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ABSTRACT

Abstract

Future developments in energy and climate are yightertain. In order to deal with these
uncertainties, we developed four long-term scesarased on the recently published economic
scenario$-our Futures of EuropeSTRONGEUROPE GLOBAL ECONOMY, TRANSATLANTIC

MARKET and REGIONAL COMMUNITIES. In this study, we explore the next four decades.
Although the report focuses on Europe, global aspafcenergy use and climate change play a
significant role.

The next decades, global reserves of oil and nagasawill likely be sufficient to meet the
growing demand. Therefore, there is no need toyaoout a looming depletion of natural
energy resources. The use of fossil energy camiglishowever, affect climate because of the
emissions of greenhouse gasses. In order to natgabal increases of temperature, emissions
of greenhouse gasses should be reduced. Developimgries should contribute to that effort.
On the one hand they will be major emitters inribar future, on the other hand they have the
low-cost abatement options.

Korte samenvatting (in Dutch)

Toekomstige ontwikkelingen in energie en klimat met grote onzekerheid omgeven. Om
met die onzekerheden om te gaan zijn vier scersanitgewerkt. Deze scenario’s zijn
gebaseerd op de onlangs door CPB gepubliceerdemische scenarioBour Futures of
Europe Sterk Europa, Globaliserende Economie, Transédtere Markt en Regionale
Samenlevingen. In deze studie wordt 40 jaar vogeleken. Weliswaar ligt de nadruk daarbij
op Europa, maar de mondiale aspecten van energiegein klimaatbeleid spelen nadrukkelijk

een rol.

De komende decennia zullen er voldoende voorradermas en olie zijn, ondanks dat de vraag
naar energie blijft toenemen. Zorgen over een aanste uitputting van de fossiele voorraden
zijn daarom niet terecht. Wel zal de verbranding fessiele brandstoffen via de emissies van
broeikasgassen tot meer klimaatverandering leidemde wereldwijde temperatuurstijging te
beperken, is terugdringen van de uitstoot van kesgjassen nodig. Substantiéle bijdragen
daaraan van ontwikkelingslanden zijn nodig om aetl e bereiken, enerzijds omdat deze
landen in de nabije toekomst tot de grote vervsiilzdlen behoren, anderzijds omdat
emissiereducties daar goedkoop zijn.



FOUR FUTURES FOR ENERGY MARKETS AND CLIMATE CHANGE: ABSTRACT



CONTENTS

Contents

Preface 7
Summary 9
1 Introduction 13
1.1 The central role for energy 13
1.2 Key questions 14
1.3  Driving forces and key uncertainties 15
1.4  Why scenarios? 17
1.5 Demarcation of the study 18
1.6 Linking economy, energy markets and the environmtbetmodel approach 19
1.7  Structure of this study 21
2 Four scenarios 23
2.1 Introduction 23
2.2 Lessons from the literature 24
2.3 Two uncertainties, four scenarios 28
2.4  Driving forces behind energy markets 29
3 Use of energy 35
3.1 Economic development and the use of energy
3.2 Energy demand 37
3.3 Energy intensities 39
3.4  Carbon intensities 41
3.5 Energy demand by carrier 42
3.6 The whole picture 43
4 Energy markets 47
4.1  Introduction 47
4.2 Lessons from past predictions 47
4.3  Oil market 50
43.1 Consumption 50
4.3.2 Production 51

4.3.3 Price 55

35



FOUR FUTURES FOR ENERGY MARKETS AND CLIMATE CHANGE: CONTENTS

4.4  Natural gas market in Europe
44.1 Demand
4.4.2 Production
4.4.3 Price

4.5  Electricity market in Europe
451 Consumption
45.2 Production
45.3 Price

4.6 Conclusions

5 Climate and the environment

5.1 Introduction
5.2 Greenhouse gas emissions

57
57
59
59
61
61
62
63
64

67

67
68

5.2.1 Global greenhouse gas emissions by land use, iydastd energy for the

four futures
5.2.2 Emission profiles for S©and NQ
5.3 The Global environment:
5.3.1 Concentration
5.3.2 Temperature
5.4  The Local environment
54.1 Threats to natural vegetation and biodiversity

5.4.2 Water stress: precipitation changes and water déman

5.5 Discussion

6 Climate policy

6.1 Introduction

6.2 Climate policy in SRONG EUROPE
6.2.1 Emissions
6.2.2 Economic consequences of abatement
6.2.3 Climate policy and energy use

6.3  Variants on the benchmark policy

6.4 Conclusions

7 Conclusions

References

68
69
71
71
72
74

77
80

83

83

85

85

89

92

92

95

99

74

87



PREFACE

Preface

Thinking about future energy use brings to the fare kinds of concerns. Oil and gas supplies
are finite and depletion of natural resources namyemegative feedbacks on energy use and
economic growth. Prolonged burning of fossil fuslexpected to lead to further global
warming and the negative impacts from climate ckamgy affect environment and economy.
The policy challenge for the coming decades iimlzine strong economic growth and a clean
environment.

This study answers key questions related to futnergy use. Will natural resources
become depleted in the near future? What climapaats can be expected? What does a
successful climate policy look like? Given the fantental uncertainties on future economic
growth, technology and climate change, a scengpoaach is appropriate to answer these
guestions. This study offers four scenarios foufeitenergy markets and climate change based
on the more general scenarios in “Four Future&foope”, the recently published scenario
study by CPB. This set of scenarios will servengsif for a number of follow-up studies
analyzing e.g. policies on sustainability and spatianning.

This study is a joint project between CPB and RIWNAIP. In this way we benefited from
expertise in different fields: economic analysigl #ime assessment of climate impacts. On a
common field of interest, like energy, our appraachometimes differ. Inevitably, an analysis
as presented here cannot come about without d@rcarteount of compromise between
conflicting insights. Time consuming as it may e, are happy with the balanced result.

This study was written by Johannes Bollen (RIVM)nTManders (CPB) and Machiel
Mulder (CPB). Others have provided useful contiiimg. Bas Eickhout of RIVM explored the
possible environmental impacts of energy use anatk. Mark Lijesen of CPB provided some
valuable inputs for the analysis of electricity kets. Dale Rothman surveyed the existing
scenario literature. We thank in particular Detlef Vuuren of RIVM who did a heroic job in
harmonising economic insights with energy developisieHenri de Groot, Nico van Leeuwen,
Arjan Lejour, Paul Tang (CPB) and Tom Kram, Jool®uohuis, and Bert Metz (RIVM) are
acknowledged for comments on various parts ofghidy. We thank Dick Morks and Simone

Pailer for support in the final stages of the ptoje

Henk Don
Director, CPB Netherlands Bureau for Economic Bolioalysis

Klaas van Egmond
Director, MNP Netherlands Environmental Assessmg@ncy
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SUMMARY

Summary

Scope of the research and main conclusions

Future developments in energy and climate are yightertain. In order to deal with these
uncertainties, we developed four long-term scesarased on the recently published economic
scenario$-our Futures of EuropeSTRONGEUROPE GLOBAL ECONOMY, TRANSATLANTIC

MARKET and REGIONAL COMMUNITIES. In this study, we explore the next four decades.
Although the report focuses on Europe, global aspafcenergy use and climate change play a
significant role.

The next decades, global reserves of oil and nagasawill likely be sufficient to meet the
growing demand. Therefore, there is no need toyaoout a looming depletion of natural
energy resources. The use of fossil energy camigglkshowever, affect climate because of the
emissions of greenhouse gasses. In order to natgabal increases of temperature, emissions
of greenhouse gasses should be reduced. Due tatiogigly growing use of energy in the near
future, developing countries should contributehiat reduction.

Driving forces

Main driving forces affecting future energy markatsl environment are economic growth,
demographic developments, technological improvemantl environmental policies. Global
energy demand is projected to grow in all scenahina high growth scenario such asdBAL
EcoNowmy, primary energy demand is projected to grow aarage annual rate of 2.3%. A
scenario with a stringent climate policy, such a8@IGEUROPE shows a practically zero
growth. All scenarios project energy demand to gstnenger in developing countries than in
industrialised countries. Looking at output growatbne hides some important differences
among regions and sectors. Regions with a highggnese per unit of output (energy intensity)
are projected to grow at a relative high rate. paee of technological improvements in the
various sectors follows mainly from the level obaomic growth. As a result, increasing
efficiency in power generation and end-use of epeaytly offsets the upward trend in energy
demand caused by economic growth. Climate policyirgy at limiting the negative impact of
climate change, exerts a downward pressure on gaderand.

Resource scarcity

Resource scarcity, however, is unlikely to haveagominfluence on energy markets in the next
decades. The reserves of oil in the Middle-Eastdcapproach their depletion before 2040, in
particular in a scenario with high economic grovélien in that case, the global supply of oil
can be secured by non-conventional sources, suieh aands in Canada. Therefore, absolute
scarcity on the supply side will probably not raise real price of oil in the next decades. In
addition, a structural increase of the price oi®itot foreseen due to demand responses which
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would be induced by such an increase. The same fmidhe price of natural gas. Geopolitical
factors, however, may hamper the growing importasfagatural gas, especially in Europe.

Impact on the environment

Global emissions of GHGs will rise in all scenarassworld economy expands, except for
STRONGEUROPEDbecause of an assumed successful climate poli@fl szenarios, more than
half of the emissions will come from developing ntries. Over the next 40 years, cumulative
emissions of greenhouse gases do not yet leadg® défferences in concentration and global
warming. However, that doesn'’t alter the fact that next 40 years will likely show more
changes in temperature than the past century. @siagage assumptions regarding climate
sensitivity, the (average global) temperature ia®06ould rise by approximately 1°€elsius
above pre-industrial level. Hence, the target’@@sius, set by the European Union, will likely
not be exceeded in the next 40 years. However sionis before 2040 get a process going
which determines the changes beyond. Beyond 20dbalgwarming will exceed the 2

Celsius target, unless climate policy or low ecoiognowth curbs emissions.

An increase of temperature incurs biodiversity éssg he latter depends also on changes in
land-use, deforestation, population, and the streadf production. Until 2040, differences
among scenarios follow mainly from differencestia structure of economic growth. Losses
will be larger in scenarios with higher economiowth. Impacts on water stress differ among
scenarios. At the global level, water stress witiease, because global demand for water will
increase more than the available supply. Developmmtries regions will be faced with more
water stress, because of a rapid economic growthrening the demand for water, and an on
average decreasing precipitation surplus. The OR@IBhow less water stress as technology
improvements will reduce the demand for water, water supply will locally improve because
of an increase of the precipitation surplus.

Climate change policy

Stabilisation of the concentration of greenhousegant a level of 550 ppmv (which is
approximately double the pre-industrial level) ungedian climate sensitivity assumptibns
will stand a good chance to meet the long-term &gt for global warming. To keep
temperature changes below the EU target, emissiurctions should not be delayed much
longer, unless economic growth is low. Before 2088,upward trend in emissions should be
turned into a decline in order to reach that tarGéabal energy-related carbon emissions in
2040 should be almost 20% below the 2000 levelefsihe strongly growing emissions of
developing countries, their participation in anaament coalition would be necessary.

