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_ EXECUTIVE SUMMARY

ENERGY POLICY OBJECTIVES

(1) The Amsterdam Treaty of 1997 established the requirement for

Community policy to contribute to sustainable development.

Achieving sustainable development in its different dimensions —

economic, environmental, social and geopolitical — is a complex and

long-term process. Energy policy contributes to it by adapting its
three core objectives to reflect the requirements of sustainable
development:

« security of supply - which aims to minimise risks and impacts of pos-
sible supply disruption on the EU economy and society;

» competitive energy systems - to ensure low cost energy for produc-
ers and consumers to contribute to industrial competitiveness and
wider social policy objectives;

« environmental protection - which is integrated in both energy pro-
duction and energy use to maintain ecological and geophysical
balances in nature.

(2) To assist in designing a policy which is supportive of sustainable
development in the Community and also meets the challenges of
the future, the European Commission is utilising its own and other
analytical and modelling capabilities to provide rigorous evaluation
of major EU and global trends and their policy implications. With this
objective in mind, the European Commission funded the Shared
Analysis Project. This commenced in January 1998 and was intended
to provide a common framework of energy analysis involving
experts from all Member States, as well as from academic institutes,
industry and Non Governmental Organisations (NGOs). The Shared
Analysis Project analysed generic EU-wide issues at the heart of ener-
gy policy for the Community and its Member States with the aim of
assisting both Commission services and various other stakeholders.

(3) The Shared Analysis Project concentrated on several specific core

issues:

« future world energy demand - focusing particularly on the emerg-
ing countries in Asia and Latin America; and energy supply, espe-
cially as regards longer-term oil and natural gas availabilities and
prices;

« the progress and implications of liberalisation of electricity and gas
supply on the EU energy system and the wider economy;

« strategic policy responses to the Kyoto Protocol, taking into con-
sideration energy- and non-energy-related greenhouse gas emis-
sions and the possibility of trade in emission certificates among
industrialised countries (Annex B countries);

« the opportunities for technological innovation in the energy con-
version and end-use sectors which is likely to occur; or which might
be accelerated by policy initiatives over the next two decades; and

« the specific and value added role of the Community’s energy poli-
cy in supporting Member States’ own policies.

b 1999 - The Shared Analysis Project

(4) The underpinning analysis in this project has based its conclu-
sions on quantitative energy demand and supply projections at the
global and EU level and on extensive policy analyses conducted by
the member institutes of the research consortium. The analysis was
enriched by two symposia which drew upon the analytical results
provided by experts drawn from leading energy suppliers, technolo-
gy producers and NGOs.

ENERGY MARKET TRENDS

(5) The analysis of the 1990s concludes that the energy system of the

Community has developed positively as regards both the objectives

of energy policy and the goal of more sustainable development. In

particular:

* The EU’s energy import dependence has remained slightly below
50 %, due to technological progress in oil and gas production; sup-
ply diversity has increased due to larger oil and gas imports from
CIS countries and Norway, growing coal imports from other coun-
tries,and to increased use of nuclear and renewable energies in the
Community over the past decade.

« Energy use per capita has stagnated at 3.8 toe/cap, despite declin-
ing real energy prices since the mid-1980s and economic growth
of 25 % during this period. This ‘decoupling’ of energy use and eco-
nomic development was primarily due to improved energy effi-
ciency in all sectors and to structural changes towards services and
less energy-intensive production in manufacturing.

* Finally, energy-related emissions of sulphur dioxide, hydro-carbons
and nitrogen oxides have been substantially reduced; while ener-
gy-related CO, emissions have been kept almost constant at their
1990 level.

Thus, history may consider the past decade as the "Golden 1990s" of
the EU energy system for two reasons: a successful outcome of ener-
gy policy,in particular with regard to the internal market and the lib-
eralisation of electricity and gas supply; and the coincidence of
other factors such as the closer co-operation with the countries in
economic transition, and major technological advances in energy
production, energy conversion and end-use efficiency.

CHALLENGES

However, the results of this Shared Analysis Project suggest a possi-
ble turnaround in many of these favourable trends leading to a new
set of significant challenges:



ENERGY DEPENDENCE AND DIVERSITY OF SUPPLY

(6) World total primary energy consumption is likely to increase by

around 2 % per year in the period of 2000-2010 and by slightly more

thereafter (see Chapter 4.1). World dependence on fossil fuels is
expected to remain at high levels - close to 90 % by 2020 with the fol-
lowing major trends foreseen for resource use and availability:

+ Global crude oil production is likely to be re-concentrated upon the
Middle East, rising from 32 % at present to over 42 % by 2010 and
thereafter.

+ In the North Sea, crude oil production is likely to decline progres-
sively, leading to a higher dependence of around 85 % on oil
imports in 2020.

* The rapid projected growth of natural gas demand in the EU
(+ 28 % between 2000 and 2020) also increases import depen-
dence, from some 40 % at present to more than two thirds by 2020.

+ Although solid fuel use may fluctuate at around present levels
over the next two decades, coal imports could well increase by

EXECUTIVE SUMMARY _

* The additional contribution of renewables to overall EU primary
energy supply is likely to be small (around +30 Mtoe in 2020 com-
pared to 1995).

* The nuclear contribution in 2020 is expected to be somewhat lower
than today as result of progressive decommissioning of the older
power plants.

COMPETITIVE ENERGY PRICES

(7) Global energy markets are likely to remain well supplied at rela-
tively modest costs throughout the projection period and thus to
convey the impression of a world of low energy prices. Crude oil
prices (at the EU border) by 2020 are projected to be around 20 to
25 $gg/barrel. Natural gas prices in Europe are estimated to rise
somewhat faster. The price of hard coal imported into the EU is pro-
jected to remain relatively stable at around 45 $gg/tonne. These pro-
jected, relatively low, prices of fossil fuels will strengthen their com-
petitive position in global energy markets over the next 10-20 years

some 50 Mtoe due to declining domestic hard coal production in a
few Member States.

and also that of the related fossil fuel conversion technologies.

Box 1: European Energy Outlook to 2020 — the Baseline Scenario

Key assumptions: EU population of the present 15 Member States
increases by 12 million people until 2010 and stabilises thereafter.
The world economy is expected to grow slightly above 3 % annual-
ly throughout the projection period to 2020, whereas EU economic
growth is assumed to develop linearly over time by around 430
EURO per capita per year, i.e. 2.4 %/a until 2010 and 1.8 %/a the-
reafter.

The main policy assumptions of the Baseline Scenario are: for fur-
ther integration and liberalisation of electricity and gas supply in
the EU; further efficiency improvement in the end-use and conver-
sion sectors; the continuation of support for renewables, co-gene-
ration, and natural gas supply infrastructure; the extension of the
life time of nuclear power plants to 40 years; and stringent regula-
tion of acid rain emissions. However, the Baseline Scenario does
not include any new policies which specifically address the clima-
te change issue.

EU primary energy demand is expected to continue to grow through-
out the outlook period: close to 1 % per year over the period to
2010 and 0.4 % per year thereafter. The EU energy system remains
dominated by fossil fuels over the next 20 years; their share rises
marginally from their level of just under 80 % in 1995. The use of
solid fuels is expected to continue falling to 2010. Natural gas is by

far the fastest growing primary fuel. Its share in primary energy
consumption increases to 26 % by 2010, but stabilises thereafter.
The share of oil in primary consumption remains relatively stable
at 41 %.

Economic implications: Due to efficiency and productivity gains
throughout the energy system, the cost of energy to the consumer
stabilises or even decreases. Facilitated by liberalisation, the avera-
ge electricity price is projected to decrease in 2010-2020 by 15 %
below the current level. The share of energy costs in total produc-
tion costs (for companies) or in total income (for private and public
households) continuously decreases.

Environmental trends: The rising share of fossil fuels is likely to
increase CO, emissions by an average of 0.6 %/a in the period
1995-2020. The transport sector contributes nearly two thirds to
the total increase until 2010 (+220 million t CO,). Beyond 2010,
electricity and steam generation are projected to contribute most
to the increase in CO, emissions. The Baseline Scenario suggests
that, in 2010, CO, emissions are expected to exceed the 1990 level
by 7 %. But conventional emissions of sulphur dioxide, nitrogen
oxides and hydrocarbons of the energy system, from power gene-
ration in particular, are expected to decline rapidly over the whole
period.

1999 - The Shared Analysis Project 4
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TABLE 1: PRIMARY ENERGY DEMAND, ENERGY DEPENDENCE AND CO, EMISSIONS OF EU-15,

BASELINE SCENARIO 1995 TO 2020

Mtoe Annual growth Shares (%)
rates (%)

1990 1995 2010 2020 1995/ 2010/ 1995/ 1995 2010 2020

2010 2020 2020
Total 1,318 1,368 1,556 1,612 0.9 0.4 0.7 100.0 100.0 100.0
Solid fuels 302 238 182 218 -1.8 18 -0.3 174 117 135
Liquid fuels 545 578 655 663 0.8 0.1 05 422 421 411
Natural gas 222 274 401 431 2.6 0.7 18 20.0 25.8 26.7
Nuclear 181 205 227 199 0.7 -13 -0.1 15.0 14.6 123
Electricity 2 1 2 3 2.7 12 21 0.1 0.1 0.2
Renewable energy sources 64 72 88 100 14 12 13 53 57 6.2

Energy import dependence (%) 477 46.5 55.0 63.4
CO, emissions (Mt) 3,079 3,037 3298 3,508 0.6 0.6 0.6

(8) The impacts of liberalisation of electricity supply are now becom-

ing clearer and some issues may need further attention:

* Increasing productivity of the electricity generation and distribu-
tion system has been observed, in particular in all early or fast lib-
eralising Member Countries.

* As a consequence of initial liberalisation, electricity prices have
been declining, increasing the competitiveness of the energy-
intensive firms and reducing energy bills of households. Observed
price reductions indicate, however, that (large) industry and com-
panies in the tertiary sector are more likely to be able to reap the
advantages of liberalisation.

* Reduced electricity price differentials among Member Countries
can be observed.

« Specific environmental emissions from electricity generation are
likely to decrease faster due to improved fuel conversion efficien-
cies in new and refurbished power stations; this is particularly sup-
ported by the huge observed, and expected, investments in com-
bined cycle gas turbines (CCGT).

* Lower electricity prices may, however, reduce the economic incen-
tives for greater end-use electricity efficiency, particularly by large
users.But efficiency increases at the plant level through energy ser-
vice contracting by utilities (as part of their efforts to hold on to
important customers) or by other players may offset some of the
efficiency losses caused by lower electricity prices in industry.

* The larger use of gas in power generation, whether within com-
bined cycle systems or not, substituting for coal, has a positive
effect for climate change policy.

(9) Similar impacts can be expected from the liberalisation of the gas
market in the Community, although these will differ between
Member Countries. This is because the extent of the natural gas pro-
vision varies across the EU-15 (accounting 49 % of primary energy
use in the Netherlands, but still close to zero in Portugal; with an EU
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average of 22 %). During the implementation period of the EU Gas
Directive over the next few years, it is very likely that most large gas
consumers will benefit from the liberalised EU gas markets and the
fierce upstream competition between large gas producers/suppli-
ers.

(10) Traditional trade of gas via the transmission pipeline networks
may decline and be substituted by swap deals and other “paper
trade’ thereby reducing the transmission costs for consumers, as
these and other auxiliary costs (storage, quality) become relatively
more important in a fully competitive market.

(11) For consumer services in electricity and gas market, facing more
competition at the distribution level, one can expect increasing
'product differentiation'. Recent mergers of utilities indicate a trend
towards multi-utilities and energy service companies offering service
packages consisting of heating, cooling, compressed air, steam heat,
water and cable services to consumers. Different electricity and gas
tariffs, (or even district heat tariffs) will be offered, depending on
energy inputs for electricity or heat generation (e.g. ‘green tariffs’),
the quality of electricity or gas delivered (e.g. contract provisions for
supply interruption), the time of use and other aspects.

ENVIRONMENTAL TRENDS

(12) Conventional emissions of sulphur dioxide (SO5), nitrogen
oxides and hydro-carbons from EU energy use (and from power gen-
eration in particular) are expected to decline quite rapidly until
2020, due to the continuing impacts of environmental legislation in
road transport, power generation and other stationary sources; but
also due to improved energy efficiency in all end-use and conver-
sion sectors.



(13) Global emissions of CO,», however, are projected to grow quite
rapidly (on average by 2.1 %/a). For the period 1995 to 2020, China
and India - with high economic growth and populations over 1 bil-
lion - each account for almost 40 % of the increase in CO» emissions.
The commitments made by the EU and its Member Countries in the
Kyoto Protocol, to reduce total greenhouse gas emissions by 8 % in
2008 to 2012 relative to the year 1990, is a specific challenge for
energy policy as some 80 % of the EU's total greenhouse gas emis-
sions originate from energy use.

(14) Much of the increase in the Community’s energy-related green-
house gas emissions is expected to arise from road and air trans-
portation. Thus improving the efficiency of the European transport
system is a major challenge given the growing demand for mobility,
decreasing car occupancy levels and consumer preferences for
more powerful cars. To avoid increasing CO, emissions from power
generation, more efficient production and use of electricity will also be
a major challenge, given decreasing electricity prices due to the lib-

EXECUTIVE SUMMARY _

eralisation of electricity supply. The imposition of carbon constraints
could lead to further penetration of most of the renewables, but at a
rather slow rate.

(15) As regards the commitments of the Kyoto Protocol, the analysis
of the current initiatives and policy actions of Member States con-
cludes that the emissions of the two major non-energy related
greenhouse gases, methane and N»O, could be reduced by about
18 % by 2010. This expected decline would decrease the necessary
reduction target for energy-related CO, emissions from the -8 % of
the greenhouse gas basket to approximately -5 % (i.e. 180 Mio t) rel-
ative to their 1990 level. As energy-related CO, emissions almost
stagnated during the 1990s, the Community may have a good
chance to meet the present Kyoto targets by realising the potentials
for methane and N»O reductions, and by intensified energy policies
at the EU and national level. Purchases of emission permits would
have a supplementary role.

Box 2: Projected emission reduction variants of the Baseline Scenario

The Baseline Scenario highlights that, without specific climate
change policies, it would be unlikely that the EU will meet its Kyoto
commitments. Under the assumptions made, the analysis expects
a7 % increase of energy-related CO, emissions for 2010 relative to
their 1990 level. Given the greenhouse gas reduction potentials
outside the energy sector a scenario was calculated representing a
CO, emission reduction of 6 % of the 1990 level or around 400 mil-
lion tonnes compared to the unrestricted Baseline emissions in
2010.

Nearly half of the 6 % reduction is achieved through improved effi-
ciency; the other half is due to the intensified use of less carbon-

intensive fuels and renewables. The power and steam generation
system appears to be the sector that can adjust in the most cost-
effective way to the required CO» emission reductions, as it contri-
butes almost 60 % of the required decline in 2010.

The direct total costs of achieving the 6 % CO, reduction from the
energy system depend on many factors and their dynamics in the
next decade. The direct total costs have been investigated in the
Report and are discussed extensively in Chapter 5. Additional indi-
rect costs have not been analysed, neither have the ancillary bene-
fits from avoided environmental and social costs, or from reduced
energy dependence and employment effects.

(16) These challenges of the next 10 years are also very likely to pre-
vail over the period between 2010 and 2020, when major strategic
decisions have to be made particularly in power generation and
transportation to support further sustainable development in the
Community. A high degree of flexibility of the EU energy system and
the Community’s energy policy may be essential to meet these iden-
tified and future challenges.

THE ENERGY POLICY AGENDA

(17) Due to the expected substantial changes in both world energy
markets and within the Community, and the related challenges
within the next decade (see also Figure 1), energy policy in the EU

and its Member States is likely to have to undergo a further period

of learning and searching to be able to react adequately to the pos-

sible new challenges. The uncertainties remain great; and thus main-
taining flexibility to respond to them is judged essential.

+ As regards short term measures, within the next 2-3 years, energy
policy has to bear in mind the long-term re-investment cycles,
slowly changing consumer behaviour and the time necessary for
policy debate and decisions which inevitably limit the speed of
change of the EU energy system.

+ As regards medium- and long-term measures for the next decade
and beyond, the next few years are needed for further research, dis-
cussions with stakeholders and preparation of any further policy
changes judged necessary.

1999 - The Shared Analysis Project 4
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FIGURE 1: THE THREE OBJECTIVES AND NEW CHALLENGES OF ENERGY POLICY IN THE NEXT TWO DECADES

Given the challenges and related policy issues, the following key
conclusions for the future policy agenda can be drawn from the
results of the Shared Analysis Project:

EXTERNAL DIMENSION

(18) The analysis suggests that the EU may have to fulfil an impor-
tant role in international diplomacy in the energy field with regard
to:

* energy exporters - to secure crude oil and natural gas supplies for
the EU by economic and political co-operation; reducing the
potential for political instabilities; negotiations under the auspices
of the Energy Charter may continue to conclude a multilateral
Transit Framework to reduce the risks of physical disruptions to
pipeline supplies;

* the integration of the Accession States - this may call for specific
efforts to harmonise regulations and taxation, support for faster
technological development through joint ventures, and other
means of technology and know how transfer;

+ global environmental negotiations - in particular, further negotia-
tions will be needed to ensure that emerging Member States’ expe-
rience with emission trading is compatible both with wider EU and
global emissions trading regimes.

INTEGRATION

(19) The results of the analysis suggest that least-cost solutions to
policy conflicts and trade-offs are unlikely to be found in the energy
sector alone, but rather in the wider energy system including ener-
gy end-uses, related energy services and the underlying driving fac-
tors in final demand sectors. This means that the energy policy of the
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Community should perhaps pursue a broader political approach in

the next decade than in the past by:

« ensuring that the transport sector is placed much more fully at the
heart of EU energy policy, as road and air transport are likely to be
the major single contributors (35 % to 55 %) to incremental growth
in overall EU final energy demand (particularly dependent on oil
supply) and in CO5 emissions until 2020;

+ co-ordinating and harmonising national approaches to utility regula-
tion to ensure the success of liberalised energy markets by secur-
ing non-discriminatory access to the entire network and its auxil-
iary functions, and the protection of consumers;

« ensuring that energy policy making in future gives due weight to
energy efficiency, by harmonising energy efficiency regulation (e. g.
technical standards, labelling and voluntary agreements for mass-
produced and traded appliances, such as vehicles, boilers, burners
and electric motors);

+ harmonising national energy taxes to ensure level playing fields;
and the longer-term objectives of greater contributions to energy
supply by renewables;

+ broadening and intensifying the dialogue and co-operation among
Member States, institutions, stakeholders, and the media.

CLIMATE CHANGE POLICY

(20) There are good reasons for concluding that climate change may

require a more vigorous policy stance:

* Policy should seek to identify, and seek to implement, the least-cost
reduction potentials of other greenhouse gases, e.g. methane in coal
mining and landfills, or for NoO from adipic acid production in the
Community.



» There may also be a need for new initiatives, as the analysis sug-
gests that the cost of CO, emissions reduction according to the
Burden Sharing agreement differs substantially across EU Member
States.

+ To achieve the objectives of the Climate Convention, meaningful
developing country participation will be necessary. This should
start rather sooner than later, especially with high income OECD
countries not yet included amongst the group of Annex B coun-
tries..

The dynamics of climate change policy deserve major attention.

Long-term re-investment cycles of buildings, infrastructure like rail-

ways, power plants and transmission lines or district heat networks

and of some basic industrial processes suggest the need for careful
policy analysis and intensive dialogue with all stakeholders to avoid
stranded costs, inflexibility of climate change policy or the need for
purchasing emission certificates. Power and steam generation seem
to be technological areas that can adjust in the most cost-effective
way to meet initial emission constraints given their fuel switching
options, increased cogeneration and further efficiency improve-
ments. As the emission constraints are expected to tighten beyond

2010, much improved energy efficiency in all end-use sectors is also

required.

EXECUTIVE SUMMARY _

CO-ORDINATION OF ENERGY POLICIES AT THE EU AND MEMBER
STATE LEVEL

(21) The principle of subsidiarity remains of great importance in many
EU Member States. However, its application to energy policy issues
may now give rise to different perspectives in view of the require-
ments of the Single Market, liberalisation of EU electricity and gas
markets, the growing cross border ownership and merging of ener-
gy companies, and the agreed EU response to global climate
change.

» Much nationally-funded R&D loses its rationale in the context of
the Single Market and of global players in appliance and equip-
ment markets. Super-national R&D funding becomes increasingly
important regarding energy production and conversion technolo-
gies, but also for energy efficiency of mass-produced and traded
appliances, products and equipment where technical standards
and labelling at EU level increasingly play a major role;

+ Growing import dependence reinforces the need to re-assess the
steps importing countries might consider to strengthen security of

supply.

Box 3: The role of energy technologies, R&D and innovation policies

High economic potentials for improved energy efficiency are avai-
lable in power generation (around 10 percentage points up to
2020) and in almost all end-use sectors (mostly 20 to 30 % in rela-
tion to today's average specific energy use). Technological analyses
show that additional efficiency potentials can be economically rea-

The option of "clean" fossil fuels by converting them into hydrogen
and CO,, is potentially a very promising technological option in the
longer term. The CO, produced could be sequestered in aquifers,
depleted gas fields or used for tertiary recovery methods in oil pro-
duction. All elements of this technological option, the gasification,

hydrogen storage, its transport and use, as well as the sequestra-
tion of CO, in exploited gas fields are well-known elements of such

lised if research and development is sufficiently directed to new
promising technologies in end-use sectors (e.g. low energy buil-
dings, more efficient cars, wide application of inexpensive sensors  a system which has huge potential for technical improvements
and control techniques including remote control, nanotechnology ~ and cost reductions.

and biotechnology, membrane and absorption technology).

The long-term scope for increasing conversion efficiencies of rene-
wables and — more importantly — of reducing their production

costs by learning effects and economies of scale is underestimated

More efficient technologies in energy conversion and the end-use
sectors not only strengthen the competitiveness of energy-intensive
industries, but also represent growing world-wide markets for by some stakeholders at present. However, the necessary R&D and
energy policy instruments need much more specific assessment of

the different types of renewables, their different applications and

exports by European technology producers and, hence, contribute
to additional employment in the EU.
possible niche markets.
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ENERGY TECHNOLOGY

(22) Falling electricity and gas prices in the next decade due to lib-

eralisation and technical progress and related implications may lead

to a conflict of objectives, i.e. natural gas dependence may further

increase and CO, emission reduction targets may have to be

achieved with more and costly efforts. Therefore, technical progress

in the energy system with regard to efficient energy use, renewables

and other cleaner technical options are of major importance to min-

imise such conflicting objectives (see Box 3).

MONITORING AND ANALYSIS

(23) Palicy analysis and sharing of analyses of economic, market, polit-

ical, social and technological trends should be continued to develop

consistent energy policies. Priorities include analysis which seeks to

overcome possible inconsistencies and conflicts in different policy

thrusts (e. g.liberalisation and competitive energy prices versus envi-

ronmental protection and climate change policy; competitive ener-

gy prices versus diversity of supply, including nuclear energy, co-

generation and renewables). This analytical process should continue

to involve, and to draw upon work undertaken by, technical special-

ists of the Member States and a wide range of stakeholders.

CONCLUDING REMARKS

(24) Given the long-term trends of increasing energy import depen-

dence, the dynamics of the internal market and of liberalisation of

the energy markets, the enlargement of the EU, concern about cli-

mate change, and the globalisation of major industries, the analysis

suggests that the responsibility of the Community in energy policy

matters will gain importance.
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BACKGROUND

The future development of energy markets and energy policy in the
European Union (EU) and its Member States is facing a variety of
challenges within the next decade or two:

* The growing demand for energy from the emerging Asian and
Latin American economies is likely to increase the world-wide use
of fossil fuels and related CO» emissions. This greater use of fossil
fuels is likely to draw upon non-OPEC oil reserves, and — in the
long-term — world production of oil may once again be concen-
trated in smaller regions of the planet, such as the Middle East and,
hence, reduce the current more diversified structure of the energy
supply markets and, possibly, the security of oil supply. It is also
expected that the European energy system will in the foreseeable
future increasingly rely on natural gas. Hence, the security of gas
supply under competitive conditions may be one of the major con-
cerns for the European energy policy.

* The present liberalisation of electricity and gas markets will initiate
major structural changes in European energy enterprises, increase
competition among energy companies and result in improved
economic performance, thereby contributing to a strengthened
European economy. It will also reduce electricity and gas prices in
the EU and may, therefore, reduce the speed of energy efficiency
improvements in end-uses of electricity and natural gas. The new
market regimes will influence the nature of policy instruments that
will be at the disposal of energy policy. For example, market regu-
lation might emerge as the more suitable field for internalising
long-run objectives of energy and environment policy. Also, under
the liberalised market context and the ensuing restructuring of the
European energy industry, energy policy is likely to be more than
ever concerned with the protection of the consumer, the encour-
agement of small energy supply companies and the harmonisa-
tion of standards.

« Technical innovations in construction, car design and industrial
processes, material science, information technology and recycling,
however, will open up new fields for energy efficiency and the use
of renewables. Cost reductions in these technologies are necessary
and feasible by several policies to achieve the objectives of diver-
sity of supply and of decreasing environmental burden of energy
use; their trade-offs should be assessed.

* The Kyoto Protocol demands an active policy of climate change in
the EU and its Member States with changes in political choices and
energy market structures. The commitment of the EU to reduce six

greenhouse gases by 8 % by 2008-2012 requires an analysis of the
economic trade-offs between the different reduction options. In
addition, the burden sharing among EU Member States may need
further analysis and decisions, if economic analyses should suggest
changes. The European efforts to reduce greenhouse gas emis-
sions have, nevertheless, to be seen in the light of the rapid energy
demand growth in less developed countries, and especially in the
Asian economies. This will result in a continued increase of CO5
emissions that risks off-setting any emission reduction efforts like-
ly to be undertaken by the developed countries.

All these challenges call for an integrated analytical approach linked
to the three pillars of energy policy: the competitiveness of the EU
economy, the security and diversity of energy supply, and low envi-
ronment stress by energy use (including climate change), all three
being part of the broader sustainability issue. In order to provide
consistent quantified illustrations of the complexity of the common
issues and the EU-wide as well as world-wide energy prospects, the
European Commission has supported the development of several
quantitative models of the energy system®. Effective use of these
models requires updated information and validation through dis-
cussion and interaction involving the modellers, energy analysts
active in the Member States, industry, administration and research
institutes. In a first attempt to achieve such an integrated approach,
the Directorate General for Energy initiated the Shared Analysis
Project. In this effort, a large group of actors in the energy field at
both EU and national level was invited to participate.

OBJECTIVES OF THE SHARED ANALYSIS PROJECT

The Shared Analysis Project pursued the following three major
objectives:

* The project team was to design a common framework of energy
analysis that aimed to involve all Member States and the experts
of industrial research groups (the shared approach to energy
analysis). This activity was and is conceived as a dynamic process,
in which the experience from current analytical work could also be
used to improve the conceptualisation of the shared approach. In
pursuing this objective, the project team further ensured the con-
ceptual coherence and consistency of the proposed research and
the cross-check with the analytical capability available in the
Member States.

! The model-based part of the study relied on the energy models PRIMES and POLES, and the gas market model GASTALE. PRIMES is an energy system model for the European
Union maintained at NTUA (Athens), POLES is an energy system model for the World maintained at IEPE (Grenoble). Both models have been developed under a series of
research projects supported by the programme Joule of DG XII of the European Commission. The gas market model was developed for the European context by ECN (Petten)

under the "Energy Analyses and Forecast Study".
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» The second objective was to analyse generic EU-wide issues
important for energy policy and for future energy demand and
production, putting particular emphasis on (see Figure 1-1):

- world energy market trends focusing on surging Asian and Latin
American future energy demand and its supply, particularly with
regard to oil and natural gas and their possible price trajectories;

- the dynamics of changing European energy markets due to liber-
alisation, privatisation and technological innovations in both the
electricity and the gas markets;

- strategic energy policy responses to the Kyoto process, including
the mitigation options of non-energy related greenhouse gas
emissions and the use of emission trading among EU and other
industrialised countries (Eastern European countries and Russia
in particular);

- evaluation of response strategies to increasing energy import
dependence and to climate change regarding the competitive-
ness of European industry, the cost of energy services to the con-
sumer, international policy, and an improved integration of poli-
cies of the EU and its Member States.

This analysis and forecasting work has relied on the collection of

synthesised knowledge available across a wide range of existing rel-

evant sources of information and includes new concepts and ana-
lytical results.

+ The third objective was to carry out quantitative analyses of
energy trends and scenarios as an input for discussion. In order
to compare the results obtained in the frame of the project by the
modelling analysis at the Member State level, projections that exist
in all the Member States have been assessed in parallel in a com-
parable and uniform way. This allows more detailed and consistent
policy analyses and scenario investigations at the Union level that

Figure 1-1: The structure of contents and working packages
of the Shared Analysis Project

Working Working
Package 2: Package 3:
Energy policy Modelling of

relevant issues policy relevant
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Development of world Common framework
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should enlighten the debate on issues of Community energy poli-
cy. This process required further validation and harmonisation of
assumptions and input data for the model-based analysis.
Moreover, changing market structures and the challenge of cli-
mate change required adaptations of the existing modelling facil-
ities, as well as the development of new features in the existing EU
models (PRIMES and POLES) and of a new model for the European
gas market

ORGANISATION

The work programme reflects these objectives in three main work
packages and in a sequence of workshops, symposia and further
activities which drew together the expertise in the Member States.
The project started in January 1998, involving about 100 months of
scientific labour.

In order to ensure efficient interaction with the Commission

+ a core group from the institutes met regularly with Directorate
General Energy, Policy Analyses and Forecast Unit A.2, and

+ a steering group comprising all the member institutes of the con-
sortium and several Directorates General of the Commission (ener-
gy, environment, industry, transport and research) discussed the
progress of the work and considered new developments.

The project consortium consisted of nine member institutes co-ordi-

nated by the Fraunhofer Institute for Systems and Innovation

Research, Karlsruhe (FhG-ISI):

Core group:

* FhG-ISI: Fraunhofer Institute for Systems and Innovation Research,
Karlsruhe (Co-ordinator)

* NTUA: National Technical University of Athens, Athens

+ SPRU:  Science Policy Research Unit, Brighton

Further institutes participating in the Steering Group:

+ ADEME: Agence Frangaise de I'Environnement et de la Maitrise de
I'Energie, Paris

*ECN:  Netherlands Energy Research Foundation, Petten

energy markets f o ) , K . . .
of energy analysis Model applications *IEPE:  Institut d'Economie et de Politique de I'Energie, Grenoble
D ics of changi and maintenance . . . R . .
LUsenergy markets BT G e «|EFE: Istituto di Economia delle Fonti di Energia, Milan
integration of results Screening of analysis . . . . . .
Strategic response to esults, model ¢ |ER: Institut fur Energiewirtschaft und Rationelle
climate change improvement

Development of Energieanwendung, Stuttgart

q Shared Analysis concept “ i . .
Costevauation of g ’ Ll *RIS@:  RIS@ National Laboratory, Systems Analysis Department,
and new technologies interactions Roskilde
Link with national
prospective
expertise . .
The EU The consortium was supported by sub-contractors, and with the

strategy after 2000 . i ) )
advice and expertise of the member institutes of the European

T T e e e Network of Energy Economics Research (ENER) serving as national

liberalisation and climate change
focal points.
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Two symposia were held in June 1998 and March 1999 in order to
discuss emerging results of the energy policy analyses and to gath-
er views on future challenges and policy issues from the communi-
ties in industry, administration, NGOs, and academia. Participants
contributed most usefully to broaden the views on global issues as
well as sectoral and national policy perspectives.

The Shared Analysis Project was developed in close co-operation
with the staff members and the Head of the policy analysis,and fore-
cast unit, A2 of the Directorate General Energy. They were involved
from the launching of the analysis, the design of the research for
identifying the major challenges that EU energy policy will have to
face, the preparation and the arrangements of the two symposia,
and the discussion of major results, policy issues, uncertainties and
opportunities. In addition, the national experts of the governments
of the Member States have been involved via special briefing meet-
ings, comments and active participation in the symposia.

The results of the Shared Analysis project are summarised in the cur-
rent report. The issues are presented in detail in 13 additional vol-
umes to the final report® The effective dissemination of the results is
also ensured through an Internet site dedicated to the project
(http://www.shared-analysis.fhg.de), through printed papers and
Compact Discs (CDs).

2 See the list of volumes at the end of the report
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PART Il ENERGY POLICY CHALLENGES

This chapter briefly describes the wide range of issues and the new
challenges of energy policy at present and over the next two
decades.The purpose is to identify the many complex inter-relation-
ships within the energy sector itself, and between it and the wider
energy system at the level of both the EU and the global economy.
These inter-relationships reveal the need for well-considered and
effectively co-ordinated policy responses involving dialogue with a
wide range of actors. It is these issues which have been at the heart
of the Shared Analysis Project and which are described in more
detail in the following chapters of this report.

2.1 OBJECTIVES OF ENERGY POLICY

Competitive, diverse and secure energy supplies are the very life-
blood of modern economies. These supplies are often taken for
granted. But, as past experience has shown, even brief interruptions
in supply have very serious economic and social consequences. With
this central importance of energy in mind EU energy policy has, for
many years, been based upon three main objectives. These have
aimed to address the complex set of strategic challenges facing the
energy sector and the wider energy "system", the latter comprising
end-use sectors and the economy at large. They have also been
intended to ensure that the energy system has contributed to sus-
tainable development of the EU economy with regard to the econo-
mic, social and environmental dimensions of sustainability. The three
objectives have served as the pillars of traditional energy policy and
are likely to retain their central importance in future (see Figure 2-1):
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SECURITY AND DIVERSITY OF ENERGY SUPPLIES

This dimension of policy has been most pressing at times of crisis in
energy markets, as in the oil shocks of 1973/74 and 1979/80. Since
the significant fall in oil and other international energy prices, which
commenced in 1986, energy security has received somewhat less
attention from policy makers. However, this study anticipates that
import dependence and supply security issues will assume greater
significance in future. This is because of the projected steady decline
of the EU's high-cost indigenous coal capacity over the next 10-20
years; decommissioning of much existing, and ageing, EU nuclear
capacity — especially after about 2015; and the increasing maturity
of the North Sea oil and gas province such that output will peak and
then progressively decline by 2020.

COMPETITIVE ENERGY PRICES AS A KEY COMPONENT OF THE
SINGLE EUROPEAN MARKET

Competitive energy prices are being secured by measures such as
the Directives to liberalise the EU electricity and gas sectors; redu-
cing State Aids (especially for coal) and the market distortions crea-
ted by them; and harmonising taxes on oil products. It is important
to stress that liberalisation must be seen as a process and not as an
isolated event. As energy markets are liberalised, structures and
incentives will change. These may lead to a range of intended and
unintended consequences. Oversight of progress towards liberalisa-
tion will also be necessary to ensure compliance with the directives
and a level playing field across the EU. On occasions, it is likely that

Kyoto Commitments
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liberalised markets will require revised frameworks of conduct-e.g.
to ensure adequate diversity of fuel supplies; and consistency with
environmental and other policy objectives. This is particularly the
case given the expectation of a period of lower real energy prices.
Low prices could reduce market-based incentives for further invest-
ment in cleaner and more energy efficient technologies such as
appliances, vehicles, combined heat and power generation (CHP)
and renewable energy sources, and, thus, may not favour competiti-
veness at the energy end-use level.

EFFORTS TO REDUCE ENVIRONMENTAL IMPACT OF ENERGY USE

These measures are cumulative and now numerous. For the energy
sector and energy system per se, the most important of these inclu-
de the Large Combustion Plant Directive to combat acid rain; the
commitments made following the Kyoto Protocol of December 1997
to curb emissions of a basket of six greenhouse gases — particularly
carbon dioxide (CO5); and the Integrated Pollution Prevention and
Control Directive which requires the use of Best Available
Techniques (BAT) to reduce releases of pollutants to air, land and
water in an effective manner.

Whilst these three pillars have been at the heart of energy policy in

the past, the context of policy making has often changed dramati-

cally. For example, the last three decades have witnessed conside-
rable changes in energy circumstances and, especially, in the

"conventional wisdoms" which have dominated energy policy thin-

king.

« First, apparent scarcity has given way to apparent plenty. Rather
than rising ever higher, as anticipated in 1973/74, international
crude oil prices have fallen significantly in real terms since the mid
1980s. Natural gas, the use of which was once largely restricted to
"premium" end-use applications, is now rapidly penetrating the
large "crude heat" market — especially in power generation in the
so-called "dash for gas". Without doubt, this changed wisdom is
closely related to the changing perceptions about greater natural
gas availability and to more pressing environmental concerns.

+ Second, in the 1970s, constraints upon energy were perceived as
internal to the energy sector: i. e. relating largely to supply security
and depletion. Now, the constraints are increasingly perceived as
external to the energy sector: i. e. relating primarily to global envi-
ronmental impacts.

* Third, in the 1970s, energy policy was often narrowly equated with
fuel supply policy and thus to the energy sector. Now, it is recog-
nised that energy policy must be conceived in much wider terms:
e. g. as regards competitiveness, economic and social well-being,
and the environment; and thus must pay due regard to the role of
the much wider energy "system".

ENERGY POLICY CHALLENGES PART II

These changes will inevitably influence both the scope and the style
of energy policy making. In the past, fixation upon the supply side per-
mitted energy policy making to be dominated by a single depart-
ment in a Member State or a single Directorate General in the
European Commission. Now, concern for the wider energy "system"
requires more subtle and complex inter-relationships; greater co-
operation and policy co-ordination; and, especially, more effective
dialogue with a much wider range of stakeholders. In particular
given liberalisation and, in some cases, privatisation, it appears likely
that future energy policy will require greater attention to be given to
(i) the demand side and hence (ii) the wider energy "system".To give
but one example, acid rain could be tackled by policy measures tar-
geted at a limited number of major emitters. Tackling greenhouse
gas emissions requires a much more systemic policy response,
based upon dialogue with a wider group of stakeholders, e.g.road and
rail transport, city planning, recycling of energy-intensive materials.

SOME CORE POLICY IMPERATIVES

Bearing in mind these changes in policy focus, a core of imperatives
can be identified as "ingredients”" of a new approach to ensuring
that the energy system plays its part effectively in the more sustai-
nable development of the EU:

* provision of diverse and secure supplies,

- site licensing and planning consents for investment in new ener-
gy supply capacity and energy infrastructures,

- import dependence and net energy trade, including new regions
like Eastern Europe and the CIS,

« provision of adequate, full cost, and low price, energy supplies,

- frameworks for pricing, regulation and other financial controls,
especially for natural monopolies such as the "pipes and wires",

- taxation policy — especially taxes and duties on transport fuels;
off-shore oil and gas tax regimes; and, more controversially, pos-
sible carbon or energy taxes,

+ reducing the wide range of environmental impacts and controlling
the speed of climate change at the global level,

- issues relating to employment, safety and welfare for workers and
the population at large,

- research, development and technology choices, including long-
term choices of clean coal or “clean nuclear”,

* measures to stimulate more efficient energy use, especially at a
time of lower real energy prices,

« industrial policy and plant procurement issues,

+ social and health dimensions of energy use, given ageing popula-
tions and fuel poverty. In some EU countries, there is well-docu-
mented evidence of“fuel poverty”- the inability to afford adequate
warmth, leading to excess winter deaths through hypothermia.
Low incomes are one reason. However, major causes are the poor
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thermal insulation of buildings and the continued use of inefficient
heating equipment.

Some of these policy imperatives are quite specific to the traditional
energy "sector". Others form significant components of macro-eco-
nomic, fiscal, environmental, industrial, trade, social or transport poli-
cy in terms of the wider energy "system". These points imply that, in
future, successful energy policy supporting sustainable develop-
ment will be a more complex, subtle, inclusive and cooperative pro-
cess. Emphasis will be on effective co-ordination (within the
Commission services, between the Commission and Member States,
and involving inclusive dialogue with numerous stakeholders — no
longer merely with the traditional, powerful but vested interests in
the energy supply industries).

2.2 NEW CHALLENGES OF ENERGY POLICY

The changing character of energy policy making has been discussed
above. Here, we focus on specific shaping factors and issues likely to
warrant more attention from policy makers. However, in some areas,
the lead times to formulate — and especially to implement — effecti-
ve and widely-supported responses are long. Preparedness is vital in
policy making, as is the need for flexibility and the need to anticipa-
te yet further somersaults in "conventional wisdoms". As a result,
both policy making and its underpinning analytical capabilities
must draw upon a range of multi-disciplinary advice and resources.

On a broad geopolitical level, the following factors will be impor-

tant in shaping the EU and the wider, global, energy policy stance:

* The demand for energy is a derived one. Users in the energy "sys-
tem" require the services provided by energy use such as heat,
comfort, cooking, communication, movement and motive power.
The role of the energy sector is to meet these various demands for
services in a least-cost, yet environmentally-responsible, manner.
These demands are stimulated by many factors, most of which are
beyond the direct influence of the energy sector per se. This again
highlights the pressing need for co-operative and integrated poli-
cy making across a wide front to implement commitments for
more sustainable development of the EU economy.

* The main factors driving global energy demand will be
increased economic activity, higher per capita incomes and popu-
lation growth. The global population of 5.3 billion in 1990 (and 6
billion by October 1999) is presently expected to increase to 8.1 bil-
lion in 2020, 10 billion in 2050 and 12 billion in 2100. Over 90 % of
this growth will occur in developing countries, particularly China,

b 1999 - The Shared Analysis Project

India, Africa and Brazil. In contrast, other than via expansion
through new Accession States, the EU's population is expected to
remain relatively stable.

 About one third of the world's existing population has no access to
commercial energy supplies at present; many more have inade-
quate energy provision due to poor supply infrastructures and/or
low incomes. Continued population growth will exacerbate these
problems, especially in the poorest countries.

« Satisfaction of even basic human needs will require substantial
growth in global primary energy demand. The latter was 5,900
Mtoe in 1974 and 8,500 Mtoe in 1998, i. e. an increase of 1.5 % per
year. Recent projections anticipate growth in global energy
demand of 50-80 % by 2020 (compared to 1990). As with popula-
tion, most of the in-cremental energy demand growth will occur in
developing countries.

+ For the foreseeable future, global energy consumption will be
heavily based upon fossil fuels. Even in the EU, in 1997 79 % of
energy supplies comprised fossil fuels, 15 % nuclear power and
only 6 % renewable sources (mainly hydro, biomass and wind).
Whether at the EU or global level, the transition from fossil to
renewable energy sources on grounds of sustainability will take
place over many decades. Current, and expected, low fossil fuel
prices will not make this transition easy to achieve.

* The consequence of these factors is that the global environmen-
tal impacts deriving from the energy sector and energy system
will increase. These impacts take many forms. By no means are they
confined to greenhouse gas emissions. The energy sector —
whether by exploration, production, transportation, conversion,
storage, final end-use, or waste disposal — imposes a very wide
range of environmental impacts. These include: the upstream
impacts of different fuel cycles (such as coal or uranium mining
and waste tips); land use and visual intrusion on landscapes by
generating plants, transmission lines, terminals, refineries, gas stor-
age facilities and other plants; subsidence; noise; cooling water
requirements, waste water from energy extraction and conversion
facilities, and oil spills at sea; solid waste disposal; plant decommis-
sioning; radiation and radioactivity; and gaseous emissions, espe-
cially of carbon dioxide (CO,), oxides of nitrogen, and sulphur diox-
ide (SO,).

* The global economy is becoming more interdependent. Especially
since the changes in Eastern Europe and the former Soviet Union,
traditional political divisions have ceased to have much of their his-
toric relevance. However, the process of transition to liberalised,
market-based economies based upon strong democratic founda-
tions has not proved easy — whether in the former Soviet Union,
Asia, Africa or Latin America. Yet the new world trade order and cre-
ation of free trade zones (such as the EU Single Market, NAFTA and



Mercosur) are transforming economic relations.

* Increasing mobility in industrialised and developing countries
may become of major concern regarding oil dependence and ever
increasing CO» emissions,

* Finally, despite the current global emphasis upon competition and
liberalisation, it is the responsibility of governments and interna-
tional agencies to shape the governance frameworks for markets
and to reconcile complex policy trade-offs. Market forces have
much to commend them. But human aspirations — whether for
education, health, a clean environment, a sense of community, jus-
tice and peace — cannot and will not be satisfied by markets alone.

ENERGY POLICY CHALLENGES PART II

larly energy, commerce, industry, transportation and domestic
consumers. The energy sector can play its part; but this must be
co-ordinated with contributions from all other end-use sectors
and applications. Lower real energy prices are expected to redu-
ce incentives. Thus a wide range of other policy measures will be
required: regulations; voluntary agreements; R&D, technology
diffusion and technology transfer; equipment labelling and per-
formance standards; taxes and subsidies; the newer flexibility
instruments (emissions trading, joint implementation and the
clean development mechanism). These measures should work
with the grain of the market and thus stimulate (and not just
penalise) energy users.

With these broad perspectives in mind, the main energy policy chal- (4) The Policy Approach: given huge uncertainties about future EU
lenges for the EU are likely to include: and global developments over the next 20-30 years, flexibility
(1) Security and diversity: a policy of self-sufficiency or autarky in in policy making will be required. A powerful lesson of the past

energy is not realistic. However, given the central importance of
reliable and secure energy supplies in modern economies, conti-
nuing oversight of EU and global energy markets is essential.
Through ongoing international diplomatic efforts the EU may
further encourage free trade in provision of energy supplies;
seek to reduce political instabilities which might threaten supply
security; encourage further infrastructure development in gas
and electricity within and without the EU; continue its significant
dialogues with energy exporters and in global environmental
negotiations; and seek — through R&D, technology dissemina-
tion and other policies — to encourage both diversity in energy
supplies and the transition towards greater use of cleaner and
renewable energy supplies. This may also involve CO removal
from coal use or new technological concepts of nuclear energy
use, waste treatment and recycling to ensure diversity of supply.

(2) Competitiveness: overseeing the removal of barriers to the crea-
tion of a competitive and responsive EU energy market will assist
in meeting the wider objectives enshrined in the Treaties of the
Community (e. g. competitiveness, employment, regional deve-
lopment, social cohesiveness, health, and sustainable develop-
ment). Monitoring compliance with Gas and Electricity
Directives, securing reductions in State Aids, co-ordinating natio-
nal approaches to economic and environmental regulation of
liberalised energy markets, and ensuring all final consumers are
permitted the choice of energy supplier will therefore be neces-
sary.

(3) Cleaner, more efficient energy use: continued development of inte-
grated policies within the EU and globally is required, in view of
the very wide range of environmental impacts imposed by ener-
gy production, transportation, conversion and use. In this
context, it will be important to share the burden of higher expec-
tations for reducing emissions across all relevant sectors particu-

is that established conventional wisdoms can (and will) be over-
turned all too easily. In particular, it is for the EU to identify where
it is best placed to make a value-added contribution in consulta-
tion with Member States, local and devolved governments,
numerous stakeholders and other actors. Greater consistency in
future policy making — especially between the economic (or
market conduct) and environmental regulatory regimes — is
essential. Both on the demand and supply sides, the energy sys-
tem of industrialised countries is characterised by long lead
times, long asset lives and huge sunk investment. Whilst this
implies that system inertia is considerable, it does not mean that
progress is impossible. The skill in policy making will be to sti-
mulate incentives, encourage initiatives and to provide stable,
but demanding, regulatory frameworks. Such frameworks are
most likely to emerge on the basis of co-operation, effective poli-
cy co-ordination, extensive dialogue with a wide range of key
stakeholders and the utilisation of broad-based, multi-disciplina-
ry analytical capabilities. This transition in policy making is likely
to require a period for searching and learning. This will permit
further analysis and dialogue as to which key elements of policy
need to be revised and the most effective ways in which they can
be integrated in new transparent and coherent policy frame-
works.

The new challenges of the next decade are analysed in greater detail
in Chapters 3 to 7.This is to help identify the relevant policy issues at
the Community level, also taking into consideration the contextual
situations in the Member Countries and the major shaping and dri-
ving factors arising from global developments.
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The present situation and past trends of the energy system of the
European Union, but also of the world regions, are useful and impor-
tant pieces of information for analysing possible energy futures and
designing new policies. To reflect on this basis of knowledge is the
objective of this Chapter 3. Data on energy demand are mostly
reported back to the basis of 1985, a time when the high energy
price period from 1973 ended and the low energy price period of
today began.

3.1 EUROPEAN ENERGY CONTEXT: PRESENT POSI-
TION AND TRENDS

This section presents the current state and recent trends of the
European energy system as background for the understanding of
both, the results of the energy outlook presented in Chapters 4 and
5, and of the policy analysis (see Chapters 6 and 7). In the spirit of
Shared Analysis, the material presented here is extracted from the
"Annual Energy Review 1999" being published as a special issue of

"Energy in Europe™,

3.1.1 PRIMARY ENERGY DEMAND AND SUPPLY

The European Union is the second largest energy-consuming
regions in the world (see Table 3-1). In 1997, it used 1,407 Mtoe, or
about 30 % of total OECD primary energy consumption and about
15 % of world consumption. The energy demand of the European
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Union increased slightly by a yearly average of 1.0 % over the period
1990-97*,with a period of relative stability between 1990-94, due to
the economic recession in 1992-93 and the rapidly shrinking energy
demand in the former German Democratic Republic. But primary
energy use rebounded during 1995-96 due to economic growth and
colder weather conditions in 1996. The resulting increase reached
3 % per year between 1994 and 1996. In 1997, energy consumption
declined slightly by -0.3 % because of the mild weather.

The European Union has continuously decreased its primary ener-
gy/GDP ratio for decades; between 1985-97, the average annual
change was -1.1 %. Differences of cold and warm weather may chan-
ge the primary energy/GDP ratio by 2 %, which was the case in 1996
compared to 1995. The long-term trend of changes in the
energy/GDP ratios varies among the different energy sectors.The EU
industry reduced its primary energy/GDP ratio by 2.2 % per year on
average since 1985 and the tertiary /domestic sector by 1.6 % per
year, due to improved energy efficiency and structural changes in
favour of less energy-intensive industry branches. Despite a conti-
nuous increase in thermal production, the power sector managed to
stabilise its primary energy/GDP ratio since 1990, thanks to impor-
tant efficiency gains and declining growth of electricity demand
(see Chapter 3.1.3). On the other hand, until now, the transport sec-
tor has continuously increased its primary energy/GDP ratio by
+0.7 % per year on average since 1985, although the first signs of
stabilisation seem to appear since 1993.

TABLE 3-1: PRIMARY ENERGY DEMAND IN WORLD REGIONS, 1985-1997

Annual growth rates (%) Shares (%)

..................................................................................................................................................................

1985 1990 1995 1997 1985/ 1990/ 1990/ 1985 1990 1995 1997
1990 1995 1997

..................................................................................................................................................................

Western Europe 1286 1363 1413 1460 12 0.7 1.0

European Union 1241 1314 1363 1407 12 0.7 1.0 16.1 153 151 149

EFTA 45 49 51 53 15 0.9 12 0.6 0.6 0.6 0.6
Rest of OECD 2578 2852 3124 3246 20 18 19

NAFTA 2086 2260 2454 2542 16 17 17 27.1 26.4 27.1 26.9

OECD Pacific 452 540 607 633 36 24 23 5.9 6.3 6.7 6.7
Central and Eastern Europe 371 333 280 289 2.1 -35 -2.0 48 39 31 31
CIS (1) 1272 1348 956 911 12 -6.6 -54 16.5 15.7 10.6 9.6
Africa 322 364 408 425 25 23 23 4.2 4.2 45 45
Middle East 191 237 296 329 44 45 48 25 2.8 33 35
Asia 1378 1732 2175 2351 4.7 4.7 45 17.9 20.2 24.0 24.9
Latin America 302 339 401 436 23 34 3.6 39 4.0 44 4.6
World 7700 8568 9051 9447 22 11 14 100.0 100.0 100.0 100.0

(1) Community of Independant States, including Baltic countries for statistical reasons

Source: European Commission, Annual Energy Review 1999

8 European Commission, forthcoming publication.

‘A comparison of the energy consumption in 1990 and 1997 eliminates the influence of differences in climate due to the comparable weather conditions during
these two years for Europe as a whole.
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TABLE 3-2: PRIMARY ENERGY DEMAND AND CO, EMISSIONS, EU15 (1985-1997)

Mtoe Annual growth rates (%) Shares (%)
1985 1990 1995 1997 1985/ 1990/ 1990/ 1985 1990 1995 1997
1990 1995 1997

..................................................................................................................................................................

Total 1241 1314 1363 1407 12 0.7 1.0 100.0 100.0 100.0 100.0
Solid fuels 316 301 238 222 -1.0 -4.6 -4.3 255 229 174 15.8
Oil 512 545 576 588 12 11 11 413 415 423 41.8
Natural gas 198 222 273 302 2.3 4.2 4.5 16.0 16.9 20.1 215
Nuclear 147 181 201 213 4.2 21 23 119 138 148 151
Hydro & Wind 24 22 25 26 -1.8 25 2.2 20 17 19 19
Other energy sources 43 42 49 57 -0.2 3.0 43 34 32 36 4.0

Total CO, emissions (Mt CO) 2992 3076 3043 3047 0.6 -0.2 -0.1

Source: European Commission, Annual Energy Review 1999

Total oil demand has steadily increased by 1.1 % yearly since 1990
in (see Table 3-2). The growth in consumption reached 34 Mtoe in
the transport sector on a total of about 50 Mtoe, excluding statistical
differences and 16 Mtoe for non-energy uses. This means that the
European oil market is becoming increasingly dependent on two
sectors (transport and petrochemicals) which accounted for 63 % of
total demand in 1997. In other sectors or end-uses, oil as a fuel for
power generation, space heating and process heat is declining and
being replaced mainly by natural gas throughout Europe.

Primary consumption of natural gas increased by about 4.5 % per
year on the average since 1990, demonstrating continuous growth.
Increases were spectacular in three main markets; the power sector
(+91 % or + 33 Mtoe), the tertiary/domestic sector (+31 % or +30
Mtoe) and industry (+17 % or +11 Mtoe). Resource availability,
government energy policy and infrastructure development, all
favoured increasing use of natural gas. Environmental and climate
change policy also encourages gas use. Privatisation of the electrici-
ty sector and the ensuing widespread development of independent
power production add another dimension of policy encouraging
expanded gas use. Growth in natural gas demand is being accom-
panied by increased activity in terms of gas infrastructure, which will
enable customers to diversify suppliers.

The use of solid fuels decreased in most Member States and sectors
over the 1990-97 period. The slow down was particularly noticeable
in France, Germany and the United Kingdom, all three historically
identified as hard coal mining countries. They absorbed about 75 %
of total European coal consumption in 1985 and still 71.3 % in 1990.
The in-depth restructuring of the hard coal mining industry has sup-
pressed protected markets in these countries and opened the door
to competition from gas and oil products as well as from nuclear
energy and imported coal. Consequently, the reduction in solid fuel
use was 35 % in these three countries since 1990, one of the main
reasons being the dramatic decline of lignite use in East Germany.In
1997 their share was limited to 62.7 % of total European consump-

tion. On the contrary, since 1990, coal consumption has slightly
increased in Denmark, Finland, Greece and Portugal due to imported
coal mostly used in power generation and/or the iron making sector.

Nuclear energy increased gradually from 11.9% of total primary
energy demand in 1985 to 13.8 in 1990 and 15.1% in 1997.The share
of hydro & wind remained fairly stable, although this hides the
strong growth in wind energy. The other energy sources (which
include geothermal, other renewable energy sources - mainly bio-
mass - and net imports of electricity) have grown from 3.4% in 1985
t0 4% in 1997.

PRIMARY ENERGY SUPPLY

Domestic production of primary energy in the European Union as a
whole seems to have slightly increased by 0.3 %/a with some fluc-
tuations since 1985 (see Table 3-3). The different forms of primary
energy carriers, however, showed substantial differences in their
growth pattern during this period.

» Domestic production of solid fuels declined progressively until
1995 (a reduction of about 34 % since 1990), and seem to stabilise
thereafter. This development was mainly due to the fast decreasing
production of lignite in East Germany.

+ Oil production, hit by a significant decline between 1985 and 1990
in EU Member States, showed an annual increase of 6.4 % between
1990 and 1995, driven by the application of more efficient and eco-
nomical methods for offshore exploitation and reached a new
peak in 1995. Despite a period of low oil prices, reduced production
costs (from the development of offshore technologies such as
floating platforms) maintained small field development profitable.
Consequently, satellite developments from existing fields have
been asignificant contributor to an enlarged European production
in the North Sea.

* Natural gas and nuclear energy became the main domestic
sources of primary energy in the EU (23.9 % and 27.9 % of total pri-
mary production in 1997 respectively), with a continuous increase
of 4.6 % and 2.3 % per year respectively over the period 1990-1997.
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TABLE 3-3: PRIMARY ENERGY PRODUCTION AND ENERGY IMPORT DEPENDENCE, EU15 (1985-1997)

Mtoe Annual growth rates (%) Shares (%)

..................................................................................................................................................................

1985 1990 1995 1997 1985/ 1990/ 1990/ 1985 1990 1995 1997
1990 1995 1997

..................................................................................................................................................................

Primary Production 7352 7033 7382 7615 -0.9 1.0 11 1000 1000 1000  100.0
Solids 2394 2099 1380 1263 2.6 -8.0 -7.0 326 298 187 16.6
Qil 1509 1170 1597 1583 -5.0 6.4 44 205 16.6 216 20.8
Natural gas 1319 1329 1666 1822 0.2 46 46 179 189 226 239
Nuclear 1474 1814 2012 2126 4.2 21 23 20.0 258 273 279
Hydro & Wind 244 223 253 26.0 -18 25 22 33 32 34 34
Geothermal 18 22 25 28 44 26 35 0.2 0.3 0.3 04
Other renewable energy sources 39.5 37.6 449 53.3 -1.0 3.6 51 54 5¥3) 6.1 7.0

Import dependence (%) 415 477 46.6 477

Source: European Commission, Annual Energy Review 1999

The recent increase in natural gas production has been most Italy, France, Spain, and Greece, with a share of between 5 and 8 %.
impressive (+4.4 % in 1995, +13.2 % in 1996) reaching 189 Mtoe or Their use remained almost negligible in the other Member States.
209.6 bcm in 1996. This trend was mainly sustained by the United

Kingdom, the first European gas producer since 1997, which has ENERGY IMPORT DEPENDENCY OF THE EU

almost doubled its production since 1990, and by the Netherlands,
which play the role of a swing producer5 from their major
Groningen gas field characterised by very low production costs.

For its part, nuclear energy also performed well with production

The energy import dependence of the European Union as a whole
has fluctuated since 1985 in parallel with domestic production: from
41.5 % in 1985, it increased to 49.8 % in 1992 to reach a level of
47.7 % in 1997, as in 1990 (see Table 3-3). Net imports of energy in
the Union amounted to 691 Mtoe in 1997, and increased by 1.0 %/a
on average since 1990.

increasing as mentioned above by 2.3 % on average, while average
capacity growth reached only 0.9 % during the 1990-1997 period.
This implied an increasing utilisation rate that now exceeds 80 %
for the European Union as a whole - one of the best plant operat-
ing performances in the world.

In 1997, the contribution of renewable energy sources represent-
ed 10.8 % of total primary energy production in the Community FIGURE 3-1: SUPPLIERS OF NATURAL GAS TO THE
and 5.8 % of gross inland consumption respectively®. EUROPEAN UNION, 1996

Hydroelectricity and wind energy remained quite stable since others
1995, and represented only 3.4 % of the primary production. 3%

Increasing production issued from wind power compensated a rel-

ative slowdown of hydro production linked to the poor hydraulic AlzgS%/rJa
conditions these last years. Geothermal energy remained globally
marginal. Finally, biomass (including refuse) whose use grew both
for power generation mainly in the northern countries and for
direct use mainly in the domestic sector showed an accelerating
progression since 1990 to reach 7 % of total primary production in
1997. The situation, as regards renewable energy sources, varies

CIS
41%

widely from Member State to Member State. Renewable energy

. . . . Norway
sources are mainly used in Sweden, Austria, Finland and Portugal 31%

with a national share of gross inland consumption ranging o BV 7 el Al ey R 1698

between 16 to 27 %. They are also used significantly in Denmark,

® The Netherlands reduced their gas production by 12 % in 1997 when confronted with a declining European demand due to warm weather conditions.

6 A jump in the contribution of renewables to primary energy production from 1996 to 1997 is due to changes in the statistical conventions for renewables in some larger EU
Member States.

» 1999 - The Shared Analysis Project



RECENT EU AND GLOBAL ENERGY MARKET TRENDS PART Il

For solid fuels some 44 % of total needs were covered by external INDUSTRIAL SECTOR
suppliers in 1997 (24 % in 1985 and 29 % in 1990) reflecting the

) . Energy consumption in industry shows a contrasted evolution
changed policy to reduce the state aid of EU Member States for

. ) ) . with three specific periods. During the second part of the 80's ener-
expensive domestic coal production. In terms of crude oil, the . . . . .
. . gy consumption remained stable, the 15 % increase of industrial
European Union depended on external supplies for as much as
80 % in 1997 (75 % in 1985 and 85 % in 1990), including require-

ments for maritime bunkers. This mainly concerned crude oil, as net

production being compensated by energy efficiency and long-term
structural change to less energy-intensive industrial structures.
Between 1990 and 1994 energy consumption declined by 1.6% per

imports of oil products were quite marginal in 1997. The external L .
year on average pushed by energy efficiency measures and decli-

dependency of the European Union on natural gas was 41 % in
1997 (35 % in 1985 and 42 % in 1990). The shares of the three major
suppliers are around 40 % for CIS, 30 % for Norway and
25 % for Algeria (see Figure 3-1).

ning industrial production. Since 1994, energy consumption grew at

1.6 % per year on average while industrial production increased by

2.0 % on average. Between 1985 and 1995, industrial production

grew on average by 1.6 % per year, followed by a stabilisation in

1996 (+0.1 %) and a growth of 4 % in 1997 while energy consump-
3.1.2 FINAL ENERGY DEMAND BY SECTOR o i

tion in 1985-1997 remained rather stable. Consequently the energy

) . . ) . intensity improved by about 24 % since 1985. The recent evolution

The year 1997 is of particular interest in the sense that it presents

o . . . demonstrated that a sustained industrial production favoured addi-
similar weather conditions as in 1990. In that way a lot of compari-

) . . o tional intensity gains.This can be a consequence of higher utilisation
sons, mainly regarding energy and environment indicators, can be

made excluding any distortion due to climatic variations. Since 1990,
final energy demand has increased on average by 1.1 %/a while

rate of capacities conjugated with the continued development of
small and medium-sized specialised in high value-added products

. ] o (electronics, information technology, bioengineering etc.). The ana-
GDP growth was 1.6 %/a implying an elasticity of about 0.69 (see

Table 3-4).In 1997 final energy demand in the European Union (930
Mtoe) declined by 0.8 % compared to 1996, mainly due to warmer
weather conditions inducing a 12 % decline of degree-days. This

lysis of the energy intensity is complex: technological improvements
happened but at the same time structural changes took place. The
restructuring of the European industry continued and induced a fur-
ther reduction of activity in energy-intensive branches, such as iron

compensated the increasing consumption induced in industry and ) .
and steel, chemicals and non-metallic minerals.

transport by the sustained economic growth. The major develop-

ments thus, concerned the heating fuels with natural gas leading L .
In terms of fuel mix, significant changes have occurred since 1985

with the declining contribution of solids (1985: 23.9 % and 1997:
14 %). Coke consumption is decreasing below average at a rate of

the way with a 5.2 % decline in consumption, followed by heating
gas oil with a reduction by 4.5 %, solid fuels by 1.7 % and district heat

by 1.3 %. o . .
1.9 %/a whereas hard coal and lignite consumption has declined by

TABLE 3-4: FINAL ENERGY DEMAND BY FUEL AND BY SECTOR, EU15 (1985-1997)

Mtoe Annual growth rates (%) Shares (%)

..................................................................................................................................................................

