
are either implementing or considering small
hydropower applications, and interest in these
measures is particularly strong in Africa. There is
significant scope for expansion in many countries 
but – given the small scale of the individual projects –
they are unlikely to make major inroads into the
overall global energy mix, though they may help 
in increasing accessibility and availability in remote
communities. The replacement of older turbines 
with more efficient models can also increase the
capacity of existing small hydro installations.

There are often, however, cost issues (costs are site-
dependent but often higher per unit than for larger
plants) as well as connection problems (integrating
smaller remote sites onto a national grid). In any
event, the distinction between small and large scale
hydro is often simply a matter of definition (in the

Large scale hydro is regarded as more or 
less fully exploited in many OECD countries. 
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producers; China has a broadly similar (though
smaller scale) system of support. Countries as
diverse as the US and India offer an array of tax
incentives. Other countries (and some US states)
operate quota (portfolio) systems and other 
forms of support for renewables in general, 
a large proportion of which in practice goes 
to wind power (there is a useful overview in 
the publication “Wind Force 12” available from 
the European Wind Energy Association).

There are, of course, many barriers to the greater
penetration of wind – including the intermittency 
and unpredictability of supply, and the availability 
of suitable sites. As with hydro, there is a tendency
for the most environmentally and economically
acceptable sites to be exploited first so that
incremental expansion gets increasingly difficult. 
New sites may need to be offshore (adding to 
costs of construction), or remote (adding to costs 
of transmission), or both. After a certain point, 
as in Germany currently, there may be increasing
worries about the problems of integrating large
quantities of intermittent power into a stable grid –
generally these difficulties are regarded as
increasingly serious when the proportion of wind
power reaches above 20% or so. Integrating wind
power is often easier when it can be combined 
with flexible sources (such as hydro) or within larger
systems (e.g. Denmark is able to export significant
amounts of power to neighbouring systems, 
with which it is strongly interconnected).

In developing countries, there may be straightforward
economic problems – although wind is generally
more economic than other renewables, it is still 
often more expensive than fossil power from local
resources. China, for instance, has therefore

UK, for instance, there have been examples of hydro
plants being downrated in capacity in order to qualify
for support as small scale) and it would be wrong 
to take an oversimplified position to the effect that
small scale hydro is good; large scale hydro bad.

Wind – Wind power is one of the fastest growing
forms of power generation and is dominant among
new renewables in developed countries in particular,
although it is also significant in some developing
countries. Growth has been particularly fast in
Europe, where it has been running at 15% pa 
or more for some years, although the US also has
significant installed capacity. Many of the countries
with the highest total installed wind power capacity
are in the OECD – Germany (18.4GW), Spain
(10GW), the United States (9.1GW), and Denmark
(3.1 GW). But support is not confined to developed
countries; another country with significant capacity
is India (over 4.4GW and rapidly growing – it has
recently overtaken Denmark). China is also emerging
as a significant wind power market – one of the
world top ten – with a capacity of over 1.3GW 
some experts are forecasting that this could grow 
to 30GW by 2020.

This robust growth has been supported by two 
main factors:

• the relatively good economics of wind. As with
other renewable sources, the cost of wind power
is site-dependent, but the technology has
advanced significantly in recent years and costs
have come down fast.

• strong support in many countries. For instance,
Germany has operated a so-called “feed-in” law,
giving wind producers a price linked to the retail
price of electricity and well above that of fossil

Wind power is one of the fastest growing forms 
of power generation, but there are almost certainly
practical limits to the process.
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Emphasis should be put on the need for the 
right circumstances to be present.

Farmers do not want to grow crops for biomass, 
as opposed to food, unless they are confident there
will be a market (which will normally need to be
local, because of the relatively high transport costs
of fuel crops). On the other hand, developers of
biofuel facilities also need to know whether there 
will be an input available for their facilities, given 
that there is not a world market (as for most fuels) 
to draw on. 

One way of mitigating these problems is by blending,
which allows the market to be developed gradually.
Gasohol (an ethanol-gasoline blend – see below) 
is one example of an approach to using biomass
which simplifies the technical problems by enabling
existing fossil fuel technologies to be used. The same
principle can be applied in power generation where
co-firing of biomass with solid fuel is often possible
up to a level of 15-20% or so of fuel input. 

Other forms of power generation from biomass 
are also possible of course. In some circumstances
they can be very effective – for instance use of
timber waste by-products to power generating 
plants in Finland. Gasification can also be effective
with animal wastes, and this approach is being
implemented in developing countries such as China
and India, which has some 3.8 million small biogas
plants. However, gasification of energy crops 
in developed countries has not, so far, lived 
up to its theoretical potential. 

As these examples show, emphasis should be 
put on the need for the right circumstances to be
present. In general, this is more often the case with
developing countries in the south because of their
favourable climatic conditions. For instance Brazil, 
in its biofuel programmes, has a combination of hot

introduced the support mechanisms described
above, and has a number of CDM-supported wind
projects. In other cases, specific international funding
sources may help overcome the cost barrier. Mexico,
for instance, currently has very limited capacity of
new renewable energy but is planning a new wind
project of 101 MW at La Venta with support from 
the Global Environment Facility.

Policy should therefore, as suggested above, be
directed partly at helping overcome such barriers.
Nonetheless, while there is enormous potential for
the expansion of wind capacity, as with hydro, there
are almost certainly practical limits to the process.

Biomass – is also important in many countries, 
and particularly in the developing world. It is
important to distinguish between traditional biomass
(firewood, animal dung etc) and more sustainable
modern forms of biomass. Traditional biomass is
currently a very significant form of energy in many
developing countries, but there will almost certainly
need to be a move to more commercial and modern
energy forms, because of the environmental impacts
as well as accessibility and availability issues.
Modern forms of biomass are most common 
in developed countries but by no means confined 
to that region. They are also important in many
developing countries, which offer not only significant
opportunities for exploiting this resource, but also
some of the world’s best developed programmes. 

Biofuels are discussed below, under transport, but
raise many of the same issues as other forms of
biomass. Two of the key problems with biomass 
are developing the market and creating appropriate
technology. Developing a biomass market often
involves a sort of chicken-and-egg problem.
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Longer-term development of solar technologies 
will probably depend on further decreases in costs. 

weather; abundant rain; fast, low input plant growth:
relatively simple process requirements: and the
availability of a renewable energy source (sugar cane
– bagasse) for process use. In other circumstances
such benefits may not be available – Europe 
for instance has high input agriculture; North
America tends to have high energy requirements 
(for transport and processing). These offset the
environmental advantages from the use of a
renewable source. Calculations of the net benefits
are difficult and situation-dependent – there has
recently been some controversy about the impacts
of the US ethanol programme, for instance. As
emphasised in the recent WEC Life Cycle Study,
such impacts need to be take carefully into 
account in calculating the true benefits, in terms 
of acceptability, of such programmes. 

There are also some general issues – for instance
land-use: biomass risks encouraging an
environmentally sterile monoculture and competes
with other potential land uses – there have been
accusations that in Brazil it has been associated
with clearance of the Amazonian rain forest, in other
cases it may compete with food production; but
these only reinforce the need for careful assessment
of the circumstances of individual cases. These
issues are discussed further in Part 3.

Other renewables – although other renewable
sources do not at present make a significant
contribution to the global energy mix, many may 
well offer scope for expansion. 

Solar power in particular is seen as promising 
by both developed and developing countries alike. 
It combines three key features:

• a universally available energy source (sunlight). Even
temperate countries can often enjoy a surprisingly
large solar potential, but this is one resource in
which the Southern Hemisphere probably has 
a competitive advantage, for obvious reasons.

• a variety of technologies to capture the source.
Photovoltaic cells convert solar power directly to
electricity, but other technologies use the power
to heat water directly; or to focus the sunlight with
mirrors to generate high temperatures for steam-
raising – concentrated solar power may be an
important future technology. Sunlight could also
(potentially) be used more directly to power
turbines using a rising column of solar-heated air.

• flexible and modular applications. Photovoltaic
cells can be arranged in huge arrays (e.g. the
Bavaria Solarpark, which contains over 50,000
solar panels); but cells or solar heating elements
can also be used on such small sites as rooftops,
enabling them to be installed locally and with
minimal environmental impact. In 1999, for
instance, Germany launched a 100,000 roofs
programme to install solar photovoltaic equipment
on 100,000 roofs and walls across the country, 
to create some 300 MW of generating capacity.

• solar power is often also suitable for off-grid
applications in many developing countries –
around 20% of installations are currently off-grid.

Solar power, and solar photovoltaics in particular,
have therefore been growing very fast in recent
years, at a rate of around 40% a year. The global
market is expected to increase to around 5 GW 
by 2010. Nonetheless, longer-term development 
will probably depend on further decreases in 
costs – photovoltaics and most other solar power
sources still tend to be much more expensive than
conventional power (though costs have been
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coming down fast). They also tend to be extensive
rather than intensive sources (i.e. they require a large
land area to produce significant amounts of power,
though this is offset by the flexibility of siting mentioned
above). They also often involve significant installation
and maintenance costs, which can create problems 
in the remote locations for which they would otherwise
be suitable. For these reasons, while many developed
countries have extensive programmes, in developing
countries there can be problems of cost and
accessibility – the funding of solar power often 
requires the support of international aid programmes.
Nonetheless, because of their natural advantage in
terms of access to solar resources, many developing
countries have significant solar programmes. 

India, for instance, has a major photovoltaic
programme and has installed over one million
systems across the country – putting it fourth 
in the world after Japan, the US and Germany. 
Of the world’s 94 million square metres of solar
thermal installation capacity, China has around 
55% (52 million square metres), other countries 
are trailing far behind – Turkey is next at 9.3 million, 
then Germany at 4.9 million. Capacity in India 
is also growing fast and the potential is estimate 
at some 140 million square metres.

There is not room in this Study to review all renewable
sources – many other renewable sources are being
developed, and may have longer-term potential.
Marine technologies in particular (wave and tidal
power) are expanding fast, both in terms of
technology development and actual application, and
may have a significant future role. In some countries
geothermal power already makes a significant
contribution and – where the resource exists – that
contribution could also be expanded further. However,

in terms of the overall energy balance, these
alternative renewable sources do not currently make 
a significant contribution to ghg reduction. Whether
they are eventually able to do so will depend on the
extent of further technological development. Some
(e.g. large-scale tidal plants) are also likely to raise
major environmental issues, on the same lines as
those raised by large dams (see Part 3).

Combined heat and power 
and distributed generation

Combined heat and power (chp) generation
(cogeneration) has been at the centre of many
countries’ approaches to climate change – 
for instance it is one of the EU’s core measures.

The principle is simple – traditional forms of power
generation from fossil sources waste a lot of heat; 
typically, in an older plant only 35% or so (and 
in some cases considerably less) of the thermal
content of the fossil fuel is converted to electricity. 
The remaining heat usually goes to waste, effectively
heating the air via cooling towers or heating local
rivers, lakes or the sea through hot water outflows.
Putting the excess heat to effective use via
cogeneration can increase efficiencies to 85-90% 
in the best-designed schemes, so potentially reducing
energy intensity – and in many cases also reducing
carbon intensity since chp plants are now normally
powered by gas. But gas need not be the fuel source
– chp is a broad principle rather than a specific
technology, working with many different fuels,
conversion technologies, sizes and applications.

Distributed generation is power generation on 
a small scale, close to the point of consumption.
This closeness has a double benefit – it reduces



The main difficulty with chp is that, as noted above,
it is impossible to generalise, and therefore to
predict the emissions benefits of such programmes
– schemes vary and may well not show such
significant savings as the figures above imply. 

There are many reasons why savings may not 
be as high as expected, for instance:

• New power plants can be much more efficient than
the 35% figure quoted above, which is typical of
existing plants. The best new CCGT plant can be
up to 60% efficient. Meanwhile, a new heat plant 
is generally over 90% efficient. Since chp plant
efficiencies reflect the production of both heat 
and power, the comparison must take both
aspects into account.

• Savings in electricity transmission and distribution
arising from distributed chp should be offset
against any increase in losses in heat distribution
and inefficiencies arising from a mismatch
between heat and power demand. The best
schemes will have a good balance of heat and
power demand and a large and steady local heat
demand, but this is not always possible. Indeed,
since the best sites tend to be exploited first,
overall efficiencies tend to go down over time and
are often much lower than the 85-90% commonly
quoted – in the UK for instance, chp plants have
efficiencies of only around 70% on average.

For these reasons, blanket support for chp is unlikely
to deliver such large emissions savings as might 
be expected from a simple comparison of technical
efficiencies. Indeed, the region which traditionally
made the most significant use of chp and district
heating – the Former Soviet Union – did not perform
well on energy or emissions intensity. Factors such 

losses in electricity transmission, and it may well
make possible the use of the waste heat from the
power plant. Heat transmission over long distances
is impractical, so a heat plant has to be situated
close to the point of consumption (and conversely
the problem with using the waste heat from a large
conventional plant is usually simply that it is too 
far from any site where the large quantities of heat
produced can be effectively used). Although chp 
is in principle distinct from distributed generation,
the two approaches therefore often go together. 

In principle, the ultimate form of distributed generation
– so-called micro-chp – could be used in residential
applications. Each house could then generate power
as well as heat, trading any excess or deficit of 
power as necessary via the grid, Such applications
offer very high efficiencies and, as the cost of 
the plant itself and the IT needed to perform 
the trading come down, may look an increasingly
attractive prospect. 

An additional benefit in many developing countries 
is that certain forms of agricultural waste lend
themselves to chp generation so combining 
the benefits of various approaches.

With all these benefits, it is not surprising that chp
has proved attractive to many governments in both
developed and developing countries – the EU, for
instance has the aim of increasing chp generation 
to 18% of total electricity production by 2010. Since
the target for renewables is 22% of consumption,
this would in theory lead to around 40% of electricity
coming from these policy-preferred sources (though
the targets have different status and definition,
making them difficult to compare).

It is not surprising that chp has proved attractive 
to many governments in both developed and
developing countries.

It is impossible to generalise, and therefore to predict,
the emissions benefits of such programmes.

Energy and Climate Change World Energy Council 2007 

64



For those countries which find nuclear 
acceptable it offers the potential for very 
significant emissions reductions. 

because of worries about safety, waste management,
decommissioning and links with military programmes.
One thing that is clear is that, for those countries
which find it acceptable in these other senses, 
it offers the potential for very significant emissions
reductions. As discussed in Part 1, countries with 
a high dependence on nuclear have achieved levels
of emissions some 40% lower than countries which
are otherwise in a similar position but which have
rejected the nuclear option or have a significantly
lower penetration of nuclear.

Given the controversial nature of nuclear power,
there are hugely variable approaches, in both the
developing and developed worlds. Some countries
(like Ireland and Austria) have rejected nuclear power
entirely; some have existing nuclear plants but have
plans to phase them out and do not intend to build
any more (e.g. Sweden and Germany). Some have
nuclear plants and would be happy to have more
but do not want to dictate to the market (e.g. US,
UK) – they are offering significant incentives for new
nuclear but are nonetheless uncertain how much 
will be built; some have existing nuclear plants,
intend to build more and have specific projects 
in hand (e.g. France, Finland).

The same general picture – of huge variations in
approach – is valid for the developing world, but 
in general nuclear penetration there is lower. Nuclear
is generally considered a complex technology with
high capital cost compared with conventional fossil
plants. The technology has also exhibited economies
of scale, leading to relatively large plant sizes. 
It requires a developed infrastructure and skills for
building, operating and maintaining the plant safely;
usually a degree of government involvement is
needed. Historically, therefore, the development 

as inefficient pricing of heat and power, poorly
insulated heat distribution systems and inflexible heat
supplies offset any advantage which might have been
gained from cogeneration. Some of the most cost-
effective current emissions reductions programmes
are based on improving the efficiency of district
heating systems – for instance in Poland where there
are a number of JI projects based on this concept. 

Even in countries where these inefficiencies are
absent, it is not obvious that significant penetration 
of cogeneration leads to a major impact on
emissions – Denmark, Finland and the Netherlands,
for instance, have the highest penetrations of chp 
in the EU-15 (30-50%)ii, yet they do not stand out
among other European countries with a much lower
penetration of chp, such as the UK, as having low
energy or carbon intensity – it is only in countries
with high levels of hydro and/or nuclear power 
(such as France, Sweden, Norway and Iceland), 
that significantly lower carbon emissions can be
associated with the structure of electricity generation.

While support for chp and decentralised generation
will continue to be an important policy measure,
policies need to be very carefully targeted to ensure
that they actually deliver emissions reduction. Such
targeting is a complex technical and administrative
matter, which may create problems in developing
countries – indeed, it is not clear how many OECD
countries have grappled successfully with the
problems. Blanket programmes of support are unlikely
to be particularly effective in reducing emissions. 

Nuclear

Nuclear is of course highly controversial – highly
acceptable for some, but unacceptable for others
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of the technology has taken place in developed
countries. However, a number of large countries 
with high and growing energy demand, such as
India and China, are committed to developing the
option further. Both countries have active nuclear
programmes and ambitious plans for expansion –
indeed, Asia in general is likely to be the focus of
nuclear construction over coming decades. Some
forecasters see world nuclear capacity doubling
between now and 2030.

In view of its importance in a climate change context,
the nuclear option is assessed further in Part 3. It is
unlikely that the world will reach universal consensus
on the acceptability of nuclear power in the near
future; nuclear will probably develop on a case-by-
case basis. Nonetheless, as discussed in Part 3,
nuclear, like other technologies, is undergoing
continuing technical improvements. Many of 
the existing objections to nuclear can at least 
be mitigated, and possibly removed, potentially
enabling it to make a bigger contribution to meeting
the climate change challenge.

Other fuel-switching

As indicated in Part 1, fuel switching between 
fossil fuels (e.g. switching to natural gas in power
generation) offers one of the easiest and most 
cost-effective ways of improving carbon intensity,
and hence reducing emissions. 

It has therefore been important in practice in both
the developed and developing world. However, 
it is much less important in policy terms in
developed countries, where there have been fewer
specific programmes or targets designed to
promote fuel-switching in power generation (such 

as those designed to promote chp and renewables),
probably because these countries tend to rely 
on markets and market forces rather than central
direction (i.e. specific programmes of support 
are seen as very much exceptions to a general rule).
In developed countries, there is also often the feeling
that fuel-switching is at best a transitional measure,
which fails to address the fundamental problems 
of resource depletion and long-term emissions
reduction. It may also raise wider energy policy
issues – e.g. in the UK the “dash to gas” in the first
half of the 1990s led to a significant drop in CO2
emissions but also to concern about energy security
and the loss of fuel diversity. The process was
halted by a moratorium in 1997; by the time the
government opened the way for further investment
in gas, market circumstances had changed. This
experience points to wider problems: encouraging 
a switch to a particular fuel like gas both tends to
reduce diversity and (in most cases) increase import
dependence and reliance on limited fossil sources. 

In developing countries, however, governments 
often exercise more direct control of such factors 
as utility fuel and technology choices, and this may
be a convenient route for enforcing policy objectives
– particularly where economies are relatively
unsophisticated and the administrative capacity 
for complex incentives programmes may be lacking.
A significant number of countries in the developing
world therefore list fuel switching by utilities as one
of their main climate change measures. Mexico, 
for instance, intends to convert the bulk of its
thermal power plants in environmentally sensitive
areas from fuel oil to natural gas. Egypt is also
promoting a switch to gas.

Nuclear, like other technologies, is undergoing
continuing technical improvements. 
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Cleaner fossil fuel systems

One of the easiest ways of reducing emissions 
is simply by replacing old plant with new. Even 
with no basic change of technology or fuel, 
there are nearly always considerable efficiency gains 
and hence emissions reductions. The phenomenon
is familiar from the transport sector, where new 
cars are consistently more fuel efficient than older
models – at one point France had a programme 
of encouraging the scrapping of older cars and 
the purchase of new ones, with environmental
improvement among the programme’s aims. 

Much the same applies to other energy using
equipment and, particularly, power plants. While power
demand in developing countries is growing fast and
construction programmes find it hard to keep pace,
many OECD countries suffer from almost the reverse
problem – their existing fossil plants are aging and
only being replaced at a slow rate. The chart below
gives an indication of the scale of the problem. 

Most fossil plant in the OECD are well over 
20 years old – i.e. they were designed and
constructed long before serious concerns about
climate change started to emerge.

Typically, an older coal plant has an efficiency of
around 35% or less – in many developing countries
efficiencies can be much lower, 30% or less. 
New plants, such as the supercritical plant now being
built as standard in much of Europe and Japan,
have efficiencies of 40-45%. Integrated Gasification
Combined Cycle plants can also reach over 40%
efficiency, and may have longer-term advantages 
in that the technology makes carbon capture and
storage more feasible.

Natural gas plants have reached even higher levels
of performance – new Combined Cycle Gas
Turbines can reach efficiencies of 60%. Since
emissions per unit decrease as efficiency increases,
the scope for emissions reduction is enormous –
just replacing older power plants with news, more
efficient, plant could produce national emissions
reductions of the same order as those aimed 
at by the Kyoto protocol.

Intelligent technology

Intelligent technology refers primarily to the
transformation of electricity supply and end use 
from analogue, electromechanical control to digital
control. (Digital control both requires and enables
the functional integration of energy and real-time
information – hence the term intelligent technology.) 

This transformation, occurring to varying degrees
worldwide, is opening up significant opportunities 
for improving the efficiency of energy consumption
and the diversity of supply. In terms of efficiency,
intelligent end use devices are able to adapt
automatically and instantaneously to changing needs
and conditions, thus minimizing energy losses and
unnecessary consumption. In so doing, the energy
consumption for lighting, heating, air conditioning,
industrial processes, etc., can be significantly 
reduced without loss of functionality or productivity.

With respect to supply diversity, a primary limiting
factor in the utilization of many renewable energy
sources is their intermittency. This restricts the ability
of an electromechanically controlled electricity grid 
to reliably dispatch such energy sources without
equivalent conventional back-up power. Through 
the use of digital controls such as the Flexible AC
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Average age of power plants in the OECD, 2003
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Conservation Act 2001 with the aim of reducing
energy intensity across the economy. Thailand also
puts great emphasis on energy efficiency, and its
demand-side management programme aims to
reduce emissions by over 50 million tonnes per year. 

In principle, energy efficiency offers scope for
meeting a wide range of energy policy objectives 
if implemented effectively. It can add to the global
security of energy supplies by reducing the need 
for energy and hence the call on insecure energy
sources; it can reduce emissions by improving
energy intensity and reducing fuel use; and it can
increase access to energy services, by reducing
their effective cost. It is therefore not surprising 
that there is such wide reliance on this option.

However, similar considerations apply as with chp 
or vehicle standards – it can be very difficult to
predict or monitor the impacts of end-use energy
efficiency improvements. Energy systems and
people’s behaviour are both complex and dynamic
processes and there are many feedbacks and
interactions. In particular, it is not always clear
whether energy efficiency leads to lower energy 
use: since it lowers the effective costs of energy 
it may also increase demand. The direct savings can
be taken up by such factors as increased comfort,
more extended use of a service, or willingness to 
use new services (e.g. air-conditioning did not take 
off as a technology until it had reached an adequate
level of efficiency). As the analysis in Part 1 indicates,
there is only a very loose correlation between energy
intensity and energy use. For instance, China has 
a strong record on energy efficiency, aided by
programmes such as those described above. During
the 1990s, energy intensity halved in China and it is
significantly lower than in many countries at a similar
stage of development. Nonetheless, it is also the

Transmission System (FACTS), these intermittent
sources can be assimilated as power assets with
greatly reduced need for fossil-fueled back-up power.