! This is based on the climate sensitivity parameter, which is the equilibrium temperature effect of a doubling of CO2
equivalent concentration of greenhouse gases in the atmosphere. The IPCC gives a range of 1.5 to 4.5 °C, with 2.5 °C as
the best guess. The latter value is adopted in this analysis.
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SUMMARY

To keep costs manageable, all low-cost options t@abe exploited. In this respect, energy-
efficiency improvements appears to be efficientans for curbing emission of greenhouse
gases, followed by fuel-switching. The role of cadl diminish, but with large reductions even
the share of natural gas will come under pres€iaebon capture and storage and biological
sequestration are projected to play a limited Bhgloiting alternative sources of energy is
important. In SRONGEUROPE the share of non-fossil fuels (biomass, nucleard, sun and
hydropower) may increase to almost 25%, comparé&ddan 2000.

A cap-and-trade system could be an efficient waneafising emission reductions. The costs
for each country depend on the allocation of aggigamounts of emissions. We show that
allocating emission allowances on an equal-pertadyasis can make some developing
countries even better off than without the climadéicy. The income gain from the export of
emission allowances to developed regions could ri@e compensate for the loss associated
with emission reductions. Energy exporters wilMmrse off, because fossil energy demand
and prices will fall.

The costs of mitigation depend on the stringencheftarget and on the economic growth in
the underlying scenario. IMTBONGEUROPE we project the global GDP-loss in to be less than
2%, with a carbon tax at the level of 450 US$AGsociated effects on real national income
range from a loss of 7% in the Middle East and tgemin the Former Soviet Union to a small
gain in Asian and African countries. The EU15 cdialce losses of 2% of GDP.

11






1.1

Figure 1.1

THE CENTRAL ROLE FOR ENERGY

Introduction

The central role for energy

Energy is one of the keys to economic developmedtia order to explore future European
economies, a profound analysis of the role of enexrgecessary. Societies are fuelled by
energy and future economic growth will ask for eased availability and use of energy. The
ever-growing demand for energy will put a growingim on natural resources and the
environment. Natural resources are not infinite aihdnd gas reserves can be expected to
become depleted over time. Another growing concethe impact of energy use on the
environment. The combustion of fossil energy leadsmissions of greenhouse gases and
evidence is mounting that this results in globatmiag. There may be important feedbacks on
energy use and the economy. Physical disruptiottgeisupply of energy and large variations
of the price of energy significantly affect econargrowth. Climate change may lead to a large
range of hazards, like deterioration of biodiversihd increased water stress. When thinking
about energy in the future, one cannot neglecativerse effects and possible feedbacks.

Economy, energy and natural resources

availability
of fossil fuels

energy use

climate change/
environment
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1.2
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These impacts pose a challenge to policymakersadpalicy calls for interference by national
and international institutions to either adaptite thanges of the environment or to respond by
trying to mitigate the negative effects.

This study focuses on the link between economieldgment and environment, in which
energy is the pivot. We assess future energy mnaeket related climate change. Although these
issues can only be treated on a global scale, wepecial attention to Europe. In doing so, this
study is a based dfour Futures of Europehe recently published CPB scenario study (CPB,
2003). It is a platitude to say “Europe’s futuraiicertain”, as stated in this scenario study. All
elements concerning energy markets and climategehare cursed with uncertainty. This holds
for the driving forces behind economic developmathnology, the availability of fossil
resources, and the impacts through climate changdleeoenvironment. To cope with these
uncertainties, we apply a scenario approach. Wetnat sets of consistent and appealing
assumptions to explore possible future developm#&vitsmerge uncertainties that are
correlated into a storyline and from these stogdiwe derive general characteristics of the
scenarios. Finally, we translate developments araohiify possible future developments.

Key questions

Thinking about the role of energy in the futuresesi a number of questions regarding the
economy, resource availability, energy marketstaecenvironment.

Economy

The economic setting determines future energy ddrt@ma large extent. Economic growth
boosts energy demand, despite the fact that enegyper unit of output tends to decrease with
higher output. Especially the catching-up by depilg countries is an important driving force
for global developments on energy markets. Wittamlditional restrictions, global energy
demand can be expected to grow further. Structinifis are also important. There are large
differences in energy consumption per unit of otitpetween sectors. Services use relatively
less energy than industrial sectors. The shift td@a more service oriented society thus
substantially influences energy demand.

Key questions

- What can we expect about future economic growth in both Europe and the world?

- How strong will societies shift towards services?

Resource Availability and energy markets

Combustion of fossil fuels involves the depletidmon-renewable resources: oil and gas. But
as coal reserves will not deplete, this may impact-renewable resources such as oil and gas
markets in the future. At a global level resoureil and gas are more than sufficient to meet

14



future demand. However, at a European level a midmzetween supply and demand is quite
conceivable. For its oil, Europe is largely depemid® the Middle East. Supply security will
partly depend on geo-political factors. Growingsiens between Western societies and the
Arabic world might lead to restrictions in supplydahigher prices. A similar argument may

also apply to the gas market. With rapidly declinEuropean gas reserves, import dependency
is expected to rise. There may be important feddban the economy and energy use. Physical
disruptions in the supply of energy and large \ames of the price of energy may significantly

affect economic growth.

Key questions

- What could future energy demand and supply look like?

- When will the reserves of oil and natural gas be depleted, both on global level and regional levels? Who will supply our

energy in the future?

Environment

Energy draws heavily on renewable resources: thig@mment. Evidence is growing that the
increased use of energy and its associated emissfareenhouse gases will induce climate
change. Global warming may have serious impactso#ting to recent projections by IPCC,
global temperature can be expected to rise byol458 degrees Celsius before the end of the
century. In the wake of these changes all kindsegfative impacts can be expected.
Environmental effects of energy use are serioushaind to manage. The global society is
increasingly aware of this problem and initiatitedimit the emissions of greenhouse gases are
being taken. Climate policy to beat global warminay in its turn have serious consequences
for demand and structure of energy demand, andeajuite different for Europe as opposed to

the rest of the world.

Key questions

- How will energy demand influence the global climate and the environment?

- What will a climate policy to limit dangerous distortions of the environment look like?

- What will be the impacts for economic developments and energy markets?

1.3

Driving forces and key uncertainties

Economic growth and structural change

Future energy demand is determined by economicthrddowever, there is no one-to-one
relation. Energy intensity, the use of energy pet of output, links energy and economic
development. Energy intensities vary across seetwigegions. In manufacturing relatively
more energy is used than in service sectors, dewvg@ountries are less efficient than
industrialized countries. Hence, structural charigesrds more service-oriented societies lead

to a decoupling of energy and economic growth;céitehing-up by developing countries is an

15
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important driving force leading to increased usermdrgy. Uncertainties about future economic
growth, by sector and by region, contribute torgdaextent to uncertainties about energy
demand.

Geopolitics

The geopolitical situation might lead to constraimt energy supply. Europe and the USA will
become more and more dependent on the Middle BdsRassia for their oil and gas supply.
Continuing and increasing tensions between the &estorld and its main suppliers might
drive up oil and gas prices. Furthermore, an uriotsd supply of gas asks for huge
investments in pipeline infrastructure. A troublesorelation with Russia might pose a threat to

these investments.

Energy technologies

Technology is an important factor. More efficienthgersion techniques in electricity
production and more efficient use of energy inlfer@ergy services, like transport and heating,
will all lead to a downward pressure on energy dain&lot only will technological change
result in the use of less primary energy per uhitutput (a lower or improved energy
intensity), but also to changes in the energy sirec¢ e.g. fuel-switching. Related questions are:
How easily can we shift from conventional oil resms to non-conventional resources like
shale oil and tar sands? Is large scale non-cabergy, like solar and wind, feasible? Is there
a future role for nuclear and will hydrogen teclogiés turn transport upside down? In this
study we will not assume major breakthroughs irrgyneechnology. Future developments will
be based on current trends in energy efficiencyravgment and fuel switching.

Policies on energy market competition, supply secur ity of energy, and the environment

Future policy will clearly affect future energy dand. Serious climate policy will curb the
emissions of greenhouse gases. A low-emissiontyoeuld lead to a dramatic shift in the
energy system. Options range from a reduced demmashdmproved efficiency in energy
conversion to substitution of fossil energy nonbeer fuels, like biomass, solar and wind
energy or nuclear power. Although some first segstaken to fight global warming, it
remains unclear when and in which way future steifide taken. Other policy plans may also
affect future energy markets. Competition policg @olicies regarding security of supply will
influence energy prices and production capacityickes may be conflicting. Energy policy is
mainly designed to provide a sufficient and lowtaasergy supply. Its main goals are to
enhance energy security and to overcome scar@itissexhaustible resources. Climate policy
on the other hand discourages the use of fossiggrand leads to expensive energy. It will be a
challenge for policy makers to design plans thatesboth goals. Technology development
aiming at less dependency on conventional soumedoav carbon emissions seems a
promising course to take.

16



WHY SCENARIOS?

1.4 Why scenarios?

Preparing for an unknown future

The only thing we can be sure of is that existiegds will not continue into the far future. This
casts serious doubt on the use of a single referecenario. The fundamental uncertainties
related to the long term future make questions efudure developments only to be answered
by using scenarios. Scenarios can be seen as eahfgeand consistent stories of the future.
Those scenarios refer only to long-term, structdesdelopments driven by fundamental
changes. Developments in the short term, like dlatibns of the price of oil, are not taken into
account. Although those developments are not thgesuof this analysis, we realise that short
term fluctuations in production or consumption tawe major effects on prices and hence on
the economy. The same holds for macroeconomicipslio the short term dedicated to
mitigate economic consequences of environmentétipsl Those short term effects are not

part of our analysis, which does not mean that greynegligible.

Why should CPB and RIVM-MNP develop global scenario  s?

We are not the first to produce future projections of energy use. Well-known are the IPCC SRES-scenarios. Only
recently, IEA produced its World Energy Outlook 2002 and the European Commission published European energy and
transport trends to 2030. There is a pragmatic reason for developing our own set. Our work follows on the scenario
study Four Futures of Europe by CPB. There is a need for scenarios on energy markets and prices based on the Four
Futures study, which can be input for Dutch national policy analyses on infrastructure, environment and spatial planning.
A number of future studies will address issues of energy and sustainability in the Netherlands, using the international

context of this study.

Linking Energy markets and the Environment to the F our Futures

This study develops four scenarios to assess thadhof economic development on energy use
and the environment. These scenarios are basezigmiore general scenarios for the future

of Europe published recently (CPB, 2003). Theseates differ with respect to two key
uncertainties: international cooperation and tispoase of governments to the pressure on the
welfare state. The scenarios are labelle’d8IGEUROPE REGIONAL COMMUNITIES,
TRANSATLANTIC MARKET and G.OBAL ECONOMY. In contrast to this mainly European study

we will discuss most aspects from a more globadexstive. This is inherent to the issues we
are interested in, for example: climate changegkhbal problem, energy use in all regions
matters. Still we will pay special attention to Bpe

Time horizon and new climate policies

The time horizon of the scenarios is 2040, basetth@time horizon of the general scenario
study. From an environmental perspective, howehés is a rather short period. As will
become clear in this report, several environmentphcts of economic developments have a

17
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lead time of several decades. Therefore, we extentime horizon up to 2100 in those cases
where it is necessary for a proper analysis.

Scenarios serve as a tool for policymakers to defsityre policies. This does not mean that the
scenarios are policy-free in the sense that onligips currently in place are kept unchanged.
New policies that fit into the storyline of the segio are taken into account. This applies most
prominently for SRONGEUROPE in which policies address the climate change issue.

Demarcation of the study

Touching upon such a broad area as energy antpiacits on environment, one has to restrict
oneself. Exploring the link between energy and remewable resources, this study focuses on
total use of energy, the markets of oil, natural, gand electricity, and highlights effects of

energy use on environment.