1985 1990 1995 1997 1985/ 1990/ 1990/ 1985 1990 1995 1997
1990 1995 1997

..................................................................................................................................................................

Total Final Energy Demand 8221 8617 899.2 930.6 0.9 0.9 11 1000 1000 1000  100.0
by fuel
Solids 1014 80.1 49.1 459 -4.6 9.3 7.6 123 9.3 55 4.9
Qil 3736 3968 4196 4301 12 11 12 454 46.0 46.7 46.2
Gas 1614 1782 2057 2159 20 29 2.8 19.6 20.7 229 23.2
Electricity 1363 1560 1694 1766 2.7 17 18 16.6 18.1 18.8 19.0
Heat 16.0 16.9 195 20.8 11 2.8 30 19 20 2.2 22
Renewable energy sources 333 337 36.0 413 0.2 13 3.0 41 39 40 44
by sector
Industry 2641 2649 2584  262.6 0.1 -0.5 -0.1 321 30.7 28.7 28.2
Transport 202.8 2538 2757 2886 4.6 17 19 24.7 29.5 30.7 31.0
Tertiary-Domestic 355.0 3426 3647 3790 -0.7 13 15 43.2 39.8 40.6 40.7

Source: European Commission, Annual Energy Review 1999
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7.5%/a. Natural gas and electricity, which show a growth rate of
about 2.2 % and 1.5 % respectively per year in the period since 1985,
largely dominated the industrial energy market. Overall, the resul-
ting shares of final energy changed over the period 1985-97 as fol-
lows: the share of oil decreased from 21 % to 17 %, while gas and
electricity saw their shares increasing from 25 % to 33 % and 23 % to
28 % respectively.

TRANSPORT

Energy consumption in the transport sector grew between 1985
and 1997 at an average annual rate of 3 %. But in the period 1990-
97,the growth was reduced to 1.9 %/a.In 1997, total energy demand
in the transport sector (excluding marine bunkers) reached 289
Mtoe or 31 % of total final energy demand of the EU compared to
only 24.7 % in 1985.This underlines the predominant contribution of
the transport sector to the growth of final energy demand. Between
1985 and 1997, the increase of energy consumption for transport,
about 86 Mtoe, represents 80 % of the total increase of final energy
demand. But between 1990 and 1997, transport contributed 50 % to
the total increase of final energy demand, the difference being
absorbed by the tertiary-domestic sector. Since 1993 energy
demand grew more slowly than before, and the energy intensity,
measured against the GDP, diminished.

The volume of passenger traffic in the European Union has grown
more rapidly than the overall economy since the beginning of the
1980s. This development has been largely uniform across most of
the European countries. However, there has been a significant slow-
down in the annual growth of passenger traffic in the 1990s when
compared to the 1980s (2 % in the 1990s as opposed to 3.2 % in the
1980s). The volume of work-related traffic (journeys between home
and workplace, university or school as well as business trips) has
remained fairly constant. By contrast, leisure travel (attending leisu-
re events, weekend excursions, holiday trips etc) has risen rapidly in
recent years.

Freight transportion followed a path opposite to passenger trans-
port. During the 1980s traffic increased on average by 1.9 %/a with a
major expansion of road traffic that reached 4.0 %/a on average.
Since 1990, as a consequence of the just-in-time industrial organisa-
tion to reduce stocks and working capital, goods transport increased
by 2.8 % per year on average.Road transport grew by 29 % these last
seven years, followed by (intra European Union) sea transport with a
22 % increase and inland waterways with a 10 % increase. At the
same time the contribution of rail declined by 7 %.

Within the transport sector, road transport is the largest energy

consuming sub-sector, accounting for about 83 % of total energy
demand since 1985. The energy and environmental implications of

» 1999 - The Shared Analysis Project
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road transport are increasing because the expected growth in traffic
volumes is likely to more than offset the expected energy efficiency
improvements in vehicle performance. Also, the rate of car owner-
ship is steadily increasing, however at reduced speed: the number of
cars in the European Union has increased by about 3 % per year on
average since 1985, but only by 2.1 % since 1990. In addition, larger
engines (over 1500 cubic centimetres) have increased their share of
new registrations at the expense of smaller cars.

The share of diesel in total road consumption has increased conti-
nuously since 1980, growing from 36.7 % to reach 47.4 % in 1997.
This evolution resulted from two main phenomena: the increasing
volume of goods transported by road and the progressive increase
of the share of diesel cars in the car fleet (reaching around 15 % in
1995).

The demand for aviation fuel grew on average by 4.6 %/a between
1985 and 1997, as a result of rising real incomes implying increasing
leisure air travel combined with the recent liberalisation of air mar-
ket that induced spectacular reductions in tariffs. These last two
years kerosene consumption increased respectively by 5.7 % in 1996
and 4.9 % in 1997.

The transport energy intensity grew continuously by 1.5 % bet-
ween 1985 and 1993, but has declined since then by 0.8 % per year
on average. Without statistical disaggregation of private and freight
transport, however, it is currently not possible to analyse in detail the
determinants of this new trend. Many factors already described
contribute to this evolution: the slowdown of the growth of passen-
ger traffic associated with a stabilised contribution of the road traf-
fic, technological improvement of the car fleet, the accelerated
contribution of road for good transportation which was partially
compensated for by a better utilisation of the goods vehicles and
also technological improvement to increase efficiencies and reduce
emissions.

DOMESTIC AND TERTIARY SECTORS

In 1997, the domestic and tertiary sectors used around 41 % of total
final energy demand, almost the same proportion as in 1985 despi-
te the warmer weather. Energy consumption in the domestic and
tertiary sectors increased yearly by 0.5 % on average since 1985
under the pressure of a few continuously growing energy end-uses
(e.g. electrical appliances, office automation) and growing living
standard (e. g. more central heating and increasing dwelling or offi-
ce size per capita). In fact, energy consumption in these sectors,
although a function of population, number of households, private
income and evolution of the services sector, is also highly depen-
dent on weather conditions (space heating) and thus presents some
marked fluctuations reflecting prevailing weather conditions. From
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this point of view it is very pertinent to compare 1997 with 1990 pre-
senting similar climatic conditions. It must be stressed that between
these two years energy consumption increased by 10.6 %, the ter-
tiary-domestic sector contributing to 50 % of the total increase of
final energy demand. Available statistics indicate that the energy
consumption of the domestic sector has increased by 8.9 % since
1990 while tertiary consumption has grown by 14.4 %.

In terms of fuel mix, solid fuel use dropped by 77 % since 1985, and
represents only 2 % of today’s total energy demand. Heating oil
demand dropped throughout the whole period but presented wide
fluctuations due to weather conditions and stock variations, and still
covers 27 % of the total demand in 1997 (compared to
34 % in 1985). Gas and electricity slowly increased their market
shares to cover 34 % and 26 % respectively of the total energy
demand of this sector in 1997 (compared to 27 % and 20 % in 1985).
Since 1990, gas consumption increased by 3.6 % per year on avera-
ge, gaining a substantial market share on the heating market to the
detriment of heating gas oil and solids. Electricity demand which
grew during the second part of the 80's at the same rate than the
GDP increased 50 % faster than GDP since 1990. District heat pro-
gressively increased its market share and covers now more than 4 %
of the total energy demand. The share of renewable energy remai-
ned stable at around 6 % since 1985.

3.1.3 ELECTRICITY DEMAND AND GENERATION

Electricity consumption, since 1985, shows an average increase of
2.2 %/a but the long-term trend of this growth was clearly oriented
towards a progressive slowdown. During the second part of the
1980s, electricity growth still reached 2.7 % per year on average but
this evolution must be compared to an average GDP growth of
about 3.1 % per year. In the beginning of the 1990s a slower growth
(1.3 %) was registered due to the economic slow-down of 1992-93.
In 1995 and 1996, sustained by economic activity and colder wea-
ther conditions, electricity demand growth reached 2.6 % per year

on average. In 1997, despite higher economic activity enhancing
growth, warmer weather conditions limited the growth to 1.6 %.
Consequently the average growth of electricity demand since 1990
reached 1.8 %/a to be compared to a GDP growth of 1.6 %/a. This
means that the long-term elasticity of electricity demand versus
GDP is now close to 1.The share of electricity in final energy demand
increased significantly at the EU level from 16.6 % in 1985 to 18.1 %
in 1990 and 19 % in 1997.

In 1997, electricity generation in the European Union reached
2,422 TWh (see Table 3-5), showing an average growth of 1.7 % since
1990. Despite a very limited increase in generating capacity since
1990 coming partly from capacity extensions in existing units when
replacing steam generators, nuclear production showed the fastest
growth (2.6 % per year on average since 1990). Its contribution rea-
ched a little over 35 % of the total electricity production in 1997
compared to just 30 % in 1985.The utilisation factor of nuclear units
has increased continuously over the past ten years to reach 80 % on
average at the European level.

Hydro and wind power together increased their production by
2.2 % per year on average since 1990 to generate 13 % during 1997.
Since 1990 wind production has been multiplied by 10 but its contri-
bution only represented 0.3 % of total production even if some
European countries are amongst the largest world contributors:
Germany, Denmark and Spain for example. Thermal electricity pro-
duction showed a slower annual growth of 1 % on average since
1990, but still represented about 51 % of the total electricity gene-
ration in 1997 (54 % in 1990). Short-term evolutions demonstrate
that nuclear contributed for the major part (about 50 %) of incre-
mental production followed by thermal electricity generation
(about 30 %) and hydro (about 20 %).

In 1997, the installed capacity for electricity generation was about
556 GWe, of which 56 % consists of thermal plants; the rest is divided
between nuclear power stations, hydro and wind power plants.

TABLE 3-5: ELECTRICITY GENERATION AND GENERATING CAPACITIES, EU15 (1985-1997)

Mtoe Annual growth rates (%) Shares (%)

..................................................................................................................................................................

1985 1990 1995 1997 1985/ 1990/ 1990/ 1985 1990 1995 1997
1990 1995 1997

..................................................................................................................................................................

Electricity Generation in TWh 1917 2156 2328 2422 24 16 17 1000 1000 1000  100.0
Nuclear 515 720 810 860 46 24 26 30.0 334 348 355
Hydro & wind (including pumping) 299 276 314 323 -1.6 26 22 15.6 12.8 135 133
Thermal 1043 1159 1204 1240 21 08 1.0 544 53.8 517 512

Generation Capacity in GWe 481 523 539 556 17 0.6 0.9 1000 1000 1000  100.0
Nuclear 87 117 120 124 6.0 05 0.9 181 223 222 223
Hydro & wind 103 112 118 120 15 1.0 11 215 214 218 216
Thermal 290 295 302 311 0.3 05 0.8 604 56.3 56.0 56.0

Average Load Factor in % 46 47 49 50 0.7 0.9 0.8

Source: European Commission, Annual Energy Review 1999

1999 - The Shared Analysis Project 4
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TABLE 3-6: FUEL INPUTS FOR THERMAL POWER GENERATION, EU15 (1985-1997)

Mtoe Annual growth rates (%) Shares (%)

..................................................................................................................................................................

1985 1990 1995 1997 1985/ 1990/ 1990/ 1985 1990 1995 1997
1990 1995 1997

..................................................................................................................................................................

Fuel Inputs for Thermal Power Generation 2485 2695 2720 2704 16 0.2 0.0 100.0 1000 1000 100.0

Solids 1704 1822 1619 1494 14 -23 -28 68.6 67.6 59.5 55.3

Qil 404 425 436 384 1.0 05 -14 16.3 158 16.0 142

Gas 301 36.6 55.2 69.8 40 8.6 9.7 121 136 20.3 258

Geothermal 17 19 21 24 20 27 39 0.7 0.7 0.8 0.9

Biomass 5.8 6.3 9.1 103 17 7.6 72 23 24 34 38
Average Thermal Efficiency in % 36.1 37.0 38.1 39.4 0.5 0.6 0.9

Source: European Commission, Annual Energy Review 1999

Since 1990, installed capacity has increased by 33 GWe. New capaci-
ty, excluding repowering and conversion of existing units, represents
about 57 GWe, of which: 9.4 GWe of nuclear units, 4.7 GWe for hydro
power, 4 GWe for wind power plants, about 25 GWe of combined
cycle units, 6.8 GWe of gas turbines and 3.2 GWe of internal com-
bustion engines. About 50 % of combined cycle capacity was still
located in the United Kingdom, although this technology is expan-
ding rapidly in many other EU countries.

Concerning the fuel mix in thermal power stations (see Table 3-6)
solid fuels remain the first contributor (55 % of total energy input in
1997 down from 68 % in 1990). Oil consumption, slowly increasing
during the period 1990-95, declined by 4.5 % in 1996 and by 7.7 %
in 1997. The share of oil declined from 15.8 % in 1990 to 14.2 % in
1997. The progression of gas consumption was very spectacular
since 1990. Its share in fuel inputs quite doubled in seven years, gro-
wing from 13.6 % in 1990 to 25.8 % in 1997. Gas consumption grew
by 4.0 % per year on average between 1985 and 1990 and by 9.7 %
since 1990. This evolution was even accelerating with a growth by
26 % the last two years. As fuel inputs remained quite stable since
1990, this means that about 33 Mtoe of solid fuels have been substi-
tute by gas since 1990. Although the participation of other sources
(mainly urban and industrial waste) remained small (about 5 % of
total inputs in 1997), their consumption, constant over the period
1985-1990, increased sharply after 1992 due to the development of
incinerators and new landfill legislation in some Member States.

The last decade was also marked by the development of combined
heat and power generation. In 1996, 9 % of total electricity pro-
duction was generated in combined heat and power units. But there
are substantial differences among EU member countries: The
European leaders are Denmark (46 %), Finland (32 %), the
Netherlands (28 %) and Austria (21 %). The low shares of co-genera-
ted electricity in France, Belgium, the UK and Southern European
Member States reflect different energy policies in the past.

P 1999 - The Shared Analysis Project

Replacement of out-dated units and the development of new tech-
nologies such as combined-cycle units, supercritical units and gas
turbines, induced a continuous improvement of thermal efficiency
of the power sector. This average efficiency, 39.4 % in 1997, was
increasing by 0.9 % per year on average since 1990. This improving
rate has accelerated these last two years reaching 1.2 % in 1996 and
2.3%in 1997 as a consequence of the impressive commissioning of
combined-cycle power plants.

The European electricity industry is likely to become increasingly
integrated in the near future. In 1996, the Community adopted a
Directive with the intention of progressively liberalising the electri-
city market and providing independent producers with greater
access to the European power network (see Chapter 6.3).

3.1.4 ENERGY PRICES

The average prices of energy for industrial consumers, over the
period 1997 to 1990, show an average yearly decrease of 7.1 % for
steam coal, deeply influenced by the suppression of the
"Kohlepfennig" in Germany in 1996, 0.1 % for heavy oil, 1.1 % for
natural gas and 3.2 % for electricity considering a weighted average
at the European level. In 1997, the difference between the average
European price per toe of heavy fuel (€122) and natural gas (€119)
diminished without reducing the important substitution operated
in favour of gas. The more rapid decline of electricity prices also
favoured electricity uses, increasing the competitiveness of electro-
technologies. Between Member States, the prices for the different
energy sources show important discrepancies in both value and
trends depending on supply conditions, market mechanisms and
taxation. It must be stressed that the liberalisation of electricity and
gas market in the United Kingdom resulted in impressive price
reductions for both gas and electricity: 28 % for natural gas in only
two years and 14 % for electricity.
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Transport fuel prices increased regularly since 1990, by a yearly
average of about 1 %. This growth accelerated in 1996 and 1997 as a
consequence of higher crude oil prices even if the share of raw
materials in final prices declined continuously under the pressure of
tax increases. Large price fluctuations existed per Member State and
per fuel. Furthermore, relative prices of gasoline versus diesel diffe-
red very sharply per country, inducing possible distortions in com-
petition in the road transport sector.

Average energy prices for the tertiary and domestic sectors sho-
wed a general decrease since 1990 in the European Union as a
whole but at contrasting rates depending on the fuel. The decrease
remains limited for electricity: -1.2 %/a for the European Union as a
whole with extremes going from +2.6 % in Sweden to -5.4 % in
Greece. The most important price decrease concerns heating oil:-1.5
%/a on average while the average yearly decrease of natural gas
prices is less significant: -0.6 % at the European level.

3.1.5 ENVIRONMENTAL TRENDS

CO, emissions are of primary importance in the current political
debate. In general terms, CO, emissions in the European Union
declined substantially in 1997 compared to 1996 (- 2.6 %), but were
only about 1 % below the 1990 level. Since 1990, the per capita COo
emissions showed a reduction of 0.5 % per year on average and rea-
ched about 8.1 t of CO5 per capita in 1997.The CO, emitted per unit
of GDP demonstrated a more sustained reduction as it declined by
about 1.7 % per year on average since 1990. These trends were
favoured by the fact that the carbon intensity (t of CO5 /toe) decli-
ned by about 1 %/a on average since 1990 due to the shift from oil
and solids to natural gas and increasing use of carbon-free energies
(nuclear, wind, biomass, etc).

In terms of absolute CO» emissions, Germany ranks first within the
EU in spite of an average yearly decline of 1.9 % between 1990 and
1997 (see Table 3-7). Its share in total European CO, emissions rea-
ched 27 % in 1997 (34 % in 1985). The second Member State is the
United Kingdom with a yearly decline of 1 % and a share at around
17 %. Italy comes third with a share of about 13 % but a yearly
increase of 0.4 % on average and France fourth with a share of 12 %
and a yearly growth by 0.2 %. These four Member States together
accounted for 69 % of total emissions of the EU in 1997, compared
to 75 % in 1985.

The short-term evolution of CO» emissions illustrates their sensitivi-
ty to weather changes. If the total energy consumption is corrected
to take into account standard weather conditions then CO, emis-
sions have been almost stable since 1990. Reduction of CO, emis-
sions in industry (-10.5 % in seven years) and the power sector (-7 %)
compensated an increase from the transport sector (+14 %). CO»
emissions from all these sectors are almost independent of weather
conditions. In the tertiary / domestic sector however, where energy
consumption for heating dominates, CO» emissions are directly cor-
related with degree-days. The impact of temperature variations on
CO, emissions in the tertiary / domestic sector can be estimated at
+/-6 % following colder or warmer temperature extremes. The CO»
emissions of the tertiary / domestic sector accounted for 21.1 % of
total emissions in 1997, i. e. the weather effect on total CO, emis-
sions can be estimated at +/-1.2 % at maximum compared to an ave-
rage climate.This may be important from the perspective of the poli-
tical EU objective of a stabilisation of CO, emissions in 2000 compa-
red to the 1990 level.

The stabilisation of the CO, emissions corrected for weather fluc-
tuations between 1990 and 1997 is the result of two main factors.

TABLE 3-7: ENERGY RELATED CO, EMISSIONS BY COUNTRY IN THE EUROPEAN UNION (1985-1997)

................................................................................

1985 1990 1995

................................................................................

Austria 51 55 57
Belgium 99 105 111
Denmark 61 53 60
Finland 47 52 56
France 360 352 345
Germany 997 947 864
Greece 57 71 78
Ireland 26 30 33
Italy 338 389 403
Luxembourg 10 11 9
Netherlands 141 153 167
Portugal 25 39 48
Spain 177 202 227
Sweden 58 51 54
UK 544 567 531
EU-15 2,992 3,076 3,043

Source: European Commission, Annual Energy Review 1999

Annual growth rates (%) Shares (%)

..................................................................................

1997 1985/ 1990/ 1990/ 1985 1990 1995 1997

1990 1995 1997

..................................................................................

59 i85 0.6 11 17 18 19 20
116 11 12 15 33 34 3.6 38
64 2.8 2.6 2.8 20 17 20 21
59 20 17 1.9 16 17 18 19

79 4.6 1.9 15 19 2.3 2.6 2.6
36 2.7 2.3 29 0.9 1.0 11 12
400 2.9 0.7 0.4 113 12.6 133 131
8 12 3.9 -3.2 03 03 03 03
169 16 17 14 4.7 50 515 515
48 9.2 4.2 2.9 0.8 13 16 16
240 2.6 2.3 25 5.9 6.6 74 7.9
52 -2.7 12 0.3 19 16 18 17
529 0.8 S1%3 -1.0 18.2 184 175 173

3,047 0.6 -0.2 -0.1  100.0 100.0 100.0 100.0

1999 - The Shared Analysis Project 4



PART Il RECENT EU AND GLOBAL ENERGY MARKET TRENDS

TABLE 3-8: ENERGY-RELATED CO5 EMISSIONS BY SECTOR, EU15 (1985-1997)

Mt CO, Annual growth rates (%) Shares (%)
CO5 Emissions 1985 1990 1995 1997 1985/ 1990/ 1990/ 1985 1990 1995 1997
1990 1995 1997
Total 2992 3076 3043 3047 0.6 -0.2 0.1 1000 1000 1000  100.0
Transformation sectors 1057 1127 1091 1054 13 -0.6 -0.9
Power generation 894 962 926 894 15 -0.7 -1.0 29.9 313 30.4 293
Other energy sector 163 165 165 160 0.2 0.0 -04 54 54 54 53
Final demand sectors 1935 1949 1952 1992 0.1 0.0 0.3
Industry 613 568 517 509 -15 -1.9 -1.6 20.5 185 17.0 16.7
Transport 588 739 803 842 4.7 17 19 19.7 24.0 26.4 27.6
Domestic and tertiary 734 643 632 642 -2.6 -0.3 0.0 245 20.9 20.8 211

Source: European Commission, Annual Energy Review 1999

The increasing contribution of non-fossil fuels, mainly nuclear with
smaller contributions of wind energy and biomass, and the larger
penetration of natural gas both for power generation and in final
energy use in substitution of solid fuels and oil products.

Looking at CO, emissions by sector at a European Union level (see
Table 3-8), the largest sector in terms of emissions remained power
generation. In spite of thermal production increases by 1 %/a since
1990, CO, emissions from the power sector declined by as much as
1 %/a on average. This resulted from both the efficiency gains in the
classical conventional power stations and the development of com-
bined-cycle power plants based on natural gas which associated
high conversion efficiency with the fossil fuel having the lowest CO,
content per unit of energy. Consequently the average thermal effi-
ciency of thermal power stations increased by 6.5 % since 1990 and
the carbon intensity (t of COo/toe) has been reduced by 13.2 %.The
total share of emissions from the power sector declined steadily
from 31.3 % in 1990 to 29.3 % in 1997.

Within the final demand sectors, transport was the only one with
steadily increasing emissions since 1990 (1.9 % per year on average).
The contribution of this sector has increased from 24 % in 1990
(20 % in 1985) to 28 % in 1997.The domestic and tertiary sectors sta-
bilised despite the progression of natural gas and district heat on
the heating market, replacing heating gas oil and solids. In fact, the
development of low CO» content fuels (natural gas, electricity and

TABLE 3-9: SO AND NOy EMISSIONS, EU15 (1990-1996)

kt Annual growth rates (%)

...................................................................................

...................................................................................

SO, 16499 11366 9856 -89 -6,9 -8,2
NOy 12945 11780 11325 -23 -2,0 -2,2

Source: DNMI-EMEP, 1998 Major Review of Strategies and Policies for Air Pollution
Abatement
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renewable energy forms) compensated the behaviour-related fac-
tors increasing CO emissions (e. g. larger heated surfaces). Industry
presented the greatest decrease in CO, emissions since 1990
(-1.6 %/a) even if the reduction was limited to 0.8 % during the last
two years.

Concerning other pollutant emissions, SO, and NOy in particular, it
can be assumed in spite of lacking complete statistical data, that the
European situation is generally improving. As illustrated in Table 3-9,
SO, emissions, of which 50 % originate from the power generation
sector, are declining significantly as a result of different measures:
the improvement of fuel quality by reduced sulphur content in die-
sel and heating oil, the environmental regulation in large industrial
combustion installations and the substitution of solid fuels and oil
products by natural gas. NOy emissions are also decreasing, but to a
lesser extent than SO, emissions under the pressure of both regula-
tion in large industrial combustion installations (De-NOy plants) and
regulations concerning catalytic converters for new cars.

Overall, with regard to energy policy objectives, it can be said that
the trends of the EU energy system supported sustainable develop-
ment by diversifying energy supply, decreasing energy prices (in real
terms), reducing conventional emissions, maintaining efficiency
improvements and stabilising CO» emissions.

3.2 GLOBAL ENERGY CONTEXT:
PRESENT POSITION AND TRENDS

In the 1990s, the global energy context has been marked by a num-

ber of key trends:

« Until the financial crisis of 1997-1998, the developing countries of
Asia and Latin America accounted for most of the growth in world
energy demand. After stalling in the early 1990s, with the econom-
ic decline of the FSU (Former Soviet Union) and Eastern Europe,
world energy demand has started rising again. It is mainly fossil
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fuels that have satisfied the increasing demand, given the con-
straints to the development of nuclear (i. e. societal acceptance)
and renewable energy (high capital costs and lack of profitability).

+ Natural gas is now showing signs of becoming the fuel of choice for
power generation in several world regions. The share of oil in the
increase has been contained because oil demand growth is essen-
tially governed by road and air transportation trends.

« Energy prices have been decreasing under the combined effects of
technological progress in production and greater competition in
the global and national energy markets.

« Contrary to conventional wisdom ten years ago, the dependence of
the international oil market on OPEC and Middle East exports has
scarcely increased in the 1990s. Energy security stakes have
changed under the combined impact of diversification of supply
and an increasingly globalised oil market.

* World-wide energy-related CO, emissions grew less rapidly
(1.2 % per year for the period 1990-1996) than global primary ener-
gy demand.

Some of these trends have been contingent on the circumstances of
the period, in particular the sharp economic decline of the successor
states of the Former Soviet Union.The Asian financial crisis may have
broken previous structural dynamics, while saturation effects, struc-
tural changes and prevailing efficiency improvements may be res-
ponsible for the changes observed in the 1990s in the developed
economies.

3.2.1 RECENT FINANCIAL CRISIS AND WORLD ENERGY TRENDS

Before the financial crisis, the growth in world energy consumption
was driven by the energy needs of the emerging countries, the lat-
ter increasing by 4.9 %/a between 1990 and 1997, compared with

FIGURE 3-2: Growth in primary energy consumption of world regions,
1990-1997
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Source : European Commission, Annual Energy Review 1998

1.5 %/a for the industrialised countries and 1.1 %/a for the European
Union (see Figure 3-2). The share of emerging countries in world
energy consumption thus increased from 29 % to 34 % over this
recent period. The significant decrease in the requirements of the
transition economies (about —450 Mtoe since 1990) has partially
offset the increased needs of the developing economies (about
+800 Mtoe).

Some of the major recent trends in global energy development
were interrupted by the financial crisis which occurred in certain
developing Asian economies in late 1997, in Russia in August 1998
and in Brazil, in February 1999. In Russia, the economy was drawn
further downward by the devaluation of the rouble and the collap-
se of the Russian banking system. In Asia, the deepening of the
Japanese recession and the sharp decline in regional trade amplified
mutual problems between Asian countries, but had only minor
effects on China and India.

EASING OF PRESSURE FROM DEVELOPING COUNTRIES

The Asian financial crisis of 1998 affected the global economic situa-
tion, given that during the nineties, world economic growth has
been driven essentially by the development of the emerging econo-
mies in Asia and the exceptionally steady growth of the American
economy. The world-wide economic growth rate fell by a third com-
pared with the 1990-97 period (2 %/a versus 3.2 %/a) and by half in
comparison with the two preceding years (4.1 %/a; see Figure 3-3).

The financial crisis reduced energy consumption in the developing
countries. Their oil consumption, representing half of global
consumption, fell by 1.5 % in 1998, whereas it had increased by more
than 4 %/a in the previous years. With the cumulative effects of the

Figure 3-3: Economic growth rates of OECD, Developing Countries and World,
1996 to 1999 (% growth per year; estimate)
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economic recession, world energy consumption will be about 4 %
lower in 1999 and 5.5 % lower in 2000 than it would have been
without the financial crisis (according to POLES simulations).

Consequently, the price of oil decreased from 18 $/barrel to an his-
toric low of 10 $/barrel for several months in 1998-1999. In the coun-
tries and regions concerned, sudden surplus capacities (e. g. 180 mil-
lion metric tonnes refinery capacity) led to the postponement or
abandonment of a range of capital-intensive projects. Power gene-
ration units, liquefied natural gas chains and pipeline transport pro-
jects in emerging Asian countries were particularly affected.
Uncertainties about oil prices also caused companies to cut back
exploration and development expenditures in most regions of the
world in 1998.

However, this situation appears to be temporary. The present finan-
cial crises in different countries are mainly adaptation crises in a dif-
ficult-to-predict pattern of financial instability accompanying rapid
economic growth amidst financial globalisation. Thus, if structural
measures to facilitate macroeconomic and financial adaptation are
implemented, regardless of their social costs, the economies affec-
ted will probably resume fairly rapid growth within two or three
years. Thus, after a year of negative growth (with the exception of
Indonesia, Malaysia, Russia, and the Ukraine) an upturn can be
expected in all of these economies (see Table 3-10). With the fairly
rapid economic recovery of the emerging economies, and the end of
the economic decline in the transition economies, world energy
consumption is likely to return soon to its former path of growth.

TABLE 3-10: PROSPECTS OF ECONOMIC RECOVERY OF
ECONOMIES AFFECTED BY THE FINANCIAL CRISIS
(ANNUAL GROWTH RATE), 1997 TO 2000

Korea 515 -55 2.0 4.6

ASEAN-4* 3.8 -9.4 -11 3.0
World 4.2 25 2.3 34

ASEAN-4: Indonesia, Malaysia, Thailand, Philippines

Sources: IMF, World Economic Outlook 1999

1998: AN EPISODE OF LOW PRICES IN A PERIOD OF MODERATE
PRICES

The reduction in the oil price to 10 $/barrel, close to the pre-oil crisis
level of 1973 in real terms (see Figure 3-4), was not only due to the
economic crisis in Asia and Brazil. The steady increase in non-OPEC
production, the resumption of Iragi export activity and the increase
of OPEC members' production quotas agreed in 1997 amplified the

p 1999 - The Shared Analysis Project
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Figure 3-4: Qil Prices (nominal and real $/barrel), 1970 - 1998
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imbalance between oil supply and demand. However, after the limi-
ted effects of production restrictions introduced by some key OPEC
and non-OPEC producers in 1998 (Saudi Arabia, Venezuela, Mexico,
Norway etc.), the agreement between OPEC members in March 1999
to reduce production has enabled oil prices to more than 20 $/bar-
rel again. But there are doubts as to the durability of the agreement
in the near future, given present surplus capacities and continuing
competitive forces (including increasing use of natural gas).

After the sharp decline in exploration and development expendi-
tures, the upward trend of the oil price towards a level of 20 $/barrel
in the third quarter of 1999 may not be strong enough to bring
about a major change in the oil and gas business environment. The
most striking example of this lack of confidence is the postpone-
ment of most of the oil export projects in the Caspian region.
Projects in industrialised countries, and, in particular, in the North
Sea, have also been scaled back.

At present, it is difficult to anticipate the situation of the internatio-
nal oil market once the Asian and Latin American economies have
recovered which is expected to occur in 2000-2001. Two factors on
the supply side can limit the possibility of a sustained price increase
above the moderate level of 15-20 $/barrel. First, the technological
progress which has helped non-OPEC oil supplies to erode the OPEC
market share over the past decade will continue. During this time,
non-OPEC oil supply has diversified increasingly: the North Sea and
Mexico had already emerged as major producing areas in the 1980s,
and much of the new production in the 1990s has come from the
developing non-OPEC countries such as Angola, Argentina, Brazil,
Columbia, China, Egypt, India, Yemen, Malaysia, Oman, Peru and
Syria. These countries increased their market share in total world oil
production from 13.3 % (380 Mtoe) in 1990 to 15.7 % (515 Mtoe) in
1997.
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The significant reduction in exploration and production costs in dif-
ficult areas has contributed to the renewal of non-OPEC production,
in spite of moderate prices. There is nothing to suggest that this
effect will not continue to be felt. Moreover, non-conventional
resources are becoming competitive. Second, the increasing ope-
ning up of oil upstream in the OPEC countries — particularly in the
Middle East, Venezuela and Algeria — will make it even more difficult
for OPEC to maintain its quota policy. Small producing countries,
Ecuador and Gabon, left OPEC in 1992 and 1995 respectively to fol-
low their divergent interests. This trend could be consolidated by
Saudi Arabia, which appears to be on the verge of adopting a policy
of low prices and an increasing high market share (which was limi-
ted in 1997 to 11.9 %).

3.2.2 WORLD ENERGY TRENDS

In the 1990s, world energy trends have been influenced by the gro-
wing importance of the developing countries. But, with their
constant contribution of 50 % to global consumption, the ability of
industrialised countries to stabilise their energy/GDP ratio, to diver-
sify their energy mix and to develop their own resources, is likely to
remain key factors in global energy trends.

FINAL ENERGY DEMAND TRENDS

The specific patterns of energy development in the emerging eco-
nomies have been reflected in a certain number of trends in final
energy demand since 1990.

» Electricity is the most rapidly growing component of final energy
demand: a growth of 2.3 %/a for 1990-1997 compared with 0.7 %/a
for overall final energy. In some emerging countries, double-digit
power consumption growth has accompanied the increase in rev-
enues and industrial activities. This has made up for the small
increase in electricity in industrialised economies (2 %/a). The
increased share of electricity in final energy demand means that
the power generation system is becoming increasingly important
as a major converter of primary energy, but also as a source of
greenhouse gases.

« Consumption of oil products increases essentially in relation to the
development of the road and air transportation sector. The growth
rate of 1.6 %/a in this sector largely reflects the high elasticity of
transportation demand in response to economic growth and the
very sustained increase of this demand in emerging regions (5 %/a
in Asia and 3.7 %/a in Latin America since 1990).

* In sectoral terms, apart from the most dynamic sectors (domestic,
tertiary and transportation), where growth is reflected in rising
incomes, the global consumption of the industrial sector has been
virtually stable and its share has decreased during the nineties
despite the industrialisation of emerging economies. It has been

supported by the sharp decline of transition economies (-6.7 %/a),
as well as the effects of structural changes and technological
progress (dematerialisation, new processes, etc.) in the industri-
alised countries. But will it continue in the future to compensate for
the impact of increased industrialisation?

DEVELOPMENT PATTERNS OF PRIMARY ENERGY NEEDS

Despite low energy prices, the global trend toward reducing the
energy/GDP ratio has been more marked in the 1990s (-1.2 %/a)
than it was in the 1980s (-0.9 %/a). The major emerging countries
(Latin America, China, South-East Asia) have shown a surprising
trend (-1.8 %/a in the last sub-region), while the trend in most indus-
trialised countries has been slower: between —0.3 %/a and -0.8 %/a
for Australasia, the European Union and North America. World ener-
gy consumption per capita has remained stable during the 1990s.
Alongside this evolution, trends in the energy mix have amplified
the positive effects of the decrease in intensity on the global energy
stakes (limitation of oil dependence, mitigation of CO, emission
growth).

* In the 1990s, the share of oil in the primary energy balance has
remained stable (around 37 %), with a more limited use in industry
and power generation in the developing countries than was previ-
ously the case.

* The natural gas share has continued to grow slowly but steadily
(19 % in 1985, 21 % in 1997), with increasing use in power genera-
tion and the take-off of gas consumption in the emerging
economies in Asia and Latin America, where gas penetration is still
low (8 % in non-industrialised Asia, 15 % in Latin America). Until the
financial crisis, Asian consumption had risen by 6.7 %/a and
accounted for all the growth in world trade with liquid natural gas
(LNG).

Figure 3-5: Fuel structure of world-wide primary energy consumption (1970-1998)
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* With a slow growth of around 1 %/a over the last 20 years, coal still
accounts for 24 % of gross energy consumption with a slightly
decreasing market share. Over half of the increase in demand has
come from the electricity generation sector in developing coun-
tries and industrialised economies. In China and India, which have
an increasing share in world-wide consumption (28 % in 1990, 38 %
in 1997), coal is used in every sector and forms the basis of their
economic development.

In electricity systems, the technology mix has benefited from the
increase in non-fossil fuel power generation (2.2 %/a) which has
maintained its contribution (36 %) to overall power generation. The
increase in nuclear energy production in the 1990s has been made
possible by better plant operating performance and the commissio-
ning of some new reactors (30 GW). But with far fewer orders after
1980, the contribution of nuclear energy started to decline in 1997.
Like nuclear energy, the development of hydroelectricity has been
hampered by societal and environmental concerns, capital intensi-
veness and the competitiveness of other power generation tech-
niques. In conventional electricity generation (2.5 % yearly increase
in production), where natural gas has been gaining ground to the
detriment of oil, solid fuels have remained dominant (around 58 %
of fuel inputs). This is particularly the case of the coal-producing
countries (USA, China, India, Australia, etc.), but the emergence of
low-cost coal exporters (Australia, Colombia, Indonesia, South Africa,
etc.) has facilitated the development of the coal trade for power
generation in a growing number of importing countries.

3.2.3 INCREASING GLOBALISATION OF MARKETS

The world energy system is becoming increasingly integrated, as
reflected in the more rapid increase in energy trade (34 %) than in

energy consumption (8.3 %) between 1990 and 1997’. All the
regions have contributed to this development, but the emerging
Asian economies, with their poor endowment in terms of resources,
have played a major role. Their energy imports have doubled and
now represent 18 % of world energy imports in 1997. The share of
the industrialised countries has decreased by 6 % thanks to the sta-
bilisation of imports from other regions as a result of increased
domestic production of oil (+13 % since 1990) and gas (+23 %).

World oil trade grew from 1,570 Mt to 2,020 Mt between 1990-1998,
with an increase in imports by the USA (+118 Mt) and the develo-
ping countries (+300 Mt). The Middle East share, and more generally
the OPEC share, remained stable during this period, due to the
unexpected growth in non-OPEC production and exports, which
kept pace with world-wide oil consumption (see Table 3-11)°,

For importing countries, the question of oil dependence has been
settled by market forces and the use by competitors of new techno-
logies in exploration and development, which has helped increase
NOPEC production. Moreover, in the new geopolitical context of
non-polarisation, the increasing access to OPEC resources is enfor-
cing the trend of the oil market to a commodity market and lowe-
ring the risk of dependence.

Gas trade, which has developed differently in the various regional
markets because of high transportation costs, has been characteri-
sed by three major factors:

« the increasing integration of the North American market, with the
growth in Canadian exports to the US market (from 26.4 Mtoe to
73.4 Mtoe between 1990-1997),

« the growth of European trade (4.4 %/a), resulting in particular from
increased sales from the FSU (+10.6 Mtoe between 1990 and 1997),

TABLE 3-11: EVOLUTION OF OIL PRODUCTION AND TRADE IN THE 1990s (MT)

OPEC Non-OPEC FSU
production production production
excl. FSU
1990 1,199 1,410 570.6
(37.7 %) (41.5 %) (17.6 %)
1998 1,480 1,677.6 361.3
(44.6 %) (48.3 %) (10.2 %)

Source: BP Amoco Statistical Review 1999

World Middle East World exports World Trade
production exports excl. Middle East
3,179.9 710.6 861.5 1572
(45.2 %) (54.7 %)
3,518.9 935.1 1,084 2,019
(45.4 %) (54.6 %)

" To some extent, the increase in energy trade can be explained by structural changes (increased number of countries, in particular FSU, since 1990)

8 Due to a decrease in internal consumption, the drop in FSU production (300 Mtoe between 1990-1997) did not result in a reduction in FSU exports.

p 1999 - The Shared Analysis Project
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Norway (+10.6 Mtoe) and Algeria (+ 4.4 Mtoe) to the European
Union, which in the future could generate a degree of dependence
on potentially unstable countries,

+ the expansion of the Asian gas market (from 46.7 to 72.6 Mtoe of
LNG between 1990 and 1997), with new LNG importers besides
Japan (South Korea, Taiwan and, recently, the Philippines, India,
China and Thailand) and new sellers outside the traditional
Southeast Asian producers, in particular in the Middle East, where
there are significant reserves.

World coal trade has developed rapidly with the establishment of
low price, competitive producers (Australia, South Africa, Indonesia,
Colombia and Venezuela), to the detriment of US exporters. These
countries have exported increasingly to steel producers and power
generating companies in all regions. As a result, trade in coke and
steam coal increased from 190.4 to 248.6 Mtoe over the 1990-1997
period. Under the pressure of competition between producers, the
coal market has become more integrated and is clearly influenced
by price-making on the Asian markets and its effects on the other
regional import markets, despite differences in costs.

3.2.4 GLOBAL ENVIRONMENT: STABILISATION OF CO5 EMISSIONS
REMAINS A DISTANT GOAL

Recent trends can shed light on the future requirements for indus-
trialised countries to curb their CO» emissions and for developing
countries to limit increases in emissions. The Kyoto Protocol may
herald a new effort among industrialised countries to reduce their
greenhouse gas emissions. But the objectives will not be easy to
attain.

World-wide CO, emissions increased by 8 % between 1990 and
1997.1f the FSU (Former Soviet Union) and CEEC (Central and Eastern

European countries) are excluded, global CO, emissions rose by 19.6
% in the same period (2.6 %/a). This comparison highlights the signi-
ficant economic decline of the FSU, which reduced its emissions by
one third (corresponding to 6 % of global emissions in 1997). This
drop partly offset the accelerating increase in emissions in the deve-
loping regions of the world (5.6 %/a in Asia and 4.2 %/a in Latin
America since 1990) in the years prior to the financial crisis. The
industrialised countries have begun to curb the growth of their
emissions. It is noticeable that there has been a temporary stabilisa-
tion of emissions in the European Union, in particular due to the eco-
nomic restructuring in East Germany and the power sector liberali-
sation in the UK. However an increase of 1.5 %/a has been observed
for North America over the same period of time. The part of indus-
trialised countries (roughly 50 %) in global emissions has thus remai-
ned stable. Obviously, compliance with the Kyoto Protocol would
imply for industrialised countries to further curb their emission,
involving for example a more effective reduction in energy intensi-
ty, particularly in the transport sector, and a substantial shift in the
composition of energy sources away from high-carbon fuels.

In sectoral terms, the development of emerging economies has led
to an increase in the contribution of the power generation sector to
global CO emissions (34 % in 1996 versus 28 % in 1980), due to
rapid electrification and constraints to the development of non-fos-
sil fuel electricity. At the same time, the contribution of the transport
sector to CO, emissions has remained stable (20 % since 1980),
while emissions in the industrial sector have fallen (with stable emis-
sions between 1985 and 1995). Thus, the effects of industrialisation
in the emerging countries have been completely offset by the struc-
tural changes in the economies of the industrialised countries
(improvements in industrial equipment, the greater use of electrici-
ty and the move away from the most CO5 intensive fuels).

TABLE 3-12: CHANGES IN CO5 EMISSIONS (MT OF CO5) OF WORLD REGIONS, 1985 TO 1997

CO, Emissions Annual Growth (%) Shares (%)

..................................................................................................................................................................

1985 1990 1997* 1985-1990 1990-1997 1985 1990 1996

..................................................................................................................................................................

Industrialised Countries 9.60 10.28 11.06 1.37 1.05 BiL3 49.7 49.6
of which EU 3.08 318 317 0.66 -0.05 16.5 154 142
FSU and CEEC 4.49 451 3.00 0.09 -5.66 24.0 218 134
Developing countries 461 5.87 8.25 496 4,99 24.6 284 370
World 1870 2066 22.31 2.01 111 100.0 100.0 100.0

* estimated values for non-OECD regions

Source: European Commission, Annual Energy Review 1999

1999 - The Shared Analysis Project 4
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In the medium-term, it will be difficult to contain growth in world
CO5 emissions for a number of reasons: the strong limitations to the
development of nuclear power generation in industrialised coun-
tries, the sustained growth trend in the road and air transportation
sector in all regions and the economic development of the emer-
ging countries, of which the major ones will base their development
on carbon-intensive fuels.

A new balance in regional CO, emissions will of course result from
differences in demographic and economic dynamics, given that per
capita emissions are eight times higher today in industrialised
regions than in Asia. Thus, the responsibility of the Annex B parties
(developed countries having signed the Kyoto protocol) will remain
the most important, not least because of their greater potential for
reducing emissions.

» 1999 - The Shared Analysis Project
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PART IV ENERGY PROSPECTS TO 2020

Energy demand is derived from various socio-economic activities.
Future energy demand is therefore subject to the uncertainty inhe-
rent in future development of these economic and social driving
forces (such as the rate and structure of economic growth). The
design of alternative scenarios, i. e. the configuration of alternative
developments of important drivers in a consistent way, is the metho-
dological approach to explore possible energy futures, their contex-
tual conditions and policy-relevant issues. The design of scenarios
combines possible future developments of the boundary conditions
and the techno-economic characteristics of an energy system by
applying the scientific criteria of plausibility, consistency and inter-
personal transparency. Energy-related scenarios can be designed
using two basic options:

* the exploratory approach, which tries to identify the strongest
shaping and driving forces that effect energy use such as: econom-
ic growth, structural changes, population development or new
technologies. This approach has been used for designing the
Baseline Scenarios at the world and EU level (supported by the two
models, POLES and PRIMES respectively; see Chapter 4),

+ the normative or target-oriented approach, which explores ways
of meeting certain goals or objectives of society that might include
some of the following examples: limiting energy import depen-
dence, contribution to full employment, meeting CO, emission
reduction targets. This approach has been used to design variants
of the Baseline Scenarios (e. g. assumed CO» reduction targets,
future of nuclear energy; see Chapter 5).

Both approaches assume that policy choices can be made and that
their impacts on future energy demand and supply can be analysed.

The time horizon of the scenarios and their variants is 2020, accom-
panied with a more speculative outlook to 2030. These three projec-
tion years may also represent critical "turning points" in the evolu-
tion of the EU and global energy market. Although the EU is firmly
expected to increase its Member States over this time horizon, the
scenarios have been calculated with PRIMES for EU-15 (see Chapter
4.2). More information at the aggregate level of West and Eastern
Europe could be gained by the POLES model (see Chapter 4.1).

The Baseline Scenario follows the philosophy of conventional wis-
dom describing recent trends of the major drivers for the next 20
years. It is exploraory in character and takes into account energy and
climate change policy decisions already made up to the end of 1997,
e. g. the directives on liberalisation of electricity and gas markets,
support of renewable energy forms and co-generation, policies for
natural resources, waste disposal and acid rain pollution. The com-

mitments of Kyoto, however, are not considered binding in the
Baseline Scenario, but they have been analysed in variants of the
Baseline Scenario in Chapter 5.2.

4.1 GLOBAL BASELINE SCENARIO

4.1.1 INTRODUCTION

This section summarises the most important assumptions on which
the EU energy outlook, presented in later sections, is based. The sec-
tion begins by presenting the global economic and energy context,
which includes some discussion on international energy prices, and
then proceeds to examine the EU’s macroeconomic framework and
other important assumptions.

While the link between energy demand and economic growth has
weakened over recent years, it remains the most important determi-
nant of energy trends. Since the focus of this chapter is the analysis
of likely energy trends, the baseline macroeconomic projections
presented below are not meant to be innovative. Rather, they have
been constructed on the basis of consensus views among the most
reputable international organisations engaged in such projections,
such as the EC, the UN, the OECD, the International Monetary Fund
(IMF) and the World Bank.

4.1.2 INTERNATIONAL CONTEXT®

The EU energy outlook is critically dependent upon that of the glo-
bal economic and energy system development.The energy sector is,
to a large extent, already operating within a world context and any
regional analysis has to take into account international influences.
One illustration of this is the oil market, which is globally integrated.
Itis simply not possible to examine future oil market trends in the EU
without taking into account global supply and demand, which will
determine future oil prices. Similar considerations apply in the case
of natural gas. European gas prices and demand will depend not
only on the developments in countries, such as Russia, that supply
gas to the EU but also on countries as far afield as Asia. The pressure
from the demand of the growing club of Asian gas importers could
lead to future competition for access to the Middle East or Russian
gas resources with the European importers after 2010-2020.

The environment is also an issue that often needs to be analysed in
a context that is larger than the region of concern. In the case of the
climate change problem, the issues are global and any policies and

® The material in this section is based on projections by the POLES model and draws heavily on work by Patrick Criqui of I[EPE and Nikos Kouvaritakis of ECOSIM. POLES actu-
ally models 26 countries or regions. For further details see Volume 2 of the Shared Analysis Project and the model reference manual: "POLES 2.2. European Commission, DG XII,

December 1996".

p 1999 - The Shared Analysis Project
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TABLE 4-1: GLOBAL POPULATION PROJECTIONS BY REGION, 1990-2020

Million capita Annual growth rates (%) Shares (%)
1990 2010 2020 2010/1990 2020/2010 2020/1990 1990 2010 2020
World 5,249 7,027 7,893 1.5% 12% 1.4% 100% 100% 100%
OECD countries ** 861 962 992 0.6% 0.3% 0.5% 16.4% 13.7% 12.6%
of which EU 364 383 384 0.25% 0.03% 0.18% 6.9% 5.5% 4.9%
Developing countries 3,979 5,603 6,414 1.7% 1.4% 1.6% 75.8% 79.7% 81.2%
FSU & CEEC 410 463 487 0.6% 0.5% 0.6% 7.8% 6.6% 6.2%

Source: UN and World Bank

measures undertaken by the EU must be seen in such a context. This GLOBAL ECONOMIC OUTLOOK
section provides the international economic, energy and environ-
mental trends within which European investment and policy deci-
sion makers are likely to operate over the next 20 years and beyond.

The world economy is expected to grow by slightly above 3 %/a
throughout the projection period (in terms of Purchasing Power
Parities).'? Growth is expected to recover after 2000, in spite of the
recent financial crisis in some emerging Asian economies (February

GLOBAL POPULATION TRENDS . .
97), Russia (August 98) and Brazil (February 1999). The world econo-

The world population is likely to increase by about 2.5 billion people
or 50 % in the period 1990-2020, with the bulk of this increase —
almost 90 % - expected to take place in developing regions.

mic growth is assumed to increase from 2.5 %/a in the nineties to
3.6 %/a over the 2000-2010 period before slowly decreasing to
3.4 %/a over the 2010-2020 period™.

However, a significant slowdown is projected in the rate of global
population growth over the next 25 years. As can be seen from Table
4-1, this rate is assumed to decline from 1.5 %/a over the period
1990-2010" to 1.2 %/a in the following decade from 2010 to 2020.
Major reasons for this deceleration include the low birth rates in
OECD countries and the spreading of the demographic transition in

TABLE 4-2: ECONOMIC GROWTH ASSUMPTIONS BY REGION (IN %),

1990-2020

developing countries. 1990/2000 2000/2010 2010/2020
) ) ) ) North America 24 24 21
Key features of this trend include a rapid growth of the African Western Europe 18 24 2
population and the slowdown of the demographic growth in emer- OECD Pacific Countries 14 25 17
ging Asia (from 2.1 %/a over 1971-93 to 1.15 %/a after 2020) with the Former Soviet Union 8.2 5.8 58
stabilisation of the Chinese pOpUIAtION in the long run. The popula- 77" *" "t 1t e seessessess sttt sttt
i L X Central & South America 3.0 4.4 40
tion of OECD countries is almost stable. The share of the EU in globall Emerging Asia 6.4 51 44
populatlon IS expected to decllne from 6.9 % In 1990 tO 4.8 % In ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
World 25 3.6 34

2020 and 4.2 % in 2030 (benefiting of a small increment of 3.7 % on

the period). Source: POLES

9 1his rate of demographic growth decreases already from 1.6 %/a in the 1990s to 1.5 %/a over the period 2000-2010.
™ The OECD countries as defined here correspond to the present OECD countries prior to the accession of Mexico, South Korea and new Central European members.

12 pOLES economic projections are derived from world baseline growth scenario that has largely used projections of the OECD Linkages project, adjusted for the currency val-
ues from Market Exchange Rate (MER) to Purchasing Power Parity (PPP) GDP growth rates. While most economic forecasts present variations in MER-GDP, the official curren-
cy rates reflect the prices of international tradable goods and services which are hardly representative of the total domestic economy. It is thus considered that the PPP-GDP
is a better indicator for the energy consumption and energy intensity of GDP and is also more suited for international comparisons.

B 1he hypotheses of growth (3.3 %/a on 1992-2010 and 3.4 %/a on 2010-2020)) are slightly higher than those of the IEA (World Energy Outlook 98) with 3.1 % over the peri-
od 1995-2020 and those of the Energy-Information Administration-US DOE (International Energy Outlook 98) with 3.2 %/a over the period 2000-2020. The World Energy
Council and the IIASA, which refer to MER GDPs, considered in 1995 a growth between 2.2 % and 2.7 %/a in their different scenarios which is slightly slowing down after 2020.
The Shell scenarios consider the conditions for a long term sustained energy growth of 3 %/a.

1999 - The Shared Analysis Project 4
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TABLE 4-3: KEY GLOBAL DEMOGRAPHIC AND ECONOMIC ASSUMPTIONS

Annual change (%)

..................................................................................................................................................................

..................................................................................................................................................................

1990
POP (M) 5249
GDP (G$90ppp) 27,383
GDP/POP (k$90/cap) 52

Source: POLES

World economic growth is expected to be quite rapid after 2000 as
the emerging Asia and Latin American economies return to their
strong growth path and the former centrally planned economies, in
particular Russia, are expected to recover from their recession. With
the exception of North America, which has grown quite rapidly in
the 1990s (+2.4 %), OECD countries are expected to grow at a slight-
ly higher rate in the next decade. The dynamic Asian economies are
expected to bottom out during 1999 with a modest growth rate,and
to experience a period of sustained recovery beginning in 2000, rea-
ching pre-crisis projected growth rates by 2003. This assumes the
success of stabilisation and reform policies, which have been imple-
mented in the countries in crisis. Latin American countries, especial-
ly Brazil, will follow a similar recovery path. However, there is some
uncertainty regarding the speed of the Asian economic recovery
and the ending of the long Japan’s recession.

In the longer term, growth in all regions is projected to slow down
after 2010. For example, growth rates in all OECD regions decrease to
around 2 %/a, or below, after 2010. Non-OECD regions continue to
experience average annual growth rates of more than 3.5 %. While
the Chinese economy is assumed to decelerate to an annual growth
rate of 4 % after 2010, the Indian economy will maintain a growth
rate of about 5 % over the 2010-2020 period. Latin American will
grow by 4.4 %/a over the 2000-2010 period and by 4 %/a after 2010.

In terms of per capita GDP, the projected annual growth rate is 1.8 %
over the whole of the projection period. However, as the decelera-
tion in the growth of population is especially noticeable in the lon-
ger term, a slight acceleration in per capita incomes is expected in
most developing countries. This is especially significant for the ener-
gy consumption trends in a number of sectors for which the degree
of wealth is an important factor.

ENERGY RESOURCES AND PRICE

The baseline projections presented here are based on the important
assumption that global energy markets will remain well supplied at
relatively modest cost throughout the projection period. Thus, in
comparison to the gyrations of the past 25 years, the primary ener-
gy prices assumed here reflect the current consensus view that no
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2020 2010/1990 2020/2010 2020/1990
7,893 15 12 14
69,945 3.1 34 32
8.9 16 2.3 18

supply constraints are likely to be felt at least in the period up to
2020. For these assumptions on primary energy prices, it is necessa-
ry to adopt an optimistic view on future discoveries of new oil and
gas fields and on further advances in extraction technologies.

While the oil market is fairly integrated at a global level, this is not
the case for gas and coal whose markets still retain a strong regional
basis. The primary reason for this regional fragmentation is the high
transport cost of gas and coal, relative to their production cost. This
is expected to change progressively over the next 25 years under
the baseline assumptions for energy prices.

OIL PRICE OUTLOOK

In the short run, oil prices depend on changes in global oil demand
and on the productive capacities in Gulf countries, considered as the
"swing producer" in the oil market. In the longer run, oil prices are
likely to be influenced to a greater extent by the "fundamentals”,i.e.
the levels of oil demand and available reserves.

Given the remarkable improvement in the technologies applied to
oil exploration and production in recent years, the size and geogra-
phic diversity of economic sources of oil supply have grown. While

Figure 4-1:World oil production
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TABLE 4-4: OIL PRICE PROJECTIONS FROM POLES
(IN $90/BARREL)

....................................................................................

Reference case 238 16.9 20.1
Casel (Moderate resources) 2338 19.3 25.0
Case 4 (protracted crisis) 238 159 19.0
IEA* (WEO98) 238 17.0 25.0
DOE-EIA** (IEO98) 238 17.8 191

* Business as usual case ** Reference case

the vast reserves of the Middle East are still the most promising for
assuring large-scale availability of reasonably-priced oil in the longer
term, the reserve and production potentials of other areas have
grown substantially in recent years. Thus, future growth in oil
demand may be served by a large number of supply areas. In the
very long term, unconventional oil resources will increasingly be
exploited, as international oil prices rise and the costs of developing
these resources decrease through technological progress.

Figure 4-2: Comparison of crude oil prices
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Source : POLES

There is a great deal of uncertainty surrounding future oil prices
partly due to the difficulties in estimating the size of the oil
resources that are yet to be discovered and of technological pro-
gress.Table 4-4 presents a number of projections on oil prices for the
period to 2020™. Under the POLES reference scenario, world oil
resources correspond to the US Geological Survey's optimistic view
of recoverable resources of 2900 billion barrels and the price of
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crude oil is projected to increase from around $17/barrel in 2010 to
$20.1/barrel in 2020 (1990$)". A protracted crisis could also allevia-
te the pressure of the demand of emerging economies (with an
effect of - $ 1/bl in 2010 and 2020). If a less optimistic assumption on
resources is used (1,400 billion barrels), the POLES model indicates
that oil prices could increase to $19.3/barrel in 2010 and to
$25.0/barrel in 2020 In this case, oil prices are expected to return
to around their 1990 level ($23.8/barrel) in real terms.

NATURAL GAS PRICE OUTLOOK

The factors affecting each of the regional gas markets will be
somewhat different. As contractual gas prices are often indexed to
netbacks on oil product prices, the slow increase of the oil prices is
also likely to constrain future increases in gas prices, at least in
Europe. The North American market, which is mature and fully com-
petitive, will experience a more rapid price increase than the
European market because of greater resource limitations.

TABLE 4-5: REGIONAL GAS PRICES IN THE REFERENCE CASE

....................................................................................

World crude oil price ($90/barrel) 238 16.9 20.1
Gas import prices ($90/boe)
American market 10.8 17.8 18.3
European market 15.2 15.2 19.8
Asian market 20.6 21.9 233

Source: POLES

The Asian gas market is largely dependent on liquid natural gas
(LNG) imports to Japan and South Korea. Consequently, current gas
prices in the Asian gas market are higher, by about $1/Mbtu®’, than
those of the European market. The entry of new suppliers (in parti-
cular Middle East countries with significant resources), the develop-
ment of some competitive forces and the technical progress of
transport could limit the price increase in the long-run.

Gas prices have declined in Western Europe during the 1990s due to
production over capacity, partial market liberalisation and low oil
prices. In the longer run, the pressure of increasing demand, espe-
cially for power generation purposes, will make the importation of
gas from a number of distant fields from Russia, North Africa and
Middle East a necessity. This will require a modest increase in gas
prices.

14 Primary energy prices are endogenous in the POLES model

 This corresponds in 1999$ to a price of $20.3/barrel in 2010 and $24.1/barrel in 2020.
% This corresponds in 1999$ to a price of $23.2/barrel in 2010 and $30/barrel in 2020.

7 The difference of 13/Mbtu corresponds to 5.88 $/barrel of oil-equivalent and to 40.8 €/toe)
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COAL PRICE OUTLOOK

International coal prices are expected to stay independent of oil
prices and are projected to remain relatively stable. This is due to the
rising number of competing projects for the production of low cost
coal for export purposes in a number of countries such as Colombia,
Australia, Indonesia South Africa, and Venezuela. This expected sta-
bilisation of coal prices follows a significant decline from $60/t in
1980 to $40/t in the mid 1990s. The increasing coal demand of the
three major consumers (China, India and USA) will be satisfied most-
ly from their abundant domestic resources, with only a small part
supplied by imports.

CONVERGENCE OF THE REGIONAL FUEL PRICES

In general, the US is expected to maintain a comparative advantage
over the EU in terms of fossil fuel energy costs. This is partly due to
the well-established transport infrastructure in the US and the low
costs of indigenous extraction. This does, of course, have some
adverse effects as it has contributed to the greater energy and car-
bon intensity of the US economy. It should be noted that a greater
integration of the regional gas and coal markets would be more like-
ly in a world of very high primary energy prices as the costs of trans-
port in such aworld would be low relative to the overall cost of ener-

gy.

However, regional price differentials are expected to diminish over
the next 20 years and beyond. For natural gas, the price in North
America should increase after 2010 because of limitations in regio-
nal resources. Gas import prices in Asia should decrease after the
development of more competitive LNG projects and cost reduc-
tions. European prices are not likely to increase dramatically as EU
infrastructure is completed and as the market becomes more matu-
re.

NEW PATTERNS OF ENERGY DEPENDENCE
Despite the assumptions of modest energy prices, the global
demand projections that are presented in the following section
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imply a very large increase in the production of fossil fuels. For
example, global oil production is likely to be close to 5.25 Gt by 2020,
an increase of 55 % from its current level.

Oil trade is expected to increase quite significantly. This is partly
because of the stagnation in the production of OECD countries,
which will cover less than 20 % of the global oil output by 2020
(30 % in 1996), and partly because of the weak endowment of oil
reserves in emerging Asia, which will consume 1.25 Gt by 2020
(0.5 Gt in 1996). Based on optimistic assumptions on non-Gulf oil
resources, the share of the Gulf region in world production could
increase from 26 % of global production at present to 40 % by 2020.
Two thirds of the required global oil production increase is expected
to come from this region where the reserve to production ratio is
close to 100 years.

Global gas production will have to nearly double between now and
2020 in order to satisfy the rapidly increasing fuel needs (from 2,000
Mtoe to 3,500-4,000 Mtoe). This implies the increase of imports to
the European and Asian markets by cross-border pipe-lines or LNG
chains from volatile regions or countries. The doubling of the
Western Europe consumption requires increasing imports from less
politically stable countries (55 % of imports outside Norway in 2020).
The dramatic increase of Asian gas needs, from 156 Mtoe in 1996
when Japan is excluded to 570-640 Mtoe in 2020, may also require
imports from Middle East countries, Central Asia and East Siberia.