Such digital control capabilities are adaptable to both
large centralised bulk electric power networks and
localised microgrids in developed and developing
economies alike. Cost has been the primary factor
limiting the pace of commercial applications of
intelligent electric technology. This is also changing
as the cost and intensity of electricity consumption
grows worldwide, and the cost of innovative
technology declines for both new and retrofit
applications. Just as electricity transformed the
productivity and value of steam in the 20th Century,
so is digital technology transforming the productivity
and value of electricity in the 21st Century.

Energy efficiency

Along with renewables, energy efficiency is probably
the most popular area for policy intervention in 
both developed and developing worlds. A range 
of measures of the sort listed above are used, 
and many countries have operated a number of
programmes for many years. Over half of developing
countries, as well as nearly all developed countries,
list measures in this area. Some of these programmes
have been quite large scale – for instance in 
1996-1998 China implemented a Green Lighting
programme during which it marketed 267 million
high efficiency products. China has placed energy
efficiency at the very centre of its energy policy, with
resource conservation much in mind – with its
rapidly growing energy demand, it wishes 
to make the best possible use of its indigenous
energy resources. Many other developing countries
have similar goals – India, for instance, set up a
Bureau of Energy Efficiency under the Energy

Along with renewables, energy efficiency is probably
the most popular area for policy intervention in 
both the developed and developing worlds.
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The opportunities for enhanced energy efficiencies
throughout the world are a reality… but… further
gains will not be easily won and will vary across
countries and components of the energy value chain.
Taken from the World Energy Council Statement 2006

The distinction is critical in relation to climate change
policies. Both the Kyoto system and most (though
not all) national targets are based on absolute 
rather than relative targets (i.e. what matters is
whether emissions are actually lower, rather than
simply lower than they might otherwise have been). 
It is also, of course, the absolute level of emissions
which has an impact on the environment, not the
relative level.

Few countries have made a sustained attempt 
to unravel all these complications and produce 
a robust analysis of the impacts of energy efficiency.
There is still considerable debate about the impact
of “demand-side” measures undertaken by US
utilities in the 1980s, and in a review of energy
efficiency policies a recent report by the UK House
of Lords commented that, “the Government 
appear to have no clear view on how to measure, 
and thereby manage energy efficiency”. 

A recent World Energy Council Statement “Energy
Efficiencies: Pipe-dream or reality” summed up the
position as follows:

“the opportunities for enhanced energy efficiencies
throughout the world are a reality… but… further
gains will not be easily won and will vary across
countries and components of the energy value chain.”

Energy efficiency will certainly continue to be a major
Part of many countries’ programmes but a realistic
and well-targeted approach – more so than in the
past – will be needed if such programmes are going
to make a significant impact on ghg emissions.

case that, over the same period, energy use and 
CO2 emissions grew by 40% – improved energy
efficiency does not guarantee declining emissions.
While the increase in emissions might have been
higher in the absence of the energy efficiency gains,
this is also by no means certain. A slower growing
economy could have been associated with a slower
rate of efficiency gain, as discussed in Part 1.

Because of these complications, it can be
misleading to talk about the “reductions” in energy
use or emissions achieved through energy efficiency.
In nearly all cases, such references are not to actual
reductions but to an outcome which is lower than 
it might otherwise have been (so that the calculation
is very dependent on the assumptions about what
would have happened in the absence of the energy
efficiency programmes concerned). There is
considerable academic debate about the issue,
which this Study cannot explore in detail. However,
there seem to be two broad conclusions. On the
one hand, (at least with well-conducted energy
efficiency programmes – many programmes are 
not well-conducted or assessed), the savings from
individual programmes remain genuine, even after
taking account of increased comfort and other effects
discussed above. On the other hand, the savings are
usually relative (to expectations or to a control group) –
in very few cases have actual reductions in energy use
been demonstrated to result from an energy efficiency
programme. Furthermore, even where there are
savings at the programme level, they do not flow
through to an absolute reduction in energy use or
emissions at the national level. For instance, a recent 
IEA information document on the subject notes 
that, “energy efficiency efforts alone have not been
sufficient to halt growth in energy consumption 
or CO2 emissions in the OECD countries,”iii (and the
conclusion would also apply outside the OECD). 
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Technology transfer

Another very important area will be that of technology
transfer. This too can be a powerful tool in meeting
global energy objectives – improving access to clean
technology and energy services worldwide. Many
countries in both the developed and developing
worlds are therefore committed to this aim, as are
many countries’ aid programmes and international
institutions (e.g. the Global Environmental Facility
referred to above). The total amount of money
involved in these programmes is considerable –
bilateral aid alone provides around $2.5bn per 
year for climate change related activities and has
supported over 5,000 individual projects, while 
the GEF runs at over $100 million per year and
effectively leverages much larger amounts via co-
financing. There is also huge potential for meeting
the wider policy criteria set out above – technology
transfer offers the prospect of hitting the biggest
target (the growth in emissions in the developing
world) in an effective way (making economic,
environmental and social sense). For instance,
bringing a coal-fired plant in China and India up 
to the level of efficiency of a new German plant
would deliver emissions savings commensurate 
with those expected from the whole Kyoto process,
while improving the efficiency of resource use and
enabling increased access to modern energy.

Indeed, the benefits are not one way, even 
in technological terms. It is often the case, 
for instance, that developing countries offer
opportunities to deploy emissions-reducing
technologies more cheaply than in the OECD,
because costs are lower while the mitigation
potential is higher. In many cases too, there are
economies of scale or learning effects which will

lead to faster cost reduction if technologies 
are deployed more widely.

The problem is not so much agreeing with these
propositions as with developing appropriate
mechanisms for delivering results. Although
mechanisms such as those discussed above – 
for example, the CDM, GEF and bilateral aid –
provide significant aid, they remain small scale 
by comparison with the scale of the problem; 
total investment in new energy technology over 
the coming decades in developing countries 
is in the trillions, rather than the billions, of dollars.

In practice, therefore, like a number of the initially
attractive approaches discussed in this section,
achieving significant and measurable results can 
be difficult. There are often bureaucratic and political
obstacles in agreeing to the terms of technology
transfer: employment and capacity issues over 
its use; issues over maintenance and reliability 
in developing country conditions; difficulties in
agreeing on the treatment of intellectual property;
and so on. Technology transfer has always been 
an important feature of the UN approach – as far
back as Agenda 21 of 1992, for instance, and it 
has set up a technology information clearing house
called TT:CLEAR. The various obstacles to
technology transfer are being looked at within the 
UN framework by an Expert Group on Technology
Transfer, but it would be unrealistic to expect all 
the problems to be resolved in the short-term. 

2.2.ii Transport measures

As indicated above, the concern of this Study 
is primarily with the energy sector. Nonetheless,
transport and energy are so closely interlinked 

There is huge potential in technology transfer –
the problem is with developing appropriate
mechanisms for delivering results.
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that the transport sector cannot be ignored. 
Indeed, it is a major focus for climate change policies
aimed at reducing energy related emissions – nearly
all developed countries and around two-thirds 
of developing countries report measures in the
transport area. 

The main ones of direct energy interest have been
discussed above, i.e. fuel taxes and vehicle
standards. Other wider measures include
encouragement of intermodal shifting (e.g. from cars
to public transport); integrated transport planning;
and long-term spatial planning to reduce the need
for long travel distances. Such measures are
common in both developed and developing
countries, but they serve wider social ends
(improving access to mobility rather than access 
to energy services) and involve wide social and
political issues (e.g. in adjusting consumer behaviour
and settlement patterns) which go beyond the
scope of this Study. As noted above, the differences
between transport emissions in particular countries
and cities arise from very deep-seated social and
economic factors. While these can be addressed 
by policy measures, there is no single policy that
approach that fits all circumstances. However, 
there is further discussion of some of the possible
measures – particularly those relating to vehicle
technology – in the context of the current WEC
Scenarios study. 

Of more direct relevance to the energy sector might
be the promotion of fuel switching in transport. 
The scope for doing so is relatively limited in the short
to medium-term, though there are some examples,
discussed above, including encouragement of LPG,
CNG and biofuels, as well as scope for electrification
of train travel in many countries.

Biofuels in particular seem a promising area, and 
one in which developing countries may well have 
a comparative advantage, for the reasons discussed
above. Brazil is a pioneer in this area, with a well-
developed biofuels programme (see Box), and other
developing countries may also be able to implement
similar programmes, taking account of their natural
resource base. 

Brazil’s Alcohol Programme

Brazil, in particular, has for many years operated
a National Alcohol Programme aimed 
at stimulating ethanol production, mainly 
from sugar cane (though also in principle 
from manioc or other raw materials). 
The programme, which was initiated in the
1970s, was seen as a way of promoting energy
availability and security, but it also has benefits
in terms of acceptability and accessibility.
Brazil’s circumstances are particularly favourable
for such a scheme. Production costs for sugar
are among the lowest in the world and the
production process for sugar and alcohol 
are very similar so it is very easy to adapt 
from one output to the other. Furthermore, 
a renewable energy source (bagasse – the
crushed cane from which the sugar has been
extracted) is available as a by-product to fuel 
the conversion process. 

Ethanol has been used in two ways: to blend
with traditional gasoline to form “gasohol” 
or as a direct fuel in ethanol only vehicles.
Over 5 million ethanol-only cars have been
produced, while gasohol has been used 
in more than 10 million vehicles. 
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the most attractive. Plug-in hybrids, allowing the 
use of mains electricity to charge the vehicle battery, 
may offer further opportunities for improving both the
economic and environmental acceptability of hybrid
technology. In the longer-term there is much interest
in the option of using hydrogen in fuel cells in
automotive use. A number of significant technological
developments will have to take place before this can
become a reality: in safe hydrogen distribution and
storage; in bringing down the cost of fuel cells; and 
of course in producing hydrogen (which is an energy
carrier rather than an energy source) cleanly, so this
cannot be relied upon to provide short-term solutions.
However, as the analysis in Part 1 indicated, there 
is no prospect of making serious long-term reductions
in CO2 emissions unless the problem of transport
emissions is addressed, so this must be a key area
for R&D effort.

Fewer measures have been reported to date in
relation to aviation and shipping despite their growing
importance. There are a number of reasons for this.
Emissions from these sectors come outside the
UNFCCC classifications, so a country cannot gain
credits from reducing such emissions. Their
international nature also makes it difficult to impose
national measures of the sort discussed above – e.g.
taxes, regulations etc – since such matters are usually
covered by international agreement or impossible to
police in practice. While there has been considerable
technological advance in these sectors – greater
operating and other efficiencies – it is clear that ways
need to be found of bringing them into a framework
for emissions reduction, for instance by the inclusion
of aviation in the EU Emissions Trading Scheme,
currently under discussion. 

In the longer-term, the scope for fuel switching will
increase. Development efforts will be needed before 
it is possible to identify the precise form such fuel
switching will take, but it appears that there is
significant potential in electrification of the personal
transport sector. In the medium-term, hybrid vehicles,
combining petrol and battery power sources, seems 

Total CO2 emissions are estimated at over 400
million tonnes over the life of the programme
so far.

The Brazilian Government has supported 
the process in a variety of ways, for instance
by maintaining the ethanol price lower than
gasoline and imposing lower taxes on ethanol
fuelled cars, and this enabled a large market
to be built up, 

Nonetheless, there have been some hiccups 
in the process. As a result of variations in world
prices of sugar and oil and the varying levels
of government support, the proportion of new
cars fuelled by ethanol has varied over the
period of the programme between virtually 
0% and nearly 100%, largely responding to
changes in the relative prices of gasoline and
ethanol. The emphasis now is on flexi-fuel
vehicles which can use either gasoline 
or ethanol or a combination, so providing
protection against these movements in 
relative fuel prices. 

The experience indicates: first, the considerable
potential, in the right circumstances, of biomass,
and second, the ability of developing countries 
to act as pioneers – Brazil is now exporting
ethanol for use in gasohol mixtures in Europe.
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2.3 Non-CO2 gases and flaring

As noted in the previous section, there is scope 
for specific measures in this area, in addition to 
the general CO2 and energy oriented measures
noted above. The main such areas are:

• methane capture from coal mines. Methane 
can be drained before mining and/or captured
during the mining process. There can be
economic advantages in doing so (the methane
can be sold direct or converted to electricity), but
usually some policy support is needed. The most
common approaches are subsidies, taxes and
regulation, mainly in developed countries.
Capturing and burning mines gas, for instance,
was one of the most significant early participants
in the UK emissions trading scheme.

• reduction in methane leakage from gas
production and transportation. Again there can 
be economic and safety advantages. However,
leakage from gas transportation is difficult to
measure and there are few policies aimed directly
at this area. One approach is via JI or similar
arrangements, whereby an OECD company can
make leakage reduction in the FSU more economic
by taking credit for the decrease in emissions. 

• reduction in gas flaring Measures to reduce CO2
emissions from flaring can produce significant
reductions in ghg emissions. In many cases this
amounts to a form of energy efficiency – the best
alternative to flaring gas is often to capture it and
distribute it to customers for energy or chemical
use. This may well lead to a similar absolute level 
of CO2 emissions from the gas itself, since the gas
is still being burnt – the advantage comes in the
reduction of the fuel which might otherwise have
been used. In other cases it is similar to carbon

capture, since an alternative to flaring is the 
re-injection of natural gas into an underground
reservoir. So the ghg benefits of reduced gas
flaring depend on the precise circumstances, 
and the destination of the gas which would have
otherwise been flared. By and large, however, 
the main potential future savings are in developing
countries. In most developed countries, regulation
is already used to limit gas flaring to the minimum
necessary for safety purposes (which generally
leads to re-injection of the gas, or its
commercialisation). There is scope for further such
measures in many developing countries and there
can be social as well as environmental benefits
(from the development of a gas distribution
system), though there may also be high upfront
costs. Nonetheless, significant efforts to reduce
gas flaring have been undertaken by such
countries as Nigeria.

• landfill gas capture As with mines gas, there 
can be a range of benefits. This is an important
measure in many OECD countries (using a range
of measures, such as taxes, trading and
regulation), and there is significant potential in
developing countries. For instance, a Chinese
official recently suggested that since China has
700 registered landfill sites but only 10 of them
have installed gas recovery and utilisation
systems, there is huge potential for CDM projects
to tap this source. Indeed, one of the biggest
carbon credits generated so far in the CDM
system (of 1m tonnes) is from the Biogas project
in Brazil which uses methane from Sao Paulo’s
waste to produce electricity.
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3 Conclusions

A large number of climate change measures have
been introduced across the world, but as yet effective
assessment is less well developed – the measures
vary significantly in their overall impacts and it is not
always clear that countries have given them full
consideration and analysis. The UNFCCC, for instance,
comments that “environmental effectiveness and cost-
efficiency” appeared to be the most prominent criteria.
It acknowledges that social and other issues are
sometimes taken into account, but comments that
Parties rarely elaborate on the ancillary benefits and
provide only limited cost data. Similarly, the European
Commission notes that the EU Climate Programme
aims to identify the “most environmentally and cost
effective” measures. Indeed, it rather avoids the social
issues, commenting that “the Kyoto Protocol already
has the tools for ensuring that effects on international
trade and social, environmental and economic impacts
on other Parties… are minimised”, a statement which
seems to take a lot for granted.

So in practice there is relatively little emphasis on
social issues in the choice of policies and, as noted
above, even environmental and cost effectiveness 
is often measured only perfunctorily. There is also
significant potential for the identification and further
development of measures which would have a
positive impact in all three areas; these aspects 
are explored in the following part of this Study.

More detailed points to emerge from the analysis
include the following:

• there are significant differences between
countries in the measures introduced, depending
to a large extent on their national circumstances.

• although developed countries have generally
undertaken a wider range of climate change
measures than developing countries, in a number
of cases developing countries are in the lead.

• economic instruments are more common in
developed countries; in developing countries
they raise difficult social and development issues.

• command and control type measures (e.g.
mandated fuel-switching) are more common in
developing countries, where the government often
has a more “hands-on” role in the energy sector.

• renewables and energy efficiency are popular
choices in both developed and developing
countries. Technology is also important in both
regions, but there are significant differences of
emphasis in the types of technology used and 
the overall approach.

• technology transfer and deployment offers
huge potential, but more effective mechanisms
need to be developed.

• there are very significant differences in
approach between countries in relation 
to use of the Kyoto mechanisms.

• renewables have significant potential but there
are practical and economic issues which need 
to be addressed.

• energy efficiency programmes need to be more
effectively designed and assessed if they 
are to lead to actual emissions reductions.

• international aviation and shipping need 
to be brought within the ambit of climate 
change measures.

Sustainable progress in reducing ghg emissions 
will depend on harnessing this global goal to the
enlightened self interest of each country.
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One clear message emerging from this policy
overview is that sustainable progress in reducing
ghg emissions will depend on harnessing this global
goal to the enlightened self-interest of each country.
The current diverse global portfolio of energy
policies is neither designed to, nor capable of,
achieving this essential precursor to worldwide
sustainable greenhouse gas emissions reduction.

iGreenhouse gas emissions trends and projections in Europe 2006 European
Environment Agency, Copenhagen, 2006. 

iiIbid.
iiiThe experience with energy efficiency policies and programmes in IEA countries IEA
August 2005. See also discussions of the relevant literature in special editions of Energy
Policy (Vol 28, nos 6-7, June 2000) and Energy and Environment (Vol 11 no 5, 2000).
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Part 3: Assessment 
of Measures

1 Introduction – the assessment process
Measures assessed

2 Assessment of policies by type 
of policy instrument

2.1 Economic instruments 
2.1.i Taxation
2.1.ii Removal of subsidies on fossil fuels
2.1.iii Trading
2.1.iv Subsidies for low carbon options
2.2 Regulations and standards
2.3 Voluntary agreements
2.4 Information and awareness

3 Assessment of measures according 
to the energy source affected 

3.1 Energy efficiency
3.2 Renewables
3.2.i Wind
3.2.ii Biomass
3.2.iii Solar power
3.2.iv Large-scale hydro
3.2.v Small-scale hydro
3.2.vi Other renewables
3.3 Current nuclear (for potential 

see following section)
4 Technology 

4.1 Technology diffusion
4.1.i Deployment of best practice technologies
4.1.ii Technology transfer to developing countries
4.2 Technology development
4.2.i Carbon capture and storage
4.2.ii Intelligent technology, BEMs and micro CHP
4.2.iii Energy efficiency applications: heat pumps,

LEDs etc
4.2.iv Next generation nuclear
4.2.v Transport measures
4.3 Longer-term options 
4.3.i Energy storage
4.3.ii Hydrogen and fuel cells

5 Conclusions 
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1 Introduction – 
the assessment process

give some pointers to policy makers and others
about where they should be devoting their efforts,
and how they might be changing their approaches 
if they wish to promote sustainable development
and combat climate change effectively.

The assessments are founded on the global reach
and expertise of the WEC and take advantage of its
unrivalled experience of the energy sector in all parts
of the world; they also draw on available national
and international studies (see box on the
assessment process). Inevitably, they will not be the
last word on the subject; nonetheless, we believe
that the methodology used to form the assessments
means that they are more solidly based and wider
ranging than most previous analyses, thus offering 
a unique insight into these complex issues.

The assessments have been undertaken against 
the criteria of the WEC’s 3A’s (availability,
acceptability and accessibility) – described in more
detail in the Introduction to this study. Clearly a
number of elements are involved in each criterion
and, so far as possible, the assessments take
account of the full range of relevant factors. The
justification for the particular judgements, and the
considerations which led to them, are set out in more
detail in this part in the discussion of key measures
and summarised in the simple tables giving “star
ratings” for different technologies and approaches.
These simple “star ratings” award between one and
five stars, indicating the contribution a particular
measure makes to each of the 3A’s ranging from one
star (*) – little or no contribution, to five stars (*****) – 
a very significant contribution.

As discussed in earlier parts, governments across
the world have been introducing measures to
combat climate change. Whatever the shape of any
future global regime, the process of policy-making
will continue. Yet the assessment of these measures
is much less developed – many of the policies have
not been assessed at all; in many cases the
environmental and economic impacts have been
measured only perfunctorily; and in very few cases
has there been any serious assessment of the social
impacts. In other words, almost none of this huge
range of measures has been fully assessed against
all the criteria of sustainable development as set 
out in the WEC’s 3A’s.

This part will attempt to make such an assessment,
at least on an initial basis. Clearly, given the scope 
of the document, the judgements it contains cannot
be definitive or universal. As emphasised in earlier
parts, circumstances vary substantially between
different regions; the impacts of particular policies,
and their appropriateness for the different
circumstances, will also vary. So, in the final analysis
the assessment of individual measures will have to
be done in the context of the particular country (or
state or other body) introducing or considering them.

Nor can a study such as this undertake a full
analysis of every single policy and policy variant
introduced across the world. What it can do is draw
some broad conclusions about particular types of
policy – pointing out where necessary the factors
which might change these conclusions and make
the policies more effective in meeting the criteria of
the 3A’s. In this way, it is hoped that this study can

The assessments have been undertaken against 
the criteria of the WEC’s 3A’s (availability, acceptability
and accessibility).



Note on Sources for
Assessment Process

The assessments and star ratings draw on 
a number of sources, including the following:

� Previous WEC studies, such as those on
Energy Efficiency, Life Cycle Assessment 
and End Use Technologies (see Bibliography).
These studies include informed judgements
about the technologies and measures
concerned against the background of the
WEC criteria – sometimes using a simple
tabular approach to summarise the

In making these assessments against the 3A’s, the
following questions have been particularly important:

• Acceptability: What evidence is there that this
measure has a positive impact in reducing ghg
emissions in practice (as opposed to theory)? 
Is the measure one which can be adopted 
widely across the world?

• Availability: What are the implications of this
measure for energy security and diversity? Does 
it lead to increased dependence on unreliable
sources? Does it add to pressure on scarce fossil
fuel resources?

• Accessibility: Does the measure make it more
difficult for people, particularly in developing
countries, to access modern energy sources, 
for instance by slowing down the development 
of modern systems or raising energy costs 
for the poor?

There is also a significant question of assessing
actual achievement versus future potential. 
Some measures may be making only a very small
contribution at present but to have very significant
potential for the future. In most cases this is dealt
with by appropriate commentary in the text itself 
or in the remarks on the assessments. However, 
in looking at technological options, the discussion
tries to distinguish between near term, mid-term 
and long-term options. This obviously involves some
uncertainty but the discussion is informed, among
other things, by the parallel WEC exercise on energy
policy scenarios which looks at possible futures 
in much more depth. This Study does not attempt 
to repeat that exercise. It does, however, try to 
draw from it to give a feel for the timescales on 
which particular policy measures are likely to be 
most relevant.

Measures assessed

The main policy measures listed in the previous part
are assessed, at least in summary table form, and 
a brief justification is given in all cases for the
judgements made. In addition, fuller assessments are
given in some key areas identified in the previous Part,
because of their importance in current or potential
future climate change programmes. These areas 
are: economic instruments; energy efficiency (drawing
to a large extent on the WEC study referred to above);
renewables (concentrating on four key technologies –
wind; biomass; hydro and solar power); nuclear 
(a sensitive area on which views differ, but an issue
which cannot be avoided in any serious consideration 
of climate change); and technology development 
and deployment where, as noted, an attempt is 
made to gauge future potential and the timescales. 

In each case an assessment is made against each 
of the WEC criteria, drawing on the various sources
listed in the Box, to lead to an overall judgement,
whose basis is explained and justified in the text. 
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judgements (though not usually awarding 
a “star rating” as in this Study).