Energy use, emissions and the oil market are agdlga global level, while the analysis of the
natural gas market and the electricity market refehe situation in Europe. The coal market
will not be included here because this market dédace structural uncertainties in the long
term (see IEA, 2002), yet the interactions betwerncoal, oil and gas markets have been
analyzed in an integrated way.

In discussing the link between energy use and enrient, we focus on three environmental
issues: biodiversity, water stress and acid rallufamts. They share the characteristic that they
are strongly energy-related. Changes in biodiveesid increased water stress directly stem

from climate change.

Merely focusing on the link energy use — emissieimate change, would, however, draw a
partial picture. It is not only energy use thawds these effects. Land use changes also play an
important role. Not only is land use a main sowftgreenhouse gas emissions. Biodiversity
and to a lesser extent water stress depend dir@ttignd use.

We also pay attention to the acid rain pollutan 883ulting from energy use. Acidification is,

in contrast to climate change, more a local thglohal environmental problem. However,
important linkages exist as acid rain pollutantgiteo decrease global warming. Policies
directed at reducing emissions of acid rain potitgaherefore will frustrate policies to fight
global warming. On the other hand climate policeduce the use of coal, and thus also help to
solve the acidification problem.

18



1.6

LINKING ECONOMY, ENERGY MARKETS AND THE ENVIRONMENT; THE MODEL APPROACH

Linking economy, energy markets and the environ  ment; the model
approach

The use of different models

In order to quantify the scenarios, we use seveaalels. Figure 1.1 gives an overview of the
different models and their linkage. The modelsaageneral equilibrium model of the GBAL
EcoNomy called WorldScan, a system-dynamic model of gl@na&rgy demand called TIMER,
IMAGE to assess the environmental impacts from atlarchange and models for the global
market for oil and the European markets for eleityriand natural gas, and. By using these
models simultaneously, the story lines of the sdeaare translated into quantitative time
paths of production, consumption, and prices ofg@neand the resulting emissions of
greenhouse gases and their impact on the enviranmen

WorldScan

WorldScan is a dynamic general equilibrium modeltfe world economy (CPB, 1999).
Different world regions and production sectorsdistinguished. The model is used to construct
long-term scenarios and to perform policy analyéisrldScan models both the demand and the
supply side of the energy markets in a rather aggesl way. The model helps to assess the
effects of economic growth, technological change @timate) policy on regions and sectors.
For the simulations in this study two versionstef model were used. The general version is
used to quantify the general economic scenarios.efergy version is put into action to
guantify the energy scenarios and to analyse céirpaticy. This latter version has sufficient
detail on the energy side of the economy to coplk @nergy related CGemissions. Climate
policy is modelled by imposing a carbon tax onubke of energy. Given an exogenous limit on
the emissions of energy-related £&hd given the coalition of regions engaged inexbent,

the model evaluates the corresponding carbon taxshadow price.

TIMER/IMAGE

TIMER is used to determine the demand for energeatoral and regional level by using
rather specific information regarding technologigpportunities to reduce energy use (see de
Vrieset al, 2001). It is a global system-dynamic energy nhedech has been developed to
study the long-term dynamics of the energy systemarticular, transitions to systems with
low carbon emissions (Image-team, 2001). Withinrttwelel, a combination of bottom-up
engineering information and specific rules and ra@édms about investment behaviour and
technology are used to simulate the structural ayecs of the energy system. Impacts on the
environment, notably biodiversity and water stress,evaluated using the IMAGE model. This
Integrated Model to Assess the Global EnvironmBMAGE) is a dynamic integrated
assessment modelling framework for global change. Main objectives of IMAGE are to
contribute to scientific understanding and suppgedision-making by quantifying the relative
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Figure 1.2

FOUR FUTURES FOR ENERGY MARKETS AND CLIMATE CHANGE: INTRODUCTION

importance of major processes and interactionkdrsbciety-biosphere-climate system
(Eickhout, den Elzen, and Kreileman, 2002).

Energy markets

The energy markets are analysed in detail withragbaquilibrium model of the global oil
market and a partial-equilibrium model of the Ewgap natural gas and electricity mafkét
these models, prices of these energy carriersrategenous. Special features of both models
are the analysis of the structure of the marketfaatrs on the supply side. The models pay
explicit attention to the imperfect competitionttve markets which are due to constraints on
networks, and concentration and collusion on thgpluside. In addition, the modelling of the
supply of natural gas and oil includes relatiothicaigh rather simple, between commaodity
prices and activities in exploration. This dynami@racteristic of the models enables us, for
instance, to explore the effect of resource sgaaitprices and consumption.

Organisation of the model analysis

IMAGE

i

Climate change

energy

i

WorldScan ' WorldScan

General version Energy version

Energy/
Climate policy

] o Availability
l ‘ Fossil fuels
GDP Energy models

Soft linkage

How is the combined use of all these models orgaifisStarting point are the four European
scenarios fronfrour Futures for EuropeThese general scenarios are quantified using the
general version of WorldScan. The main drivers ftbmscenarios, like GDP, structural change
and trade, are fed both into the energy versioWofldScan and into TIMER. Based on these
general scenarios, TIMER calculates energy demgrwditsier consistent with the general

2 see www.cpb.nl for more details about these models.
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scenarios. Energy paths from TIMER are used toraite demand for energy with WorldScan
on a disaggregated European level. In an itergtiseess with partial models for the oil, gas

and electricity markets the economic availabilityenergy carriers is assessed, adjusting market
prices. In this way a consistent picture of enatggnand, supply and energy prices emerges.
The IMAGE model assesses impacts on climate antamaent. Conversely, IMAGE

produces the emission profile consistent with @ltarm climate goal. This reduction profile is
fed into WorldScan (and TIMER) to analyse consegqastior the economy and the energy

structure.

Units, dimensions and definitions

Concerning energy and emissions, a confusing number of definitions and dimensions circulates. Unless explicitly stated

otherwise, in this report we use the following units:

Energy demand is expressed in tonnes of oil equivalents (toe), 1 Mtoe = 1 Million toe, 1 toe = 41868 TJ or 41868 10** J.

Emissions are expressed in gigatons of carbon (GtC), 1 GtC = 1 Giga or 10° tonnes of carbon. Sulphur emissions are

expressed in teragrammes of sulphur, 1 TgS = 10" gram of Sulphur.

Concentrations of greenhouse gases in the atmosphere are expressed in parts per million metric volumes CO,-

equivalent (ppmv CO,-equivalent).

Carbon taxes are expressed in constant prices in 1997 US dollars per tonne of carbon ($/tC). This may be expressed in

dollars per ton CO, by multiplying the tax by 12/44 (the share of carbon in the atomic weight of CO,).

1.7

Structure of this study

The development of European scenarios for enerdychmate is not an isolated exercise. Not
only are our scenarios based on the more geneRlsCénarios, they also have some overlap
with existing scenarios. Chapter 2 explores thedaape of the existing scenarios on energy
and climate and describes our new European enadyglamate scenarios. We describe how
the driving forces behind energy markets develogaich scenario. Chapter 3 presents the
scenario results in terms of demand for energyemaulgy intensity. Not only global
developments are sketched, we also compare EuEdpES) with the USA and non-OECD
regions. The development of energy markets an@pi€ energy carriers is the subject of
chapter 4. Chapter 5 explores the consequencéisefatimate and three energy related
environmental problems: biodiversity, water strasd acidification. Chapter 6 focuses on
climate policy, being one of the uncertainties ihgvfuture energy development. Chapter 7

concludes.
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2

INTRODUCTION

Four scenarios

Stressing fundamental uncertainties about futureettgpments, we develop four scenarios in line tieh

general scenarios developed by CPB. As key unaégaifor future energy demand and related emission

we distinguish demographic and economic growthrietogical progress, geopolitical stability and

energy and environmental policies.

2.1

Introduction

The long-term scenarios for energy markets andatérehange form a part of CPB’s scenarios
on international economy, demography, technologyiastitutional settings (CPB, 2003).

Recent years saw a fair amount of energy scenleiog reviewed and developed. Seminal is
the Special Report on Emission Scenarios by thedovernmental Panel on Climate Change
(IPCC, 2000). In this report, not only an extensiverview of existing scenarios is given, also
a number of new developed scenarios are presevitee. recent exercises are the International
Energy Agency’s World Energy Outlook 2002 (IEA, 2)@nd the European Energy and
Transport Trends to 2030, developed under auspice European Commission (European
Commission, 2003).

Given this fairly large amount of scenarios, onglmhiask why there is a need to develop a new
set. The main reason is that we want pictures efggnand environment to be consistent with
the underlying socio-economic developments as deeel in the general CPB-scenarios.
Ultimately, these scenarios will provide input faore specific scenarios for the Netherlands,
exploring developments within the Dutch economy ofspace, and environment.

Our focus is on Europe, in contrast to the IPCQardes, which only distinguish the broad
OECD aggregate. We aim to have a scenario periad 8p40. This restricts the use of the
World Energy Outlook and the European Energy arah3port Trends, since these scenarios
run till 2030 only. Furthermore we do not want terely extrapolate from historical trends. Our
scenarios are of an exploratory character. It neijrie that the future is uncertain. However,
when assessing the medium or long-term futureotiie thing we can be sure of is that merely

extrapolating existing trends will give us the wgguicture.

Before unfolding our scenarios, we first reviewtpgrthe existing landscape of energy scenario
exercises. We summarise a number of quantitatieras®s and discuss the overall pattern in
key-determinants and output. Next, we explain teegal scenarios which form the base for
our energy scenarios. Important driving forcessargo-economic developments, geopolitical
instability, technological progress and future gyeand environmental policy. All these driving
forces are cursed with uncertainty. The art of ademmaking is to combine uncertain drivers
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into a compelling set to create a plausible aner@#ting scenario. We cover these driving
forces and indicate what choices are made in ezafasio. In doing so, this chapter prepares
the ground for the quantitative treatment of thenseios in subsequent chapters.

Lessons from the literature

In order to place the current study in context,drewv some lessons from recent scenarios. A
lot of ground has been covered by IPCC Special RegpoEmissions Scenarios (IPCC, 2000).
This review emphasised quantitative scenariospiatide estimates of emissions of carbon
dioxide and other greenhouse gases. We have ggoeadbéhis to consider scenario exercises
that are primarily narrative based or may not idelemission estimates, but which provide
further insight into energy futures. In additiore Wave looked for more recent exercises that
were not included in that review. In this sectioa m@strict ourselves to some highlights from a
number of quantitative scenarios. A full overvieande found in a separate survey (Rothman,
2004).

Baseline, exploratory and targeted scenarios

Scenarios can differ from the perspective they taldiscussing the future. Specifically, they
can differ as to whether they focus on expectedsipte, or targeted futureBaselinescenarios
present an image of ‘business-as-usual’ or ‘corivaat development’ and are closely related
to historical notions of forecasts and/or preditsioThey can be seen as somewhat more
complex versions of trend extrapolations, in thatytdo consider some planned policies and
other expected developments. They are frequendg ts perform sensitivity analyses on
particular assumptions and to test the effect et#je policy choices.