4.1.3 GLOBAL ENERGY CONSUMPTION OUTLOOK

FINAL ENERGY DEMAND

World final energy demand is projected to increase by 2.0 %/a over
the 1990-2020 period (see Table 4-6). Growth in gas demand as a
final fuel, at 2.6 %/a, is more modest than the demand growth as a
primary fuel (3.0 %/a, see Table 4-8). Conversely, due to the rapid
growth in transport demand, the demand for oil as a final fuel is
somewhat stronger than as a primary fuel. The growth in final oil

TABLE 4-6: GLOBAL FINAL DEMAND BY FORMS OF ENERGY, 1990-2020

..................................................................................................................................................................

..................................................................................................................................................................

1990

Final Energy Consumption 6,057
Solids 830
Oil 2,588
Gas 1,012
Heat 228
Electricity 834
Renewables 564

Source: POLES
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8,740
1,042
3,753
1,685

224
1,467

568

Annual change (%) Shares (%)
2020 1990/ 2010/ 1990/ 1990 2010 2020
2010 2020 2020

10,884 19% 22% 2.0% 100% 100% 100%
1,222 11% 1.6% 1.3% 14% 12% 11%
4,654 1.9% 2.2% 2.0% 43% 43% 43%
2,210 2.6% 2.7% 2.6% 17% 19% 20%
164 01% -31% -11% 4% 3% 2%
2,020 2.9% 3.3% 3.0% 14% 17% 19%
614 0.0% 0.8% 0.3% 9% 6% 6%



demand is due to the transport sector, which accounts for more than
one fourth of the final world energy and for half of the world's oil
consumption. From 1990 to 2020, the annual world-wide demand
for oil in the transport sector is projected to increase by around
80 % (1.2 billion metric tonnes). Changes in transport efficiency may
modify these trends. Transport demand growth will be much higher
in the developing world than elsewhere. For example, Asian growth
in transport energy demand is projected to be close to 4.5 %/a bet-
ween 1990 and 2020.

In terms of final energy demand, the fastest growing final fuel by far
is projected to be electricity. It will register an annual growth rate of
3.0 % over the period to 2020, almost in line with global economic
growth.This is a reflection of continued electrification, a trend that is
well established for a very long time. Indeed, electricity has often
grown much faster than GDP on a global scale. Electricity demand is
expected to grow by 7 %/a in dynamic Asian countries and by 5 %/a
in other developing regions in the period to 2010. As the share of
electricity in final energy demand continues to increase, the power
generation system will have a growing weight as a major user of pri-
mary energy.

PRIMARY DEMAND BY REGION

The energy intensity of the world economy is expected to decline by
1.4 %/a in the period to 2010 and by slightly less than 1 % after that.
As population growth decelerates after 2010 in most developing
countries, per capita energy consumption will show a marked
increase.

Total primary energy consumption is likely to increase by an avera-
ge annual growth rate of almost 2 % in the 1990-2020 period, broad-
ly in line with long term trends. Somewhat surprisingly, an accelera-
tion in demand is projected in the latter part of the period. This is pri-
marily due to the continued fast growth in most developing regions
which, by 2010, account for the bulk of the increase in energy
demand. Between 1990 and 2020, energy consumption growth in

ENERGY PROSPECTS TO 2020 PART IV

developing countries is projected to account for 72 % of the increa-
se in world energy demand. In the same time period, the OECD
countries will account for only 23 % of this increase. Consequently,
whereas in 1990 energy consumption in the OECD countries excee-
ded that of the developing countries by 1,553 Mtoe, the developing
countries will surpass OECD countries by an amount of 1,700 Mtoe
in 2020. The share of OECD countries in global primary energy
consumption will decline from nearly 50 % in 1990 to 37.7 % in 2020
while the share of the European Union will decline from 15.9 % in
1990 to 10.7 % in 2020.

China and South Asian economies will almost double their share in
global primary energy consumption between 1990 and 2020 (see
Table 4-7). The growth of primary energy in this region, by about
3,000 Mtoe, accounts for almost half of the global increase in energy
demand and is more than double the increase in OECD countries.
The Former Soviet Union is projected to experience an increase in
demand after the solution of its restructuring problems and its level
of energy demand is not expected to reach that of 1990 before 2015.

PRIMARY DEMAND BY FUEL

The global energy system will continue to be dominated by fossil
fuels over the next 25 years. Indeed, as can be seen from Table 4-8,
dependence on fossil fuels is likely to be close to 90 % by 2020, com-
pared to slightly above 85 % today. In the context of the recent
concerns about global warming, this is clearly an unwelcome deve-
lopment. However, given the consensus view of relatively low ener-
gy prices throughout the projection period as well as the concerns
about nuclear power, fossil fuel energy is likely to maintain its com-
petitiveness. New renewable forms of energy are likely to be badly
affected by a period of sustained low energy prices.

One explanation relies upon foreseeable evolutions of the technolo-
gy mix in the electricity systems. The renewable sources of electrici-
ty will continue to be dominated by large hydro plants. Their future
development will be sufficient to maintain their share in total pri-

TABLE 4-7: GLOBAL PRIMARY ENERGY DEMAND BY REGION, 1990-2020

Annual change (%) Shares (%)

..................................................................................................................................................................

..................................................................................................................................................................

OECD countries 4,066 4714 5196 5621 15% 1.0% 0.8 % 491% 445% 37.7%
EU 1,313 1452 1550 1,596 1.0% 0.7% 0.3% 159% 133% 10.7%
Developing countries 2,513 3585 5052 7,319 3.6 % 35% 3.8% 304% 433% 491%
Emerging Asia 1424 2,167 3131 4,500 43% 3.7% 3.7% 172% 268% 30.2%
CEEC & FSU 1,694 1047 1421 19,663 -4.7% 31% 3.3% 205% 122% 132%
World 8,273 9,346 11,669 14,907 1.2% 22% 25%  100.0% 100.0 % 100.0 %

Source: POLES
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TABLE 4-8: GLOBAL PRIMARY ENERGY DEMAND BY FUEL, 1990-2020

Mtoe Annual Growth Rates (%) Shares (%)

1990 2010 2020 1990/ 2010/ 1990/ 1990 2010 2020
2010 2020 2020

..................................................................................................................................................................

Solids 2182 2916 3,920 15 30 20 264 25.0 26.3
Oil 3182 4407 5323 16 19 17 385 378 357
Gas 1682 2813 4,035 2.6 37 30 203 241 271
Other 1227 1533 1,629 11 0.6 09 148 131 109
Gross Inland Consumption 8,273 11,669 14,907 1.7 25 2.0 100 100 100
Energy intensity (toe/k$90) 3109 2325 2131 -14 -0.9 -1.3
Energy per capita (toe/cap) 1.6 17 19 0.3 11 0.6

Source: POLES

mary supply, but not in electricity generation, which grows much
more quickly. The outlook for nuclear energy is one of modest grow-
th (2518 TWh in 2000, 2721TWh in 2020), which is insufficient to
maintain the share of nuclear energy in primary supply and electri-
city generation.

Thus, the electricity sector will continue to rely on fossil fuels. As
already mentioned, natural gas will play an increasing role as a
power generation fuel, especially in OECD countries. In developing
Asia, the role of coal in power generation will remain predominant
and by 2010, about 700 Mtoe of coal could be burnt in the thermal
power plants of the region, 92 % of which in China and India. The
situation is likely to be more balanced in other developing regions.

Apart from the decrease in the share of non-fossil fuels, the most
significant change in fuel shares over the period to 2020 is the
increase in that of natural gas. Due primarily to its cost advantages
as a power generation fuel in combined cycle gas turbines, the
consumption of gas is projected to increase by 2.6 %/a in the period
to 2010 and by almost 3.7 %/a after that. Solid fuels will also increa-
se their share a little as they manage to maintain their position in
power generation in some of the most important markets, including
China and India. Oil will lose some shares and become increasingly
used for transport purposes.

4.1.4 CO» EMISSION OUTLOOK

Given the projections for growth in primary energy demand and the
continued dominance of fossil fuels, it is not surprising that global
emissions are expected to grow quite rapidly. Because of the rising
dependence on fossil fuels, CO, emissions grow faster than primary
energy consumption over the projection period, averaging an annu-
al growth rate of 1.8 % between 1990 and 2010 and 2.7 % between
2010 and 2020. By 2020 they will be 86 % above their 1990 level.

The regional pattern of emission growth reflects the pattern of ener-
gy use and the fuels used in each region. Perhaps the most striking
aspect of the figures presented in Table 4-9, is the singular impor-
tance of China and India (the dominant country in the South Asia
region) for the future of global emissions. In both countries, the
energy system is extremely dependent on solid fuels, the only pri-
mary energy form that is abundant in these countries and the most
carbon intensive of fossil fuels. For the period 1990-2020, China and
South Asia account for more than half of the increase in global emis-
sions.

The share of OECD countries in global emissions could decline from
47.1 % in 1990 to 34.2 % in 2020. The restructuring of the energy
systems of the economies in transition will lead to a sharp decline in

TABLE 4-9: GLOBAL CO5 EMISSION OUTLOOK (IN MT C), 1990-2020

Mt C Annual growth rates (%) Shares (%)

..................................................................................................................................................................

..................................................................................................................................................................

OECD countries 2735 3369 3692 1.0 09 10 47.1 410 342
CEEC & FSU 1,292 957 1,335 -15 34 01 223 116 124
China and South Asia 846 2,069 2,994 46 38 43 14.6 252 278
Other developing countries 993 1829 2,761 34 42 3.7 16.1 222 25.6
World 5,806 8,224 10,782 18 2.7 21 100.0 100.0 100.0
Change from 1990 (Mt C) 2418 4,976
Change from 1990 (%) 416% 85.7%

Source : POLES

» 1999 - The Shared Analysis Project



their emissions until the beginning of the next decade and their
share in global emissions is projected to fall by almost half between
1990 and 2010. With the completion of the transition period, emis-
sions from these countries are projected to increase rapidly to reach
a 12 % share in global emissions.

By 2010 (the middle of the first budget period of the Kyoto protocol)
global CO, emissions could exceed the 1990 level by 42 %.
Emissions of Annex | countries (here approximated by OECD coun-
tries plus FSU/CEEC) will grow by 7.4 % in these baseline projections.
Therefore, the overwhelming part (88 %) of the CO, emission grow-
th by 2010 will come from developing countries, with China and
South Asia accounting for 51 % of the global emission increase by
2010.

4.2 BASELINE SCENARIO FOR THE EU*

4.2.1 KEY ASSUMPTIONS

This section presents the most important assumptions on which the
EU energy outlook is based. While, over recent years, the link bet-
ween energy demand and economic growth has weakened, it
remains one of the most important determinants of energy trends.

ENERGY PROSPECTS TO 2020 PART IV

EU DEMOGRAPHIC OUTLOOK

Population is an important determinant both of overall economic
performance and of energy trends, especially in the transport, hou-
sehold and services sectors. Total EU population will grow very
modestly in the period from 1995 to 2010 by some 12 million
people. The divergence in annual population growth rates among
individual Member States varies from 0.04 %/a in Italy to 0.5 %/a in
the Netherlands. Even this modest growth in EU population is likely
to be due, to a significant degree, to immigration.

After 2010, total EU population will effectively stabilise and its level
of 384 million people in 2020 will be only marginally higher than its
2010 level. Only Ireland, Sweden and the Netherlands show growth
rates of more than 0.3 %/a in the period 2010-20 while Germany and
Italy experience small declines in population over this period.

THE ECONOMIC OUTLOOK OF THE EU

The economic outlook presented below is based on a number of
underlying assumptions. For example, the recent Asian crisis is assu-
med to be transitory and the longer term global international eco-
nomic climate is assumed to remain generally positive in the
medium term. Also, the EU is projected to benefit from a continued
increase in world trade, as barriers continue to decline. Commodity

prices and inflation remain modest.

TABLE 4-10: POPULATION TRENDS IN THE EU, 1995 TO 2020

000 inhabitants Annual growth rates (%)

..................................................................................................................................................................

1995 2000 2010 2020 1995/2010 2010/2020
Austria 8,047 8144 8326 8443 0.2 0.1
Belgium 10,137 10,252 10,484 10,658 0.2 0.2
Denmark 5228 5321 5452 5526 0.3 0.1
Finland 5108 5178 5290 5,350 0.2 0.1
France 58,139 59179 61,387 62831 0.4 0.2
Germany 81661 83123 83000 81,200 0.1 -0.2
Greece 10,454 10,643 11,079 11,269 0.4 0.2
Ireland 3601 3625 3,760 3,909 0.3 0.4
Italy 57,301 57,455 57,633 56543 0.0 -0.2
Netherlands 15459 15,868 16,659 17,204 0.5 0.3
Portugal 9916 9,993 10,293 10,513 0.2 0.2
Spain 39210 39544 40372 40,307 0.2 0.0
Sweden 8827 8932 9176 9470 0.3 0.3
UK 58,606 59269 60,146 61,038 0.2 0.1
EU14 371,693 376,526 383,057 384,262 0.20 0.03

Source: Primes

18 This section is extracted from Chapter 3 of the study “EU Energy Outlook to 2020" European Commission — Directorate General for Energy, forthcoming, catalogue number
CS-24-99-130-EN-C, ISBN 92-828-7533-4, 1999, which was carried out in the context of the Shared Analysis Project (Volume 5 of the project report).
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SHORT RUN PROJECTIONS: THE PERIOD TO 2000™

Following a period of modest economic performance and rising
unemployment, the EU economy started recovering after 1997.The
recent economic crisis in a number of Asian economies and Russia is
not expected to have a significant impact on European economies.

All EU countries are expected to participate in the sustained recove-
ry in the period to 2000. Ireland will continue to expand at a rate that
is around three times the EU average. Other cohesion countries
will also experience strong annual growth (averaging more than
3.5 %/a) in the 1998-2000 period.

MEDIUM AND LONGER RUN PROJECTIONS: 2001-2020

Despite the generally favourable overall international context, the
EU growth rate after 2000 is assumed to decelerate to levels that are
consistent with long-term historical trends. In the period 2000-10,
the annual economic expansion is projected to be around 2.4 %
while in the period after 2010 it might not exceed 1.8 %.%° It is assu-
med that the monetary unification will tend to reduce fluctuations
in interest rates and will lead to a gradual convergence of prices.
Additionally, a combination of monetary policy and the high intra-
EU level of competition are assumed to keep overall price increases
low and inflation below the 1995 rate.

nomic growth projections for individual Member States, is that the
process of convergence among European economies will continue
throughout the projection period. The assumed degree of divergen-
ce among Member States from the average per capita EU GDP
remains significant and, even by 2030, the convergence process is far
from complete. Thus, despite the progress made by the cohesion
countries, the per capita income in Portugal and Greece remain 46 %
and 39 % respectively below the EU average. The Scandinavian
countries, on the other hand, continue to be significantly richer than
other Member States even though their relative wealth is reduced
from its present level.

The long established trend of the restructuring of EU economies
away from the primary and secondary sectors and towards services
is assumed to continue, although the pace of change is expected to
decelerate. Thus, following the period of substantial restructuring of
the past 20 years, the industrial sector's share in GDP is assumed to
decline only modestly. New industrial activities with high added
value and lower material base are projected to emerge in most
countries. For the EU as a whole, the share of industrial added value
in the economy is assumed to decline from just over 28 % in 1995 to
26 % in 2020. Agricultural added value will decline by one percent-
age point over the same period and is limited to just 2 % of GDP by

2020.

One of the fundamental assumptions made for the purposes of the
baseline scenario, which is important for the determination of eco-

TABLE 4-11: ANNUALISED PERCENT CHANGE IN GDP, 1980-2020

Observed Forecast

..................................................................................................................................................................

..................................................................................................................................................................

Austria 13 3.2 18 2.6 2.2 21 17 16
Belgium 1 29 12 2.6 2.3 22 18 17
Denmark 22 18 20 2.8 2.2 21 1.6 14
Finland 29 34 -0.7 43 24 23 18 16
France 14 3 11 2.6 2.3 2.2 1.9 17
Germany 12 3.2 18 23] 25 23 18 16
Greece 15 17 16 3%3) 3.9 3.4 3.0 29
Ireland 353 5.6 5.8 9.0 3.8 27 2.2 2.0
Italy 14 3 11 21 22 21 18 16
Netherlands 13 31 21 353 2.6 25 21 19
Portugal 0.8 8 16 3.8 3.8 3.6 31 2.8
Spain 15 45 13 313 29 2.8 24 2.2
Sweden 22 2.8 0.4 23 22 20 1.6 14
UK 315} 33 12 24 2.6 25 20 17
EU Average 17 3.2 14 2.6 25 23 1.9 17

Source: Primes

1% The main source consulted for the preparation of the projections for the period 1996-2000 was the DGII projections of Autumn 1998 for each Member State, from which
GDP, private consumption, consumers’ price indexes, GDP deflator, interest rate and exchange rate were taken. For sectoral projections the DRI study "Europe in 2001 -
Economic analysis and Forecasts" were also used, for the six countries for which it contained information.

D These projections are within the high and low growth scenarios of OECD (1997).

b 1999 - The Shared Analysis Project



POLICY ASSUMPTIONS

The baseline scenario presented here is based on the assumption
that EU policies currently in place will be continued. Given that one
of the objectives of this study is to assist policy makers in the eva-
luation of a number of alternative measures, it is appropriate that
the baseline should form the benchmark against which the effecti-
veness of a number of alternative policies could be measured.

Barring any major unexpected occurrences, the major driving force
of policy changes over the next 20 years is likely to be environmen-
tal concern. This is both because of increasing pressure from public
opinion, especially in the more wealthy EU countries, and because of
legal obligations. For example, in the Kyoto protocol the EU agreed
to cut greenhouse gas emissions (predominantly CO») by 8 % below
their 1990 level.

A second major influence on policy makers over the outlook period
will be the objective of completing the single market and efforts to
enhance European competitiveness through reduced energy costs
that could result from greater competition and liberalisation. For the
purposes of the baseline scenario, it has been assumed that the pro-
cess of single markets for electricity and gas is continued as current-
ly legislated by specific measures. However, it is most likely that a
number of further steps will be undertaken over the next 20 years
towards more competitive and integrated EU markets.

More specifically, the baseline scenario assumes:

* The liberalisation of electricity and gas markets will proceed in line
with EC directives and is assumed to fully develop in the second
half of the first decade.

* The restructuring is enabled by mature gas-based power genera-
tion technologies that are efficient, involve low capital costs and
are flexible regarding plant size, co-generation and independent
power production.

+ Energy policies that aim to promote renewable energy (wind, small
hydro, splar energy, biomass and waste) are assumed to continue,
involving subsidisation of capital cost and preferential electricity
selling prices.

+ On-going infrastructure projects in some Member States involving
the introduction of natural gas are assumed to gain full maturity in
the first half of the first decade of the projection period.

* The baseline scenario takes into account the different policies in
place of EU Member States as regards nuclear capacity. Countries
like Austria, Denmark, Greece, Ireland, Italy and Portugal remain
non-nuclear countries during the pro-jection period. Finland (with
on-going construction of 250 MW of new nuclear capacity),
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Germany, the Netherlands, Spain, Sweden and United Kingdom do
not further expand their nuclear capacity. Finally, for France (with
on-going construction of new nuclear plants, 6.4 GW) and Belgium
the assumption of further nuclear expansion, on the basis of eco-
nomic criteria, is adopted for the period beyond 2010.
Decommissioning of existing nuclear capacity occurs on the basis
of technical lifetime (40 year) with the exception of Sweden for
which a much stricter decommissioning program (based on politi-
cal decisions) is adopted. It is worth noting that nuclear will cease
to be exploited in The Netherlands beyond 2010 and that despite
the recent anti-nuclear decisions in Belgium there is some rein-
vestment in nuclear under baseline assumptions beyond 2010
(without however an increase in total capacity).

For analytical purposes the baseline scenario assumes that no new
policy measures will be undertaken in order to meet the Kyoto com-
mitments. Such measures are considered within the CO, emission
reduction scenarios that are presented and discussed in the next
chapter.

4.2.2 OVERVIEW OF PRIMARY ENERGY OUTLOOK

PRIMARY ENERGY SUPPLY %

Production of primary energy within the EU is expected to continue
to peak around 2000 and then to decline throughout the period up
to 2020. The production of all primary fuels is expected to decline
after 2000, except that of renewable sources of energy which are
likely to receive a significant boost because of their environmental
characteristics. The decline of solids and oil is especially noticeable,
with oil projected to decline by more than a third and solids by half
in the period 1995 to 2020.

The production of nuclear energy is projected to remain close to its
2000 level until 2010 and then to decline by some 10 % in the per-
iod to 2020. Trends in primary nuclear supply are driven exclusively
by the requirements of nuclear power stations and are further dis-
cussed below in the section on power generation.

Given the modest decline of nuclear over the projection period and
the growth in renewable sources, the role of non-fossil indigenous
resources will become increasingly important to EU primary pro-
duction. In fact if it were not for the assumed obstacles to further
nuclear penetration after 2010, the decline in solids, which will dece-
lerate after 2010, would be even bigger. Nuclear is projected to
represent the biggest single source of primary energy by 2020,
accounting for nearly a third of total production. Non-fossil fuels will

2! Unless otherwise stated, all historical figures and growth rates used in this chapter are taken from the Annual Energy Review 1999.

1999 - The Shared Analysis Project 4
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account for nearly half of primary energy production by 2020, com-
pared to a third in 1995. Hydro will grow very modestly over the per-
iod, since most major suitable sites for hydroelectric dams in the EU
have already been developed.

It should be noted that the collapse of crude oil prices in 1998, which
towards the end of that year approached €10 per barrel, is assumed
not to have a long-term impact. If the recovery at the beginning of
1999 proves short lived and oil prices return to their 1998 level, this
could affect the production of North Sea oil and gas in the medium
term.However, unless low oil prices persist for a long period, they are
unlikely to have a big impact on long-term output. The sharp reduc-
tion in the profitability of upstream companies that may result from
low prices could lead to a reduction in exploration activity and to a
delay in the start up of new projects.This, in turn, could reduce North
Sea output in the next few years and lead to a further delay in the
reaching of the peak of production

PRIMARY ENERGY DEMAND

The annual growth rate in primary energy consumption is expected
to be close to 1 %/a over the period to 2010 and then to decelerate
to just 0.4 %/a until 2020. For the 1995-2020 period as a whole, EU
energy demand growth will average 0.7 %/a.

Consequently, the baseline scenario projects a significant improve-
ment of the energy intensity ratio. The implied annual energy inten-
sity improvement is expected to average around 1.5 %/a throu-
ghout the projection period. The decoupling of energy from econo-
mic growth is also noticeable in Figure 4-3.1t is due, first, to the chan-
ging sources of economic growth, i. e., high added value goods and
services (and thus less energy and material intensive), and, secondly,
to continued technological progress in the energy use and conver-
sion, especially in the latter part of the projection period.

Figure 4-3: EU primary energy indicators, 1990-2020
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In per capita energy terms, EU primary energy is continuing to grow
significantly, by 0.7 %/a, in the period to 2010. In the latter part of the
period, however, per capita energy demand will slow down to just
0.3 %/a, as saturation effects become more pronounced. Concerning
the development of the various energy forms, primary energy
demand is characterised by the strong increase of natural gas, par-
tially at the expense of solid fuels (see Table 4-12).

It is important to note that the EU energy system, on the demand
side, will remain dominated by fossil fuels over the next 25 years.
Indeed, the share of fossil fuels will rise marginally from just under
80 % in 1995 to 81 % by 2020.This is despite the significant pro-envi-
ronmental policy assumptions adopted in the baseline.

TABLE 4-12: PRIMARY ENERGY DEMAND BY FUEL, EU-15 (1990-2020)

..................................................................................................................................................................

..................................................................................................................................................................

Annual growth Shares (%)
rates (%)
2010 2020 1995/ 2010/ 1995/ 1995 2010 2020
2010 2020 2020
1556 1,612 0.9 0.4 0.7 100.0 100.0 100.0

182 218 -1.8 18 -0.3 174 117 135
655 663 0.8 0.1 0.5 422 421 411

..................................................................................................................................................................

Mtoe

1990 1995 2000

Total 1,318 1,368 1,454
Solid Fuels 302 238 207
Liquid Fuels 545 578 606
Natural Gas 222 274 338
Nuclear 181 205 223
Electricity 2 1 1
Renewable En. Sources 64 72 79
Energy intensity (toe/M€90) 248 241 225
Energy per capita (toe/cap) 3.6 3.7 3.9

Source: PRIMES

P 1999 - The Shared Analysis Project

401 431 2.6 0.7 18 20.0 25.8 26.7
227 199 0.7 21%3 -0.1 15.0 146 123
2 8 2.7 12 21 01 01 0.2
88 100 14 12 13 53 5.7 6.2
190 164 -1.6 -1.4 13
41 42 0.7 0.3 0.5



EU ENERGY IMPORT DEPENDENCY

In view of the above discussion on primary energy supply and
demand, it is not surprising that the energy import dependency of
the EU is projected to rise substantially over the next 25 years. It is
expected that nearly two thirds of overall energy requirements will
come from imports by 2020, compared to less than half in 1995.The
decline in North Sea production after 2000 leads to almost 90 %
dependence on imports for the satisfaction of oil requirements by
2020 (see Table 4-13).

TABLE 4-13: EU ENERGY IMPORT DEPENDENCY, EU-15
(1995-2020)

.................................................................................

.................................................................................
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FINAL ENERGY

Final energy demand is expected to grow marginally faster than pri-
mary energy, rising by 1.2 % and 0.5 % in the 1995-2010 and 2010-
20 periods respectively (see Table 4-14). This small differential bet-
ween primary and final energy demand reflects the improved rate of
conversion efficiency in power generation. The projected changes in
the shares of various fuels over the next 25 years are relatively
modest. The most notable change is the increase by nearly 4 per-
centage points in the share of electricity. This confirms one of the
best-established long-term energy trends, namely, the gradual elec-
trification of the energy system in developed countries. Even by
2020, however, electricity will continue to account for less than a
quarter of total final energy consumption.

Under baseline technology assumptions, novel final energy forms,
such as hydrogen and ethanol, do not make significant inroads, pri-

Total Energy 46.4 47.6 55.0 63.4
Solid Fuels 395 467 528 678 marily due to cost considerations. Biomass will decline in absolute
Liquid Fuels 729 74.4 817 86.1 L .
Natural Gas 399 395 524 67.3 terms due to the decline in the number of agricultural households,

Source: PRIMES

The better reserve situation of natural gas does not prevent a sharp
increase in gas import dependency, from under 40 % in 1995 to
more than 52 % by 2010 and to more than two thirds by 2020, due
to the relatively rapid increase in gas consumption. An almost iden-
tical path to that of gas is followed by coal, the only solid fuel that is
internationally traded. The increase in coal import dependency
effectively reflects the phase out of most of the remaining subsidies
and the consequent increase in the amount of cheap coal imports.

the major users of wood. Other forms of renewable final energy
forms, such as solar water heaters will grow quite rapidly but remain
insignificant as a proportion of overall final consumption. It should
be noted that the projected annual growth in electricity consump-
tion, less than 2 %/a, is quite modest by historical standards — elec-
tricity has historically grown faster than GDP.

These trends in final energy fuels are, to a large extent, determined
by the differential growth rates in the level of energy consumption
and efficiency improvements of the major energy using sectors. For
example, the sharp slow-down in oil demand in the latter part of the

TABLE 4-14: FINAL ENERGY DEMAND BY FUEL, EU-15 (1995-2020)

Annual Growth
rates (%)

Shares (%)

...................................................................................................................................................................

1995 2000 2010 2020 1995/ 2010/ 1995/ 1995 2010 2020
2010 2020 2020

..................................................................................................................................................................

Total Final Energy Demand 888 957 1056 1111 12 0.5 0.9 100.0 100.0  100.0
by fuel
Solid Fuels 44 36 27 20 -3.2 -2.7 -3.0 49 25 18
Liquid Fuels 405 437 479 489 11 0.2 0.8 456 453 44.0
Natural Gas 178 198 212 213 12 0.0 0.7 20.0 20.1 19.1
Steam 70 74 89 102 16 13 15 79 85 9.1
Electricity 170 190 227 266 19 1.6 18 19.1 215 239
Hydrogen 0 0 0 0 - 183 - 0.0 0.0 0.0
Methanol - Ethanol 0 0 0 0 - 85 - 0.0 0.0 0.0
Renewable Energy Sources 22 22 22 21 -0.1 -04 -0.3 25 21 19
Biomass 22 21 21 20 -0.2 -0.6 -0.4 97.4 96.3 94.6
Other 1 0 1 1 22 35 2.7 2.6 3.7 54
by sector
Industry 247 259 283 291 0.9 0.3 0.7 27.8 26.8 26.2
Residential 241 257 268 282 0.7 05 0.6 27.1 254 254
Tertiary 124 140 159 177 17 11 14 14.0 15.1 15.9
Transport 276 301 346 360 15 0.4 11 31.1 328 324

Source: PRIMES

1999 - The Shared Analysis Project q
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projection period is simply the reflection of the lower growth in the
energy demand of the transport sector, the major consumer of oil
products in most developed economies. The increase in transport
energy demand is actually identical to the increase in total demand
for liquid fuels over the 1995-2020 period, implying stagnating ove-
rall oil consumption in the other sectors.

Energy demand in the tertiary sector is the fastest growing segment
of final demand, reflecting the expected restructuring of the econo-
my towards services. The modest growth in residential energy
demand reflects the lack of growth in EU population and the small
increase in the number of households. Overall, by 2020, the trans-
port sector will account for almost a third of EU final energy
consumption, followed by industry and the residential sector, which
will account for 26 % each.

TRANSPORT SECTOR

Energy use in the transport sector is becoming an increasing policy
concern within the EU both from energy and from an environmen-
tal point of view. The near complete dominance of oil products in
the energy needs of this sector has identified, to a large extent, the
security of oil supplies with the rising needs for transport purposes.
Since most countries rely almost exclusively on imports for their oil
needs, there are also significant trade implications. From an environ-
mental perspective, worries about climate change have been added
to longer standing problems of congestion, noise and urban pollu-
tion.

Passenger transport is projected to increase at an annual rate of
1.4 %/a over the next 25 years (see Table 4-15).This increase is lower
than that of income and significantly lower than that suggested by
historical trends. The bulk of passenger transport takes place on
roads through the use of private cars. Road transport accounts for
more than 89 % of total passenger travel and its share is expected to
fall by a very small amount. Both public road and rail transport are in
long-term decline, as a share of total transport, and most of the fall

in the share of car travel will be absorbed by air travel. This is projec-
ted to grow annually at more than 4 %/a in the period to 2020. It has
been the fastest growing mode of transport in the recent past and a
number of factors will contribute to its future fast growth. These
include the changing tastes towards more long distance travel, the
much greater speed of air travel etc.

Energy consumption for passenger transport purposes is projected
to increase significantly less rapidly than overall transport activity.
This is especially the case for road transport, which accounts for the
bulk of energy used in the transport sector. Energy demand in road
transport is projected to grow by only 0.7 %/a, significantly below
the corresponding travel activity. This substantial improvement in
energy intensity is all the more impressive if the growing size and
degree of comfort of future cars is taken into account. It is important
to note that the baseline projections on passenger transport do not
take into account the 1998 voluntary agreement between the EU
Commission and the European car manufacturers. If successful in
achieving its targets, this agreement could result in substantial ener-
gy savings for the EU and could contribute significantly to the limi-
tation of CO, emissions.

Goods transport is closely associated with overall economic activity
and, historically, this activity has grown at least as fast as GDP. Over
the next 25 years, this trend is expected to be reversed and freight
tonne kilometres (tonne-km) are expected to grow somewhat less
than GDP.The main reason for this is the rapid growth in the service
sector and the high added value manufacturing activity in the EU
economy. These sectors are less freight intensive than the more tra-
ditional basic manufacturing and extraction activities.

Road freight is projected to broadly maintain its share in overall
freight activity against the use of rail. Efficiency improvements in
freight are expected to be more modest than in passenger trans-
port.

TABLE 4-15: TRANSPORT SECTOR: PASSENGER ACTIVITY AND ENERGY DEMAND, EU-15 (1990-2020)

.................................................................................

................................................................................

17,545 1.0 14 14 14
6,742 185 16 15 16 1000 1000 100.0

Travel per person (km/capita) 11,662 122287 15201
Total passenger travel (Gpkm) 4247 4567 5,823
of which
road transport 3,797 4,067 4,939
aviation 160 194 411
Total energy demand (Mtoe) 175 190 240
of which
road transport 138 149 178
aviation 28 32 52

Source: PRIMES

b 1999 - The Shared Analysis Project

Annual growth rates (%) Shares (%)

..................................................................................

..................................................................................

5435 14 13 1.0 12 89.4 89.1 84.8
592 4.0 51 3.7 4.6 38 43 7.1
252 17 16 05 11 1000 1000 100.0

178 185 12 0.0 0.7 79.2 78.2 74.0

62 33 31 19 2.7 158 17.0 21.4



INDUSTRY

Sectors that have been in long decline in the EU, like iron and steel,
textiles and non-ferrous metals, are projected to show negligible or
even negative energy demand growth over the period to 2020.From
an energy point of view, by far the most important of these sectors
is the iron and steel sector which, even after a long period of decli-
ne, still accounted for more than 20 % of overall industrial energy
demand in 1995. Energy consumption in other energy intensive
industries, such as chemicals and paper and pulp, will increase more
rapidly than overall industrial energy demand. This largely reflects
the extensive restructuring that has already taken place in these sec-
tors over the recent past and the limited scope for further energy
savings.
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The differential trends in industrial sub sectors are reflected in the
changes in fuel shares of the sector (see Table 4-16). Again, the most
notable case is the rapid decline in the use of solid fuels, reflecting
the decline in the iron and steel sector. Most other changes in fuel
shares are relatively modest and reflect a broad trend towards clea-
ner fuels, such as electricity, natural gas and diesel oil. Residual fuel
oil is declining for similar reasons.

Steam growth, which grows consistently faster than overall indus-
trial energy demand, reflects the increased opportunities for co-
generation and CHP, partly due to the assumed changes in market
structure. However, the overall effect is small. In general, there is a
"greening" of energy use by industry: Fuels that are carbon intensi-

ve tend to decline in absolute terms while "clean" fuels tend to grow.
This applies also to the oil product mix.

TABLE 4-16: INDUSTRIAL ENERGY DEMAND BY FUEL, EU-15 (1990-2020)

Mtoe Annual growth

rates (%)

1990 1995 2010 2020 1990/ 1995/ 2010/ 1995/ 1995 2010 2020
1995 2010 2020 2020

..................................................................................................................................................................

Shares (%)

Total 256 245 282 290 -09 09 03 0.7 1000 1000  100.0
Solid fuels 440 332 25.0 199 55 -19 23 -20 136 8.9 6.8
Liquid fuels 311 327 346 346 1.0 04 0.0 0.2 133 12.3 119
liquified petroleum gas 29 3.7 42 42 438 0.8 0.1 0.5 15 15 14
naptha 16 0.0 0.0 00 -100 - - - 0.0 0.0 0.0
diesel oil 94 9.6 122 13.0 04 16 0.6 12 39 43 45
residual fuel oil 12.4 11.0 11.0 105  -23 0.0 -05 -0.2 45 39 36
other petroleum products 47 84 7.2 69 121 -1.0 -0.4 -0.8 34 2.6 24
Natural gas 55.6 534 68.3 685 -08 17 0.0 1.0 218 242 236
Steam 55.1 543 66.4 733 -03 13 1.0 12 222 236 252
Electricity 69.8 713 875 942 04 14 07 11 29106 3104 32435
Non-energy demand 81.0 929 1087 1165 238 11 0.7 0.9

Source: PRIMES

RESIDENTIAL

Energy demand in the residential sector is expected to grow very
modestly over the next 25 years primarily because of the relatively
stable population in the EU and increases in energy efficiency. Thus,
the annual growth in energy consumption in the 1995-2010 period
is expected to be 0.7 % while, after 2010, the sector's energy needs
are expected to grow by 0.5 %/a. The implied energy intensity®
improvement of nearly 1.5 %/a is quite optimistic when compared
to the recent past. It is partly based on the assumption of significant
improvements in the energy efficiency of appliances and other
energy using equipment of households.

Electricity use is expected to remain the fastest growing fuel in the
sector although its differential growth rate, when compared to that
of other fuels, will be significantly more modest. The increased pene-
tration of air conditioning, especially in southern EU countries, as
well as the greater number of electric appliances per household, are
the main reasons for the fast growth in electricity demand. The use
of solid fuels by households will drop sharply over the next 25 years
mainly because of the decline in agricultural households.

2 Energy intensity in households is computed using households income as the denominator.

1999 - The Shared Analysis Project q
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TABLE 4-17: FINAL ENERGY DEMAND IN THE RESIDENTIAL SECTOR, EU-15 (1990-2020)

...............................................................................

1990 1995 2010
Total energy consumption 232 240 267
of which
solids 20 8 1
liquids 64 62 67
natural gas 76 89 101
new fuels 20 21 21
steam 9 10 13
electricity 45 50 64
Income per household(€90) 22,765 23,073 29,694
Energy Intensity(toe/M€90) 75 72 58
Energy per capita (toe/capita) 0.64 0.65 0.70

Source: PRIMES

SERVICES AND AGRICULTURE

The tertiary sector shows one of the fastest growth rates among all
the final energy use sectors. As was seen in the discussion of future
macroeconomic trends, much of the future economic growth is like-
ly to originate from the service and trade sector, which already
account for the bulk of the EU economy. The negative impact of the
consolidation of the public sector, which is also included in this sec-
tor, is assumed to decline gradually.

Overall annual energy demand growth in the sector is expected to
average 1.7 %/ain the period to 2010 and to decelerate to 1 % in the
following decade as the overall economic growth rate moves to a
lower level. An annual intensity®® improvement of close to 1 % is pro-

Annual growth
rates (%)

Shares (%)

...................................................................................

2020 1990/

2010/ 1995/ 1995 2010 2020
1995 2010 2020 2020

...................................................................................

20 11 0.1 -0.3 -0.2 8.8 7.7 71
14 24 18 0.9 14 41 4.9 5.0
75 2.3 17 1.6 1.6 20.9 24.0 26.7

...................................................................................

...................................................................................

..................................................................................

jected throughout the projection period. This can be considered
quite optimistic, as can be seen from the trends of the 1990-95 per-
iod when there was an actual increase in energy intensity.

Electricity, which already accounts for more than a third of the ener-
gy consumption of the sector, is projected to be the fastest growing
fuel. This is due both to the continued penetration of electricity in
space heating and cooling and to the increase in the number and
variety of electric appliances, such as computers. Steam is also
expected to continue to make inroads into this sector primarily due
to the changing market structure. Solids will gradually disappear as
a fuel for this sector.

TABLE 4-18: FINAL ENERGY DEMAND IN SERVICES AND AGRICULTURE, EU-15 (1990-2020)

................................................................................

1990 1995 2010

................................................................................

Total energy consumption 110.3 124.3 159.0
Of which
solids 6.7 15 0.3
liquids 3438 375 395
natural gas 25.7 349 421
electricity 379 432 65.8
steam 41 57 10.0
new fuels 12 15 13
Value Added(000ME 90) 3244 3589 5348
Energy Intensity(toe/M€90) 34.0 34.6 29.7

Source: PRIMES

Annual growth
rates (%)

Shares (%)

..................................................................................

2020 1990/

1995/ 1995 2010 2020
1995 2010 2020 2020

..................................................................................

176.9 2.4 17 11 14 1000 100.0 100.0
0.2 -25.3 -10.2 -4.7 -8.0 12 0.2 0.1
36.7 15 0.4 -0.7 -0.1 30.1 24.8 20.8
38.4 6.3 13 -0.9 0.4 28.1 26.5 21.7
86.6 2.6 2.8 2.8 2.8 34.8 414 48.9
14.0 72 3.8 34 3.6 4.6 6.3 7.9
1.0 44 -0.8 2225 15 12 0.8 0.6

...................................................................................

..................................................................................

z Energy intensity in services and agriculture is computed using sectoral value added as the denominator

p 1999 - The Shared Analysis Project
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TABLE 4-19: ELECTRICITY DEMAND BY SECTOR, TWH, EU-15 (1995-2020)

TWh Annual growth rates (%) Shares (%)
1995 2010 2020 1995/ 2010/ 1995/ 1995 2010 2020
2010 2020 2020

..................................................................................................................................................................

Industry 858 1,046 1,122 13 0.7 11 423 39.1 35.9
Tertiary 503 765 1,007 2.8 2.8 2.8 24.8 28.6 322
Households 582 747 873 17 1.6 16 28.7 28.0 28.0
Transport 55 100 111 4.0 11 2.8 2.7 3.7 3.6
Others 32 15 10 -5.0 -3.8 -4.5 1.6 0.6 0.3
TOTAL 2,030 2673 3,124 1.9 16 1.7 100.0 100.0 100.0

Source: PRIMES

ELECTRICITY AND STEAM GENERATION consequence of technology progress allowing for smaller-scale dis-
tributed heat networks, steam applications in the tertiary sector are

Because of a number of favourable characteristics of electricity there . . o .
expected to grow quite rapidly over the projection period.

is a well-established long-term trend towards increased electrifica-

tion in most sectors of developed economies. These characteristics o .
The bulk of the above electricity and steam requirements have to be

produced within the EU and an allowance needs to be made for the
significant transmission and distribution losses. Electricity imports

include easy controllability, precise measurement, cleanliness at the
point of use and concentration of useful energy. Increasingly, a num-
ber of processes, appliances and applications can use energy only in . . o
L L remain negligible for the EU as a whole and they are usually signifi-
the form of electricity. Overall, the use of electricity is expected to
expand by 1.7 %/a over the projection period and its growth is

expected to be especially rapid in the tertiary and transportat sector,

cantly below 1 % of total consumption. Of course, electricity imports
can be quite significant for individual EU countries and they are like-

. L o . ly to adjust as the electricity markets become more integrated, at
though the latter is still of limited significance as an electricity mar-

ket least at EU level. Transmission and distribution losses are expected
et.

to increase somewhat less than total electricity production due to

. . . . better management. Steam losses as a share of steam production
Steam demand is projected to grow by 1.3 %/a in the period to 2010

and by 0.9 %/a in the following decade. The industrial sector is the
dominant user of steam. Households and the tertiary sector are
potentially large users of distributed heat, mostly for heating pur-
poses, but their distance from generation plants, where steam is a by
product, and the difficulties involved in its transport, have prevented

are expected to decline due to better insulation.

Total power capacity requirements for the EU will increase by some
300 GW to more than 50 % in the 1995-2020 period (see Table 4-20).
Traditional coal and oil plants will decline very rapidly. Similarly, due

. . . . o to the decommissioning of older plants, there is a modest decline in
extensive use. It is only in countries such as Denmark, where specific

incentives have been provided for the development of district hea-
ting systems, that steam plays a significant role outside industry.

the capacity of nuclear plants while nearly half of the thermal plant
capacity currently utilised by independent producers is also expec-

. L ted to be scrapped. These declines in capacity are more than made
Partly because of the shift towards decentralisation, and partly as a o . . .
up for by the dramatic increase in the gas turbine combined cycle

TABLE 4-20: GENERATING CAPACITIES IN GW, EU-15 (1995-2020)

GW Annual growth rates (%) Shares (%)
1995 2010 2020 1995/ 2010/ 1995/ 1995 2010 2020
2010 2020 2020

..................................................................................................................................................................

Nuclear 132 135 117 0.2 -14 -0.5 231 18.8 134
Coal and Lignite 180 101 37 -3.8 -9.6 -6.1 315 141 4.2
Open Cycle multi-Fired 66 60 122 -0.6 73 25 115 8.4 14.0
Open Cycle of IPP 33 25 21 -1.8 -2.0 -1.9 5.8 85 24
GTCC and small GT 46 254 384 12.0 4.2 8.8 8.1 354 44.1
Clean Coal and Lignite 0 3] 27 145 227 17.7 0.1 05 31
Biomass-Waste of Utilities 4 5 6 12 25 17 0.7 0.7 0.7
Fuel Cells 0 0 0 0.0 0.0 0.0
Hydro-Renewables 109 134 158 13 17 15 19.2 18.6 18.1
Total Capacities 570 717 872 15 2.0 1.7 100.0 100.0 100.0

Source: PRIMES

1999 - The Shared Analysis Project q
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plants.These increase by more than 8 times over the projection per-
iod to reach 384 GW or around 45 % of the total installed capacity by
2020. This rather spectacular growth, brought on line by both utili-
ties and smaller producers, is due to the significant cost and envi-
ronmental advantages that this form of power generation has
demonstrated in recent years.

Significant growth in generation by clean coal plants and biomass
generation is also expected to occur over the next 20 years.
However, these forms of power generation will still only account for
less than 5 % of total generation capacity by 2020. The rate of grow-
th in electricity generation from hydro power and other renewable
energy forms is projected to be more modest. However, the increase
in their capacity (nearly 50 GW between 1995 and 2020) will make a
significant contribution.

Technological advances and changes in market structure will redu-
ce the dominance of utilities in electricity generation. Thus, utilities
are expected to own 78 % of the generation stock by 2020, compa-
red to more than 90 % in 1995. This trend is clearly related to the
widespread use of gas turbines since the economics of this form of
generation indicate that economies of scale benefits are very limited
above a rather modest size of a turbine.

The use of gas turbines in combined cycle mode will also greatly
encourage the more widespread use of steam, especially by inde-
pendent producers. CHP plants, usually through the use of GTCC, are
expected to account for nearly three-quarters of steam generation
by 2020.

A significant improvement is expected to occur in the efficiency of
power generation. The efficiency of the overall generation system
(including electricity production, as well as steam production from
CHP plants and industrial boilers) is expected to increase by 12 per-
centage points to reach 66 % by 2020. The efficiency of electricity
generation will improve from 34 to 45 % between 1995 and 2020.
These projections are closely dependent on the projection of total
new capacity requirements as well as on the expectation that the
bulk of new capacity will be GTCC. This is because GTCC is much
more efficient than established power stations and new single cycle
coal plants. Thus, the greater the new capacity requirements and the
proportion of GTCC in new plants, the greater the likely efficiency of
the overall power generation system.

The trends in fuel use for steam and power generation purposes
reflect the trends in the choice of fuel for new capacity requirements
and trends in efficiency. The use of coal and lignite will decline quite
dramatically between 1995 and 2010 but after that it will recover to

b 1999 - The Shared Analysis Project

reach, and marginally exceed, its 1995 level. This is due to the increa-
sed decommissioning of nuclear plants after 2010. Interestingly, the
increase in gas consumption, rising by two and a half times over the
projection period, is substantially less than the nearly tenfold increa-
se in the use of gas turbines. This is due to the rising efficiency of
GTCC but also to the use of gas not only for base-load generation
but also for medium and peak load purposes, usually through the
use of single cycle gas turbines. Oil use for generation purposes will
decline by almost a third between 1995 and 2020 as many of the
existing oil plants are kept only as part of the required reserve mar-

gin.

4.2.3 ENVIRONMENTAL IMPLICATIONS

THE OUTLOOK FOR CO5 EMISSIONS

CO, emissions are projected to increase annually by 0.6 %/a in the
1995-2020 period. A comparison of these figures with those of total
primary energy demand reveals that the carbon intensity of the EU
energy system will decline in the first part of the projection period,
by 0.3 %/a. However, CO, emissions are projected to increase margi-
nally faster than energy demand after 2010. The main reasons for
this are, firstly, the increase in the use of nuclear power in the period
to 2010 and its decline thereafter and, secondly, the faster penetra-
tion of less carbon intensive fossil fuels in the period to 2010.
Emissions from solid fuels will decline rapidly in the period to 2010
but rise almost as rapidly in the 2010-20 period. On the other hand,
emissions from natural gas will increase more than twice as fast in
the first part of the period, reflecting the "dash for gas" that is cur-
rently taking place in the power generation systems of most EU
countries. In absolute terms, the increase in emissions from gas more
than compensates for the sharp decline in emissions that results
from the decline in the use of solid fuels.

Under the assumptions of the baseline scenario presented here, the
EU will not manage to stabilise CO, emissions, let alone decrease
them in accordance to the commitment undertaken at Kyoto. By
2010, EU emissions will be 7.1 % higher than they were in 1990. It is
important to note that this increase takes place despite two unique
occurrences that have led to a drastic reduction in post 1990 emis-
sions in two of the largest economies within the EU, namely, the UK
and Germany. In the latter, the reunification led to a sharp decline in
the emissions of the eastern "Laender" as gas has replaced lignite-
based town gas and as the economy of this region restructured
drastically. In the UK there was a massive penetration of gas in the
power generation system. Baseline CO, emissions in the EU are pro-
jected to continue increasing after 2010 and by 2020 they are expec-
ted to be 14 % higher than their 1990 level.
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TABLE 4-21: CO, EMISSIONS BY FUEL, EU-15 (1990-2020)

Annual growth o
rates (%) Shares (%)

..................................................................................................................................................................

1990 1995 2010 2020 1995/ 2010/ 1995 2010 2020

2010 2020

Total 3,079 3,037 3,298 3,508 0.6 0.6

Solids 1,093 870 664 819 -1.8 21 355 20.1 233
hard coal 616 547 397 569 -2.1 3.7 62.8 59.8 69.5
coke 125 93 64 52 -2.5 -2.2 10.7 9.7 6.3
lignite 280 210 199 196 -0.4 -0.1 241 29.9 239

Liquids 1421 1509 1709 1714 0.8 0.0 46.1 51.8 48.9
gasoline 354 350 424 425 13 0.0 232 24.8 24.8
kerosene 91 108 169 202 3.0 18 7.2 9.9 118
diesel oil 576 640 729 729 0.9 0.0 424 427 425
fuel oil 266 261 227 194 -0.9 -1.6 17.3 133 113

Gas 565 658 925 975 2.3 0.5 18.4 28.0 27.8
natural gas 483 591 873 934 2.6 0.7 89.8 94.4 95.8

Source: PRIMES

It is not surprising that, in the period to 2010, the sectors with the
fastest increase in emissions are those where energy demand is
expected to grow fastest, namely the tertiary and transport sectors.
However, in terms of their absolute contribution to the increase in
emissions it is the transport sector, which will account for more than
two thirds of the overall increase in emissions between 1995 and
2010. After 2010, the transport sector will no longer be the main
contributor to CO, emissions growth. This role will be taken up by
electricity and steam generation, almost solely responsible for the
increase in emissions between 2010 and 2020. By 2020, it will
account for more than 40 % of EU emissions.

Given the stagnation of carbon intensity, COo emissions do not grow
at the rate of economic growth because of the improvement of
energy intensity. Emissions could be higher by 2010 if the improve-
ment of energy intensity were to prove slower than projected under
baseline assumptions.

Energy intensity improvement is the major factor in moderating the
rise of CO, emissions in the baseline projection for the EU. The
impact of changes in the carbon intensity of fossil fuels will also be
beneficial until 2010, after which the increased demand for coal
leads to a rise in the carbon intensity of fossil fuels. The fossil fuel
intensity of primary energy consumption actually contributes to a
marginal increase in emissions as a result of the relative stagnation
of nuclear and hydro.

4.3 ENERGY TRENDS AND UNCERTAINTIES IN
CENTRAL AND EASTERN EUROPEAN ACCESSION
COUNTRIES*/#

Following the collapse of most centrally planned economies in the
late 1980s, Central and Eastern European countries are still currently
undergoing substantial restructuring and reforms towards a market
economy. The region as a whole experienced a sharp recession until
1993 after which a process of slow recovery began.

This analysis to date includes 7 of the candidate countries of Central
and Eastern Europe, namely the Czech Republic, Hungary, Poland,
Slovenia and the three Baltic States (Estonia, Latvia, Lithuania — for
which separated historical data have not always been available for
this analysis). These countries are called here “accession countries”
solely for having a short name in the following analysis.

In response to the negative economic conditions gross inland ener-
gy consumption and indigenous energy production in central and
eastern European accession countries followed a downward trend,
declining in 1996 to 86 % and 81 % of their 1988 levels respectively.
The biggest share in the decline in demand was that of solid fuels
followed by oil while primary energy consumption of natural gas
increased by about 30 % in 1988-1996. However, by 1996, solid fuels
still dominated consumption although their share fell from 60 % in
1980 to 53 % in 1996. Oil and gas accounted for 21 % and 16 % of pri-

24 Central and Eastern European accession countries include the Czech Republic, Hungary, Poland, Slovenia and Estonia. However, due to a lack of analytical historical statis-

tics for the Baltic States, Latvia and Lithuania are also included in the accession countries.

5 The discussion of recent trends in this section is based on the 1998 Annual Energy Review of the European Commission.

1999 - The Shared Analysis Project q
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TABLE 4-22: PRIMARY ENERGY DEMAND, CENTRAL AND EASTERN EUROPEAN ACCESSION COUNTRIES, 1995-2020

Mtoe Annual growth rates (%) Shares (%)
1995 2000 2010 2020 1995/ 2010/ 1995/ 1995 2010 2020
2010 2020 2020
Gross Inland Consumption 187.2 1929 2210 2546 11 14 1.2 100.0 100.0 100.0
Solid Fuels 100.4 931 84.6 76.7 -11 -10 -11 53.6 383 30.1
Liquid Fuels 39.3 413 484 61.3 14 24 18 210 219 241
Natural Gas 29.0 382 655 919 5.6 34 47 155 297 36.1
Nuclear 112 118 122 123 0.5 0.1 04 6.0 55 48
Electricity -0.2 -03 -0.7 -0.6 6.9 -0.6 38 0.1 0.3 -0.2
Renewable Energy Sources 75 89 10.9 13.0 25 17 22 4.0 49 51
CO, Emissions (Mt CO5) 555 553 604 674 0.6 11 0.8
Energy intensity (toe/M€90) 1494 1243 910 718 -3.2 2.3 -29
Carbon Intensity (t of CO5/toe) 297 2.87 2.74 2.65 -0.5 0.3 -04
Import dependency (%) 175 28.3 442 5515

Source: NTUA estimates

mary energy consumption in 1996. Production from all fossil fuels
also fell substantially since 1985 in the accession countries as a result
of the restructuring of their economies. With a limited oil and gas
resource base the countries of the region are net importers of crude
oil and natural gas which they import mainly from Russia. In 1996,
almost 95 % of total oil demand was covered by imports. Net
imports of natural gas increased by 60 % between 1988 and 1996,
from 15.8 Mtoe to 25.4 Mtoe.

As regards the future evolution of the energy system in this region,
primary energy consumption is expected to grow annually by
1.1 %/a in the 1995-2010 period and by slightly more (1.4 %) bet-
ween 2010 and 2020. The implied energy intensity improvement

is expected to improve and to reach an annual rate of more than
2.9 %/a in 1995-2020 (see Table 4-22). The economic recovery after
1993, the industrial restructuring, the opening up to competition
and the 'rationalisation' of the energy system initialised by the
advent of economic reforms, as well as, the accelerated substitution
of solid fuels with natural gas explain this change. The significant
decrease of primary production, especially in solid fuels, will result in
a growth of import dependency from 17.5 % in 1995 to more than
55 % in 2020.

The use of solid fuels is expected to decrease substantially in the
projection period, both in absolute terms and as a proportion of
total energy demand. The share of solids will drop from 54 % in 1995

TABLE 4-23: FINAL ENERGY DEMAND BY SECTOR AND BY FUEL,

CENTRAL AND EASTERN EUROPEAN ACCESSION COUNTRIES, 1995-2020

1995 2000 2010

Total Final Energy Demand 117.9 1225 1425
by Fuel
Solid Fuels 314 271 20.4
Liquid Fuels 275 29.2 369
Natural Gas 18.9 243 345
Heat 17.2 16.7 16.7
Electricity 16.4 18.0 251
Renewable Energy Sources 6.4 7.2 8.8
by Sector
Industry 423 43.0 475
Residential and Tertiary 58.2 60.8 69.5
Transport 174 18.6 255

Source: NTUA estimates
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Annual growth rates (%) Shares (%)

..................................................................................

2020 1995/ 2010/ 1995/ 1995 2010 2020
2010 2020 2020
169.9 13 18 15 100.0 100.0 100.0
16.2 -2.8 -2.3 -2.6 26.7 143 95
48.4 20 2.7 2.3 233 259 285
437 41 24 34 16.1 242 25.7
16.6 -0.2 -0.1 -0.2 14.6 118 9.8
345 2.9 3.2 3.0 139 176 20.3
105 21 18 2.0 55 6.2 6.2
52.9 0.8 11 0.9 35.9 333 311
79.5 12 14 13 49.4 48.8 46.8
375 2.6 3.9 31 14.8 179 221



to around 30 % in 2030. This is to the advantage of natural gas which,
spurred by its very rapid penetration in new power generation
plants and on the demand side, will increase its market share by
more than 20 percentage points in 1995-2020. The shares of oil and
renewable energy forms in primary consumption show a moderate
increase in the projection period.

Final energy demand in central and eastern European accession
countries peaked in 1985 at close to 154 Mtoe and then declined
sharply to reach 116 Mtoe in 1994.There was a moderate increase of
about 2 % in the level of final demand in 1995, further accelerated to
5.6% in 1996.The main contributor to the decline was solid fuels, the
consumption of which fell by 45 % between 1985 and 1996 due to
the slowdown in the output of the steel industry and reductions in
the use of solids for heating and cooking purposes. Oil, mainly a
transport fuel exhibited a decline in consumption of "only" 3 % due
to increases in the number of private cars. On the contrary, natural
gas consumption increased by 35 % in the 1985-1996 period, due to
its rapid penetration in the tertiary and household sector which
occurred to the detriment of district heat. For the latter a decrease of
more than 30 % was observed in 1985-1996. Finally, electricity
demand remained quite stable in the 1985-1996 period.

Final energy demand is expected to grow marginally faster than pri-
mary energy (because of improved rates of conversion efficiency in
power generation), rising by 1.3 % and 1.8 % in the 1995-2010 and
2010-20 periods respectively. The decline of solid fuels in final uses (-
2.6 %/a between 1995 and 2020) is more evident than at the prima-
ry level as they are substituted by natural gas and electricity which
rise by 3.4 % and 3.0 %/a respectively in the same period. Oil will
become a fuel for transport. The increase in transport energy
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demand is actually greater than the increase in the demand for
liquid fuels over the 1995-2020 period, implying a decline in oil
consumption in the other sectors.

Energy demand in the transport sector is the fastest growing seg-
ment of final demand. By 2020, the residential and tertiary sector will
account for almost half of final energy consumption, followed by
industry and the transport sector, which account for around 30 %
and 22 % of consumption respectively.

Electricity generation in central and eastern European accession
countries, despite a peak of 303 TWh in 1989, followed a downward
trend reaching a minimum of 261 TWh in 1994. It started recovering
afterwards with an increase of 3.5 % in 1995 and 4 % in 1996. In
1996, thermal production was still dominant, with 80 % of total
generation, despite the reduction of its share from 88 % in 1985.
Thermal production in 1996 relied mainly on solid fuels (90 %) follo-
wed by gas (5.5 %) and oil (5 %), a fuel mix that has not changed
significantly during the 1985-1995 decade. Nuclear and hydro gene-
ration increased both in absolute terms and as a share in total gene-
ration.

The use of electricity is expected to expand by 3 %/a over the pro-
jection period. District heat demand is projected to remain quite
stable at its 1995 levels. Table 4-24 demonstrates the trends projec-
ted for the power and heat generation system of the Central and
Eastern European accession countries. As this analysis does not
include assumptions on policy shifts in the framework of these
accession countries becoming members of the EU, there are no
assumptions on the decommissioning of nuclear plants not meeting
EU safety standards. Therefore, nuclear production is projected in

TABLE 4-24: POWER GENERATION IN CENTRAL AND EASTERN EUROPEAN ACCESSION COUNTRIES, 1995-2020

Annual growth rates (%) Shares (%)

..................................................................................................................................................................

1995 2000 2010 2020 1995/ 2010/ 1995/ 1995 2010 2020
2010 2020 2020

..................................................................................................................................................................

Electricity Generation in TWh 2705 2914 3549 4491 18 24 20 100.0 100.0 100.0
Nuclear 42.9 451 46.7 47.2 0.6 0.1 04 15.8 132 105
Hydro - Renewables 10.6 130 17.7 21.0 35 17 2.8 3.9 5.0 4.7
Thermal (incl. biomass) 2170 2333 2905 3809 20 2.7 2.3 80.2 81.8 84.8

Fuel Inputs for Power and Steam
Generation in Mtoe 771 80.5 96.0 1119 15 15 15 1000 1000 100.0
Solids 62.0 60.4 60.1 57.6 -0.2 -04 -0.3 80.3 62.6 51.5
Qil 6.5 7.0 54 6.4 -1.2 17 0.0 8.4 5.7 5.7
Gas 85 127 29.8 47.2 8.7 4.7 7.1 111 311 422
Biomass / Waste 0.2 0.5 0.6 0.7 95 0.8 5.9 0.2 0.6 0.6

Source: NTUA estimates
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As future developments cannot be predicted, economic analysis
considers alternative developments of the contextual conditions
and of structure or technological changes in alternative scenarios.
When only a few contextual conditions are varied and many
assumptions of a scenario remain unchanged, these alternative pro-
jections are called variants of a given scenario. Finally, sensitivity
analysis covers those projections where only one or two assump-
tions have been varied in order to analyse their particular implica-
tions on the energy system.

In this chapter, major attention is given to a few changes of impor-
tant boundary conditions of the Baseline Scenario: at the global
level, the influence of the energy resource availability and economic
growth has been analysed, and the results are discussed together
with other available projections on world energy demand. For the
EU, alternative projections with PRIMES are used to analyse the
implications of reducing CO, emissions according to the Kyoto com-
mitments. In addition, sensitivity analyses serve to explore uncer-
tainties regarding in particular the future of nuclear energy in
Europe, the case of higher oil and gas import prices, the possible dif-
fusion of more efficient new cars, and of different developments of
structural change in the economy. These alternative projections give
useful insights into the dynamics of the energy system and for par-
ticular sectoral and policy aspects.

5.1 ALTERNATIVE SCENARIOS ON WORLD ENERGY

Uncertainties surround the future dynamics of the world energy sys-
tem, in particular those concerning the global and regional eco-
nomic growth, technology development, the energy intensity trends
and world oil and gas resources constraints. These factors determine
the long-term oil price trend which, in turn, also influences the evo-
lution of energy intensity, technological progress and substitution
between fuels.

Scenarios based on different POLES model simulations allow the
exploration of this interrelationship through some other energy
futures around the baseline. The different scenarios have been sim-
ulated using the following crossed hypotheses on the economic
recovery of the emerging countries from the financial crisis and on
oil and gas resources (Table 5-1).

The comparison with other reference world energy outlooks to 2020
(IEA, US DOE) sheds some light on the impact of the resource con-

Economic growth
Resources

.........................................................................................
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TABLE 5-1: STRUCTURE OF HYPOTHESES FOR ALTERNATIVE

SCENARIOS ON THE WORLD ENERGY SYSTEM

Economic recovery  Protracted crisis

from Asian crisis

Standard resources (USGS mode) * S1 S3
High resources (USGS 5 %) Baseline S4

(*) USGS: US Geological Survey

straints on long-term oil prices. Another comparison with the WEC-
IIASA scenarios, which have a more ambitious goal drawing atten-
tion to the expanding range of options in the very long term (2020-
2050), also helps to locate the baseline scenario in terms of techno-
logical orientation and business as usual growth of CO, emissions.