� Current WEC studies, including in particular
the ongoing Scenarios Study. This is a
major global Study looking at possible
future developments in energy policy
worldwide. As part of this exercise, groups
in each of the world’s major regions have
been looking at future energy scenarios and
at some key issues – such as possible
developments in particular technologies and
sectors – and judging these trends against
the WEC criteria, thus producing forward-
looking assessments similar to those being
undertaken for the present Study.

� A number of national assessments have
been undertaken as part of this study,
which look in detail at the impacts of
particular measures in the context of
particular countries. These national
studies in turn draw on published
government and independent analyses
produced in the countries concerned. 
See list in Appendix 3. Although there 
are some differences between countries, 
as might be expected, a number of
common themes also emerge clearly.

� Other independent studies, such as 
the IPCC report on Carbon Capture and
Storage, or studies by the IEA and other
organisations, look in detail at particular
technologies or policies and produce
evidence about their impacts in the
economic, social and environmental areas.
This evidence can be used to underpin
assessments about the implications for
the 3A’s.

� Finally, but importantly, the Study draws on
the judgements of Study Group members,
based on their many years experience of the
energy sector in different parts of the world,
and on discussion and debate within the
Study Group, which has refined and
improved the assessments and ensured that
they were brought on to a common basis.

Taken together, these sources give the
assessments a robust foundation, going beyond
the subjective or individual approaches found 
in narrower studies.

As with the previous part, this part is divided 
into three main sections:

• Assessment according to types of policy
instrument – economic instruments, regulation 
etc (Section 2).

• Assessment of policy measures relating 
to particular energy options (Section 3).

• Assessment of technology and technology
potential (Section 4).
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– measures which raise revenue most easily also
produce the least environmental impact, as discussed
in the previous part. Because governments always
want to raise revenue, they may be tempted to 
load taxes on price-inelastic energy forms. In most
countries, energy taxation falls heaviest on motor
fuel, although it still makes only a moderate
contribution to total ghg emissions.

In addition, although the WEC criterion of acceptability
relates primarily to environmental acceptability, other
aspects of public acceptability cannot be ignored. 
If a measure is unacceptable for wider reasons, it may
simply be unrealistic to attempt to introduce it in the
first place, or the inevitable policy trade-offs involved 
in making it acceptable may result in such distortions
that, in practice, environmental acceptability is
undermined. Taxes may simply be impractical in 
many developing countries because the social and
other impacts are so great that they cannot be
contemplated. Even in developed countries where
these social aspects may be more manageable, they
are still often very difficult. Taxes still raise issues such
as competitiveness, encouraging governments to
distort their application in various ways and undermine
their theoretical economic attractions. For instance, 
in practice, there are very few pure “carbon” taxes
which apply even-handedly across the whole energy
balance. Exceptions are common – for instance: for
larger users; for particular forms of power generation;
or particular sectors such as residential use, 
as described in Part 2.

For all these reasons, the theoretical advantages 
of fuel taxation are rarely fully realised in practice,
though they are part of most OECD countries’
energy policy mix.

2.1 Economic instruments 

2.1.i Taxation

Acceptability ***
At a theoretical level, energy or carbon taxes 
score relatively highly against the criterion of
environmental acceptability, which is probably why
they have been widely adopted in OECD countries.
There are strong arguments of principle in their
favour. Some economic activities lead to results
which impose costs (or create benefits) for others
who are not directly involved in the activity
concerned (these costs and benefits for outsiders
are called “externalities”). Burning fossil fuel is an
example – it creates emissions of various sorts,
which impose costs on the rest of society. Where
activities involve externalities which cannot be
traded in the market, the best way of reflecting
these wider social costs is usually to incorporate
them directly in the cost of the economic activity
concerned – to “internalise” the costs, via taxes. 
In the present case, this can in principle be done
via an energy or carbon tax. If this succeeds in
internalising the environmental costs of energy 
use, it should lead to a socially optimum result, 
with minimum economic distortion. For instance, 
it should encourage greater energy efficiency 
and the choice of lower carbon fuels, without 
the need for additional subsidies or regulations.

But these theoretical advantages are very difficult 
to realise in practice. For a start, since the
environmental damage of ghgs is very difficult to
measure precisely, it is not possible to be sure that
taxes have been set at the right level. In addition,
the process sets governments conflicting objectives 

2 Assessment of policies by type of policy instrument

The theoretical advantages of fuel taxation 
are rarely fully realised in practice.
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Energy taxation affects poorer consumers 
more than the wealthy. 

basis of taxation has changed. On the whole,
however, producer taxes are designed to raise “rent”
(i.e. to skim off excess profits) – they do not usually
affect world market prices as such, so are less
commonly used for climate change reasons. 

Accessibility *
Energy taxes do not score well against this heading.
They have a tendency to be regressive – i.e. to impose
higher burdens on the poor than the rich. Clearly, 
this depends on the fuel and the country involved, 
and whether countervailing social measures are
introduced. It applies particularly strongly to fuels
used for home heating and cooking and (in some
countries) home cooling. As regards motor fuel 
the position varies between countries – in many
countries, private road transportation is a possibility
for richer citizens only, so motor fuel taxation
(especially if public transport is exempted) need not 
of itself be regressive (though it may still be highly
controversial). In some countries much the same
applies to electricity – poorer consumers either lack
access to electricity or consume very small quantities.

Nonetheless, overall the general rule is that energy
taxation affects poorer consumers more than the
wealthy. This applies both within and between
countries. Within countries, spending on fuel for home
heating and cooking tends to be highly income-
inelastic – i.e. the poor spend nearly as much on
energy as the rich, so any proportional increase in
prices hits them harder. The poor also often have
higher energy needs, e.g. the unemployed or families
with small children spend more time at home; senior
citizens and disabled people are more vulnerable and
have higher heating and cooling needs; poorer
consumers are less able to afford investment in
insulation or other forms of energy efficiency. 

Availability ***
The impact of taxes on availability is more complex.
On the one hand, consumer taxes may serve to
reduce demand and therefore relieve the tightness
of the energy supply/demand balance worldwide.
On the other hand, their effectiveness in reducing
demand is uncertain – they may divert economic
activity (from a high tax country to a low tax country)
rather than curtailing it, or they may simply raise
revenue, as discussed above. Furthermore, tax rates
are not usually fixed for years in advance – both the
taxes themselves and the relativities between taxes
are normally treated as sovereign matters for
governments to decide as they wish. Even if
governments wish to give long-term signals, it is
difficult for them to make credible commitments –
history shows a consistent record of tax rates and
systems being adapted to changing circumstances.
This uncertainty about the long-term stability of tax
regimes means that they are not generally seen as 
a firm basis for investment decisions – for instance,
countries with carbon taxes rarely guarantee them
for years ahead, so the taxes are not normally 
of themselves enough to justify investment in low
carbon sources such as renewables, which in 
most cases receive additional forms of support.

Producer taxes, which provide an important stream
of revenue for many governments may stimulate
availability by providing states with incentives to
promote energy exploration and extraction. On the
other hand they may discourage investment if they
seem to be too high or too unpredictable. As with
consumer taxes, changes in upstream taxation are
very common as producing countries respond to
political changes and moves in energy prices – for
instance, not only have tax rates for offshore oil in
the UK changed a number of times, but the whole

Energy and Climate Change World Energy Council 2007 

81



Overall, therefore, while taxation has many theoretical
benefits the practical problems are also considerable,
which means that they are not suitable for all situations.
In particular, because of the major social problems
they involve, they are unlikely to promote accessibility
and are therefore difficult to implement effectively in
many developing countries. In addition, the evidence
is that they do not always have a strong impact 
on demand and often add to uncertainty, and thus 
fail to encourage appropriate investment. 

The message here is that if governments want
taxation to be effective in relation to the 3A’s, they
should be properly justified in terms of externalities,
stable and predictable, and imposed with due
regard to the social consequences (which will 
often imply accompanying social measures). Tax
measures meeting these criteria might score well
against the WEC criteria but existing tax measures
score only moderately.

More generally, it is possible to see energy taxes as
part of a wider approach to tax reform. If tax reform
succeeds in shifting the burden of tax from “goods”
– sustainable economic activity – to “bads” such 
as ghg emissions, there may be a positive economic
impact without a higher tax burden overall. This 
is easier said than done, of course, and raises 
issues which go beyond the scope of this Study.
Nonetheless, it is an important message – energy
and carbon taxes should not be considered 
in isolation but in a wider social context.

Yet their energy usually costs them as much or more
per unit as the rich (unlike food, say, where it is easy
to trade down to cheaper sources), and so takes 
up a higher proportion of their spending.

Between countries a similar overall picture applies.
Apart from those countries with indigenous sources
discussed in part 1, most countries have to take a
large proportion of their energy from world markets
at world prices, leading to a much larger impact 
on poor countries than on rich ones. Many of the
figures quoted in part 1 of this study use Purchasing
Power Parity comparisons, which reflect the fact
that the cost of living tends to be much lower in
many developing countries than in the developed
world. The effective purchasing power the citizens 
of these countries enjoy is therefore higher than
exchange rate comparisons imply – indeed, it may
be two or three times higher. However, when
globally traded goods have to be used at world
prices, this apparent boost to the relative standard
of living disappears and it is the (often very much
lower) money incomes which count. 

Furthermore, many developing country consumers
only have access to energy sources such as diesel 
oil and LPG which are relatively expensive unless
subsidised, because their energy infrastructure 
is undeveloped. In many cases, they do not have
access to gas (few developing countries have
mature gas networks), or even electricity. For many
(and there are nearly 2 billion people without access
to commercial energy) it is not just a matter of
expense, but also of time and effort in collecting
traditional biomass. Consumer taxes on commercial
energy prices – putting access yet further beyond
the reach of these consumers – raise serious social
and development problems.

Energy and 
Carbon Taxes Assessment Remarks

Acceptability *** Strong theoretical advantages, 
but many problems in practice,
particularly for developing countries. 

Availability *** Impact varies a lot according to
circumstances and there are often
both positive and negative effects.

Accessibility * Taxes usually have adverse impacts
on accessibility unless carefully
designed and accompanied by 
offsetting measures.
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Subsidies encourage
excessive energy use and 
also promote the wrong
sort of investment.

Removing
subsidies on 
fossil fuels Assessment Remarks

Acceptability ***** An important first step in combating
climate change, though it may create
difficulties for developing countries. 

Availability **** Removing market distortions should
improve availability.

Accessibility ** Provided consideration is given to
meeting the social needs which the
subsidy was designed to meet, it
should be possible to offset any
adverse impact from subsidy removal.

Accessibility **
Much the same considerations apply as with 
taxes – removal of subsidies tends to create social
problems, in particular for developing countries.
Subsidies are not simply anomalies – they have
normally been introduced to meet a particular social
objective. Nonetheless, the continuation of subsidies
is often itself highly distortive and may indeed 
be unsustainable. In some cases it diverts money
from socially more useful expenditure – which could
include expenditure to promote access to energy.
For instance, in countries where electricity is
subsidised, it would often be more effective to
subsidise the electricity connection (thus promoting
access), rather than electricity itself (which may help
only those already privileged to have access to
power, and encourage them to over-consume, 
as well as reducing the funds available within the
electricity system for expanding the network). So,
while it should be recognised that subsidy removal
may create social problems, there may be relatively
straightforward means of reducing any impact 
on accessibility.

The overall message here is that, while there may 
be problems, subsidy removal has such strong
benefits that it is a key measure for consideration 
in any country where significant subsidies currently
exist on fossil fuel use. Where the subsidy has been
meeting an important social need, alternative means
of dealing with the problem should (and generally
can) be identified.

2.1.ii Removal of subsidies on fossil fuels

Many of the remarks above on taxation apply
(mutatis mutandis) to other economic instruments,
so less detail will be given in this discussion.

Acceptability *****
Removal of subsidies on fossil fuels scores well, 
in nearly all cases, on the criterion of acceptability.
Subsidies encourage excessive energy use and mean
that consumers receive distorted price signals; they
also promote the wrong sort of investment in energy
using equipment (e.g. large cars), and thus create 
a new interest group with a reason to lobby for what
is essentially unsustainable behaviour. Removing
subsidies on fossil fuels may involve political
problems, for instance in relation to employment 
or social impacts, but in nearly all cases it tends 
to promote environmental improvement (the few
exceptions were discussed in Part 2 – for instance
subsidies for clean, accessible, low carbon sources,
such as CNG and LPG). 

Availability *****
In the same way, subsidy removal will tend to
promote availability, by reducing excess demand
and (in some cases) increasing producer returns. 
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present experimental state the ETS cannot be said 
to have provided all the answers. So, while in principle
a trading scheme should promote environmental
acceptability, in practice the position may well 
be significantly more complex.

Availability ***
Emissions trading has the same general problems 
as taxation in relation to availability, with the
additional difficulty, at least at the present stage 
in the development of such schemes, of uncertainty.
Existing schemes, such as the ETS, have not been
very successful in encouraging investment in clean
technology. Because of their short-term nature, they
tend instead to encourage short-term fuel switching,
and in general (especially when this increases
demand for gas) this is unlikely to promote availability
– it adds to short-term demand pressures without
creating a predictable long-term market to
encourage new investment in upstream or
downstream capacity.

Trading schemes could have a stronger impact 
on investment if they were long-term in nature and
global in scope, but such a wide-ranging scheme
would depend on a global consensus on a long-
term climate change regime. 

Accessibility ***
As previously pointed out, trading schemes suffer
from some of the same problems as taxation –
they tend to increase consumer prices and may
thus be regressive in their impact. In principle,
however, many of these problems could be
mitigated by a global trading scheme, or even 
a more effective and responsive version of the
present Kyoto mechanisms. Despite the recent 
fall in prices under the ETS, the cost of carbon
remains much higher than for credits under the

2.1.iii Trading

Acceptability ****
Trading can, of course, take various forms – for
instance, “green” trading of renewables obligations, 
or “white” trading of energy efficiency obligations. 
The same general arguments apply to all forms 
of trading, however, and this section focuses on
emissions trading, which has the most fully developed
and large scale market in the form of the EU ETS,
discussed in Part 2. As noted there, emissions trading
is not so much an emissions reduction measure, as 
it is a way of ensuring that a given level of emissions
reduction is met efficiently. It is similar to taxation 
in using market forces. The big difference is that 
it operates more directly – instead of setting a price
(via taxation) and letting the market sort out what
quantities of emissions will result, it sets an emissions
limit and allows the market to sort out the price
consequences. In terms of high theory, this is the
wrong way round – it may result in too high a price
being paid. But in practice (given that, as noted, the
externality cost is impossible to calculate precisely) 
it has many advantages, not least that it should
enable a particular target to be met (which of course
a tax cannot guarantee). But there are still problems 
– as the discussion of the ETS noted – in setting the
initial allocations, i.e. in getting the target right. It is also
a general rule that the more restricted the scheme,
the less effective it will be in reducing costs – and
conversely the more comprehensive the scheme
(both in terms of geographical and sectoral coverage)
the more likely it is that it will succeed in delivering the
lowest possible mitigation costs. But extending the
scope of trading schemes can be difficult for practical
reasons – for example, including sectors such as
transport, or extending the geographical scope of a
scheme while still ensuring a well-regulated but liquid
market, can raise very substantial problems. In its

Emissions trading is not so much an emissions
reduction measure, as a way of ensuring that a given
level of emissions reduction is met efficiently.
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Emissions 
trading Assessment Remarks

Acceptability **** Very useful in principle, but
complicated in practice. 

Availability *** It may take time for trading schemes
to become credible enough to
promote appropriate investment.

Accessibility *** Trading schemes at present do little
for accessibility. In principle, they
could be a powerful tool, but there
are formidable practical difficulties.

2.1.iv Subsidies for low carbon options

Subsidies for low carbon energy forms come in so
many varieties that it is impossible to give an overall
assessment. Clearly, if well designed, they should
improve the acceptability of the energy mix by
reducing its carbon intensity. They may also improve
availability by encouraging indigenous and non-fossil
sources like renewables and nuclear – though, on the
other hand, they may create market uncertainty and
discourage other investment. In addition, by promoting
policy driven rather than market driven investment,
they may result in lower efficiency and less reliable
supply overall. Subsidies can in principle improve
accessibility, e.g. by supporting energy efficiency
measures, though this may create conflicts. Energy
efficiency support for low income consumers often
results in higher comfort levels rather than lower
consumption, a worthwhile result in itself but not
significant in terms of emissions reduction. Subsidies
for climate change supply measures may in some
cases promote accessibility – e.g. by encouraging the
development of off-grid applications – but this may not
always be a consumer’s desired choice (since off-grid
supply is often of lower quantity or lower reliability 
than grid supply).

CDM or JI arrangements. More liquid trading could
lead to larger transfers to developing countries,
without imposing extra costs on developed
country consumers. If combined with Green
Investment Schemes, the revenues could be used
to improve access, so providing further benefits 
to the developing countries involved.

Thus, in principle, trading schemes could make 
a strong contribution to accessibility worldwide.
However, the contribution at present is limited, 
and there are some inherent problems. Trading
schemes are complex and require a capacity for
effective monitoring and enforcement; if they are 
to meet all the criteria of sustainable development,
this almost certainly adds to the necessary
administrative complexity, as has happened with 
the CDM. To enable trading to make its full potential
contribution to climate change, reduction of 
trading would require not only a global consensus
on a longer-term regime, as discussed above, 
but also simpler and more credible rules, enabling 
a liquid global market to develop. This is a major
challenge and unlikely to be achieved in the 
shorter-term.

The overall message on taxes, subsidy removal and
trading as economic instruments, is that to make 
a more balanced contribution to all 3A’s, they 
have to be implemented with more consideration 
of the social impacts, or combined with measures 
to offset these impacts (e.g. help with energy
efficiency). While many OECD countries may be 
able to afford such help, many developing countries
cannot, and though there are a few international
programmes which attempt to address this 
(e.g. on LPG), much more would be needed before
economic instruments could play a major role.
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Regulations 
and standards Assessment Remarks

Acceptability **** Can be effective if well-judged, 
but often fail to achieve as much 
as expected. 

Availability *** By and large, these measures 
are not aimed at improving
availability, though they may 
reduce demand pressures.

Accessibility ** In some, but not all, cases,
regulations tend to increase 
costs so they may create problems
for accessibility unless carefully
designed with offsetting measures.

2.2 Regulations and standards

The many different types of regulation were
discussed in the previous part – for instance
appliance and product standards, direct emissions
limits etc. Similar considerations apply to this class
of measure as to subsidies – it depends on what is
being regulated and what standard is being aimed
at. However, as the discussion in Part 2 underlined,
there are major additional problems of monitoring
and enforcement. It is very tempting to extrapolate
simplistic results – that a 10% improvement in
vehicle fuel efficiency will lead to a 10% reduction 
in vehicle fuel use – which rarely have much
practical basis. While regulations and standards will
form a major part of the policy armoury, they should
not be relied on by themselves as a way of meeting
emissions targets, unless extremely draconian
approaches (which are unlikely to prove publicly
acceptable) are adopted.

As even this brief discussion makes clear, it all depends
on what precisely is being subsidised and how; the
issues are looked at in more detail under the headings
relating to the particular policy areas concerned.

There is an underlying problem – with subsidies,
unlike most other economic instruments, government
support usually involves picking winners, that is,
supporting particular projects or technologies, rather
than supporting carbon reductions as such (as with
taxation or trading). This raises the risk of pressure
from interest groups, loss of market efficiencies, 
or simply ill-informed decision-making undermining
the ability to reach the objectives nominally being
aimed at.

The assessments in the table above reflect an
overview of subsidies as they exist today – for the
reasons given, many are ill-designed to achieve 
the WEC criteria and few climate change subsidies
have had accessibility as a clear goal.

Impact of
subsidies Assessment Remarks

Acceptability **** Subsidies can be used to promote low
carbon options directly, but can be an
expensive option for developing countries.

Availability **** Subsidies normally go to indigenous
sources or to demand reduction, so
should tend to promote availability.
However, they reflect government, 
rather than market, choices which 
may not be efficient.

Accessibility *** Subsidies for low carbon sources are not
usually designed specifically to promote
accessibility, though they can do so in
some cases.
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Voluntary 
agreements Assessment Remarks

Acceptability **** VAs can improve acceptability, 
but in many cases only to a 
limited extent.

Availability ** Most VAs are not primarily aimed 
at availability and probably have
marginal impact in this area.

Accessibility *** VAs should avoid the problem 
of excess cost and may have 
a generally positive effect on
accessibility, but do not have 
a major impact on their own.

Information and
awareness Assessment Remarks

Acceptability *** Information and awareness
measures are desirable and
unobjectionable, but insufficient 
on their own to deliver major
improvements in acceptability.

Availability ** Unlikely to have much impact,
though can be useful supporting
measures.

Accessibility ** Unlikely to have much impact.

2.3 Voluntary agreements

Voluntary agreements have generally operated in 
the same general area as regulations and standards
– i.e. in improving energy efficiency and reducing
emissions intensity – so similar considerations apply.
The main difference is that, by their nature, voluntary
agreements are not guaranteed to achieve results; on
the other hand, they may be more efficient and lower
cost in relation to the results they actually achieve. 
As discussed in Part 2, they are probably best seen
as acting in complement with other measures.

2.4 Information and awareness

Information and awareness are an important part 
of any climate change strategy – they should, at the
very least, help to gain public support for other
policy measures and may of themselves have some
impact in promoting lower carbon approaches. 
But, as with voluntary agreements, they are unlikely
on their own to have a major effect. Their
importance lies in the way they fit into a wider
package of measures. 

Energy and Climate Change World Energy Council 2007 

87



Acceptability ****
Clearly, insofar as they are effective, energy efficiency
programmes are a very acceptable way of reducing
emissions. The problems are that it is not always clear
whether they are effective, and that governments are
not good at monitoring the impacts. For instance, 
the WEC review pointed out that the best results 
on energy efficiency came from the industrial sector
(where market forces are strong) and that passenger
transport and households were not showing such
achievements – for instance, none of the labelling 
or standards programmes had been able to stop 
or reverse the increase in appliance consumption, 
and the effectiveness of voluntary agreements was
doubtful. It also stressed that more progress in data
collection needed to be achieved. Overall, it judged
that improving energy efficiency was a difficult
challenge, not the easy option that many assume.
These deficiencies stop energy efficiency from
achieving the highest rating for acceptability.

Availability ***
The position here is somewhat analogous to 
that on economic instruments. On the one hand,
effective energy efficiency programmes can help
reduce demand and pressure on world markets.
On the other hand, as pointed out in Part 1, there
is no strong correlation between energy intensity
and energy demand: the various interactions are
extremely complex. So it is difficult to substantiate
the claim that energy efficiency programmes have
reduced emissions significantly; furthermore, they
may introduce some uncertainty into the
investment climate.

3 Assessment of measures according to the energy 
source affected 

3.1 Energy efficiency

Only a relatively brief discussion will be given here.
The WEC report Energy Efficiency: A Worldwide
Review, produced in collaboration with the Agence
de L’Environnement et de la Maîtrise de l’Energie
and published in 2004, gives a full overview of
energy efficiency measures and their impacts, 
on a global basis. The study provided the basis 
for the WEC Statement 2006 Energy Efficiencies:
Pipe-dream or reality? which concluded that 
“while energy efficiency programmes are necessary
for sustainable energy development, they are 
not sufficient on their own to address all energy
accessibility, availability and acceptability goals.” 
The reader is referred to these documents for a
detailed examination of the issues. The following
paragraphs provide a brief overview.

One important point stressed in the WEC document
referred to is that energy efficiencies are achievable
at all stages of the energy supply chain including, 
for instance, power generation, and in transmission
and distribution as well as in energy use. Similarly,
energy efficiency can be promoted in a variety of
ways, from information and awareness campaigns
such as energy labelling of appliances, to higher
prices. In practice, however, most government
programmes focus on end-uses of energy, with 
other stages of the supply chain being dealt with 
in other ways (e.g. in technology development), 
and the discussion below also focuses on end-use, 
with other forms of efficiency dealt with under 
the appropriate heading. 