A second group, which we will refer to esploratoryscenarios, investigates a range of
possible, if not necessarily, likely futures. Than reflect a desire to prepare for different
eventualities, but more fundamentally reflectsramréasing awareness that uncertainty about
the future implies that it is more appropriate de€ensible to consider multiple baselines than
to presume we can know what is the ‘most likelyufie. In addition to comparing the basic
results for each of these, sensitivity and polioglgses can be explored in each of the possible
futures. Finally, the third group, which we willfee to astargetedscenarios, includes exercises
in which specific targets are set and the scerngmither forced to meet these or particular
policy actions are implemented in an attempt totrtieese.

As example of baseline scenarios, we examine tbelina scenario from European Energy and
Transport Trends to 2030 from the European comons@&uropean Commission, 2004) and
the reference scenario from World Energy OutlooB2fiom IEA (IEA, 2002). As examples

of exploratory scenarios, we include in our revibe SRES scenario set, developed by IPCC
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(IPCC, 2000). Two other sets of exploratory scergnive take in to account, are the scenario
developed by the United Nations Environmental Paogne (UNEP) and a number of scenarios
developed by IIASA and the World Energy Council (G)E

Characteristics of some scenario’s

Both baseline scenarios from IEA and EU assess likely economic, energy and CO2 trends to 2030. The EU-baseline
focuses on individual European countries, IEA has a broader perspective, although the European Union is distinguished
as a separate region. Government policies and measures that have been enacted, though not necessarily implemented,
as of mid-2002 are taken into account. The EU-baseline assumes continued economic modernisation, substantial
technological progress, and completion of the internal market in Europe. Existing policies on energy efficiency and
renewables continue; the fuel efficiency agreement with the car industry is implemented; and decisions on nuclear
phase-out in certain Member States are fully incorporated. No new policies to reduce greenhouse gas emissions, e.g. to

reach the Kyoto targets, are implemented.

The IPCC-SRES scenarios are an example of exploratory scenarios. Dividing future worlds along the axis of
regionalisation-globalisation and the axis economy-environment results in four scenario families. Al: this family
assumes increased globalisation, with an economic emphasis; it is subdivided into A1B (balanced development of
energy technologies), A1FI (fossil intensive development of energy technologies), ALT (technology advances in energy
technologies, particularly carbon free sources). A2: this family assumes increased regionalisation, but maintains an
emphasis on economic development. B1: this family assumes increased globalisation, but with a more environmental
and social emphasis. B2: this family assumes increased regionalisation, but has an emphasis on environmental and

social concerns.

The UNEP scenarios explore an array of possible futures for the environment to 2032 and beyond. Markets First:
assumes a strong pursuit of market-driven globalisation, trade liberalisation, and institutional modernisation, assuming
that social and environmental concerns will be addressed by increased growth. Policy First: assumes strong top-down
policy focus on meeting social and environmental sustainability goals by harnessing the market and other mechanisms.
Security First: assumes a lack of action to address social and environmental concerns leading to rising problems, which
are responded to by authoritarian rule imposed by elites in fortresses, leaving poverty and repression outside.
Sustainability First: envisions the bottom-up development of a new form of globalised cooperation to address economic,

social, and environmental concerns, leading to fundamental changes in most societies.

All of the studies reviewed provide detail on toéufe of energy and all of the exercises
examined emphasise the medium to long-term. Thimuh they do have something to say
about policy decisions in the near future, theipbasis is on the importance of these for longer
term developments. The SRES scenarios look otiiet@end of the century, as is appropriate for
their intended use in global climate change studitsst of the scenario sets adopt a global
perspective at the highest level, which makes sgivem the interconnections of the energy
system and the other issues of concern.
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Key determinants and key outputs

The developments within any scenario reflect dfférassumptions about how current trends
will unfold, how critical uncertainties will playut, and what new factors will come into play.
Of these, assumptions about demographic and ecorgrmivth are at the root of most long-
term scenario studies. The degree of internatiooaperation (economic, political, and
cultural) and institutional focus are importantetetinants in scenarios that have important
international policy elements. Finally, environmedngolicy, technological change, and fuel
markets are of particular importance for energy amdronmental scenarios.

For the scenarios that provide quantitative infdiomaFigures 2.1 summarises some of the key
determinant and outputs for Eur8p@his scatter diagram plots changes in outputiggne
intensity and carbon intensity for the differen¢isarios. Resulting changes in primary energy
demand and C£emissions are also shown. The data specificaiyghe average annual
growth rates for the three components of the Kagatity*: output (GDP), energy intensity

(El), and carbon intensity (Cl). The sum of thetfiwvo of these is equivalent to the growth in
energy use; the sum of all three is equivalenihéogrowth in carbon emissions (gOFor
reference historical rates for the period 1980-2&@0Dalso depicted.

Figure 2.1 Key characteristics of energy and emissi  ons in different scenarios for Europe
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% Recall that the definition of Europe differs in the different studies, which can explain part of the differences.

4 The Kaya Identity links environmental impact to population, growth and technology. Carbon emissions (CO,) can be
decomposed in population (POP), output per capita (GDP/POP), energy intensity (El =E/GDP) and carbon intensity (Cl =
EM/E): CO, = POP x (GDP/POP) x El x ClI.
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From this diagram, some conclusions can be drawn.

European output growth is projected to be belowohisal figures. In spite of this, output
growth outweighs improvement in energy intensitg.a\result, energy demand rises in most
scenarios.

There seems to be a negative relation between GBWtly and energy intensity. The higher
the output growth, the stronger the improvemermriargy intensity. Variation in energy growth
is (somewhat) smaller than variation in energyrisiy improvement. On a global scale this is
even more pronounced.

Carbon intensity is projected to fall in most saé&® In general, rates of change are smaller
than rates of change in energy intensity. Bothdseimprovements in energy intensity and
carbon intensity, have a downward effect on emissiblowever, the former seems more
important.

There is a positive correlation between energynisitg and carbon intensity: an improvement
in energy intensity goes together with a decreasatbon intensity. Variation in emission
growth across scenarios is larger than variatioenigrgy demand. This applies not only to the

European figures, but also on the global level.

Mutatis mutandis, most conclusions for Europe &alsid on a global scale; All scenarios show
increasing energy use for the world as a whole; fidgative correlation between output and
energy intensity is even more pronounced on a r@ggeegate level; A positive correlation
between energy an d carbon intensity applies alsmtld figures.

All scenarios recognise the continued dominandessil fuels over the next few decades. In
general, scenarios are less explicit about enetigggp A general picture that emerges is
increasing oil prices in exploratory scenarios.@ites changes in 2040 range between 50%
and 100%. Baseline scenarios present declines2@itd reflecting a situation of relative
oversupply due to lower economic growth and conipatamong key producers. Moderate
rises are projected thereafter, reflecting gradhahges in marginal production costs and
supply patterns. Serious supply constraints ardikedy to be felt in the relevant period.
European gas prices are projected to rise in allados, both exploratory and baseline. A 50%
increase in import prices seems to be the lowenthoAssumed trends in gas prices reflect the
underlying trend in oil prices, but other, contdry factors play a role: increasing demand for
gas, and the shift from more regional gas marketsutds a more global market leading to a

decoupling of gas from oil prices.
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2.3 Two uncertainties, four scenarios

The long-term scenarios for energy markets andatérehange form a part of CPB'’s scenarios
on international economy, demography, technologyiastitutional settings (CPB, 2003).
These general scenarios are developed to explerfatilre economic development of Europe
in general and the Netherlands in particular. Tdenarios are calledrSONG EUROPE
TRANSATLANTIC MARKET, REGIONAL COMMUNITIES and G.OBAL ECONOMY. To develop these
scenarios two key uncertainties concerning theréutne combined as is illustrated in figure
2.2. The horizontal axis represents outcomes raggthe response in Europe to various
challenges for the public sector. It runs from eufo onpublic responsibilities on the left to a
focus onprivate responsibilities on the right. The vertical axis represents the@uies with
respect to international cooperation. It moves feofacus omational issues at the bottom to
broadinternational cooperation at the top. Figure 2.2 thus yields four combinagian the two

key uncertainties. The four quadrants each deserjbassible future. In particular, the upper
left quadrant represents a world label@BRONG EUROPEwith ample international
cooperation and important public institutions. Twtom left marks the scenafREGIONAL
COMMUNITIES, combining ample public responsibilities withltinternational cooperation.
The lower right quadrant represedtRANSATLANTIC MARKET, a world with affinity for
national sovereignty and ample room for privatéatives. Finally GLOBAL ECONOMY is
given in the upper right quadrant, combining flsbinhg international cooperation and a move

towards more private responsibilities.

Figure 2.2 The four scenarios, relation with IPCC-S ~ RES
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DRIVING FORCES BEHIND ENERGY MARKETS

More scenarios recently published fit in this cgrtoal framework. Especially the well-known
SRES-scenarios developed by IPCC are closely telgtgure 2.2 illustrates the concordance
by mapping the SRES scenarios in our framework.

It is tempting but misleading to compare the scesdrom Four Futures with the four SRES
scenarios, all the more since IPCC also dividesiptesfutures along two axes. However, these
axes stress slightly different uncertainties. Oxie B SRES represents globalisation. It moves
from an emphasis on regions and local identityolavergence and increasing interregional
interactions. The other axis moves from a focugsquity and the environment to a focus on
economic growth. Hence, there is no one-to-one imggdpetween the two different sets. There
are more differences. Four Futures focuses espeoi@Europe and addresses predominantly
institutional and economic questions. SRES is ngtobally oriented and focuses on emissions
and the energy system. Both studies use a difféiraatframe, Four Future has a time horizon
of 2040. SRES covers the whole century. Explicltgies to reduce emissions of greenhouse
gases are absent in SRES, while climate policykisyaelement of RONGEUROPE So, despite

the similarities, one should be careful in exchagghe scenarios.
Driving forces behind energy markets

Exploring the future starts with identifying thawng forces between future developments.
Several factors determine the development of eneraykets. In general, the driving forces can
be distinguished in economic growth, geopolitiedtérs, environmental policies, competition
policies and policies regarding security of enesggply. Table 2.1 offers an overview of the
development of these driving forces within eachnac®. We use pluses and minuses to qualify

differences between scenarios.

Economic growth

Changes in labour supply and productivity deterngioenomic growth. Table 2.2 shows
average annual growth of GDP in the different sdeador a number of regions. Historical
growth rates for the period 1980-2000 are alsorgiv@n a global level, differences in growth
between scenarios range from 1.8 % BGRNAL COMMUNITIES to 3.1% in GOBAL

EcoNomy. Among regions differences in growth are more prorted. For example, in
GLoBAL Economy growth in the EU15 is projected to be four timéghler than in RGIONAL
CoMMUNITIES. Non-OECD countries show a relatively high ecorogrowth in all scenarios.

® TRANSATLANTIC MARKET shows the highest growth of global population with an average of 1.3% per year. Population in
STRONG EUROPE and GLOBAL EcoNomy lags behind with an annual growth of only 0.8%. REGIONAL COMMUNITIES has a
moderate growth with almost 1% per year. Productivity growth is highest in GLOBAL ECONOMY, REGIONAL COMMUNITIES lags
behind with only a modest rise in productivity. As a consequence, economic growth is high in GLoBAL ECONOMY and low in
REGIONAL COMMUNITIES, While STRONG EUROPE and TRANSATLANTIC MARKET face a moderate growth of the world economy.
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The main characteristics of the Four Futures

In STRONG EUROPE European countries maintain social cohesion through well functioning public institutions. Society
accepts that the more equitable distribution of welfare limits the possibilities to improve economic efficiency. Yet,
governments respond to the growing pressure on the public sector by undertaking selective reforms in the labour
market, social security, and public production. Combined with early measures to accommodate the effects of aging, this
helps to maintain a stable and growing economy. In the European Union, Member States learn from each others’
experiences, which create a process of convergence of institutions among Europe. Reforming the process of EU
decision making lays the foundation for a successful, STRONG EUROPEan Union. The enlargement is a success and
integration proceeds further, both geographically, economically and politically. STRONG EUROPE is important for

achieving broad international cooperation, not only in the area of trade but also in other areas like climate change.