5.1.1 THE INFLUENCE OF GLOBAL RESOURCE CONSTRAINTS AND
OF WORLD ECONOMIC GROWTH ON LONG-TERM OIL PRICE

POLES simulations present the originality of producing endogenous
projections for international energy prices: oil and natural gas prices
depend on the resource constraints as they are a function of the
Reserves/Production ratios (R/P) in the long term®.

The two driving forces for oil price trends are world economic
growth and the degree of the resource constraint. The scenario of
protracted crisis (S4), with a slow recovery lasting until 2007, shows
that a lower level of global economic activity (losing around 7 % of
GDP in 2020 in comparison with the pre-crisis scenario) has a small
impact on the oil price (-1$/barrel in 2010 and 2020, by comparison
to the reference case®).

One main question remains with the imminence of the pressure on
oil and gas resources before 2020 and their eventual effect on
respective prices. A more pessimistic view on the resource availabil-
ity produces an energy market future quite different from the base-
line scenario.

The level of recoverable resources derived from the US Geological
Survey (USGS) depends on the probability of converting resources
to proven reserves by discoveries and development,and on assump-
tions concerning the recovery rate increase over time. The reference
case, which is based on a hypothesis of abundant resources, sup-
poses a supplement in recoverable resources of 500 billion barrels
(70 billion tonnes) on top of the 2,400 billion barrels (340 billion

26 - . . . _— Lo
The model accounts for 20 production regions and assumes an increasing recovery rate with time; resources are transferred to reserves and cost of production increases

according to endogenous functions.

%7 On the 1990-2020 period, the average rate of growth is reduced to 3.0 %/a, instead of 3.4 %/a.

p 1999 - The Shared Analysis Project
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TABLE 5-2: COMPARISON OF THE OIL PRICE TREND BETWEEN THE BASELINE SCENARIO AND
THE MODERATE RESOURCE SCENARIO, 2010-2030

2010 2020 2030
Abundant Moderate Abundant Moderate Abundant Moderate
resource resource resource resource resource resource
(Baseline) (S1) (Baseline) (S1) (Baseline) (S1)
R/P Ratio (years) 374 36.0 328 29.9 29.4 25.6
Oil price ($90/barrel) 16.9 19.3 20.1 25.0 23.0 30.4

Source: POLES

tonnes) for the USGS "mode" estimate. Additional unconventional
oil reserves of 1000 billion barrels are added when prices exceed
$20/barrel. If the supplement of discovery is ignored, the oil price
increases more rapidly than in the baseline scenario: +2.4 $/barrel in
2010, +5%/barrel in 2020%. The impact of the resource constraint is
stronger in the following decade, creating a difference of $7/barrel
in 2030 with respect to the baseline.

In its reference case the DOE's International Energy Outlook 1998
considers an exogenous price of $19.1/barrel in 2020, with an opti-
mistic view on resources”. On the other side, because of the
assumption of a more restricted endowment of the non-Gulf coun-
tries with cheap oil resources, the IEA's World Energy Outlook 1998
is more pessimistic with a $25/barrel price in 2020 in the reference
case®.

CHANGE IN THE DISTRIBUTION OF WORLD OIL PRODUCTION

The different assumptions on resources between the two POLES
scenarios (baseline and S1) also shed light on the future distribution
of world oil production in the case of moderate resources. The S1
scenario shows a reconcentration of production on the Gulf coun-
tries between 2000-2020 (from 26 % to 46 %, instead to 37 % in the
baseline). On the other hand, the situation of abundant resources

(baseline) would allow a more diversified oil production and trade
with important discoveries outside the Gulf. This looks like a para-
doxical evolution: lower oil prices and more non-Gulf oil production.
But this can be easily explained, as oil is more abundant in every
region, allowing higher level of production in non-Gulf regions,
while the Gulf countries reduce their production as they behave as
"swing producers" on the oil market.

In the "moderate resource" scenario S1, the non-conventional
resources have, however, an important role to play by adding a sub-
stantial amount of competitive resources when the oil price increas-
es beyond $20-25/barrel. The 2010/2020 period could be crucial for
a significant contribution of unconventional oil to the world global
oil supply®, with a rapid technical progress and an improving recov-
ery rate. They may reach a share of around 6 % in 2020 and 14 % in
2030 (instead of respectively 3.6 % and 10 % in the baseline).

An important feature to underline in the moderate resource sce-
nario is that, given the location of the main unconventional
resources in the West, the Gulf share in world oil production stays
around the level of 46 % after 2020. Moderate conventional
resources will thus not necessarily imply a dramatic concentration of
world oil production on the Middle East.

TABLE 5-3: EVOLUTION OF THE DISTRIBUTION IN WORLD OIL PRODUCTION (MTOE), 1990-2030

1990 2010
(Baseline)
Gulf 815 1,750
Non-Gulf conventional 2,445 2,655
Non conventional 15 65
Total 3,275 4,470

2020 2030
S1 (Baseline) S1 (Baseline) S1
1,920 2,020 2,390 2,440 2,830
2,295 3,210 2,450 3,420 2,365
100 195 315 575 865
4,315 5,425 5,155 6,435 6,060

Source: POLES

211 19903

29 Energy Information Administration (US DOE) — International Energy Outlook 1998, Washington: US DOE, April 1998.

%0 |nternational Energy Agency — World Energy Outlook 1998, Paris, OCDE, 1998.

8 Profitability appears at a price over $10 for Orinocco ultra heavy oil and $17 for tar sands.

1999 - The Shared Analysis Project
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TABLE 5-4: TREND IN PRIMARY FUEL PRICES ($90/BARREL), 1990-2020

1990
Qil Baseline 23.8
S1 238
Gas* Baseline 15.2
S1 15.0
Coal* Baseline 10
S1 10

2000 2010 2020
112 171 20.2
111 20.1 2515
9.8 151 19.8
10.0 173 24.9
8.9 9.6 10.2
9.0 9.7 104

* Price on the European market

Source: POLES

DIFFERENCES IN FUEL PRICE INCREASE

A conservative view on hydrocarbons resources influences both oil
and natural gas price trends. Natural gas prices will increase more
rapidly than in the reference scenario on the three regional markets.
This change results also from the stronger resource constraint which
provokes a quicker price increase in Europe between 2000 and 2020
for oil. It does not necessarily imply the continuation of contractual
indexing of natural gas price to oil product prices in Europe: with the
liberalisation of gas markets, the uncoupling of prices could occur
but it is the pressure on regional gas resources which will increase
gas import prices. This increase will logically be passed through to
the final sales price, but with a compensating impact by the com-
petitive pressure on the rent of pipeline companies.

As far as coal is concerned, a flat trend is assumed in both scenarios,
leading international prices of coal to be disconnected from the oil
and gas price growth, despite a higher use of coal in the scenario of

higher oil price (see Table 5-5). The coal markets will be quite inde-
pendent from the other fuel markets, even more than in the past.

THE LIMITED IMPACT OF HIGHER ENERGY PRICES ON WORLD
ENERGY CONSUMPTION

World energy consumption growth is weakly influenced by the evo-
lution of the oil price as the leading price. An increase to $25.5/bar-
rel in 2020 instead of $20/barrel reduces world energy consumption
by 0.4 Gtoe on a total level of 15 Gtoe (i.e. by 2.6 %) in 2020*, Oil may
lose only 1.6 % of its market share in 2010 and 1.1 % in 2020 because
of the parallel growth of oil and gas prices, and the already impor-
tant share of taxes in the price of oil products.

Moreover, the energy market is increasingly divided into two parts
with, on the one hand, oil products being primarily used in transport
and the petrochemical industry and, on the other hand, power gen-
eration using coal, gas, nuclear, hydro and renewables. Because of

TABLE 5-5: INFLUENCE OF HIGHER OIL PRICES ON WORLD PRIMARY ENERGY CONSUMPTION, 1990-2030

1990 2010
(Baseline)

Total primary energy

supply (TPES) (Gtoe) 85 11.75
Oil (Gtoe) 31 4.45
Share in TPES (%) 36.5 37.9
Gas (Gtoe) 17 29
Share in TPES (%) 20.0 247
Solids (Gtoe) 22 29
Share in TPES (%) 25.8 247
Others (Gtoe) 15 15
Share in TPES (%) 17.7 12.7

Source: POLES

2020 2030

S1 (Baseline) S1 (Baseline) S1
1154 15.0 14.6 18.8 179

43 54 51 6.4 6.0
372 36.0 349 340 336

2.7 41 3.7 55 45
234 273 253 29.3 251

30 39 415 5.0 515

26 26 285 26.6 30.7
155 16 1.65 19 19
134 10.7 113 10.1 10.6

32 The WEC energy outlooks, which refer to a severe constraint on resources with a price of $40/barrel in 2020, consider a lower consumption of oil (4.5 Gtoe in the A2 sce-
nario for a quite similar total primary energy consumption instead of 5.3 Gtoe in the POLES base case).

b 1999 - The Shared Analysis Project
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Figure 5-1: Structure of world primary energy supply, 1990-2030
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this situation, three points should be stressed:

+ higher oil prices have a small impact on the market share of oil,
given its dominant position in transport and petrochemicals;

* higher gas prices lead to more significant shifts in the market share
of gas, favouring coal especially in power generation;

« higher oil and gas prices encourage non-fossil fuels only to a very
limited extent.

5.1.2 FLEXIBILITY IN THE WORLD CO» EMISSION TREND

The POLES baseline is intended as a conventional wisdom case or a
"business as usual" trend. It is not a normative outlook in that it does
not integrate elements of post-Kyoto policies. Other world energy
outlooks (IEO, WEO) demonstrate that, in the absence of supporting
policies (in particular price signals and technological policies), the
Kyoto targets for the commitment period and beyond will not be
met. The impact of higher international fuel prices (+$5/barrel in

TABLE 5-6: LEVELS OF CO EMISSIONS BY ANNEX B REGIONS
IN 2010 (IN Gt C)

1990 POLES** WEOQO98** IEO98**
OECD 2.73* 3.37 3.6 3.66
CEEC-FSU 1.29* 0.96 1.05 1.07
World 5.81 8.22 85 8.33

* approximate Kyoto targets ** base case

TABLE 5-7: INFLUENCE OF THE PRICE LEVEL ON WORLD-WIDE
CO, EMISSIONS (IN Gt C)

2010 2020 2030
Reference case 8.22 10.78 13.58
High price case 8.00 1041 13.17
Reduction -28% -3.6 % -31%

2020, +$7.4/barrel in 2030) on CO» emissions is not significant
because of the weak elasticity of transport energy demand, and the
independent pace of coal prices.

The comparison with other views of the long-term energy future
sheds light on some key-variables for the determination of future
global primary energy consumption and CO, emissions. However,
the comparison of the central projections of the various exercises
(DOE, IEA, WEC-IIASA) is not straightforward because global eco-
nomic hypotheses, methodologies (determination of energy inten-
sity trends) and accounting conventions are not the same®,
Nevertheless, the comparison reveals a certain convergence of
results concerning global energy consumption and CO, emissions
in 2020 between the WEC scenario A (high growth), POLES, WEO98
and IEOQ98: world energy consumption will be in the range 14-
16 Gtoe in 2020 (increase by 65-90 % since 1990) and CO, emissions
in the range 10-11 Gt (increase by 70-85 % since 1990). It is then

TABLE 5-8: COMPARISON OF THE GROWTH OF CARBON EMISSIONS AND ITS DETERMINANTS
IN 2020 IN DIFFERENT SCENARIOS

1990 WEC
A2
Economic Growth 1990-2020 (%/a) 2.7
TPES (Gtoe) 8.3 154
Energy Growth (%/a) 21
Total emissions (Gt C) 5.8 10.0

POLES Baseline WEO98 IEO98
c2 Base case Base case
22 33 31 31
114 151 16.1 138
11 2.0 22 17
6.3 10.8 10.3 104

% The WEC-IIASA scenarios consider different global economic growth rates to 2020 (2.7 % in the scenario A, 2.2 % in the "middle course" scenario B, and again 2.2 % in the
"ecologically driven" scenario) but with massive redistribution internationally in this case. Calculated in market exchange rates (MER) they are apparently lower than the POLES
growth rate (3.3 %/a) and the World Energy Outlook rate (3.1 %/a) which are calculated in Purchasing Power Parities (ppp). But an economic calculation could demonstrate
that the structure and the level of future world economic activity, assessed in MER in the WEC scenarios A, are quite similar to those of the POLES scenarios. In the purchasing
power parity approach, the weight of developing regions increases more rapidly than in the MER approach. In any case these differences do not allow the comparison of the

decrease of energy intensities between the WEC exercises and the other ones.

1999 - The Shared Analysis Project 4
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TABLE 5-9: REGIONAL DISTRIBUTION OF CO5 EMISSIONS IN 2020 (IN GT C)

1990
World (Mt C) 5.8
OECD countries 47.1 %(*)
Developing countries 30.6 %
(Developing Asia) (19.2%)
FSU-CEEC 223 %

2020
POLES IEOC98 WEO98 WEC WEC
Baseline Base case Base case Ao Co
10.8 10.4 10.3 10.0 6.3
34.2 %(*) 39.2% 39.0% 38.0 % 30.0 %
53.4% 49.0% 49.0 % 47.0% 54.0 %
(35.4 %) (31.0%) (34.8%) (31.5%) (40.0%)
124 % 11.8% 12.0% 15.0% 16.0 %

(*) EU emission will decrease from 14.4 % in 1990 to 8.8 % in 2020.

obvious that scenarios compatible with long-run global warming
concerns need to be set up to demonstrate a significant curbing of
emissions by 2020 (see the WEC scenario C2).

The contribution of different world regions to global CO» emissions
in each of these outlooks is different. In 2020, the POLES base case
attributes 35 % of the emissions to the OECD countries, whereas the
other outlooks attribute between 38 and 39 % of the emissions.
Developing countries are supposed to emit an increment of 0.7-1 Gt
C in POLES, which is mainly due to higher emissions in developing
Asia, in particular in China and India (with an increment of 0.45 Gt C
for the two countries). Power generation based on carbon-intensive
fuels is indeed supposed to be dominant in the two countries.

Despite these differences, the above-mentioned scenarios converge

clearly on the following messages:

+ there will be no substantial change in the path of global CO, emis-
sion trends;

» demographic pressure and the need for economic welfare in the
developing countries are so strong that they will account by 2020
for the larger part of CO, emissions;

+ among the Annex B countries of the Kyoto protocol (countries with
a quantitative reduction target for greenhouse gases), the industri-
alised countries will emit less in terms of their share in global emis-
sions despite higher absolute emissions. This development will
occur despite the slow recovery of emissions in the FSU/CEEC
which will return to their 1990 emission levels only by 2020.

AIMING AT A REDUCTION OF CO, EMISSIONS: THE NEED FOR
ACTIVE POLICIES

The long-term challenge is to reach an improvement of energy sup-
ply and availability, particularly in the developing countries, com-
bined with a steady increase of the efficiency of energy use and con-

version. The POLES simulations were not explicitly oriented towards
exploring this direction. They show, however, quite an important
world-wide energy intensity decrease of 1.2 %/a in the period 1990-
2020, under the combined influence of economic structural
changes, technological improvement and energy price, but this is
not sufficient to curb CO, emissions autonomously, nor will such an
improvement be sufficient to obtain a curbing of CO, emissions in
the long-term.

In energy modelling, to construct CO, emission reduction scenarios
one must im-pose binding constraints on emissions. It is strictly
equivalent (dual in mathematical terms) to imposing the shadow
value of this constraint (in other terms the marginal abatement cost)
as an additional cost to all emitters of carbon. This technique is used
for both the POLES and the PRIMES models. The so-called “carbon
value” leads to adjustments in the behaviour and in the technology
mix on the energy demand and supply side®.

The energy and RTD policies which will be implemented in the
Annex B countries for respecting their Kyoto commitments could
affect the energy intensities of the GDP and the carbon intensity of
energy (mainly by the promotion of renewables, energy efficiency
improvements and the substitution of gas for coal). But the issue of
the future commitments of non-Annex B countries for curbing the
growth of their emissions will be raised by the fact that, even if the
industrialised countries make a serious effort to respect their
domestic commitments, global emissions will still continue to rise.

The POLES model exercise for CO, emission constraints also dealt
with the hypo-thetical case of involving developing countries in the
global reduction effort by using flexibility instruments at a world
level. In such a hypothetical case, under global (world-scale) emis-
sion constraints, the developing countries would participate in the

3 Briefly the basic methodological principle of the exercise on CO, emission constraints relies on the introduction of a "carbon value" in every region or country. The "carbon
value" leads to adjustments in the final energy demand through technological changes and behavioural adaptations, and through substitutions of technologies in the ener-
gy supply system to the limit of equalisation of the marginal abatement cost to the tax. Its parametrisation allows to calculate the marginal abatement cost curve for each
country: with that curve, we assess the total cost to reach an abatement target. Moreover the effects of an emission trading which would be activated by the differences of

marginal abatement costs between countries can be simulated.

p 1999 - The Shared Analysis Project
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TABLE 5-10: EFFECTS OF THE POSSIBLE INVOLVEMENT OF DEVELOPING COUNTRIES IN EMISSION TRADING BY 2010

Baseline scenario No trading Limited trading World level trading
(Mt C) (Annex B only)

Emission Net cost Emission Net cost* Emission Net cost*
reduction (G$)  reduction (G$)  reduction (G9)

to (Mt C) to (Mt C) to (Mt C)
OECD countries 3,595 2,544 58.0 3,107 415 3,518 17.6
(European Union) (1,026) (822) (14.3) (920) 9.8) (986) (4.2)
FSU-CEEC 797 797 0 484 -232 546 -70
Developing countries 4,163 4,163 0 4,164 0 3,690 42
Total 8,345 7,504 58.0 7,754 18.3 7,754 6.4

*The net cost is the cost within the countries less the trade value of permits. The value of the permit — at the market equilibrium - is 66.5 $/t C in the

Annex B trading case and 22.5 $/t C in the global trading case.

Source : POLES

effort getting in return a compensation equal to the value of permits
they would exchange.

This analysis has shown clear benefits for all parties from the
involvement of developing countries in the global effort for emis-
sion abatement™.

The emission abatement options of developing countries along
their economic development path are wider in scope and cheaper
than many abatement options in the industrialised countries. So an
eventual extension of emissions trading to the world level (which
simply implies granting these countries rights corresponding to any
reductions that they are able to perform in relation to their reference
projections) would be beneficial for all parties for the following rea-
sons:

* The developing countries (in particular the major Asian countries)
would have to reduce their emissions in 2010 from 4.16 Gt C to 3.69
Gt C (8.9 %), but would win a net value of 4.2 billion US$.

* The OECD countries could reduce their financial effort to respect
their commitments: from 58 billion US$ without trading at all (or
41.5 billion US$ with trading inside Annex B) to 17.6 billion US$
when global emission trading is applied.

As a conclusion, 2020 does not appear to be the key turning-point
for any major driving forces. Time-constants are too important for
anticipating very contrasted energy futures at that time horizon.
Therefore, concerning CO, abatement issues, only very active pro-
grammes and policies on both the energy demand and the supply
could create significant differences by 2020, if they are undertaken

both in OECD and in developing countries. Emission reduction com-
mitments at this stage are undertaken only by industrialised coun-
tries who need to take the lead — but the environmental objective
requires participation of developing countries at some stage taking
into account their development requirements and trade.

5.2 ALTERNATIVE SCENARIOS AND SENSITIVITY
ANALYSIS FOR THE EU *

5.2.1 INTRODUCTION

This section presents quantified analysis of energy system changes
resulting from three scenarios that include a series of CO, emission
reduction targets for 2010 and 2020 for the EU. The section also
examines, through sensitivity analysis, the impact of a series of
issues of special concern for energy and emissions.

5.2.2 DEFINITION OF SCENARIOS®

As can be seen from Figure 5-2 and Table 5-11, the three new sce-
narios analytically examined and presented in this section are as fol-
lows:

* SO scenario: Under this scenario, COy emissions remain at their
1990 level throughout the projection period. Thus, under the car-
bon value imposed in this scenario there is effectively a stabilisa-
tion of emissions for the EU at around 3,068 million tonnes (Mt) of
COy.In annual emissions of CO», this scenario results in a reduction
of 222 Mt by 2010 and of 432 Mt by 2020 compared to the baseline.

* Shared Analysis Final Report Vol. 2 (World Energy Scenarios).

%6 This section is extracted from Chapter 4 of the study “EU Energy Outlook to 20207 European Commission — Directorate General for Energy, forthcoming, catalogue number
CS-24-99-130-EN-C, ISBN 92-828-7533-4, 1999, which was carried out in the context of the Shared Analysis project (Volume 5).

37 These scenarios relate to the EU without Luxembourg.

1999 - The Shared Analysis Project Q
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* §3 scenario: Under this scenario, CO5 emissions in 2010 and beyond
amount to just under 3,000 Mt, representing a reduction of around
3 % from the level of emissions in 1990 and a reduction of nearly
10 %, or around 312 Mt, when compared to the baseline emissions
in 2010. By 2020 the difference in CO, emissions between this sce-
nario and the baseline exceeds 500 Mt.

+ 56 scenario: Under this scenario, CO» emissions after 2010 amount
to around 2,880 Mt of CO,, representing a reduction of around 6 %
from the level of emissions in 1990 and a reduction of just over
13 %, or around 406 Mt CO,, compared to the baseline emissions
in 2010. The difference in emissions by 2020 amounts to over 600
Mt of CO5, when compared to the baseline.

Figure 5-2:EU CO emissions in the baseline and the three scenarios,
1990-2020
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The selection of emission paths in the above scenarios spans the
likely requirement set out in the Kyoto protocol for cost-effective
reduction measures of energy-related CO, emissions taking into
account cost-effective reductions of other greenhouse gases includ-
ed in the Kyoto protocol (see Volume 11 of the Shared Analysis pro-
ject and section 6.4.2). The use of flexibility mechanisms according
to the articles of the Kyoto Protocol and the contribution of sinks
would also alter the actual domestic reduction requirement to be
accomplished within the EU energy system. The CO, stabilisation
case (S0) is furthermore motivated by the commitment of the EU to
stabilise CO» emissions by the year 2000 which implies that these
emissions do not rise above the 1990 level in the years after 2000
(see section 6.4.2).

5.2.3 OVERVIEW OF RESULTS

CARBON VALUES

Given the technical features and design of PRIMES® the imposition
of a global emission constraint is equivalent to the inclusion of an
additional cost of carbon emission, which reflects all the economic
costs imposed by the global constraint. In mathematical modelling
imposing a global constraint is equivalent to imposing its shadow
cost. As mentioned before we associate a “carbon value” to each
emission reduction level for a given member-state and the carbon
value is equal to the associated marginal abatement cost (measured
in € per tonne of carbon avoided®). All emitters of carbon see the
additional cost of emission (the carbon value) and adjust their beha-
viour, technology choice and fuel mix.

TABLE 5-11: CO5 EMISSIONS AND CARBON VALUE FOR THE BASELINE AND THE THREE SENSITIVITY SCENARIOS 1990,
2010 AND 2020

CO, Emissions (Mt CO5 ) 3,068 3,289

Reduction from Baseline ( Mt CO5)
% of 1990 level

.................................................................................

Carbon value (€90/t carbon avoided) 0

Source: PRIMES

3,067 2977 2,883 3500 3,067 2974 2,880
-222 -312 -406 -432 -525 -619
100 97 94 100 97 94
50 78 102 0 59 81 115

8 The PRIMES energy system model formulates energy market equilibrium according to the mixed-complementary mathematical methodology, which roughly corresponds
to the Kuhn-Tucker conditions that are dual to a mathematical programming problem. Consequently, the imposition of a global constraint on emissions is mathematically
strictly equivalent to the inclusion of a shadow variable (a shadow cost) which appropriately affects all economic costs, proportionally to their emissions. This shadow variable
is called here “carbon value’ It represents the additional total costs for the energy system that are necessary for avoiding the emission of one additional tonne of CO».

% One tonne of CO, emitted includes 12/44 = 0.272 tonnes of carbon. Therefore, if the carbon value is 1 € per tonne of carbon then the same value per tonne of CO, is equal

to 12/44€.

» 1999 - The Shared Analysis Project
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As can be seen from Table 5-11, the stabilisation of emissions that is
. . . . . Figure 5-3: Carbon values and avoided CO, emissi d t
achieved in scenario SO requires a carbon value of €50 in 2010 and O bnaelie 20100 2020 o omPAIecio

140

€59 in 2020 (all carbon values are given in terms of 1990 € per tonne
of carbon avoided). The carbon values for scenario S3 for 2010 and
2020 are €78 and €81 respectively while the corresponding carbon
values for S6 are €102 and €115.
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only a relatively small increment in the carbon value. This is despite /
the fact that emissions without the carbon constraint would tend to 0
increase also beyond 2010, as underlying energy demand and car- 2
bon intensity would increase under baseline assumptions. For exam-
ple, stabilisation of emissions in 2020 requires the reduction of an
additional 210 Mt of carbon that would occur annually between
2010 and 2020.This is achieved with "only" an additional €9 of car-
bon value to its level in 2010. Similarly, the additional required
reduction in emissions between 2010 and 2020, which is around 200
Mt, in the S3 and S6 scenarios is achieved with a relatively modest
increase in the carbon value between 2010 and 2020. This tendency
is likely to reflect the fact that, as we move further into the future,

These figures indicate that whatever the emission reduction is in
2010, holding emissions at the same level beyond 2010 requires

Carbon value in € per t of carbon avoided
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because "easy" carbon savings are achieved cheaply: but incremen-
tal reductions impose progressively higher costs.

PRIMARY ENERGY CONSUMPTION

technological improvements make a reduction in emissions rela-
tively easier than it is with present technologies.

In general, there is also a tendency for the degree of difficulty of
reducing emissions (as represented by the level of carbon value) to
increase non-linearly as the required level of emission reduction
increases. The issue of non-linear costs in incremental reductions in

At the most aggregate level of analysis, the economic system has
two means of responding to the imposition of the carbon constraint
while maintaining roughly the same level of GDP. It can either
reduce the level of energy used per unit of GDP (the energy intensi-
ty); or it can change the fuel mix in order to reduce the carbon inten-
sity of its energy sub-system. The division of the system's response
between these two effects is an extremely important indication of

where most of the flexibility in the system is to be found. A reduction
in the carbon intensity of the energy system signifies that substitu-
tion opportunities among fuels are more cost effective than substi-
tution of energy by other goods.

CO, emissions has been discussed in Capros and Mantzos™ in
greater detail and for a far greater range of carbon values. It was
concluded that there is a tendency for carbon values to increase
non-linearly as the emissions target becomes more severe. This is

TABLE 5-12: IMPACTS OF CO, REDUCTION CONSTRAINTS ON PRIMARY ENERGY CONSUMPTION IN EU-15, 1990-2020

1990 2010 % Difference from baseline in 2010 2020 % Difference from baseline in 2020
Baseline SO S3 S6 Baseline SO S3 S6
Gross Inland Consumption (Mtoe) 1,314 1,552 -3.3% -4.5% -5.7% 1609 -3.5% -4.8% -6.1%
Solid Fuels 301 182 -23.3% -30.8% -40.4% 218 -53.5% -61.7% -67.1%
Liquid Fuels 544 653 -4.0% -6.1% -8.1% 660 -2.8% -4.4% -6.9%
Natural Gas 222 400 2.9% 3.5% 5.1% 430 8.6% 9.8% 10.0%
Nuclear 181 227 -1.1% -0.3% -0.5% 199 12.3% 11.9% 11.9%
Electricity 2 2 -2.2% -3.0% -3.7% 2 -2.6% -3.6% -5.3%
Renewable Energy Sources 64 88 8.6% 15.0% 21.1% 100 17.4% 21.6% 26.7%
CO, Emissions (Mt COp) 3,068 3,289 -6.7% -9.5% -12.3% 3,500 -12.4% -15.0% -17.7%

Source: PRIMES

O The figures must be multiplied roughly by 1.3 to obtain current€.

“p Capros, L. Mantzos:“Energy System Implications of Reducing CO, Emissions: Analysis for EU Sectors and Member-States by using the PRIMES Ver.2 Energy System Model?
Final report from ICCS/NTUA for DGXI of the European Commission, March 1999.

1999 - The Shared Analysis Project 4



For the period up to 2010, in all three scenarios under consideration,
nearly half of the overall reduction in emissions is achieved through
a reduction in energy consumption. For example, under the S3 sce-
nario, emissions are about 9.5 % less than in the baseline while pri-
mary energy demand has declined by only 4.5 % from its baseline
level (see Table 5-12). Thus, considering the adjustment reactions of
the energy system to the constraints implied by the three scenarios,
it seems that, at the margin, it is as difficult for the system to reduce
overall energy demand as it is to change the mix in primary fuels.
The latter mechanism is, of course, somewhat weakened by the
assumption that nuclear power generation will not be allowed to
increase beyond the level assumed in the baseline irrespective of
any carbon constraint imposed on the system.

The picture is somewhat altered when the figures for 2020 are con-
sidered. Compared to the baseline results, the reduction in primary
energy in 2020 is similar to that for 2010, while the reduction in
emissions is significantly higher. For example, under the SO scenario
the fall in primary energy consumption is very similar when com-
pared to the baseline for both 2010 and 2020. However, the required
overall reduction in emissions for 2020 (12.4 %) is nearly double that
of its 2010 level (6.7 %). Given the significant gains observed under
baseline conditions as regards energy intensity, the potential for fur-
ther technological improvement, in the absence of a‘backstop’tech-
nology that would improve over time, becomes limited and very
expensive. This effectively means that as we move further into the
future the economic system finds substitution among fuels (i. e.
reducing the carbon intensity) much more cost effective than reduc-
ing overall energy use (i. e. reducing the energy intensity).

In terms of primary fuels, the effects capture both the reduction in all
fuels (as a result of the reduction in total energy demand) and the
relative change in the demand for individual fuels which the impo-
sition of the constraint would generate. By far the most significant

RYA  ALTERNATIVE SCENARIOS, VARIANTS AND SENSITIVITY ANALYSES

impact is on solid fuel consumption for which both the above
defined effects are negative. The demand for solid fuels, which are
the most carbon-intensive of all primary fuels, declines not only
because of the overall fall in energy consumption but also because
their use is replaced by less carbon-intensive fuels. The reverse effect
operates on gas and renewable energy forms, both of which
increase if compared to their consumption level under baseline
assumptions.The modest negative effect on liquid fuels is due most-
ly to a small reduction in overall demand rather than to substitution.

FINAL ENERGY AND EMISSIONS

Imposing carbon constraints (carbon values) affects all final demand
sectors by reducing CO, emissions and energy consumption.
However, the reaction of each sector is different, linked in particular
to options for fuel switching

In terms of changes in final consumption, the impacts of the three
scenarios are significantly different from those presented above on
primary energy. Firstly, the difference between the reduction in final
energy demand and the corresponding emissions in all scenarios
is much less than is the case for primary energy demand (see
Table 5-13). Thus, in 2010, the reduction in demand accounts for
about two thirds of the overall reduction in emissions originating
from adjustments in final energy, while in 2020 its contribution to
emission reduction on the demand side reaches 75 %. Effectively,
the role of changes in the fuel mix on the demand side is rather lim-
ited, a result strongly related to the significant changes of the fuel
mix towards the use of less carbon intensive fuels already achieved
under baseline assumptions.

The contribution of the demand side in the overall emission reduc-
tion accounts for around 40 % in 2010, further limited to 20 to 26 %,
depending on the severity of the emission reduction target, in 2020.

TABLE 5-13: IMPACTS OF CARBON CONSTRAINTS ON FINAL ENERGY DEMAND IN EU-15 BY SECTOR, 1990-2020

1990 2010 % Difference from baseline in 2010 2020 % Difference from baseline in 2020
Baseline SO S3 S6 Baseline SO S3 S6
Total Final Energy (Mtoe) 852 1,053 -3% -4% -6% 1,108 -3% -5% -6%
Industry 257 282 -2% -3% -4% 290 -3% -4% -5%
Tertiary 110 159 -71% -10% -12% 177 -6% -8% -10%
Households 232 267 -2% -4% -5% 282 -2% -4% -5%
Transport 253 344 -2% -4% -5% 359 -3% -4% -5%
CO Emissions (Mt CO») 1,800 2,036 -4% -6% -8% 2,038 -4% -6% -8%
% of total reduction 39% 41% 40% 20% 23% 26%
Industry 424 378 -5% -1% -8% 354 -5% -6% -10%
Tertiary 193 220 -12% -16% -20% 203 -11% -14% -18%
Households 447 444 -4% -6% -8% 448 -4% -6% -8%
Transport 735 994 -2% -4% -5% 1,033 -3% 4% 5%

Source: PRIMES

b 1999 - The Shared Analysis Project
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Effectively, substitution at the primary level is easier to achieve than
at the level of final energy demand.

The tertiary sector is most sensitive to the imposition of the carbon
constraint with its energy demand declining by about three times
the level of other sectors in 2010 and two times the level of other
sectors in 2020, in the SO scenario (see Table 5-13). At the more
severe levels of constraint examined, the difference from other sec-
tors declines although the tertiary sector remains the one with the
strongest demand reaction. Moreover, the tertiary sector adapts to
carbon values by speeding up electricity penetration which in a
sense means the “export” of emissions to the power generation sec-
tor. As a result, reduction in carbon emissions is much faster than in
energy demand.

In contrast to the tertiary sector, there is only a modest penetration
of electricity in the transport sector. No new cost-effective fuels are
expected to enter the transportation sector in the foreseeable
future. Consequently, any emission reduction of the sector is likely to
be due to a reduction in the energy demand of the sector, rather
than to any changes in the fuel mix.

The most noticeable changes in the transport sector concern trains
and aircraft. In both cases the average efficiency progresses, but
trains gain market share while the share of air transport declines.The
effects in the road sector mainly concern behavioural changes in car
purchasing and use rather than in car technology itself. High emis-
sion reduction constraints are necessary to enable significant tech-
nology changes in the transport sector. It is interesting to note that
fuels cells and electric cars do not significantly penetrate the EU
transportation market in the period up to 2020. The main reason for
this is that both electricity and fuel cells are still expected to be
reliant on gas supplies, either directly or through methanol. Hence,

under carbon constraints, cars that rely on these forms of energy do
not gain a significant advantage over more conventional cars.

The industry and households sectors experience significantly faster
declines in carbon emissions than in energy demand, suggesting a
large degree of opportunity for further changes in the fuel mix in
favour of electricity and gas.

In industry most of emission reduction comes from restructuring of
industrial processes (e. g. more electric arc processing, more recyc-
ling of materials, etc.). Improved electrical technologies and heat
pumps seem to be attractive and cost-effective options. In general,
the degree of flexibility available to industry for reducing emissions
is limited, when industry is considered at a very narrow sectoral
level.

Like the tertiary sector, the household sector seems to have large
possibilities for emission reduction both through adopting more
efficient electric appliances and through reducing their thermal
needs by improving buildings.

As the degree of tightness of the carbon constraint rises, the gap
between the reduction in energy and emissions declines in the case
of households and industry while it rises in the case of the tertiary
sector. Fuel mix changes in the latter seem to become more cost
effective when compared to further reductions in the sector's ener-
gy demand.

A major factor behind the differential changes in the various sectors
is the different structure of energy prices that is generated by the
imposition of carbon constraints. The end use prices for some users,
such as the power generation sector and industry, are much closer
to the underlying fuel costs than those of households and trans-

TABLE 5-14: IMPACTS OF CARBON CONSTRAINTS ON FINAL ENERGY DEMAND BY FUEL, 1990-2020

1990 2010

Baseline SO

Total (Mtoe) 852 1,053 -3%
Solid Fuels 71 27 -13%
Liquid Fuels 378 477 -4%
Natural Gas 157 211 -4%
Steam 68 89 -1%
Electricity 156 226 -1%
Hydrogen 0 0 1%
Methanol - Ethanol 0 0 -1%
Renewable Energy Sources 22 22 4%
Biomass 21 21 4%
Other 0 1 4%

COy Emissions (Mt CO9) 1,800 2,036 -4%

Source: PRIMES

% Difference from baseline in 2010 2020

% Difference from baseline in 2020

...................................................................................

S3 S6 Baseline SO S3 S6
-4% -6% 1,108 -3% -5% -6%
-17% -19% 20 -14% -19% -26%
-5% -71% 487 -4% -5% -71%
-6% -71% 212 -3% -5% -71%
-2% -2% 101 -2% -3% -4%
-1% -2% 265 -2% -3% -3%

2% 3% 0 2% 2% 3%
-2% -2% 0 0% 0% 0%

6% 8% 21 3% 4% 6%

6% 8% 20 3% 4% 6%

5% 7% 1 4% 5% 7%
-6% 8% 2,038 4% 6% -8%
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portation.This is because of higher taxation on fuels in these two lat-
ter sectors. Consequently, after the imposition of carbon constraints,
power generation and industry face much stronger incentives for
altering their fuel balance.

The limited opportunities for substitution are reflected in the
changes in individual fuels (see Table 5-14) and the comparison of
these with the corresponding changes in primary fuels.The changes
in most fuels are relatively similar to each other and the degree of
similarity increases with the level of constraint. The exceptions to
this are solid fuels and renewables, whose relative price changes are
too strong. Even the use of electricity and steam declines, while that
of natural gas declines by the same level as that of oil products. Thus,
the increase in the overall use of gas at the primary energy level
even for the S6 scenario is exclusively due to the shift towards gas
within the steam and power generation sector.

ENERGY TRANSFORMATION SECTOR

It was seen above that changes in the level and fuel structure of final
demand in 2010 account for about 40 % of total reduction in emis-
sions imposed by the carbon constraints under the three scenarios
considered here. Also, the corresponding figure for 2020 falls to
between 20-26 %, depending on the severity of the scenario under
consideration. Clearly, the bulk of the reduction in emissions origi-
nates from the process of transformation of primary energy into
final energy. More specifically, the power and steam generation sys-
tem of the EU appears to be the sector that can adjust in the most
cost-effective way to emission constraints.
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It is partly because the electricity and steam generation system is
more flexible in the reduction of emissions that its output does not
decline as sharply as that of other forms of final energy. As was seen
in the discussion of final energy, electricity and steam consumption
decline by less than half the amount of reduction in other fuels in
scenarios SO to S6. There are many reasons for this flexibility of the
generation system. Firstly since nearly half of electricity generation
takes place through the use of carbon free primary fuels, such as
hydro and nuclear, a 1 % reduction in emissions in the system can
take place with only half as much reduction in output — only the
generation through fossil fuels needs to be reduced. Secondly, gen-
eration through carbon-free fuels can actually increase, although it
is assumed that this will not be allowed to a significant extent in the
case of nuclear power. Thirdly, the system can respond by increasing
its overall efficiency of generation through fossil fuels. This can be
achieved either by adopting improvements in the technology used
for any given fuel (this effect is limited for 2010) or through alterna-
tive combinations of technologies and fuels, such as the greater use
of CCGT as opposed to coal plants, or through changes in the allo-
cation of the available plants in the merit order. Finally, the genera-
tion system can improve its overall efficiency by increasing the
degree of co-generation of steam and electricity.

The operation of at least some of the above mechanisms can be
seen from the sharp difference between the decline in the system's
output and fossil fuel inputs. In all three scenarios examined, the
decline in inputs is close to 4 times the corresponding decline in
electricity and steam output for 2010 (see Table 5-15). This is ampli-
fied by increased electricity and steam generation from non-fossil

TABLE 5-15: IMPACTS OF CARBON CONSTRAINTS ON ENERGY INPUT/OUTPUT AND

CO, EMISSIONS OF THE TRANSFORMATION SECTOR, 1990-2020

1990 2010 % Difference from baseline in 2010 2020 % Difference from baseline in 2020
Baseline SO S3 S6 Baseline SO S3 S6
Electricity and steam output (TWh) 3,159 4,320 -1.3% -1.8% -2.3% 4,952 -2.4% -3.3% -3.9%
Nuclear 720 896 -1% 0% -1% 787 12% 12% 12%
Hydro and Renewables 260 374 7% 8% 11% 461 12% 13% 16%
€O Emissions (Mt COo) 1,212 1,201 -11.2% -15.3% -20.1% 1,418 -24.3% -283%  -31.9%
% of total CO, reduction 60.5% 58.6% 59.6% 79.6% 76.5% 73.0%
Fossil fuel inputs in electricity and
steam generation (Mtoe) 364 418 -5.5% -6.9% -8.8% 487 -11.7% -13.4% -15.2%
of which % % % % % % % % %
Solids 54% 33% 25% 22% 19% 38% 16% 13% 11%
Gas 17% 40% 47% 49% 53% 39% 55% 58% 60%
Biomass/Waste 5% 7% 9% 10% 12% 7% 11% 12% 13%
Efficiency rates for electricity and
steam generation 0.52 0.64 0.68 0.65 0.65 0.66 0.73 0.69 0.69

Source: PRIMES
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fuels and by improvement of electricity and steam generation effi-
ciency. For example, in S6, electricity and steam generation in 2010 is
2.3 % below its level in the baseline scenario while the correspond-
ing generation inputs are 9 % below their baseline level. This effect
is similar in magnitude for 2020. As stricter emission reduction tar-
gets are set the role of non-fossil fuels becomes more important,
while efficiency gains become smaller.The latter occurs as a result of
the decrease of electricity and steam production that leads to less
investment in new generation capacity.

The flexibility of the power and steam generation sector to respond
to carbon constraints is shown most dramatically by the changes
achieved in emissions. In the stabilisation scenario, by reducing elec-
tricity and steam generation by just 1.3 % in 2010, the generation
system reduces its emissions by 11 % - which accounts for two thirds
of the overall system reduction in emissions - in order to reach the
carbon constraint. Since, as was seen above, around half of this
reduction is achieved through decrease in electricity and steam pro-
duction, improved efficiency and an increase in the use of non-fossil
fuels, nearly half of the overall reduction in emissions is achieved
through changes in the generation fuel mix. This effect seems to
become even stronger in 2020. In the SO scenario, 2020 electricity
output is reduced by 2.4 % when compared to the baseline. The
resulting decline in emissions is 10 times higher.

One of the reasons for the growing scope of relatively cost-effective
substitution in the power and steam sector after 2010 is that, under
baseline assumptions, a large come-back of solids was projected to
take place.This was on the basis of rising prices of gas. Under the car-
bon constraint scenarios, the impact of the increased relative price
of gas is counterbalanced by the implicit cost of carbon, which
results in a significant increase of the relative price of solids.
Consequently, the power and steam generation system continues
along its path to 2010, which involved the bulk of new generation
capacity using gas as a fuel.

Furthermore, it is because of this switch between gas and coal in the
generation system that the economic cost of the carbon constraint
is limited, as will be seen below. The system is rather finely balanced
between gas and coal, so relatively modest changes in the relative
price of the two fuels can lead to very significant changes, both in
the balance of fuels used and in emissions. It is primarily because of
this that the cost of adjustment is rather low; it is also the reason why
it is the power generation sector that is responsible for the bulk of
cost-effective adjustments to the imposition of the carbon
constraint.

While the role of the electricity and steam sector remains dominant
in meeting the carbon constraint, there are indications that the rela-
tive difficulties increase, as the constraint becomes tighter. Thus, in

2020, the contribution of the sector declines from almost 80 % in the
S0 scenario to 73 % in the S6 scenario. The reverse was observed, of
course, for the contribution of final demand. Effectively, at low levels
of the carbon constraint, the flexibility of the generation system and
the available fuel switch options make it a convenient and cost-
effective means to achieve emission reductions. As the constraint
gets tighter, the options within the generation system become more
rare, so final demand is required to make a more substantial contri-
bution.

COUNTRY ANALYSIS

The emission reduction scenarios presented in the previous section
can be interpreted, among several other ways, as if the European
Union established a CO, permit market within the EU independent-
ly of any other international permit market. This allows the EU to
gain in cost effectiveness, compared to the situation of every
Member State acting alone, and leads to equal marginal abatement
costs across the EU Member States. In other terms, according to the
model-based evaluation, the marginal effort of emission reduction is
the same in all member-states.

Other evaluations with the same model and methodology have
shown that the marginal efforts and costs would substantially differ
across the Member States if each country was to reduce emissions
unilaterally according to the latest burden sharing agreement. In
such a case the carbon values would differ, some countries experi-
encing a marginal cost that would be more than double the EU aver-
age, while some other countries would face a cost of only half the EU
average. Of course, the marginal cost calculations carried out with an
energy model provide only partial information for a burden sharing
agreement, since other factors are also considered in such an agree-
ment, as for example the carbon intensity experienced in the past,
the prospects for economic cohesion or restructuring, the flexibility
of the system (apart from its energy component) in adapting to
emission restrictions, etc.

According to the model calculations, the cost effectiveness gains for
the EU as a whole from equalising the marginal abatement costs
across the Member States are substantial. The gains in terms of the
average EU marginal costs are of the order of 40 %.The evaluation of
the marginal abatement costs and the results regarding the differ-
ences among the Member States depend on the baseline scenario.
Different evolutions under baseline conditions would lead to differ-
ent conclusions regarding marginal costs and differences between
the Member States.

Based on the baseline scenario adopted in the present analysis, the

model-based evaluations show that there are large differences
among EU countries in their response to the imposition of the emis-
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sion constraints. For example, in the S6 scenario, 2010 emissions are
nearly 24 % below their level in 1990 in Germany and 11 % in the UK,
while in Greece and Portugal they are higher than in 1990 by more
than 30 %. These differences reflect to a large extent the different
dynamics in each country's energy system and industrial restructur-
ing. The carbon intensity of the power generation system also plays
a key role in the ease with which a country can adjust to the imposi-
tion of a carbon constraint.

While there is no exact correspondence between the share of differ-
ent countries in 2010 EU emissions and the amount of emissions
that they manage to avoid under the three scenarios, the two shares
are not very different. For example, Germany's emissions in the base-
line scenario in 2010 amount to 25 % of the EU total. Under the three
scenarios under consideration, in 2010 Germany accounts for
between 22 and 26 % of EU emission reduction. Overall, the shares
of EU countries in 2010 emissions do not change significantly
between the baseline and the three scenarios under consideration.
This result can only be due to the relatively high degree of homo-
geneity of technological responses available for the EU countries
(under the Single European Market) as is reflected in PRIMES.

However, there is a tendency for countries with high energy intensi-
ties and high carbon intensities in their power generation system to
contribute more to the required emission reduction than their share
in baseline emissions in 2010 would warrant. For example, under the
S0 scenario, France, which relies to a very large extent on nuclear
power for electricity generation, contributes only 8 % to the EU
reduction while its share in 2010 emissions is close to 12 %. Greece,
on the other hand, contributes 6 % to the EU reduction, significantly
more than its 3 % share in 2010 emissions. Greece has the highest
energy intensity and the highest carbon intensity in its generation
system among EU countries.

The above differences between the country shares in 2010 emis-
sions,and the corresponding contribution to the EU reduction, seem
to get closer to each other for most countries as the level of con-
straint increases. For example, the contribution of Greece to the EU
reduction falls from 6 % in the SO scenario to 4 % in the S6 scenario,
which is much closer to its share in emissions. Similarly, there is a ten-
dency for the French contribution to rise. In other words, as the tar-
get of emission reductions increases, EU countries tend to reduce
their 2010 emissions by a proportion not far from their share in
emissions for that year under baseline assumptions. This is due to
the fact that most of the differences among countries regarding the
ease with which they can reduce emissions are exploited under the
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S0 scenario and, when the carbon constraint is tightened, the eco-
nomic difficulties of adjustment are very similar among EU coun-
tries, in marginal cost terms.

ECONOMIC IMPLICATIONS OF THE EMISSION REDUCTION SCE-
NARIOS' IMPACTS ON GDP

The imposition of emission reduction targets in the scenario results
in an increase in energy system costs. The additional costs implied
by a CO, emission reduction target is conveyed to the energy sys-
tem through the carbon value, which represents the marginal abate-
ment cost incurred by the system in avoiding the last tonne of CO»
that is necessary in order to meet the reduction target.

As mentioned, the marginal abatement costs for the EU associated
with the emission reduction targets examined, range from 50 to
102€ (all carbon values in 1990 terms*?) per tonne of carbon avoid-
ed in 2010, depending on the level of the emission reduction target.
The target of -3 % has a marginal cost of €78. The 2020 marginal
abatement cost varies from €59, under the SO scenario, to €115
under the S6 scenario. As mentioned earlier, the analysis reveals that
the marginal abatement cost-curve for the EU is not linear i. e,
beyond a certain amount of emissions reduction, additional reduc-
tions carry a disproportionate cost.

The economic interpretation of the costs for the economy arising
from the above marginal cost is complex. The imposition of a carbon
emission constraint induces an external cost to the economy com-
pared to baseline conditions. Under such a con-straint, the system
bears a net loss of welfare (compared to the baseline) for each tonne
of CO, avoided equal to the marginal abatement cost correspond-
ing to that tonne. Therefore the total loss of welfare implied by an
emission constraint is equal to the area (the integral) below the mar-
ginal abatement cost curve (see Figure 5-3).

The PRIMES model, being an energy system model, provides a par-
tial measurement of the marginal abatement cost curve and hence
of the loss of welfare. For the whole economy the loss is likely to be
higher, because of structural re-adjustment, stranded investments
and other factors.

According to the partial evaluation with the model, the loss of wel-
fare measured from the marginal abatement cost curve and corres-
ponding to targets for 2010, under the three scenarios for the EU
ranges from 1.5 to 5.5 billion €90 per year which represents between
0.02 % and 0.07 % of annual GDP.

*2 All numbers in € of 1990 must be multiplied roughly by 1.3 in order to obtain €of 1999.
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Because of the emission constraint, the economic agents will bear
additional costs (from baseline) to obtain the same level of services
obtained by using energy. Under an emission constraint the energy
system (demand and supply) needs from the rest of the economy an
additional expenditure to be allocated to energy investment and
fuel purchasing, on top of corresponding expenditures under base-
line conditions. The additional costs for the economic agents arising
from the higher costs in the provision of the energy service do not
necessarily represent a direct leakage from the economic system.
However, under limited primary resources in the economy (i.e. capi-
tal, labour and funds from abroad), the additional expenditure will
generate net costs to the economy, implying further loss of GDP,
hence a loss of welfare. Such a loss might be larger than the above-
mentioned percentage. The evaluation of the impacts on GDP is
complex.The additional expenditure allocated to the energy system
is deviated from other sources that might have a higher multiplier
effect on GDP. But also this expenditure involves the substitution of
a partly imported commodity (fuels) by mostly domestically- (EU-)
produced commaodities, such as equipment and services needed to
improve energy efficiency and change the fuel mix. Finally, the addi-
tional energy system costs also exert an upward pressure on domes-
tic prices, weakening the competitiveness of European commodi-
ties, hence leading to less exports and more imports for all com-
modities. General equilibrium calculations with the model GEM-E3*®
have shown that the emission reduction constraints do lead to a net
loss of economic welfare and GDP, but there are also accompanying
economic policies that may partly alleviate the losses. According to
this evaluation the distributional effects are the most noticeable,
leading for example to severe implications for energy intensive
activities.

According to the model estimates, the additional total cost**
required by the energy system is of the order of 25 (stabilisation
case) to 55 (-6 % case) billion €90 per year for the 2010 target.

In energy-intensive industrial sectors the increase in the average
cost of sectoral output (industrial production) ranges from 3 % (sta-
bilisation) to 7 % (-6 % case) in 2010, compared to the baseline.*®
The same increase in the output cost of non-energy intensive sec-
tors ranges from 0.1% to 1%. In particular, the increase in the cost of
energy for industry is higher, ranging from 14 to 30 % in energy-
intensive sectors, and from 9 to 21 % in non energy-intensive ones.
The energy cost for the service sectors increases from 3.5 % (stabili-
sation) to 9 % (-6 % case), however implying a small increase of total
cost of the sector. Spending by households on energy fuel purchas-

ing and energy-using equipment increases by roughly 3 % (stabili-
sation) to 10 % (-6 % case). Energy cost in the transport also rises,
ranging from 0.5 to 2 % for passengers and from 1 to 4 % for freight.

The costs incurred by the power and steam generation sector relate
to higher capital expenditures (more expensive plant technology),
the costs induced from stranded capital, and the high fuel costs
needed for fuel switching. The average power and steam generation
cost increases from 9 % (stabilisation) to 18 % (-6 % case). The invest-
ment expenditures for power and steam generation also rise by a
maximum of 8 %. Electricity tariffs increase from 6 to 22 %.

All the above costs are slightly higher in 2020 reflecting the higher
carbon values needed in 2020 compared to 2010.

The total cost incurred by the average EU household for all kinds
of energy services and related equipment increases from 2.5 % to
7.5 %, depending on the emission reduction scenario. In absolute
terms this is equivalent to €50-150 per household per year.
However, it must be pointed out that these costs do not include
additional costs resulting from higher prices, e. g. for industrial
goods in other sectors.

At this point it is useful to be reminded that the definition of the
emission reduction scenarios (equality of carbon values) presuppos-
es reaching emission targets at least cost. These assumptions signif-
icantly moderate the cost for the European Union economy for
reaching the Kyoto targets. The costs could be higher in reality as a
result of implementing carbon abatement measures in a non-opti-
mal way.

Within such a range of emissions avoided, one of the main factors
limiting the overall costs is the relatively low cost of switching
between gas and coal in the electricity and steam generation sector,
which accounts for the bulk of the reduction in emissions in all sce-
narios. Also, once the carbon value exceeds a certain level and the
adoption of more energy-efficient technologies becomes marginal-
ly cost effective, their market penetration develops a strong momen-
tum leading to the decline in the additional capital charges involved
in the use of the new technology. In other words, the more a new
technology is used the greater the reduction in its costs. In all sec-
tors, the additional costs from paying for carbon emission abate-
ment are largely offset by cost savings due to the adoption of
improved technologies.

B see Capros P. et al.“Climate Technology Strategy’; Two books published in 1999 by Springer Verlag, Germany.

44 As mentioned these additional expenditures are recycled in the economy. They do not correspond to a net economic loss.

*5 |n terms of total sectoral output the cost increases are rather low because important cost components (e. g. wages) do not change.
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5.2.4 SENSITIVITY ANALYSIS

In order to examine the impact of a number of factors that are either
highly uncertain - such as the long-term outlook for nuclear power -
or highly critical for the energy and emission outlook, a number of
sensitivities, or "cases", have been carried out. These include (a) case
$36, which represents a more gradual imposition of scenario S6, (b)
case SNUC, representing a nuclear renaissance in the circumstance
of the S6 scenario, (c) case SHP, representing higher oil and gas prices
than assumed in the baseline, (d) case ST, which includes a more effi-
cient passenger transportation system than was assumed in the
baseline, and (e) two cases involving alternative assumptions on the
future structure of Germany and France.

MORE GRADUAL INTRODUCTION OF CARBON CONSTRAINTS

The sensitivity analysis carried out to examine the above issues is a
combination of scenarios S3 and S6. Under the assumptions of the
sensitivity, called S36, the S3 scenario was assumed to hold until
2010 and, for the period beyond 2010, the target is assumed to
become more severe and to require that the EU system by 2020
emits 6 % less emissions than in 1990. Thus, instead of imposing
directly the constraint implied by the S6 scenario, under this sensi-
tivity a more gradual target is set until 2010.

The severity of the constraint of S36 is between that of the S3 and
the S6 scenarios and the results are a reflection of this. While emis-
sions are close to their level under the S6 scenario, this can only be
achieved through a higher carbon value than in the S6 scenario
since the adjustment period is significantly shorter. Thus, the
required value for 2020 is around €120, compared to €115 under
the S6 scenario. In other words, the lack of pertinent information on
the severity of the emission reduction target misleads the econom-
ic actors. They first optimise on the basis of a relatively low emission
reduction target in 2010 and then have to re-optimise so as to reach
-6 % in 2020, which entails higher costs than aiming at the final
objective right from the beginning. This case can serve as an illustra-
tion of the benefits of providing clear signals and stable framework
conditions to the economic actors* . By 2030, the carbon values for
the S6 scenario and the S36 sensitivity differ by only
€3. All other results of the S36 case are between those of the S3 and
S6 scenarios, as would be expected.
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A NUCLEAR RENAISSANCE

Under the SNUC case, which imposes no restrictions on the scope of
nuclear power within the countries that already use this form of
energy, nuclear capacity is projected to increase to 181 GW by 2020
and to 212 GW by 2030. The key factors that lead to the signifi-
cant increase of investment in nuclear capacity relates to the
assumption that existing obstacles as regards fuel transport,
treatment and disposal, as well as higher safety standards, are
overridden by technical progress. The resulting expansion of
nuclear power plants capacity is a quite significant one and is only
comparable with what has taken place between 1960 and 1990. In
view of the large decommissioning due between 2015 and 2030, in
terms of new capacity under the assumptions of the SNUC sensitiv-
ity, almost 200 GW of new nuclear capacity will have to be built
between 2015 and 2030.

The impact of this sensitivity on the EU energy economy is quite
important. There is a significant decline in the required carbon value
in order to achieve a reduction in emissions to 6 % below their 1990
level. Thus, by 2020, even though the level of emissions is similar in
the two cases, the carbon value in the SNUC case is €75 compared
to €115 in the S6 scenario - and the difference is even greater for
2030. As a result of this sharp decline in the required carbon value,
the cost of using energy declines, while total primary and final ener-
gy increase to levels higher than those of S6. Similarly, the 6 % reduc-
tion from 1990 emissions is achieved in the SNUC case with a system
cost that is about 10 % below that of S6.

One of the most interesting aspects of this case is the significant
increase in the use of solids compared to the emission reduction
case that does not involve nuclear expansion (case S6 for example).
This takes place because the relative price of solids to gas has
declined from its level under the S6 scenario due to the decline in
the level of the carbon value when nuclear expansion is possible. In
conclusion, nuclear power can play a very significant role in reduc-
ing emissions in the long term. However, this could only take place if
nuclear power were to prove to be more acceptable as an energy
form (through technical progress that would eliminate existing bar-
riers) in the 2015 to 2030 period than seems to be the case at pre-
sent.

“6 This result is related to the nature of the model PRIMES which involves myopic anticipation of economic agents. This feature mimics the reality which of course is always
myopic regarding the prediction of the future. This implies that lock-ins are possible reflecting the fact that decisions taken today may not be the optimal ones if the whole
future was known. Other models that assume perfect foresight of agents may produce different results regarding the implications from a gradual imposition of carbon

constraints.
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HIGHER PRICES FOR OIL AND GAS

Under the SHP sensitivity examined here, 2010 oil prices have been
assumed to be nearly 30 % higher than in the baseline, approaching
20€'98 per barrel.In 2020, oil prices are assumed to exceed €25 and
to be more than 40 % higher than in the baseline. Gas prices are
25 % higherin 2010 and nearly 50 % higher in 2020, when compared
to the baseline. The rationale behind these differential increases is
the much greater increase in gas demand over the outlook period
and the need for the additional gas demand to be imported from
rather distant locations. Coal prices are not altered as the determi-
nants of coal prices are rather different and there is a rather strong
current consensus that developed coal resources are sufficient to
cover any likely amount of coal demand over the outlook period
without necessitating an increase in coal prices.

As would be expected the impact of higher energy prices, evenin
selected fuels, is to reduce total primary energy consumption.
This reduction is quite modest as price effects are limited because
large parts of primary energy (i. e. solids, nuclear, renewable energy)
are not affected by higher oil and gas prices. On the demand side the
sector which is most affected is the transport sector, as it uses almost
exclusively oil. Transport energy demand declines by only 3 % in
2020.

Under the assumptions of this sensitivity, it was shown that even a
modest increase in the cost of gas in the longer term is sufficient to
significantly increase the use of solids. In fact, if the use of nuclear
power was not simultaneously stimulated as a result of the
increased price of gas, the resulting expansion in the use of solids
and in emissions would be substantially higher. In other words, with
higher oil and gas prices there can be an increase in CO, emissions
(as shown in the modelling) because the fuel switching effect
(encouraging solid fuels) can outweigh effects on overall energy
demand following higher oil and gas prices.

A MORE EFFICIENT TRANSPORT SYSTEM

In 1998 a voluntary agreement was reached between the European
Commission and the European automobile industry under the
terms of which the industry is committed to reduce the average CO»
emission figure for all new cars to 140 g/km by 2008.*” This com-
pares with a current level of emissions of about 186 g/km. An inter-
mediate target was set for 2003 at 170 g/km. The industry has also
undertaken to make cars available to the market by 2000 which emit
120 g/km, and to undertake further improvements beyond 2008. An

initial target for the average of new cars was set at 120 g/km for
2012. The agreement assumes that the behaviour of non-EU pro-
ducers will be compatible with the above targets and that EU poli-
cies will not hamper the implementation of the voluntary agree-
ment. Of course, the agreement does not prevent the European
Union authorities from using market based instruments and infor-
mation schemes to reduce emissions further.

The above agreement was not included in the baseline presented
earlier in this volume. The sensitivity analysis carried out to incorpo-
rate the voluntary agreement assumed that CO, emissions from
new vehicles are reduced to 170 g/km in 2003, 140 in 2008, 120 in
2012 and to 100g/km by 2020. Reductions have been assumed to
take place linearly in the intermediate years.The results of the imple-
mentation of the EU-ACEA agreement can be quite significant both
for emissions and for the demand for oil products within the EU. Itis
assumed that the agreement takes place under baseline conditions.
By 2010, the impact of the voluntary agreement is to reduce oil
demand by 28 Mtoe (or more than half a million barrels per day)
in the EU, which is equivalent to more than 4 % of EU oil
demand. This decrease in demand corresponds to a decline of CO»
emissions in the EU by 2.5 % when compared to the baseline.
Therefore, the corresponding increase in 2010 from 1990 CO5 emis-
sion levels declines from 7.2 % to 4.5 % in the baseline scenario.
Since the agreement involves a reduction in the average CO, emis-
sions only of new cars, it would be expected that the impact of the
agreement would be more significant in the longer term, as the
replacement of older cars is completed. The 2020 impact on oil
demand is about double and is equivalent to a reduction in the
required oil imports of the EU by more than 9 %. The impact of the
agreement on emissions is more limited than on oil demand but
very significant nevertheless. By 2020 CO, emissions in the EU
decline by 4.6 % when compared to the baseline. The corresponding
increase from 1990 level of CO, emissions drops to less than 9 %
compared to 14 % in the baseline scenario.

The potential importance of the agreement can be discerned from
its impact on the carbon value. Due to the fact that the 4.6 % reduc-
tion in emissions that is achieved through the voluntary agreement
is quite a significant portion of the reductions required under the S6
scenario, the required carbon value to achieve the reduction falls
from €115 to €67.5 per tonne. This reduction counterbalances to
some extend - which cannot be exactly defined though modelling -
the additional economic effort required by car manufacturers so as
to satisfy the targets of the voluntary agreement.