Energy efficiencies are achievable at all stages 
of the energy supply chain.
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Energy 
efficiency Assessment Remarks

Acceptability *** Important as part of any package 
of measures, but it is more difficult
than usually recognised to achieve
worthwhile emissions reduction.

Availability *** Energy efficiency measures have 
not in practice had a significant
impact on availability.

Accessibility ***** Normally helps by lowering 
the costs of energy services.

Wind 
power Assessment Remarks

Acceptability *** – **** Environmental acceptability
depends to a large extent on local
circumstances.

Availability **** Wind makes a significant
contribution to availability, but as
penetration increases, the practical
problems become greater.

Accessibility *** Wind is usually more expensive than
conventional sources at present;
costs may come down, but there
are conflicting pressures.

3.2.i Wind

Acceptability *** – ****
Wind power has clear benefits as a non-fossil
source in combating climate change. Nonetheless, 
it is not without its environmental impacts (noise,
visual intrusion, impact on wildlife such as birds)
which vary according to location (hence the range 
of markings set out above). One problem is that 
the best sites in economic and environmental terms
tend to get exploited first, so with increasing
penetrations wind tends to become either more
expensive (e.g. offshore), or more intrusive, or both – 
for instance, distant sites often require the
construction of extra transmission lines, with the
significant environmental impacts that entails. 
Again, this limits the potential of wind in the longer run.

Availability ****
The advantages of wind are strong: it is renewable
and widely available as an indigenous source, not
just in OECD countries – developing countries like
India and China also have major wind programmes.
The global resource is huge – many times the
current total global demand for electricity.

But the disadvantages are also clear – wind power
is variable and intermittent. While the best sites may
obtain high capacity factors (35% or so), the average
in those countries with extensive wind penetration 
is much lower (less than 20%). Since, in addition,
wind output does not correlate closely with electricity
demand, a higher overall level of plant capacity in
the system is required (e.g. in the UK, it is estimated
that a wind component of 26GW would have a
capacity credit of only about 5-6GW). While this
extra plant would not solely act as back-up to the
wind, it would inevitably operate at a lower load
factor than would otherwise be the case, because 

Accessibility *****
On the other hand, energy efficiency generally
scores very highly in terms of accessibility. Even 
if it does not lead to an absolute reduction in energy
consumption in all cases, it clearly improves access
to energy services by lowering their effective cost –
and indeed may be justified on these grounds alone.
There can be exceptions, of course – e.g. banning
cheap but inefficient appliances like incandescent
bulbs may create problems of access to the service
(lighting in this case) for low income consumers. 
But it is relatively easy to avoid such problems – 
for example, by subsidising the more expensive, 
but more efficient, alternative.

Messages to be drawn from the above include 
the need for governments to monitor and assess
their energy efficiency programmes more effectively
and the scope for combining energy efficiency with
other approaches – for instance to help overcome
the disadvantages of economic instruments in
terms of accessibility.

3.2 Renewables

Because these sources are all so different, four key
technologies are discussed separately below, while
other important renewable sources are looked at in
less detail. In the long run, it is clear that renewables
will have to play a greater part in the energy mix for
reasons connected with all three pillars of sustainable
development. In the shorter run, however, the
position is more complex – there are economic 
and practical issues which limit the rate at which 
the contribution of renewables can grow without
compromising development more widely. 
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hand, since the best sites are exploited first, future
sites may be increasingly expensive (e.g. offshore 
or remote). Taking account also of the other
limitations set out above, wind is likely to make
only a moderate contribution to accessibility,
except on the most favourable assumptions.

3.2.ii Biomass

Acceptability *** 
There are question marks over the acceptability 
of biomass and biofuels. In some cases the results
of life cycle analyses are ambiguous – it is not
always clear whether there is a net decrease in ghg
emissions, and even when a decrease is shown, 
it is usually much lower than the nominal reduction.
For instance, a recent study by the University 
of Minnesota suggested that corn-based ethanol
reduced greenhouse gas emissions by only around
12% compared with the use of gasoline. Biodiesel
from soybeans produced a larger reduction –
though, at 41%, emissions were still more than 
half the gasoline equivalent, and of course it is corn-
based ethanol which is the main form of biofuel 
use in the US today. It is not, in any event, possible 
to generalise – the emissions reduction will depend
very much on what crop is involved, where it is
being grown, how it is processed etc.

In addition, biomass may create environmental and
other problems, for instance in relation to land use,
as discussed in Part 2. Some of these problems
could be significant if biofuels develop further – 
for instance the OECD estimates that to power 
one in 10 of America’s cars with home-grown corn-
based ethanol would require almost one-third of US
farmland. Already, there have been reports that US
support for ethanol is putting upward pressure on

of the wind component, so making investment less
attractive. Alternatively, a system with significant
quantities of wind power would also require large
amounts of electricity storage – at present such
storage is very expensive. The costs could come
down with technology development, but this cannot
be relied on.

For these reasons, it is generally recognised that
wind power starts to cause serious practical
problems once its penetration increases beyond 20%
or so. This depends on the overall composition of the
electricity system, of course. Wind may, for instance,
provide a good match for controllable hydro power 
in systems with a good resource of this nature. 
In other words, while wind power may make a
contribution to availability, that contribution is usually
variable and limited. The rating given above reflects
the present, relatively low, level of development 
of wind power – as penetration increases the
contribution to availability is likely to decline.

Accessibility ***
In many countries today, wind is the cheapest
source of renewable power. In the US, for instance,
EPRI calculates generation costs at around 4.5 
to 6.5 c/kWh. As wind power is also very widely
available, it scores better than some renewables 
on accessibility – in many circumstances
worldwide, wind will be the most effective way of
providing access to clean modern energy. On the
other hand, wind is rarely fully viable without some
form of government support because, at all but 
a few sites, it is more expensive than conventional
power. This site-dependence means that
calculating likely future costs is difficult – on the
one hand, capital costs have been coming down 
as the technology has developed; on the other
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Biomass Assessment Remarks

Acceptability *** Calculations of acceptability are
complex and depend on the specific
circumstances, but often biomass 
is significantly less acceptable than
appears at first sight.

Availability ***** Biomass can make a significant
contribution in most parts of the
world and can in particular be 
used for motor fuels.

Accessibility **** The costs of biomass vary
significantly but there is significant
potential at relatively low cost.



Calculations of acceptability are highly complex and
situation dependent, yet in practice, government
policies have not been very discriminating.

Brazil case study discussed in Part 2. The global
potential is enormous – estimated by the WEC at
over 100 EJ a year, or over 20% of global energy
consumption. Biomass is very flexible – it can 
be used as feedstock to produce solid fuels 
(e.g. briquettes or pellets), or gases (biogas,
synthesis gas). Furthermore, unlike some of the
other sources discussed, biomass in the form of
biofuels (biodiesel, bioethanol) can be used not 
only for power generation, but also directly in road
transport, so directly substituting for imported oil. 
It is also often relatively easy to co-fire coal or 
gas with biomass, or to produce “gasohol” 
type mixtures.

Accessibility ****
As with availability, biomass scores well on accessibility,
at least in principle, because it is so widely available in
developing countries in particular. However, it is difficult
to give typical cost estimates, as these vary so much
according to local circumstances. A typical range is 
3-12c/kWh for electricity and $8-25/GJ for liquid fuel.
At the low end of these ranges, biomass and biofuels
are broadly competitive; at the top end they are not.
However, because of the often distorted nature of
agricultural prices, such calculations are themselves
subject to a good deal of uncertainty. In addition, 
since developing countries may face some of 
the acceptability dilemmas (e.g. competition with
agricultural uses) most acutely, in practice accessibility
may be lower than appears at first sight.

The messages from the above discussion are that
governments should be more discriminating about
the sorts of biomass they support and the ways of
doing so if they want to ensure that it contributes
effectively to the achievement of the 3A’s.

corn prices and leading to social problems of higher
food costs.

A distinction can, in principle, be drawn between two
sorts of biomass – food crop based and cellulosic
(woody) material. Cellulosic biomass burns relatively
easily, but is difficult to convert into liquid fuels, 
so is more commonly used for power generation 
at present; though in the longer run technological
development should make it more viable to convert
cellulosic material to biofuel. Food crop biomass is
easier to convert to liquids, but obviously competes
with agricultural uses. In practice, it is often the
result of intense forms of agriculture with high inputs
in terms of fertiliser and other resources. Cellulosic
material tends to require fewer inputs, but also to be
less “dense” in energy terms – it requires significant
amounts of energy for transport and handling. 
In either case, of course, where the biomass in
question is essentially waste – the by-product of
forestry or agricultural activity – its use is likely to 
be much more environmentally acceptable. Where
they are, and where biomass use is integrated into
good forestry management programmes, there can
be very positive results. However, in practice these
high standards are rarely met.

In short, calculations of acceptability are highly
complex and situation dependent, yet in practice,
government policies have not been very
discriminating in their support for biomass, as US
experience indicates, because there are conflicting
pressures – e.g. from the agricultural lobby.

Availability *****
Biomass scores high on availability – it is available 
in most countries and developing countries often
have a comparative advantage, as illustrated in the
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Solar power Assessment Remarks

Acceptability **** Generally a very acceptable source,
though at present there is little
large-scale development. Often 
a good option for remote areas.

Availability **** A huge and widespread 
resource, though availability 
differs between regions.

Accessibility ** – *** At present still a high cost option,
though costs might come down.

conditions, near the Poles in winter etc. It therefore
normally needs to be fitted into a flexible system,
using other sources or backed up by storage 
(e.g. batteries), adding to the already high costs.

Accessibility ** – ***
In general, at the moment, solar power scores low
on accessibility. Although costs have been coming
down, it remains very much more expensive than
alternative sources (an order of magnitude or more)
so creating a major barrier in terms of accessibility.
Photovoltaic power has been estimated to cost
between 25 and 76c/kWh – well above the cost 
of conventional power. Concentrated solar power, 
at least in areas with high direct solar radiation, 
can be cheaper – EPRI estimates the cost from
plants in California at around 18c/kWH, though this
is still significantly above the cost of conventional
power, and costs would be higher in less favoured
regions. Passive solar power (e.g. good house design
to capture the maximum potential amount of sunlight
or shade) can be highly cost-effective but may be
better thought of as a form of energy efficiency.

A range is given above, for two main reasons First,
that there is scope for technological development 
to push down the costs significantly – the efficiency
of solar modules and cells has increased rapidly in
recent years while costs have come down, and this
looks likely to continue. If this happens, a major
objection to solar power would be removed.
Second, there can be circumstances, particularly 
in developing countries where the costs compare
favourably with the alternatives – e.g. where there 
is a large solar resource, but no grid connection. 
For instance, in Bangladesh, where two out of three
households lack a grid connection, some 80,000
homes now own a basic solar panel that generates

3.2.iii Solar power

Acceptability ****
Solar power scores high on acceptability. Because 
of the nature and variety of the technologies available,
it can be used with due attention to environmental
impacts in a variety of locations. The only significant
question mark relates to its current early stage 
of development. Many energy sources which 
are perfectly acceptable when they are used only 
on a very small scale have much larger impacts 
as they develop more widely (wind and hydro might 
be examples – as their contribution has increased 
so has awareness of the environmental downside).
Since solar power, like many other renewables, is a
relatively low density form of energy, significant use 
of this resource would require the use of significant
land areas. Whether this can be achieved in an
environmentally acceptable way remains to be seen.

Availability ****
The technical potential of solar power is huge –
3,000 times current world energy use. Like a number
of other renewable sources, solar power is widely
available – and developing countries possess the
bulk of the world’s significant resources. Furthermore,
solar power can be exploited in a variety of ways: 
in concentrated form, to raise heat for power
generation; via photo-electric cells to generate power
directly; and in passive designs, to take direct
advantage of prevailing weather conditions. It can 
be developed at very small scale locally or in much
larger centralised arrays. 

What stops it from getting the highest rating is 
the simple fact that, like many other renewables, 
it depends on a natural source (sunlight) which 
is not uniformly available – e.g. at night, in cloudy
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Large Hydro Assessment Remarks

Acceptability ** – **** Acceptability depends significantly
on the circumstances

Availability **** A widespread, but not unlimited,
resource.

Accessibility **** Generally a low cost source, though
not an option for all countries.

Another factor which limits hydro’s contribution to
availability is the risk of a dry year with low rainfall 
or snowfall. Countries as varied as Brazil, Portugal
and Sweden, and states such as California, have 
all suffered from availability problems for this reason 
in recent years.

Accessibility ****
Hydro is generally a relatively low cost energy source
(current schemes produce, at an average, costs
estimated at around 2c/kWh, though there is a wide
range depending, as with other renewables, on the
site). However, given the constraints on acceptability
and availability discussed above, and the fact that
many countries do not have suitable geography 
for hydro development, hydro will not be the main
route to lower emissions.

about 50 watts of power. This is a limited form 
of accessibility (and not very cheap, given the need
for batteries to complement the panels), but in some
circumstances it constitutes a valuable option.

3.2.iv: Large scale hydro

Acceptability ** – ***
As with many other renewable sources, the
acceptability of hydro depends a lot on the
circumstances. In many OECD countries, the
environmentally acceptable potential of large-scale
hydro power has already been more or less fully
exploited; there are major issues about the impact
on aquatic life and in some cases question about
the ghg impacts of rotting vegetation trapped
behind dams. In developing countries, there is still
significant potential for expansion of large scale
hydro, though as well as the direct environmental
issues there are also often major social issues
connected with the displacement of population. 
In the view of many, large scale hydro has become
regarded as increasingly less acceptable.

Availability ****
Hydro is far and away the most significant
renewable electricity source at present, producing
some 17% of global electricity. In absolute terms,
output from hydro sources could potentially rise by
two or three times (though this is likely to mean that
the proportion of electricity from this source remains
roughly stable, as demand itself rises). So it makes 
a major contribution to availability, though that
contribution is not likely to increase significantly.
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Wave
power Assessment Remarks

Acceptability **** Wave power should prove an
acceptable source but it is difficult
to give an overall judgement at the
present stage of development.

Availability *** A widespread resource but relatively
difficult to exploit. Generally
reasonably well correlated with 
the pattern of demand.

Accessibility ** Costs can be high and there are 
still significant technical problems,
which may be removed as the
technology develops.

3.2.vi Other renewables

Other renewable sources may make an important
future contribution but are generally less well-
developed at present, or (like geothermal power) 
are an option readily available in a few countries only.
These sources are given only summary rankings
below, though in all cases the same sort 
of consideration and analysis has been given 
as in the more extended discussion above.

Wave power
There are various ways of extracting power from
waves – through floating modules, whose motion 
is used to generate power; through onshore cavities,
where entering waves create pressure to drive
turbines etc. The potential (especially in deep 
water waves) is significant, but the practical
problems also remain significant – the devices 
and associated transmission lines have to be able 
to withstand extreme weather conditions and this 
has in the past created some problems, though 
the technology continues to improve.

3.2.v Small-scale hydro

Acceptability ****
Unlike large scale hydro, small scale hydro is still
generally acceptable, and indeed is part of the
climate change programme of countries across the
world, as Part 2 noted, and the range given above
reflects this difference. This does not mean that
small-scale hydro is without environmental impacts
however – since the sites are often remote and are
by definition small-scale, they may require significant
amounts of transmission capacity in relation to their
overall contribution to the energy mix.

Availability ****
Small scale hydro, despite its attractions, makes
only a very small contribution to the present hydro
total (under 5% of all hydro power); while it too may
expand in absolute terms, its share of the total 
is unlikely to change significantly, so its contribution
to availability will remain limited. However, it is often
an economic and practical source for remote areas,
given the widespread nature of the resource and 
the scalability of hydro systems.

Accessibility ****
For the same reason, small scale hydro, where
available, can make an important contribution 
to accessibility.

Small scale 
hydro Assessment Remarks

Acceptability **** Usually a very acceptable source.

Availability **** A relatively minor resource 
but where available can make 
a useful contribution.

Accessibility **** Particularly helpful in improving
accessibility in remote areas.
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Tidal 
power Assessment Remarks

Acceptability *** There is only a limited number of
suitable sites; each would require 
a specific assessment in relation 
to acceptability.

Availability *** Not a very widespread resource 
but where it is available it is reliable
and predictable.

Accessibility *** At suitable sites costs should be
acceptable, but in most countries
the potential is limited.

Geothermal 
power Assessment Remarks

Acceptability **** Generally very acceptable, though
expansion might mean that less
suitable sites are being used.

Availability *** A useful resource but where it is
available.

Accessibility *** Costs are generally acceptable, 
but the resource is not available 
in all countries.

Geothermal
Geothermal energy can be exploited in a variety 
of ways. The easiest (though this is only possible in
suitable geological conditions) is to use hydrothermal
resources (water from hot springs) directly, and this 
is a significant resource in countries like New Zealand
and Iceland. Other approaches include “hot dry rocks”
– finding a layer of hot rocks underground, pumping
water down to the relevant strata and extracting steam
from another well for use in power generation or
heating. In the right conditions costs of geothermal
power are relatively low (as little as 2c/kWh), though
typical costs of electrical power in the US have been
estimated at 5-6c/kWh. The ultimate potential is large
(WEC estimates it at over 1,000 TWh per year), though
not unlimited. There may also be environmental and
other sustainability issues (e.g. if heat is extracted
faster than it can be naturally replenished).

A further option is the use of heat pumps to transfer
heat from the ground (or indeed any environmental
source) for residential or industrial use. Heat pumps
are better treated as a technology in their own 
right (and there is a substantive discussion in the
technologies analysis produced for the current
scenarios study to which the reader is referred),
but they can also improve the efficiency of 
utilisation of geothermal sources.

Tidal power
In the right circumstances (bays and estuaries with 
a large tidal flow) the potential can be significant, 
and tidal power has been used for many centuries 
(e.g. to power mills). However, large scale projects
raise significant environmental issues – the bays and
estuaries involved are usually major habitats for birds
and aquatic life – and the number of suitable sites 
is relatively limited. So, while in the right circumstances
tidal power may be a significant electricity source,
the potential is relatively limited. Nor is it clear
whether in general the costs will be acceptable –
current costs are estimated to be in the range 
8-15c/kWh.

Other ocean technologies
There are various other potential ocean technologies –
e.g. exploiting the power of underwater currents such
as the Agulhas current off the coast of southern Africa,
and so-called Ocean Thermal Energy Conversion,
which exploit temperature differences between
different layers of the ocean. These technologies have
significant potential in the sense that there is a large
energy resource available to be tapped, but it is 
too early to say how far they will prove acceptable 
or contribute to accessibility.
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and enable nuclear to make an effective contribution
to sustainable development.

Availability ****
Nuclear scores high on availability – nuclear plants
are reliable and not dependent on particular natural
phenomena. The fuel is easy to store and not
dependent on insecure world markets. Uranium 
is a very concentrated energy source – one tonne
of uranium produces the same electricity output as
20,000 tonnes of coal. Technological development
is both increasing the efficiency of fuel use and
opening up the possibility of alternative fuel cycles
(such as thorium). 

There are limitations – current identified uranium
resources would last for less than a century at
current usage rates. However, (as with other reserve
and resource figures) there is no reason to believe
this is an absolute ceiling – a realistic view of
ultimate fuel availability would probably lie in the
thousands of years. Availability is more likely to be
limited by acceptability issues – either direct public
acceptance or because of the interaction with
military uses of nuclear fuel, which has led to an
international regime of governance.

Accessibility **
As with other aspects of the nuclear issue, 
it is not simple to judge its impact on accessibility; 
the economics of nuclear are hotly debated. 
Some countries (e.g. the US and UK) have found 
it an expensive option. It also seems clear that free
markets are reluctant to invest in nuclear, because 
of the risks involved, unless there are clear
indications of government support. On the other
hand, countries that have made a significant
commitment to nuclear, like France, enjoy relatively

3.3 Current nuclear (for potential 
see following section)

Acceptability * – *****
Acceptability is obviously the key issue for nuclear.
There is no consensus globally on the issue, and
this is reflected in the range above. Many would
argue that as a non-fossil source, emitting no ghgs
in operation but capable of meeting energy needs
effectively, it is the world’s most acceptable energy
source. The analysis in Part 1 showed how
countries with high proportions of nuclear in their
systems (such as Sweden and France) had ghg
emissions per head significantly lower (30-50%)
than those of comparable nations, demonstrating
the contribution nuclear could potentially make 
to dealing with climate change globally. Proponents
also point out that most surveys show that only 
a minority of the public is actively opposed to
nuclear power, and that much of the objection 
is based on a misunderstanding of the issues.

Others disagree, pointing to issues of economics,
safety, radioactive waste management,
decommissioning, proliferation and security,
including vulnerability to terrorist attack. The list 
is a long one and this study cannot attempt to 
settle these questions finally. 

In the end the message must be that all
governments should give serious consideration 
to the potential of nuclear power for reducing
ghg emissions. If they still wish to reject the option,
for reasons of acceptability, then they must ensure
that they take equally effective alternative measures
in combating climate change. For those wishing to
proceed with nuclear, they must work hard at the
various areas listed above to improve acceptability

Acceptability is obviously the key issue for nuclear. 
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Nuclear
power Assessment Remarks on the current position

Acceptability * – ***** Nuclear power is controversial 
and countries will make their 
own judgements. But its potential
for emissions reduction is huge 
and those rejecting this option 
must ensure that they have 
effective alternatives. 

Availability **** Can make a major contribution 
to energy security and reliability.

Accessibility ** The economics are disputed 
and nuclear power may not suit 
all countries.

The message here is similar to that in the previous
section – governments and companies wishing to
promote the future of nuclear must do what they 
can to improve its economics by appropriate r & d
efforts, and by creating a level playing field – for
instance, by setting a long-term carbon price or
emissions trading scheme and clarifying issues of risk
and liability so that there is a firm basis of investment. 

Technological development has the potential 
to improve nuclear’s score against all the 
headings below, and this is further discussed 
in the following section.

low electricity prices and have not suffered in terms
of accessibility. Furthermore it is not just advanced
industrial countries that are considering the option, 
indeed the most active current focus of nuclear
activity is in countries like India and China, 
with their vast energy needs, which are pursuing 
the option actively.

What is clear is that nuclear is capital intensive – 
in round terms investment costs are about $1,500
per kW or more, compared with $1,000 or so for
coal and around $500 for gas. (The OECD study 
of the costs of electricity generation gives a figure 
of $1,000 – $2,000 for nuclear, with some countries
having plant construction costs exceeding $2,500;
for coal the equivalent, range is $1,000 to $1,500, 
for gas $400 to $800). Developing countries often
face both shortages of capital and relatively high
costs of capital, making high capital cost options
more difficult. Also, up to now the technology has
not been very scalable – a typical plant is large scale
and the newest plant being built in Europe is huge
(1.6GW), making this a very difficult option to
integrate into a small system. This could change 
– the Pebble Bed Modular Reactor, for instance,
should be viable in relatively small units; but even
small reactors involve complex technology and the
associated safety and maintenance requirements,
and may not be suitable for all countries.
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The potential of technology deployment 
should never be underestimated. 

This section is somewhat different from the others
because of the fundamental importance of timescales.
Many technological options which could be hugely
important in addressing the climate change problem
are still under development. Even for existing
technologies, further development (if properly directed)
is likely to enhance the contribution to the 3A’s, 
for instance by reducing costs and so increasing
accessibility (as is expected in relation to many
renewable technologies). In addition, the subject 
is both wide-ranging (the number of actual and
possible future technologies is huge) and vulnerable 
to enormous uncertainty (the outcome of technological
development cannot be guaranteed in advance). 