In GLoBAL EconomMy European countries find a new balance between private and public responsibilities. Increasing
preferences of people for flexibility and diversity and a growing pressure on public sectors give rise to reforms. New
institutions are based on private initiatives and market-based solutions. European governments concentrate on their
core tasks, such as the provision of pure public goods and the protection of property rights. They engage less in income
redistribution and public insurance so that income inequality grows. International developments also reflect increasing
preferences for diversity and efficiency. Political integration is not feasible as governments assign a high value to their
national sovereignty in many areas. Economic integration, however, becomes broader (not always deeper) as countries
find it in their mutual interest to remove barriers to trade, invest and migrate. With a limited amount of competences and
a focus on the functioning of the internal market, the European Union finds it relatively easy to enlarge further
eastwards. Similarly, the negotiations in the WTO are successful. As international cooperation in non-trade issues fails,
the problem of climate change intensifies, while European taxes on capital income gradually decline under tax

competition.

In TRANSATLANTIC MARKET European countries limit the role of the state and rely more on market exchange. This boosts
technology-driven growth. At the same time, it increases inequality in this scenario. The inheritance of a large public
sector in EU-countries is not easily dissolved. New markets, e.g. for education and social insurances, lack transparency
and competition, which brings new social and economic problems. The elderly dominate political markets. This makes it
difficult to dismantle the pay-as-you-go systems in continental Europe. Government failures thus compound market
failures. EU member states primarily focus on national interests. Reforms of EU-decision making fail which renders
further integration in the European Union difficult. The European Union redirects her attention to the United States and
agrees upon transatlantic economic integration. This intensifies trade in services and yields welfare gains on both sides
of the Atlantic. The prosperity in the club of rich countries is in sharp contrast to that in Southern and Eastern Europe

and in developing countries.

In REGIONAL COMMUNITIES European countries rely on collective arrangements to maintain an equal distribution of
welfare. At the same time, in this scenario governments are unsuccessful in modernising welfare-state arrangements. A
strong lobby of vested interests blocks reforms in various areas. Together with an expanding public sector, this puts a
severe strain on European economies. The European Union cannot adequately cope with the Eastern enlargement and
fails to reform her institutions. As an alternative, a core of rich European countries emerges. Cooperation in this sub-
group of relatively homogeneous Member States gets a more permanent character. The world is fragmented in a
number of trade blocks and multilateral cooperation is modest.

Source: CPB (2003)
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It is not only economic growth that determines ggetemand. Structural shifts are also of
importance. There is a large difference in enenggrisity by economic activity. Service sectors
use relative small amounts of energy per unit valdeed. In all scenarios the services sector
gains importance in all regions. However, theredififerences among scenarios. IndBAL
EcoNowmy for instance, the shift is most pronounted

Table 2.1 Driving forces behind energy markets in f  our long-term scenarios
STRONG TRANSATLANTIC REGIONAL GLOBAL
EUROPE MARKET COMMUNITIES EcoNnomy
Economy
Macroeconomic growth + + 0 ++
Structural shift towards services + + + ++
Energy Technology
Autonomous Energy Efficiency Improvements + + ++ ++
Conversion efficiency 0 0 +
Nuclear - + =
Renewables + S + o
Coal - 0 -- -

Geopolitical situation *

Relation EU — Russia / Middle-East ++ 5 o ++
Relation EU — USA + ++ + ++

Environmental policy *

Global climate change policy + 0 0 0
National environmental policies + 0 + 0

Competition policy *

Competition at energy markets + ++ + ++
International transportation capacity ++ 0 i ++

Policies regarding security of supply ~ *

Regulation of storage of oil and natural gas + ++ ++ +
Regulation of electricity generation capacity ++ + ++ +

A '+ sign implies a moderate growth or improvement, a ‘++' sign implies strong growth or improvement, a ‘0’ sign implies low growth or
absence of policy, a ‘-* sign implies deterioration or phasing out.

Table 2.2 GDP per region per scenario (average annu  al % change in 2000-2040)
1980-2000 STRONG EUROPE TRANSATLANTIC REGIONAL GLOBAL ECONOMY
MARKET COMMUNITIES
EU15 2.2 15 1.9 0.6 2.4
USA 2.9 1.8 2.5 1.4 2.6
Non-OECD 2.3 4.2 2.0 3.4 4.6
World 2.7 2.5 2.3 1.8 3.1

®In 2000 energy input in services in Europe is about 80 toe per million $ value-added. The average over all sectors is 650
toe per million dollar value-added.

” Differences across scenarios are to a large extent related to per capita GDP growth. Higher income per capita leads to a
larger share of services in household consumption.
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Table 2.3 Services value-added in 2000 and 2040 (%G DP, excluding taxes)

2000 STRONG EUROPE TRANSATLANTIC REGIONAL GLOBAL ECONOMY

2040 MARKET COMMUNITIES
EU15 73 82 83 81 85
USA 78 86 87 86 88
Non-OECD 56 73 66 68 74
World 71 79 80 78 82
Energy technology

Improvements in energy technology are major fadtodetermining future energy demand.
Needless to say there are fundamental uncertattigserning technological progress.
Technology improvements can occur at differentestagf the production processes to deliver
end-use energy services. Power plants can becomeeéffiwient in the production of electricity
from coal or gas, firms and household may use (ireeltiding transport fuels) and electricity in

a more efficient way.

The technology improvements at the end-use stageaaght by the so-called Autonomous
Energy Efficiency Improvements (AEEI). ILGBAL ECONOMY these improvements occur at a
highest rate to generate the highest productivibyvth rates. In RGIONAL COMMUNITIES the
improvements are driven by society’s preferencesabilise on energy use in order to avoid
local environmental externalities from energy useé eeduce the dependency on foreign
imports. In SRONGEUROPEthe improvements occur at a lower rate becausevdiniel is less
focused to solve for any local environmental pratseand the climate policy accounts for the
necessary reductions of the energy intensitieallyinTRANSATLANTIC MARKET lacks an
environmental drive to enhance production proceissesms of energy productivity. In the
non-OECD, the AEEI grows at higher rate than in @®E@ainly through their current
inefficient use of energy, thus leading to catchimpgof their productivity to OECD levels. This
especially true in GOBAL ECONOMY where ‘openness’ allows for technology spill-overs
Conversion efficiencies in the electricity sectolidw the pattern of the AEEI. An exception is
TRANSATLANTIC MARKET, which assumes fewer improvements as compared tlig. AE

We assume no major breakthroughs in energy tecgynoldydrogen based fuel cells show
great promise for the future, but large scale @pfithn requires sharp cost reductions and
dramatic technical advances, and hence we havetliosot to play a major role in our
scenarios. Carbon-sequestration could also chdyegenergy picture. Low cost options could
strengthen the role of coal in future power genenatHowever, it is assumed to be of little
importance in the scenarios. Only climate policll emtail higher costs for fossil energy, and
hence boosts this option to limit the £€€missions in ]RONGEUROPE However, some shifts

in technology do happen. Energy production is stthlifelearning and this determines the cost
of production, and hence drives the market shaspetific technologies. Technologies will
become cheaper as they are applied more intenswelyet larger markets shares. Renewable
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energy (wind solar) and biomass pushed as an atteenn SRONGEUROPEand REGIONAL
COMMUNITIES will become more competitive. IRENSATLANTIC MARKET the use of coal, as

an alternative way to satisfy energy demand, l¢ad®wnward shifts in the learning curve.
Nuclear energy has a limited role to play. T/RENGEUROPEand REGIONAL COMMUNITIES the
perceived risks prevent the further use of nuckeergy in electricity production. Nuclear
energy is phased out. InLGBAL ECONOMY intense international relations, provide sufficien
alternatives for scarcer conventional oil. Thereaglirect need for an increased role for nuclear
energy. Only in RANSATLANTIC MARKET with problematical supply of oil and gas from
traditional suppliers, there is potentially an eased role for nuclear, although this is
counterbalanced by the expansion of coal throughigh learning rate.

Geopolitical situation

Geopolitical situations are rather harmoniousTR@GEUROPEand G.OBAL ECONOMY due to
the global orientation in these scenarios. As aequence, good relations exist between the
Western countries as large energy consumers arigattern countries, especially Russia and
the Middle-East region. INTRONGEUROPEhowever, climate policy affects negatively relato
between countries which are highly dependent oomrspf oil and the developed world. As
climate policy results in a decline in global adlinsumption, oil producing countries face a
deterioration of their government budget and hehe# opportunities for economic
development.

In TRANSATLANTIC MARKET, Europe and the United States prefer their muwtoaperation

above cooperation with other regions. Politicahtiehs between energy consuming and energy
producing regions are rather unstable. Governmarnte Western countries, therefore, aim at
reduction of their import dependency on oil anduraltgas. Alternative sources of energy, like
nuclear power generation and fuel cells, becomesrimportant within the supply of energy.

Environmental and energy policies

A solid global climate policy is only conceivable $STRONGEUROPE as this is the only
scenario which combines global cooperation withiremwnental orientation (see also Chapter
6). In this scenario, we assume climate policydooadance with the EU long-term climate
objective to keep average global warming below 2 This asks for swift and global action to
limit the emission of greenhouse gases. To asswest global costs, a cap-and-trade system
can be seen as an efficient instrument. Crucialhferdistribution of costs is the allocation of
emission permits over regions (burden sharing).adgime that after the first budget period of
the Kyoto Protocol (2012) a global agreement ished in which all regions accept assigned
amounts of emission rights. In other scenarios &ssumed that Kyoto will water down and no
effective restrictions on the use of energy in Pperwiill take place.

® This target is translated in emission profiles resulting into a stabilisation of CO2-equivalent concentration at 550 particles

per metric volume (ppmv) target in 2100.
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Environmental policies in BEGIONAL COMMUNITIES consist mainly of domestic and regional
measures directed to non-climate environmentakssacidification, emissions of small
participles, and depletion of the ozone layer). dtfer two scenarios do not show any
significant environmental policy.

TRANSATLANTIC MARKET and G.OBAL ECONOMY show fierce competition policies, leaving
production, transport and trade of energy for gaviams. The role of governments in energy
markets is restricted to regulation of competitiom. the contrary, BRONGEUROPEand

REGIONAL COMMUNITIES face rather strong governmental influences irstipgply of energy. In
addition, due to the absence of fierce competppiolicy, private firms will obtain significant
market power in these scenarios by means of ekpli@rgers) or tacit forms of collusion.
Competition in RANSATLANTIC MARKET is however not perfect, as it is in@BAL ECONOMY,
because of (geopolitical) restrictions on capagipelines and so on) for international transport

of energy.

The issue of security of supply is important iBcGRFONAL COMMUNITIES, due to the restricted
opportunities for international trade and the padit distrust in the ability of market forces to
arrange a secure supply of energy. Policies infiglid consist of regulations regarding storage
of oil and natural gas and regarding (spare) c&péami the generation of electricity. On the
contrary, in GOBAL ECONOMY hardly any attention is paid to this issue sifeedxcellent
international relations and efficient organised keés are believed to secure supply of energy.