47 Much of the information on the agreement between the EU Commission and the European automobile industry is based on information available on the latter's web site

as of 18 May 1999.
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THE IMPACT OF ALTERNATIVE STRUCTURAL CHANGE ASSUMP-
TIONS

As has already been discussed, the baseline assumptions assume the
continuation of the restructuring of the EU economies towards the
service sector and, within industry, away from energy-intensive
industries and towards more novel and higher value added indus-
tries such as electronics and telecommunication equipment.
Unfortunately, the future structure of economic activity is extremely
uncertain and there are very few alternative projections of good
quality. This is especially the case for the long term.

In view of the period covered in the baseline scenario, it is important
to note that the assumed economic structure for 2010 and 2020 is
only one of many consistent alternative set of assumptions. In order
to examine the possible importance of alternative assumptions of
the future economic structure, two case studies have been consid-
ered. The first analyses the effects of an economic structure that is
more optimistic from an environmental point of view and is based
on aset of alternative assumptions provided by FhG-ISI for Germany.
The second presents the impact of a different future economic
structure, less optimistic (in environmental terms) compared to the
baseline, for France based on a set of assumptions provided by
ENERDATA®. As mentioned, both cases are presented here to illus-
trate the uncertainty involved in such kind of analysis for the future
development of the energy system.

A CASE STUDY FOR GERMANY

Some of the most important differences in the assumptions of this
sensitivity from those of the baseline include the reduction in value
added of industry in 2020 by 3.5 %. The scenario involves reduction
in German tonnage of steel production by 15 %, reduction in
cement and petrochemicals production by 11 % and 13 % respec-

tively and sharp reductions in other energy-intensive industries. It
also involves reduction in freight by road and rail by 15 % and 11 %
respectively; and a small reduction in road passenger transport. The
sensitivity also includes a number of assumptions on technical
progress and efficiency improvement that are more optimistic that
those of the baseline. Finally, energy taxation is assumed to be some-
what higher in Germany over the outlook period than assumed
under baseline conditions.

The results of the sensitivity analysis indicate a substantial reduction
in German energy demand and emissions over the outlook period,
although the impact for the period to 2010 is limited. By 2020, ener-
gy demand in Germany is limited to 322 Mtoe or 8 % below its level
in the baseline. Energy demand by the transportation sector is 4 %
below its level in the baseline, while the difference in other sectors is
close to 10 %. Total emissions from the German energy system in
2010 are —15.1 % lower than in 1990,compared to —13 % in the base-
line. Overall 2020 CO5 emissions in Germany amount to 802 Mt, rep-
resenting a 8.4 % reduction from baseline levels.

This sensitivity indicates that, in the case that future economic and
technology developments lead to a less energy-intensive economy,
the task of controlling German emissions would become easier.
Nevertheless it should be mentioned that this would depend on the
way energy-intensive goods are produced in other EU or world
regions.

A CASE STUDY FOR FRANCE

In view of the discussion of the previous sensitivity it should be clear
that the economic structure of the future could also prove to be less
optimistic from an environmental point of view than that assumed
in the baseline, at least for some sectors.

TABLE 5-16: IMPACT OF ALTERNATIVE ECONOMIC STRUCTURE ASSUMPTIONS, GERMANY

.................................................................................

.................................................................................

Gross inland consumption (Mtoe)

Fuel inputs for generation (Mtoe)

Final energy demand (Mtoe)

CO, emissions (Mt CO5)

Gross inland consumption/GDP (toe/M €90)
Carbon intensity (t CO»/toe)

Structural change scenario

.................................................................................

2010 % Difference from 2020

% Difference from

baseline in 2010 baseline in 2020

.................................................................................

343 -2.2% 322 -8.0%
98 -3.2% 104 -10.8%
231 -2.5% 224 -7.9%
807 -2.4% 802 -8.4%
170.3 -2.2% 1349 -8.0%
24 -0.2% 25 -0.5%

48 For a discussion of the sensitivities and its rationale, as well as for details of the assumptions contained in the two case studies, the reader should consult Bertrand Chateau
and Eberhard Jochem (Vol. 6 of the Shared Analysis Project). In running the sensitivity analysis, the differences between the baseline and the proposed "structural change sce-

nario" were used, rather than the absolute numbers.
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TABLE 5-17: IMPACT OF ALTERNATIVE ECONOMIC STRUCTURE ASSUMPTIONS, FRANCE

.................................................................................

.................................................................................

Gross inland consumption (Mtoe)

Fuel inputs for generation (Mtoe)

Final energy demand (Mtoe)

CO, emissions (Mt COp)

Gross inland consumption/GDP (toe/M €90)
Carbon intensity (t COo/toe)

In the alternative set of assumptions examined here for France the
value added for industry in 2020 as a whole is 8 % less than in the
baseline but activity in many energy-intensive industrial sectors is
higher than assumed in the baseline. Thus, French steel production
in 2020 is nearly 20 % higher in this sensitivity than in the baseline
while the production of the paper industry is more than 60 % high-
er. Similarly, the production of energy-intensive chemical sectors is
almost 10 % higher than in the baseline, while the production of
cement is almost 16 % lower. The overall impact of these assump-
tions leads to an increase of 1 % in energy use and related CO, emis-
sions of the French industry by 2020, when compared to the base-
line.

By far the most significant change in other sectors is that in the
transportation sector. According to the case study examined here,
the transportation sector in France will be more dominated by road
than assumed in the baseline. For example, freight by road in 2020 is
nearly 30 % higher than in the baseline while freight by rail is
reduced by a similar proportion. Passenger transportation is also
projected to be more road intensive. The result of these alternative
assumptions is to increase transportation energy demand by 14 %in
2020, when compared to the baseline.

The alternative assumptions considered for France also included a
significant reduction in the required building space. This reduction,
which led to a sharp reduction in energy use by the tertiary sector in
2020, when compared to the baseline, mainly affecting electricity
demand, which decreased by 1.6 % in 2010 and 3.2 % in 2020, com-
pared to the baseline. In the tertiary sector, the decrease in electrici-
ty demand reached 12.5 % in 2010 and 15 % in 2020.

Total energy use in France under this alternative set of assumptions
in 2020 is 2 % higher than in the baseline. Given the different alloca-
tion of this demand (more to industry and less to the tertiary sector)
the carbon intensity of final energy use in France rises and CO5 emis-
sions in 2020 are 6 % more than under baseline assumptions. Total
emissions from the French energy system in 2010 are 14.1 % higher
than in 1990, compared to 10.6 % in the baseline. By 2020 they are
2.6 % higher than in the baseline.

Structural change scenario

.................................................................................

% Difference from
baseline in 2020

2010 % Difference from 2020
baseline in 2010

.................................................................................

275 1.5% 293 1.1%
26 -3.8% 38 -7.0%
167 2.1% 175 2.2%
404 3.6% 435 2.6%
195 1.5% 174 1.1%
15 2.1% 15 1.5%

It should be again emphasised that this projection for France is pre-
sented in order to illustrate the uncertainties. However, further
analysis is necessary to extrapolate such developments to the whole
of Europe.

5.3 CONCLUSIONS AND POLICY IMPLICATIONS

CONCLUSIONS ON GLOBAL ENERGY TRENDS UP TO 2020

Total primary energy consumption is likely to increase by an average
annual growth rate of 2 % in the 1990-2020 period. The energy
intensity of the world economy is expected to decline by almost
1.5 %/a in the period up to 2010 and by slightly less than 1 % after
that. The global energy system will continue to be dominated by fos-
sil fuels over the next 25 years. The dependence on fossil fuels is like-
ly to be close to 90 % by 2020.

Given the projections for growth in primary energy demand and the
continued dominance of fossil fuels, global emissions are expected
to grow quite rapidly. As a result CO, emissions increase by around
40 % in 2010 and 85 % in 2020 from their levels in 1990. China and
India account for almost half of the global increase in CO, emissions.

There are many uncertainties surrounding the future outlook of the
world energy system. These include the level of global and regional
economic growth, the degree of improvements in energy intensity
and the level of world oil and gas resources, and hence price.

Scenario analysis indicates that a more pessimistic view on the
resource availability than that assumed in the baseling, results in the
oil price increasing more rapidly than in the baseline scenario:
+2.4 $/barrel in 2010, +5 $/barrel in 2020. The impact of the resource
constraint is stronger in the following decade, creating a difference
of 7 $/barrel in 2030 compared to the baseline. Higher oil prices than
those assumed in the baseline would only have a small impact on
global energy consumption.
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CONCLUSIONS ON EU ENERGY TRENDS UP TO 2020

Despite the evidence of some saturation effects for some energy
uses in the EU, energy demand is expected to continue to grow
throughout the outlook period even though at rates significantly
smaller than in history. The growth rate in primary energy consump-
tion is expected to continue to be close to 1 % over the period to
2010 and then to decelerate to just 0.4 %/a up to 2020.

The implied energy intensity improvement is gradually expected to
improve and to reach an annual rate of more than 1.5 %/a towards
the end of the projection period. Structural change on the demand
side mainly explains this change. The role of energy technology is
also important.

The EU energy system remains dominated by fossil fuels over the
next 25 years and their share rises marginally from its level of just
under 80 % in 1995. Nearly two thirds of overall energy requirements
in the EU will be imported by 2020, compared to less than half in
1995. Import dependency will gradually increase for all fossil fuels
and is likely to reach very high values in the longer run.

Under baseline technology assumptions, novel energy forms, such
as hydrogen and methanol, do not make significant inroads, primar-
ily due to cost considerations.

Final energy demand is expected to grow marginally faster than pri-
mary energy (because of improved rates of conversion efficiency in
power generation), rising by 1.1 % and 0.5 % in the 1995-2010 and
2010-20 periods respectively. There are relatively modest changes in
fuel shares over the next 25 years.Energy demand in the tertiary sec-
tor is the fastest growing segment of final demand reflecting the
expected restructuring of the economy towards services. The mod-
est growth in residential energy demand reflects the lack of growth
in the EU population and the small increase in the number of house-
holds. By 2020, transportation accounts for almost a third of EU final
energy consumption, followed by industry and the residential sec-
tor, which account for 26 % of consumption each.

Oil becomes almost exclusively a fuel for transport and petrochemi-
cals. The increase in transport energy demand is actually greater
than the increase in the demand for liquid fuels over the 1995-2020,
implying a decline in oil consumption in the other sectors.

The use of electricity is expected to expand by 1.6 %/a over the pro-

jection period and its growth is expected to be especially rapid in
the tertiary and in the transportation sector. Steam demand is pro-
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jected to grow by 1.3 %/a in the period to 2010 and by almost half
this rate in the following decade. The industrial sector is the domi-
nant user of steam.

Total power capacity requirements for the EU increase by some
300 GW in the period 1995-2020. Traditional coal and oil plants
decline very rapidly. Similarly, due to the decommissioning of older
plants, there is a modest decline in the capacity of nuclear plants,
while nearly half of the thermal plant currently utilised by indepen-
dent producers is also expected to be scrapped. These declines in
capacity are more than made up for by the dramatic increase in the
gas turbine combined cycle plants (CCGT). These increase by more
than 8 times over the projection period to reach 384 GW or around
45 % of the total installed capacity by 2020. This rather spectacular
growth, brought on line by both utilities and smaller producers is
due to the significant cost advantages that this form of power gen-
eration has demonstrated in recent years.

Significant growth in generation by clean coal plants and biomass
generation is also expected to occur over the next 20 years, in par-
ticular towards the end of the projection period. However, these
forms of power generation will still only account for less than 5 % of
total generation capacity by 2020. A significant improvement is
expected to occur in the efficiency of power generation.

Technological advances and changes in market structure will reduce
the dominance of utilities in electricity generation. This trend is
clearly related to the widespread use of gas turbines since, with this
form of generation, economies of scale are very limited above a
rather modest turbine size. The use of gas turbines in combined
cycle mode will also greatly encourage the more widespread use of
steam, especially by independent producers. Small-scale producers
are projected to get between 20 and 25 % of the electricity market
by 2020.

The use of coal and lignite declines quite dramatically between 1995
and 2010 but after that it recovers to reach, and marginally exceed
(after 2020), its 1990 level. This is due to the increased decommis-
sioning after 2010-15 of nuclear plants and the progressive rise in
the relative price of natural gas.

The rising share of fossil fuels will lead to an increase in the carbon
intensity of the EU energy system. Together with the modest
increase in energy demand, this will lead to an increase in CO»,
which are projected to increase annually by 0.6 %/a in the period
1995-2010 and by 0.5 %/a after 2010.
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Emissions of SO, NO, and CHy4 from the whole EU energy system
and especially from the power generation system are expected to
decline quite rapidly over the outlook period as a result of environ-
mental policy and fuel switching from solid fuels to natural gas.

CONCLUSIONS FROM SCENARIO AND SENSITIVITY ANALYSIS FOR
THEEU

For the period up to 2010, in all three scenarios under consideration,
nearly half of the overall reduction in emissions is achieved through
a reduction in energy consumption. An even greater proportion of
emissions reduction takes place through substitution in 2020. This
effectively means that as we move further into the future the eco-
nomic system finds substitution among fuels (i. e. reducing the car-
bon intensity) much more cost effective than reducing overall ener-
gy use (i. e. reducing the energy intensity) over and above the
impressive energy intensity and more modest carbon intensity
improvements already contained in the baseline.

The bulk of the change in carbon intensity of the EU energy system
is due to the electricity and steam generation system. For the period
to 2010, nearly 60 % of the overall reduction in emissions is achieved
through adjustments in the power and steam generation sector. By
2020 this proportion rises to more than 70 %.

Renewable energies and nuclear also expand as a result of the impo-
sition of the carbon constraints. The use of nuclear (if not constraint)
expands substantially while the effect of renewable energy forms is
rather limited. Similarly, the improvement in efficiency of generation
in the three scenarios only accounts for a modest part of the reduc-
tion in emissions while the share of co-generated electricity from
thermal plants increases modestly.

While the role of the electricity and steam sector remains dominant
in meeting the carbon constraint, there are indications that the rela-
tive difficulties increase, as the constraint becomes tighter.
Effectively, at low levels of the carbon constraint the flexibility of the
generation system and the available fuel switch options make it a
convenient and cost-effective way to achieve emission reductions.
As the constraint gets tighter, the options within the generation sys-
tem become relatively more difficult and final demand is required to
make a more substantial contribution.

The total energy system cost of reaching the emission targets under
the three scenarios for the EU in 2010 signifies a net additional cost
for the rest of the economy, leading to a loss of welfare (of an order
of magnitude of 0.02 % up to 0.07 % of annual GDP). The additional

annual expenditure required by the energy system from the rest of
the economy is significant but the macro-economic implications will
depend on the adjustment flexibility of the European sectors in pro-
ducing the additional commodities needed to implement the ener-
gy system changes. There is a significant increase in the cost of ener-
gy that the economic agents need to face under the emission con-
straints. The harmonisation of the effort in the EU (leading to equal-
ising the marginal abatement costs across the Member States) and
the exploitation of low-cost emission reduction potentials for non-
CO, greenhouse gases, however, significantly reduces the cost for
the EU, finally leading to a rather modest cost for meeting the car-
bon constraints considered. However, the macro-economic and
especially the sectoral costs (energy intensive industries, house-
holds, cost of electricity) are not negligible and their consequences
have to be further explored.

The outlook for nuclear power is one of the key uncertainties of this
outlook. Nuclear can play a very significant role in reducing emis-
sions beyond 2010. Its impact will depend on whether the massive
amount of nuclear plants that are due to be decommissioned
between 2015 and 2030 will be replaced by nuclear plants or by fos-
sil fuel plants. Under the nuclear sensitivity, nuclear capacity is pro-
jected to increase to 181 GW by 2020 and to 212 GW by 2030. The
impact of this sensitivity on the EU energy economy is quite signifi-
cant.

Under the assumptions of the high oil and gas sensitivity, it was
shown that even a modest increase in the cost of gas in the longer
term is sufficient to increase the use of solids significantly.

The role of transportation is critical for the future increase in oil
import dependency and significant for the future growth in emis-
sions.

There is a great deal of uncertainty surrounding the future long-
term structural changes that are likely to take place in the EU.
Sensitivity analysis for Germany and France suggests that alternative
economic structures than those assumed in the baseline could have
significant impacts on future energy demand and emissions.

POLICY IMPLICATIONS

It was shown that under the baseline scenario assumptions for the
period to 2010, it is unlikely that the EU will meet its Kyoto under-
takings, at least through energy related CO5 emissions. In the base-
line case, instead of the 8 % reduction in emissions by 2010 a 7 %
increase is projected for 2010, when compared to the level of CO,
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emissions in 1990. Depending on the outlook and policy measures
for non-CO, greenhouse gases, such as CHy, it is clear that a number
of policy initiatives will have to be undertaken for the abatement of
energy-related emissions.

It was seen that under the three additional scenarios CO» emissions
could decline by between 222 and 406 Mt of CO,. Whether these
reductions are sufficient for the EU to meet its target will clearly
depend on what measures are taken on other greenhouse gases
and for CO, emissions from sectors other than that of energy. It also
depends upon how severe new emission reduction targets are in
the period 2010-2020 and subsequently. Finally, the future role of
Kyoto flexible mechanisms and of sinks will be important in this
respect.

The sensitivity analysis that was carried out earlier showed that a
number of measures, other than the imposition of a global restric-
tion on CO» emissions, could also be effective. However, many of
these affect mostly the period beyond 2010. The one significant
effect examined that is relevant for the Kyoto period is the potential
contribution to emissions reduction from improvements in the effi-
ciency of transport. It was seen that the implementation of the 1998
voluntary agreement between the EU and the auto manufacturers
association could result in more than 80 Mt of CO» reduction by
2010, a very significant contribution.

The decrease of demand for energy, the fuel mix shifts towards gas
and the changes in power and steam generation in favour of non-
fossil fuels, contribute to considerable reductions of the emission of
acid rain pollutants, under the three additional scenarios examined.
The 2010 reduction in SO, emissions, when compared to those in
the baseline, ranges from 23 % up to 33 % and those of NO, range
from 6 % to 10 %.

The imposition of emission reduction targets might also affect the
ongoing process aiming at market liberalisation of electricity. In the
case that carbon constraints impinge negatively on market liberali-
sation, additional policies may be needed so as to compensate for
such effects.

One of the major conclusions to emerge from this chapter is the cru-
cial role that the electricity and steam generation may be called to
play in reducing emissions. Orchestrating this role may prove quite
difficult in the circumstances of liberalised, mostly privately owned
and competitive markets. It is important to recall that the reduction
in emissions from the sector are not only due to market forces, such
as the relative price of gas and coal, but also to a number of other
factors many of which are influenced by policy. These include any
non-fossil fuel obligations, subsidies for renewables (or other mea-
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sures in support of renewables), difficulties of insurance for nuclear
plants, fair tariffs for co-generation, R&D support for promising gen-
eration technologies etc. Thus, the task of the regulator and policy
maker becomes even more important in monitoring and ensuring
the implementation of a number of potential policy initiatives relat-
ed to the sector.

Under the carbon constraint scenarios as well as under the nuclear
and high price sensitivities, long-term import dependency improves
for the EU but it remains a potential concern. Dependence on
imported oil is not affected much by any of the alternative assump-
tions examined, and remains close to its baseline level in 2020.

The imposition of carbon constraints does indeed lead to a further
penetration of renewable energy forms. This is due to their relative
price becoming more attractive once fossil fuels have to carry the
cost implied by the carbon value. However, their share in total pri-
mary energy remains below 8.4 % even under the S6 scenario for
2020. In general, the current EU target for renewable energy forms
seems very difficult to reach in the absence of vigorous new policies.
The cost gap between renewable energy and fossil fuels remains
large even by the end of the projection period. The relative reduc-
tions in the costs of renewable energy, achieved through the impo-
sition of carbon values which results in higher costs for fossil fuels,
needs to be much more substantial than those suggested by the
alternative scenarios examined here. Alternatively, technological
progress must be much more rapid than assumed here.
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The ultimate objective of the energy policy of the European Union

and its Member States can be regarded in the spirit of the

Amsterdam Treaty of 1997 to contribute to a sustainable develop-

ment of society. This supporting role of energy policy can be

achieved by providing the contextual conditions for a secure, com-
petitive and environmentally benign energy system.The policy con-
cept of sustainable development can be directly linked to the classi-
cal objectives of energy policy: security of supply, competitiveness
of the energy system, and concerns for the environment (White

Paper, 1995):

+ sustainable development needs secure energy supplies; sudden
disruptions of supply would be harmful;

* an energy system that is not competitive weakens the dynamics for
economic growth that include change, for employment and wel-
fare;

+ environmental stresses and global climate change could desta-
bilise the ecological balance and also weaken the development by
high external cost.

These classical goals may have to be pursued with changing empha-
sis depending on the historical situation and emerging issues and
constraints. The "golden 1990s" (see Chapter 3) were characterised
by ample access to energy resources, decreasing energy prices, rela-
tively low and secure energy dependence from foreign sources,
declining SO, hydrocarbon and NO,, emissions and with a stabilisa-
tion of CO, emissions until 2000 in reach for the European Union.
But, in a world of rapid change, energy policy has to be understood
as a continuous process of alert observation, intensive learning and
wise adaptation.

Within this spirit, this chapter reports on the results of the analyses
of major energy policy challenges which are of particular interest
at the turning point of this decade and century. Starting from gen-
eral trends, which have been outlined in Chapter 3, and the quanti-
tative projections of Chapters 4 and 5, the following part of the
report covers contextual conditions (see Chapter 6.1), the policy-
related results cover energy security and import dependence
(Chapter 6.2), the prospects of future energy prices (see Chapter 6.3),
the environmental and climate change policy aspects of energy use
(see Chapter 6.4), the role of technological progress for the energy
system (see Chapter 7), and finally, the priorities for and the value
added of a European energy policy (see Chapter 8). Most of these
topics are treated with a time horizon of around 20 years.
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6.1 GENERAL TRENDS AND FRAMEWORK CONDI-
TIONS

The analysis suggests that the external dimensions of EU energy

policy are likely to assume significantly greater importance in future.

Three dimensions are considered of particular importance in this

analysis:

* First declining indigenous energy production and unfavourable
market conditions for renewables are likely to revitalise policy
aspects of security of supply; international co-operation in the
energy field supported by globalisation of energy supply
economies may well play an increasing supporting role.

+ Second the enlargement of the EU needs further attentions given
the severe challenges in the transition process of Eastern European
countries.

+ And third, continued international diplomacy in the fields of
environmental protection and climate change should be seen
as a priority.

In turn, the analysis concludes that effective resolution of external
and internal policy dimensions will require the more effective inte-
gration of EU policy initiatives.

DECLINING DOMESTIC ENERGY PRODUCTION, UNFAVOURABLE
MARKET CONDITIONS FOR RENEWABLES AND INCREASING ENERGY
IMPORTS

The Baseline Scenario anticipates an increase in fossil fuel produc-
tion in the EU over the period to 2005. However, thereafter indige-
nous EU production is anticipated to decline. The Baseline projec-
tions foresee that two-thirds of the energy requirements of the EU —
or at least around 60 % in the alternative CO5 reduction scenario —
will have to be imported by 2020. This rise in import dependency is

due to a combination of three major factors (see Chapter 4.2):

+ Continued decline in EU hard coal production given high pro-
duction costs, progressive removal of State Aids and competition
from other forms of energy. Imported coal is sold cheaply; the sup-
ply curve for such coal is relatively flat (i. e. large volumes of coal
will be brought on to international markets for a small increase in
prices); and freight charges — though somewhat volatile — remain
generally low. As a result, a steady increase in the share of import-
ed coal is projected from sources such as Australia, Colombia,
Indonesia, South Africa, and Venezuela. Also lignite production is
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likely to decrease given decreasing demand in the non-power sec-
tors and increased investment risks due to liberalisation of electric-
ity markets. As lignite has the highest specific CO, emissions it may
lose competitiveness if EU greenhouse gas emissions have to be
reduced further in a possible second commitment period 2010-
2020. (This may well follow the first commitment period 2008-2012
for which a commitment was made in the Kyoto Protocol that the
industrialised countries should reduce their greenhouse gas emis-
sions by 5 %).

* The rapid increase in North Sea off-shore oil and gas production,
witnessed since the early 1970s, is unlikely to be sustained given
the growing maturity of the province. To date, the rising costs nor-
mally associated with development of smaller sized fields have
been largely off-set by a range of technological innovations, such
as 3-D seismic, deviation drilling, increased use of sub-sea systems,
and better-designed and lighter off-shore platform structures.
Whilst such technological momentum will be maintained (and,
indeed, has been further stimulated by the recent fall in real oil
prices), a slow but steady depletion of the North Sea Province is
expected to reduce its overall production.

*The EU's installed nuclear generating capacity is ageing. Life
extension of such plants is anticipated, where this is judged to be
safe by nuclear licensing authorities. However, with the exception
of France, public opposition to nuclear power remains strong at
present. In addition, liberalisation of electricity markets and the
abolition of formerly-protected utility geographical franchises are
increasing investment risks and raising the cost of capital. These
factors appear to disadvantage capital-intensive, long lead time
generation options such as nuclear power, but to favour the move
to smaller-scale generating units (Combined Cycle Gas Turbines
and CHP) based upon natural gas. As a result, the EU's installed
nuclear generating capacity is projected to decline — especially
after about 2015 (see Chapter 4.2).

Partly influenced by these factors, the Commission has established a
target of 12 % of the overall EU energy balance deriving from
renewable energy sources by 2010 (KOM(97)87, final). In the light
of lower real fossil fuel prices, and on the basis of existing policies,
the analysis suggests this is likely to be a challenging target to
achieve. As aresult, greater attention may well have to be devoted to
energy diversity and energy security issues in future. Key issues for
the Commission and Member States to consider include:

* Qualitative changes in EU energy markets, especially the move
towards natural gas and electricity and away from coal and oil. The
latter two fuels are traditionally stored at the point of final use by
consumers which, for technical reasons, is not the case for gas and
electricity (other than small quantities of LNG).

* Increased dependence upon imported natural gas will lead to
intensified appraisal of supply security risks and of means to ame-
liorate them. These might include expansion and reinforcement of
pipe-line infrastructures, storage capacities and re-consideration of
the changing dual-fuel capabilities of large energy users (especial-
ly in power generation and energy-intensive industrial sectors; see
Chapter 6.3.2).

+ Enhanced energy research, development, diffusion and innova-
tion policies to increase diversity in the EU energy balance, reduce
off-shore production costs in the North Sea and enhance market
deployment of cleaner, more efficient energy technologies (see
Chapter 7).

INTERNATIONAL CO-OPERATION IN THE ENERGY FIELD

Although the energy import dependence of the EU is projected to
increase, a policy of energy autarky is not judged feasible or desir-
able. The resource and opportunity costs would be too high. This
places a premium on continued diplomatic efforts to encourage
global free trade in energy resources.

From the entrepreneurial point of view, the stability of world energy
markets will be further assisted by increased overseas direct invest-
ment by EU and other energy companies, liberalising of energy mar-
kets by exporting countries, increasing mutual economic interde-
pendence, and increased diplomatic dialogue and mutual under-
standing.

International co-operation in the energy field embraces numerous
dimensions. The analysis suggests that under the auspices of the
Energy Charter, negotiations should continue to conclude a multi-
lateral Transit Framework to reduce risks of physical disruptions to
pipe-line supplies. Likewise co-operation with a range of interna-
tional institutions should continue — including the IEA, EBRD, World
Bank, Mercosur and NAFTA. Bilateral negotiations will remain impor-
tant with the OECD, Accession States, Central and Eastern Europe,
the Gulf Co-operation Council, Mediterranean partner countries and
individual developing countries and regional blocs.

ACCESSION COUNTRIES

Dialogue should continue with the Accession States given the
impact eventual membership of the EU would have on the EU's
energy balance. Comparing energy/GDP ratios of the EU and the
Accession Countries, the differences are due to a very old capital
stock in Eastern Europe and low energy prices over many decades.
In many cases, energy was — and still is — subsidised, and environ-
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mental standards of energy converting technologies are lower than
in the EU.There are many obstacles for energy efficiency such as lack
of life cycle costing by investors, lack of market knowledge and up-
front capital, traditions of wasteful behaviour and expectations of
voters and stakeholders, the investor/user dilemma in the majority
of buildings, or weak links of co-operation between universities and
industry. West-East transfer of technology, know-how and policy
experience in market economies open many opportunities for tech-
nology suppliers and the EU energy system. The EU may also con-
sider defining a common commitment under Article 4 of the Kyoto
Protocol.

INTERNATIONAL CO-OPERATION ON THE ENVIRONMENT

The analysis suggests that many of the efforts in the field of interna-
tional co-operation on the environment will focus around the
implementation of a post-Kyoto strategy. In this regard, the
Commission will need to consider intensifying its dialogue with a
range of other partners to ensure the Kyoto Protocol is ratified. This
will need to include widening the scope of the Protocol over time,
particularly to secure the trust and active participation of develop-
ing countries. This could be assisted by the measured development
of mechanisms such as technology transfer, the Clean Development
Mechanism and Joint Implementation. In addition, the Commission
may ensure that emerging Member State experience with emissions
trading is compatible both with wider EU and global emissions trad-
ing regimes. Given their significance in international diplomacy;, it
may be advisable to focus special efforts upon Russia, the USA,
China, India and the Gulf Co-operation Council. High income devel-
oping countries such as South Korea, South Africa, Mexico and oth-
ers may be asked to join the Annex B countries for the next commit-
ment period. Particular attention of policy activities may also be
given to urbanisation and transportation, harmonisation of taxes on
jet fuels, support for decentralised economic development in
Accession States and developing countries, as well as specific efforts
of energy technology transfer and capacity building in developing
countries.

INTEGRATION OF EU POLICY INITIATIVES

This analysis has highlighted the many complex facets of policy
making in the energy field. In conclusion, it emphasises the need for
increased co-operation and co-ordination of several policy areas as
the focus shifts from narrow concerns of the energy sector per se to
those of the wider energy system. In turn, this is likely to require new
ways of thinking and new modes of operation. The Heads of State
decided at their meeting in Cardiff to integrate energy, transport,
and agricultural policies where possible.
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Such policy integration — also with regard to sustainable develop-
ment — could also be developed further to exploit opportunities for
'joined-up' policy making and to avoid duplication — or even partial
compensation — of efforts. The key words here are coherence, co-
ordination and transparency. As both the agenda and the process of
policy making broaden, particular attention will be required to
develop more meaningful fora for dialogue with a wider range of
legitimate stakeholders. The existing system of consultation and dia-
logue has been based largely upon rather compartmentalised
analysis of issues and policy responses. The new agendas are likely
to require much greater ‘joined up' thinking and cross-cutting styles
of operation in the Commission and Member States. This could pose
very significant challenges to the established procedures of the
Commission, the Council of Ministers and the Parliament. In particu-
lar, the policy making process in future requires greater accountabil-
ity, honest presentation of complex trade-offs, benchmarking of
progress against agreed targets, and much less secrecy in policy
deliberations.

6.2 ENERGY SECURITY AND IMPORT DEPENDENCE

According to the Energy Policy White Paper (1996), "the external
dimension of energy policies is generally considered to be the most
important vehicle for action of the European Union". A major chal-
lenge of European Energy Policy will be the re-emergence of securi-
ty of supply in the agenda, given that the overall import dependen-
cy of the EU is expected to rise to almost 70 % for natural gas, 80 %
for coal and 90 % for oil by 2020. At the same time the needs of the
emerging economies will exert growing pressures in the interna-
tional energy markets.

Figure 6-1: EU import dependence
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But increasing competition on the global oil market will maintain
the oil price at a moderate level in the future and accelerate the re-
concentration of oil trade on countries with low-cost reserves, in par-
ticular the Middle East countries which account for two-thirds of
proven oil reserves. This will result from the increasing normalisation
of the oil market as a competitive market, under the effects of a
deliberate strategy of Middle East producers to maximise their mar-
ket share by limiting the development of oil competitors and ener-
gy substitutes. Low prices will thus slow down the development of
new reserves in other regions such as the Caspian, or of the deep off-
shore and unconventional resources. It will also delay the emer-
gence of substitutes to oil products in transportation. The goal of
Middle East producers is to reduce the risk of economic depletion of
the abundant Gulf reserves before their technical depletion, a risk
that they fear increasingly.

In the gas sector, the growing dependence will be potentially ori-
ented towards the Russian supply which could reach 45 % of EU
imports in 2020 according to POLES predictions, whatever the
degree of liberalisation of the national markets and the level of
prices. Beyond the importance of its reserves, the Russian gas strate-
gy of maximisation of hard currency income and of export capacity
creates a large potential of supply to the European market.

The interference between the European and the Asian gas markets
will stay limited in the next three decades despite the rapidly emerg-
ing demand of gas of the major Asian regions (China, India, ASEAN).
The geography will orient the development of Asian transboundary
infrastructures towards specific gas provinces far from Europe (East
Siberia, Central Asian republics, South-east Asian off-shore).
Moreover the possible competition for access to the Middle East gas
resources will be limited because of their abundance in particular in
Iran and the probably weak pressure of the European demand
which is geographically diversified.

In this context of changing energy markets, a permanent reassess-
ment of risks is needed under the influence of two competing views:
the "laissez-faire” view, which considers oil and gas as simple com-
modities, and the "interventionist" view which considers energy
dependency as permanently risky at an economic and political level.
As risks for oil and gas are not similar in type and magnitude, they
have to be analysed differently (see Chapters 6.2.1 and 6.2.2).

6.2.1 INCREASING OIL DEPENDENCE AND SECURITY

The risks associated with re-concentrating oil supplies on the Middle
East fall into two categories: the supply interruption risk and the
market control risk.

SECURITY AND GLOBALISATION OF THE MARKET

The projected very high concentration of exports from the Persian
Gulf (over 50 % in 2010 compared with 37 % today) would make
world oil supplies very sensitive to any political disturbances that led
to exports by major producers being stopped or export routes, such
as the Straits of Hormuz, becoming unavailable for long periods of
time. These risks must be appreciated when taking into account the
globalisation of the oil market and the real political instability of the
countries in the area.

The international oil market is currently both globalised and com-
petitive, with many different sellers and buyers, and a spot market
and its associated financial instruments. The withdrawal of a pro-
ducer will not cause a break in supply to its regular customers, but
will trigger a temporary price rise, as was the case in 1990 with the
withdrawal from the market of two major exporters (Iraq and

Kuwait). In this context of a "commodity oil market", there is no com-

petition between national economies or regions for access to a spe-

cific resource: both supply and demand are addressed not to a spe-
cific country or region, but to the one "great pool" that the world

market makes up. Existing intra-regional flows introduce only a lim-

ited friction in the market adaptations. This fact leads to two conse-

guences:

« security of oil supplies is guaranteed on a world-wide scale,and the
speed of adaptation to disruptions in the market depends on the
quality of trading structures;

* research into privileged bilateral relationships with producers for
guaranteed access to a specific resource is not of any great interest
when confronted with strict rationing of supplies.

These observations should not lead to a confusion of all the situa-

tions. A significant long-term reduction in the contribution from one

or two major producers, in the event of a major crisis, could exceed
the market capacity to adjust in the short term. The responses to
such a problem are known:

« industrialised nations must maintain an efficient emergency reac-
tion capacity for dealing with a major destabilisation in world sup-
plies, with co-ordinated management of strategic stocks; the
European Union could decide to improve the sharing of risks
between its members, to establish a publicly managed European
strategic stock, and to act as a block outside the IEA co-ordination
mechanism,

+ a foreign structural policy aimed at political stabilisation and at
economic development of the major exporting areas, in order to
limit their macroeconomic dependence on oil revenues, would
need to be defined.
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UNCERTAINTIES ON MIDDLE EAST STABILITY

The re-concentration of the global oil supply on the Middle East rais-
es the issue of the stability of the countries of this region. The Middle
East is regarded as being politically unstable for several reasons.
Successions of old monarchs and dictators in the near future are
viewed as factors for possible future destabilisation. Highly dynamic
demographics and high levels of unemployment could create social
disequilibria. Fundamentalist movements and religious divisions
could generate political turmoil. In the opposite scenario of too
rapid democratisation, which would respond to repressed aspira-
tions and pressures from the West, political opening would create
instability. Moreover, potentialities of regional military conflicts still
exist. Such views, however, have to be analysed carefully.

In these countries, there are already elements of national stability.
Apart from the collapse of the Iranian monarchy twenty years ago,
all the regimes in the Gulf have enjoyed long-term stability since the
sixties. This is explained by the capacity of oil revenue to increase
social well being, buy allegiances and maintain a large, repressive
structure that allows the democratisation process to be limited. The
lessons of the past have also been drawn on to counter and contain
the risk of destabilisation through terrorism, as has happened in
Saudi Arabia.

The future successors of the current leaders of the Gulf monarchies
should not change the direction of oil policy or the attitudes
towards the occidental military protection in any fundamental way,
even if the future governments have reservations about this protec-
tion. The top-down decision-making process guarantees inertia of
directions. Generally speaking, the successors will enjoy a consider-
able advantage over any potential competitor when they come to
power. In dictatorial regimes the risks of instability will be higher, but
the prior elimination of opposition means that the transitions will
probably be very progressive.

It is expected that the effect of any democratisation in the present
regimes will be to bring about a level of political instability. This
instability does not convey, however, enormous risks to oil supplies,
in view of the importance of maintaining oil income for financing
public budgets.

At a regional level, there is, and will continue to be, a risk of conflict,
especially if the Middle East peace process develops too slowly.
Rivalry between regional powers could re-emerge after the lifting of
the embargo on Iraq and the progressive abandonment of the
United States' "double containment” policy towards Iran and Iraqg.
Two elements, however, must be taken into account when estimat-
ing this risk. Several conflicts have occurred in this region (Iran-Iraq,
the Gulf War), without supplies or market stability having been
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affected in the long term. Territorial hostilities aimed at altering bor-
ders have been in vain. In addition, the United States' policy in the
region, marked by the long-term presence of American troops, guar-
antees the safety of the member states of the Gulf Co-operation
Council and, beyond that, the safety of oil supplies.

This being the case, there is still some risk that the major producing
countries in the region will be destabilised. This could result from the
competitive effect of the market on prices. In fact, the economic and
industrial developments necessary for responding to demographic
pressure will encounter difficulties in the financial budgets if inter-
national prices remain far below $ 20/barrel in the future.

A NEW RISK OF THE OIL MARKET BEING CONTROLLED?

The possibility of most oil business being re-concentrated on the

Middle East carries the risk of market power being exercised, leading

to a long-term increase in prices above their competitive level.

However, the context of the oil market will be fundamentally differ-

ent to that of the seventies and eighties, during which a group of

states was able to control prices by concerted reductions of sales for
two reasons:

» First, the re-concentration of trading in the Gulf will occur in the
context of intense competition, maintained by technical progress,
which will allow economic access to resources that are currently
not easily accessible. Capacity for competition will therefore
increase quickly if prices are too high.

+ In the second place, in the increasingly competitive context, OPEC
has lost part of the cohesiveness it demonstrated in the 1970s. Its
influence on the oil price is decreasing and depends mainly on the
systematic restrictive production policy of Saudi Arabia and occa-
sional agreements with the largest non-OPEC exporters. OPEC
operates more as an occasional safety net in case of too long-last-
ing price drops than as a permanent price-maker. The competitive
nature of the market will be increased by the liberalisation, cur-
rently in progress, of access to all the oil-producing countries'
resources. The last countries to remain impervious to such an
opening (Saudi Arabia and Kuwait), or those prevented from open-
ing by the American policy (Irag, Iran), are now making develop-
ments in this direction. This opening will strengthen their rapid
development policy by allowing the injection of the necessary
capital and technology. The presence of companies will limit any
possibility of building up market cartels or prevent price-making
by regulation of quantities offered by a certain number of oil-pro-
ducing states. Probable privatisation of national oil companies in
non-Gulf regions would reinforce this trend. These two movements
will have the effect of transferring the power of availability to inter-
national companies on a larger part of world reserves, including
production from the Gulf countries. The latter will retain a certain
control on the level of production, but it will not be large enough
to influence the market.
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To sum up, the development of world oil supplies in a greatly trans-
formed world context will lead to changing risks. The concentration
of most supplies in a single region will create a de facto vulnerabili-
ty in global supplies while the strengthening of competition may
affect the stability of some exporting countries by creating a long-
term low-price trend. But the global, competition-based market will
reduce greatly other risks.

6.2.2 INCREASING GAS DEPENDENCE AND SECURITY

While the progressive decline in North Sea production after
2005/2010 will lead to a high dependence (around 87 %) on imports
for the satisfaction of oil requirements by 2020 (see Table 4-13), the
better reserve situation of natural gas does not prevent a sharp
increase in import dependency of the European Union from under
40 % in 1995 to more than 52 % by 2010 and to more than two thirds
by 2020, due to the projected, relative rapid increase in natural gas
consumption.

The risks associated with future developments in gas in Europe are
not of the same nature as those related to oil development. First,
trading in gas implies that a fixed capital intensive link has become
established between the purchaser and the seller, which creates a
relationship based on a common interest in making their invest-
ment profitable. Second, Europe's dependence on natural gas is evi-
dentin relation to three oil-exporting countries: Algeria, Norway, and
Russia; it is therefore not in a largely competitive and world-wide
market. Third the European regional market is a market of long-term
regional contracts that concern, as of now, just a few sellers includ-
ing the national companies of these three countries. The liberalisa-
tion of the European national markets will create a more competi-
tive situation at the level of the regional oligopoly, which must be
taken into account when analysing the risks.

There is a classic distinction between the short-term risk, which is
essentially a physical risk of supply interruption, and the long-term
risk, which is the risk that supply will not be compatible with
demand.

THE SHORT-TERM RISK

The short-term risk is linked to the risk of accidents or weather phe-
nomena. It can also be a political risk linked to the possibility of trou-
bles in the exporting country or in transit regions, or more rarely a
deliberate choice by the government of the exporting country. The
current political instability in Russia and Algeria has therefore led to
the consideration that an increase in purchases by the European

Union from these two countries could increase the short-term risk
considerably. This should be considered seriously given that Russia,
which currently sells 70 billion cubic metres to the European Union,
would have the capacity to sell up to 100-150 billion cubic metres in
2010, that is, 35 % of European needs and 60 % of imports. In the
same way, purchases from Algeria, which currently total around 45
billion cubic metres, could reach 70 billion cubic metres in 2010.
However, the uncertainty over Algeria and Russia must be kept in its
proper place.

The risk of interruptions to supply, which has been studied in depth
by the European Commission and the International Energy
Agency®®, depends on the size and duration of the interruptions. A
long-term interruption to supply, which carries the highest level of
risk, could only result from longer-lasting political and military disor-
der, which is unlikely even in the event of a partial break-up of the
states. Whatever the political regime, and its level of instability, may
be, the need for currency and the requirement to attract and keep
partners in trade is very likely to prevent any discretionary long-term
breaks in supply — except in case of irrational behaviour of the lead-
ing staff.

There are several answers to these risks. Some have already been
mostly put into practice, because of the maturity of the European
networks. The importing states (France, Germany, Italy, etc) already
have storage capacities that cover 20-40 % of their annual con-
sumption. The inter-connections between the transport systems are
being progressively reinforced, thus allowing each one to benefit
from the back-up possibilities offered by the other systems with dif-
ferent supplies. In addition, the risk of interruption by transit coun-
tries can be limited by diversifying routes. In this way, Russia has
recently made progress by building the new Belarus-Poland-
Germany pipeline in order to reduce the exclusive dependency of its
exports on the Ukrainian transit lines.

Diversification of supply sources, which is another means of risk
reduction, has been operated more or less voluntarily by the import-
ing companies (four supply sources in France, three in Italy and
Germany, two in Spain and Belgium). In the future, this diversification
could partly be carried out through the strategy of the oil compa-
nies that are exploring new opportunities around Europe by becom-
ing more and more involved in the gas market. In this way, imports
of liquid natural gas will, within the next few years, begin to be made
from Egypt, Nigeria and Trinidad, and new Middle East exporters
should soon follow suit. Finally, in the liberalised environment of the
future, the development of short-term markets and transit facilities
will open up new response opportunities allowing a replacement

49 European Commission. Gas supply and prospects in the European Community, Brussels, Com(95) 478; and IEA, Natural Gas Security Study, Paris, OECD, 1995.
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for an interrupted supply to be found quickly; the main restriction
will be the availability of means of transport. In addition, the devel-
opment of storage capacities by the distributors near the new con-
sumers, in order to manage their "back-up" offer, will increase the
overall flexibility of the system.

The big consumers (power generators, heat user, etc.) would have
also incentives to avoid unique dependence from gas supply with
the choice of multi-fuel equipment, in the face of the price volatility
of short term markets.

The risk of short-term dependence can therefore be controlled in
mature, properly inter-connected networks that are subject to mar-
ket rules. It should not, however, be forgotten that the liberalisation
of energy markets incurs a risk of interruption from its own con-
struction because of the increased level of interdependence
between the deregulated gas and electricity markets and because
of the concomitance of peak demand on both markets. In the long
term, gas from coal (e. g. hydrogen) is an option including removal
and sequestration of CO» in aquifers or exploited gas and oil fields
by contribute to further diversification of supply sources (see
Chapter 7.1).

THE RISK OF CONTROL OF THE EUROPEAN MARKET

The associated risk of one of the exporters (particularly Russia)
assuming a dominant role on the gas market of the European Union
may seem important. Having joint ventures in several countries, and
being in alliances with European companies enjoying a consider-
able presence in the gas industry, such as Shell, ENI or Ruhrgas, the
Russian exporter Gazprom could rely on the liberalisation of nation-
al markets to gain as high a share in the market as possible by a low
price strategy and thereafter to increase the prices.In truth, however,
the existence of organised markets will limit the opportunity to
influence market prices. In addition, the European companies whose
only objective in forming an alliance with Gazprom is a selective one
are very much encouraged to play the competition game through-
out the value chain, given the progressive vertical de-integration of
the gas sector under the effect of the Gas Directive.

As for the risk of formation of agreements between the small num-
ber of sellers outside the European Union, it will be minimal because
of the difference of interests between exporting states or between
companies concerned, and because of the competition rules within
the Union. In any case, the setting of gas price levels will always be
limited by the price levels of competing energy sources.

THE LONG-TERM SECURITY RISK

The long-term risk corresponds to a situation in which demand for
gas could not be satisfied for political or economic reasons: con-
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tracting of insufficient quantities through underestimating the
growth in demand, and lack of economic incentive to develop
importation projects because price levels are too low. In European
countries, this long-term risk has long since been considered to be
sufficiently high to justify maintaining the monopoly position held
by the gas pipeline companies. This position allows them to make
long-term contracts by engaging in capital-intensive imports and to
maintain a balanced division between various sources of imports
and country-risks. In this way, it allows a reduction in the risk in long-
term contracts outside OECD commercial and legal frameworks
where shared rules and norms are weak.

Given the projected growth in demand, supplementary gas will have
to be sourced from places increasingly far away from continental
European countries. By increasing risks, the liberalisation of gas mar-
kets will question, in part, the possibility to develop new projects.
Financial risks would have to be mitigated by sharing them mutual-
ly within consortia of buyers and by the expected continuation of
take-or-pay contracts with the help of short-term markets for
spreading the risk that can support the investment. Experience will
demonstrate if confidence in market mechanisms is justified. Recent
cases in which capital-intensive projects were completed without
the protection of long-term contracts (Wingas in Germany,
Interconnector), suggest that many import projects might see the
light of day. No doubt less ambitious and more easily adaptable pro-
jects will be preferred to the major projects already carried out.

To sum up, given the importance of the future European depen-
dence on natural gas, international gas security concerns are a seri-
ous issue in their own right. They are worthy of vigilance from the
European Union and from the Member States. However, even
though the market tends to be short-sighted by nature, its operation
allows security to be maintained by improving levels of inter-depen-
dence and short-term flexibility, and by opening new opportunities
for imports. The Member States and the Community should oversee
market developments to alert the operators in the event that pur-
chases from a country outside the Union become too concentrated.

6.3 COMPETITIVE ENERGY PRICES

The two EU Directives on electricity and gas liberalisation, 96/92 and
98/30 will have a profound impact on the company structure and
the entrepreneurial tradition of these two energy markets in Europe,
which are in the middle of a transition period in most member coun-
tries. Traditional expectations, decision making and old paradigms
are struggling with new concepts, new entrepreneurial understand-
ing and new philosophies. Investors, experts and political institu-
tions are expecting major changes due to the liberalisation of the
electricity and gas markets and due to the internal market and the



KEY ENERGY POLICY ISSUES FOR EUROPE PART VI

fall of the Iron Curtain. But one has to admit that the impacts of
these initiated dynamics on the energy system and related policy
areas are unknown and not without risks. The following two sub-
chapters describe the current situation of transition and uncertain-

ty.

In 1988, the Commission published the White Paper entitled "The
Internal Energy Market" with the aim of establishing a single market
by 1992. Clearly, the realisation of a single market for energy pre-
sented more serious obstacles than for other commodities. From
that point on, liberalisation of gas and electricity markets has occu-
pied an important place on the Commission agenda. The promotion
of Trans-European Networks (TENS), e. g. for gas pipelines, as put for-
ward in the White Paper "Growth, Competitiveness and
Employment", added momentum to the political drive for liberalisa-
tion of EU energy markets. The first relevant Directive was passed in
1990 and was related to price transparency for industrial gas prices.
Member States are required to inform the Commission about gas
prices under clearly defined categories. The price transparency
Directive and the gas and electricity transit Directive of 1991 can be
regarded as the first, preliminary steps to the opening-up of the
European energy markets to competition.

6.3.1 IMPACTS OF MARKET LIBERALISATION ON THE EU ELECTRICI-
TY INDUSTRY 50

The main objective of the European Directive 96/92, concerning
common rules for the internal market in electricity, is to increase
economic efficiency at the level of the whole EU-15 electricity sector.
This objective is to be reached by creating or stimulating competi-
tion within and between the national electricity sectors. The
increased competition is also expected to reduce electricity prices,
to the main benefit of both industrial consumers (thus improving
their competitiveness) and households. Furthermore, according to
the Directive, the increased efficiency level is to be reached whilst
keeping a satisfactory level of supply security and avoiding conflicts
with the goals of environmental policies. The role of the latter con-
dition is emphasized after the European Commission agreed to the
Kyoto Protocol (December 1997). According to this Protocol, the
greenhouse emission reduction targets for the EU and its Member
States will also affect the energy-related greenhouse gas emissions
(see Chapter 4.2).

Taking this background into account, an analysis of the effects of the

electricity market liberalisation has to consider at least four different

issues:

« the different institutional paths of implementing the Directive at
the Member State level;

+ the possible consequences of these differing paths on the market
configuration of the electricity supply industry;

+ the present and foreseeable reaction of the power firms to the lib-
eralisation process;

+ the coherence of the above mentioned issues with the dynamics
required by the targets of the Kyoto Protocol.

THE IMPLEMENTATION OF THE DIRECTIVE

The implementation of the Directive was required by February 1999.
Three countries were allowed a delay: one year for Belgium and
Ireland, two years for Greece. An analysis of the provisions or legisla-
tive projects shows that all the EU-15 countries are currently liberal-
ising their electricity sector or at least intend to liberalise the sector
within the next years, in accordance with the requirements of the EU
Directive.

Four countries (Denmark, Germany, the Netherlands, Spain) are fully
liberalising their electricity markets, opening a much higher per-
centage of the market than required by the Directive. Eight coun-
tries liberalised or intend to liberalise their domestic markets by
allowing a lower percentage of the market opening, which is closer
to the threshold required by the Directive (of course, this distinction
does not involve any value judgement about the behaviour of the
countries). Clearly the UK, Sweden and Finland have already finished
(or are finishing) the process of deregulating their power sectors,
which was started independently of the Directive.

Not surprisingly the four countries plus Sweden, the UK and Finland
(the 'liberalised countries' — LCs) are the ones where at the begin-
ning of the 90's the electricity industry structure, both generation
and distribution, was oligopolistic, either competitive or collusive
(but legalised) through captive markets. The second group of eight
countries, the 'slowly liberalising countries' (SLCs: France, Italy,
Portugal, Greece, Austria, Belgium, Ireland, Luxembourg) is charac-
terised by well-established, vertically integrated national electricity
monopolies, de jure or de facto (Austria is the exception).
Furthermore, the clauses of reciprocity are presently explicitly
adopted by around half of the EU-15 countries, including three of
the seven LCs. Then the role of potential competition from abroad
might be less significant than expected, at least in the next years.

The analysis of the past experience of the countries, which have
already liberalised their electricity market before the signing of the
European Electricity Directive shows that electricity prices fall after
liberalisation. Theoretically, quality of services for consumers should
also improve, as non-price competition is a competition tool in oli-
gopolistic markets. Furthermore, the overall efficiency of the energy

%0 This section is based on the study “Electricity Industry and Market Dynamics’ European Commission — Directorate General for Energy, which was carried out in the context

of the Shared Analysis Project (Volume 8).
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system should increase, as competition pushes power generators to
reduce production costs through the introduction of more
advanced technologies.

However, some of the above mentioned benefits could be less than
expected. Experience shows that the following development
occurred:

* The starting conditions for promoting competition exert a strong
influence on the liberalisation process. In England and Wales the
existence of only two competitors at the generation side caused
increasing rather than decreasing prices at the beginning of the
1990's.

« Electricity prices dropped in the UK (apart from Northern Ireland)
after 1993.This is partly due to the electricity cost decrease, coming
from both a better bargaining position vis-a-vis the domestic coal
suppliers and the parallel ongoing liberalisation of the domestic
natural gas market, which reduced gas prices. The latter issue
underlines how important it is to analyse the effects of the liberali-
sation of the electricity market together with the expected evolu-
tion on the fuel input side, first of all natural gas. More generally, the
reduction of prices in the UK experience might have been influ-
enced by several factors (fall in international fuel prices, removal of
historic cross-subsidies to coal and nuclear, autonomous technical
change and so on): the weight of the spurred competition within
the electricity supply industry is still unclear.

* The electricity price decrease for industry was stronger than for
households.

* There is no clear evidence of an increasing quality of services (nor,
indeed, of a falling off).

POSSIBLE CONSEQUENCES ON THE ELECTRICITY SUPPLY INDUS-
TRY

The differences between the "Liberalised Countries" and the "Slowly
Liberalising Countries" together with the clauses of reciprocity,
restrict the possibility for electricity foreign trade to trigger compe-
tition in the domestic markets. As the present Directive allows the
national clauses of reciprocity over a seven year period, the evolu-
tion towards competition at the European level is gradual: however
the start is important.

In the SLCs the former monopolistic power producers will become
oligopolists with a dominant domestic market position. In a stag-
nating market and if the national monopolistic utility has already
built up meaningful entry barriers or if the national government
does not impose important reductions of its market share, the new
entrants are likely to achieve only a marginal part of the power mar-
ket. The dominant utility has relatively little concern about a decline
of its domestic market share. Therefore it engages itself more active-
ly compared to a pure oligopoly context in other markets, e. g. by
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investing in product diversification and acquiring shares of electric-
ity companies abroad. In fact, the growth rates of the domestic elec-
tricity demand, the rate of replacement of obsolete plants, the inci-
dence of peak load with respect to base load and the size of the
potential market for district heating are currently key factors for the
scope of entry of new power producers. If these are insufficient, it is
possible that the electricity prices will drop sharply at the beginning
of the liberalisation period, and stagnate after, as a witness to an
obtained new low level of competition. Obviously the role of the
regulator as a watchdog is very important in this period.

Since in the group of Slowly Liberalising Countries the share of ‘eli-
gible consumers' (consumers with free choice of supply) is low, the
result will be that in the next years only large consumers in industry
and the tertiary sector will be able to reap the advantages of liberal-
isation.

Of course, the expected effects of the electricity liberalisation are
more positive in the group of Liberalised Countries. Oligopolies with
relatively low entry barriers should become the most likely configu-
ration of the domestic market. However, experience shows that
there might be fewer new entrants than expected, while a large
wave of mergers and acquisitions directed to existing small electric-
ity producers, like municipalities, is already occurring: the level of
concentration should increase. The new electricity generation, built
up by new entrants, like Independent Power Producers (IPPs), or
existing producers, should be based on small and medium power
plants, as the early turbulence should induce risk-adverse behaviour,
at least in the private investors.

STRATEGIES OF POWER COMPANIES

Until now, the response of the EU electricity companies to the elec-
tricity deregulation seems to lead primarily to mergers and acquisi-
tions. Of course this does not exclude internal restructuring of these
companies.

Cutting personnel within the electricity firms has been one of the
immediate outcomes of the electricity reforms in England and
Wales.The number of employees of the generation and transmission
companies fell by 45 % between 1988/89 and 1997/98 (figures
include Scotland as well), while in the regional distribution compa-
nies employment decreased by 30 % between 1988/89 and
1995/96. The new opportunities for many firms to jointly distribute
electricity, gas and other services should enhance this effect.

In an oligopoly context, providing energy services should be part of
the competition instruments (even if the UK experience suggests
scepticism about the likely development of these services, the expe-
rience in other countries such as Sweden is more encouraging). A
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new ‘customer approach' seems to become a common phenome-
non among the power utilities in the EU. The main objective of this
'new customer approach' is to gain larger market shares through
various marketing tools, such as proposing different types of elec-
tricity tariffs, providing consulting services, selling both electricity
and gas (if possible) to be paid with the same bill. However, some
words of caution are necessary. First, it is likely that this 'new cus-
tomer approach' would be more directed to those electricity cus-
tomers that can easily shift towards alternative electricity suppliers
and not the households. Second, this kind of improvement in the
quality of service is likely to occur more often where competition is
more mature, i. e. in the group of Liberalised Countries' (however
these services could be provided by specialised firms rather than by
utilities). Third, there is the question of how this 'near to the cus-
tomer' approach is financed. It seems that part of the former R&D
expenditures are devoted to it.

As far as the effects of the liberalisation on the firms' R&D expendi-
tures are concerned, two opposing opinions are often heard. First it
is stressed that more competition leads to a higher R&D expendi-
ture, because it will reduce the cost of generating (or distributing)
electricity. Second, it is assumed that the bulk of the electricity sec-
tor research was carried out by the power equipment producers: the
research within the utilities was only carried out as part of the inten-
sive co-operation with the power equipment producers, as it was for
nuclear and other large scale technologies. However, as the new
competition context pushes firms to break off old, close relation-
ships with the power equipment suppliers, it is generally assumed
that the R&D efforts by the utilities become a cost factor, which they
prefer to minimise. Furthermore, it seems that the attention of R&D
in power companies is shifted to the improvement of technologies,
which are directly improving services to the consumers.

As a consequence, the R&D expenditure could become a public
responsibility, which has to be supported by society or by the whole
power industry, for instance by adding a taxing fee upon the tariff for

access to the grid. A third possible solution is the increase of R&D
carried on directly by the power equipment industry. The net result
of this shift of R&D expenditure placement is unclear.

So far the more obvious reactions of the electricity firms focus
towards external growth of electricity sales through diversification
and foreign acquisitions. It is easy to note that from a sample of 69
EU-15 utilities in 1997, describing their financial figures, 57 (82 %) are
diversified. Major attention was paid to the internationalisation
effort of the EU power sector. From 1996 to 1998, EU-15 electricity
companies spent an average value of € 565 millions per transaction
regarding partial or complete acquisitions of the shares of the firms,
located outside the domestic country of the buying firm. The major
destination of these investments (27 % in 1996 and around 38 % in
1997 and 1998) is the Western European market. Then a specific
strategy of many European firms is the attempt to partially or total-
ly control other European power utilities, thereby causing a concen-
tration of the electricity industry within the EU.

CONSEQUENCES FOR KYOTO COMMITMENTS

Electricity liberalisation might have several impacts that are impor-

tant for EU and national Kyoto Commitments:

« impact on fuel substitution (mainly substitution coal/gas);

+ higher electricity demand as a consequence of lower electricity
prices and lower electricity efficiency efforts at both supply and
demand side;

« impact on renewables and on CHP.

IMPACT ON FUEL SUBSTITUTION

At a first look, the effects of both the liberalisation and the reaction
of the firms to the EU and national Kyoto commitments with respect
to fuel substitution seem easy to depict. The new market conditions
oblige the utilities to pay more attention to the cost of production
and to the risk of investment in new capacity. An analysis of the kWh
costs of different electricity generating technologies (see Table 6-1)
shows that electricity produced through gas turbines in combined

TABLE 6-1: COMPARISON OF COST RANGES FOR ELECTRICITY GENERATION BY NEW PLANTS, 1999 (IN €/MWh)

Source: Shared Analysis Volume 8

Size (MWh) CCGT (gas)

low medium  high
150 317 418 59.7
300 28.6 37.8 53.2
600 25.6 339 46.8
Source: DTI
Size (MWh) CCGT (gas)

low medium  high
no distinction 26.9 29.8 328

Coal Ratio CCGT/coal

.................................................................................

low  medium  high low medium high

37.0 478 74.2 0.9 0.87 0.80

318 411 63.2 0.9 0.92 0.84

28.8 37.2 56.9 0.89 0.91 0.82
Coal Ratio CCGT/coal

.................................................................................

low  medium  high low medium high
38.8 448 485 0.69  0.66 0.68

1999 - The Shared Analysis Project q



cycles (CCGT) is less expensive than electricity produced through
coal plants. The difference is around 10-15 % or more, depending on
the assumptions™.

The competitiveness of CCGTs with respect to coal plants is relevant
to all capacities of individual plants for the power market. It is partly
explained by the recent reduction of gas prices, and partially by the
fact that new entrants are mainly investing in small or medium size
plants. This is true for both Liberalised Countries and the Slowly
Liberalising Countries. This means that the rates of liberalisation of
the power markets do not affect this decision. It leads to the use of
one fuel, namely natural gas, an increasing share of which is import-
ed from outside the EU. With respect to the security of the EU sup-
ply, this trend should be monitored carefully.

The fact that the market decisions will lead to investment in less pol-
luting gas technologies (rather than more polluting coal) in a com-
petitive market is sheer luck. At a given size plant, the power gener-
ators may become indifferent towards the two types of technolo-
gies, if the price of natural gas increases 15 % with respect to the pre-
viously assumed price scenario for gas, other things being equal.
(The DTI figures are more stable with respect to relative changes in
gas and coal prices, given the fact that coal-fired plants are 31-34 %
more costly). However, the evaluations carried out also take into
account other issues, such as capital costs. So this development is
also explained by the preference of the firms for facing variable costs
rather than fixed costs.

ELECTRICITY PRICES AND ELECTRICITY DEMAND

The likely fall of electricity prices, because of the liberalisation of
electricity markets, should stimulate the demand for electricity. This
might increase for two reasons: either because other fuels could be
substituted, or because, due to lower prices, energy efficiency for a
given energy use could worsen. However, it is difficult to foresee how
large these effects could be.First, it also depends largely on the price
and availability of competing fuels in the final energy demand,
mainly natural gas. Second, liberalisation could bring an end to the
favourable contracts made by the public utilities to some kind of
consumers, above all in the Slowly Liberalising Countries. Up to now
they have benefitted from cheaper tariffs. If these contracts are sub-
stituted by others on the basis of higher electricity prices, the result
could be a reduction of electricity consumption (or the search for a
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higher level of efficiency) in these consumer groups. This would
compensate to some extent the increase in electricity demand in
other consumer groups that benefit from lower prices. Third, experi-
ence shows that some of the governments of the countries which
liberalised their electricity markets took advantage of the drop of
pre-tax electricity prices to increase taxes, partially taking away from
the decrease so that the impact on the consumers’ behaviour was
slightly softened. In fact, most of the European Member States (such
as Germany, Italy and France) have recently introduced some form of
energy/CO, tax, if they have not done so already (such as Denmark
and Finland). Others, such as the UK, have a concrete proposal in the
legislative process. Obviously, this gives a room for manoeuvre to the
governments to reduce the undesired price effects of the liberalisa-
tion and to reduce charges on labour or to finance public expendi-
ture aimed at increasing energy (and environmental) efficiency. In
particular, enhanced R&D efforts are necessary to lower the costs of
energy efficiency technologies further in order to maintain compet-
itiveness in a world of lower electricity prices. Further, when compe-
tition will be shifted from lowering price levels to the quality of ser-
vices provided, the role of energy efficiency might increase again in
the portfolio of the companies in the form of energy services.