The subject will therefore be discussed in broad
terms under two main headings: 

• near-term options in the area of technology
diffusion – deployment (i.e. of existing best 
practice technologies) and technology transfer 
(to developing countries) (Section 4.1);

• the potential of technology development for the
future (including short discussions of particularly
promising technologies) (Section 4.2).

4.1 Technology diffusion

4.1.i Deployment of best practice technologies

Acceptability ****
The potential of technology deployment should
never be underestimated. While new technology
development is inevitably going to be a key element
in the world’s response to the climate challenge,
huge emissions savings can be made simply by the

deployment of existing best available technologies.
Part 2 discussed the efficiency gains available 
in power generation from clean fossil technology. 
If existing leading edge technologies were deployed
more widely, this could of itself have a major impact
on global emissions. For instance, average thermal
efficiency of power stations in many developing
countries is around 30% or less and in developed
countries generally under 40%. The best modern
coal stations manage well over 40%, while some gas
stations are approaching 60%. If such best practice
could be replicated worldwide, emissions from power
generation (the fastest growing source of ghgs) could
be stemmed or reversed. This need not involve
excessive complication or cost – as noted, in OECD
countries many fossil fired power stations are aging
and due for replacement in any event, while
developing countries in many cases have major
investment programmes under way to meet their
rapidly growing energy demand. Since existing 
best practice technology involves few technical 
or economic risks, it would be relatively easy for
governments to change incentive structures to
encourage investment in such plants, rather than 
less acceptable alternatives.

Availability ****
In most cases, new technology offers higher
efficiencies: as Part 2 noted, simply encouraging
equipment turnover is often an effective way of
increasing the overall efficiency of energy use. 
These higher efficiencies should reduce demand, 
or at any rate slow the increase in demand, 
so reducing the pressure on world energy supplies
and improving energy availability. Incentives for
technology deployment can also be used, of course,

4 Technology 
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do not generally own technologies; technology 
is not free – it represents billions of dollars and years 
of effort in research and development work; where
companies have made this investment they are
naturally unwilling to give the rights away for nothing,
or compromise the security of their intellectual
property ownership. 

Acceptability ****
Measures to promote the transfer of efficient
technologies to developing countries have the
potential to be enormously effective in combating
climate change. Developing countries are likely 
to be the main growth area for ghg emissions 
in coming decades while, for well understood
reasons, they are not subject to emissions caps.
They also often contain the lowest cost mitigation
options. So a focus on transferring emissions
reducing technology is likely to meet several 
goals at once and prove highly acceptable 
in environmental terms.

Availability ****
Similar considerations apply as with technology
deployment in general. Developing countries have 
the fastest growing energy demand and this is already
putting pressure both on world supplies 
and on their own indigenous sources. Transfer 
of more efficient technologies will help mitigate 
this demand growth and produce benefits for 
global energy security.

Accessibility ****
Technology transfer should also improve accessibility
by ensuring that the best technology is widely
available and that economic constraints do not
prevent developing countries from having access 
to it. The only cautionary note is that, of course, 

to encourage the use of indigenous or alternative
technologies such as renewables, with a further
potential contribution to energy security. 

Accessibility ***
Finally, technology is in general positive in terms 
of accessibility. In some cases it will add to costs
(which is why it does not get the highest marking),
but in general the wider deployment of existing
technology should be a relatively low cost way 
of reducing emissions and hence more likely to
promote accessibility than many of the alternatives.

4.1.ii Technology transfer to developing countries

The transfer of technology to developing countries
has already been highlighted in Part 2 as a very
important area in combating climate change. It is 
the global counterpart of technology deployment,
and therefore particularly relevant in the context 
of a global issue on which, as this study has noted,
it is often more difficult for developing countries 
to take action because of the constraints they face.
Given the very high potential rate of growth of
emissions in developing countries, and the social
and development imperatives which they face,
measures which can help square the circle by
enabling clean development must be a global priority.
In general, technology transfer scores very highly
against all the WEC criteria, as discussed below.

The problems with technology transfer are 
primarily practical – dealing with all the complicated
sovereignty, intellectual property, “appropriate
technology” and other issues it raises. But these
practical problems raise complex issues of principle.
In many cases, it is difficult for governments to deal
with these issues in any simple fashion. Governments

Technology 
deployment Assessment Remarks

Acceptability **** Stimulus to technology deployment
is an effective way of reducing
emissions. 

Availability **** Technology deployment can 
also contribute to energy security
and reliability.

Accessibility *** The contribution to accessibility
depends on the circumstances 
but should generally be positive.

Technology
transfer Assessment Remarks

Acceptability **** Technology transfer is an effective,
and under-used, way of reducing
emissions – provided the many
practical problems can be 
addressed effectively.

Availability **** Technology transfer can also make
a significant contribution to global
energy security.

Accessibility **** Given the will, technology transfer
can also be an important tool for
improving accessibility.



In fact, in one sense, the strategic significance 
and long-term potential of technology is
unlimited – we do not know what future energy
sources might be developed or exploitable with
better technology (nuclear fusion? deep ocean
currents? bacterial hydrogen generation?). The
discussion below (and in the transport section)
focuses on a limited number of areas of technology
development which seem relatively near to
commercialisation, and to have major potential 
in terms of greenhouse gas emissions reduction, 
but that it is not to say that there are not many
others which, over time, might not also have 
an important part to play.

Medium-term technology options (likely 
to be viable over the coming decade or so)

this all depends on the terms of the transfer – 
and it is here that the major problems referred 
to above normally arise. This Study cannot itself
provide solutions to these problems, but it can
underline the great importance of finding solutions.
Technology transfer has enormous potential to help
the world combat climate change, while meeting 
all 3A’s. It is essential that governments and 
others make every effort to unlock this potential 
by addressing the obstacles to transfer.

4.2 Technology development

The importance of technology development should
not need underlining – it has featured in many 
of the assessments and analyses in earlier sections,
in a variety of ways. For instance:

• Technology development promises to reduce 
the cost of solar power and other renewables 
and thus remove the main obstacle to their 
wider deployment.

• Technology development is improving the 
safety, and reducing the waste, arising from
nuclear generation.

• Technology development is needed to provide
alternatives to oil in transportation.
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The potential application of CCS technology 
is huge – a policy aimed at reducing emissions 
on these large sites should be able to deliver
significant and rapid results.

There is a wider question, of a more metaphysical
nature, as to whether it is right to rely on “back-
end” solutions of waste disposal, rather than
approaches which avoid the waste creation 
in the first place and in the long run. For this reason,
the use of non-fossil sources is likely to be the 
best outcome. But given the scale of the current
challenge, and the difficulty of rising to it, it is
important that all options with significant potential
should be developed to enable that potential 
to be tested and, if appropriate, put to use.

Other forms of storage have been considered –
deep ocean storage raises larger issues of
acceptability since the CO2 is being added directly
to the natural environment rather than sequestered
from it, and the uncertainty about its potential
impacts is therefore that much greater. On the other
hand, very few, if any, acceptability issues are raised
by mineral sequestration (incorporation of the CO2
into rocks like magnesium oxide to create a mineral,
magnesium carbonate, which already occurs widely
in the Earth’s crust). Although this option seems 
a long way from practical viability.

Availability ****
There are two conflicting aspects here: on the 
one hand, if carbon capture and storage makes 
it possible to use sources like coal, which could
otherwise be very difficult to integrate into a low
carbon energy system, this could improve the
effective availability of fossil fuel. On the other hand,
carbon capture in particular involves a significant
energy penalty. The IPCC points out that: “A power
plant equipped with a CCS system (with access 
to geological or ocean storage) would need roughly
10–40% more energy than a plant of equivalent
output without CCS, of which most is for capture

4.2.i Carbon capture and storage

As discussed in Part 2, although this is not an
established technology, it is very much more than 
a paper possibility and has huge potential – if fossil
sources can be enabled to be used in an
environmentally acceptable way, many of the 
world’s current challenges in the energy sector 
will be removed, or at least significantly reduced.

Acceptability ****
Carbon capture should be able to remove about
90% of the CO2 from fossil fuel combustion in
stationary applications, thus making a hugely
significant contribution to emissions reduction. 
At present, however, there is not enough experience
of storage to enable judgements to be made
definitively about its longer-term acceptability. Taking
geological storage first, on the one hand, existing
storage sites (such as Sleipner and Weyburn) have
been extensively monitored and no problems have
been identified to date. Nor is there necessarily any
reason to expect problems – after all, natural gas
stored in underground strata has generally remained
intact for hundreds of millions of years, and there 
are cases of underground CO2 reservoirs of similar
age. On the other hand, underground storage
inevitably involves not original strata, but layers
which have been drilled into, and therefore may have
been damaged. In some circumstances, as volcanic
structures such as those underlying Lake Nyos have
demonstrated, CO2 can leak from underground and
create hazards of a serious nature. It seems likely,
though not certain, that further research will enable
scientists to be confident that appropriate strata will
be chosen and appropriate methods used, ensuring
that such problems do not arise.
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for greenhouse gas emissions will depend on 
the carbon intensity of the electricity source. 
Even biomass plants can involve significant local
emissions – for instance the IPCC estimates 
that current biofuel plants emit nearly 100 million
tonnes of CO2 per year. This CO2 should already
be offset by the gas captured in plant growth.
Nonetheless, if the CO2 emitted from the
manufacturing process can be captured, that
would make an additional contribution to
emissions reduction. In short, the potential
application of CCS technology is huge – and,
more generally, a policy aimed at reducing
emissions on these large sites should be able 
to deliver significant and rapid results.

Accessibility **
The accessibility challenge may be more difficult.
Carbon capture and storage will inevitably carry 
a cost penalty – while this may reduce over time, 
it is unlikely to disappear, so there will always be 
a tendency to reduce accessibility. On the other
hand, the cost penalty may be comparable with, 
or less than that of, other sources. Most forecasts
see the cost of carbon capture and storage as likely
to be around $50 per tonne of CO2 by 2010 or so,
and perhaps $25 or less in the longer run. While 
that is a significant amount, it is not necessarily
excessive compared with other options – for
instance, prices under the ETS have reached over
$30 per tonne and are likely to increase as the limits
tighten, and the implicit cost of mitigation under
many renewables schemes is in the hundreds 
of dollars.

and compression.” This energy penalty could be a
serious drawback for countries like China and India,
which are concerned with making the most effective
use of their indigenous resources in the effort to
meet growing demand. Technology development
might in principle reduce the energy penalty
significantly, but is unlikely to remove it altogether.

CCS is likely to be economic for large point sources,
i.e. probably not for personal transport, home heating
and the like. However, this is not such a limitation 
as it may appear at first sight. The IPCC report
estimates that well over half of current CO2
emissions come from such large point sources. 
(The sources concerned include power stations: 
on their own about 5000 power stations account 
for fully 40% of global CO2 emissions. However,
there are also a number of large industrial sites,
such as oil refineries, steel works etc. The IPCC
figures include sites emitting over 100,000 tonnes 
of CO2 a year, but the average is far higher – around
1.5 million tonnes per site). 

The proportion of emissions accounted for by 
these large sites is very likely to increase, rather 
than reduce: first, because of the increasing share 
of electricity in the energy mix; second, because 
of likely developments in the oil and transport
market. Higher oil prices and the possibility of
conventional oil production coming to a peak 
are increasing the attractiveness of unconventional
sources. Nearly all the options involve more
upstream energy use for conversion, whether 
of heavy oil and oil sands; gas-to-oil; or coal-to-oil,
with the likelihood of significant associated CO2
emissions. Even more, apparently acceptable,
alternatives could involve significant CO2
emissions. The implications of electric vehicles 

Carbon 
capture Assessment
and storage of potential Remarks

Acceptability **** If developed commercially, should
enable significant emissions
reductions.

Availability **** Main contribution would be 
in improving the acceptability 
of fossil fuel use.

Accessibility ** Will involve extra cost – but 
may still compare favourably 
with alternatives.

Energy and Climate Change World Energy Council 2007 

102



Intelligent Assessment
technologies of potential Remarks

Acceptability **** Can help make significant
emissions reductions without
requiring changes in consumer
behaviour.

Availability **** Should have a positive effect 
on energy security by 
reducing demand.

Accessibility *** Likely to be a fairly competitive
option.

fuel cell technology could be used, further improving
environmental acceptability.

Acceptability ****
Micro-CHP should prove an effective and publicly
acceptable means of reducing emissions if the
technology develops as hoped. It would still use
fossil fuels (normally natural gas), but in most
systems the efficiency gains would lead to 
significant emissions reductions compared 
with alternative fossil sources. In existing houses 
in the UK it has been estimated that it reduces
emissions by around 20% (though the figure 
would vary in different countries).

Availability ****
Similarly, the reduction in demand (again around 20%)
resulting from micro-CHP should help reduce
pressure on world supply.

Accessibility ***
While micro-CHP is not at present fully competitive,
it should not in principle involve significant extra
cost, if the technology can be refined, and should
prove an attractive option.

4.2.ii Intelligent technology, BEMs and micro CHP

Intelligent technology already shows great potential
as Part 2 noted. But the future potential may be even
more significant, in enabling a wholesale restructuring
of the energy market into millions of individual
sources, coordinated via intelligent technology, 
so that energy wastage and unnecessary energy
transportation, with the inevitable associated losses,
are minimised or eliminated. 

BEMs are buildings energy management systems:
an application of intelligent technology to the
management and optimisation of energy use within
buildings. Such systems already exist, but, with the
development of more sophisticated IT, show great
potential for the future (for more detail, the reader 
is referred to the electricity end-use study
undertaken as part of the WEC Scenarios exercise).

Micro-CHP refers to very small scale cogeneration –
for individual residences or sites. Although in the
past it has been impractical to generate electricity 
at this level, advances in the generating technology
itself and, importantly, in the IT which would allow
electricity to be traded at a very local level
(neighbour to neighbour), may make micro-CHP 
a feasible way of meeting residential heat (and
cooling) and electricity needs efficiently at the same
time. In addition to the efficiency gains from 
co-generation, there would be gains from local
electricity generation and the associated reduction 
in transmission losses. In principle, very high levels
of efficiency (of over 90%) are possible, with
corresponding emissions reductions, and some 
of the wider issues over CHP discussed in Part 2
would be overcome. At present micro-CHP
schemes are usually gas-fired, but in principle 
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LEDS (light emitting diodes) already exist as light
sources, for instance on calculators and watches
and recently in such applications as traffic signals
and displays. They are small, durable, controllable
and energy efficient (as compared with, say,
traditional incandescent bulbs which normally
convert only around 5% of the energy input into
light). Their potential, as costs come down with
technological development, is huge – in principle
they could replace all existing forms of lighting, 
with huge associated gains. 

Of course, these examples illustrate only a few 
of the vast range of efficiency technologies,
discussed in more detail in other studies such 
as the End-Use Electricity Study or the IEA Study 
on Energy Technology Perspectives produced in
support of the G8 Plan of Action. The assessment
below is intended only to reinforce the point that 
the potential of these technologies is enormous.

4.2.iii Energy efficiency applications: 
heat pumps, LEDs etc

As Part 2 noted, energy efficiency measures 
already offer very significant emissions reduction
opportunities, though the savings may in practice
not always be easy to realise. Future technologies
offer even more potential – in forms which may
make it easier to secure savings.

Heat pumps are essentially a way of transferring
heat from one source to another. The principle of
operation is essentially the same as that of the heat
transfer in a domestic refrigerator, though they can
be used in reverse mode – i.e. to extract heat from
the surroundings (air or ground) and transfer it to 
the interior of a building. Their chief advantage is 
in their efficiency. Most forms of energy generation
have less than 100% efficiency (i.e. energy output 
is less than energy input). Heat pumps, on the other
hand, because they transfer, rather than create,
heat, can have an output higher than their energy
input. Already, this ratio (expressed in the concept
Coefficient of Performance – COP) can be in the
range of 3 to 6, and future potential may be higher. 
At present the problem with the technology 
is usually with the high capital cost, but as
efficiencies improve and costs come down and 
energy prices rise, the future potential could 
be very considerable indeed.

Future energy 
efficiency Assessment
technologies of potential Remarks

Acceptability **** Can help make significant 
emissions reductions.

Availability **** Should have a positive effect 
on energy security by 
reducing demand.

Accessibility **** Likely to be competitive options
provided costs can be reduced.
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Next generation Assessment 
nuclear of potential Remarks 

Acceptability *** – ***** Nuclear power will remain controversial,
whatever the technical developments.
Nonetheless, such developments could
substantially address many of the
current objections to nuclear. 

Availability **** Nuclear could make a major contribution
to energy security and reliability.

Accessibility *** Technical development could
substantially improve the economics 
of nuclear power, making it fully
competitive in most countries.

However, the issues go beyond the purely technical;
it may, for instance, be necessary to explore different
social and political options (for instance new
consensus building approaches within countries 
to deal with long-term decisions such as
decommissioning; researching not simply technical
issues of waste management, but also social issues
on site selection and community involvement in
decision-making). Even then, there is no advance
guarantee that public acceptance will be obtainable.

Nuclear fusion could be a long-term option (its place
would then be in the following section) but, as with
fission, it is likely that public acceptability will be a 
key issue. While there is at present no clear indication 
that the economics are likely to fall sufficiently to make
it viable, this too may eventually change with further
concerted international development efforts, including
those which are now in progress.

4.2.iv Next generation nuclear

Previous sections have discussed the problems 
of nuclear in the area of acceptability – such matters
as safety, waste disposal and proliferation as well 
as the uncertain economics. In all these areas there
is potential for technological development to improve
performance against the 3A’s.

But the key point is that nuclear programmes 
of the future need not be judged in terms 
of the past. The industry has worked to solve the
problems of the last century. For instance, in terms of
acceptability, improved designs (so-called Generation
III) offer passive safety features, such as passive
cooling to ensure safe shut-down in the event of 
an accident, much lower levels of waste production
than current reactors, and better economics. 

Future reactors (Generation IV) could go even
further. They have the potential to use different 
fuel cycles, including unconventional uranium 
and thorium, vastly increasing nuclear’s availability
potential by removing any effective resource
constraints. They could also help overcome the
waste problem by bringing forward designs which
can run on recycled or spent waste from existing
nuclear plants. The final high level waste could be
one tenth or less of the currently planned volume
and have a much shorter half-life, decaying to
natural background radiation level in hundreds, 
rather than thousands, of years. Costs could similarly
come down considerably, improving economics and
accessibility for developing countries.
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not just vehicle technologies, but such factors 
as urban planning, social attitudes, availability 
of public transport etc. Technology should not 
be treated as something independent which 
can be slotted into any social context, whether 
it is a matter of development or deployment. 
Equal attention should be paid to these wider factors
– how to make the technology work effectively and
be accepted – as to purely technical issues.

• There are major inequalities in transport energy
research funding, as in other areas. Most takes
place in the developed world and has regard 
to developed world priorities (in which
accessibility usually comes fairly low down) –
hybrid vehicles and fuel cells are examples. 
Yet climate change and sustainable development
are global issues and solutions will have 
to be capable of global application.

While these wider issues relating to transport 
are beyond the scope of this study, two particular 
areas of transport technology development are
briefly surveyed below in view of their potential 
for contributing significantly to emissions reduction:
hybrid vehicles and fuel cells. 

Hybrid vehicles
Hybrid vehicles involve the use of both electric
(battery) and gasoline energy to provide the motive
power – typically the electric power is used on its
own in urban environments to reduce emissions,
while the gasoline is used to power the vehicle 
for inter-city travel. 

4.2.v Transport measures

It is not practical to survey the range of possible
transport measures in a study such as this – further
detail is, however, available in the parallel transport
study being undertaken as part of the WEC
Scenarios Study, to which the reader is referred.
However, there are some areas of direct transport
/energy overlap, such as the biofuels discussed
above, and this study has stressed the importance,
in a climate change context, of finding alternatives 
to oil for use in transport if the inexorable rise 
in transport emissions is to be stemmed. 

Transport also illustrates three key points about
technology development and deployment which
have much wider application:

• First, that it is important not to wait for the 
perfect technology to come along – ensuring 
the widespread deployment and improvement 
of available technology is one of the most
important tools for combating climate change.
While there is considerable interest in fuel cell
vehicles, the best estimates are they will not really
be competitive before about 2050. Meanwhile,
there are many options such as hybrid (and plug-
in hybrid) technology which could be introduced
in the shorter-term. Indeed, fuel cells may
eventually disappoint – there have been false
dawns before in transport, such as the interest 
in battery cars in the 1990s. Solutions to the
transport emissions challenge will not necessarily
depend on the discovery of a magic bullet.

• Second, that acceptability is often not just a matter
relating to a technology in isolation – this was
pointed out above in relation to nuclear, but also
applies to transport. Transport emissions involve

Hybrid vehicles can make a contribution to emissions
reductions but they are not a final solution.
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Hybrid Assessment
vehicles of potential Remarks

Acceptability **** Can make useful, but not deep,
emissions reductions.

Availability *** Unlikely to have a major impact 
on energy security.

Accessibility ** An accessible route to emissions
reduction in some countries; less
relevant to others.

Availability ***
For the reasons discussed in the previous section,
hybrid vehicles are unlikely to make a significant
impact on availability, although they may help 
in a modest way.

Accessibility **
Hybrid vehicles cost more than conventional ones
(though government support can help offset the
extra cost). They may therefore raise barriers to
access to mobility – indeed, in many developing
countries where bicycles, motor scooters and small
cars tend to provide access to mobility for poorer
consumers, hybrid vehicles may have fewer
advantages than in the OECD.

4.3 Longer-term options 

This section looks briefly at some technologies
which are not likely to be viable in the foreseeable
future but which could have very significant longer-
term potential (i.e. looking forward to the middle 
of this century and beyond). Since this is not a
scenarios exercise, the section does not go into
detail – for that the reader is referred to the WEC
and other studies referenced above.

4.3.i Energy storage

The impracticality of electricity storage underlies 
the whole economics of electricity systems –
electricity supply must match demand at all times,
so there needs to be sufficient capacity to meet
maximum demand. It is also a major impediment 
to the further development of many renewable
sources. In many cases, these sources are
intermittent or unpredictable, like the natural forces
which underlie them. Better means of electricity

Acceptability ****
Hybrid vehicles involve significantly lower emissions
than their pure gasoline equivalents and should in
particular contribute to a reduction in urban pollution.

They help overcome one of the key problems with
pure electric vehicles – the limited range available
with battery technology. Normally in hybrids the
battery in the vehicle is charged during driving by the
gasoline engine itself. However, it is also possible to
design the vehicles to be recharged, particularly during
off-peak demand periods, from mains electricity – 
so-called “plug-in hybrids”. This should in principle be
cheaper, more efficient and further reduce emissions
(depending to some extent on the structure of
electricity generation in the system involved). Such
vehicles can also act as mobile electricity storage
systems for use during the majority of time when 
the vehicles are not being used for transport. 