In all scenarios, EU policies currently in placél wemain unchanged. These policies include
among others further development of the liberalisledtricity and gas markets in the EU.
Moreover, all scenarios assume further improveroéanergy technologies, preservation of
current levels of energy fuel taxation in real termxtension of natural gas supply
infrastructure and stringent regulation of acichnadllutants.
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3 Use of energy

Total primary energy use can be projected to nsthe coming decades, despite the fact that enesgy
per unit of output decreases with higher outpuélevincreased efficiency and structural shifts are
important determinants for the improvement in egeéngensities. In Europe growth in energy demarysla
far behind energy demand in developing regions

3.1 Economic development and the use of energy

This chapter describes the development of energyadd in the four scenarios. Total energy
use will continue to grow. Not only in advancedisties, but even more rapid growth can be
expected in developing countries. Demand for enegybeen rising in the past. Figure 3.1
shows demand for primary energy in a number oforegjin the period 1970-2000Where
industrialised countries showed a moderate groslieloping countries took the lead with a
growth rate almost double the world average. Tlomemic recession in the Former Soviet
Union and Eastern Europe had a downward pressueaengy demand.

Figure 3.1 Primary energy demand in selected region s, 1971-2000
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Energy use is driven by population, economic groavit technology. We factor energy
demand into output and energy per unit of outghe energy intensity. The energy-intensity,

° Figure 3.1 shows primary energy demand, including traditional bio fuels like wood. This energy source is of importance in
Asia and Africa, although its share can be expected to decline in the future. Correcting for this source lowers the demand for
Asia considerably, but the pattern of high growth remains intact.

1 Energy demand (E) can be decomposed in population (POP), output per capita (GDP/POP) and energy intensity (E/GDP),
the so-called KAYA-identity E = POP x (GDP/POP) x (E/GDP).
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Figure 3.2
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for its part, depends on the price of energy, redab other inputs in production, and on
(exogenous) technological change. Structural effamt important. An economy with a strong
shift towards services sees a large drop in enigtgysity and a corresponding moderate
growth in energy use. In general, a positive retagixists between economic growth and
structural shifts towards the service sector. Cgusgtly, economic growth decreases energy
intensity by means of structural changes. In agidjteconomic growth coincides with a higher
level of investments raising the level of energycéfncy.

Figure 3.2 illustrates the development of energgrisities in Europe, the US and Asia between
1970 and 2000.

Energy intensities in selected regions, 1971-2000

1970

1980 1990 2000

— Europe — USA Asia

Large differences exist between energy intensitgragregions. In general, rich countries have
lower energy intensity than less developed regiBngrgy efficiency tends to decrease with
economic development. A lower energy use per Uroutput reflects adoption of more
efficient technologies as well as shifts towards lenergy intense activities. In Europe and the
US improvement in energy intensity appears to lmngest in the seventies and eighties. In
later years this change is less pronounced. Tiaagtecline in energy intensity reflects the
strong efficiency gains in the wake of high enegpgiges. With economic growth energy
intensities can be seen to improve over time; cmintries have lower energy intensities and
from development over time, one can see that vwdtmemic growth energy intensity decline,
both in rich and poor countries. Still as Figurgé Shows, rich countries use more energy per
capita than poorer societies.
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Figure 3.3
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To explain energy use, two trends interact. Highéput drives up energy demand. Economic
development leads to improvement in energy effiies The former trend dominates and total
energy use can be expected to rise.

Energy demand

Global energy demand

Figure 3.3 shows the development of global prineargrgy demand in the four scenarios. The
historical growth in the period 1980-2000 is alkown. The grey band shows the range of
recent scenarios from the literature review.

Global primary energy demand, 1980-2040
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All scenarios, except forfRONG EUROPE show a prolonged growth in energy demand.
GLOBAL ECONOMY sees the largest increase with an average anraadtgof 2.3%. In 3RONG
EUROPE the use of energy hardly grows. Initially thesesiill some growth. However, the
introduction of a fierce climate policy resultstiend reversal. After the first budget period of
the Kyoto Protocol, emissions targets becoming naacemore binding. Taxes on the use of
carbon rise from 25 to 450 dollars per ton carlboR(40. As a consequence, there is a strong
substitution away from energy.

 Traditional biomass in not included. This affects the annual growth rates, especially in non-OECD regions. In 2000
traditional biomass accounted for 21% of total primary energy. Its share is expected to decline to a mere 7% in the future.
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Table 3.1 Use of primary energy (average annual %  change in 2000-2040)
1980-2000 STRONG EUROPE TRANSATLANTIC REGIONAL ~ GLOBAL ECONOMY
MARKET COMMUNITIES
EU15 1.0 - 0.6 0.9 - 02 1.3
USA 1.1 - 11 1.1 0.2 0.8
Non-OECD 15 0.9 2.4 2.3 3.2
World 1.3 0.1 1.8 1.4 2.3

Regional energy demand

There are large differences between regions. Taklshows the development of the demand
for primary energy in the four scenarios by redimnEurope, the USA and non-OECD regions.
To put the figures in perspective, historical treade also provided in the table. Considerable
differences exist between industrialised regiors @evelopment countries. Non-OECD regions
show the strongest growth in energy demand incalharios.

New member states

In 2004 ten new member states will join the European Union. Although, the focus in this study is especially on the old
member states (EU15), one might ask the question, how will energy markets in the new member states develop? Of
course, this depends on the starting position of these member states and on the development of the main driving forces.
We take Eastern Europe (Poland, Czech Republic, Slovakia, Hungary, the Baltic States, Romania and Bulgaria) as a
proxy for the new member states. In 2000 energy use per unit of demand in Eastern Europe is almost five times higher
than in the EU15. This leaves much room for improvement in the coming decades. On the other hand, output per capita
in Eastern Europe is much lower. In our scenarios the higher growth in Eastern Europe outpaces the stronger

improvement in energy intensity: energy demand grows at a higher rate in Eastern Europe than in Western Europe.

2.0

. 'l
SESE

T T

average annual change (%)

-1.0 -
Strong Europe Transatlantic Regional Global
Market Communities Economy

OEU15 O Eastern Europe
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Figure 3.4
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Energy intensities

Differences in energy demand can be partially érpthby differences in energy intensity.
Table 3.2 presents energy intensities for the pdet@80-2040. The energy intensity for the
world as a whole in 2000 is indexed at 100.

Energy intensities by region in 1980, 20 00 and in the four scenarios in 2040

(1 I

1980 2000 Strong Europe  Transatlantic Regional Global Economy
market Communities

O Europe OUSA Onon-OECD OWorld

There are large differences between regions. Eunapéhe lowest energy use per output, non-
OECD the highest. These energy intensities refleaimber of underlying factors, including
energy efficiencies and economic structure. A caoutftat is highly efficient in all sectors, like
the Netherlands, may specialise in heavy industdysdill come up with high energy intensity.
Also the question how much of the economic actiwitthin a country is captured in income
estimates is relevant. Developing countries quitenchave a high share of energy intensive
activities for which the economic activity does sbbw up in the official GDP. This causes an
upward bias in non-OECD indices.

Between 1980 and 2000 energy intensities falllineglions. Table 3.2 presents annual changes
in energy intensity for these regions in the pefi®80-2000 and for the scenarios. In the
OECD the average decrease was about 1.4% permrgsalting mainly from a high energy
conservation rate (about 1.4% per year). This hégdy was driven mainly by high energy prices
in the 1980s and government policies to increagmga in the use of energy. In fact, energy
intensity improvement rates were above 2.0% per gedng the 1980s. As conservation rates
fell in the 1990s also the primary energy intensitprovement rate declined to 1.0% per year.
A second factor contributing to the improvemenénérgy intensity has been the steady
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declines in energy production, in particular in &hectric power sector. The non-OECD
countries historically show a wide range of endrggnsity trends, with sharp declines in some
countries (e.g. almost 5% in China resulting frarorgg efficiency improvements and rapid
sectoral change) but increasing nearly constaangities in others (as a result of opposing
trends of efficiency improvement and industrialisa}.

Table 3.2

Europe
USA
Non-OECD
World

Energy intensity per region per  scenario (average annual % change in 1980-2000 and  in 2000-

2040)
1980-2000 STRONG EUROPE TRANSATLANTIC REGIONAL  GLOBAL ECONOMY
MARKET COMMUNITIES
-1.4 -21 -1.0 -0.8 -1.2
-1.8 -29 -14 -11 -1.7
-0.8 -3.3 -05 -1.1 -1.4
-15 -2.4 -05 -04 -0.8

This downward trend is projected to continue irf@lir scenarios. However, the improvement
rate in Europe is in most scenarios less than #86-R000 rate. This is the result of lower
energy prices (and thus lower conservation rakdgjeover, in all scenarios the sectoral change
towards the services sector slows down during @2010 period — which also has a
negative impact on the rate of intensity improvem8mnRONGEUROPEIS a special case. Energy
intensities fall at a much stronger rate due timgént climate policy. Especially inTSONG
EUROPEdrops in energy use can be explained by substit@imate policy levies a tax on the
use of fossil energy. Production sectors substiithier inputs for expensive energy. IndBAL
EcoNoMmYy average energy intensity improvement is 1.2% chjhtompared to the other
scenarios is a result of stronger trends towassdaergy-intensive industries but also stronger
efficiency improvement in electric power generatibhese developments follow partly from

the rising energy prices (see Chapter 4) B6IRNAL COMMUNITIES the energy intensity
improvement is particularly low as the lower ecomogrowth rates does not lead to a similar

decline in demand for energy-services.

Compared to Europe, energy intensity improvemeetrare generally somewhat higher in the
USA which can be mainly explained by the higherebgsar value, giving more room for
improvement. Again, for non-OECD countries theaion is diverse, with an improvement
rate of 3.3% in 8BRONGEUROPE as result of climate policies, but only rangingnfi 0.5-1.1%

in the other scenarios. Important factors heresaotoral changes (mostly from industrial to
service economy having a strong downwards influemcenergy intensity), fuel shifts (from
traditional fuels to commercial fuels, from coaldiband natural gas, in both cases resulting in
declining intensities) and technology improvemémiEurope and in the USA, the decrease in
energy-intensity in 8RONGEUROPEIs low compared to other regions. The main redsdimat

the OECD buys its way out, i.e. with a global maifke emissions permits, industrialised
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regions will pay other, developing regions to coynplth its targets. In return, the sellers of
emission permits reduce emissions below their targleeir energy intensities fall the most.

Structural effects play an important role in expiag shifts in energy intensity. Services sectors
use considerably less energy per unit of output tleavy industries. The more societies
become service oriented, the stronger the downbiasion energy-intensities. There are
differences between scenarios. Except foriRGGEUROPE energy intensities match the
share of services rather well (see Table 2.3).UoBAL ECONOMY the share of services is the
highest, energy intensities are among the lowastoh-OECD regions services are least
important in TRANSATLANTIC MARKET, accordingly, energy intensity is the highest.

Of course there is more to explain shifts in inig&s. Technological progress is another
important driving force behind declining energyeimsities. Production sectors tend to use less
energy per unit of out put as economies expand 3dvcalled Autonomous Energy Efficiency
Improvement (AEEI) is assumed to vary only slighigtween the scenarios. For OECD
regions, this AEEI ranges from 0,8% per year TR&GNGEUROPEt0 0.6% in GOBAL

Economy. Non-OECD regions are assumed to have a somevdtarhAEEI.