IMPACT ON RENEWABLES AND ON CHP

Of course, the role of the renewables in power production is impor-
tant. In a liberalised context an increasing demand for renewables
seems unlikely, as electricity generators have to pay more attention
to the costs of generating electricity. According to our estimates, the
medium and long-term production costs of the less expensive
renewables, like mini-hydro or wind energy, are still around twice the
kWh cost of electricity produced by CCGTs.

Therefore, the development of renewables is likely to be somewhat
hampered by the liberalisation of the electricity market. In order to
promote them, the portfolio approach (in which a certain market
share is reserved for renewables) seems to be more coherent with
the liberalisation. It introduces competition for the suppliers of elec-
tricity generated by renewables on the price basis, so stimulating
efficiency. It also generates a market where they can evolve until full
competition with fossil fuels. On the other hand, the REFIT model
(characterised by a fixed subsidy for electricity fed back to the elec-
tricity grid; presently adopted in some countries like Germany, Spain
and previously Denmark) provides for a larger initial market growth

%0 Table 6-1 shows evaluations of costs per kWh made through two different methodologies. The IEFE evaluation uses eight parameters which have been combined in order
to build up three different scenarios (see Volume 8 of the Shared Analysis Project): the middle figures represents the most accepted estimate. Among the main assumptions,
the range of interest rates is 8-10-12 %. For CCGTs the assumed natural gas prices are 0.103-0.134-0.165 a/m3. For coal plants the assumed steam coal prices are 37.2-46.5-58.1
a/t. Efficiency in coal plants is 42 % while for CCGTs it is a function of the size of the plants according to the results of a regression analysis on data from the US market. On the
contrary, the DTI figures represent the responses made by individuals and organisations during a process of consultation decided by the UK Government in order to produce
the Review of Energy Sources for Power Generation (presented to the Parliament in October 1998). In the cost range the middle figure represents the figure most quoted by

the respondents. For this approach the assumptions are not specified.

b 1999 - The Shared Analysis Project
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for this kind of electricity. It grants an outlet to each of its suppliers.
Critics argue that efficiency is not stimulated in markets such as this,
although the evidence of the German and Danish markets in the
field of wind energy does not support this. Rapid market growth has
pushed generation prices down considerably, while pool markets,
such as the one in the UK, are hampered in recent times by very
small growth. Nevertheless, it seems necessary to gradually increase
the competitive pressure on markets based on REFIT models and
having achieved a certain size, in order to insure their future growth
and to avoid continuous subsidising of the market. In conclusion, it
appears that the two approaches, the portfolio and the REFIT
approach, refer to two different objectives (to stimulate efficiency in
supplying electricity generated by renewables or to increase the
amount of the electricity produced by them in absolute terms). It
seems useful (and more than obvious) to look for a“middle way” The
current efforts to establish a frame directive for renewables that
would allow each country to set up an approach that best fits the
needs of its national market, are a step in this direction. For renew-
ables that are still some way from being competitive, such as photo-
voltaics, larger subsidy programmes at the national level and per-
haps EU level, will strongly influence their future development. Such
programmes could compensate, at least for some time, for the more
difficult position of renewables in liberalised markets.

On the contrary, a larger diffusion of CHP is likely because of elec-
tricity liberalisation (see Volume 5 of the Shared Analysis Project).
This holds also for the south of Europe (with respect to industrial co-
generation). However, it is likely that public support is still needed
for medium and small firms, not only through incentives, but also
through adequate taxing policies. It is possible, indeed, that the
imposition of carbon (or environment) taxes increases the avoided
cost for the buyers of heat and electricity produced by CHP, so
increasing the price they can pay (and then the revenue on the CHP
side).

CONCLUSIONS

In summary, some consequences of the electricity liberalisation in
the EU area seem positive, but to a less extent than expected. Some
other effects seem ambiguous.

The positive effects are the following:

« Competition will increase, as existing monopolies and captive mar-
kets are eroded. However, the role of the potential competition
from abroad is hampered by the different degrees of liberalisation
among countries and by the common recourse to the clauses of
reciprocity (plus the lack of interconnection capacity). At the EU-
level concentration may increase, due to the boost of foreign acqui-

sitions. Such a behaviour has positive effects to the extent that the
acquired firms are expected to increase their overall efficiency, but
it can partially induce the acquiring firms to invest less in their own
energy plants. Furthermore, it increases the short-term orientation
of the management of the utilities that could be acquired.

* Electricity prices will fall with differences, however, between coun-
tries and among kinds of consumers.

+ Electricity services (useful to increase efficiency at the consumer

level) should spontaneously develop, however, with a less than
expected spread and with less than expected benefits for the small
consumers.
+ Leaving aside the effects of the growth of the capacity, the level of
emissions should decrease. The liberalisation of the electricity mar-
ket spurs a higher efficiency in utilising fuels for generating elec-
tricity. However, it depends on the evolution of the gas/coal relative
prices, and the new context is not spontaneously prone to develop
the role of renewables and of electricity efficiency on the demand
side, while the role of combined heat and power generation could
be strengthened.

The ambiguous effects are the following:

* The effects on R&D efforts. On the one hand, they could increase as
a tool to reduce costs (as a process innovation), on the other hand,
they are expected to decline, because of the tendency of the utili-
ties to save on costs and of the changed relationships with power
plant producers.

* The 'Dash for gas' should go on, as sound incentives are provided
by electricity liberalisation to increase the utilisation of this less
polluting fuel. However, it is questionable whether this tendency is
coherent with the supply security target (see the UK case) and will
of course depend on the expected evolution of the gas prices rel-
ative to the coal prices.

6.3.2 IMPACTS OF MARKET LIBERALISATION ON THE EU
GAS INDUSTRY %2

Until 1990, the issue of gas market liberalisation did not feature sig-
nificantly on the policy agenda of the European Commission. Its
concerns were focused primarily on issues of security of supply. The
gas industry was allowed to operate according to the individual
wishes of each Member State. Perhaps because of the strategic
importance of energy supply, no serious attempts were made to
establish a free market in either gas or electricity, in spite of the EU
objective of the establishment of a free market for other goods and
services. The Transit Directive, which was passed in 1991, allows
nominated gas companies the right to use the pipelines of other
nominated gas companies, provided that gas crosses an internal

52 This section is based on the study “Impacts of Market Liberalisation on the EU Gas Industry’; European Commission — Directorate General for Energy, which was carried out

in the context of the Shared Analysis Project (Volume 9).

1999 - The Shared Analysis Project q



European border. Later on, this was undoubtedly an incentive to the
UK-Interconnector project. The discussion on further liberalisation of
the gas markets continued and, after several years of debate, a polit-
ical agreement on a new EU Gas Directive was finally reached in
December 1997. After being adopted by the Energy Council with a
unanimous common position, the EU Gas Directive was finally
approved by the European Parliament in June 1998 and entered into
force in August 1998.

GAS DEMAND TRENDS

After a period of moderate growth in the 1980's the demand for nat-
ural gas within the European Union is projected to rise substantially
over the coming decades. Natural gas demand is said to be 'boom-
ing' all over Europe. The all-around optimism is fed by several eco-
nomic and political developments. The main factors that have been
restraining the use of natural gas are either no longer present or will
be lifted within the foreseeable future.

* It has become clear that natural gas resources, both on a European
and on aworld scale, are bigger than foreseen 20 years ago. In 1990
the European Union removed its earlier ban on burning natural gas
to generate electricity. The fall of the Iron Curtain played a major
role in this decision.

« Since 1985, natural gas prices have decreased. The fall in oil prices
combined with the depreciation of the US$ has resulted in consid-
erably lower end-user prices within all European countries.

* The low sulphur and carbon content of natural gas compared to
other fossil fuels makes it an attractive fuel from an environmental
perspective.

* The availability of highly efficient Combined-Cycle Gas Turbines
(CCGT) and the liberalisation of the UK electricity market has stim-
ulated the use of gas in the power sector. It seems likely that the
ongoing liberalisation of the continental European electricity mar-
ket will have a similar effect on the demand for CCGT and, hence,
for natural gas (see preceding Chapter 6.3.1).

GAS SUPPLY

The ownership structure on the supply side of the European gas
market can be characterised as an extremely complex oligopoly. In
order to limit market risk, the search for and exploration of (new) gas
fields is often executed in joint ventures with other gas companies.
Although the management of a single gas field usually rests with
one company, all partners in the joint venture are entitled to a part
of the profit (loss) of the field. Additionally, many upstream compa-
nies have extensive interests in the downstream part of the market.
The prime example is Shell, which holds an interest in at least 15 dif-
ferent transmission companies. The ownership structure of individ-
ual transmission companies can be very complex as well. For exam-
ple, a consortium of four so-called 'pools' owns Germany's Ruhrgas.
Behind each of these pools stands a consortium of upstream gas

p 1999 - The Shared Analysis Project
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companies (exploration and production of natural gas), some of
which have shares in more than one pool. In fact the upstream mar-
ket is the most competitive part of the natural gas chain. About
twenty major companies are involved in the exploration and pro-
duction of natural gas for supply to the seven major consumer coun-
tries in the EU (Austria, Belgium, France, Germany, lItaly, the
Netherlands, and UK), see Figure 6-2 for the supplies of the major
production companies.

In 1996, the biggest of those companies, Russia's Gazprom, had a
market share of about 20 % of the West European market. In that
same year, the top five companies Gazprom, Sonatrach, Exxon, Shell
and EBN, supplied just over 60 % of this market. Although this points
to a relatively competitive market, it must be noted that these fig-
ures are European averages. Taking a look at each of the countries
separately we obtain a somewhat different picture. In some, one
company or a consortium of companies holds a dominant market
share. In the Netherlands, a consortium of Shell, Exxon and EBN sup-
plies virtually the entire market. In Spain, Algerian Sonatrach sup-
plies over half of the market. Moreover, many of the companies list-
ed in Figure 6-2 do not compete with each other because of geo-
graphically separated markets. Seven out of the twenty companies
listed are active only, or mainly, in the United Kingdom, whereas the
two largest companies, Gazprom and Sonatrach, only compete with
each other in Italy. The changes in market volume and share are illus-
trating the growing importance of non-EU producers.

Figure 6-2: Gas supplies to seven main EU consumer countries

(billion cubic metres)
70

1992

M 1906

Gazprom Sonatrach  Exxon EBN Shell Agip Statoil

TRANSMISSION OF GAS

The downstream part of the EU gas market (transmission and distri-
bution) shows a completely different picture than the upstream
part. In nearly every country, the transmission market is almost com-
pletely dominated by one company at present supplying virtually
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the entire market. The only exception is the German market where
the share of the largest transmission company, Ruhrgas, is limited to
69 per cent.

The analysis has shown a reasonably competitive upstream market
together with a nearly monopolistic downstream market. Hence, the
conclusion seems warranted that any problems with market power
will be confined to the downstream market only. However, the situ-
ation in the market for natural gas is more complicated than this
simple analysis suggests. First, a number of the companies active in
production and import of natural gas are working closely together.
The main motive is that it allows cost savings and reduces risk.
Horizontal integration also reduces the number of competitors in
the market and, hence, reduces competition. Second, many of the
upstream companies have interests in downstream companies.
Although this vertical integration reduces risk and increases value
added for a company, it also allows the upstream firm to 'shift' the
battlefield to the less competitive downstream market and, hence,
to evade competition. Furthermore, the fall in natural gas prices
since the mid-eighties has been fully absorbed by the producers,
while at the same time, the profits of the transmission companies
have remained almost unaffected. Since the new companies
Gazprom, Sonatrach and GFU (a Norwegian Joint Gas Negotiations
Committee composed of Statoil, Norsk Hydro and Saga) have virtu-
ally no downstream interests, they have been hit much harder by the
fall in natural gas prices than Shell, Exxon, EBN and ENI.

Construction of the UK-Interconnector with the Continent, with an
initial throughput capacity of 20 billion cubic metres per year53, was
started in 1996 and completed in 1998. The first right to use the
capacity was vested with the shareholders in relation to their partic-
ipation. The shareholder group comprised of British Gas (35 %;
British Petroleum, EIf, Gazprom and Conoco 10 % each; and Amerada
Hess, Distrigaz, National Power, SNAM and Ruhrgas, with 5 % each).
The Norwegian capacity to supply will experience a similarly impres-
sive upward jump (throughput will increase from 44 billion cubic
metres at present to about 77 billion cubic metres at the end of
1999), allowing the Norwegian producers to start competing with
each other and with other supply sources. Furthermore, part of the
UK-Interconnector deliveries are destined for Wingas, in Germany or
elsewhere, thus diversifying this company's sources and improving
the supply security of its deliveries. This should add to Wingas' com-
petitive edge when it seeks to take additional market share from
Ruhrgas and others.

In summary, we can conclude that the following factors are driving

the EU gas markets towards more competition:

+ growing gas share in energy demand and diversification of gas
supplies and imports,

» emergence of large non-EU suppliers and overcapacity in gas sup-
plies to the EU consumer markets,

+ changing role of governments in the economy, and consequently
their intervention in the gas markets,

+ opening up of the German gas market by Wingas and Gazprom,

» the liberalisation of the UK gas market,

« construction of the Interconnector between UK and Belgium,

« implementation of the EU Gas Directive to accomplish an internal
market for gas.

The EU Gas Directive aims to create a fully competitive market in
natural gas through common rules for transmission, distribution,
supply and storage. Central to this aim is the requirement to open
up the transmission network and storage facilities to third-party
access, so that eligible customers can buy gas directly from produc-
ers if they so wish. The Directive establishes minimum degrees of
market opening. The initial market opening covers all power gener-
ators and all other consumers of more than 25 million cubic
metres/year and a minimum of 20 % of each national market. The
market opening rises to 15 million cubic metres/year and 28 % of
the market after five years of the Directive taking effect in 2000; and
to 5 million cubic metres/year and 33 % after ten years.The Directive
also allows new entrants to build pipelines.

However, with a view on the future developments of the EU gas mar-

kets the implementation of the Directive raises several questions:

+ How will the different Member States implement the Gas Directive
and at what pace? Given the large differences between Member
States with respect to available domestic gas production, depen-
dency on imports and other economic and political features, differ-
ences in implementation can be expected. Will the implementation
of the Directive indeed lead to an internal market for gas in the EU
or in other words, will the Directive be implemented by the
Member States beyond its minimal requirements?

» What are the responses of the different gas companies to the
Directive and its implementation by the Member States? For exam-
ple, can we expect a defensive or offensive response of the com-
panies? How will the Member States and how will the Commission
react to mergers or vertical integration of companies and to merg-
ers or vertical integration of companies and to requests for dero-
gations or/and violations of the rules by the Member States?

%3 The reverse capacity of the UK-Interconnector, i. e. gas flow from the continent to the UK, is 8.5 billion cubic metres per year
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Clearly the outcome of the progressive liberalisation of the EU gas
market and particularly the role of the Directive and the responses
of the large companies in this process are, as yet, very uncertain.
Two scenarios of the impacts of the liberalisation of European gas
In order to cope with the large uncertainties of this process of the
enforced liberalisation, the most relevant institutional driving fac-
tors influencing the emergence of more competition in EU gas mar-
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kets are put into a scenario framework. This enables a more system-
atic analysis and assessment of the effects of this liberalisation
process for the next decade. Two 'extreme’ scenarios for the possible
development of the relevant institutional framework (implementa-
tion of the Directive) and other key factors influencing (limiting
and/or promoting) the development of more competition in the EU
gas market are defined (see Box 6-1).

Box 6-1: Assumptions of two implementation scenarios of the EU Gas Directive

The key assumptions for both extreme implementation scenarios
are as follows:

FULL COMPETITION (FC) SCENARIO

* Fierce upstream competition between large gas suppliers, such as
Gaz de France, Gazprom, Shell, etc.

* Legal and effective unbundling of accounts and separation of
management for trade, transmission, distribution etc. functions.

« Effective third party access (regulated Third Party Access will pre-
vail) to the entire network, storage and distribution functions.
Transparent access pricing is established.

* Pro-active operating regulators on the EU and Member State level
not allowing any abuse of derogations, discriminatory access to
the network, etc. in the Member States.

+ Convergence of Member State regulations before 2010.

« Sufficient number and capacity of hubs, pipelines, storage at
hubs/interconnector links (necessary for spot trading) facilities
available in EU and optimally dispersed hubs, located across the
EU.

+ Spot trading will dominate the price setting for consumer mar-
kets.

SEMI-OPEN COMPETITION (SC) SCENARIO:

+ Upstream suppliers form alliances and large vertical integrated
companies are dominating the market (company response to
implementation of the Directive).

+ Administrative unbundling of trade, transmission etc. accounts of
the vertical integrated companies.

« Discriminatory and limited access to network, storage, etc. (under
a ‘weak’ implementation of a negotiated Third Party Access
regime) still persisting.

+ Ineffective and slowly reacting regulators with respect to settle-
ments of tariff, access and other disputes.

+ Large differences in deregulation between Member States due to
differences in circumstances and different implementation of the
Directive in the Member States.

« Insufficient number, quality and capacity of interconnectors/
hubs, pipelines, etc. for facilitating spot trade.

+ Long run take-or-pay contracts still dominating and arbitrage and
spot trade outside the UK is not yet emerging.

Finally for both 'institutional development' scenarios, we assume
that full competition in the next ten years is only achievable in
mature EU gas markets. Also, the oligopolistic characteristics of the
EU gas market will continue in the next ten years in both scenarios.
The following gas markets have been identified as mature: Austria,
Belgium, France, Germany, Italy, Luxembourg, the Netherlands and
the United Kingdom54. In addition, Ireland is considered to be close
to maturity, and Denmark and Spain are expected to mature after
a decade. Portugal, Sweden and Greece are new, emerging mar-
kets.

In summary the following impacts are envisaged.

For the Full Competition Scenario:

Achievement of an internal gas market in 2010 will have the follow-

ing effects:

+ Substantial lowering of natural gas prices in most of the mature EU
countries except for the UK, see Figure 6-3 (industrial prices full
competition).

+ Convergence of gas prices across countries and between the dif-
ferent consumers due to arbitrage facilitated by emerging spot
and future trading.

« Profits of gas companies will strongly erode.

« Transmission and production costs of gas are becoming relatively
more important factors in the competition between supply com-
panies. As one of the consequences there is a trend to more ‘paper’
trade and regionalisation of gas markets in Europe.

% For the classification, we have selected two main indicators, i.e. the share of natural gas in total primary energy requirements (TPER), and the number of years elapsed since
the introduction of natural gas. The share of natural gas in TPER can give a rough indication of the number of buyers in a country and the importance of natural gas in a coun-
try's fuel mix compared to other fuels. The share of gas in TPER at the time of liberalisation was 22.9 per cent for the United Kingdom (in 1986) and 23.2 per cent for the United
States (in 1985). This suggests that when the value of this indicator approaches 23 per cent, the natural gas market is mature enough for liberalisation, at least from a buyer's
point of view. The number of years passed since the introduction of natural gas in a country gives an indication of the maturity of the gas infrastructure. In addition, it gives a
rough indication of the investment costs to be recouped from the market, the expertise of the gas companies and policy makers.

» 1999 - The Shared Analysis Project
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+ Substantial increase of gas consumption in most of the continental * Public support for the liberalisation process will decline.
EU countries and particularly in the power sector. CONCLUSIONS

« Growing number of multi-utilities and convergence of gas and ) .
Generally the analyses lead to the following conclusions:

* In order to realise full competition in the EU gas market (EU objec-
tive) it is necessary that all countries comply with the EU Gas

electricity markets.

Directive and beyond the minimal requirements. Thus preferably
Figure 6-3: Expected gas price changes in industries (Full Competition Scenario) introduce regulated TPA and realise effective (preferably legal)
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open question. However, recent mergers of utilities indicate a trend
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towards the emergence of so-called multi-utilities, which are sup-
plying a package consisting of electricity, gas, water and cable ser-

vices to consumers.
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It is expected that the share of interruptible gas contracts, which
Source: Shared Analysis Volume 9 today is relatively high in the UK (and was already high before lib-
eralisation) might also increase in the Continental gas markets.This
is because the former national transmission companies will also
increase their flexibility of contracting sales to their customers in
the next years. However, the picture will vary between Member

Figure 6-3 clearly shows that after the industry customers are
becoming eligible (market opening rising to 15 million cubic metres

per year or 35 % in 2010) the gas prices for the industry are declin-
States and type of customers.

Trade via the pipeline network for transmission will relatively
decline and be substituted by swap deals and other 'paper trade’,

ing in most continental countries and particularly in Germany and

Austria. However, in some member countries where gas prices for

the industries are already relatively low (the Netherlands), or liber- i L o
thereby reducing the transmission costs for consumers. This is

because these and other auxiliary (storage, quality, etc.) costs are
becoming relatively more important in a fully competitive market.

alised and thus low (UK), the gas price reductions are either very
small or prices might even rise slightly due to the convergence of
gas prices across the European gas market, which reflects the estab-

Consequently EU producers/suppliers such as Shell, Exxon,
Agip/ENI, Winter-shall etc., which are closer to their customer mar-
kets than most of the non-EU producers, are the winners in the

lishment of a single and full competition gas market in 2010.

For the Semi-open Competition Scenario: . o ) .
next decade of attaining full competition. Their production and

sales will increase relatively more than the non-EU producers.
Itis expected that in the next few years the current gas oversupply

Given the assumption of a minimum implementation of the
Directive, of course the key objectives of the European Commission
will not be obtained, because Member States will focus primarily on

situation will aggravate, because more pipeline capacity will
become operational in the near future. However, after about 10 to
15 years, more expensive so-called non-EU 'long distance' gas sup-

protecting their stake in national gas transmission and trade.
Therefore we expect the following effects:

+ Only small reductions in gas prices in the mature EU gas markets. ] ] . ]
plies might be necessary to meet the growing EU gas demand. This

might lead to small price rises at the EU border and perhaps also to
small increases in end-user prices if the production costs of the EU

» Moderately increasing gas consumption in most of continental EU
countries.

« Structural changes in the EU gas industry are limited. )
producers also rise.

The relative market positions of Russia and Norway will only grad-
ually change in the long run, in favour of the lowest cost and most

« Unjustifiable price differences between countries and markets con-

tinue, particularly for small household consumers.

« Profits are constant or expected to increase slightly. . ) . .
reliable producer of these two. Particularly in the EU, Russia's
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Statoil, if the political situation in Eastern Europe does not change
dramatically, and given their strong needs for hard currency export
revenues. However, changing alliances and development of 'new
alliances' between non-EU producers and EU trading companies
(vertical integration to reach profitable consumer markets) might
change this perspective substantially.

« It is generally expected that due to the reduction of gas prices for
the majority of the gas consumers in the EU member states, the
consumption and share of natural gas will rise substantially in the
next decades. Furthermore, it is expected that the penetration of
renewables and the implementation of energy conservation mea-
sures, and therefore emission reductions, are hampered by the low-
ering of the gas prices. However, the increased substitution of gas
for coal and oil in some Member States will lower their CO, and
other emissions substantially which will largely compensate for any
decrease in efficiency levels due to lower gas prices.

Consequently, we can conclude that in order to bring about a fully

liberalised gas market in the EU and thereby harvest all the expect-

ed benefits - in particular a more efficient gas industry with a fair
degree of gas prices for all customers - the Commission and the

Member States will have to secure the following conditions:

* Harmonisation of the implementation of the Gas Directive in all EU
Member States beyond the bottom-line requirements.

« Effective and thus legal unbundling of accounts and separation of
management of the different functions of the gas market such as
trade and network transmission, storage, etc. Otherwise large verti-
cally integrated and/or national gas companies will continue to
dominate the gas pricing, trade etc. in the EU.

« Secure effective and non-discriminatory access to entire network
and particularly its auxiliary functions by realising regulated TPA for
the entire network.

« Secure non-discriminatory access pricing, i.e. enforcing publication
of tariffs and commercial conditions in advance.

* Establish strong empowered regulation authorities at the EU and
Member State level, which have to co-ordinate their pro-active reg-
ulatory work in order to be effective.

» Minimise derogations for mature markets, particularly for take-or-
pay contracts, public services, obligations and capacity reasons.

Clearly the developments in the next transition period of the EU gas
markets are of great importance to all those involved. Therefore a
close monitoring of events and market developments by policy
makers at both EU and Member State level is expected.

6.4 ENERGY AND ENVIRONMENTAL PROTECTION

In a recent study, Environment in the European Union at the turn of
the Century (EEA, 1999), the European Environment Agency estab-
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lished a diagnosis and a short-term projection (until 2010) for the
European environment. The study concluded that despite more than
25 years of Community Environmental Policy general environmental
quality in the EU is not recovering significantly, and in some areas, it
is worsening, though other areas show a more encouraging devel-
opment (see Table 6-2).

Most of the major challenges will continue over the next decade(s).
These include significant societal developments (in GDP, population,
consumption) and, despite some notable exceptions, a general fail-
ure to de-link these from environmental pressures; increasing envi-
ronmental burdens from the growth of road and air transport, and
general urbanisation and ‘suburbanisation’; degradation of the rural
environment; and increasingly significant risks to the valuable nat-
ural and biodiversity assets of Central and Eastern European coun-
tries,and those remaining in Southern and Mediterranean countries
and in Northern and Western Europe.

The main goals of environmental policy in the near future appear to

be (EEA, 1999):

* to pursue the sustainability objective from an environmental per-
spective, in particular by addressing the important problem of
global climate change;

« to integrate the environment into more general sectoral policies;

« to cope with the enlargement of the EU in the coming years while
maintaining environmental standards and adapting the
economies of the enlargement countries to further tightening EU
environment standards, taking into account the economic perfor-
mance of the accession countries. Benefits from the enlargement
are expected to be greater than the economic costs, although
these are estimated to be considerable (EEA, 1999): they have been
evaluated at about 2100 billion or about ©1000 per inhabitant of
the accession countries. This cost is more than the total annual
budget of the European Union and is of particular significance if it
is remembered that the average income of these countries is one-
third that of the EU. The process of enlargement thus poses ques-
tions regarding economy.

Integration of environmental policy into sectoral policies
appears to be a key element in future environmental policy. It has
been gaining increasing attention since the Maastricht Treaty and
was reinforced by the Amsterdam Treaty which underlines its impor-
tance and defines it as a way to achieve sustainable development.
The Kyoto meeting on climate change (December 1997) illustrated
to the world the close links between environment and economic
policy. In response to a request from the December 1997
Luxembourg European Council, the Commission came up with a
strategy, set out in its May 27 Communication, for taking the envi-
ronment more closely into account in other EU policies. This is in line
with the provisions introduced by Article 6 of the Amsterdam Treaty.
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TABLE 6-2:ENVIRONMENT IN THE EUROPEAN UNION AT THE TURN OF THE CENTURY

Pressures Environmental issues State & Impact
Present Future Present Future
+/- - Greenhouse Gases and Climate Change - -
+ +/- Ozone Depletion = +/-
+/- = Hazardous Substances +/- ?
+/- +/- Transboundary Air Pollution +/- +/-
+/- +/- Water Stress +/- +/-
- - Soil Degradation - ?
+/- - - -
+/- ? Natural and Technological Hazards +/- ?
+/- ? Genetically Modified Organisms ? a
= = Biodiversity +/- ?
+/- +/- Human Health - ?
+/- +/- Urban Areas +/- +/-
- - Coastal and Marine Areas - ?
- ? Rural Areas -
= ? Mountain Areas = g
Legend
+ positive development +/- some positive development but insufficient
- unfavourable development ? uncertain (partial quantitative/expert analysis available)
| no quantitative data available

.................................................................................

.................................................................................

Assessment of progress over the past 5-10 years and trends up to 2010 (2050 for Climate Change and Ozone Depleting Substances). The indications

about the pressures show how factors, such as emissions of pollutants or land use, which give rise to the problems, are changing. The information about

state and impacts indicate how these pressures are feeding through into changing environmental quality.

Source: EEA 1999

Henceforth, such policy integration was no longer an option, but
had become an obligation in Community law. The strategy is based
on an inter-institutional partnership between the European
Parliament, Commission and Council built around guidelines set out
in the Commission's Communication. This thorough integration of
environmental protection into other sectors was described in the
Communication as "a long-term challenge that needs a gradual
approach and one based on experience". At the Cardiff European
Council (June 1998) the Commission Communication on Integration
was endorsed and the Agriculture, Energy and Transport Councils
were invited to report on integration progress at the following sum-
mit in Vienna (December 1998). For Vienna these Councils presented
reports committing themselves to integration and reporting on the
actions already taken. The European Council invited them to contin-
ue their work with a view to submitting comprehensive strategies in
these sectors, including a timetable for further measures and a set of

indicators, to the Helsinki European Council. In addition it invited the
Development, Internal Market and Industry Councils to undertake
work on the integration issue. Given this development, environmen-
tal policy is becoming "a policy of policies” as a main instrument for
sustainable development (EEA, 1999).

At present, integrated strategies that include the environment in a
sector’s objectives remain rare, being absent from the Common
Agricultural Policy treaty objectives, and absent from the EU com-
mon transport policy objectives. However, at least five countries
(Austria, Denmark, the Netherlands, Sweden and the UK) have pro-
duced transport strategies that incorporate environmental objec-
tives. The more heterogeneous industry and energy sectors are less
amenable to overall integrated programmes, but climate change is
now encouraging overall energy sector plans, turning the challenge
of climate change into an opportunity.
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Considering integrated policies, environmental fields of particular
concern remain, from an energy policy perspective (see sections
6.4.1 and 6.4.2):

+ the transport sector which receives a significant ‘subsidy’ in the
form of externalised costs (estimated at around 4 % of EU gross
domestic product). This encourages mobility beyond the optimum
for society, especially for freight transport, which may sometimes
be cross-subsidised by private car transport. Urban transport
plays a particular role in that it contributes over-proportionally to
the damage, despite the fact that there has been undeniable
progress in emission reductions over the past decade.

environmentally damaging subsidies, which are another exam-
ple of failure to integrate environmental cost into market prices.
They are in general declining, though still large in agriculture,
industry and the energy sectors (particularly for coal); in total they
still amount to some tens of billions of o. Tax concessions for car
use and parking in some countries are another subsidy to private
mobility.

global climate change: The success of the sectoral integration
policies as described above can be measured by the extent to
which sectors decouple their economic activity from their envi-
ronmental impacts, with associated increases in their ‘eco-efficien-
cy’ At the EU level, only air polluting emissions have shown a sig-
nificant decoupling from GDP since 1990. By contrast, there has
been only a relatively small decoupling of carbon dioxide and
other greenhouse gases, and these trends continue to 2010.

6.4.1 REMAINING SUSTAINABLE ENVIRONMENTAL STRESSES: URBAN
TRANSPORT AND COAL USE

URBAN TRANSPORT

TRANSPORT — A MAJOR CONTRIBUTOR OF ENVIRONMENTAL DAMAGES
In urban areas Passenger mobility and transport of goods contribute
to alarge part to the problems posed by the drift of the energy/envi-
ronment balance of the transport system. Whatever the definition
taken for accounting the energy consumption of the urban areas or
for assessing the urban driving conditions, urban traffic consumes
around 40 % of the total road energy consumption. This percentage
is, however, worse for certain pollutants. Source-adjacent pollution is
first and foremost an urban problem. Of all atmospheric discharge
due to human activities, transportation is today responsible for 12 %
of sulphur oxide emissions (SO5), 69 % of nitrogen oxide emissions
(NOy), 64 % of carbon monoxide emissions (CO), 49 % of volatile
organic compounds emitted (VOC's) and 33 % of suspended parti-
cles. Transportation is also the cause of one-third of the emissions of
carbon dioxide (CO,), the principal greenhouse gas (which has
experienced an increase of 35 % in the transport share over the last

» 1999 - The Shared Analysis Project
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decade). Therefore transport activities contribute significantly to
environmental problems of climate change, acidification, tropos-
pheric ozone and urban air quality.

2/3 OF TRANSPORT EXTERNALITIES COST OCCURRED IN URBAN AREAS
Although the transport sector contributes significantly to the func-
tioning of the economy, it generates a certain number of damages
to the environment in a broader sense — just like all human activities.

Damages are numerous, from accidents to the impact of noise, visu-
al damage or space scarcity. Sometimes, they are specific to trans-
portation (congestion, space scarcity), sometimes they contribute
predominantly to a general evolution such as the emission of pollu-
tants, either locally (air pollution) or globally (climate change). All
these damages contribute to the "urban stress" caused by transport
activities, but the focus in this section will be on damages related to
energy consumption.

Many efforts have be carried out to monetarise the social costs, the
so-called "externalities of the transport sector". Despite uncertain-
ties about the methodologies used and the range of assessment for
a given externality, these investigations have the merit of providing
a broad estimation of the negative impact of transport activities.
Nevertheless, these estimates are global and the breakdown by
vehicle type or by type of traffic is often missing at the national level,
a fortiori at the EU-level. Such an attempt has been carried out in
France (Table 6-3, Orfeuil 1998) with the following main results by
type of traffic:
+ urban stress accounts for two thirds of the total externalities gen-
erated by transportation;
+ local and global air pollution account for one fifth to one third of
the total urban stress;
s car and light truck traffic contributes to the bulk (82 %) of the exter-
nalities in urban areas, whereas, the major contributors in rural
areas are heavy trucks and cars.

Comparing the balance of the state income, mainly from transport
fiscal policies, and the expenditures (infrastructure etc.) with the cost
of the externalities, we may observe that the deficit (by km per-
formed) mainly concerns car use in urban areas and trucks in long
distance.

PAST AND CURRENT TRENDS IN POLLUTANT EMISSIONS STRONGLY
DIVERGE ACCORDING TO THE TYPE OF POLLUTANTS

Past trends have been very diverse according to the pollutants and
a basic distinction could be made between, on the one hand, pollu-
tants which contribute to the air quality and, on the other hand, to
global pollution such as CO».
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TABLE 6-3: EXTERNALITIES OF URBAN TRANSPORT IN FRANCE (HIGH ESTIMATE)

..................................................................................................................................................................

Externality due to
Noise (1)

Local air pollution (2)
Pollution by CO5 (3)
Accidents (4)
Congestion (5)

..................................................................................................................................................................

Total urban externalities (6)
Total non-urban externalities (7)

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

% total air pollution (incl. CO,) in total externalities

Source: Orfeuil 1998, p. 41

Except for CO5 and SO, little data is available at sectoral level for the
EU (OECD Compendium 1997).To get an overview of the past trends,
we propose to refer to the evolution of the emission standards
applied at the EU-level (Figure 6-4, ADEME 1999). Clearly,a huge rein-
forcement of regulation occurred in all local pollutants, more than a
factor 10 during the last 25 years. The same development can be
shown for SO, and lead.

Figure 6-4: Evolution of emissions standards for cars in Europe (Index), 1972-2005
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Obviously, there exists a gap between the trends in regulation and
the observed overall performances of the fleet, due to the request-

Motor-
cycles Cars Light trucks  Trucks Busses TOTAL
Billion €971
011 1.22 042 0.07 0.01 184
0.40 194 0.72 0.29 0.11 3.46
0.01 052 0.23 0.06 0.01 0.82
0.67 2.18 0.10 0.04 0.01 301
0.00 2.70 1.32 014 0.00 4.16
1.20 8.55 2.78 0.60 0.16 13.28
0.46 4.03 0.39 1.88 0.16 6.91
1.66 12.58 3.17 248 0.32 20.19
%
35 29 34 57 82 32
72 68 88 24 50 66
32 29 33 70 7 36

ed delay for the fleet renewal and the traffic growth. During the peri-
od 1980-1990 the emissions of all pollutants emitted by mobile
sources increased, mainly due to the increased mobility. Then, differ-
ent trends according to the type of pollutants have been observed.
NOy and NMVOC have slightly decreased mainly due to the intro-
duction of catalytic converters. Atmospheric lead concentrations
have also been reduced due to the large-scale introduction of
unleaded petrol. However, some issues such as the cold start prob-
lem for catalytic converters and emissions of particles in the grow-
ing Diesel-based vehicle market, remain.

The diagnosis for CO» is quite different and its trends are mainly
influenced by the progress in energy efficiency, inter-fuel substitu-
tion and traffic growth. From the view point of energy efficiency and,
by correlation, CO, reduction, the results were quite disappointing
in Europe despite huge technological improvement in vehicles.
Energy efficiency indicators of the transport sector (Bosseboeuf et
al. 1999) show, at an aggregated level, a quasi-stabilisation of the
transport energy intensity (i. e. the ratio of energy consumption of
transport divided by the Gross Domestic Product GDP) from the first
oil shock up to now. In general, energy efficiency actions were limit-
ed due to the complexity of this sector and the importance of non-
technical factors: multiplicity of actors, consumer preferences for
cars, special status of cars as a consumer good, etc. Nevertheless, at a
more disaggregated level and for a certain period, significant
improvements can be observed particularly during the high energy
price phase at the beginning of the eighties. Nevertheless, a stabili-
sation or even worse a reverse trend can be observed after the

* The €-sign was also used here for the older European Currency Unit ECU.
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Figure 6-5: Evolution of the tested specific consumption (1/100 km) of new cars
in selected European countries, 1973-1997
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counter oil shock. This was due to behavioural changes particularly
in the transport sector. At least, undeniable technological gains of
around 20 to 30 % in 25 years (Figure 6-5) were partly offset by the
"rebound effect" (increased use of energy efficient cars as a conse-
qguence of lower spending on transportation fuels) and the strate-
gies of car manufacturers which are sensitive to the customer
demand. Performance gains since 1985 have been used to increase
vehicle power, mass and comfort rather than to lower energy con-
sumption. Clearly, technology is an option but not sufficient to tack-
le the CO, issue. So improvements in the organisation of the trans-
port sector are needed as well. The current trend of energy con-
sumption will remain strongly upward if drastic measures are not
taken, leading to an increase in the order of 40 % by 2010 (compared
to 1990 levels).

DRIVING FORCES
As distance travelled has increased due to the widening urban areas,
urban pollution is primarily due to private cars. Freight transport in

PART VI KEY ENERGY POLICY ISSUES FOR EUROPE

towns and cities, however, accounts for a significant share of pollu-

tant emissions. Besides the fundamental social need to enlarge the

"spatial expansion”, the driving forces of the growing demand for

transport energy are well known:

« traffic growth (practically a tripling of passenger mobility in
25 years and a doubling in freight, Table 6-4) in line with demo-
graphic and economic trends;

+ urban spread due to a change in the localisation of activities and
land use pricing leading to longer passenger trips;

« "dematerialisation” of the production, liberalisation of the haulage
sector and change in logistic practices for freight have led to a
decoupling between tonne and tonne-km trends, to an increase of
the frequency of smaller parcels and the more frequent use of
smaller trucks;

« lifestyle which led to a preference for faster, more comfortable
transport modes;

+ decrease of the running costs due to a drop in fuel and vehicle
prices.

To summarise, people want to go faster and longer in less dense
areas, leading to the use of faster modes which unfortunately con-
sume more. In addition, transport policies particularly concerning
the infrastructure development and sectoral policies (urban plan-
ning etc.), were counterproductive from an energy efficiency point
of view.

FUTURE TRENDS: TECHNOLOGY SHOULD SOLVE LOCAL POLLUTION

Criteria of sustainability for pollutant emissions in urban areas such
as SO», NOy, VOCs, CO, and lowest levels for noise, could be reached
by technology alone, pushed by regulation (see Figure 6-4) even
under a pessimistic hypothesis of sustained transport demand and
a road-oriented modal split. Appropriate technologies are already
known as well as their timing for the industrial development and
their market penetration. But criteria for CO, emission sustainability
seems more difficult to reach solely by technological improvement.

TABLE 6-4: EVOLUTION OF PASSENGER MOBILITY (MILLION PERSON-KILOMETRES) AND CAR MODAL SHARE IN SELECTED
EUROPEAN COUNTRIES, 1970 AND 1996

million Cars Cars Annual Total Total Annual  Car modal
person-kilometres 1970 1996 variation 1970 1996 variation share (%)
10°pkm  10° pkm (%) 10°pkm  10° pkm (%) 1970-1996
Germany 351 748 32 438 890 3.0 80-84
Belgium 49 92 2.7 66 104 19 74-89
Spain 64 217 5.2 100 274 43 64-79
France 305 674 34 371 775 31 82-87
Italy 212 626 46 276 763 43 77-82
Netherlands 66 146 33 85 174 3.0 78-84
United Kingdom 297 589 29 387 665 23 77-89
Total 1,344 3,092 35 1,724 3,645 3.2 78-85

Source: CEMT 1998
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Compensation by improvements in the organisation of the trans-
port sector is still uncertain. But this issue will not only be deter-
mined by urban stress.

However, this scenario is somewhat simplistic. Emission abatement
options of both the technology or transport demand side are some-
times in synergy with different pollutants or, in some cases, in con-
tradiction, as illustrated by the following examples:

« catalytic converters reduce local pollutant emissions, but increases
CO (by 5-8 %),

+ a compromise must be found between HC, CO oxidation and NOy
reduction;

« treatment of particles through the improvement of the combus-
tion engine will reduce the mass of particles emitted, but can
increase the number of small particles emitted,;

* NO, abatement supposes deep desulphurisation of diesel which
can double the energy cost of diesel production in the refinery
process;

« suppression of lead will increase emissions of benzene and aro-
matic-based pollution;

+ speed limits reduce CO, emissions but may increases NO, in some
traffic conditions;

* by-passing urban areas can increase the CO, if it leads to an
increase in distance;

+ increased use of Diesel fuels could reduce CO», but increase NOy
and particle emissions;

+ electric vehicle avoid urban pollution but may transfer CO, emis-
sion to the area of electricity production.

Although it is difficult to summarise the complexity of the pheno-
mena, Table 6-5 presents the commonly accepted scenario of the
evolution of pollutant emissions by type of area.

CONCLUSIONS

In order to reach sustainability of the transport system in urban
areas, new policies are needed. These can be summarised as tech-
nology improvement, better transport organisation, inter-fuel sub-
stitution, economic instruments and taxation.

The environmental concern has led to new priorities for clean tech-
nologies where a compromise should be reached among pollutant
abatement strategies. Clearly, for the main local pollutants, techno-
logical options, pushed by the regulation of emission standards, will
conduct to more sustainably-oriented transport systems. For this

TABLE 6-5: SYNOPSIS OF THE EVOLUTION OF POLLUTANT EMISSIONS ACCORDING TO THE POLLUTANT

Past
Total Total Urban
(1) transport  transport

SO, v 227 W
co N7 W 227
NOy v
HC/VOCs N7 W 227
Particles > > >
O3 0 ™M 0
SOx, NOy, NH3
CO, > () 0
NoO >
CFCs N N
Lead W W

Future Observations
Total Total Urban
(] transport  transport

..................................................................................

Technology improvement pushed
by regulation, deep desulphuration
leads to over consumption in

refineries
W W v dey
v v W DeNOy, catalyst for gasoline,
compromise with CO»
W Compromise with CO»
> W
? ? 0 Future uncertain; precursors of Og
come from transport in urban areas,
but O3 appears in regional areas
Acidification
Balance between technology
A A A improvement and traffic growth
) A Air conditioning of vehicles
0 0 0 Suppression by regulation, increase

in benzene and aromatics

(1) includes industry, residential, tertiary , transport and other energy consuming sector

Source: ADEME 1999
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purpose, the European Commission’s Auto-Oil Programme, in

which the European Oil industry association EUROPIA and the

European car manufacturer association ACEA are involved, was

aimed at improving air quality by means of evaluating cost-effective

measures to reduce emissions from road transport (EEA, 1999). The
process involved the car manufacturing industry and the oil indus-
try and resulted in a number of Commission proposals in 1996, and
final agreement in 1998 between the Council and the European

Parliament on measures for passenger cars, light commercial vehi-

cles and quality of petrol and diesel fuels. The measures are laid

down in Directives 98/69/EC and 98/70/EC:

+ a two-step tightening of vehicle emission limit values for passenger
cars and light commercial vehicles, with the first step in the year
2000 and the second step in 2005;

* new environmental specifications for petrol and diesel fuels to take
effect from the year 2000; very low-sulphur fuels to be mandatory
from 2005;

« provision made for earlier phase-in of very low-sulphur fuels;

+ leaded fuels to be phased out by 2000 (with the possibility of dero-
gation up to 2005);

* proposals to be brought forward by the Commission for further
complementing measures to take effect from 2005.

The estimated effect on road transport emissions of the Auto-Oil
measures is substantial (Table 6-6). To evaluate the impact of the
Auto-Oil measures on urban air quality in European cities and to
assess possible further measures to reduce emissions from road
transport, as well as non-technical local measures, the Auto-Oil 2
Programme was launched by the Commission. This is expected to
result in Commission proposals by the end of 1999 (EEA, 1999).

In particular, a voluntary agreement was derived in the course of the
Auto-Oil programme (proposed by the Association of European Car
Manufacturers ACEA). It determines future specific energy con-
sumption and CO, abatement targets which are ambitious, if
realised. The average sales of new cars put into the European mar-
kets by the European manufacturers should reach the limits of 140 g

TABLE 6-6: ESTIMATED EFFECT ON ROAD TRANSPORT FROM
THE PACKAGE OF MEASURES DERIVED FROM

THE AUTO-OIL PROGRAMME (DIRECTIVES)

Pollutant Pollutant Emissions Pollutant Emissions
in 2010 in 2010
as % of 1990 level as % of 1990 level
without Auto Oil measures with Auto Oil measures

....................................................................................

urban NOy 37 23
urban PM 79 37
urban CO 20 10
urban VOC 23 23

Source: EEA, 1999
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COo/km in 2008 and possibly 120 g COo/km in 2012 corresponding
to a 25 % improvement compared with the current situation. The
impact on transport energy consumption would be substantial (see
Volume 5 of the Shared Analysis Project), although a considerable
delay was introduced compared to the initial time schedule 2005 for
the 120 g COo/km goal. Uncertainties remain, however, in the timing
due to the inertia of transport infrastructures and the renewal of the
fleet, as well as in the counterproductive consumer preferences
towards larger and heavier cars with air conditioning, favoured by
the car manufacturers through their sales strategies. There is the
strong risk that this trend will prevent car manufacturers from
achieving their goal. But in the event of the negotiated agreements
with the European car manufacturers on reducing CO» emissions
not coming to a successful conclusion, the Commission considers
proposing the introduction of binding legislation. it is important not
to wait until 2008 in order to take adequate action. Monitoring pro-
cedures have been set up, and it is the task of energy policy to
recognise in time any non-compliance with the agreed targets and
to initiate the corresponding political response.

The European Parliament wanted Member States to have greater fis-
cal flexibility to make clean fuels more attractive and had called for
Commission proposals to this effect. Fiscal issues being - as always -
a very delicate matter for the Member States, the agreement simply
recalls that the Commission has already brought forward a proposal
for an Energy Products Directive. This proposal has the objective of,
amongst other things, allowing Member States to make more active
use of fiscal incentives through differentiated excise taxation.

The diagnosis on CO5 sustainability is far from being obvious. Due to
the significant contribution which the transport sector must make
to the attainment of the Kyoto targets, rapid progress in implement-
ing "no regret" potentials is necessary and can have a significant
contribution in the short and medium terms. These measures are
expected to lead to significant economic and transport benefit, in
addition to their other environmental benefits. Nevertheless more
costly policies will have to be developed. More radical changes in
the way the passenger are transported have to envisaged.

COAL USE

In recent years, many OECD governments have responded to con-
cerns expressed about the implications for the global climate as a
result of increasing concentrations of carbon dioxide (CO5) and
other greenhouse gases in the atmosphere by taking new policy
actions. These decisions have the potential to affect the internation-
al market for coal. This also applies to air quality management strate-
gies like regulations and air quality standards setting a maximum
allowable rate of pollution output for each type of source (power
plant, industrial boilers) by type of pollutant. A further distinction
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between type of source is made by fuel and often by technology.
The most widespread use of uniform technology standards is for
new facilities. In addition to national emission standards applied at a
national level there are also regional, state and local standards which
may be more restrictive in some aspects than the corresponding
national standard. In siting power stations or industrial facilities
these local standards can play a significant part in any new invest-
ment decision. In the OECD, local regulations are particularly impor-
tant in countries with federal political structures (e. g. Australia,
Belgium, Canada, Germany, the United States) as well as in other
countries like Japan and Greece.

In many countries, emissions standards are being extended from
new to existing facilities. Co-operation including both Western and
Eastern Europe originally developed in the 1979 UN/ECE Convention
on Long-Range Transboundary Air pollution. In a first protocol with-
in the framework of this Convention, a number of United Nations
countries committed themselves to at least a 30 per cent reduction
in SO» emissions or their transboundary fluxes from 1980 levels by
1993 (Helsinki Protocol). A second SO, protocol was agreed in 1994
It includes a number of innovative control measures such as emis-
sions trading among the signatory parties to the convention. A sim-
ilar first protocol for NO, emissions (the Sofia protocol) was signed
on November 1988 by 35 nations including the United States,
Canada and 20 European countries. The protocol undertook to
freeze NOy emissions at 1987 levels by 1995. The EC introduced a
Directive in June 1984 on combating of Air Pollution from industrial
plants (the "Framework Directive"). The directive called for a three-
stage reduction from 1980 levels of SO, emissions from existing

plant over 50 MW, with overall community targets of 25, 43 and 60
per cent reductions by 1993, 1995 and 2003 respectively. Belgium,
Germany, France and the Netherlands are aiming at a 70 per cent
reduction by 2003 while special dispensations for Greece, Ireland
and Portugal allow 6,25 and 79 per cent increases in emission levels
by 2003. There is to be a simultaneous two-stage reduction in NOy
emissions for existing plant over 50 MW. The directive also intro-
duces strict limits for particle, SO, and NOy, emissions from all new
combustion plants authorised after 1 July 1987. On 24 November
1988, the Large Combustion Plant Directive 88/609/EEC was adopt-
ed by Member States. This was the first Directive to be adopted
under the framework Directive 84/360/EEC. Council Directive 94/66
EC on the limitation of emissions of sulphur dioxide from large com-
bustion plants amended Directive 88/609/EEC and set limit values
for SO, emissions from smaller combustion plants using solid fuels,
in particular, coal. It established limit values of 2,000 milligrams of
SO, per cubic metre for some existing facilities and all new facilities
with a capacity of between 50 and 100 thermal MW.

Table 6-7 demonstrates the summary of air emission limits for large
new coal-fired boilers.

Coal is used mainly in power generation, in specific processes of
industry and to a small extent in the residential sector. Demand in
the non-power generation sectors has been decreasing in the OECD
region for a number of years, but growing elsewhere. Consumption
for power generation is growing world-wide. Two major factors will
affect projections of coal demand. The first will be the outcome of
competition between coal and natural gas in power generation.The

TABLE 6-7: SUMMARY OF AIR EMISSION LIMITS FOR LARGE NEW COAL-FIRED BOILERS

................................................................................

................................................................................

Australia
Austria
Belgium
Canada
Denmark
Finland
Germany
Italy

Japan
Luxembourg
Netherlands
Portugal
Spain
Sweden
Switzerland
Turkey
United Kingdom
United States

Source: [EA Secretariat and country submissions

SOy, limits NOy limits
mg/Nm3  g/G)  1b/10%tu  mg/Nm3  g/G)  Ib/109Btu

500 175 410
200 70 165 200 70 165
400 140 325 650 230 530
740 258 600 740 258 600
400 140 325 200 70 165
400 140 325 145 50 120
400 140 325 200 70 165
400 140 325 200 70 165
223 78 180 411 145 335
1700 595 1385 450 160 365
200 70 165 200 70 165
400-2400 140-2400 325-1954 650 228 530
800 280 650 650 230 530
285 100 233 145 50 116
400 140 325 200 70 165
1000 350 815 800-1800 280-630 1465
400 140 330 650 230 530

1820 520 1200 570-740  200-260  465-605

1999 - The Shared Analysis Project @



second will be the choice of policies by governments to meet the
greenhouse gas commitments of the Kyoto Protocol in 1997, and in
particular the reduction of the remaining subsidies for coal in the
EU.

Global demand for coal is projected to grow at an annual average
rate of 2.2 %. Overall, OECD demand is projected to grow less than
half the rate of non-OECD demand. Within the OECD, virtually all of
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tionary sector and is projected to decline slightly throughout the
projection period. In OECD Europe, a return to average winter tem-
peratures, from the warm winters experienced for most of the 1990s,
is expected to result in a small short-term increase in coal demand.
In the longer term, however, the switch to other fuels, principally gas,
will more than offset this short-term effect. Coal demand for power
generation is projected to increase in most world regions outside
Europe, see Table 6-8.

the region’s total final consumption of coal is consumed in the sta-

TABLE 6-8: COAL DEMAND FOR POWER GENERATION, 1990/1995-2020

World Energy Outlook 1998 POLES
Power generation (Mtoe) 1995 2010 2020  1995-2020 1990 2010 2020 1990 -2020
annual growth annual growth
rate in % rate in %
OECD 719.6 9217 1,039.5 15 665.3 8444 1,015.9 14
North America 456.1 604.3 784.8 22 410.6 631.3 729.0 19
Europe 197.9 2359 166.9 -0.7 206.3 148.2 204.4 0.0
Pacific 65.6 815 87.8 12 485 64.9 825 18
NON-OECD 586.9 1,038.4 1,413.7 3.6 521.6  955.7 1,554.4 3.7
Transition Economies 163.9 2105 2123 1.0 235.8 152.7 185.6 -0.8
Africa 438 65.1 833 26 476 772 130.4 34
China 240.7 458.7 6475 40 143.6 484.1 839.0 6.1
East Asia 335 87.1 157 6.4 289 527 86.4 37
South Asia 926 181.8 2617 42 55.1 162.8 261.6 53
Latin America 83 243 36.1 6.1 7.7 252 50.2 6.4
Middle East 4.2 11 15.8 55 29 09 12 -29
World 1,306.5 1,960.1 2,453.3 2.6 1,186.9 1,800.0 2,570.3 2.6

Source: World Energy Outlook 1998, POLES

6.4.2 CLIMATE CHANGE POLICIES ®

Over the past decade climate change has emerged as a critical inter-
national environment issue. Although the possible impact of
increased concentrations of greenhouse gases on global climate is
still not known in detail, the issue has been brought into sharp focus
with the negotiations of the third Conference of the Parties (COP 3)
to the United Nations Framework Convention on Climate Change
(UNFCCC), the results of which were laid down in the Kyoto Protocol
in December 1997. The principle of precaution is guiding the pre-
sent and future energy policy in the light of the high share of ener-
gy-related greenhouse gas emissions and the enormous risks and
future damages to many economies across the globe. Europe (see
Chapter 6.4.3) and even global regions like North Africa may face
substantial geophysical changes such as a change of the Golf stream

or a growth of the Sahara desert (IPCC 1996). The results of the Kyoto
process are seen by many as an interim step of necessary emission
reduction targets of the countries having signed the Kyoto

17 within the decades to come.

Protoco

In order to fully take into account the individual situation of each

country or political entity, such as the European Union, a variety of

flexibility mechanisms — concerning both domestic actions and

measures abroad to reduce greenhouse gas emissions — were intro-

duced by the Kyoto Protocol, of which the most important for the EU

are

* burden sharing among the group of countries forming the
European Union;

* burden sharing among different types of greenhouse gases and
land-use changes;

%6 This section is based on the study “The Kyoto Target of the EU: Implications of the burden sharing and the greenhouse gas basket for CO-emissions in the Member States’
European Commission — Directorate General for Energy, which was carried out in the context of the Shared Analysis Project (Volume 11).

%" The so-called Annex-B countries, i. e. countries with a quantitative reduction target

p 1999 - The Shared Analysis Project
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* burden sharing among different sectors of the economy (transport,
industry, energy conversion sector, residential and tertiary sector);

« flexibility instruments such as emission trading, Joint
Implementation and Clean Development Mechanism (CDM) which
allow greenhouse gas reduction measures abroad in countries
having agreed to quantitative reduction targets in the Kyoto
Protocol (so-called Annex-B countries) as well as countries without
guantitative reduction target (so-called Annex-A countries);

« flexibility of emission reduction over time.

The first three of these flexibility mechanisms concern domestic
actions while the fourth category aims at reduction measures
abroad as a substitute for domestic actions. The fifth category might
concern domestic reduction measures as well as measures abroad.

With the Kyoto Protocol the European Union Member States have
committed themselves to reduce or limit their emissions of green-
house gases by 8 % in 2010 compared to 1990. As a possible first
step towards the long-term target to stabilise greenhouse gas con-
centrations in the global atmosphere in spite of drivers for further
growth, a basket of the six most important greenhouse gases (in
terms of their contribution to the greenhouse effect) or groups of
greenhouse gases was defined in the Kyoto Protocol. These should
be limited or reduced by countries with a quantitative reduction tar-
get (COy, CHy, NoO, hydro-fluorocarbons HFCs, per-fluorocarbons
PFCs and sulphur hexa-fluoride SFg). The decision also included
changed land use which is of minor importance for the EU (1 %), but
which stresses the possibility of carbon storage in biomass. On the

TABLE 6-9: OVERVIEW OF REFERENCE GREENHOUSE GAS
EMISSIONS AND TARGETS FOR 2008-2012 AS

AGREED IN THE BURDEN SHARING AMONG EU
COUNTRIES IN 1998

Greenhouse gas Emission target

emissions 1990/1995 in 2010 (%)
Mt COo per capita
equivalent [1996]

Austria 778 10.1 -13 %
Belgium 140.1 141 -7.5%
Denmark 80.7 15.7 21%
Finland 64.7 13.0 0%
France 500.8 8.8 0%
Germany 1,214.3 153 21%
Greece 1014 10.0 25%
Ireland 56.9 16.2 13%
Italy 551.6 9.7 -6.5%
Luxembourg 140 36.9 -28 %
Netherlands 2254 151 -6 %
Portugal 67.0 6.8 27 %
Spain 3126 8.1 15%
Sweden 66.5 7.8 4%
United Kingdom 778.7 135 -125%
EU total 4,252.5 11.7 -8%

Note: Reference emissions for CO5, CHg, NoO are those from 1990; reference
emissions for HFCs, PFCs and SFg are those from 1995,

Environment Council in June 1998 a breakdown of the EU target
to the Member States (burden sharing by country) was agreed (see
Table 6-9). It leaves considerable flexibility to the individual country
by setting targets ranging from —21 % for Germany and Denmark to
+27 % for Portugal.

Regarding least cost options the Community has to consider the
guestion of differentiated emission reduction possibilities and tar-
gets for its policies, because an equal reduction target for all six
greenhouse gases could turn out to be more costly than otherwise.
The additional consideration of sinks and land use changes effecting
the storage of carbon makes the policy options of a European miti-
gation policy even more complex.

The burden sharing among different sectors of the economy has
not been considered explicitly as a policy means to achieve the
overall EU greenhouse gas reduction target of -8 %. However, all the
studies carried out so far, including this work (see Volume 5), show
that the different sectors will contribute unequally to the reduction
target. While the transport sector will contribute less, given its strong
growth of energy consumption, other sectors such as the power
conversion sector and the industrial sector will contribute over-pro-
portionally due to the shift from coal to the cleaner fossil fuel natur-
al gas and increased efficiency levels in the first and structural
changes to less energy-intensive industries in the latter.

The introduction of the non-domestic flexible mechanisms in the

Kyoto Protocol

+ emission trading among actors in countries with a quantitative
reduction target (Annex-B countries),

+ Joint Implementation projects between actors in Annex-B coun-
tries (essentially between OECD member states and countries in
economic transition), and

+ the Clean Development Mechanism (CDM), i. e. joint implementa-
tion projects between actors in Annex-B and Annex-A countries
(without quantitative reduction targets),

also underlined the long-term aspects of climate change policy and,
hence, the global search for least-cost options for reducing the
greenhouse gas emissions. In this context the question arises
whether domestic actions should constitute the larger contribution
to the reduction targets of the EU Member States (as stipulated by
the Kyoto Protocol with the claim that emission reduction through
non-domestic flexibility mechanisms should be “supplemental” to
domestic action) and what quantitative ceiling should be imposed
on the percentage contributed by reduction measures abroad.

Flexibility of emission reduction over time was introduced into

the Kyoto Protocol, by not fixing a single target year but a target
period from 2008 to 2012 (for a more extended discussion of time

1999 - The Shared Analysis Project q



flexibility over longer time periods, see Chapter 4 of Volume 13 of
the Shared Analysis Project).

The following sections will investigate the implications of the basket
of greenhouse gas emissions and of the ceiling on non-domestic
reduction measures taking into account the burden sharing among
the EU Member States. The burden sharing among sectors was
already considered in chapter 5, at least concerning the largest con-
tributor of energy-related CO, -emissions.

THE IMPLICATIONS OF THE BASKET OF GHG EMISSIONS AND
BURDEN SHARING

An answer has to be given to the question as to what strategic posi-
tion could be taken on the issue of burden sharing among green-
house gases given the overall EU reduction target of -8 % until
2008-2012 on the basis of the emissions of the year 1990.
Simultaneously, the analysis has also to consider the burden sharing
among EU member countries which was decided by the
Environment Council in June 1998.This tries to take into account the
different situations of member states regarding the status of indus-
trialisation, motorization and income as well as energy structures
and their possibilities for change (see Table 6-9).

The basic hypothesis of this analysis is that energy-related green-
house gas emissions may be less reduced than the total greenhouse
gas emission. This is because some reductions of methane, N,O and
PFCs may exceed the average reduction target in most EU member
countries due to other drivers and policies than climate protection

policy.

The following results can be drawn from an in-depth analysis of
the implications of the full basket of six greenhouse gases (see
Volume 11):

The share in total GHG emissions of HFCs, PFCs, and SFg is very
small and will reach — despite an increase of 40 % mainly due to
HFCs — only 2.1 % by 2010 (all halogenated gases combined).
Nevertheless, HFC substitutes as refrigerants and a recovery of SFg
from insulating glazing are recommended mitigation options. Other
reduction possibilities will be relatively costly.

Up to 2010 total CH4 and N,O emissions will decrease far more
than the obligations of Kyoto for the EU of -8 %. CH, could
decrease to as low as 74 % of 1990 emissions and N20 to as low as
83 %.

In 1990, 23 % of total CHy emissions were energy-related and
occurred mostly during the extraction and distribution of fossil

p 1999 - The Shared Analysis Project
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fuels. This share was decreasing and reached 20 % of total CH4-emis-
sions in 1994. The non-energy related CH,4 emissions result mainly
from the agricultural sector and landfills. Mitigation measures are
underway in both the energy (e. g. renovating gas distribution net-
works, closing of coal mines) and agriculture and waste sectors (e.g.
livestock digestive efficiency improvement, recovery of landfill gas).
Additional CH4 emission reduction potentials are relatively
small and costly (Ecofys, 1998).