So hybrid vehicles can (and indeed are – vehicles like
the Prius are already selling in significant numbers)
make a contribution to emissions reduction. But it
must be conceded that they are not a final solution.
While hybrid vehicles have lower emissions than their
gasoline equivalents they are not the lowest emitting
vehicles available – in Europe some small cars, most
motor bicycles and scooters, and all pedal bicycles 
of course, offer better performance. Emissions 
also depend on driving style – as with the CAFE
standards, many drivers find that in practice they
achieve poorer performance than official tests
suggest, especially if they do a lot of inter-city travel.
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4.3.ii Hydrogen and fuel cells

Fuel cells use chemical energy to produce electricity
rather than producing heat by combustion. Hydrogen
can be used together with oxygen in this way, with
water vapour as the only waste product. (Other fuels
can also be used, but this section concentrates 
on hydrogen because it seems to offer the greatest 
long-term potential for emissions reduction). One
significant advantage of fuel cells, at least potentially,
is that they may be viable for personal transport use,
as they offer much greater capacity for energy
storage than conventional batteries. For the same
reason they might prove a suitable means of energy
storage in general – electricity could be used 
to produce hydrogen when it was available, the
hydrogen could then be recombined with the oxygen
to produce electricity when needed. A system on
these lines is being deployed in the Norwegian island
of Utsira to enable it to use nothing but wind power
as an electricity source, and Iceland is exploring
options for a similar programme to exploit its hydro
and geothermal power. Energy storage is discussed
above; this section focuses on transport use, 
but it should be borne in mind that the successful
development of fuel cells would have much wider
potential benefits for the energy system.

Acceptability ** – ****
Hydrogen is not a source of energy but an energy
carrier – it is not naturally occurring so has to 
be manufactured, e.g. by the electrolysis of water 
or by chemical means from hydrocarbons. 
The trouble with these options is that they often
involve significant emissions themselves, particularly
when fossil fuels are used as the energy source, 
so negating the effect of the low emissions hydrogen.
In principle, this need not occur – hydrogen can be

storage would vastly improve the economics of
many renewable sources and remove many of the
practical obstacles to their integration in the system.

Of course, such an underlying problem has long
been the subject of research and it is not obvious
that any breakthrough is in sight. But the potential 
of storage is such that it is worth a mention here –
improvements in storage technology could prove 
the tipping point that enables renewable sources 
to develop of their own momentum. There are
various approaches – e.g. pumped water storage;
compressed gas; battery arrays; advanced flywheels;
reversible fuel cells; and hydrogen storage for
instance. At present all are either expensive or limited
by such factors as site availability but continuing
research may help overcome these problems.

Acceptability ****
If storage technology could be developed it would
both be very acceptable in its own right, and make 
a major contribution to the development of
renewables, so improving the acceptability 
of electricity supply.

Availability ****
By the same token, storage would improve
availability; it would enable intermittent sources 
to be used more effectively, improve the overall
efficiency of electricity systems and reduce investment
needs. It would also improve security directly in the
same way as oil, coal and gas storage do.

Accessibility *
The low ranking here simply reflects the present state
of the technology. If accessibility could be improved
by significant cost reduction, storage could make 
a major contribution to energy access worldwide.

Electricity
storage Assessment Remarks

Acceptability **** Has the potential to enable very
significant emissions reductions.

Availability **** Should significantly improve 
energy security both directly and 
by improving flexibility.

Accessibility * The key storage challenge – if costs
could be brought down, it could
make an enormous contribution.
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Fuel cell 
vehicles Assessment Remarks

Acceptability ** – **** Acceptability depends very much 
on the source of the hydrogen fuel.

Availability ***** Could have a major positive impact
on energy security.

Accessibility * At the present stage of development,
would not contribute to accessibility.

• Fourth, in developing a hydrogen distribution
system. There are a number of technical and
safety issues involved. While these may 
be soluble, they create accessibility problems 
for developing countries which cannot afford 
to invest in parallel gasoline, electricity 
and hydrogen distribution. 

5 Conclusions 

At present most assessments of climate change
measures are partial and incomplete. A more holistic
assessment – against all 3A’s – would not only
ensure that the measures were likely to be more
effective in a wider sense in promoting sustainable
development, but would also help make them more
viable in a narrower sense: that is, more acceptable
to those affected and therefore easier to introduce
and get supported, and thus more likely to achieve
their environmental goals. A number of indications 
of current deficiencies are given in the discussion
above: the conclusions of this section are contained
in Part 4, which draws out some important lessons
for future policy making.

produced by the use of zero-emissions electricity
from nuclear or renewable sources – but it means
that the acceptability of fuel cells depends significantly
on the precise method of production of hydrogen, and
the composition of the electricity system concerned 
if the hydrogen is produced by electrolysis.

Availability *****
Fuel cells should offer significant benefits in terms 
of availability. Because they aim to substitute for 
oil in transport, but can in principle be produced
from water plus any energy source, they would add
to the diversity energy mix and enable indigenous
sources to be used.

Accessibility *
The ranking reflects the current situation and
immediate prospects. Clearly, in the longer-term,
technology could improve and costs come down
significantly. But at present there are significant
problems of accessibility in relation to fuel cell 
and hydrogen technology:

• First, in the fuel cell engines themselves. 
They are around ten times as expensive as their
gasoline equivalents, significantly increasing the
cost of vehicles and therefore creating obstacles 
in relation to access to mobility.

• Second, hydrogen production is quite energy
intense. Thus the economic cost of hydrogen
production is relatively high unless a very 
low cost source of bulk electricity can be 
made available.

• Third, in hydrogen storage. At present, 
most storage options are expensive, heavy 
and inefficient, making them unsuitable for vehicle 
use. Hydrogen can be manufactured on-board
the vehicle, but this creates further problems 
(for instance it increases emissions).
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Direction of Climate
Change Policies

Introduction
1 Overview: The way forward on energy 

and climate change
2 Specific messages and recommendations 

of the study
The global picture
The limitations of existing policy approaches
Recommended policy approach

3 Road map to a low carbon future



111
Energy and Climate Change World Energy Council 2007 

Introduction 

The second section of Part 4 relates more directly 
to the specific results of the present Study. It brings
out some key strategic messages, general themes
and specific recommendations from the analysis 
in Parts 1-3. These recommendations are aimed
particularly at governments, who will have the 
main responsibility for developing climate change
strategies and policies. However, as the Introduction
to Part 2 pointed out, responding to climate change
is not just a matter for governments; firms and
individuals play an equally important part. The
recommendations are therefore directed at them too. 

This part of the Study is in two main sections. This
first section offers an overview of the way forward on
energy and climate change. It draws in particular on
the analysis in the Study, but also on a wider range
of sources. For this Study has not, of course, been
undertaken in isolation. While it has been going on,
other studies of energy and climate-change related
issues have also been under way, including, in
particular, the WEC Scenarios Study referred to 
at a number of points in earlier parts of the text.
Unlike the present Study, the Scenarios work 
has taken a detailed forward look at possible
developments in the energy policy environment,
embracing all regions of the world and all aspects 
of the energy scene, and it is hoped that the 
two Studies will prove complementary and 
mutually reinforcing. 

In addition, of course, many other significant reports
have also been produced in the course of 2006 – 
for instance the Stern report for the UK government
and the IEA Study of Energy Technology
Perspectives referred to above. The Fourth
Assessment Report of the Intergovernmental Panel
on Climate Change is also being published in 2007.
While the present WEC Study is not the place 
to comment in detail on these other reports, 
the opportunity has been taken, in the first section
of this part of the Study, to produce a wide-ranging
vision of the way forward on energy and climate
change, informed by the most up-to-date research,
analysis and expert opinion.



of this Study, achievability is also an important
consideration. In many cases, energy policies
around the world tend to ignore achievability as
largely determined by the local social, political and
economic environment. Within this reality, strategic
climate concerns understandably take a backseat 
to the priority placed on national development and
shorter-term economic prosperity.

As a result, reducing ghg emissions is a particularly
difficult challenge facing the international community,
and the world is now at a critical juncture in terms of
addressing this challenge. Climate change is a common
global issue that requires long-term sustainable
solutions, based on international cooperation, at levels
never yet achieved. Efforts to curb ghg emissions
(principally CO2) will not be easy and will almost
certainly be costly. On the other hand, the response 
to climate change may also become a very effective
stimulus for sustainable global development.

Perhaps the greatest hurdle is the extended time
period, of several decades, required, even under 
the most optimistic circumstances, to achieve 
a significant reduction in CO2 emissions from 
the world’s energy economy. For example, it is likely
to take a decade or more, after achieving a universal
global commitment, to curb emissions in order to
realise a measurable slowing in the rate of emissions
growth. An additional fifteen to twenty years will 
be needed to stabilise CO2 emissions and begin 
the process of global reductions.

This reality is underscored by the emissions trends
resulting from global energy policies in a business 
as usual (BAU) scenario. These indicate that CO2
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Throughout history, mankind’s ability to master 
its environment has been dependent upon the
availability of energy. 

1 Overview: The way forward on energy and climate change

Climate change is one of the most complex issues
on the international policy agenda. Experts remain
divided on the severity of the problem and 
the uncertainty and nature of policy responses.
Practically any course of action implies that today’s
societies will incur costs as they deviate from the
status quo, and any benefits will accrue primarily 
to future generations. Compounding the problem 
is its truly global scope. A few nations account 
for most ghg emissions, yet in a global economy,
policies reflecting global interdependence and
cooperation will be required to achieve sustainable
progress in emissions reduction.

Throughout history, mankind’s ability to master 
its environment has been dependent upon the
availability of energy. Only through universal access
to commercial energy, made possible by continued
advances in technology, can the worldwide
demographic “climate change”, now underway, 
be solved. Some two billion people will be added 
to the world’s population over the next 30 years and
another billion in the following 20 years. Every three
years the world’s population is growing by about the
size of the United States, and 98% of that growth 
is in developing countries. Economic growth is not
keeping pace in many of the poorest countries,
(most notably in Africa) and since 1960 the per
capita income gap between the richest and poorest
of the world’s nations has widened from 30 to 1 
to 80 to 1. Universal energy access is the essential
precondition to eliminating this global poverty threat.

The 3A’s (Accessibility, Availability, and Acceptability)
frame the WEC assessment of energy systems value
and utility around the world. However, in the context
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emissions are likely to more than double by 2050,
from 23 gigatonnes per year today to about 
50 gigatonnes per year. This potential rise in CO2
emissions is being driven primarily by economic
growth and a corresponding increase in energy
demand in both developed (OECD) and developing
nations. The rate of economic growth in the
developing nations is projected by the IEA to average
3.9% per annum over this period, while the OECD
nations will likely moderate to an average of 1.8%
per annum. Based on these trends, developing
nations’ CO2 emissions are likely to rise at least 200%
by 2050 from their current baseline of 9 gigatonnes
per year, while those from the developed nations 
are expected rise nearly 70% relative to their current
baseline of 13 gigatonnes per year (though of course
emissions per capita will remain low compared 
to those of developing countries).

Over this same time period, in a BAU scenario, fossil
fuels are expected to maintain their dominant role
and continue to provide nearly 85% of global energy
supply. The electricity and transportation sectors
would also continue to be the primary fossil fuel
consumers and the source of about two-thirds 
of the resulting CO2 emissions. The opportunities 
to reduce CO2 emissions are therefore particularly
focused on these two sectors, with electricity
showing the greatest potential over the coming
several decades.

Efforts to stabilize and then begin to reduce CO2
emissions between now and 2050 will require 
a portfolio of technological options tailored 
to meet the individual needs of both developed 
and developing countries. This portfolio includes
increased energy efficiency (over and above historic
trends), new transport technologies and modes,

renewables, clean coal, nuclear, and potentially
carbon capture and storage (CCS). These
technologies can typically be implemented at 
an additional cost of about $25/tonne of CO2
avoided – the cost assumed by the IEA’s Energy
Technology Perspectives study. The accelerated
application of this portfolio of measures has the
potential to return global CO2 emissions to today’s
level while significantly moderating the expected
rate of growth in both oil and electricity demand,
with minimal risk to global economic productivity. 

At this time, however, there is no evidence that 
such a portfolio is or will be implemented on the
global scale, or with the urgency required to achieve
this potential result by 2050. The IEA projects that,
in order simply to meet rising world energy demand
and replace existing capacity, energy investments 
of $20 trillion will be needed between now and
2030. Making this investment climate friendly 
will be a huge additional challenge.

There is broad agreement that international efforts 
to reduce ghg emissions need to be implemented, 
to a large degree, at the level of the commercial
company, though there is clearly a critical role for
governments in setting the economic, legal and
regulatory framework to incentivise this corporate
behaviour. Private investment is now rising
substantially beyond levels of official public
development assistance; authorities are increasingly
entrusting public policy objectives to the private
sector; and investors now have a global perspective
that requires an alternative governance system 
to that developed for the nation state.

Technology transfer and diffusion, however, 
remain a major challenge to ghg emission reduction

Efforts to stabilise, and then begin to reduce CO2
emissions between now and 2050 will require 
a portfolio of technological options. 



political success of CDM in gaining the active
participation of developing countries with relatively 
high rates of economic growth. Nevertheless, the
concept of CDM has proven to be a valuable vehicle
for influencing technology choices by developing
countries. With the appropriate improvements and
support, CDM has the potential to become a powerful
tool for technology development and transfer.

One way of engaging developing countries in
significant ghg abatement efforts is via infrastructure
investments that accommodate the high energy
demands of economic growth and developments.
Successful implementation of these energy
infrastructure investments will, however, require
attention to three general areas. First, the
participating developing countries need credible, 
but flexible, policies that can adapt to potentially
significant energy infrastructure changes. Second,
private entities adept at managing technical and
political risk need to be actively involved. Lastly, 
a new funding paradigm is needed to recognize the
significant investment cost of advanced technology.
Current prices under the CDM are unlikely to provide
sufficient incentives for the desired energy
infrastructure investments in developing countries.

As a result, international investment for climate
technology transfer needs to be considered as part 
of overall national industrial development, with
implications for the competitive portion of indigenous
industries, and the terms of trade with countries
which fear subsidised competition as a result of 
such investments. Such investments should carefully
consider the implications for local industries and
development, and for dependency on imports from
developed nations. The most immediate topics
needing clarification are: which government policies

progress. For many developing countries, the transfer
of environmentally sound technology is a necessary
commitment pacing their own commitment to ghg
emission reduction. However, technology transfer
needs to take account of a range of complex issues,
including intellectual property rights – much of the
technology is owned by the private sector. This
sector often sees technology transfer to potentially
developing country competitors as commercially
damaging and very costly. The challenge is to
implement appropriate public policies and
mechanisms that facilitate the desired technology
transfer, while protecting the legitimate commercial
objectives of the private sector. Successful technology
transfer is not simply limited to ensuring technical
success, but transferring the associated business 
and entrepreneurial skills as well.

There are a number of funding streams available,
including official aid programmes, private investment
and other market-based solutions. The Clean
Development mechanism (CDM) represents the 
first attempt to address a global commons problem
using a global market. The CDM was designed
around the insight that the marginal cost of emissions
reduction in developing countries would be less than
for developed ones. Unfortunately, the CDM market,
as it has developed, has not been as effective as
many expected or hoped in encouraging low carbon
intensity energy infrastructure in the developing
world. Problems have included the high administrative
costs and the relatively low value of emissions
reductions achieved through this route. There are
also limitations on the range of eligible projects, 
and the relatively small renewable energy projects
currently typical in the CDM portfolio are unlikely 
to be more than marginal contributors to the global
energy market. This has compromised the notable

For many developing countries, the transfer of
environmentally sound technology is a necessary
commitment pacing their own commitment to 
ghg emission reduction.
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Evidence indicates that without strong public/private
partnership reinforcement, dependence on markets
alone is a highly speculative strategy. 

is necessary to ensure that the rule of law prevails,
property rights are respected and contract
obligations are enforced.

Electricity provides the essential key to greater 
and more sustainable energy access. Electricity 
also serves as the energy prime mover enabling
technological innovation and productivity growth 
– the lifeblood of a modern society. Global data
indicate a robust relationship between electric power
consumption and economic development of about
$3/kWh (“World Development Indicators 2002” – 
of course, correlation does not necessarily imply
causation). Although electricity has been extended
to over 1.3 billion people over the last 25 years, 
this rate has not kept pace with global population
growth, and under current trends 90% of the world’s
people born between now and 2050 will live at
electricity access levels below 1,000 kWh/year – 
an essential energy threshold for rising out of
extreme poverty. At least an annual 2%-3% per
capita improvement in global rates of output will 
be required over this same period if sustainable 
well-being is to be universally achieved. 
Only through universal access to electricity 
can these rates of progress be achieved.

The opportunities for electricity to transform the
global transportation sector are also very significant,
particularly in the face of the sector’s high petroleum
dependency and the problems this entails. One
notable approach which is already serving to
accelerate this transformation is the emergence 
of hybrid electric vehicles (HEVs) from a variety 
of manufacturers. These vehicles can provide a
technically and economically viable transition to
increasing levels of personal transport electrification.
Plug-in HEVs are particularly promising, combining

may accelerate international investment in climate
technologies; and which agencies or investors should
pay for the local integration of imported technology. 

A strong national industrial policy framework 
may be the most effective means of allowing 
foreign investment to provide local economic
development benefits, while minimizing the impacts
on indigenous industries. However, it seems clear
that foreign investment may initially mean some 
loss of indigenous competitiveness and greater
regional specialization in export-oriented 
technology development. Thus foreign investment 
in climate technology development in developing
countries may lead to production becoming 
more regionally specialized, but also increasingly
internationally owned.

The results of this ECC study reinforce the relevant
findings of the WEC 2050 Regional Energy Policy
studies. These also indicate that reductions in ghg
emissions can be most confidently and cost-
effectively achieved through strategies that emphasize
global cooperation and interdependence. Equally
important is the role of government, which can vary
considerably depending on local conditions.
Evidence indicates that without strong public/private
partnership reinforcement, dependence on markets
alone is a highly speculative strategy. Above all,
governments need to establish and maintain the
market transparency, security and stability needed
for investment confidence. In the developed nations 
with established, stable markets and policies, the
government role is principally to protect these
conditions. On the other hand, in developing countries
that lack infrastructure and are still establishing 
a stable market economy, considerably greater
governmental leadership may be required. This 
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IPCC Report referred to above); and third, the
gasification process produces a clean synthetic gas
product composed primarily of hydrogen and carbon
monoxide which can be used as feed stock for
synthetic petroleum and chemical production, 
as well as for power generation. 

Coal gasification is, however, considerably more
expensive than conventional coal combustion and
would require an incentive on the order of $350/kW
(US) to be commercially competitive in the absence 
of CO2 control requirements. Coal type and quality 
are also important considerations in the choice of 
coal utilization technology. Ultrasupercritical pulverized
coal combustion and fluidized bed combustion
technologies are generally more adaptable, for
example, to lower grade (high ash and/or moisture
content) coals with competitive efficiencies. While
both can achieve significant emissions reductions,
based on their higher thermal efficiency, neither 
is readily adaptable today to CO2 capture. 

Natural Gas is the cleanest burning of the fossil fuels
and it emits less CO2 than either coal or oil. It has
therefore become the fuel of choice for energy
consumers seeking a reduced environmental impact
at relatively low capital cost. As a result, natural gas
now fuels about 20% of the world’s electricity
generation, with total global consumption at about
100 trillion cubic feet per year. This consumption 
is equally distributed today between developed 
and developing nations, although by 2030 developing
nation consumption is expected to double. This rapid
growth has also increased the geopolitical importance
of natural gas. Proven global reserves, in oil
equivalent terms, total over one trillion barrels, with
Russia holding 30% of these reserves and Middle
East nations, notably Iran and Qatar, nearly 50%. 

commercial electric storage technology with smaller
internal combustion engines. This can potentially
lead to a major reduction in gasoline consumption
and associated emissions, without the range and
performance disadvantages that have limited total
electric vehicles. This trend toward greater transport
electrification will also facilitate the ultimate goal of
zero-emitting, electro/hydrogen, fuel-cell powered
vehicles. The potential availability of hydrogen as 
a complementary energy medium generated from
off-peak electricity offers clear strategic benefits 
for the world’s future economy. However, current
development trends and the status of the enabling
technology and infrastructure suggest that it will 
be the second half of the 21st Century before the
electro-hydrogen economy can become a large
scale commercial reality.

A successful global ghg control strategy over at least
the next several decades depends primarily on
significant reductions in CO2 emissions from fossil
fuels, particularly coal combustion which remains 
far and away the most significant fuel for electricity
generation worldwide. Coal is projected to maintain
this dominance until at least 2050, as China and 
India in particular continue to develop their
economies. Realistically, this progress must depend
on the deployment of technologies that are already
advanced in the development cycle. Foremost 
is the application of coal gasification technology.
Nearly 200 coal gasification facilities already exist
worldwide. This coal “refining” technology has several
relevant advantages: First, it can significantly improve
the efficiency of electricity generation when used to
fuel combined cycle power plants; second, the cost
of CO2 capture from the coal gasification process 
is much lower (although not insignificant) than from
conventional coal combustion (as discussed in the

A successful global ghg control strategy over 
at least the next several decades depends primarily
on significant reductions in CO2 emissions from 
fossil fuels. 
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CO2 Capture and Storage (CCS) systems have 
the potential to achieve major reductions in global
energy-related CO2 emissions. 

Although there is considerable optimism and
enthusiasm for CCS, it remains a complex
technology system that is, at present, unproven in
terms of its potential contribution to CO2 emission
control before 2050, under the current pace and
scope of development. This caution is not meant 
to diminish the potential of CCS as an essential
cornerstone of a sustainable global energy
decarbonisation, in a world which is expected 
to continue to rely significantly on fossil fuels. 
For example, if CO2 emissions are to be reduced 
to their current level or below by 2050 in a fossil fuel
intensive world, 90% or more of the CO2 produced
must ultimately be captured and stored. This simply
underscores the fact that fulfilling the CCS potential
will require much more significant and urgent
worldwide collaborative efforts. For example, the
largest storage experiments today are at the scale 
of one megatonne of CO2 per year. This represents
less than 10% of the annual CO2 emissions from 
a typical commercial coal-fired energy facility.

CCS cannot be considered credible until 
several full-scale integrated technology system
demonstrations have been successfully completed.
These should incorporate capture from several
alternative combustion and conversion technologies,
and involve transport and storage over a range 
of geologic storage conditions and within a publicly
acceptable regulatory policy structure. At present,
market forces alone do not create an economic
incentive for companies to undertake such major
projects, and a major government commitment will
be needed. This has been recognised, for example,
by the 12 large scale demonstration projects
announced in the European Commission’s recent
“Energy Package for Europe”.

A critical factor in the globalization of the natural 
gas market is the availability of liquefied natural 
gas (LNG). As natural gas demand grows and its
supply increasingly depends on LNG, its cost can 
be expected to increase proportionately. However, 
it is also likely that natural gas will remain an
important option in any serious global ghg emission
control strategy for at least the next several decades. 

CO2 Capture and Storage (CCS) systems have 
the potential to achieve major reductions in global
energy-related CO2 emissions, if they can be made
available in a timely manner at costs sufficiently low
to be commercially viable. For example, the IPCC
estimates that the potential for geological storage 
of CO2 is about 2,000 gigatonnes. Furthermore,
many component technologies for CCS systems
already exist. However, the lack of real-world
operational experience, coupled with the high
incremental cost, discourages large-scale
application in the absence of explicit CO2 control
requirements. Carbon capture technology is also 
not readily retrofittable to conventional coal
combustion facilities, and the global infrastructure
required to transport the captured CO2 could
potentially exceed that for oil and natural gas
combined. In addition, there are many uncertainties
as to the viability of long-term (multi-century)
geologic storage of CO2, plus the lack of proven
procedures and regulatory structures to ensure
environmental and public safety. Public acceptability
is, in fact, already proving to be a significant issue in
terms of even implementing CO2 storage experiments.
But these technologies will be essential if coal 
is to have a prominent role in a carbon 
constrained world.
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Intelligent Technology. Also, in the absence of ghg
control requirements, most non-traditional (i.e., 
non-large hydro) renewable energy sources are 
not cost-competitive with fossil fuels in centralised
power applications. On the other hand, minigrids
can be constructed to transmit low voltages of
electricity from local renewable energy sources 
for individual villages. In this way, renewable energy
is often the most cost-effective option and can
uniquely play a major role in bringing electricity 
to the rural populations in developing countries.
Over the longer-term, it is likely that larger renewable
energy plants will become feasible in population
centres by incorporating distributed solar photovoltaic
systems into building structures.