3.4 Carbon intensities
From the previous section we know how the fosséirgym markets will develop. Below, the
consequences are illustrated of the contributioth@fdemand for fossil energy to emissions of
greenhouse gases, i.e. we show the carbon intdosithfferent scenarios.
Table 3.3 Carbon Intensity (average annual % change  in 2000-2040)
1980-2000 STRONG EUROPE TRANSATLANTIC REGIONAL ~ GLOBAL ECONOMY
MARKET COMMUNITIES
Europe -0.4 -0.6 -0.1 -05 -0.1
OECD 0.0 -0.9 -0.1 -05 -0.1
Non-OECD -0.3 -0.6 0.0 -0.3 -0.1
World -0.2 -0.7 0.0 -0.3 0.0

Historically, the global carbon intensity declineckinly through the phase-out of coal in the
energy mix in the OECD, which accounted for aln@ispercent of the global G@missions.
In STRONGEUROPETthis declining trend will be pursued through thienate policy that will
result in emission reductions in especially the-@#CD region through emissions trading
(what's more important, energy reductions or fugitches?). In RGIONAL COMMUNITIES there
will be no climate policy, but the willingness afuntries to internalise the costs of local
environmental problems such as local ambient heatihlems and acidification will cause
countries to especially reduce the use of coabolih the RANSATLANTIC MARKET and the

41



3.5

FOUR FUTURES FOR ENERGY MARKETS AND CLIMATE CHANGE: USE OF ENERGY

GLOBAL ECONOMY there is no environmental awareness, and henbermcamtensities will grow

at a low rate.

Underneath the global developments lie differettepas evolving in both the OECD and the
Non-OECD region. The order of the changes of thbaraintensity across scenarios is the
same, but the Non- OECD region will reduce the garintensity at a lower rate than the
OECD, and even the sign of the rate of changerdifi¢/hereas the OECD will remain pushing
to reduce the carbon intensity in all scenariosé€pxfor the RANSATLANTIC MARKET

scenario), on the other hand the non-OECD regidinnerease their carbon intensity. The
reason is that in the OECD coal will be phasedoftihe economy through protocol agreements
on acidification, and the less carbon-intensivdsfgech as gas become more important. The
carbon intensity improvements by the non-OECD nedjio below those of the OECD, because
the non-OECD region will expand their productiopasity at a much higher rate than the
OECD. And this in turn implies more reliance orditimnal fossil fuels of the Non-OECD
region compared to the current demand for theds.fliae OECD will increase their carbon
intensity in the TM scenario as opposed to theidied trend in the GOBAL ECONOMY

scenario due to limited possibilities to import, @ihd hence the price differential between the
locally produced coal and globally traded oil wifiden in favour of coal.

The carbon intensity changes in the EU will folltve OECD average, but lie inLGBAL
EcoNnomy and SRONGEUROPEabove the OECD average because the current fuelantie

EU is less carbon-intensive.

Energy demand by carrier

Figure 3.4 shows the global use of primary energgérier in the four scenarios. For each
scenario the demand in 2040 for coal, oil, gasthadroad aggregate of non-carbon fuels is
shown. Also, a decomposition of primary energy gltre same lines is presented for 1980 and
2000 to put future developments in perspective.

STRONGEUROPESshows the largest changes. Not only the histigiog trend reverses, there

also is a strong shift from carbon intensive tdoarextensive fuels. Gas is a substitute for
coal; biomass and renewables are substituteslffirssil fuels. Climate policy and its
corresponding carbon tax bring about these radizahges. All scenarios show a rising share of
natural gas in total primary energy demand, bothbisolute and in relative terms. Biomass and
renewables become more and more important over Aftfeough not as dramatic as in
STRONGEUROPE but even in RANSATLANTIC MARKET the demand for these fuels doubles. Oil
becomes less important. Its share in primary enéegyand declines in all scenarios. Here, we
restrict ourselves to these general remarks. Moeeiic developments dealing with gas and oll
will be dealt with in Chapter 4.
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The whole picture

This study is about future energy developmentsitsnidipacts on natural resources. Table 3.4
summarises some of the elements determining fetiueegy demand and emissions. In this
table energy and emissions are decomposed alori¢ptfeeidentity. The table shows annual
rates of change of GDP, energy intensity and caifnsity. The resulting changes in energy
demand and energy-related £énissions are also givenin this way, Table 3.4 brings
together the different elements, as discussedrlieeaections.

Energy use is driven by economic growth and devekgs in energy intensity. A high GDP-
growth tends to be accompanied by a relative stdvog in energy intensity. Many factors
determine the decrease in energy intensities. figeing shift towards more service oriented
economies leads to a downward bias on energy iitiesig=urthermore, technological change
leads to more efficient use of energy. Prices alatier. A stringent climate policy drives up

(fossil) energy prices and induces a substitutioenergy for less expensive inputs.

Projections for the average annual growth ratenefgy demand range between 0.1% and
2.3%. This means that in a high growth scenatke, GLOBAL ECONOMY, energy use may
guadruple in the next 40 years. In a modest gresgimario, like RGIONAL COMMUNITIES,
demand still doubles. Effective climate policy, énant in SRONGEUROPE ultimately leads to
a trend reversal. Energy demand in 2040 hardlyedsedemand in 2000.

2 Emissions will be dealt with in Chapter 5 more comprehensively.
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Greenhouse gas emissions follow energy demandlgl@&®RONG EUROPEIS the exception. In
this scenario, energy and emissions drift apast @sult of a climate policy in line with the
long term goal of the European Union. High carkeotes will lead to fuel-switching.

There are large differences over regions. Devetppountries will catch up in the next
decades. This will make them the largest consunfezsergy and at the same time the largest
source of greenhouse gas emissions. While in 2080sa half of global energy demand comes
from OECD-countries, in 2040 this share decreasasnhere on-third.

Table 3.4 Elements of the KAYA-identity, World 1980-2000 and 2000-2040 (annual growth rates )

1980-2000  STRONG EUROPE TRANSATLANTIC REGIONAL  GLOBAL ECONOMY

MARKET COMMUNITIES

GDP 2.7 25 2.3 1.8 3.1
Energy intensity -15 -24 -0.5 -0.4 -0.8
Carbon intensity -0.2 -0.6 -0.1 -0.3 0.0
Energy use 1.3 0.1 1.8 1.4 2.3
Emissions® 1.2 -0.5 1.7 1.1 2.3

2 Energy related CO2 emissions

Table 3.5 presents similar numbers for Europe. @rawvEuropean energy demand falls short
of global demand. This is due to lower GDP-growtl atronger improvements (stronger
decline) in energy intensity. TESONGEUROPEIS the exception. As a result of the outsourcifig o
the emission abatement to developing countriesggrietensities in Europe decrease less than
the world average.

Table 3.5 Elements of the KAYA-identity , Europe 1980-2000 and 2000-2040 (annual growth rat es)

1980-2000  STRONG EUROPE TRANSATLANTIC REGIONAL  GLOBAL ECONOMY
MARKET COMMUNITIES

GDP 2.2 15 1.9 0.6 24

Energy intensity -14 -21 -1.0 -0.8 -1.2

Carbon intensity -0.4 -0.6 -0.1 -0.5 -0.1

Energy use 1.0 -0.6 0.9 -0.2 1.3

Emissions 0.6 -1.3 0.8 -0.7 1.2

Our scenarios compare quite well with scenariomftioe literature as reviewed in Chapter 2 (in
particular, Figure 2.1). Developments in Europe@P¢energy and carbon intensities fall well
within the range presented there. In general, ingmeents (declines) in carbon intensities seem
to be rather low. Our scenarios explicitly do ngbect major breakthrough in energy
conversion. Hence the role of non-carbon fuels iesiémited. Compared to our scenarios, the
EU reference scenario seems rather optimistic reiditive high GDP-growth and strong
declines in energy intensities (see also text box).
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Four Futures compared with IEA and EU

Recently, IEA produced its World Energy Outlook 2002. For the first time, projections for the European Union were
made. In 2003, the European Union made an assessment of energy and transport trends up to 2030. It is informative to
compare our scenarios with these recent baseline projections. The figure shows annual growth rates for the period
2000-2030 for the EU baseline (EC), the IEA outlook, and for our four scenarios.

Primary energy, GDP and energy intensity according to EC, IEA and Four Futures
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Primary energy demand in EC and in IEA grows at a similar rate. However, the main determinants, GDP and energy
intensity, show quite different patterns. Compared to IEA, EC is more optimistic about GDP-growth and improvements in
energy intensity. Our scenarios show large variation in GDP growth, with GLOBAL ECONOMY exceeding both EC and IEA
and REGIONAL COMMUNITIES dropping far behind. Improvements in energy intensity lag behind EC and IEA projections,
with the exception of STRONG EUROPE. As a result GLOBAL ECONOMY and TRANSATLANTIC MARKET show a higher growth

in energy demand than EC and IEA. STRONG EUROPE and REGIONAL COMMUNITIES hardly show any growth at all for
EU15.

All scenarios show an increase in the share of gas and a decline in the share of coal and oil. TRANSATLANTIC MARKET is
the exception. Gas demand (and oil demand) in this scenario lags behind, in favour of coal. The aggregate of non-
carbon energy gains importance in STRONG EUROPE, TRANSATLANTIC MARKET and REGIONAL COMMUNITIES, but its share
declines in IEA, EC and GLOBAL ECONOMY.

Share of Coal, oil and gas according to EC, IEA and Four Futures
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4

INTRODUCTION

Energy markets

In line with the four scenarios, we sketch futua¢hg for supply and demand of oil, natural gas and

electricity. Within the next decades, depletiosafventional oil and natural gas is not expected.

However, European import dependency will grow. Riaibn of oil will concentrate more and more in the

Middle-East. The Former Soviet Union and Northefrica will become Europe’s main suppliers of

natural gas. Dramatic price increases are not pobgsl.

4.1

4.2

Introduction

The key question regarding energy markets in thg term concerns the availability of energy.
This availability is challenged by economic growashthe latter coincides with increasing
demand for energy while most energy is still degifrdm non-renewable resources.
Consequently, economic development affects theipalyamount of fossil fuels available for
mankind. Less clear, however, is whether economuavtip diminishes the economic
availability of energy carriers. Will prices of &ikfuels rise as result of depletion in the next
decades, or will technological improvements andsstution within demand for energy
compensate for the depletion effect on energy ppidehis question will be answered for the
(global) oil market (Section 4.3) as well as ther@pean) natural gas market (Section 4.4). In
both sections, attention is paid to climate poti@@ad its impacts on demand for energy and
prices of fossil fuels.

The final section of this chapter is dedicatechm electricity market. As electricity is a
secondary energy carrier, depletion is not at steke. The core questions regarding this
market are by which techniques and fuels elecyrigitl be produced and how the price of this
energy carrier will develop.

Before we will answer these questions, a reflectietion is put in. This chapter starts with an
analysis of forecasts made in the past in ordeetore some lessons for our scenarios.