Some 82 % of total N»O emissions were non-energy related in 1990
with a decreasing trend, and result mainly from agriculture and
industry. Some smaller amount, though increasing, is also released
from the transport sector due to the growing use of catalytic con-
verters.NoO is released because of an imperfect functioning of con-
verters and engine regulation. Mitigation is undertaken mainly in
the adipic and nitric acid production. Further mitigation is difficult
and/or relatively costly.

In all, 80 % of total GHG emissions in 1990 were CO, emissions and
their share is expected to grow to 84 % in a reference projection by
the year 2010 (see Figure 6-6). About 95 % of total CO, emissions
were energy-related. 28 % stem directly from the energy conversion
sector, 20 % from transport, 21 % from industry and 11 % from the
residential sector. Existing mitigation options are diverse and affect
all sectors including substitution by natural gas and renewables for
fossil fuels.

Figure 6-6: EU-15 GHG Emissions Excluding Land-Use Change and Forestry, 1990/1995

Energy related Non-energy
related emissions

emissions All emissions

0d

Non-energy
related emissions

| co.
CH,
W No

HG*

Energy
related emissions

* HG = Halogenated gases including HFC, PFC, SFg

Considerations of sinks seem to be of minor importance from an
overall European perspective (11.6 Mt in 2010 or -0.27 % of the 1990
GHG emissions), but might have an importance from a regional per-
spective.

The above analysis shows that in addition to the reference projec-
tions to 2010 for all greenhouse gases together®®, emission reduc-
tion measures of some 320 Mill. t CO, are required for the EU in
order to meet the targets of Kyoto by 2010.This additional reduction
has essentially to occur in the energy sector This result implies a
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reduction of CO, emissions of some 178 Mill. t from the 1990 level or
roughly —5.2 %. Expressed in terms of the target of -8 % for all green-
house gases, CO5 has to contribute 4.1 percentage points to the tar-
get, i.e. well below the average (see Figure 6-7). This shows, on the
one hand, how important the reductions of non-CO5 emissions
are likely to be and, on the other hand, how necessary it is to ver-
ify the projected mitigation options. Nevertheless, as most of the
cheaper non-CO» reduction measures (or measures triggered by
environmental legislation or the decline of hard coal production)
have already been taken, the remaining effort has essentially to
come from the energy system itself.

The figures on which this analysis is based, still present a consider-
able degree of uncertainty, in particular concerning the non-CO,
greenhouse gases (see Volume 11). Nevertheless, a sensitivity analy-
sis shows that the approach chosen here is a relatively conservative
one. If additional reduction measures are carried out in the coming
decade compared to the reference development (for climate pro-
tection or other reasons), the pressure on CO, could be even more
reduced.

NON-DOMESTIC FLEXIBILITY MECHANISMS AND SUPPLEMEN-
TARITY

The Kyoto Protocol recognises the importance of domestic action by
demanding that the use of these mechanisms "shall be supplemen-

Figure 6-7: The impact of the reference development
of non-C0O, gases on the target to be achieved by CO,
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tal to domestic actions (...)" (Article 6.1 d, Article 17). Furthermore
Article 12.3 b of the Kyoto Protocol refers to the supplementarity
issue by expressing that credits from projects carried out under the
Clean Development Mechanism (CDM), i. e. projects carried out in
countries without quantitative reduction target, may only be used
for "(...) compliance with part of (...)" the commitment by a country
with a quantitative reduction limit™. This reflects the concern of mis-
using the non-domestic flexibility mechanisms driving out domestic
action.

However, the term supplementarity could not be defined in more

detail during the negotiations of the Kyoto Protocol, since no agree-

ment on the realisation had been reached. To implement supple-

mentarity options such as:

+ a concrete ceiling (a quantitative limitation to the use of the non-
domestic flexibility mechanisms) or

+ qualitative criteria such as performance indicators for different sec-
tors have been mainly discussed. On the international level it is
envisaged that the sixth Conference of the Parties (COP 6) should
agree in the year 2000/2001 on the principles, modalities, rules and
guidelines for the Kyoto mechanisms. Consequently, this would
then be most probably the decisive Conference of the Parties for
the supplementarity issue.

THE CEILING ON NON-DOMESTIC FLEXIBILITY MECHANISMS

The EU has recently settled on a concrete proposal for a ceiling on
non-domestic flexibility mechanisms (see Box 6-2). A ceiling is pro-
posed for both the amount of domestic emission reduction that
could be replaced by flexibility measures abroad, and for the supply
of such options by countries which are below their reduction limit.

An in-depth analysis of these formulae applied to the basket of the

six gases allows the following main conclusions for the EU:

+ Flexibility mechanisms can to a large extent replace domestic
action. Based on the ceiling formulae recently agreed upon by the
EU and based on the data set developed in Volume 11 for six
greenhouse gases, non-domestic flexibility mechanisms could
cover up to 75 % of the gap between the 2010 reference sce-
nario for all greenhouse gases and the 2010 target (with the
sum of all EU Member States taken individually, see Figure 6-8).

For the individual Member States there are large differences,
ranging from only 18 % of the difference between reference devel-
opment and target in the case of Greece to 1250 % for France. All
countries but Italy, Greece and Portugal have a ceiling close to or in
excess of 50 %.

%8 The reference scenario as defined here reflects the "With Measures Scenario” of the second national communications to the United Nations Framework Convention of
Climate Change (UNFCCC), i. e. it includes all measures decided up to Kyoto Protocol (including measures decided but not yet realised). This explains differences with other

scenario work established for non-CO, greenhouse gases (see EEA, 1999).

% Annex | Party to the United Nations Framework Convention of Climate Change (UNFCCC).
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* Applying the ceiling to the EU bubble as a whole (column "EU"
in Figure 6-8), or limiting the ceiling of the individual Member
States to no more than their actual gap between the 2010 refer-
ence scenario and the 2010 target (i. e. to 100 % in the case of
France), would still lead to an overall ceiling in the range of 54 to
63 %.
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* Non-EU countries, if they applied the EU ceiling proposal, would
also be able to replace substantial amounts of domestic action
through flexibility mechanisms (at least about 30 to 60 %).
Nevertheless, the ceiling seems in general lower than for the EU.
Another limitation could come rather from the amount of emission
reduction that could be sold than from the ceiling imposed on the

buyers.

Box 6-2: EU proposal for a ceiling on non-domestic flexibility mechanisms®

A concrete proposal for a ceiling in non-domestic flexibility mech-
anisms, on which the EU has recently settled, specifies that net
acquisitions of emission rights by a country with a quantitative
reduction limit must for all three Kyoto mechanisms together must
not exceed the higher of the following two alternatives:

5 % of: its base year emissions multiplied by 5 plus its assigned amount®
2

or

50 % of: the difference between its annual actual emissions in any year
of the period from 1994 to 2002, multiplied by 5, and its assigned amount.

This is complemented by a ceiling on the net transfer by an Annex
B Party (under current conditions mainly Russia and Ukraine)
which for all three Kyoto mechanisms together must not exceed:

5 % of: its base year62 emissions multiplied by 5 plus its assigned amount
2

reductions larger than the relevant ceiling in the commitment
period through domestic action undertaken after 1993, if demon-
strated by the Party in a verifiable manner and subject to the
expert review process to be developed under Article 8 of the Kyoto
Protocol (UNFCCC 1999, p. 6, 14, 20).

The first formula is only based on the base year emissions and on
the target and can therefore already be calculated today. In the
case of a flat target (2008/2012 emissions equal to 1990 emissions)
this means that roughly 5 % of the base year emissions can be cov-
ered through non-domestic flexibility mechanisms and has to be
compared for example with the 8 % EU reduction target. This
means that at minimum about 60 % of the target can be covered
by flexibility mechanisms under the conditions of the EU.

The second formula can only increase this minimum. In this for-
mula the actual emissions between 1994 and 2002 enter the cal-
culation of the ceiling, and the calculation can only occur a poste-
riori (i. e. given the data availability, the exact ceiling will probably

not be available before early 2004). Therefore the outcome of this
However, the ceiling on net acquisitions and on net transfers can ~ second formula depends on the reference development up to

be increased to the extent that an Annex B Party achieves emission ~ 2010.

Regarding the “seller side”, all Eastern European Countries and
the Former Soviet Union together are estimated to have a total of
3,323 Mt of CO, equ. of “hot air” (see scenario ISI/WB NNT* Figure

Figure 6-8: The ceiling for EU Member States and the EU expressed as a percentage
of the difference between the 2010 greenhouse gas reference scenario
and the target 63

Austria 6-9) to be transferred in the first commitment period 2008-2012 (or
DB;'?T":: 665 Mt CO, per year of the commitment period in the mean). Acom-
Finland parison with other “hot air studies” (see Figure 6-9) demonstrates
G;:Z:; that the estimates of the present study, based on data of the
Greece National Communications to the United Nations Framework
"e::j Convention on Climate Change (UNFCCC) and the World Bank, are
Luxembourg in the same range as the other studies. Moreover, the ISI/WB NTT
Net:z:zn;; scenario was almost equal to the average 3,028 Mt CO» equ.55.
Spain Figure 6-9 further illustrates the uncertainties in the estimates of
swedj: “hot air” with a spread from single to triple. Main differences can be
Tmala";’ attributed to assumptions on economic recovery and efficiency
MemperStates o o o a0 100% progress in Russia, Ukraine and the Eastern European countries.

h’ 1999 - The Shared Analysis Project
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Divergent views exist in particular for Eastern European countries for
which some scenarios conclude on a certain amount of hot air, while
others see no hot air at all for these countries.

This amount would be limited to 1,556 Mt of CO, equ. due to the for-
mula 3 of the EU ceiling proposal. The ceiling would thus restrict
the transferable hot air to about 50 % of the amount available.
Comparing the figure with the total amount of demand of industri-
alised countries which can be achieved via flexibility mechanisms
(4,974 Mt CO, equ.), the transferable “hot air supply” would be

around 30 % of demand (expressed as the sum of the ceilings of all
countries exceeding their Kyoto target). The remainder has to be
filled with additional domestic mitigation efforts or projects under
the Clean Development Mechanism and Joint Implementation pro-
jects.

Given the divergent views on supplementarity a solution at the
international climate change negotiations seems to be far away.
Most likely packages including different divergent points will be
negotiated at the end of the sixth Conference of the Parties to the

UN Framework Convention on Climate Change (COP6), in order to
reach an agreement on a minimal consent.

THE MARGINAL MITIGATION COST OF COUNTRIES OR REGIONS
WITH A QUANTIFIED GREENHOUSE GAS REDUCTION LIMIT
ACCORDING TO THE KYOTO PROTOCOL (ANNEX B COUNTRIES)®

Figure 6-9: Comparison of hot air studies (sum over the hot air available in the five-years
period 2008/2012 in Russia, Ukraine and Eastern European countries)

7000

(f: " The integration of non-domestic flexibility mechanisms into the
5 o0 ey Kyoto Protocol was driven by the recognition that the marginal and
o | | 4857 Russian total costs of greenhouse gas mitigation are not equal across the
= Federation countries and regions. This is not only seen for developing countries

I I I e without quantitative reduction target, but also within the countries
0 sl RB s s g T having committed to such a target in the Kyoto Protocol (Annex B
2580 Euces countries). Only Annex B countries are constrained by the commit-

2000 ment made at the Kyoto Conference. Their CO, emission reductions
are calculated as the differences between the reference emissions

- for the different countries and regions in 2010 as projected by the

0 world energy model POLES (see Volume 2) and the goals established
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at Kyoto for the constituent parties, as indicated in Table 6-10.

=)
<
o
@

8}
=4
&
o

ISI/WB NNT
IIASA HGS
IIASA EDS

EIA/IEO
Greenpeace
IAE Min

WB Min

WB Max

ISI/WB NTR

For the Former Soviet Union the level of CO, emissions is predicted
to be 512 Mt C in 2010, which is below the aggregate level to which
the FSU countries (Russia, Ukraine, and the Baltic Countries) com-
mitted at Kyoto (805 Mt). The difference of 293 Mt between the FSU
commitment and predicted emissions could be exported by trading

Sources: World Bank (WB) 1999 (for Russia only CO5),
*International Institute for Applied Systems Analysis (IIASA) 1998,

(HGS: High growth scenario, EDS: Ecologically driven scenario)
*International Energy Agency (IEA / OECD) 1999,
*Energy Information Administration/international Energy Outlook (EIA/IEO)1999,
*Massachusetts Institute for Technology (MIT), Ellerman et al. 1998,

Greenpeace International (GP)1998, Institute for Applied Ecology (IAE) Herold, 1998.
*only including COo emissionsPOLES

emission certificates to other Annex B countries. Central and Eastern
Europe is not expected to have any remaining hot air®’, but the mar-

60 see chapter 5,Volume 11 of the Shared Analysis Project for an in-depth discussion of the proposal.

61 Target as defined in Article 3 of the Kyoto Protocol multiplied with five as the Kyoto protocol specifies 2008-2012 as the target period.

82 or average annual emissions in the base period as provided for in Article 3 paragraph 5 of the Kyoto Protocol.

83 Note that the factor 5 is introduced from the fact that the period to consider is 2008/2012. The ceiling is expressed as the sum over those five years.

84 This scenario is based on data derived from 2nd National Communications except for Hungary, Slovakia, Russia and Ukraine which are based on World Bank projections. For
Russia the NTT scenario assumes no innovations, energy subsidies at 1997 level and no additional regulatory measures for CO5 reduction (World Bank 1999).

% Since EIA/IEO, Greenpeace and the MIT projections did not include Eastern Europe, these studies have been excluded when calculating the average.

% This section is based on the study “World Energy Scenarios” (established with the POLES model), European Commission — Directorate General for Energy, which was carried
out in the context of the Shared Analysis Project (Volume 2).

%7 The amount of“hot air”as calculated by POLES is in the higher range of the estimates of hot air in Figure 6-9 (around 5,370 Mt CO, for the period 2008/2012 excluding non-
CO,, gases). Concerning hot air from Eastern European countries, POLES comes up with no hot air for these countries, in difference to some of the hot air estimates for Eastern
Europe, though it only comprises CO,. The study presented in the previous section (see Figure 6-9) estimates hot air in the range of 99 Mt C for the period 2008-2012 (or 73
Mt CO, equ. annually), i. e. about 10 % of the hot air from the Former Soviet Union. This shows the sensitivity of these relatively small amounts of hot air to the underlying
assumptions on economic growth in Eastern Europe, also illustrated by the range span up by the different studies compiled in Figure 6-9.
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PART VI KEY ENERGY POLICY ISSUES FOR EUROPE

TABLE 6-10: CO5 EMISSIONS (EXPRESSED AS CARBON EMISSIONS)®®, MARGINAL AND TOTAL COST CORRESPONDING

TO THE KYOTO COMMITMENTS (ANNEX B COUNTRIES)

..................................................................................................................................................................

..................................................................................................................................................................

2010 Kyoto
Reference Target

(Mt C) (% of 1990)
USA 1,745 93
Canada 142 94
European Union 1,026 92
CEEC 4* 210 94
Rest of CEEC? 75 100
Fsu® 512 100
Japan 347 94
Australia & New Zealand 126 107
Total Annex B 4,182 95
Wworld 8,345 132*

2010 Marginal Total Cost Effort
reduction cost (M$) (% of GDP)
(Mt C) ($/tC)
502 148.7 31,975 0.363
32 174.2 2,274 0.280
204 1654 14,325 0.165
42 925 1,801 0.291
1 48 2 0.001
-293 0.0 0 0.000
68 203.1 5,742 0.177
37 120.8 1,923 0.301
591 - 58,041 0.128
591 58,041 0.116

! Four main Central and Eastern European Countries (Poland, Hungary, Czech Republic, Slowakia)

2 5 g g q
Croatia, Bulgaria, Romania and Slovenia

3

4 expected development, not a target

Source: POLES scenario S2 (see Volume 2)

ginal costs of abatement are substantially lower than in the other
Annex B countries (see Table 6-10).

ANNEX B TRADING CASE: MUTUAL GAINS

Simulating emission trading (unrestricted by any ceiling) among
Annex B countries by POLES, the price of the emission permits will
be set at the level of 66.5 $/t C. At this market price, the OECD
regions (USA, Canada, the European Union, Japan, Australia & New
Zealand) are importers of permits and the Eastern European
Countries and the Former Soviet Union are exporters. The Former
Soviet Union accounts for nearly all of the exports (98 %), 75 % of
which (293 Mt out of 389 Mt) consist of "hot air" with a zero cost. The
remaining exports are generated by abatement undertaken to earn
additional export profits up to the point where the marginal abate-
ment cost equates the market price. It costs the FSU $2.9 billion to

Former Soviet Union (only successor countries with a quantitative reduction target, i.e. Annex B countries: Russia, Ukraine, Baltic countries)

abate additional 97 Mt in excess of the 293 Mt, but all the permits
representing the 389 Mt can be sold for $25.8 billion, which means a
total gain from permit trading of $22.9 billion (see Table 6-11).

For the Annex B countries the cost of meeting the Kyoto commit-
ment is reduced by $39.7 billion which represents costly domestic
abatement avoided for the four OECD regions by importing permits,
and the export earnings for the Eastern European Countries and
Former Soviet Union. From the world-wide standpoint of the
resource use, the aggregate cost of meeting the Kyoto commit-
ments is much lower with Annex B trade ($18.3 billion) than without
($58 billion). The total gains from emission trading are $39.7 billion,
split between the FSU ($22.9 billion) and the OECD & Eastern
European Countries (Annex B) economies ($16.8 billion).

% The conversion factor from carbon to CO, emissions is 44/12 = 3.67
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TABLE 6-11: GAINS FROM CO, PERMIT TRADING AMONG ANNEX B COUNTRIES

Emissions (MtC)

...............................................................................

Trading: Permit Price 66.5 $/tC

...................................................................................

Countries, regions 2010 2010 Domestic Trade Trade Internal Total Effort Gains
Reference  Scenario effort (Mt) Value Cost Cost (% of from
(Mt) with trading (%) 5 (M$) (M$) (M$) GDP) trading
(Mt) (M$)
United States 1,745 1,466 5515} -222.9 14,822 8,699 23,521 0.267 8,454
Canada 142 125 52.3 -154 1,024 480 1,505 0.186 769
European
Union 1,026 920 51.6 -98.4 6,545 3,267 9,812 0.113 4514
CEEC 4* 210 178 76.3 -10.0 662 1,013 1,675 0.270 126
Other CEEC 2 75 66 8.3 -553 281 -272 -0.126 274
Fsu® 512 417 388.7 -25,853 2,920 -22,933 -1.634 22,933
Japan 347 316 45.0 -375 2,495 951 3,445 0.106 2,296
Australia & New Zealand 126 102 64.9 -12.9 858 734 1,592 0.249 330
AnnexB * 4,182 3,591 55.1 (397) (26,406) 18,345 18,345 0.075 39,697
123

"= see previous Table 6-10

# as some countries with smaller amounts of emissions (Switzerland, Norway and Turkey) have been omitted in the table, the total does not correspond

exactly to the sum of components.
® Domestic effort measured as % of distance reference to target

Source: POLES

The gains from emissions trading for the Kyoto-constrained regions
is distributed roughly in proportion to marginal cost and quantities
to be reduced. The four regions with the highest marginal cost and
the highest quantities to be reduced - Japan, the European Union,
Canada and the United States — are the greatest winners of permit
trading. Japan imports 55 % of its reduction requirement and
reduces its cost by $2.3 billion. The European Union imports 48.4 %
of its reduction requirement and reduces its cost by $4.5 billion.

This distribution of the gains from trade reflects an important fea-
ture of emission trading. Regions for which the marginal cost is far-
ther from the trading equilibrium will import (or export) more than
those regions with marginal costs which are closer.

1999 - The Shared Analysis Project 4
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Given the policy challenges and issues described in Chapter 6, the
role of energy technologies and energy efficiency in the end use
sectors may be even more important than in the past two decades,
particularly in a world of low energy prices and a re-concentration of
world oil production in the Gulf Region.

Research and development as well as innovation policy will have to
contribute to greater efficiency and reduce energy losses by process
substitution, but particularly to reducing the costs of energy effi-
cient technologies and of renewables (see Chapter 7.1).

Co-generation of heat and power (including fuel cells) as a highly
efficient conversion technology and the use of renewables as long-
term options to diversify energy supply and reduce pollution are
important technological options which, however, face competition
from two sides: low fossil fuel prices (and traditional conversion
technologies) as well as improved energy efficiency, which often
reduces heat demand in a given plant or city area. So, the competing
potentials have to be analysed realistically and regarding their inter-
linking dynamics (see Chapter 7.2).

Finally, efficient energy use in the final energy sectors does not only
improve economic competitiveness, but it also opens up new
opportunities for additional growth, employment and foreign trade
(see Chapter 7.3).

7.1 RTD POLICY & ENERGY TECHNOLOGY OPTIONS
IN A WORLD OF LOW ENERGY PRICES

Energy R&D has always been an essential component of energy pol-
icy in the past 25 years at European and Member State level. An
impressive number of research programmes covering energy tech-
nology development from basic research to demonstration and dis-
semination have been initiated (see Volume 10 of the Shared
Analysis Project).

From the 1980s up to now, the European Commission launched and
carried out four R&D Framework Programmes (totalling funding of
over 29 billion €) with the aim of improving the European Science &
Technology base, and its industrial competitiveness. Within these
pluri-annual Framework Programmes, the share of the total EU fund-
ing devoted to R&D in energy has fallen considerably, by over a fac-
tor of 2 for Member States and from 40 % to 20 % today, moving at
the same time from conventional research themes to new technolo-
gies linked to the development of diversified energy sources. This is
partly the expression of lower interest in energy R&D while energy

PART VII ENERGY TECHNOLOGY SUPPORT FOR ENERGY POLICY

prices were falling after 1985, but it also partly reflects the need to
integrate new areas into the research programmes such as informa-
tion and communication technologies, life sciences, material sci-
ences, etc.

These efforts are continued in the latest energy RTD components of
the 5th Framework Programme as well as through dedicated pro-
grammes such as the SAVE Il and the ALTENER Il programmes for the
non-technical aspects of energy efficiency and renewable energy
sources. These research programmes do not only cover technologi-
cal aspects but also increasingly the socio-economic aspects of tech-
nology acceptance and diffusion.

Energy research is not very precisely identified as it is spread
between R&D specifically devoted to energy and diffusing tech-
nologies. R&D efforts for energy efficiency in the end-use sectors is
covered increasingly by research in material science, information
technology, physical chemistry or biotechnology. More important
energy R&D efforts are carried out in the private sector (e. g. the
development of fuel cells) but industrial R&D is kept very confiden-
tial meaning that very little is known about actual efforts. Therefore
more attention has to be paid to trends and not to absolute figures
as some parallel development can be expected between public and
private research (although mature technologies such as oil and gas
exploration is a typical example where the public effort has been
considerably reduced while private R&D has sustained substantial
efforts).

Nevertheless, the background to energy-related R&D has consider-

ably changed over time. Four main issues that have arisen over the

past two decades determine changes in energy R&D and lead to
questions on its role in the context of future energy policy.

« First of all, energy prices have been extremely low earlier in 1999.
This raises questions about which type of technology is sensitive to
low energy prices and will not enter the market for some time due
to low energy prices. And, on the other hand, which type of tech-
nology is insensitive to low energy prices and should be focused
upon in future R&D programmes.

+ Second the liberalisation of electricity and gas markets and the
globalisation of industry has led to a considerable change in
the boundary conditions for energy R&D, in particular with
respect to private expenditure for energy R&D. Is an increase in
public energy R&D therefore necessary to compensate dwindling
private efforts?

* The third change in the boundary conditions to energy R&D con-
cerns the binding Kyoto obligations and the pressure they put
upon industrialised countries to develop new, innovative solu-

8 This section is based on the study “Energy Policy and Energy R&D in the European Union: Convergence or Divergence? A 2010 -2020 Perspective’ European Commission —
Directorate General for Energy, which was carried out in the context of the Shared Analysis Project (Volume 10).
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tions in order to be able to achieve the self-imposed targets. How
much can energy R&D contribute to fulfil the Kyoto targets and
how much can it contribute beyond those targets?

* These changes in boundary conditions have to be seen in the con-
text of the European Union's increasing energy dependence. This
has always been the case in the past decades, but was attenuated
for a short period of time after the second oil price shock due to
important efforts to reduce oil dependence in the eighties. How
can energy R&D contribute to slowing down this growing
European dependence on external primary fossil fuel sources,
especially oil and gas?

These four important changes give rise to questions as to how far
the current patterns of energy R&D can contribute and are adequate
to solve environmental problems (and resource problems in the
longer term) and how can they contribute to increase competitive-
ness in liberalised markets and to enhance supply security. Given the
increasingly limited R&D resources, the timing of the development
of different types of new technologies and their spread on the
market becomes of uppermost importance.

LOW ENERGY PRICES AND ENERGY R&D

Energy prices have been low in 1999 for different reasons depend-
ing on the energy source:

+ Oil prices were falling in early 1999 (in real terms) to levels below
those observed before the first oil price shock, although they have
been recovering since then to levels above $20/barrel. However,
while the oil price earlier in 1999 was mainly triggered by the lack-
ing demand due to the economic crises in Asia, Russia and South
America, and is unlikely to be representative for the long term, also
the current (late 1999) oil price well above 20 $/barrel is most like-
ly not representative for the long-term average oil price in the next
decade, which is expected to be in the range 15 to 20 $/barrel (see
chapter 4.1).

Electricity prices, as a consequence of liberalised markets, have

started to fall in 1999. In Germany for example, which has fully lib-
eralised its electricity market for all consumers in a single step, elec-
tricity prices in late 1999 dropped by 30 % (and up to 50 % in cer-
tain cases). Although it is unclear currently , how much of this price
drop is determined by short term strategies, and how much will be
permanent, it is likely that future electricity prices will be lower
than today (see chapter 6.3).

+ Gas prices have been dropping, following oil price, and start to
decrease - at least for some of the customers - as a consequence of
the recent market liberalisation.

This more detailed discussion of reasons behind the lowering of
energy prices shows that it is important to distinguish between

short- and long-term trends in energy prices. Only the later could
have any impact on long-term R&D (not taking into account short-
term political considerations which, in the eighties, led to a rather
parallel development of oil prices and energy R&D expenditure). In
addition, there are trends to compensate, at least partially, the lower
energy prices by increased taxes on energy products. Most EU coun-
tries have in fact already introduced in more or less recent times an
energy or carbon tax, or are discussing the issue seriously. The pres-
sure to shift the tax systems from labour taxing to energy/environ-
ment taxing is increasing, as it contributes to the solution of a vari-
ety of problems at the same time (unemployment, increased com-
petitiveness of European industries both through lower labour costs
and improved environmental performance, protection of the envi-
ronment). Nevertheless, it seems generally agreed that at least for
the next 10-15 years energy prices will at best remain at the current
long-term mean levels, with the corresponding difficulties for new
technologies to enter the market.

The most promising technology options for a sustainable energy
system and their relationship with the competitive situation of the
European industries have been investigated in a variety of European
projects such as the ATLAS project (European Commission, 1997a),
the European research project on Energy RD&D Options for a
Sustainable Future (Blok et al., 1996), recent work on European Energy
Technologies - A Global Competitive Review (Hagler Bailly, 1998), and
by recent IEA work (1999b) on the Role of Technology in Reducing
Energy related Greenhouse Gas Emissions.

These studies have shown that energy efficiency on the demand
side is, other than fuel switching in its various forms at the supply
and demand side, one of the low cost options to reduce CO, emis-
sions even in an environment of low energy prices. This is reflected
in the general consensus that energy efficiency will have to be one
of the major pillars of a sustainable energy system. It is recognised
by many researchers in the energy field (though not unanimously)
that there is a no-regret potential for energy efficiency to the order
of 20-25 %, which could be tapped at little or no cost.

With respect to a low-price environment promising technologies in
the field of energy demand can be found in the following fields (see
the Atlas project, European Commission, 1997a):

* Energy efficiency in buildings: heating and cooling technologies (e.g.
heat pumps and condensing boilers), efficient lighting, building
envelope improvements (window and insulation retrofits), build-
ing energy management systems, district heating and cooling sys-
tems, technologies that reduce "leaking electricity" losses;

+ Energy efficiency in industry: process integration, high-efficiency
motors, drives, and motor-driven systems, high efficiency separa-
tion processes, advanced end-use technologies;
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« Energy efficiency in transport: efficient conventional vehicles, electric
and hybrid vehicles, fuel cell-powered vehicles, biofuels;

« Cross-cutting technologies: combined heat and power, advanced
gas turbines, sensors and controls, power electronics.

The role of R&D must be to reduce further the costs of these tech-
nologies in order to maintain them at a competitive position in a
continued low-price environment.

In the building sector for example, it can be shown that through
research and development no or very small additional costs had to
be carried by house owners of new buildings despite an energetic
improvement of about 60 % since the early seventies. Current tech-
nical developments give rise to the expectation that this will also be
valid for the new generation of low-energy homes with energy con-
sumption levels 30 % below current standards for new buildings.
Even the so-called "Zero-energy houses" (houses relying entirely on
renewable energy forms and passive solar use), have been shown
that they can be built currently at additional costs of only 10 % to
the user.

In the case of electric appliances little correlation was found in the
past between energy consumption and price. More importantly,
recent results from private R&D have shown that stand-by losses
from televisions, video-recorders, radios, personal computers etc,
which contributed in the past years to the increasing electricity
demand, can be reduced by up to a factor of 50 without impact on
performance or price at all.

Other examples can be found in the field of large energy-intensive
processes where it can be shown in the case of many examples that
new processes improved at the same time energy efficiency, envi-
ronmental impact, productivity and lowered investment costs. It
seems contradictory that companies often carried out R&D on such
processes only under the pressure of environmental legislation and
were not driven by considerations concerning competitiveness. This
can, however, easily be explained by a variety of barriers existing in
companies towards environment and energetic improvements.

In the case of the transport sector private R&D to improve the ener-
getic performance of vehicles is very important, especially in the
context of the voluntary agreements between the car industry and
the European Commission on the reduction of CO, emissions from
the new car fleets. It can be expected that more energy efficient cars
can be developed without raising costs, as already today there is
very little correlation between the energy consumption of a car and
its price.

In a low-price environment, the question should also be allowed
whether some technologies which — due their importance for the

p 1999 - The Shared Analysis Project
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environment — must be promoted through R&D despite the fact that
they might be less economic under today’s price conditions
(because of long development and investment cycles). In this case,
appropriate market mechanisms have to be developed for their
introduction. Such types of technologies might comprise for exam-
ple insulation of the existing building stock at the demand side, and
PV and other more expensive renewable energy options.

Last but not least non-price aspects of technologies contributing to
a more sustainable energy system have to be enhanced. This can
include for example PV facades or day-lighting systems as design
elements in commercial buildings. Other, non-price driven develop-
ments are the boom in thermal solar energy systems for hot water
systems in Germany, Austria etc. which - since the beginning of the
nineties increased more than fourfold despite a low-price environ-
ment. It is likely that new techniques integrating these elements
without much additional costs into new buildings might have con-
tributed to the boom, but non-price elements have certainly played
an important role

THE IMPACT OF LIBERALISATION OF ELECTRICITY AND GAS MAR-
KETS ON ENERGY R&D

Liberalisation of electricity and gas markets and the globalisation of
industry have led to a considerable change in the boundary condi-
tions for energy R&D, mainly on the supply side (on the demand side
essentially end-of-pipe technologies are concerned, not integrated
energy efficiency technologies as just discussed, which generate
little or no additional cost. On the long-term it is questionable
whether end-of-pipe technologies should be strongly promoted
through R&D given their limited potential to reduce energy con-
sumption and their limited additional benefits).

Liberalisation affects, first of all, energy R&D by lowering electricity
prices (see chapter 6.3), contributing thus to the already discussed
general low-price environment, but also with respect to the R&D
expenditure of firms. The views on the impact of liberalisation on
this second issue are not uniform: some stress the fact that higher
R&D expenditure will help to decrease, for example, the cost of gen-
erating (or distributing) electricity and will become a tool in the
competition for a more efficient structure. Further, there will be an
increasing demand for information and communication techniques
for energy services and related R&D demand, also the result of liber-
alisation. At the same time, companies which were in a monopolistic
or quasi-monopolistic position have not permitted some technolo-
gies to emerge in the past, because they were not in line with their
global policy. Others, however, assume that the bulk of electricity
sector research was carried out by power equipment producers,
while research within utilities was only carried out as part of the
intensive co-operation with these power equipment producers, and
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so the new competition context is pushing firms to break off rela-
tionships with power equipment suppliers. It is generally assumed
that R&D efforts by the utilities are a cost factor that they would pre-
fer to minimise as much as possible if price competition is to be an
important factor.

It is important in this context to prevent markets of environmental
friendly technologies which have been established for quite some
time (co-generation) or grown recently (wind energy) to be swept
away by short-term turbulances of the market opening. It is certain-
ly not the idea to create new, heavily subsidised markets on the long
term. But market opening for those technologies must occur gradu-
ally by setting adequate boundary conditions so that R&D carried
out by equipment suppliers and users of those technologies can
hold the pace with the pressure on prices and the trend of utilities
to reduce their own R&D.

KYOTO AND THE PRESSURE ON INDUSTRIALISED COUNTRIES TO
DEVELOP NEW, INNOVATIVE SOLUTIONS

It is clear already today that the contribution of future energy R&D
to meet the Kyoto objectives can only be minor. This hypothesis is
essentially based on two arguments:

« First, the lead times for the development of most technologies are
simply longer than the decade that separates us from the target
period. This does not yet take into account the fact that many new
technologies will penetrate the market only during the reinvest-
ment cycles, when it comes to replacing old equipment, which will
add an additional delay. The technology for the Kyoto targets is
therefore essentially already in (or near) the markets and is
based on R&D carried out one or two decades ago.

More important, however, is the second argument that new R&D is
not necessary to meet the Kyoto objectives. The previous chapter

6.4.2 as well as Volume 11 have shown that to meet the Kyoto tar-
get, around minus 5.4 % relative to 1990 is necessary for CO in the
European Union as a whole due to the reduction in CHy and N,O
emissions. This has to be compared with the baseline and climate
change scenarios developed for energy-related CO, in chapters 4
and 5 as well as in Volume 5, which foresees an increase for CO5 in
the range of 5-8 %. Closing the gap may therefore be possible with
existing technology (see chapter 5) and the development of new
technology may not be so relevant for 2010. In addition, a recent
Council Decision of the European Union would allow up to 75 % of
this gap to be covered by measures under the non-domestic flexi-
bility mechanisms, not taking into account that non-European
industrialised countries such as the United States are fully opposed
to any cap on Kyoto flexibility mechanisms. The main conclusion to
be drawn from this is therefore that if R&D is successfully per-
formed and new technologies sufficiently introduced into the
markets, the time between 2010 and 2020 (and beyond)

should be considered as the most relevant period for R&D
implications (not 2010 and Kyoto). A technology strategy for
reducing greenhouse gas emissions must start today, but must
focus simultaneously both on the short term and the long term.

Consequently, in the short term and in the light of the Kyoto targets,
enhanced market introduction of already existing technologies is
the major challenge. In a comparative analysis of energy RTD pro-
grammes and market observation systems in the USA, Japan and
Europe InnoTec et al.(1996) conclude that while in the past the major
focus of technology-oriented RTD was on RTD programme planning
and implementation, the highest benefits on the global market
place for the competitiveness of European industries stem from
market-oriented RTD. They recommend the implementation of a
European Task Force on Strategic Energy Research and
Development, including all interest-groups (officials from the EU
and national governments, industrial executives, leading scientists,
experienced consultants). This task force should assess the current
market situation, analyse market trends in energy technologies,
analyse the potential of innovative energy technologies and make
recommendations for strategic priority-setting in future market-ori-
ented RTD.

On the other hand, the link between energy R&D and the instru-
ments of energy policy, which are currently characterised by many
contradictions, must be improved to enhance the market introduc-
tion of technologies. Any energy policy makes use inter alia of a mix-
ture of regulations, tax incentives, and R&D orientations and fund-
ing. Regulations have a major impact on technologies and consti-
tute a major tool that is used by the EC and the Member States. Tax
incentives are presently not available for the EC and this somehow
makes it difficult to draw up a coherent energy policy at the EU level.
It must be recalled that most Member States want to keep decision-
making on energy policy at national level and have not adopted
new competencies for the EU in the Amsterdam Treaty. However, the
prime role of EU regulations over national regulation gives a strong
role to the EC. Successful examples at the national level such as the
interaction between research to lower costs of energy efficiency
options, demonstration and regulation in the case of thermal build-
ing codes in Germany (see Figure 7-1) show that successful energy
R&D needs a counterpart in future energy policy. Contradictions in
signals such as carrying out R&D for renewable energy sources and
subsidising fossil fuel and nuclear options have to be solved.

TIMING OF THE DEVELOPMENT OF DIFFERENT TYPES OF NEW
TECHNOLOGIES AND THEIR SPREAD ON THE MARKET

Taking into account the above changes in boundary conditions,
other more specific questions can be raised for future R&D policy in
the context of future energy policy. In particular it must be asked at
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Figure 7-1: Interrelation between research to lower costs, proof of technical
feasibility and regulation using the example of Thermal Insulation
Ordinances and Heating Systems Regulations in Germany
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what time certain technologies should be available to renew the

energy system, and which amount of budget should be devoted to

them while R&D budgets are limited:

+ Are the efforts by the EU and its Member States in energy R&D in its
various energy sectors adequate with the anticipated evolution of
European dependence on energy sources (in the short or long
term) and the possible contribution of each technology to renew
the energy system in a sustainable manner? In other words and for
example, is it reasonable to devote more than 50 % of the energy
R&D budget to the nuclear sector, considering its potential weight
in 2010 of about 15 % and less beyond?

* More specifically is it reasonable to devote 67 % of the EU nuclear
R&D budget and about 20 % of the total R&D budget of the EU and
its Member States to nuclear fusion, considering that no applica-
tion can be foreseen on a larger scale before probably 2050 and
more likely 2080, while global environmental problems will
become more and more severe in the first half of next century?

* Taking into account the involvement of Member States in R&D
devoted to the design of new, safer, cleaner and smaller nuclear
reactors will it be necessary to devote some additional EU money
to such research? Will European industry be strong enough to
invest in this domain, taking into account the low visibility of
nuclear equipment programmes?

« Will the RTD funding effort be adequate enough in gas, gas com-
bustion or gas combined combustion technologies, considering
their remaining efficiency potential and their increasing impor-
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tance in the medium and long term future? Or is the strong com-
mitment by private and also military R&D on jet engines etc. in this
field a guarantee for the provision of improved technical solutions?

* Is research to win gas from coal (e. g. hydrogen) and the removal
and sequestration of CO5 in aquifers or exploited gas and oil fields
sufficiently present in energy R&D as an option, contributing thus
to further diversification of supply sources?

+ Will the budget share of RTD on renewable energies in general and
in biomass in particular be justified or adequate considering, on
one hand, their perspectives in the future European energy bal-
ance (see the baseline development in chapter 4.2) and, on the
other hand, their potential high contribution to solve environmen-
tal problems and the EU target of doubling the share of renew-
ables to 12 % by 2010?

In order to answer these question, it is useful to develop "road maps"
of anticipated energy technology products for different time hori-
zons, e. g. 2000-2010 and 2015-2030 or longer as illustrated in Table
7-1.They present a balanced mixture of supply and demand options.
In a more detailed manner, such "roadmaps" to a sustainable energy
system can set the operational basis for energy technology R&D at
different time horizons. A possible procedure to establish them
could be the Delphi-Method. It is clear that such a "road mapping"
covering perhaps up to half a century might have - despite all care -
a preliminary character. Especially in the time frame 30-50 years fur-
ther away they might sometimes have more the character of visions
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TABLE 7-1: POSSIBLE “ROAD MAPS” OF ENERGY TECHNOLOGY R&D 2000-2010 AND 2010-2030

2015

2020

2025

2030

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000sscscscsessssssssssssesssosnse s

2000 2005 2010
1 kWh/day refrigera-  Fuel cells for provi- Widespread use of
tor standard ding combined heat  hybrid lighting, com-

and power in com-
mercial buildings

bining light concen-
trators, efficient arti-
ficial sources, and
fibre-optic distribu-
tion systems

Widespread produc-
tion of chemicals
from biomass feed-

stocks

Phase-change buil-
ding materials with
storage capacity and
adaptive release
rates

New system: Mass-
produced customi-
sed buildings with
integrated envelope
and equipment sys-
tems designed and
sized for specific
sites and climates

New system: Broad-
based biomass
industry with new
crops and feedstocks
producing food,
transportation fuels,
chemicals, materials
and electricity

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000secscscsessssssssssssesssocnsse s

Direct reduction for
steel making

Electro-chromic win-
dows

Advanced turbine
system for industrial
co-generation (80 %
combined efficiency)

Hydrogen fuel cell

vehicle

Travel demand
reduction through
real-time informa-
tion systems

New system: wides-
pread application of
industrial ecology
principles to indus-
trial systems, with
linked industries and
energy cascading

New system: Energy-
plexes that integrate
the fossil-fuel based
production of power,
fuels and chemicals
from coal, biomass
and municipal
wastes with low car-
bon emissions

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000sscsesssoscsssssssscsscccsnsnses

Advanced inert
anode cell for the
production of alumi-
nium

Advanced membra-
ne technology for
chemical separation

Closed-cycle paper-
making technology

Superconducting
generators for utility  gen from solar con-

systems

Production of hydro-  Advanced geother-

version of water magma energy sys-

tems

mal hot dry rock and

Utility scale photo-
voltaic systems

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000sscsesesosssssssssssscsssnsnses

Advanced conven-
tional vehicle with
three times the fuel
economy of conven-
tional vehicles

Advanced systems
for combustion of
black liquor and for
drying paper in pulp
and paper mills

Thin-strip casting of
steel

Diesel fuels from
natural gas

Simultaneous gas New system: Mature

hydrate production  hydrogen supply

and carbon dioxide infrastructure

sequestration enabling multiple
modes of hydrogen-

based transport

New system: Fission
reactors with prolife-
ration resistance,
high efficiency and
lower costs

00 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000cscsssosessssssssssesssosnsses

Life-time extension
strategies for pro-
ducts, intensification
of product use

Advanced sensors
and controls for opti-
mising industrial
processes

New energy-efficient
catalysts for chemi-
cal synthesis

Photovoltaics for dis-
tributed and peak-
shaving utility sys-

tems

Feasibility of oceanic
sequestration esta-
blished

Enhanced natural
carbon dioxid
absorption

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000sscscssscsssssssssscscsssnsnses

Gasoline/electric
hybrid vehicle

Direct injection stra-
tified charge gasoli-
ne engine

Hybrid fuel cell
advanced turbine
system or power

generation with 70 %

electric efficiency)

Further closing of
recycling loops at

different levels

(materials, compo-

nents, products)

The E=mc2 society

000 000000000000000000000000000000000000000000000000000000000000080000000000000000000000000000000000000000000000000000000000000000000000000000000000scsesesssscsscsssssssssscsnsns s

Advanced heavy
duty diesel

Clean diesel for light
duty trucks and
sport utility vehicles

Biofuels competing
with petroleum-
based transport
fuels

00 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000sssssscsesssosssssssssscse

Clean coal technolo-
gies (e. g. pressurised
fluidised bed com-

Low energy-house
standard for new
buildings (30-50

Co-firing
biomass/coal

Energy Efficiency

Clean Energy

00 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000sssssscsesesosssssssssscse

kWh/m2) bustion, integrated
gasification combi-
ned cycle) increase
efficiencies to 55 %

High efficiency Wind turbines of 3-5  Superconducting

motors MW on the market transformers and

industrial motors of
150 kW and higher

00 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000sssssscsesssosssssssssscse

Life extension and
generation optimisa-
tion technologies for
nuclear plants

Larger off-shore
wind energy fields

Injection of carbon
into aquifers

Carbon

Sequestration

Carbon

Sequestration

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000ssssssscsesesocssssscscscse

Increase recycling
rates for plastics,
metals, paper, glass
and other materials

Superconducting
cables for under-
ground transmission

Source: IEA (1999b), Atlas project: European Commission (1997a)
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than of a precise look to the future. By their sheer presence they
would, however, help structure the future and the debate, while get-
ting more precise in the short term. Such road maps could be
inspired by long-term goals, based on a problem analysis evaluating
risks and uncertainties (e. g. 80 % reduction in energy consumption
by 2080), and would set intermediate milestones which can be mea-
sured against the observed development.

POSSIBLE FUTURE ORIENTATIONS FOR ENERGY R&D ON THE WAY
TOWARDS A SUSTAINABLE ENERGY SYSTEM

What are the possible future orientations for R&D to allow Europe to
fulfil its needs for an economically viable energy supply, address the
supply security issue under international instability and environ-
mental issues, and who will carry out the necessary R&D?

A first observation is that there will be a need to control energy
consumption more efficiently, which still is still tending to
increase, because of economic growth, and ever increasing road and
air transportation. A significant reduction in the emission of green-
house gases is another major objective. All final energy sectors have
achieved major progress in the rational use of energy. However, in
some sectors such as the transport and the residential sector, tech-
nical progress has been (over)compensated by changes in the
lifestyle and behaviour favoured by low energy prices. In industry,
low energy prices have led many energy-efficient technologies
which were cost-effective at the time of higher energy prices to not
being economically viable today given the low energy price levels.
New technologies addressing improvements in energy efficiency
and in environmental impact are nevertheless envisaged. Many of
these are cost-effective, even under today's situation of low energy
prices, but there is still a need for public support for such R&D to
lower costs further and to develop new opportunities. Major contri-
butions can come from the transport and building sectors. In
transport, R&D should be devoted to a new organisation of trans-
port,in particular in urban areas, and to low consumption and emis-
sion vehicles.

In flagrant contradiction with the consensus on the role of energy
efficiency manifested in many studies and political speeches is the
share of public energy efficiency R&D which is, at the EU-15 level, still
only between 10 to 13 % of the overall energy R&D budget (see
Figure 7-2%). Compared to international standards this is less than
the USA and Canada but more than in Japan, due to its huge nuclear
research programme. There has been some increase over the past
decade which was more pronounced outside the EU. Within the EU,
there are large differences across the EU Member States: While some
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of the larger Member States stagnated at a low level, or even
decreased the energy efficiency R&D budgets, most show an
increase over time. Despite the above mentioned fact that part of
R&D efforts are covered in other areas and that private sector R&D
budgets are largely unknown, it is more than likely that develop-
ments in the private sector are similar given the low level of atten-
tion devoted to energy efficiency in private industries.

Figure 7-2: Share of public energy efficiency R&D expenditure in total OECD government

expenditure on energy-related R&D, 1989, 1995 and 1997
60

50

20 B 1997

1995
30 —

1989

Percent of total public energy R&D budgets

20 —

10 -

. L NAARAAAANR

=z < o z v+ 0 a w »
[

EU

< x o ] ~
2 =} S &= >

EU-MS

Source: [EA, Energy Policy Review of IEA countries (various years), Shared Analysis
Volume 10

The production side is also a major cause for concern. Energy
demand model simulation forecasts that fossil fuels will keep play-
ing a major role for the next twenty years. This clearly indicates that
there is a market for clean fossil fuel technology, at least in the
short and medium term and for up to several decades. Companies
play a major role in gas R&D. However, industrial R&D seems to be
strongly linked to energy prices but also to growing pressure from
liberalised markets, and there is a potential danger of a lack of con-
tinuity in industrial efforts, especially in high-risk areas. More investi-
gation of cleaner fossil fuel routes will be required than at present
through the conversion of fossil fuel to hydrogen combined with
the sequestration of CO5 in large storage systems.

There is further a need to support research on energies which have
a lower impact on the greenhouse effect than fossil fuels. The over-
all public R&D budgets devoted to certain renewable energies
such as photovoltaics in Europe can be considered to be relatively
high compared to the anticipated role of such energies within 20
years and the potential for energy efficiency improvements in end-
use sectors. A specific effort is required in this domain to comply

7 Eu-ms represents here the sum of Member States, EU represents EU's own budget
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with environmental issues. The fact that considerable multidisci-
plinary R&D investment is necessary to boost a technology (e.g.
continuous decrease along the learning curve, using the effects of
economies of scale) is well-known and also that industrial and mar-
ket results may be delayed. Efforts should be related to the total
maximum contribution of each type of energy to meet European
needs and to the maturity of each technology. On this basis, wind
R&D could be probably less support than biomass R&D.

Of particular importance is to investigate, both for fossil fuels and
renewables, a decentralised production of energy which would
allow the building of flexible systems. These may be better adapted
to the demand and may also be safer than larger units. This is partic-
ularly important for developing countries in the context of their still
small electric grids.

Fusion energy will arrive on the market, in perhaps 50 years, if ever.
The EC could consider partly shifting its efforts from fusion to fission
R&D and support new R&D incentives for the next generation of
advanced design nuclear plants, including new designs. Given gen-
eral budget constraints it is, however, clear, that new risky technol-
ogy routes implying high R&D costs have to be carefully evalu-
ated before committing substantial funds which reduce expendi-
ture elsewhere.

In conclusion, there are still many issues facing Europe in the field of
energy are still numerous. Fossil fuels will continue to play a major
role in the short and medium term, and incremental innovation will
be unable to solve environmental problems.There is a need for more
radical innovations in a whole set of technologies, at least in the
medium term after 2010. If progress beyond the European Kyoto
commitments is to be achieved, the European Union should define
ambitious technical/economic targets for the medium and long
term, as the USA did, for example, with the Vision 21 programme for
electricity production. All available policy tools should be mobilised
to reach such targets. Regulations have a strong short-term impact
on industry investment and research, and the European Union can
play a major role in this domain. Tax incentives also play a signifi-
cant role,and Member States are the main actors in this field. Public
R&D programmes and funding are very important in the medi-
um and long term. Both national and Community actions are nec-
essary in this domain, in particular given the fact that industrial
energy research, as a result of liberalisation, will be mainly dri-
ven by short term considerations with R&D budgets possibly cut
under the pressure of competition. National programmes try to give
a competitive advantage to their economy and to solve societal
issues which are specific to the national context. Community action

can better take into account the diversity of Europe and build a
global strategy. Examples of technologies which need to be further
studied are given in the ATLAS report, and the 5th Framework
Programmes and associated work plans provide guidelines for the
next 5 years for R&D to be supported by the EC. Developments in the
past have shown that in the energy field there is no single option
that can fulfil all requirements in terms of supply security, environ-
mental protection and economic competitiveness. This is why ener-
gy research, like energy supply has to be sufficient diversified
and broad in order to cope with changing attitudes and the
acceptance of the different options over time. Limited public
money for R&D and dwindling private R&D impose, however to
establish priorities amongst the various options based on a careful
evaluation of the potential of each technology and the most likely
dynamic development of the energy system as a whole in the long
term.

7.2 INTEGRATING THE POLICY OBJECTIVES FOR
EFFICIENT HEAT USE, CO-GENERATION AND
RENEWABLES

In the Communication from the Commission to the Council and the
European Parliament of October 1997 "A Community strategy to
promote combined heat and power (CHP) and to dismantle barriers
to its development" (COM(97) 514 final), it was stated that "CHP is
one of the very few technologies which can offer a significant short-
or medium-term contribution to the energy efficiency issue in the
European Union and can make a positive contribution to the envi-
ronmental policies of the EU." The simultaneous generation of heat
and electricity by CHP offers one of the major opportunities for
energy-related CO, emission reduction as the overall efficiency of
these systems is around 90 % compared to 65 to 75 % for separate
generation of heat and electricity. At present, less than 10 % of the
electricity generation in the EU resulted from combined production,
although there are significant variations among Member States,
ranging from more than 30 % in the Netherlands, Denmark and
Finland to less than 5 % in the UK, France, Greece and Ireland. These
differences are not only due to different climates, industrial struc-
tures and indigenous energy resources, but also to traditional mar-
ket structures of electricity supply and the national or regional ener-
gy policies in the Member States.

Most recent projections indicate an additional economic potential
of CHP, that it would be possible for it to double its present share in
electricity generation. This potential includes CHP for both industri-
al steam and heat production as well as district heating and cooling.

%8 This section is based on the study “Energy policy responses to the climate change challenge: The Consistency of European CHP, Renewables and Energy Efficiency Policies’
European Commis-sion — Directorate General for Energy, which was carried out in the context of the Shared Analy-sis Project (Volume 14).
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The increased energy efficiency in industrial processes and space
heating, however, is likely to reduce heat demand. As the profitable
operation of CHP depends on the heat densities of the local heat
markets or the electricity-to-heat ratio of a production site or a large
office building, hospital or hotel complex, there remains the ques-
tion as to what extent the increased implementation of CHP and of
efficient heat use in the end-use sectors entails conflicting objec-
tives.

"District heating" traditionally refers to public networks combining
many property sites, while a similar heat distribution network for
several buildings within the same property site may not be consid-
ered to be district heating. In the last decade, however, small heat
supply networks for a few buildings or industrial plants have also
come to be considered as district heat generated by new small gas
turbine- or engine-driven co-generation units. In Denmark, for
instance, the warm water-based heating systems of many blocks of
flats and large institutions were transferred to district heating sys-
tems without much additional investment in piping during the
1980s.

Although specific heat density is likely to decrease in the future, the
share of electricity from CHP could still increase significantly. New
technologies such as the combined cycle gas turbine — or fuel cells
in the next decade — have a larger power-to-heat ratio than the cur-
rent average.

New technical building code requirements, increasing opportunities
for low energy houses or solar passive houses, refurbishing the exist-
ing building stock with a lower heat and cooling demand in the next
decades, and reduced specific heat demand in industrial processes
as well as structural changes to less energy-intensive products are
likely to reduce heat demand in urban areas, cities and at industrial
sites. The demand for cooling in urban areas is likely to increase (and
equalise the seasonal variations in demand by supplying cooling via
absorption technology), but may not compensate the decrease of
demand for heat. This trend may be supported by solar heat collec-
tors for warm water supply and for supporting heat generation in
sunny regions during the heating period.

CONSISTENCY OF TARGETS AND RELATED POLICY INSTRUMENTS

In the light of the potentials of both the heat demand and the heat
supply delivered by CHP and solar thermal energy, the question aris-
es of the consistency of policies for further promotion of CHP, ther-
mal solar energy use and energy efficiency. The answer to this ques-
tion of consistency has many aspects: the dynamics of changes in
the present building stock, the existing networks and industrial sites,
new technical options of co-generation, further cost reductions of
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co-generation and district heating networks, decisions of building
owners, policies of local and regional governments and the exact
legal framework of the liberalised electricity and gas markets in the
member states, including energy tax regimes.

THE DYNAMICS IN INFRASTRUCTURES AND THE ROLE OF LOCAL
GOVERNMENTS

Neither CHP, district heat networks, nor widespread heat savings in
buildings and industrial sites will be introduced or reduced in the
short term. Energy conservation in buildings or new building con-
structions will depend on a large number of individual and collec-
tive decisions — often in connection with a change of ownership or
occupants. The re-investment cycle of buildings may be in the order
of 100 years and refurbishing buildings only takes place after sever-
al decades. The dimensioning of CHP units and district heat net-
works depends on these long-term changes.

The opportunities provided by synergy between the different mea-
sures during implementation may be far more important than the
risk of inconsistency. The development of new built-up areas and
urban renewal, for example, offers essential opportunities for the
simultaneous implementation of heat saving and CHP-based district
heating.The instruments to achieve such synergies are proper urban
planning and the appropriate regulation of property developments
by local governments. The national policy traditions influencing
local governments vary widely, and there is little effort being made
for a European harmonisation in this area. In those countries where
the penetration of CHP has been most significant (Denmark, Finland
and the Netherlands), there have been sustained co-ordinated poli-
cy initiatives for both CHP and efficient heat use over the last two
decades.

NEW TECHNICAL OPTIONS OF CO-GENERATION AND FURTHER
COST REDUCTIONS

If the heat density of a city area or a production site is declining, the
consistency of policy objectives will also be sustained by a declining
cost of combined heat and power generation or of heat distribution
networks. There are several technical developments which support
this perspective of further cost reductions:

+ the combined-cycle gas turbine (CCGT) has made medium-scale
CHP economically more attractive. Further development of CCGT
on a very small scale (e. g. using small gas-driven turbines, engines
or, in the next decade, fuel cells) might also make large-scale CHP
or district heat systems less attractive; these small CHP units also
have a substantial potential for cost reduction. Large-scale systems
could still be an option for competition between primary fuels. An
important aspect of the new technologies is a much larger power-
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to-heat ratio, i.e.about 1.0 for new CCGT or gas engine-driven units
compared to 0.4 for traditional gas turbines and CHP plants a
decade ago.Thus, the same heat demand will become the basis for
increased electricity generation and, hence, improved profitability.
Further potentials for increased efficiency and cost reductions of
district heat systems can be found in optimising heat flows and

temperatures. The introduction of heat-driven cooling-by-absorp-
tion technology during the summer months would increase load
factors and utilisation time. Increased competition for equipment,
construction and operation of grids may further increase overall
productivity and reduce costs. The use of municipal wastes in CHP
plants on the basis of environmental legislation may also improve
the economics of district heating structures in urban areas.

Competitive tendering or sub-contracting for the operation and
maintenance of heat sources and grids may also open up opportu-

nities for innovative thinking and higher productivity levels. This
may lead to technology transfer via supranational international
ownership and out-sourcing routine operation to internationally-
operative specialist firms.

Finally, commercial benefits can be gained from electricity spot
markets by the management of generation units and heat storage

to sell peak-load electricity. CHP generators that are supported by
favourable long-term contracts for the sale of electricity may
increase the overall efficiency of the electricity market by sec-
ondary trading on a power exchange if the hourly spot market
price for electricity is higher than their short-term marginal cost.
This is likely to occur in electricity markets that are influenced by
hydro or wind power or by big customers or groups of customers
with fluctuating electricity demand.

THE CONTEXTUAL FRAMEWORK OF LIBERALISED ELECTRICITY AND
GAS MARKETS

Given the present surplus capacity of supply in both the electricity
and the gas market in most Member Countries (see Chapter 6.3),
these two final energies will be offered at marginal cost basis and
may threaten CHP-based district heating networks (as can be
observed in German municipalities). Electricity and gas supplies
tend to have shorter payback periods, given the higher risks in pri-
vatised and liberalised markets. As the externalities of separate elec-
tricity and heat production are higher than those of co-generated
electricity and heat, the question of levelling the playing field may
require adaptations of some regulations in order to reflect the envi-
ronmental advantage of CHP and related district heat networks.

During the first period of liberalisation, the intensive competition
among electricity suppliers may also lead to a closing down of
industrial CHP and, hence, cause stranded costs. On the other hand,
the falling price of natural gas may limit these negative implications.

CONCLUSIONS

Whether the policies for more efficient heat use, co-generation, CHP-
based district heat and solar thermal energy imply conflicting objec-
tives cannot be answered in quantitative terms. But the substantial
differences in the present use of CHP in the different member coun-
tries and existing low-energy settlements supplied with small co-
generation units suggest that there seem to be substantial efficien-
cy potentials for both heat demand and heat supply by co-genera-
tion, particularly in those member countries where co-generation
has small shares in the total electricity supply.

It cannot be excluded that former monopolies of electricity supply
will try to hinder co-generation investments in industry and the ter-
tiary sector. There might, therefore, be a need to re-regulate markets
to some degree at the EU or national levels to avoid such market
imperfections. Such a regulatory approach may be of special impor-
tance during the first period of liberalisation, i.e., during the next half
decade when surplus capacity of electricity and gas will be offered
to customers in a very competitive environment before new market
structures emerge at the end of the next decade. At that point in
time, the question of conflicting objectives with regard to efficient
heat use, co-generation and thermal solar energy may have become
more pressing. The answer is likely to depend to a large extent on
further commitments of the EU in the climate change policy process
with regard to the year 2020.

7.3 RESOURCE-EFFICIENT TECHNOLOGIES AND
ENERGY SERVICES AS A ROUTE TO STRENGTHEN
COMPETITIVENESS

This section attempts principally to examine the role of resource-
efficient technologies in strengthening the economy and as a stim-
ulus to foreign trade, both of which are linked to employment.

ENERGY SERVICES AND RESOURCE-EFFICIENT TECHNOLOGIES

Increased competition following the liberalisation of the EU gas and
electricity sectors is widely expected to take the form of price com-
petition based upon bulk ‘commaodity’ kWhs - at least initially (see
Chapter 6.3). However, liberalisation will force suppliers to become
more consumer-orientated, to increase marketing and sales activi-
ties, and to develop a range of services to retain the loyalty of exist-
ing customers and attract new ones from rivals. It is the derived char-
acter of energy demand that provides the intellectual rationale for
the development of a widening range of such services. Consumers
do not require electricity or gas: they do require process heat, light,
cooling, cooking, communication, movement and motor power.
Such services can take many forms:
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* Multi-utility services: provision of more than one utility service to
exploit economies of scale and scope, such as dual-fuel (gas and
electricity); or either/both of these combined with water, district
heat, or telecommunications.

¢ Contracting: (or building and facilities management): usually
restricted to larger commercial and industrial consumers including
provision of surveys, audits and best-practice bench-marking;
installing, commissioning and operating CHP or other energy-
intensive off-sites and facilities; competitive energy purchasing;
provision of finance.

« ‘Active’ energy services: consumer- and household-specific energy
advice and audits; more efficient appliances, metering and control
technologies; and (as required) the necessary finance to provide
these for smaller consumers.

« ‘Passive’ energy services: generalised advice on energy efficiency via
telephone call centres and mailing shots, with utility bills or via
libraries, post offices, exhibitions, conferences etc. This may be
mandated in licences, or regarded as good business practice,
although less practised in liberalised markets.

» Non-energy services: billing and meter reading frequencies; aggre-
gation of accounts (e. g. for a chain of shops); bills for minority lan-
guages; special services for the blind and physically handicapped.
Most of these are mandated in utility licences, or covered by good
business practice.

Given the derived character of energy demand and the anticipated
low growth in basic gas, electricity or district heat sales in heavily
saturated EU markets, utilities (or other suppliers) will need to think
of innovative ways to increase sales revenues and corporate prof-
itability. The provision of ‘active’ energy services is clearly one such
route to further business evolution and growth. However, as yet, this
study (see Volume 12) has found little evidence of their emergence
in practice. Further work, funded jointly by the Directorate General
for Energy and Eurelectric, is now in progress to explore these issues
with a range of utilities, regulators, consumer groups and other
stakeholders.