In the case of biomass generation or low technology
solar thermal devices, manufacturing capacity 
is expanding rapidly in developing countries, 
and these technologies can also be successfully
deployed through a process of horizontal integration,
rather than specialised pursuit by multinational
corporations. More developmental, high-technology
sources such as photovoltaics may, by contrast,
require concentrated production, marketing 
and distribution by a single corporation and 
its subsidiaries in end-user nations. Experience
suggests that the key to success lies in
incorporating the objectives of the various
stakeholders into each project, i.e., the recovery
of costs for investors; addressing local basic
needs and the desire to generate income; and 
the governmental requirement to achieve low-cost
power supply.

Nuclear power remains the most technically
confident large scale approach to CO2 emission-free
power production before 2050, and a key contributor

Renewable energy sources which do not admit ghg
or exhaust finite resources such as coal, oil or natural
gas have considerable strategic potential in any 
global ghg control strategy. They could be significant
in many sectors – not just in electricity, but also 
in heating and potentially in transport. However, 
as discussed earlier in this report, renewable energy
sources and technologies are not all equally beneficial
to the environment, nor are they equally consistent
with the principles of sustainable development. 
The role of different renewable energy technologies
depends on the relative costs and availabilities 
of alternative fuel sources, and these vary according
to location and the development of energy markets.
In most developed nations, for example, renewable
energies other than large-scale hydro, and more
recently wind power, are in a long-term transition 
from being advanced technologies with only a niche
market role to becoming mainstream technologies 
of choice. In some developing countries, however, 
the role of renewable energy – particularly biomass –
is far more important and represents a relatively 
high level of application expertise.

As regards electricity, there is also the question 
of how large a role renewable energy technologies
can play in bulk power grids. Today, the integration
of many renewable energy sources (not large scale
hydro) into grid systems at a significant level is
subject to a variety of technical constraints, based 
on the intermittent nature of the sources. Large
quantities of compensating fossil capacity are often
required to ensure that power demand and grid
reliability can be met simultaneously. An alternative
approach would be to resolve these limitations 
by extending interconnection capacity, or applying
electronic control advances in transmission and
distribution technology, as discussed further under

Renewable energy sources could be significant 
in many sectors – not just electricity, but also 
heating and potentially in transport.
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As an emissions-free energy source capable 
of producing electricity on a large scale, nuclear 
is one of the primary global alternatives available 
to achieve CO2 emission stabilisation.

the excellent safety record of nuclear power over 
the past 20 years and to launch concerted efforts 
to win over global public opinion concerning the
strategic importance of nuclear power in achieving 
a confident sustainable energy future. 

An important, cost-effective, and widely available yet
often overlooked, technological contributor to improved
energy efficiency and CO2 emission reduction is so-
called intelligent technology. This largely reflects the
conversion of electricity transmission and distribution
systems worldwide to electronic control. Electricity
today remains one of the last industrial bastions 
of outmoded analogue: electromechanical control
systems. These outmoded systems are incapable 
of operating with the speed and precision demanded
by today’s digital economies, thus inhibiting efficient
end-use innovation while adding otherwise avoidable
end-use equipment costs. These existing analogue
control systems produce major inefficiencies in the 
use of electricity infrastructure. The conversion 
to electronic control systems that operate at the 
same speed-of-light as the flow of electric energy 
can effectively eliminate all of these inefficiencies 
while enabling a more secure, self-healing power
delivery network.

Intelligent electronic control of the electricity
transmission and distribution system is also an
important asset in terms of facilitating the cost-
effective contribution of renewable energy to the
electricity generation portfolio. This advantage stems
from the ability of electronic controls to maintain the
power system in absolute supply/demand balance
at all times, literally at the speed of light. As a result,
electronic controls can significantly reduce the
dependence on back-up power sources (typically
fossil fuelled), and/or the need for massive energy

to the world’s clean energy portfolio. If CO2
emissions were subjected to a penalty, nuclear power
would become a particularly competitive alternative.
Although capital and construction costs remain 
an issue, these concerns contrast sharply with the
comparatively low fuel and operating costs of nuclear
reactors. More than 400 nuclear power plants are
currently operating worldwide, supplying about 16%
of the world’s electricity. The vast majority of these
reactors are derived from earlier naval designs. 
These are now being superseded by reactors
incorporating greater standardisation, passive safety
capabilities, longer operating life, reduced core 
melt potential, and much higher fuel efficiency.

It is technically feasible to triple worldwide nuclear
generating capacity to 1,000 GWe by 2050. 
This would avoid about eight billion tons of CO2
emissions per year relative to equivalent fossil-fuel
power generation. Such expansion will depend,
however, on cost-effectively resolving to global
public satisfaction, the perceived issues of safety,
waste management and proliferation. Fortunately, 
a variety of advanced nuclear systems are currently
in various stages of development. These could
enable a robust global future for nuclear power
within the coming 20 to 30 years, if the necessary
additional development investments are made
without delay. (The opportunities are evaluated 
and described in considerable detail, for example,
by the nuclear Generation IV International Forum
(GIF) technology roadmap.) The systems all employ
a closed fuel cycle to minimise high-level waste and
maximise the fuel resource base. As an emissions-
free energy source capable of producing electricity
on a large scale, nuclear is one of the primary global
alternatives available to achieve CO2 emission
stabilisation. It is therefore essential to maintain 
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Transport is carbon intensive and as yet there 
are no fully viable carbon-free options for personal
transportation, air and maritime transport. 

storage capacity to compensate for the intermittent
nature of most non-hydro renewable energy
resources. Lacking these electronic control
capabilities, cost and reliability penalties will continue
to constrain the growth of clean renewable energy
utilization. An additional advantage of electronic grid
control in terms of facilitating renewable energy is its
ability to enable the seamless incorporation of direct
current (DC) circuitry into today’s alternating current
(AC) electricity grids. This technical advancement will
have rapidly escalating economic and efficiency value,
as both renewable energy sources which produce DC,
and digital electronic end-use devices which use DC,
proliferate throughout the 21st Century global
economy. These capabilities are equally applicable 
to both centralised urban power systems and rural
distributed systems in the developing world. Intelligent
technology also transforms the electricity supply
business from one where supplier profitability is based
on selling as many kWh as possible, to one that
rewards efficiency based on the combined energy and
information service value conveyed by each electron.

Transport is another key sector. Emissions from
transport have risen steadily over past decades and
seem set to go on increasing worldwide as incomes
grow, car ownership increases, long distance trade
expands with globalisation, and former luxuries 
such as air travel become increasingly affordable.
There is no easy answer to the problem and certainly
no single answer. Countries’ transport needs vary
widely with geography, settlement patterns and social
conditions. Transport, in nearly all modes, is carbon
intensive, and as yet there are no fully viable carbon-
free options for personal transportation, air and
maritime transport. This means that reducing
emissions is a major challenge – but it is not an
impossible one. There is a wide range of measures

available and under development which can rein in
the growth of transport emissions. Because of the
huge national variations, the package to be adopted
will vary from country to country, but it could include
such measures as fuel taxation; road pricing; permit
trading in some sectors such as aviation; measures
to improve vehicle efficiency; use of alternative fuels
such as ethanol and bio-diesel; development of
public transport; encouragement of modal shifting 
to lower carbon forms of transport; electrification 
of rail and ultimately road transport (using low
carbon electricity); and in the longer-term,
development of fuel cell/hydrogen transport 
systems (again, where there is a low carbon
hydrogen source). As earlier parts have discussed,
all these options have their advantages and
disadvantages, and not all will be applicable in 
all situations. But if the growth in global emissions 
from energy use is to be contained, the transport
sector too will have to be addressed, despite 
the difficulties.

The challenge: With a growing consensus for
action, the world now faces the challenge of
designing an effective, stable climate policy
response. The main impediment is the lack of a
viable framework for universal global commitment
and cooperation. Although a wide range of climate
policy approaches have been proposed, none have
so far comprehensively resolved the conflicting
priorities among the world’s diverse community 
of nations. However, the commitment by more 
and more countries and corporations to incorporate
sustainable development as a performance criterion
is creating a more constructive global atmosphere
for resolving the fundamental issues of equity, cost,
flexibility, timing and technology transfer, and so
enabling the achievement of a sustainable global



121
Energy and Climate Change World Energy Council 2007 

climate policy structure. Above all, there must 
be confidence in the long-term stability of the
international policy framework in order to provide 
the incentives for the necessary major 
infrastructure investments. 

Given the diversity of national interests, a hybrid
policy approach that recognises diversity is likely 
to be most successful in achieving global agreement
and collaboration on climate change. New approaches
need to be considered, and a number of interesting
ideas have been put forward, including the so-called
McKibbin/Wilcoxen proposal for a hybrid trading
scheme. This sort of creative thinking could be
explored further – such an approach is put forward
here, for the purpose of stimulating discussion. 
It would be aimed at incorporating emissions trading
and taxation in a single scheme, and would not
force a choice between caps on emissions or
coordinating emission taxes. Instead, governments
would set targets for emission quantities and also
for prices. Any government that participates in the
system could issue and sell new emission permits 
at the agreed price. If the national trading price 
rises above the target price then firms could simply
purchase less costly permits on the open market.
Finally, enforcement would rely mainly on buyer
liability. Such an approach could be particularly
attractive in managing the multiple, but still uncertain
and debated, risks associated with ghg emissions;
though of course, like any other approach it has 
its problems – for instance in not setting absolute
emissions limits.

In such a system, the use of fossil fuels will require
permits in proportion to their CO2 emissions. Those
fossil fuel users who can reduce their emissions
most inexpensively will do so, and those who 

cannot will purchase more permits. In this manner,
the system would flexibly encourage the least-
expensive emission reductions without constraining
any fuel user. Over time, the resulting investment 
in technology and in the infrastructure of developing
nations will both reduce abatement costs and 
create significant new markets. The resulting global
economic growth will far outweigh the cost of CO2
emission control (about 2% of global GDP). It is
therefore important to the global economy that
unnecessarily expensive immediate emission
abatement methods not be arbitrarily imposed 
when more cost-effective alternatives will soon 
be available.

Thus the market and incentives for the purchase 
of these permits would be designed to implement 
a least-cost global policy that takes advantage of
flexibility in both time and location to achieve the
desired ghg emissions control goal. The permits
would be financial assets that increased in value 
at the real interest rate plus the rate of atmospheric
depreciation (about 1% for CO2). This would
produce a nominal doubling in permit value 
every 12 years and encourage early purchase.
Calculations suggest than an initial carbon permit
value of about $15 per tonne of CO2 would raise
about $400 billion per year. This is the amount
needed, for example, to achieve universal
electrification by 2050, and to stimulate the
advancement in electricity production and utilisation
needed to substantially decarbonise power
generation. The scheduled reconsideration of the
Kyoto Protocol offers the opportunity to develop
alternative strategies on these or comparable lines.
These policy considerations are discussed further 
in Appendix 1.
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Figure 4-1 
Global CO2 emission scenarios

Reducing the global CO2 emissions intensity to
0.2kg CO2/$GDP (ppp) by 2050 is considered to 
be achievable through aggressive development, and
deployment of the advanced energy technologies
described in this Report, at an annual cost equivalent
to about 2% of world GDP. It is also probable that
such a sustained investment would produce benefits
to the world economy, independent of CO2 emission
reductions, which are far greater than the cost. 
For example, the economic value of the
improvements in productivity, efficiency and creation 
of new markets could easily exceed the total cost 
by a factor of ten, just over this 40 year time frame.
These benefits would, for example, include a net
15% increase in global GDP and as much as a 
net 35% increase in developing world GDP, relative
to business as usual. Each country would also be
able to tailor its verifiable CO2 emissions intensity
reduction trajectory to best conform with national
development objectives, energy resources 
and infrastructure.

Arguably, the most practical and equitable common
denominator for achieving prompt, worldwide
agreement and global CO2 control would be 
a global strategy based on reducing emissions
intensity per unit of GDP. As described in Part 1, 
this criterion has a relatively small national dispersion
(about a factor of two) today, around the world
average of 0.51kg CO2/US$ GDP (ppp). This fact 
is particularly relevant to the largest and fastest
growing economies in the world who have the
greatest impact on global CO2 emissions. In order 
to constrain the growth in emissions and return 
to the current level or below by mid Century,
sustainable worldwide agreement will be needed 
on reducing emission intensities to 0.2kg CO2/$GDP
(ppp) by 2050. This is based on a global GDP in
2050 of $100 billion (2006 $US). This represents a
60% reduction in CO2 emissions intensity achieved 
over a period of 40 years (assuming that universal
agreement and commitment is achieved by 2010).
The resulting CO2 emissions reduction would be,
according to the Intergovernmental Panel on Climate
Change (IPCC), consistent with keeping atmospheric
concentrations of CO2 below the limit of 550ppm,
as shown in figure 4-1. This contrasts with the
business-as-usual baseline projection that is
expected to result in an atmospheric CO2
concentration this century of 800 ppm, more 
than twice the current level.
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The main message of this Study is the need 
to take a holistic view of the energy and climate
change issue in two key respects:

• The need for energy As this Study has pointed
out, energy and climate change are in many
respects opposite faces of the same coin.
Energy-related emissions make up such a large
proportion of anthropogenic greenhouse gases
that it is impossible to deal with climate change
without affecting energy systems; equally,
whatever happens with energy systems will have
an impact on climate change. But although
energy is about climate change it is not just about
climate change – energy meets a range of basic
human needs, and powers wider social and
economic development worldwide. Furthermore,
many people still lack access to modern energy
forms – 2 billion or more worldwide do not have
electricity and are unable to access all the
benefits it brings. Energy availability, accessibility
(and affordability) are goals quite as important 
as acceptability, and policies must be designed 
to meet all three goals, or those policies will 
not themselves be sustainable.

• Energy is a system Energy is a complex and
interacting system – an increase in demand 
in one part of the world affects the whole world
through its impact on prices and world markets; 
a change in demand for one fuel will affect demand
for other fuels; short-term decisions may have long-
term effects in an industry where investments
typically have a lifetime of decades or more.
Decision making for energy, to be effective, needs
to take account of these wider system effects – 
to look at individual policy measures in isolation 

and assume that the rest of the energy system will
simply go on as before is unrealistic. As has been
highlighted at a number of points, the uncertainty
created by climate change policies is, in some 
cases, inhibiting investment and thus undermining
the achievement of all energy goals.

These general propositions lead to some key
strategic messages:

• The importance of policies and strategies which
focus on sustainable growth. 

• The need for long-term stability and predictability
in energy policy to encourage investment 
in cleaner technologies. 

• The need for a balanced deployment of
resources to achieve equity and sustainability.

• The need to keep all energy options open –
there is no single solution to the energy and
climate change issue.

• The importance of education and effective
communication – public acceptability is part 
of energy acceptability.

• The importance of eliminating energy poverty
by increasing availability and accessibility for 
the billions of people in the world deprived 
of commercial energy.

• The importance of technology and the need 
to encourage the development, deployment,
transfer and selected application of 
appropriate technologies. 

• The fact that all countries are different – 
they have different energy resources, different
development needs and different priorities. 
No single approach will work equally well 
in every region.

2 Specific messages and recommendations of the study

The study concludes that, so far, the response 
from governments and others has not been 
up to the challenge.



There is no “magic bullet” – i.e. no single measure
which will, on its own, provide the whole answer. 
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• The evidence suggests that, to date, the most
significant impact on emissions has been made
by reducing carbon intensity rather than energy
intensity. Currently, the sector which gives most
scope for reduced carbon intensity and emissions
is electricity, because of the scope for changing
to low or zero carbon technologies. So a strong
focus on electricity in relation to near term
emissions reduction should be a major part 
of any policy approach.

• The transport sector is also very important but
policy intervention may be more difficult – major
technological or behavioural changes may be
needed to show significant reductions. Policies
should focus both on achieving near term
reductions, primarily efficiency improvements, 
and other measures, and on developing ways 
of delivering the more fundamental longer-term
changes which will be needed for a truly
sustainable transport sector.

• The building and industrial sectors, as major
consumers of energy, also have significant technical
opportunities to improve energy efficiency.
Advances in the design, construction and operation
of commercial and residential buildings, as well as
industrial processes, provide opportunities for major
reductions in energy use. As a result, it is now
feasible for many structures to become net zero
energy consumers and even energy resources. 
This progress has been demonstrated in a variety 
of circumstances worldwide. Here again,
electrification in the form of combined heat 
and power will typically play a major role. 

• Policies introduced to promote other goals (e.g.
energy security) may also have a beneficial impact
on emissions. However, this is not guaranteed and
varies case-by-case. Governments considering any
new energy policy measures should pay attention

• There is no “magic bullet” – i.e. no single measure
which will, on its own, provide the whole answer.
Each country will therefore have to adopt a portfolio
of measures adapted to its own circumstances.

• Irrespective of the portfolio of measures chosen, 
it will take considerable time to get to the point
of reducing carbon emissions globally. A sense 
of urgency must be applied by all nations.

More specific messages arising from the Study
include the following:

The global picture

• Energy-related ghg emissions have been growing
steadily and many developing countries show
rapid energy and emissions growth, but from 
a very low relative base of energy use per capita.
Their energy and development needs are still 
high and need to be addressed in any overall
policy approach.

• Even at similar levels of development, there can
be significant differences in per capita emissions
between countries. There is no automatic link
between economic growth and energy use, or
between energy use and emissions – decoupling
emissions from economic development is not 
in principle inconceivable. 

• However, this requires well-directed policies.
Areas deserving particular policy focus are energy
intensity and the carbon intensity of energy. The
two factors are not, however, strongly correlated;
nor is energy intensity strongly correlated with
levels of energy use. It is over-simplistic to
assume that improving energy efficiency will 
result in a proportionate reduction in emissions.
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no more than restraining the growth in emissions,
not delivering the substantial reductions which 
are needed over the longer-term.

• Confusing and unfocused. They are not taking
account of the complex dynamics of the energy
market and are doing more to create uncertainty
and to inhibit investment than to promote
investment in cleaner technology – we therefore
risk getting increasingly locked into an
unsustainable energy system.

• Too narrow in scope. They are not giving
enough attention to accessibility and social 
and development issues, so offering little to
developing countries – where much of the
growth in emissions is taking place. They
impose serious real and perceived equity issues
among nations that effectively block global policy
alignment – without global adherence energy-
related ghg emission stabilisation, let alone
decline, will be impossible.

This is not so much because the wrong policies 
are being followed as because these policies 
are not effectively targeted, not implemented
consistently and not monitored effectively. All policy
approaches have their limitations. For instance:

• Fuel taxation is important but not a panacea,
given the problems of competitiveness and
accessibility, and the difficulty of establishing 
the long-term credibility needed to promote the
right sort of investment. It is a particularly difficult
option for developing countries, so cannot form
the heart of a global approach. 

• End-use energy efficiency is undoubtedly 
worth pursuing, as it helps meet all 3A’s.
Nonetheless, there is no clear case to be made
for significant emissions reduction as a result of

to all the consequences for accessibility,
availability and acceptability, not just the particular
goal the policy measure is aimed at. In particular,
more attention needs to be given to accessibility –
most assessments to date are concerned with
cost and environmental effectiveness.

• As well as considering the likely impacts of their
energy policy measures, governments should 
give much more attention to monitoring their
effects in practice. There is evidence that many
measures are not in practice meeting the
objectives they are aimed at, like lowering
emissions. Very few policy measures have been
assessed in a holistic way against all 3A’s.

• Global, energy-related, CO2 emissions seem
certain to continue to increase for at least the
next 20 years given the lack of commitment to
emission reductions and existing infrastructure
limitations. In spite of this robust trend, it is
technically feasible to return CO2 emissions 
to the current level by 2050 and to maintain 
a downward trend thereafter. This will, however,
require all the world’s nations to align on and
adopt strict emission control constraints within
the next decade. A price equivalent of the order
of $25 per tonne of CO2 appears necessary to
provide the incentives for the necessary global 
technology portfolio deployment. 

The limitations of existing policy approaches

It is difficult to avoid the conclusion that present
policies to combat climate change are failing to rise
to the scale of the challenge. In general, existing
policies are proving:

• Ineffective and inadequate. Even in Europe,
which has the strongest programmes, they are 

Present policies to combat climate change 
are failing to rise to the scale of the challenge.



Each country will need to adopt a portfolio of
measures appropriate to its own circumstances. 
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have been based more on short-term political
expediency than on achieving sustainable
decarbonisation progress.

• Voluntary agreements, information and 
awareness and other non-interventionist
approaches are important in promoting flexibility
and acceptance, and can work very well in 
some countries. However, in general they 
are not sufficient on their own to make a 
major difference and are unlikely to work 
as a global approach.

Recommended policy approach

Taking account of the analysis above and in the
main body of the Study, it is clear that a much
more focused and consistent approach is needed,
which integrates existing measures into a clear
overall strategy. This will still involve national
variations – as indicated above, each country will
need to adopt a portfolio of measures appropriate
to its own circumstances. However, they will need
to involve some key common features, including 
an emphasis on:

• Electrifying the world as the essential means for
bringing modern energy to the 1.5 billion people
who still lack access.

• A strong push to decarbonise electricity
(whether via market instruments or more
interventionist measures, as discussed below).

• Measures to contain the growth in transport
emissions and develop carbon-free alternatives.

• In parallel, a new impetus for technology
development and deployment. Although 
the lag time between research and large-scale
commercial deployment is sobering, global
funding for energy R&D continues to decline 

existing efficiency programmes. It would be
unrealistic to expect energy efficiency to provide
the substantial and rapid emissions reduction
needed, at least until governments can ensure
that their programmes are properly targeted 
and monitored. 

• Renewables certainly help but there are still
enormous practical problems of cost, availability
etc, which can prove particularly difficult for
developing countries. Renewables can make 
a useful (and growing) contribution to emissions
reduction, but in practice, apart from those
countries with substantial hydro (or geothermal)
resources, it is unlikely that they will deliver a
significant overall decarbonisation of electricity
quickly enough to meet the climate challenge. 

• Emissions trading, while a very strong approach
in theory, is fraught with practical complications
and at present there is insufficient experience of
trading schemes in practice to demonstrate how
effective a route they are to significant reductions.
A comprehensive, workable, long-term global
scheme of proven effectiveness would be needed
before trading can deliver on the scale required,
and we are a long way from that. 

• Subsidies for fossil fuels should be closely
scrutinised. Often subsidy removal will be an
effective first step in combating climate change 
in a sustainable manner. Nonetheless, subsidies
are introduced for a reason, and simply advocating
their removal does not of itself resolve the
underlying problem. For many developing
countries, this is still a difficult issue.

• Regulations and standards are also important
and will form part of any policy package but 
they need to be designed and monitored more
carefully than in the past to be really effective.
By and large regulations and standards to date
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– so action is needed now. While technology
cannot provide the whole solution it is an
essential component.

The analysis shows that measures in these areas
(unlike many existing measures):

• Would attack the heart of the problem – the areas
where large emissions reductions are needed.

• Have demonstrated effectiveness. Experience
shows that significant reductions can be
delivered in these areas in a way consistent 
with the 3A’s. 

• Offer huge future reduction potential.
Technologies are available already, or are under
development, which could make an enormous
difference to future emissions trajectories. 