Similarly to the emerging concept of energy services, even if they are
more mature, the definition and characterisation of energy-efficient
technologies are not definitively consensual. Comprehensive lists of
these technologies are available through national studies (e. g.
IKARUS in Germany, Icarus in the Netherlands) or at the EU level
(Atlas). In this section, the emphasis is on end-uses technologies,
even though they are often less well documented than energy sup-
ply technologies (see also sections 7.1.and 7.2).

b 1999 - The Shared Analysis Project

PART VII ENERGY TECHNOLOGY SUPPORT FOR ENERGY POLICY

IMPORTANT ENERGY EFFICIENCY IMPROVEMENTS HAVE BEEN
ACHIEVED IN EUROPE

The ecologically beneficial role of energy efficiency is widely accept-
ed today. Whatever the level of analysis taken (macro, sectoral or by
energy equipment and products), the assessment of the past
achievements of energy efficiency trends clearly shows that EU
countries have drastically improved their performances at the end-
use level. The final energy intensity (final energy consumption per
€ of GDP) has decreased by 1.5 % annually or more over the period
1973-1997. Except for a few countries (Italy and Spain), structural
changes (tertiarisation of the economy: more services and less ener-
gy-intensive industrial production) account for at least 10 % to 25 %
of this improvement (Figure 7-3). Most of the gains stem from
improved efficiencies in equipment and products (see examples for
steel production in Figure 7-4, cement production in Figure 7-5 and
for cars in Figure 7-6).

Nevertheless, since the 1986 counter oil shock, behavioural changes
have lowered the pace of improvement and have sometimes
reversed trends. This was mainly due to the combined impacts of
energy price drops, the slowing down of energy efficiency policies
and economic slow-down in Europe. In addition, results were more
significant in energy-intensive industries and the residential sector
(thermal regulation in new buildings) rather than in transport
(despite huge technological improvement) or services.
Nevertheless, recent trends reveal a revival of energy savings as a
result of recent initiatives linked to the climate change policies in the
Member countries.

Figure 7-3: Progress of the Final Energy/GDP - ratio of Western European Countries,
1986 - 1995
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ENERGY-EFFICIENT TECHNOLOGIES AND ENERGY SERVICES SPUR
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TABLE 7-2: PRESENT (1995) AND FUTURE (2010) MARKETS AND ENERGY SAVING POTENTIAL AT EU AND WORLD LEVELS

Technology areas

Parameter

..................................................................................................................................................................

M€ /a sales
Indicative Mtoe/a saved

..................................................................................................................................................................

M€ /asales
Indicative Mtoe/a saved

..................................................................................................................................................................

M€ /a sales
Indicative Mtoe/a saved

..................................................................................................................................................................

Heating
and cooling

M€ /a sales
Indicative Mtoe/a saved

..................................................................................................................................................................

Building management
systems and controls

M€ /a sales
Indicative Mtoe/a saved

..................................................................................................................................................................

M€ /a sales
Indicative Mtoe/a saved

Source: Atlas Project, European Commission 1997a

of information and telecommunication as infrastructure of an econ-
omy. The effectiveness of these policies depends partly on the con-
sumer’s preference for such products or services. As far as the pene-
tration rate of efficiency products into the market increases and the
liberalisation of the energy market becomes a reality, these factors
will influence the above-mentioned development of the energy sys-
tem in a complex manner.

ENERGY EFFICIENCY SPURS ECONOMIC GROWTH

Whatever the reasons for this market development and the specific
efforts made by public authorities to sustain a competitive, empiri-
cal studies show that the level of production of situation of energy
efficiency products is growing very rapidly - more rapidly than that
of the average sector of equipment goods or consumption goods in
general. This is not surprising due to the fact that this production fol-
lows a typical take-off phase of a logistic development curve at low
levels of the total market. However, one could argue that this market
is far from being negligible. For instance, the construction sector
constitutes the second largest sector of activity in Europe, after the
industrial sector. It has experienced massive job losses in the last few
years due to a decline in new construction and renovation work.
During the same period, repairs and maintenance (including both
major repairs and routine maintenance), accounting for 53 % of
activity, have come to present the bulk of work in the construction
sector. The overall market in France, for example, of efficiency prod-
ucts and labour in the residential sector is estimated at 5 billion € in
1992 and the domestic market of 16 energy efficiency products
amounts to 2.5 billion € in 1998.

p 1999 - The Shared Analysis Project

EU World EU technical World technical
market market potential (2010) potential (2010)
(1995) (1995)

3,000 25,300 90,000 925,000
46.6 229.0 101.2 1,030.0
10,500 87,000 20,200 140,000
191 93.2 39.4 3344
443 3,029 8,500 61,000
0.5 31 121 86.0
1,524 5,700 5,850 40,000

8.2 311 315 22217

1,600 13,500 17,000 231,000

2.2 115 238 168.4
3,500 70,500 13,200 255,000

53 107.5 25.0 482.6

Similar results have been found in other Member Countries; for
instance, the production of 12 energy efficiency products in
Germany (burners, boilers, double/triple glazing, heat exchangers,
control equipment for efficiency) has increased 50 % above the aver-
age of total industry production since 1976.Or over the period 1990-
1998, the production growth of the energy efficiency goods grew
substantially faster (29 %) compared to the equipment goods
branch (16 %) and of the production growth of industry (11 %) in
France.

The market for energy efficient products in the building sector was
estimated by the Atlas Project (European Commission, 1997a) to be
of the order of 20 billion € in 1995 (see Table 7-2), while the world
market for these products was about ten times larger. Derived from
a technical potential, the market estimate for 2010 was more than
seven times the 1995 markets on both the EU and the world level.

What has been observed for energy efficiency products can also be
said for products or investments taken in a broader sense of ecolog-
ical products and services. The world-wide market for environment-
related investments represented a turnover of 400 billion € in 1994.
It also shows that the prospects for market growth outside Europe
are very high.The turnover and the market growth potential is con-
centrated in non-EU countries. Although in OECD countries, the
growth rate is around 4 %, but reaches 17 % in Asia and 12 % in
South America.
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Improved energy efficiency helps to spur economic growth by cut-
ting waste, and cutting energy costs. Business can introduce prod-
ucts or services on to market with less investment in fuel and elec-
tricity. The consumer spends less on fuel or environmental protec-
tion costs, but more on investment or maintenance. But as long as
the efficiency investment is economical, the energy consumer saves
net energy costs. These savings may be spent by the companies to
expand the markets, or by the private consumer to pay for other
goods and services. The economic gains are modest, generally visi-
ble in the longer term, but not negligible.

Business increasingly sees addressing environmental concerns as a
vital competitive advantage. Nevertheless, quantifying the exact
economic growth generated by energy efficiency is difficult, if not
impossible, because energy efficiency is part of complex production
and consumption processes. Decision-making is more and more a
multi-criteria process, for instance, in new or improved industrial
processes which can also be more efficient in terms of labour, capi-
tal, environment, new materials or quality products. The production
of manufactured goods, using raw materials and energy, engenders
polluting discharges and wastes. Thus, it becomes more and more
difficult to distinguish the savings from improved energy use from
all other net savings of resources, labour or capital in cases of
process or product substitution.

ENERGY EFFICIENCY TECHNOLOGIES AND RENEWABLES PARTICI-
PATE TO IMPROVE THE TRADE SURPLUS

Most energy conservation products are manufactured domestically;
they are all planned, installed and maintained locally. Thus,improved
energy efficiency helps to stabilise the balance of foreign trade.
Nevertheless, this reasoning should be elaborated on slightly
depending on the type of products. For instance, office equipment,
electronic and household appliances and lighting fixtures which are
nationally marketed are produced by multinational corporations
sometimes located outside Europe.

The export of energy saving products tends to exceed the average
growth for exports as a whole. In West Germany, exports of 12 ener-
gy saving products have increased by 8.3 % per year since 1982 -
about twice as fast as all exports of industrial products, which
increased by almost 4 % per year. Between 1992 and 1994, the trade
surplus of energy efficiency capital goods more than doubled from
170 million to 360 million €.

Renewables have a natural place in the perspective of sustainable
development with little or no emission of pollutants and limited
local environmental impacts. European suppliers have been similar-

ly successful in net exports of technologies using renewable ener-
gies, enhancing the reliability of components and systems, elaborat-
ing first standards and quality assurance systems.They can then take
advantage particularly of the third world market, if a range of prod-
ucts adapted to particular climates or to foreign-made equipment
can be supplied. European manufacturers may make a transition
from a niche market strategy to volume strategies in the near future
for some technologies.

EFFICIENCY TECHNOLOGIES AND THE USE OF RENEWABLES
IMPROVE THE IMPORT ENERGY BILL AND OTHER MACROECO-
NOMICS INDICATORS

Countries which are net importers of energy can substitute domes-
tically-produced efficiency goods and services for imported energy.
All the benefits of a greater balance of trade accrue to countries that
practise energy efficiency: reduced inflation, improved competitive-
ness, investment in research and development, and more control
over prices. Lowering energy costs also enhances the competitive-
ness of energy-intensive products. This is particularly true for prod-
ucts which are easily tradable and have a relatively high value-to-
weight ratio such as steel, primary aluminium etc. Improving energy
efficiency in the production of these energy-intensive products
reduces vulnerability to energy price increases.

The share of energy costs in gross production in West German raw
material goods, for instance, dropped from 6.1 % in 1982 to 3.1 % in
1997. The share of the energy cost of the cement production
dropped from 31.7 % in 1981 to 14.4 % in 1997, of iron and steel
from 13.4 % to 10.6 %, of pulp and paper from 11.8 % to 8.1 % and
of the chemical industry from 5.9 % to 3.4 % respectively.

IMPLICATIONS ON EMPLOYMENT

Improvement in competitiveness and foreign trade may induce job
creation. In fact the positive gross employment effects induced by
energy efficiency improvements must be considered against the
counter-balancing negative employment effects because con-
sumers need less energy. Generally speaking, the balance still swings
in favour of a positive outlook for of creation in the order of some
3500 new jobs per Mtoe saved.

New jobs have been created not only in the manufacturing industry
but also in the building sector, in installation, planning, maintenance,
consulting and other services. The level of job creation depends on
the amount of reduction in energy imports, labour-intensity in
industries benefiting from energy savings, the degree of reduction
of energy costs, which depends on the profitability of energy effi-

1999 - The Shared Analysis Project Q
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ciency investments.

Along these lines, energy efficiency and the use of renewables could
positively contribute in reducing today’s unemployment. Clearly, the
characteristics of job creation induced by energy efficiency are dif-
ferent from the energy supply side.They are mostly concentrated on
the investment period. The changing time scale of job creation is
apparent. An analysis made of the future of six key energy efficiency
technologies, suggested that energy efficiency related jobs are also
more evenly distributed within a country than jobs depending on

energy supply.
CONCLUSIONS

Experience with energy efficiency shows that it serves all four
macro-economic goals: employment, economic growth, well-bal-
anced foreign trade, and price stability. This may occur if obstacles
are removed and market imperfections are alleviated. This develop-
ment has been observed in the last two decades in several Member
States - and is likely to continue if governments and companies
search to overcome existing barriers and market imperfections and
to take advantage of present and future opportunities.

p 1999 - The Shared Analysis Project
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Given the long-term challenges and related policy issues described

in Chapter 6 and 7, but also the principle of subsidiarity, the analysis

suggests that the tasks of the Community's energy policy will
increase; and that the Community may pursue a broader political
approach in the next decade than in the past:

* International and diplomatic activities will be intensified, in partic-
ular as regards co-operation with energy-producing countries and
in the negotiations on climate change policy (see Chapter 8.1);

* There are possible threats and opportunities for EU energy policy
such as shocks or surprises in energy markets, the need to regulate
the boundary conditions of liberalised energy markets, or the full
exploitation of energy efficiency potentials to minimise conflicting
objectives of energy policy (see Chapter 8.2);

+ Conflicting objectives and their perhaps complex solutions require
more emphasis upon developing a consistent and transparent pol-
icy framework; and broader policy co-ordination and integration
(see Chapter 8.3);

« Finally, Chapter 8.4 summarises some proposals for the EU’s energy
policy role taking into account new challenges and the principle of
subsidiarity.

8.1 PROMOTING THE ROLE OF THE EUROPEAN
UNION IN THE INTERNATIONAL ENERGY FIELD

In the global context, the European Union is using its economic
influence to ensure its interests with respect to energy supplies
given the projected rise in import dependence. This includes devel-
oping its own proposals with regard to the oversight of the common
assets of the planet, such as stability of the climate.

8.1.1 ADDRESSING EXTERNAL ENERGY POLICY ISSUES

As stressed earlier, a major challenge could be the re-emergence of
security of supply on the energy policy agenda. With a dependence
of 90 % in oil imports and 55 % in gas imports foreseen by 2010, the
European Union will have to give more importance to energy issues
in its relations with the rest of the world. But the globalisation of oil
markets, the future liberalisation of the European gas markets, and
the new international geopolitical context create a context signifi-
cantly different from that at the time of the 1973 and 1979 oil
shocks. Competitive markets provide greater flexibility and adapt-
ability; and new market arrangements, such as spot and derivatives
markets, reduce the risk of pervasive oil market control by a group of
sellers. However, the analysis suggests that energy supply security
issues should be kept under regular review.

The progressive emergence of the Common Foreign and Security
Policy may well influence the geopolitical situation over the next
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decade. Since this policy is likely to concentrate initially on ensuring
wider regional stability, this analysis suggests it could perhaps use-
fully focus on the security of gas supplies from large exporters on
the European periphery; and then on means of securing world oil
supplies in close co-operation with the United States.

The current, limited mechanisms for projecting external energy pol-
icy, and the globalisation of markets, means that action by the
European Union is currently conceived as an indirect action; and,
essentially, involves relying on market mechanisms or by integrating
the objective of energy security into broader policies for foreign co-
operation. Some of the response options to ‘internal’ EU strategies
are well-known. These include the search for greater flexibility from
the development of short-term markets, encouraging closer inte-
gration of national energy markets, and strengthening the physical
links (pipelines and grids) between Member States.

8.1.2 ASSUMING A LEAD ROLE IN CLIMATE CHANGE NEGOTIATIONS

In the continuing international negotiations on climate change, the
European Union is playing a leading role, especially by maintaining
its position as regards the necessity to act effectively to mitigate this
threat to the world environment. Importantly, the EU governments
share common views on the need for the precautionary principle.
The perceived costs of meaningful, and cost-effective, efforts to
reduce the risks of climate change should not be viewed as a justifi-
cation for delay in formulating a response strategy. This is because of
the potential importance of the risks and the long lead-times neces-
sary to put responses in place.The Member States are also agreed on
the moral imperative that industrial countries should actively reduce
their own greenhouse gas emissions.

The European Union has the opportunity to act in such internation-
al negotiations. The Single European Act of 1986, which confirmed
the important community-wide status of environmental issues, has
established an effective institutional authority for the Community
on these issues. Accordingly, the Community is a signatory to the
Framework Convention on Climate Change. Moreover it is well-
recognised that global environmental issues cannot be addressed
by national administrations exercising sovereignty and by operating
alone. As a result, the European Union is acting as a coalition of
countries which have agreed internal compromises, such as‘burden-
sharing, despite the inherent complexities of policy-making which
make such initiatives difficult.

The European Union has thus been able to exert effective influence
in the course of the global environmental negotiations that led to
the agreement on quantitative mitigation commitments. It was
under its influence that the Berlin Mandate of 1995 recognised the



limitation of Annex 1 parties’ commitments; that the United States
was obliged in 1996 in Geneva to accept the binding character of
these commitments; and that the Kyoto Protocol in 1997 included
guantitative commitments after the European announcements of
reduction goals. Since Kyoto, in the complex negotiations on the
flexibility mechanisms, the European Union has also sought to
defend its conception of equity by seeking to limit the scope of
these mechanisms through the proposed ceilings.

An important dimension of the diplomatic role of the European
Commission is to promote the position of the European Union in the
definition of greenhouse gas trading schemes and the Clean
Development Mechanism.Within the logic of this international posi-
tion, both the Community and its Member States must provide
themselves with the means of fulfilling as much as possible of their
Kyoto commitments by 2008-2010 to ensure credibility in the next
COP negotiations. Together with the common policies and measures
co-ordinated by directives or recommendations (directives on rene-
wables, promotion of co-generation, energy efficiency, transport,
etc.), the reconsideration of the European proposals to tax energy
and abolition of the tax exemption on aircraft fuel would allow the
consolidation of national incentive schemes through tax. In addi-
tion, the Commission should seek to facilitate the development -
and the supervision - of the frameworks required to establish effec-
tive permit markets between and within countries.

8.2 POSSIBLE THREATS AND OPPORTUNITIES FOR
EU ENERGY POLICY

The past three decades have witnessed huge somersaults in
conventional wisdom about energy market prospects. The 1960s
were characterised by discoveries of large oil reserves, falling real oil
prices, high economic growth, rising real incomes and surging
ownership levels of appliances and vehicles. This complacency was
shattered by the two oil price shocks of 1973/74 and 1979/80.These
led to huge deflationary pressures, recession, growth in unemploy-
ment, balance of payments difficulties and disruption of global
financial markets. Since the fall in oil prices from 1986, international
energy markets have been more relaxed. Much indigenous, high-
cost energy capacity has been closed in the EU and elsewhere.

Given the comparative tranquillity of international energy markets,
the supply security concerns of the 1970s have diminished. The per-
iod since 1986 has provided an opportunity for governments to
withdraw somewhat from detailed oversight of energy markets; and
has witnessed the moves to liberalise and to privatise the energy
sector. Effective liberalisation has yet to commence in some EU mar-
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kets. Whilst continued oversight of progress is required by the
Commission, it is unlikely that liberalisation will exercise such domi-
nance of policy agendas in future. On the other hand, concerns
about sustainability have grown. Given the expectation of lower real
energy prices in particular, this suggests that policy may need to
intensify. This is essentially because liberalisation is intended to exert
downward pressure on costs and prices. Yet these lower prices are
widely expected to reduce market-based incentives for greater
energy efficiency and wider deployment of renewable technologies.
In addition, policy could aim to exploit the opportunities provided
by new, more efficient, and cleaner technology in both home and
export markets - providing important benefits in terms of competi-
tiveness and employment.

The focus of this Report is primarily on the period to 2020. Shocks
and surprises are inherent in energy markets. Indeed, during the
course of the Shared Analysis project, the world crude oil price has
fallen from US$20/barrel to US$10/barrel and risen again (in early
October 1999) to some $23/barrel. Since its launch in January 1999
the Euro has also fallen slightly against the dollar, in which oil prices
are denominated. Thus, in Euro terms, oil prices have risen somewhat
further. Of one thing we can be certain. Further shocks and surprises
will occur over the next two decades. Should any consensus or
conventional wisdom about the future emerge, it is most likely to
prove wrong in both substance and detail. This places a premium on
monitoring emerging energy market trends, high quality research,
and flexibility in policy making.

On the other hand, despite these uncertainties, decisions still have to
be made — whether by energy suppliers, energy users or policy
makers. The energy system is characterised by long investment lead
times, by huge sunk investment in equipment and infrastructures
and by long-term contractual relationships. Key requirements, there-
fore, are clear and consistent policy frameworks, and the measured
introduction of new policies.

8.2.1 SOME REALITIES FOR POLICY MAKING

As this analysis has revealed, global energy resources are highly
concentrated. The Middle East accounts for two-thirds of proven oil
reserves. Together with Russia, the Middle East also accounts for
some 70 % of proven global gas reserves. Particularly for the EU,
import dependence for oil and gas will increase to 2020. Coal
reserves are somewhat more evenly distributed, but the largest
deposits are in China, Russia and the USA.

Whilst proven reserves of fossil fuels are immense — even at the
lower real prices now projected — so is the rate of consumption. But

1999 - The Shared Analysis Project d
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some 90 % of current global oil production is from fields more than
20 years old,and some 70 % from fields over 30 years old. These geo-
logical realities imply that supply security concerns should assume a
higher priority, particularly given the EU's increased import depen-
dence over the next two decades. This growing import dependence
arises from gradual depletion of North Sea oil and gas reserves, the
phasing out of high-cost EU coal production, and the progressive
retirement of existing EU nuclear capacity over the period to 2020.
New and renewable energy technologies will seek to penetrate
(with some difficulty) newly-liberalised markets with lower real
energy prices, greater market risks, higher discount rates, and shor-
ter planning horizons.

World energy consumption is dominated by the three fossil fuels —
oil, coal and gas — with a combined share of 80 % in 1998, the
remainder being nuclear and hydro-electricity, biomass (such as
wood) and other renewable sources (non-commercial energy exclu-
ded). Similarly in the EU, fossil fuels also comprise 79 % of energy
supplies in 1997, with 15 % from nuclear power and 6 % from rene-
wable sources (hydro-electricity, biomass and wind). For the fore-
seeable future, global energy consumption will be heavily based on
fossil fuels. Any transition away from fossil to renewable or nuclear
energy sources will take very many decades. Given growth in energy
demand, and planning and construction lead-times, even a shift of
only 5 % from fossil to non-fossil fuels is likely to take well over a
decade to achieve at the global level. The feasible pace of change
may thus be quite slow, even if all appropriate policies are in place.

Whereas the developed, industrialised OECD countries accounted
for 60 % of total world energy consumption in 1974, this share fell to
under 50 % in 1996. It will now continue to fall steadily. Energy
demand growth has declined since 1990 in the Former Soviet Union
as a result of economic and political dislocation. It may remain at
lower levels, even with economic recovery, given structural adjust-
ment from heavy industries and the huge scope for replacing ineffi-
cient capital stocks. On the other hand, energy demand growth has
been rapid in Asia and South America — at least until the recent eco-
nomic dislocations.

Satisfaction of even basic human needs will lead to substantial
growth in global energy demand. Recent projections from nume-
rous agencies anticipate growth in global energy demand (depen-
ding upon assumptions) of some 50-80 % by 2020 compared to
1990. Most of this incremental energy demand growth will occur in
developing countries as they industrialise and expand private trans-
port. However, even by 2020, per capita energy consumption will still
vary markedly between countries; and, on average, consumption in
most developing countries will be well under half that in Europe.

h 1999 - The Shared Analysis Project

The consequence of these factors is that global environmental
impacts deriving from the global energy system will increase in any
'trends continued' or 'business as usual' case. There is a danger that
such environmental impacts might, perhaps, be too narrowly equa-
ted with CO, emissions and the debate about global warming.
Other environmental impacts arising from the energy sector include
noise, visual intrusion, facility land use, transmission lines, oil spills,
waste disposal, other gaseous emissions (e. g. resulting in acid rain
and ozone depletion); plant decommissioning, especially of older
nuclear reactors and off-shore oil rigs; and high pollution levels in
giant urban concentrations. Environmental policy responses require
a broad front. Yet the responses so far proposed by the EU and the
rest of the industrialised world fall short of those required to stabili-
se emissions or to address other environmental challenges.

In the OECD countries, at least, acid rain issues are being tackled lar-
gely via the twin routes of fuel switching (away from coal) and ‘end
of pipe' technologies such as Flue Gas Desulphurisation (FGD).
Global warming presents far more severe challenges. Unlike the res-
ponses to acid rain, ozone depletion and atmospheric lead, there are
no known easy 'technical fixes' to reduce global CO, emissions. This
is because this gas is emitted whenever fossil fuels are burnt. The
well-established options available within the energy system to curb
global greenhouse gas emissions, especially COo, are:

* Lower energy demand growth through much enhanced energy
efficiency efforts, including improvements to supply-side conver-
sion and transmission of primary fuel inputs in power stations,
grids and refineries. However, the major contributions from effi-
ciency arise in end-use applications such as buildings, electric
motors, lighting, appliances, vehicles and changing transport
modes (from private to public provision); and

+ Switching to less polluting fuels in two ways. In the medium term
(say over 20 years) switching within the fossil fuels from coal
towards natural gas (natural gas is hydrogen, not carbon, rich); and,
in the longer term, away from fossil fuels to renewable energy
sources and to nuclear power (should the latter option finds favour
with public and political opinion).

Carbon emission targets introduce a new dimension to the debate.
Given the current expectation of lower real energy prices, unless
Governments have some additional policy levers to influence ener-
gy consumers, they may be powerless to deliver their evolving inter-
national commitments to 2010 and especially to 2020. The intensity
of policy intervention — especially in liberalised markets — will need
to increase, not diminish. Yet it is not clear that this paradox is suffi-
ciently appreciated by policy makers.



At the heart of this debate is the term sustainability itself.In essence,
the dilemma to be faced can be stated quite simply: how to give
greater weight now to the future. Issues of sustainability impinge on
inter-generational equity. It may not be in this generation's interests
to respond sufficiently, or sufficiently rapidly. This generation may
well have 'no regrets'. But future generations cannot be consulted.
To economists, the cost of capital and the appropriate discount rate
are central in this context. If consumers continue to use high dis-
count rates (or seek short paybacks, typically of 2-4 years) for energy
efficiency investments, it is most likely they will make inaccurate
assessments of the present values of both costs and benefits. These
paybacks on the demand side remain considerably shorter than
those sought on the supply side. Thus, despite the preference for
market-based instruments (such as energy or carbon taxes), a judi-
cious mix of 'sticks and carrots' is likely to lead to more socially opti-
mal decisions. All investment in new energy supply capacity attracts
investment allowances against tax, but only some investment in
energy efficiency is similarly assisted (e. g. not usually in the public
sector or in households). As a result, least-cost solutions may not be
readily identified. This illustrates how policy responses should be
developed across a wide front using numerous policy measures.

This requires much greater imagination in the development of port-
folios of policy instruments, some of which should be targeted at
specific sectors and groups of end users. It may also require more
flexibility in public accounting conventions than has been seen to
date. This includes greater willingness to 'ring fence' (or hypotheca-
te) taxation and to direct revenues via incentives and subsidies. For
example, private motorists may well be more convinced of the case
for higher road fuel taxation if it is clear that some of the incremen-
tal tax revenues will be used to improve public transport. Levies and
taxes on industrial fuel use will probably be more acceptable if they
are used partly to increase grants and tax relief to stimulate more
efficient energy use. Such an approach is more likely to be accep-
table to energy-intensive users than the use of such tax revenues to
reduce labour taxes. This is because energy-intensive users also tend
to be capital intensive, with small labour forces.

Energy efficiency incentives for the domestic sector need special
attention. This is because increased competition from liberalised
energy suppliers focuses almost exclusively upon price competition.
Yet lower real energy prices provide a difficult platform from which
to argue for more responsible energy use. Reconciling the effects of
liberalisation with concerns about environmental protection and
sustainable development could prove more difficult than many sug-
gest. Without measures such as active energy services, minimum
energy efficiency standards, levies and taxes,and well-targeted capi-
tal allowances, it appears most difficult to resolve this policy conun-
drum.
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8.3 THE NEED FOR EFFECTIVE POLICY INTEGRA-
TION

8.3.1 THE CHANGING MARKET AND POLICY CONTEXT

Earlier chapters of this Report have identified the need for policy
intervention and integration at various levels. Here we draw toge-
ther some issues which warrant more consideration by policy
makers when shaping appropriate response strategies.

The process of liberalisation, and the impacts of greater competitive
forces in energy markets, will result in profound changes. It is diffi-
cult to assess these changes at present. They include changing rela-
tionships with customers; industry financing; technology choice;
funding of RD&D; new regulatory regimes; corporate realignments
and restructuring; and the forging of quite new relationships (espe-
cially for formerly nationalised companies) with governments, and
fuel and equipment suppliers. For many companies — and their
newly-liberalised customers — these changes are without historic
precedent. They represent a new order and a ‘brave new world’ This
new order will create — in quite unforgiving ways — both winners and
losers. Anticipating the consequences of these changes is domina-
ting much corporate and government thinking, as well as that by the
consumer, financial, environmental, trades union and academic
communities. Liberalised markets may need to be guided by appro-
priate policy frameworks. The key questions are why, when, where
and how is any intervention justified.

At the same time, another demanding and unprecedented set of
issues also requires resolution. These relate, first, to defining more
sustainable pathways to development in the next century, and,
second, to devising means to re-align liberalised economies towards
these pathways. It is this confluence of these two huge policy agen-
das which lies at the heart of this Shared Analysis project and this
Summary Report, and which, in many crucial ways, determines the
core messages for policy makers.

These two dominant shaping and driving factors for the energy sys-
tem — market liberalisation and sustainable development — need not
always be in conflict. But it is idle to pretend they will not greatly
influence the future agendas of policy makers. To take but one
example: consumers in the more liberalised energy markets of the
EU are receiving tens of competing offers for electricity, gas and
dual-fuel supply. All announce that prices for these ‘new commodi-
ties’ have fallen; and will fall further. But, policy makers and analysts
argue that'business as usual’—and, especially,'business as usual with
lower real energy prices’ — will not be consistent with sustainable
development. A more consistent course must be steered. Thus the
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first targets for integration by policy makers should be reconciling
market messages and policy messages.

Many desirable developments will flourish in more competitive mar-
kets which stimulate creativity and innovation in individuals, social
attitudes, corporate thinking and new technologies. But, at present
as liberalisation unfolds, uncertainty about the speed, and especial-
ly the benevolence, of such developments is immense. It is only
when a view on these is taken that the form, extent and rigour of fur-
ther policy and regulatory intervention can be assessed. Those who
have unlimited confidence in market forces will see little need for re-
regulating newly-liberalised markets. Others, for whom sustainable
development is an absolute imperative, will wish to reinforce market
messages with substantial policy resolve.

Itis likely that new, more demanding, targets will be set early in the
next decade to maintain momentum towards sustainability. Thus
time is unlikely to befriend the policy maker.The EU and its Member
States made binding commitments at the Kyoto Conference. Since
then, Member States have allocated these commitments between
themselves via the ‘burden sharing’ process. These must be delivered
within a single decade — the Kyoto commitment period of 2008-
2012. Whilst current commitments might appear tough, they will
become progressively more difficult in future.

Whilst time is no friend, luck has been kinder. Large volumes of rela-
tively cheap natural gas are available in, or near, the EU. New tech-
nologies, especially the Combined Cycle Gas Turbine (CCGT), are
available. An important contribution towards the Kyoto commit-
ments can be expected from utilising this natural gas in high-effi-
ciency generating plants. This process commenced a decade ago
and, as this Report highlights, will accelerate over the next decade.
Power generation absorbs about one-third of EU and global prima-
ry energy demand and is thus a key ‘swing’ sector in the adjustment
process. To this extent, liberalisation,and the ‘dash for gas’ are consis-
tent with sustainable development and the Kyoto commitments.
Whether such heavy dependence upon increasingly-imported gas is
sustainable for more than 1-2 decades is at present a moot point.
Post 2010-2015, the electricity sector’s contribution will become less
obvious, as by then its carbon intensity is projected to increase.

8.3.2 POLICY CO-ORDINATION

Other market-driven developments, such as more efficient
appliances and further structural change away from energy-intensi-
ve heavy industry, are also projected to be consistent with sustaina-
bility and Kyoto imperatives. However, in most other areas — and
especially in end-uses such as transport — markets and policy impe-
ratives will not be easily reconciled against a background of lower
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real energy prices. As a result, a key message of this Report is that
policy makers must now place much more emphasis upon develo-
ping a consistent and transparent policy framework to achieve the
targets and the multiple policy objectives they have set. This
requires a clear rationale; sustained political will over many decades;
fair allocation of responsibilities — by country, agency, fuel and sec-
tor; effective policy co-ordination; prompt reconciliation of ‘market’
and ‘policy’ messages; simple but consistent signals to the energy
system and final consumers; and a wide range of publicly-accep-
table measures. Target-setting policy makers must close the ‘logic
loop’ between the commitments they have agreed at Kyoto (and
elsewhere) and the weaker market-based incentives likely in a per-
iod of lower real energy prices. Their targets, their policies and, above
all, their progress will be subject to intense scrutiny.

The Kyoto commitments are primarily those of the Member States
who agreed to them as signatories to the Protocol. Following politi-
cal agreement to the Electricity and Gas Directives, the responsibili-
ty for monitoring and enforcing Member State compliance with
these directives is that of the Commission. Other roles, in supply
security, diplomatic dialogue, RD&D, employment, social cohesion,
environmental protection, etc are increasingly shared between the
EU and Member States following the Amsterdam Treaty. This will
require greater co-ordination of efforts by Member States and the
Commission; and between different Commission services.

As stated earlier, the need for such co-ordination increases as the
policy response focuses less upon the narrow energy ‘sector’ and
much more upon the wider energy ‘system: Crucial policy frame-
works, such as those for economic and environmental regulation,
the fiscal regime and the scientific and technological base, must be
integrated. Policy integration will severely challenge the flexibility,
imagination, innovation and co-operation of very many institutions.
The central aim should be to identify and then to implement least-
cost, but effective, responses.

8.3.3 CONSISTENCY OF POLICY RESPONSES

This is not the place to rehearse all the policy instruments and their
likely consequences. Many of these have been identified earlier in
this Report and in the supporting research volumes. However, crite-
ria need to be established to guide the complex, multi-agency and
multi-instrument response which is required. Such criteria are, no
doubt, numerous. But some crucial criteria include the following:

* Flexibility: The future remains uncertain. ‘Optimising’ the policy
response, given likely somersaults in emerging conventional wis-
domes, is thus a forlorn endeavour. Economic and political uncer-
tainties are great, the mood of public opinion could shift and the
global demand/supply balance is difficult to predict over 2-3



decades or longer. The future will contain many shocks which will
reveal the folly of strong belief in any present certainties or projec-
tions. History has taught powerful lessons in this regard.
Precaution: Scientific consensus, likely any other consensus,
should remain subject to searching challenge and scrutiny. But, at
present, the scientific consensus about climate change and sus-
tainability must be heeded.‘Business as usual’is no basis for future
policy making.The precautionary principle is thus one key element
likely to influence policy choices. But the policy measures identi-
fied in this Report should also be examined for their cost effective-
ness and their contribution to other policy goals such as competi-
tiveness and social cohesion.

Feasibility: Political feasibility (or social acceptability) is an impor-
tant test of policy packages. Some policy measures suggested in
this Report (e.g. taxation and tougher regulation) will confront —
and affront — powerful vested interests. They will respond. But vest-
ed interests, whilst given all reasonable opportunities to register
their concern, must not (as on some occasions in the past) be per-
mitted to exercise any veto. Saying ‘no’ to policy proposals is not
sustainable: well-considered alternatives must be proposed in their
place. Many other policy measures outlined here might well enjoy
wide support: information campaigns; introduction of standards
and regulations for appliances, buildings and vehicles; and volun-
tary agreements. Some other policy measures are as yet available
in outline only, such as the flexibility mechanisms. Much further
work is required before some newer instruments are fully evaluat-
ed by policy makers and stakeholders.

Environmental effectiveness: Policy instruments, individually or
in packages, must contribute to the imperative of sustainable
development. The effectiveness of such instruments should be
well-established, documented and credible; and consistent with a
wide range of economic, energy, environmental and social objec-
tives. Such instruments should aim at a hierarchy of responses,
such as reducing carbon intensity; increasing energy efficiency;
and accelerating the penetration of renewables, CHP and other
low-emission and clean technologies. This Report has stressed the
many environmental impacts, other than greenhouse gas emis-
sions, which derive from the energy system. But, for example,
reductions in carbon intensity might well prove a useful first hand’
proxy for evaluating the environmental effectiveness of many pol-
icy instruments.

Cost effectiveness and economic efficiency: The policy objec-
tives set by the EU and Member States result from a process of
political negotiation, and tough evaluation of trade-offs. Politics is
the art of the possible. But the possible must also be evaluated on
rational economic grounds. Resources are constrained and desir-
able objectives are manifold. Especially in newly liberalised mar-
kets, policy instruments should — wherever possible — work with
‘the grain of the market: Incentives are more likely to achieve sup-
port than penalties. In the event, both may prove necessary. If so,
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long-established principles of public finance may need to be re-
examined, especially those of ‘ring fencing’ (or ‘hypothecating’) rev-
enues so that these are re-invested in adjacent policy fields. For
example, higher taxes on private transport may well be more
acceptable if the incremental revenues are used to improve public
transport. In addition, cost effectiveness is best assessed against a
level playing field. Otherwise least-cost solutions might not be
identified. For example, the relative cost effectiveness of nuclear
versus renewable capacity expansion should be evaluated on the
basis that all insurance risks are borne fully and fairly by both tech-
nologies without dependence upon public finance. Perspective is
all when assessing cost effectiveness.

Market compatibility: Policy instruments should reflect market
realities such as consumer and market expectations; huge sunk

investment in equipment and human skills; slow turnover of ener-
gy using capital stocks (aircraft, cars, freezers, power stations); the
respect for freely-negotiated contracts, especially long-term ones;
the resource losses imposed by stranded assets and contracts;
increased competition in EU and global markets; the possibility of
reduced incentives for long-term RD&D by the private sector etc.

Social and economic equity: Burden sharing across countries, sec-
tors and end-users should be equitable. Inevitably, some instru-
ments will have undesirable side-effects, such as on income distri-
bution, employment and personal choice. These side-effects must
be evaluated with care. In some cases, compensation might be
required to achieve social acceptability. Packages of measures
should aim to ensure that side-effects are as low as possible and
that adjustments are smoothed wherever this is feasible.
Abruptness in policy implementation imposes higher costs than
when individuals and markets are given adequate time to antici-
pate and to adjust. This also suggests there will be no merit in fur-
ther delay.

8.4 THE VALUE ADDED OF EUROPEAN ENERGY
POLICY

The range of policy issues likely to face the EU and Member States
over the next 20-30 years has been reviewed above. Earlier sections
also highlighted the considerable changes in energy circumstances
and in the conventional wisdoms which have dominated energy
policy thinking. It has been argued that changes, such as liberalisa-
tion of energy markets and the greater weight now placed upon
environmental issues, will influence the scope and style of energy
policy making. The case for greater co-operation, effective policy co-
ordination between numerous DGs, extensive dialogue with a wide
range of key stakeholders and the use of broad-based analytical
capabilities has also been made. Here the primary focus is upon
identifying major elements of a distinctive and value added role for
the EU and the Commission.
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8.4.1 THE EVOLUTION OF THE COMMISSION’S ROLE IN ENERGY
POLICY

The historical record of Commission initiatives in the energy field
was set out in a ‘Compendium of Legislation’ published in February
1995.This reproduced from the Official Journal all the relevant legis-
lation under five main chapters. These were: General (statements of
energy policy objectives); Solid Fuels; Gas, Oil and Electricity; Nuclear
Energy; and Rational Use of Energy and Renewable Energy Sources.
This document includes some environmental measures such as
those for reducing the lead content of petrol, and the sulphur
content of fuels. It does not, however, include all the important,
wider legislation deriving from the competition, transport and envi-
ronmental powers of the Commission which also impact upon the
energy sector and wider energy system.

Many evaluations of Community efforts in the energy field have
been published by other bodies. These record that there have been
several attempts to formulate a common energy policy but that
these have met with only limited success in the past. The primary
impediment was the continued reluctance of Member States to sur-
render or to ‘pool’ sovereignty in this highly sensitive policy area. In
the past, the main division was perhaps between energy ‘consumer’
and ‘producer’ countries; and the key issue was to keep the
Commission out of any significant role in energy policy. This was
then seen to be a matter of national legal competence.

More recently, factors such as market liberalisation, globalisation,
falling commodity prices, more relaxed global energy markets and
the present concern about energy-related climate change have shif-
ted the focus of policy attention somewhat away from security of
supply — an issue in which national sovereignty was judged to be of
supreme importance by many Member States. To the extent that
security of supply is now lower down the agenda, but issues such as
liberalisation and climate change higher up the contemporary poli-
cy agenda, the EU now has more ‘action space’ in which to shape
policy making. This is not to say that medium- to long-term supply
security issues should be neglected by either Member States or the
EU — especially given the prospective reductions in EU energy self-
sufficiency over the next 20-30 years (see Chapter 4.2). However, nei-
ther is supply security likely to be seen as such a narrowly national
issue in future.

The EU has committed considerable political efforts and investment
resources in reinforcing electricity inter-connectors and gas and oil
pipeline infrastructures. Ownership and access rights to these are
governed by international law or by facility-specific legal instru-
ments or treaties. If energy market disruptions were to occur in the
future, the very existence of these ‘common and shared’ facilities
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reduces the scope for purely national responses to security threats.
National sovereignty is also significantly constrained by agreement
to emergency oil sharing arrangements.

Recently an additional dimension of policy has come to the fore —
market liberalisation —where, in the past, the main division across the
Member States was between the ‘protectors’ and the ‘liberalisers. In
this area, many countries now see that active Community participa-
tion could bring real benefits, essentially by dismantling obstacles to
trade and investment in other parts of the Community; and hence
expanding market opportunities for their own companies (as ener-
gy suppliers, or as energy equipment suppliers). In this new era of
transformed relationships between energy producers and suppliers,
and of changed perceptions of the energy market, the Commission
has rarely been better placed to make an impact on policy. After all,
subsidiarity can have little significance when establishing the fra-
mework of common market rules within a single market especially
for basic commodities (energy supply) and mass-produced energy-
using appliances, equipment and vehicles. Other than buildings,
these cover most energy demand by the energy 'system’.

The second major thrust is the environmental agenda. The
Commission’s interest in the environment is long standing. This
interest grew after the Stockholm Conference in early 1972 when
there was a formal Community commitment to an environmental
policy. The evolving European environmental policy agenda has
extended well beyond the narrow confines of the energy sector (e.
g.to include chemical wastes and the quality of drinking water). But,
particularly given the heavy fossil fuel dependence of the EU energy
sector, the Community’s measures to cut energy-related emissions
of particulate matter, NOy, SO, and - since the early 1990s - CO»,
have had profound effects. The important Community-wide status
of environmental issues was confirmed in the Single European Act
where they formed a separate chapter of the Treaty.

Diplomatic efforts with energy suppliers have also increased (e. g.
the Energy Charter, and regular dialogue with OPEC, the Gulf Co-
operation Council and FSU states). Dialogue is also in progress with
the potential Accession States, as their membership of the EU will —
in due course — have a significant impact on issues such as EU ener-
gy balances, liberalisation, environmental emissions, nuclear plant
decommissioning etc. Particularly through environmental negotia-
tions and subsequent legislation (e. g. the Large Combustion Plant
Directive, and the limits on lead and sulphur content in road trans-
port fuels), and as a signatory to the Framework Convention on
Climate Change and the Kyoto Protocol, the EU is now exercising
very considerable influence upon the development of the EU ener-
gy system. But, in other areas — for example in the national determi-
nation of measures to enhance security of supply and diversity — the
principle of subsidiarity still remains significant.



This is not the place to record all the recent initiatives in the energy
field. But, for the record, other than the Electricity and Gas Directives
(96/92 and 98/30), major developments include a White Paper on
Energy Policy (COM (95) 682); a White Paper on Renewable Energy
(COM (97) 599); a Communication on Combined Heat and Power
(COM (97) 514); a Communication on the Energy Dimension of
Climate Change (COM 96) 196); progress in harmonising taxation of
energy products, (though not in introducing a carbon/energy tax);
development of TransEuropean Energy Networks such as gas pipe-
lines and electricity interconnectors; increased provision of energy
loans by the European Investment Bank and use of Structure Funds;
significant funding for energy RD&D under successive Framework
Programmes; and creation of bodies such as an Energy Policy
Consultative Committee and expert groups drawn from national
administrations. Many of these initiatives were summarised in ‘An
Overall View of Energy Policy and Actions’ (COM (97) 167), April 1997.

In combination, the Single European Act, the Single Market propo-
sals, the Electricity and Gas Directives, international environmental
negotiations and — most recently — political agreement on a Single
Currency have revitalised the EU’s role. These political initiatives
have raised awareness of the EU dimensions of policy in an ever-
wider range of fields. The proposed progressive extension of the EU,
subject to satisfactory political agreements with the Accession
States, will further extend the scope for Commission activity in the
energy policy sphere.

8.4.2 SUBSIDIARITY AND POLICY IMPLEMENTATION

Within the EU Member States the main energy policy actors, and
their roles, differ widely. This is partly because of differing energy
resource endowments; industrial structures; ownership patterns;
administrative and governance styles or traditions; and the extent of
devolved powers. In some countries, public ownership of much of
the energy supply sector is seen as of crucial — even strategic —
importance. In other countries, even though ownership is primarily
or wholly in the private sector, very significant shareholdings are
held by the public sector (e. g. in the case of municipal utilities in
Denmark and Germany). In yet others, ownership has recently been
transferred fully to the private sector.In some countries, many natio-
nal responsibilities in the energy policy field are exercised centrally,
by central Government departments or regulatory agencies. In
others much more weight is placed upon regional autonomy and
devolution.

The principle of subsidiarity remains of great political importance in
some EU Member States. But whether it can survive liberalisation of
energy markets and the growing cross-border ownership of energy
companies will be a key question over the next decade. It has been
suggested above that factors such as liberalisation, environmental
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protection and sustainable development will all reinforce the EU’s
role.

On the other hand, there is much pressure to identify additional
roles for some policy activities at the local or municipal level (e. g.
Agenda 21, integrated transport systems, land use planning, integra-
ted waste recycling, and innovative ‘climate change cities’). These
may assume much greater importance for the implementation of
national and EU energy policy goals in the future. After all,‘think glo-
bal, act local’is the leitmotiv of many NGOs and pressure groups. This
is an example of the countervailing, centrifugal forces which might
be at work to re-allocate primary responsibilities for some dimen-
sions of energy-related policy. These pressures for devolution and
subsidiarity recognise that detailed implementation is often best
handled at the local level, especially to exploit location-specific
synergies or climatic requirements (e. g. town planning, integrated
transport, recycling, building regulations).

The key point is that, where economies of scale or scope can be
identified, policy should be established at the highest level. This is to
minimise distorting trade barriers impinging on the Single Market,
often resulting from — for example — inconsistent national appliance
safety regulations and equipment standards, or State Aids. This sup-
ports the need for policy measures such as energy market liberalisa-
tion Directives, appliance labelling schemes and co-ordinated res-
ponses to international climate change negotiations to be handled
at the European level.

It is often suggested that liberalisation will reduce the role of
Member State governments and the Commission in energy markets.
But the market by itself will not wholly satisfy what are termed
‘public interest obligations) ‘externalities’ or ‘strategic’ policy
concerns such as environmental protection, climate change, supply
security, health and safety, international diplomacy and regional
development. A wide range of environmental imperatives such as
climate change and sustainable development will require a more
interventionist policy stance — ironically because of the price effects
of market liberalisation. The EU and Member Governments are
conscious of the need to periodically encourage and/or coax energy
markets by setting out their own strategic perceptions, particularly
over longer time periods than energy markets unaided might nor-
mally consider. The post-Kyoto commitments, and the policy mea-
sures now being put in place to secure them, remind us all of this
enduring characteristic of the energy system. Tackling such environ-
mental concerns in the ‘low energy price world’ now foreseen is one
of the most immense challenges faced by policy makers. However,
liberalisation and privatisation will clearly have a major influence on
the instrumentality of policy (i. e. why and how Governments and/or
the Commission can intervene, even if they choose so to do).
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8.4.3 POSSIBLE CRITERIA AND SHAPING FACTORS

The preceding evaluation suggests that the following factors will be
of great relevance in shaping an EU energy policy response:

* Policy measure should be more systemic in character and involve
efficient burden sharing (covering all major sectors of the EU econ-
omy, and not just the energy supply sector, and especially not just
the electricity sector). This will place more emphasis on effective
co-ordination of policies across Directorates General (e. g.
Transport, and other DGs overseeing those sectors which generate
the derived demand for energy).

Transport technologies and fuel demand remain one of the great-

.

est uncertainties for future policy. A major contributor to incremen-
tal growth in overall EU final energy demand and CO» emissions
over the period to 2020 will be the transport sector. This growth
could offset much of the CO, emissions reductions arising from all
other demand sectors. Thus, in future, transport should be consid-
ered as being at the heart — and not, as now, at the periphery — of
an integrated EU energy policy.

Regulatory policy should aim to become much more ‘seamless’

especially as regards ensuring greater consistency between eco-
nomic and environmental policy and regulation. The energy sys-
tem is characterised by slow turnover of energy-using capital
stocks and by long investment lead times. It is thus necessary to
ensure that policy evolves smoothly over time with realistic
‘adjustment’ periods. Otherwise, there is a very real danger that
abrupt changes in policy could lead to stranded energy-using
assets and perhaps stranded fuel supply contracts.

Uncomfortably for policy makers, there are no easy ‘technical fixes’
for reducing CO, emissions, unlike those of particulates, NO, and

SO,. This again reinforces the need for the response to be systemic
in character. In turn, this means that the demand side, not just the
supply side, will feature effectively in the process of dialogue and
policy formulation. Parts of the demand side are consulted at pre-
sent, but these are mainly powerful industrial interests in energy-
intensive sectors such as chemicals, aluminium and steel. In the
past, both Member States' and the Commission's policy making
in the energy field has tended to be ‘supply side dominated: This
asymmetry of access, dialogue and (occasionally) of effective poli-
cy veto may need to be addressed.

Energy efficiency, CHP and renewable energy technologies will
need to play a much bigger role. This means that the traditional

interests in the conventional fossil fuels and bulk power generation
will have to accommodate themselves to a new and much wider
range of players; and expect less dominant influence in national
and EU policy making circles. The combination of growing envi-
ronmental concerns, the prospective increase in energy import
dependence, and increased competition in international trade sug-
gests that the Member States and the EU could usefully review the
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economy-wide benefits of integrated and consistently applied
energy efficiency programmes over the next decade.

+ More controversially, without a significant component of nuclear
power generation in the EU plant mix, achievement — or mainte-
nance — of a significant CO5 reduction on the 1990 level in the peri-
od after 2015 appears more difficult. It is most likely that, after fur-
ther international negotiations, the present 8 % reduction target
for EU greenhouse gas emissions will become even more demand-
ing. The economic case for new nuclear investment in a ‘low ener-
gy price’ world appears poor. Public opposition in many countries
remains strong. This will require efforts to secure significant ‘life
extension’ of existing nuclear reactors, if this can be achieved safe-
ly. This is a key area for fuller dialogue between the Commission
and national regulatory agencies for nuclear power.

The case for higher taxes upon energy requires more evaluation.
There is an expectation of low real international fossil fuel prices
over most of the next 20 years, as well as of price reductions arising
from liberalisation and competition. The Commission will also have
akey role in overseeing Member States’ adjustments in energy tax-
ation to avoid distortions in the Single Market.

» The Commission should closely continue to monitor the changing
incentives for, and the ‘architecture’ for delivery of, energy RD&D
and technological change. Member States have reduced energy
RD&D funding, preferring to leave more of it to the ‘market’ But
newly-privatised energy companies have cut their RD&D heavily
(as they no longer have to carry the ‘state interest; unlike their
nationalised predecessors). Privately-owned companies in more
competitive markets have also cut RD&D (as a means of preserving
short-run profit margins); and oil companies have reduced RD&D
because of lower real oil prices. This may be a pessimistic evalua-
tion, but is based on empirical observation. If neither national gov-
ernments nor the ‘market’ fund adequate RD&D, this may imply a
greater role for the EU. New world trading rules, and single markets
such as the EU and NAFTA, are causing the opening up of procure-
ment within the formerly protected energy supply sector. These
rules are accompanied by significant structural realignments
through mergers and acquisitions across national frontiers in many
industrial sectors (e. g. heavy electrical equipment). Together, they
may have undermined the logic of using national ‘product cham-
pions’ (whether state-owned enterprises or their major — once
nationally based — equipment suppliers) in the development of
national energy RD&D and technology policy. Much nationally-
funded RD&D may thus now be prey to the ‘free rider’ effect, with
the result that it is difficult (if not impossible) to identify narrow
national economic benefits from given volumes of publicly-funded
energy RD&D. Whilst such industrial realignment amongst equip-
ment and appliance suppliers has integrated economies (e. g. in
the EU), and perhaps reduced wasteful duplication of research
within national boundaries, many such industries are no longer



based on the boundaries of single nation states. Over time, this
may well change the balance between the case for national and for
super-national RD&D funding.

* The energy sector is perhaps the most capital-intensive of all eco-
nomic sectors in a modern economy. This remains true despite
much lower specific (i. e. per kW) capital costs in CCGTs and despite
significant capital cost reductions in off-shore oil and gas projects.
The continuing disparity between the returns sought for new
investment on the supply and demand sides of the energy system
threatens very poor capital productivity and a continuing misallo-
cation of resources. Given its interests in competitiveness, liberali-
sation of energy markets, rational resource allocation and environ-
mental imperatives, this suggests the Commission should review
the implications of the very different discount rates used on (i) the
supply versus the demand sides and (ii) in nationalised monopoly
versus competitive, privately-owned utilities; and be prepared to
propose measures to ‘level the playing field'

* This analysis suggests that EU energy policy should be located firm-
ly within a long-term global vision. This is because international
energy markets are interdependent and EU energy dependency is
forecast to rise significantly. Likewise many environmental threats
have wide spatial consequences. Export and technology transfer
opportunities for energy conversion and efficiency equipment are
huge.

8.4.4 THE ENERGY POLICY APPROACH: SOME RECOMMENDATIONS

The analysis suggests that the Commission, acting in concert with
Member States, may need to establish further guidelines and legis-
lation if wider societal objectives are unlikely to be fully addressed
by market forces operating within the existing framework. Any new
initiatives should recognise crucial market realities: in particular, the
long investment lead times on the supply and demand sides of the
energy system, the slow turnover of energy-using capital stocks, as
well as the new opportunities provided by technological change.

It is also essential to ensure that the additional requirements impo-
sed upon the supply and demand sides of the energy sector are
commensurate with those being applied to other economic sectors.
This requirement reflects the derived character of energy demand,
the need to balance obligations across many different sectors, and
the fact that least-cost solutions to policy conflicts and trade-offs are
unlikely to be found in the energy sector in isolation. It will be impor-
tant to ensure consistency in the emerging legislative and regulato-
ry framework which impinges upon the energy sector. This is espe-
cially the case with regard to the economic (or market conduct) and
the environmental regulatory regimes. The demand and supply
sides of the energy sector have a significant contribution to make in
satisfying wider economic, social and environmental objectives.
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They will best make their contribution if it is clear that these obliga-
tions are widely shared with all other sectors; and if policy makers
have a well-grounded appreciation of the costs, incentives and the
timely opportunities of meeting them.

The Commission and Member States have a particular responsibility
to evaluate alternative policy instruments and measures which may
contribute to assist the energy (and all other) sectors in resolving
conflicts and trade-offs in meeting multiple objectives. These should
be carefully considered and costed, openly discussed with those
liable to be affected by them, given an adequate democratic man-
date; and introduced in a manner which minimises wasted resources
or unduly threatens competitiveness.

Finally, the Commission — in discussion with Member States, local
and devolved governments, consumers and all other actors — should
continue to identify those areas where it is itself best placed to make
a contribution.In some areas, there may be genuinely limited oppor-
tunities for Commission action. In others, Member States and devol-
ved governments may choose to jealously preserve their discretion
and own scope for action. But, in others, there will be a ready willin-
gness for the Commission to act — and to be seen to act — where a
distinctive value added is apparent. The desire for subsidiarity, and
the process of market liberalisation, may well influence instrumen-
tality (i. e. when and how the Commission seeks to intervene). But
there will also remain numerous opportunities for the Commission
to co-ordinate the efforts of others in well-judged ways.

8.4.5 SOME SUGGESTED VALUE ADDED ROLES FOR THE
COMMUNITY

In the light of the factors and criteria set out above, areas where
there appears to be genuine ‘value added’ roles from such an EU-
wide approach include:

+ Maintaining momentum aimed at removing barriers to the cre-
ation of a competitive and responsive EU energy market to assist in
meeting the wider objectives enshrined in the Treaties (e. g. com-
petitiveness, employment, regional development, social policy
objectives and sustainable development); ensure diversity and
security of energy supplies (to minimise impacts of supply disrup-
tion on the EU economy); and support the development of the
physical infrastructures which are a prerequisite for a competitive
market. This includes assisting the development of a liberalised
European energy market within an appropriate regulatory frame-
work. This will require overseeing developments in,and monitoring
compliance with, the Gas and Electricity Directives, as well as secur-
ing reductions in inappropriate and market distorting State Aids (e.
g. coal). The Commission should also ensure greater consistency
between Member State and EU framewaorks for (i) economic and (ii)
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environmental regulation; and that these evolving regulatory
frameworks work ‘with the grain’ of the market. This includes co-
ordinating and, where possible, harmonising national approaches
to the economic regulation of liberalised utilities to ensure the suc-
cess of liberalised energy markets. There is little logic in developing
distinctive national systems of utility regulation within the emerg-
ing and converging European single market for energy. Detailed
administration of an EU-wide regulatory regime could remain a
national prerogative. It also includes ensuring that all final con-
sumers of energy are permitted the choice of energy supplier, and
provided with sufficient information to permit an informed choice
by improving the publication of timely, accurate and comparative
energy price information.

Contributing, together with other EU economic sectors, to the
objectives of a cleaner environment. This includes analysing, and
seeking to overcome, possible inconsistencies and conflicts in dif-
ferent policy thrusts (e. g. liberalisation v. environmental protec-
tion).This is intended to address the core questions of when, where
and why policy intervention might need to intensify.

Ensuring that future energy policy making gives due weight to the
demand side and harmonising energy efficiency regulation (e. g.
standards, labelling and voluntary agreements, for mass-produced
appliances and vehicles, boilers and burners, electric motors, fans,
pumps, ventilators etc., and, where appropriate, national building
regulations). In liberalised markets the levers available to
Governments and the Commission on the supply side may be
much reduced. In future, more policy influence may well be exer-
cised via demand side measures than was true of the past tradition
of policy making. It is likely to require much greater collaboration
and co-ordination of policy responses across different Directorates
General. In particular, the transport sector should be placed much
more fully at the heart of EU energy policy. This theme also includes
means of obtaining a more rational allocation of investment
resources between the demand and supply sides; and between
publicly- and privately-owned enterprises. Tax incentives for ener-
gy efficiency investment as for some energy supply investment,
including renewables, may be necessary in a period of lower real
energy prices.

Co-ordinating and funding energy RD&D and technology policy,
especially to assist more rapid market diffusion of cleaner and
more efficient technologies which have wide market applicability
(e.g.renewables, CHP, internal combustion engines, electrical appli-
ances).
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« Fulfilling a lead role in international diplomacy in the energy field
(e. g. with energy exporters, Accession States and in global envi-
ronmental negotiations); encouraging global free trade in the pro-
vision of energy supplies; and, through diplomatic and other
means, to aim at reducing political instabilities which may threaten
EU and global energy supplies, or free trade in them. One impor-
tant dimension of this diplomatic and facilitating role could
include that of assisting to develop and to oversee the frameworks
necessary for greenhouse gas trading schemes within and
between Member States; and between the EU and other nations or
trading blocs. Another is to ease the accession of new Member
States by ensuring convergence of their energy-related policies.

Maintaining its own, and effectively utilising other, analytical and
modelling capabilities to provide rigorous and timely evaluation of

major EU and global trends and their policy implications; and to
provide well-analysed options for consideration by the European
Parliament, Commission services, Member States and a range of
other important actors and stakeholders. This will necessitate pool-
ing and sharing of analysis of economic, market, political, social and
technological trends in order to develop consistent policies for the
energy sector and the wider energy system.
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Achieving sustainable development in its broadest sense requires
that economic, environmental and societal objectives should work
together to ensure improved welfare for the European Union and
the world at large. The classical objectives of energy policy are
intended to support this evolution towards more sustainable devel-
opment. These objectives include:

+ Assuring continuity of supply of different energy sources by
enhancing the Community's trading relations with producers; by
improving energy efficiency and by diversifying the primary ener-
gy balance;

¢ Improving the competitiveness of European industry and thus
strengthening employment, economic efficiency and improved
foreign trade opportunities;

+ Looking to the environmental dimension of energy policy to con-
tribute towards better local, regional and global environmental
conditions.

During the 1990s, the energy system of the European Union
responded to a number of useful and successful actions.
Technological improvements and the commercial expertise of oil
and gas companies increased the indigenous supply of key
resources and reduced the costs of exploration and production, a
trend favourable to improving the competitiveness of European
industry. Markets began to be liberalised in the electricity and gas
sectors and the first improvements in economic efficiency are now
becoming visible. Environmental conditions have improved follow-
ing the substantial decreases in some traditional pollutants, includ-
ing sulphur dioxide, methane and nitrogen oxide. The Community
set itself the ambitious target of stabilising CO, emissions at 1990
levels by 2000 and current forecasts suggest that this objective is
within reach.

Thus history may consider this decade as the "golden 1990s" of the
European energy system. However, the results of the Shared Analysis
Project suggest that a number of these favourable conditions and
trends will be under substantial pressure in the coming decade. As a
result, energy policy at both Community and Member State levels
will have to be much more creative and forceful in ensuring that the
next decade will be just as positive in continuing along the path of
more sustainable development.

In particular, three major challenges are highlighted by this analysis:

+ Declining EU indigenous energy production is likely to accelerate
with the consequent increase in EU energy dependency from its
current level of some 50 % to some two-thirds of total energy con-
sumption by 2020.
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+ Lower energy costs will strengthen the Community's industrial
competitiveness in global markets. However, the remaining EU
indigenous energy production, often high cost, will come under
substantial competitive pressure from the keen prices for fossil
fuels available in the world market. This will have important impli-
cations for expensive (and often subsidised) indigenous produc-
tion;and it may be that its decline will accelerate as world fossil fuel
prices become even more competitive.

* The commitments made by the European Union and its Member
States in Kyoto to reduce total greenhouse gas emissions by 8 % by
the commitment period 2008 to 2012 relative to 1990 represent a
major challenge. Energy accounts for some 80 % of the Union's
total greenhouse gas emissions. Consequently energy policy, relat-
ing both to production but perhaps more importantly to end-use,
will need to reflect this specific challenge.

These are by their nature complex and long-term challenges. They
impact on the three traditional pillars of energy policy and their
potential contribution to sustainable development. As an analytical
contribution to assist in meeting these challenges, the Shared

Analysis Project suggests energy policy needs to pursue a broader

political approach in the next decade:

+ addressing the energy system, including end users, their needs for
energy services and the impact these have on energy supply; and
how, and under what circumstances, citizens will require energy to
be produced to meet their growing environmental concerns;

* integrating a wider range of interrelated policies, e.g. transport,
urban city planning and climate change; and

* broadening and deepening dialogue and co-operation between
Member State governments, institutions, stakeholders, and the
wider policy milieu.

Above all, the analysis from the Shared Analysis Project identifies
that the energy system of the world is in a period of transition, with
many uncertainties, opportunities and risks. Many of these driving
forces and shaping factors will impact on Europe's response to the
globalisation of trade, changing market structures with growing
emphasis on liberalisation in the gas and electricity markets,and on
behaviour and expectations. In turn these, and other important, fac-
tors will influence the response to be defined for implementing the
EU’s demanding commitments under the Kyoto Protocol.

The core issues at the heart of the energy agenda, and the
Community's own contribution to the development of policy, will
need to take into account growing import dependency, enlarge-
ment of the European Union, the dynamics of the Internal Market,



cern for the environment and climate change, and the challenges
and opportunities presented by increased globalisation of trading
activities.

These emerging challenges guarantee that energy futures will be no
less exciting than in the past! They are likely to be accompanied by
changes in policy emphasis and, indeed, witness further summer-
saults in underlying conventional wisdoms. Above all, the Shared
Analysis Project concludes that flexibility is a key requirement in
developing the European Union's future energy system. This is
because the uncertainties over the period to 2020 and beyond
remain considerable. In particular, policy initiatives will need to
respond both to the complex dynamics of rapidly changing markets
and to citizens' legitimate expectations for more sustainable deve-
lopment.
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