As this Study has shown:

• Electricity is a proven route to major emissions
reductions and to achieving sustainably 
low emissions. There are many options for
decarbonising electricity – nuclear for those 
who find it acceptable, but also a range of other
options including cleaner fossil fuels; renewables;
and in the medium to longer-term, advanced
technologies of various sorts and carbon capture
and storage. Electricity is also an important
vehicle for improving energy efficiency throughout
the value chain. Existing measures have not
focused on getting the investment in the full range
of cleaner power sources; they have tended 
to be marginal in terms of their overall impacts 
(as with many renewables programmes); or have
acted so as to inhibit rather than encourage
investment (emissions trading); and have not dealt

effectively with developing country needs and
priorities. Governments should be introducing
much more targeted measures aimed at getting
the required cleaner investment in place quickly.
In liberalised markets they need to develop new
measures – which might include such things 
as: wider portfolio obligations (e.g. a low carbon 
or non-fossil obligation); long-term carbon tax
credits with a specific focus on promoting
investment (i.e. unlike existing taxes); specific
schemes of support for low carbon power
generation alternatives etc. Those countries with
a more command and control-based approach
(most developing countries) can mandate the low
carbon options directly, but will need help in doing
so because of the cost implications – see below. 

• Transport is a difficult area because emissions
are growing, but at present there are no viable
carbon-free alternatives. The sector is likely to 
rely primarily on petroleum for some considerable
time to come. A two track approach is called for:
first, restraining the growth in emissions by a
combination of measures – technical approaches
via vehicle efficiency, hybrid vehicles, biofuels etc,
but also non-technical measures aimed at
changing behaviour to lower carbon transport
modes, via taxation, regulation or other means.
Measures analogous to those proposed for
electricity could be considered and the scenarios
study shows that there is a considerable range 
of options to choose from. Second, to develop
viable carbon-free alternatives for the longer-
term, by a much stronger and more concentrated
r&d effort. There is a lot of promising looking
technology around but it needs much more 
work to make it viable – and deployment will 
also require considerable effort because 



of the complexity of existing infrastructure. 
Again, electricity can play an important role 
in decarbonising global transportation as
technology advances rapidly in this sector.

• In both areas there is clearly a technology
dimension. Here again, the analysis suggests 
a two-track approach: 
– First, a major new international effort at

technology deployment. The problem for
many developing countries is that they cannot
afford the cleaner technologies which in many
cases are already available, and cannot always
identify the right technologies for their
circumstances. Better technology mapping and
a new international financing stream may 
be needed. In the long-term this should ideally
be part of a new international climate regime,
perhaps via a global trading system. But, 
as noted, the goal of a viable, comprehensive
trading system with low transaction costs 
is a long way off. The world cannot wait. 
In the short-term, it probably means a new
international fund, perhaps on the general lines
of the GEF, but with a much stronger focus on
securing carbon reductions from large emitters.

– Second, a scale increase in funding for
technology development. Despite the
challenge of climate change, energy r&d
spending has fallen over past decades. The
challenge requires a much stronger response
and (because it involves a major market failure)
governments will have to be involved. Much
more is needed and it should be focused on
ensuring that technologies meet the 3A’s. For
instance, in the area of renewables this would

involve improving accessibility by bringing down
the costs, and improving reliability to make this 
a more viable option for developing countries;
with fossil fuels, improving acceptability by
efficiency increases, and in the medium-term
improving availability by making carbon capture
viable; with nuclear, minimising waste and
demonstrating and securing consensus on 
waste management; with transport, improving
acceptability and availability by developing
alternatives to oil; developing new energy 
efficient products to meet all 3A’s etc. 
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WEC members are ready to take their part in 
this process. They firmly believe that the energy
sector can make a positive contribution to solving 
the problem.
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Decades will be required, even with the most effective
application of policy and technologies, to achieve
significant sustainable reductions in CO2 emissions
from the world’s energy economy, in large part
because of the time and cost involved in replacing
existing, and building new, infrastructure. Just to keep
pace with the world’s growing energy demands will
require $800 billion per year of investment over the
next 25 years, according to the IEA. To make this
investment climate friendly is an even greater
challenge, but it is possible to scope out a road 
map enabling the world to meet this challenge, 
in three stages.

Phase one: credible commitments and slower
emissions growth – by 2015
This phase will effectively begin when there 
is a universal and credibly sustainable global
commitment to curbing ghg emissions, particularly
CO2. In the decade following this commitment,
progress will rely significantly on greater efficiency
and lower carbon intensity in energy production and
use, particularly in the electricity sector. Measures
might include long-term carbon tax credits with 
a specific focus on promoting investment; specific
schemes of support for low carbon power
generation alternatives; and stronger renewable
energy portfolio standards facilitated by intelligent
electricity delivery technology, along with the broad
commercial introduction of advanced clean coal
technology, particularly in rapidly industrialising
nations such as China and India.

In the transport sector, the aim should be to
restraining the growth in emissions by a combination
of measures – technical approaches via vehicle

efficiency, hybrid vehicles, and biofuels, along 
with non-technical measures aimed at changing
behaviour to lower carbon transport modes, 
via taxation, regulation or other means. The result 
of such approaches would be a demonstrable
slowing in the rate of CO2 emissions growth. 
Equally important is achieving and maintaining a
significantly greater global investment in technology
development and deployment. This lays the
essential basis for realising subsequent sustainable
carbon reductions.

Phase two: emissions stabilization – by 2030
In this phase, CO2 emissions can be stabilised and 
the process of absolute carbon emission reduction
initiated, by a decoupling of economic growth and 
ghg emissions, building on the foundations of Phase
One and reinforcing the measures introduced at this
stage. It will in time be possible to take advantage 
of new energy related infrastructure and major
technology advances, in areas such as advanced
nuclear power plants, some utilizing breeder
technology, and carbon capture and storage 
enabling zero carbon emission fossil-fired 
power plants.

Other important emission reduction technologies 
will include advanced solar thermal, building-
integrated photovoltaics, and micro combined 
heat and power plants. All of these may be further
stimulated by breakthroughs in energy storage
technology. In addition, advanced building
technologies will produce major energy savings,
even including converting buildings from energy
consumers to net producers. Hybrid vehicles, 
plus other advanced clean transportation options,

3. Road map to a low carbon future

Figure 4-2 
The three step approach

Phase One 
Credible commitments 
and slower emissions growth
– by 2015

>2015 

Phase Two  
Emissions stabilisation  
– by 2030 

Phase Three  
Sustainable emissions reduction  
– a low carbon economy  
– by 2050 

>2030 2050 
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including the widely expanded production and use
of biofuels that do not interfere with the food cycle,
will also significantly contribute to lower carbon
emissions while reducing petroleum consumption.

Phase three: sustainable emissions reduction – 
a low carbon economy by 2050
Over the succeeding decades CO2 emissions 
will steadily decline below current levels without
compromising the universal availability of energy or
global economic development. The combination of
ever-cleaner energy resources, plus an increasingly
robust portfolio of advanced power generation and
transportation technologies. Will facilitate further
carbon reductions while enabling sustainable
economic growth worldwide. As time goes on, zero
carbon technologies, coupled with advanced energy
storage, will continue the decline in emissions,
leading to a truly post-carbon world. The potential
for nuclear fusion and a universal electro-hydrogen
energy economy may also be established. All of 
this continued progress is, however, predicated on
sustained major global commitment to technological
development with prompt transfer and deployment
into the world’s energy infrastructure.

This timeline may seem lengthy but it only
underscores the urgency needed if global CO2
emissions are to be returned to or below current
levels by 2050. These efforts to curb emissions 
will not be easy and some will be costly in the short-
term, even while producing longer-term benefits. 
The sooner society acts against climate change 
by a real commitment and effective measures to
stabilise and reduce CO2 emissions, the better.
WEC members are ready to take their part in this
process. They firmly believe that the energy sector
can make a positive contribution to achieving 
a sustainable future.
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decade. The difficulty of the challenge is reflected 
by the fact that none has fully succeeded in
resolving a variety of conflicts reflecting the diverse
priorities among the world’s community of nations.
These conflicts include: economic efficiency versus
environmental effectiveness; absolute versus flexible
emission targets; voluntary versus mandatory
commitments; industrialised versus developing nation
commitments; and building on the Kyoto Protocol
versus an entirely new protocol. Integrated efforts 
to reach universal accord on a climate policy
architecture is obviously a very complex process 
that must be conducted on many levels including, 
for example, agreement on: the long-term goal and
intermediate progress levels; the target value; the
types of commitments when and by whom; and the
definition of the accounting rules for the commitments.

It is beyond the charter and scope of this study 
to proposed specific solutions. However, it can put
forward ideas to stimulate discussion. The following 
is offered as one possible experience-based
approach to ultimately achieving a viable and
sustainable architecture for coordinating international
efforts. This must also reflect the fact that there are 
a number of policy criteria that, qualitatively at least,
are considered by all nations to be essential in
successfully achieving and maintaining any such
global climate policy architecture. These most
prominently include:

• Equity.
• Cost certainty and effectiveness.
• Account for structural differences among countries.
• Economic predictability.

Appendix 1 of section 4

Alternative policy strategies for greenhouse gas 
emissions control

Although there is as yet no international agreement
concerning the severity of the climate change 
threat and its relationship to other policy priorities,
the consensus for action is growing as a matter 
of universal enlightened self-interest. In developing
countries the predictable effects of climate change
are typically more severe because incomes are lower
and the capacity to adapt is therefore less robust. 
In developed nations the risk of a climate catastrophe,
such as rapid sea level changes, is becoming 
a compelling issue. The probability of such a
catastrophe may be low but the effects could 
be extremely costly and overwhelming to any
adaptation strategy. 

Controlling emissions is the best way to address 
the potential consequences of climate change, 
but governments must do more than simply focus 
on emissions. They must, of course, continue 
the development of more confident and detailed
scientific knowledge concerning global climate
change and its regional and local implications. 
But they must also invest in new knowledge that
can lower the cost of emissions control, adopt
policies that increase the ability of societies to adapt
to climate changes, and explore geo-engineering
possibilities that might be needed to reduce the
impact of climate change irrespective of cause.
Equally important is the continued development 
of more confident and detailed scientific knowledge
concerning global climate change, and its regional
and local implications.

Over 50 distinct international climate policy
approaches have been proposed over the past
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• Stability.
• Dynamic flexibility (for national optimisation).
• Stimulate technology development, transfer 

and deployment.
• Compatibility with national development goals.
• Environmental effectiveness.

The increasing commitment by countries and
corporations to environmental excellence is
encouraging a more constructive global atmosphere
for achieving sustainable progress in controlling
greenhouse gas emissions. While the struggle 
to meet national development goals in a carbon-
constrained world is far from over, more and more
countries are willing to collaborate on finding
sustainable solutions within the context of these
universal criteria.

In the face of these realities, what are the alternative
architectures for coordinating international efforts?
The first option is the “cap and trade” architecture, 
as embodied in the Kyoto Protocol. In effect, this sets
targets for the quantity of emissions and leaves it to
the market to determine the cost of achieving those
targets. This approach would be particularly attractive
if there were universal agreement on a specific climate
risk threshold. Trading could ensure that the agreed
emissions caps were being honoured by every nation.
Unfortunately, it has thus far proven impossible to
negotiate an emissions allocation that does not either
cause major emitting nations to withhold commitment,
or discourage participation by developing countries.
Also, it requires international enforcement institutions
of unprecedented strength to monitor and 
enforce compliance. 

One alternative to capping and trading would be 
an international agreement that sets emission prices

rather than emission quantities. When the cost of
controlling emissions is uncertain but potentially
large and the benefits accumulate slowly, as is 
the case for ghg, it is generally more efficient for
governments to manipulate prices (through taxes)
than to cap quantities. Unfortunately, it is very
difficult to monitor the real impact of such taxes 
that are applied to economies in tandem with other
taxes. Also, the weakness of international law makes
the necessary monitoring and enforcement of such
a coordinated tax system very difficult, and the
impact on emissions reduction equally uncertain. 

A third policy architectural approach would use 
a system of coordinated policies and measures. 
This would not require imposition of identical policy
instruments in each country. Instead, countries 
could pick and choose what best suits their local
circumstances and national political systems. 
In principle, this approach is attractive not only
because of its flexibility but also because it forces
governments to focus on realistic actions to control
emissions. In practice, however, it invites countries
to adopt an array of policies that resist mutual scrutiny
and monitoring, and requires intrusive international
institutions that are empowered to pass judgment 
on national policy – politically an extremely 
sensitive challenge. 

The fourth, and arguably most practical architecture,
would be a hybrid of the above three options, which
would be designed to reduce the most troublesome
disadvantages of each. This approach would not
force policy makers to choose between caps on
emissions or coordinating emission taxes. The
approach should therefore be attractive in the
current international climate policy arena, where 
the goal is to resolve and manage the risks caused
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by growing atmospheric concentrations of ghgs.
Governments would set targets for emissions
quantities and also agree on a maximum price 
for the tradable permits. In effect, the target price
would cap the cost of acquiring permits and thus
also give private corporations greater surety about
the cost of compliance. In practice, this approach
could provide advantages relative to the critical
criteria of allocation, monitoring, and enforcement;
though, as with any other approach, a host of
practical details would need to be worked out. 

In terms of allocation, countries would have greater
surety about the effect on prices, and thus also 
be less risk-averse in terms of accepting stringent
limits that seriously use novel mechanisms such 
as CDM. Also, greater cost surety makes it easier
for governments to negotiate an allocation that
corresponds with their marginal cost of abatement.
Monitoring emissions, trades, and permit sales
compliance is relatively easy because the permit
market governs the price. It would also be
advantageous to initially restrict ghg emissions control
to CO2 emitted by fossil fuels. There are still too
many measurement problems in relation to the other 
ghgs, which could not, therefore, provide such 
a firm basis for national commitments for which
accurate measurement is required. The international
architecture should, however, provide for the
coordination of national policies addressing these
other emissions.

Adopting an architecture that promotes more price
transparency would help focus a reasoned policy
debate leading to realistic international commitments.
The current difficulties with the current international
ghg policy regime stems, among other things, from 
a mismatch between the ambitious emission control

claims and the limited attention to prices and
economic consequences. More capable institutions
will be needed to oversee the broader and deeper
commitments required for any effective effort to limit
global ghg emissions. Particularly urgent is the 
need for institutions that can gather and assess the
information necessary to assure compliance and
inform allocation negotiations. Today, the international
reporting framework is inadequate for analysing
uncertainties and biases in emissions estimates.

In practice, any concerted effort to control ghg
emissions will require the significant intrusion of
international environmental law. This may appear 
to be a radical and dangerous policy inflection 
point, but in other areas of international law the
industrialised nations are already passing this point.
For example in trade, the World Trade Organization
constrains policies on food safety, governmental
procurement, taxation and other areas that were
traditionally considered to be entirely within the
domain of national policy. 

Ultimately, the success of any international climate
policy architecture will be measured by its ability 
to focus and sustainably harness the enlightened
self-interest of every country. That is a universally
shared challenge on which we will all be judged 
by future generations.
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Rationale

Climate change is seen by many people as one 
of the most serious issues facing humanity, and
anthropogenic greenhouse emissions, resulting inter
alia from our current energy use patterns, are widely
perceived to be a critical contributing factor. 

Clarification of the underlying science is immensely
complicated, calling for the integration of a wide
range of scientific disciplines including, but not
restricted to, meteorology, oceanography,
microbiology, agronomy and forestry. Developing 
a full understanding of the global climate, with 
all its inputs and feedbacks, is probably the most
ambitious scientific undertaking yet tackled.
Nonetheless, many people are of the view that
response to potential climate change damage
cannot await definitive clarification. 

Growing global concern about climate change 
since the 1980s led to the establishment of the
Intergovernmental Panel on Climate Change (IPCC)
in 1988, and made it a focal point of the Earth
Summit in Rio de Janeiro in 1992, at which the
United Nations Framework Convention on Climate
Change (UN FCCC) was negotiated. The Convention
committed all its 189 signatory governments to take
actions to achieve “the stabilisation of greenhouse
gas concentrations in the atmosphere at a level 
that would prevent dangerous anthroprogenic
interference with the climate system”. The Kyoto

Terms of reference

Protocol of the UNFCCC, which has now been
ratified by 149 governments and which came into
force in February 2005, is a subsidiary treaty of that
Convention, committing 23 countries (the co-called
Annex 1 countries, which have ratified the Protocol)
to specific emissions reductions by 2012 (a very
short timeframe in terms of the investments
needed). In addition, at the regional, national and
even sub-national level, numerous climate change
response initiatives are being launched. 

As emissions from the use of fossil fuels are seen 
as one of the contributory factors most amenable to
corrective action, many of the policies and measures
being implemented or considered are directed at the
energy sector. At the same time, energy is a crucial
input to economic and social development. It is thus
of the utmost importance that energy policies and
measures to respond to climate change do not
compromise other vital goals, or at least that they are
optimised for all key goals, both in respect to their
long-term effects and during the transition phase. 

Appendix 1
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Proposal

The World Energy Council clearly recognises 
the importance of such optimisation. As one 
of the Conclusions of the 2004 World Energy 
Congress states: 

Climate change is a serious global concern,
calling for changes in consumer behaviour, 
but offering potential win-win opportunities. 
These include increased transfer of efficient
technologies from industrialised to developing
countries and incentives to investment
through emerging voluntary and regulated
emissions trading and other mechanisms.

With its global and all-energy coverage, WEC also
brings together the broadest energy experience
base available. It is therefore proposed that it
undertake a study to assess the range of climate
change response energy policies and measures
being implemented or considered in terms of their
short, medium and long-term effects for the
achievement of WEC’s three goals for energy
sustainability: Accessibility, Availability and
Acceptability. The objective would be to lay out the
expected effects of the various options for decisions
makers, as a contribution to the development of
future climate change response arrangements. 

This work would build on the series of 14 Climate
Change reports which WEC produced up to 
2000, and on the Energy and Climate Change
Working Paper prepared for the “Climate Change:
Beyond Kyoto” Round Table at the 2004 World
Energy Congress. 

Output

A short concise statement for decision-makers (possibly
also to serve as 2007 WEC Statement), supported 
by a report providing detail of the underlying analysis.

The report is envisaged in 3 parts: 

• Part 1 would set the scene with a factual
presentation covering the current status of
energy-related emissions in both industrialised
and developing countries including, for example,
data about energy supply and use trends, energy
mix (correlated with low emissions per GDP unit),
and data on changes in energy mix of countries.
Available data from organisations such as the 
IEA, UN, EIA, would be used. 
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• Part 2 would provide an overview of energy-
related climate change response policies and
measures being implemented or considered,
which fall primarily into the two broad categories
of supply responses (reducing emissions from
emitting sources and reducing the emitting
sources in the supply mix) and demand
responses (energy efficiency to fundamental
modification of consumption). The range for
response policies and measures would be
established through a questionnaire to members. 

• Part 3 would assess each approach in terms 
of its expected impact on energy accessibility,
availability and acceptability. Options assessed
would cover market-based measures 
(eg. emissions trading, green certificates) and
non-market based approaches (eg. taxes, direct
support for emissions-reducing technology
development), including their mandatory and
voluntary variants. It would do this with respect 
to short, medium and long-term effects, so as to
highlight the transition implications (including for
the technology development and deployment
which must underpin any practical approach), and
with respect to cost-effectiveness based on the
principle of “least-cost emissions reduction”. 

Constraints

There are a number of important constraints which
would need to be respected: 

• The report would not attempt to judge the
underlying climate science, as the relevant
disciplines are outside the WEC’s area of
competence. 

• It would not address the range of response 
options known as adaption strategies (as
opposed to mitigation strategies). These 
generally involve areas, for example agriculture
and forestry, which are also outside WEC’s 
area of competence. Rather, the study would 
be restricted to examining those mitigation 
strategies focused on energy. 

• It would not seek to judge whether the likely
energy related emissions trajectory would pass
the ICPP’s “level that would prevent dangerous
atmospheric interference with climate systems”
(550 ppm). WEC’s study on Energy Scenarios to
2050 will look at this question. The energy and
climate change study would simply take as a
working assumption that it is desirable to reduce
ghg emissions from energy production and use. 

• In assessing the different response approaches, 
it would need to recognise that the experience 
of most of them is still quite limited. 
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Timeline

2005
11 May: Studies Committee decides on proposal.

If approved:

Q2/3: Inform all WEC Member Committees
calling for Study Group volunteers 

Appoint a part-time Study Director or
Research Assistant (see Resources below) 

Further refine methodology and develop
questionnaire

Q4: First meeting of Study Group, Sri Lanka,
finalise questionnaire and issue to MCs
with deadline of end-October 

Finalise range of policies/measures 
to be examined

2006
Q1: Issue report structure and preliminary

draft to Study Group

Q2: Issue preliminary draft to Studies
Committee

May: Studies Committee considers draft report

September: Symposium at Tallinn Executive Assembly

Q4: Issue draft 2007 Statement to Officers
Council and draft report to Studies
Committee

2007
May: Publish 2007 WEC Statement and

Energy & Climate Change report
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Appendix 2

Study group

Chair:
Mr. Kurt Yeager (USA)

Director:
Mr. Malcolm Keay (UK)

Ex Officio:
Mr. André Caillé (Chairman) 
Mr. C. P. Jain (India) 
Mr. Gerald Doucet (Secretary General)
Mr. Robert Schock (USA)

Members:
Mr. Murray J. Stewart (Canada) 
Mr. Bagaman Kassi (Côte d'Ivoire) 
Dipl.Int. Vladimir Jelavic (Croatia) 
Dr. John M. Christensen (Denmark) 
Mr. Maher Aziz (Egypt) 
Mr. Jean-Eudes Moncomble (France) 
Ms. Nicole Dellero (France) 
Mr. Jouko Ramo (Finland) 
Mr. Gerd Lützeler (Germany) 
Mr. Christopher Koroneos (Greece) 
Mr. A.K. Roy (India) 
Mr. Francesco Apadula (Italy) 
Mr. Yoshiaki Tomiyama (Japan) 
Mr. Young-gu Park (Korea Rep.) 
Dr. Nawaf K. Al-Mutawa (Kuwait) 
Mr. Abbas A. Naqi (Kuwait) 
Dr. Dalia Streimikene (Lithuania)
Dr. Natasa Markovska (Macedonia Rep.) 
Mr. Jan Korff (Netherlands) 

Committee membership

Mr. Francisco Parada (Portugal) 
Dr Ionut Purica (Romania) 
Dr. Taha Zatari (Saudi Arabia) 
Ms. Cristina Rivero (Spain) 
Dr. Reinhard Madlener (Switzerland) 
Mrs. Sirintornthep Towprayoon (Thailand) 
Mrs. Dawan Wiwattanadate (Thailand) 
Mr. Michael Brown (UK) 

Corresponding members:
Lic. Daniel Bouille (Argentina)
Mr. Ian Hore-Lacy (Australia)
Mr. Alberto Pigini (Italy) 
Mr. Atif Al-Jemaili (Kuwait) 
Mr. John Hawksworth (PwC UK)
Mr Mohamed Hamel (OPEC, Austria) 

Special Advisor to Director of Studies:
Mr. J.K. Mehta 
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List of advanced country assessment reports 

As part of the study some study group members
have carried out individual country assessments.
The reports of these assessments are available for
downloading on the World Energy Council website
at www.worldenergy.org.

The following reports are available:

1. Report of country assessment for the 
Baltic States 

2. Report of country assessment for Egypt 

3. Report of country assessment for the Netherlands 

4. Report of country assessment for Portugal

5. Report of country assessment for Switzerland

6. Report of country assessment for Spain

7. Report of country assessment for the 
United States of America

Appendix 3
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