Lessons from past predictions

Most pas scenario studies regarding energy mafetssed on the oil market, while scenarios
of the natural gas and electricity market are ettt scanty and only have appeared recently.
The bulky literature containing forecasts and sdesaf the global oil market offers a good
opportunity to learn from past research. What éstthck record of the forecasts produced in the
past? Which factors explain differences betweeadasts and real figures?
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To start with the first question: oil market foretsamade in the past decades show a very poor
track record. Most price forecasts have been migiehthan the actual levels. Huntington
(1994) reports that almost all oil market modelsrgeredicted the actual oil price strongly the
actual real oil price in 1990 was no more than el of projections made at the beginning of
1980s. Lynch (2002) shows, as an example, the atiafuof oil price forecasts made by the US
Department of Energy (DOE) (see Figure 4.1). Allbforecasts produced since the late
seventies expected rising oil prices. At the toghefprice peak in 1981, DOE forecasted a price
of 140 dollars a barrel for the year 2000. Sin@nttihe forecasts have continuously been
lowered. In 1990, DOE expected an oil price of ntbhian 40 dollar in 2000. As we know now,
the actual oil price in 2000 was about 20 dollaslmrrel. The latest forecast of DOE shows an
oil price of 25 dollars in 2020.

Figure 4.1 Qil prices: forecasts of the US Departme  nt of Energy (DOE) and actual levels
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The over prediction of oil prices presented by matynarket analysts followed mainly from
underestimation of the price elasticity of both domsumption of oil and the supply from non-
OPEC countries. As, according to Huntington (19948, structure of most world oil models
has not changed much, we should be aware of thle thiat the rising oil price path over the
next decades being projected by many world oil fsodey simply an artefact of past biases —
over predicting demand and under predicting supgigside the cartel — carried further into
the future”.

In a recent paper, Lynch confirms this conclusigrgiving more evidence on largely over
predicted oil prices. Most forecasters expectadgiprices through the nineties, while
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“throughout most of the history of the oil industpyices were mean reverting, around
approximately $14 per barrel” (Lynch, 2002). Thghiprice forecasts followed partly from
misinterpretation of the Hotelling rule, which stathat net mineral prices (gross prices minus
marginal costs) should rise at the real rate @rext. This rule is based on the neoclassical
economic assumption that resource owners maxithesdiscounted profits from extraction and
sale of the resource (Cleveland et al., 1999héndil market, however, the price was and is not
determined by the marginal costs but by market pavidle the marginal costs of the marginal
producers (in the Middle East) are almost zero.ofdinig to the Hotelling rule, this net price
should rise with the real rate of interest whichuldoresult in a price path which is not justified
by the real scarcit}’

The Hotelling rule could hold if the size of thenaral in the ground is limited and well
known. As a matter of fact, both conditions are saitsfied. As Adelman (2002) states, “a
mineral stock at any moment reflects current kndgée— science and technology — hence
current costs. As knowledge and costs change, st timeistock, mostly up sometimes down.”
Reserves of minerals as oil are thus not limited emdogenous. Moreover, the size of the
reserves are all but perfectly known, which issttated by the fact that different types of
reserves exist, each one characterised by the Ipiiitpaf occurrence.

Other sources for the high price forecasts areipéss about resource availability and, again,
systematic underestimation of non-OPEC product@ssimism about availability of resources
stems partly from the widespread Hubbert approabls. approach is entirely based on
geophysical factors, comparing the ultimate recablerresources (URR) with historical
production. “Hubbert-type predictions of energygwotion assume there is a finite supply of
energy that is measurable; however, estimatessofirees and reserves are inventories of the
amounts of a fossil fuel perceived to be availaver some future period of time.” (McCabe,
1998) Adherents of the Hubbert approach, such agpBall (1997) and Bentley et al. (2003),
expect that global production of oil will reach geak within a relatively small number of
years, after which production declines inescapably.

Estimates of URR are static, based on historict, daithout giving sufficient attention to
technological improvements raising the recoverydiaof fields and decreasing the costs of
depletion. Consequently, estimates of URR expanitihiiy. Lynch finds an annual growth rate
of the ultimate recoverable oil resources of 29mifir statements can be made regarding other
primary energy resources. Stern (2002) concludesisiresearch of the security of European
natural gas supplies, that “despite substantiakaees in production, most countries have
greater — and some substantially greater — renganeiserves in 2000 than they did in 1981.”

13 Despite its clear economic underpinning, the Hotelling rule has a poor value in explaining prices of resources in practice.
One of the reasons for this is that “prices are often distorted as a consequence of taxes, subsidies, exchange controls and
other governmental interventions.” (Perman, et al., 1999). In addition, the Hotelling rule refers to the net price (i.e. market
price minus marginal production costs), which is not directly observable.
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Quoting McCabe (1998), we conclude, therefore, ‘thatduction histories of fossil fuels are

driven more by demand than by the geological abocelaf the resource”.

Another explanation for the tendency to overestinfature prices is the fact that the impact of
depletion on production capacity is overstatednshicro data on depletion and production
capacity to predict macro production ignores thpant of new field discoveries and improved
infrastructure and technology. Nearly all economidels have proved to be too pessimistic
about the production of oil.

What lessons can be drawn from the past experienite®il markets forecasts? Several
authors conclude, including the above mentioneat,dcbmpetition among producers and
technological improvement will reduce the costexifaction, counterbalancing the rising costs
due to depletion. Moreover, the price sensitivitylemand will prevent a strong increase of the
oil price in the medium and long term. Consequemflioting again McCabe (1998), “there
appears little reason to suspect that long-teroegdrends will rise significantly over the next
few decades”. This view is getting more and motfeers: “recently, an assumption of flat
prices has become common in long-term forecadtghah, 2002).

Oil market

Consumption

Figure 4.2 shows the global annual consumptiorilafwing the period 1980 - 2040. In the
past two decades, oil consumption grew with anayeannual rate of 0.8%. In the eighties,
global consumption declined due to the high oit@siat that time. After the decline in the oil
price in 1985, oil consumption rose again. Theentrtevel of global consumption of oil is
approximately 75 million barrels a day.

In GLOBAL ECONOMY, strong economic growth spurs the demand foypl¢ of energy
including oil. Global demand for oil reaches 15%liom barrels a day in 2040, which represents
an annual growth of 1.8% RRNSATLANTIC MARKET, with a lower annual economic growth
(see table 2.x) shows a global consumption ofnro#040 of approximately 130 million barrels

a day (1.4 % per year), while consumption EGRONAL COMMUNITIES stays flat at a level of
about 80 million barrels. The relatively low lews#lconsumption in RGIONAL COMMUNITIES
stems mainly from the low economic growth and matle@nvironmental policies.

Oil consumption in 8RONGEUROPEINcreases in the first part of the period, butrdases later
on to the current level of almost 80 million basrad 2040 (i.e. a zero growth after four
decades). The zero-growth iMEONGEUROPEIs the result of the fierce environmental policy
leading to high carbon taxes at the end of theasit@period (see figure 4.x). In the first half of
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this period, oil production inTRONGEUROPEIs growing due to the economic growth, but
afterwards production (and consumption of course)ides due the high end user prices.

43.2 Production
Figure 4.3 depicts the origin of the supply oftagdtorically since 1980 and in the four
scenarios? From 1980 to 2000, total production increased fghio 75 million barrels per

Figure 4.2 Consumption of oil; historically and in four scenarios, 1980-2040
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day. The increase in global oil production in §hésiod was mainly due to the fields in Europe
(+140%), South America (+ 90%), Asia (+60%) andicer(+33%). Production from the
Middle-East region showed a small increase (+1@8a)le Russian production declined
strongly ¢ 40%). The high oil prices in the eighties raisegdoiction from non-OPEC
countries, decreasing the market share of the OiR&@bers. In the nineties, OPEC restored
this loss of production. The decline in the Russiduproduction resulted from the strong
economic downturn in this country after structyralitical changes. These changes caused
lower domestic industrial demand and a declinerillirdy and capital investment. Following
privatisation in the mid-1990s, Russia should seesiases in production in the future. For a
further increase in production, the oil sector reegabstantial investments as the sector is
plagued by aging equipment, poorly developed fiedthsl deterioration of transport

infrastructure, as well as a confusing tax andlleggironment.

 Recall that future production is based on current proven reserves as well as undiscovered reserves. The former is, of
course, insufficient to meet the production levels foreseen in these scenarios. As has been the case in the past, exploration
activities add additional fields and additional oil from existing fields to the proven reserves. This dynamic process, in which
the price of oil is a trigger for its pace, is incorporated in the models used in this scenario study. In our analysis, we used
data from IEA (2002) stating that current global proven reserves amount to 959 billion barrels and the undiscovered
resources amount to 939 billion barrels.
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Figure 4.3 Production of oil, historically (1980 an  d 2000) and in four scenarios (2040)
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As seen in Figure 4.3, in the future the Middletzasl Russia will increase their production
and market share due to depletion of the fieldstler regions. In the first decade the depletion
of oil fields is compensated by new additions faflog from exploration activities. Afterwards,
several oil fields, among others those in Europkthe USA, will be depleted, while the size of
new additions will become insignificant. Conseqlyerthe share of the Middle-East region in
global oil production rises. In®BAL ECONOMY, however, reserves in the Middle-East reach
however their low point at the end of the perio@ ttuthe high production in the years before.
As a result, the market share of the Middle-Eagiorein Q.OBAL ECONOMY in 2040 is lower
than in TRANSATLANTIC MARKET (see Figure 4.4).

In the second part of the scenario period b@E&AL ECONOMY, non-conventional fields become
a major source of oil in this scenario, as investimevill be more and more directed to the
development of production from tar sand fields atiter non-conventional fields in Canada,
Venezuela and Russia. This development is enhamceethnological improvements
significantly decreasing the costs of productiothase fields. In 2040, production of this kind
of oil reaches a level of 35 million barrels pey d@aGLoOBAL ECONOMY. In the other scenarios,
production of non-conventional oil increases ad tvet at a much lower pace.

Production and exploration determine the extenhefdiscovered reserves. In the past two
decades, the size of proven conventional resenaeedsed with approximately 50% (see
Figure 4.5). The size of proven reserves is maietgrmined by demand developments, as was
concluded by McCabe (1998) and others. Increasmgashd and hence production raise
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The role of OPEC in the four scenario’s

The institutional structure of the oil market has been extremely important for the development of the oil price in the past
decades. In that period, oil producing countries organised in OPEC tried to influence the price of oil by strategically
withholding oil from the market. The track record of OPEC shows some successes, albeit this cartel has been less
effective than is often thought. “The two major successes attributed to OPEC — the price rises in 1973 and 1979 — had
more to do with the market conditions prevailing at these precise moments than to an OPEC show of strength. (...) The
OPEC golden age was neither in 1973 nor in 1979, but in 1974-8 when the oil price was held almost constant at a time
of emerging surplus supplies; and in 1982-5 when a catastrophic fall in prices due to a huge supply surplus was

moderated into a slow gradual decline.”(OIES, 2003).

In the short term, the efficacy of OPEC policy depends on, as history has shown, market circumstances. If the market is
tight, OPEC could ‘sail with the wind' and steer prices onto a higher path. If, on the contrary, total supply is abundant,
OPEC has difficulties in realising its targets. In the long term, the role of OPEC on the oil market is determined by the
global demand for oil, on the one hand, and the availability of oil in the producing countries on the other. These factors

differ fairly among the four scenarios.

In GLOBAL ECcoNoMmyY, oil fields in most regions outside the Middle East region become depleted around 2020, giving the
countries in the Middle East a larger market share. By the end of the scenario period, however, even the fields in the
Middle-East region reach their bottom. Consequently, the swing capacity of these fields is lower and, hence, the
capability to dominate the market. Moreover, supply from non-conventional fields expands steadily, raising competition

on the oil market.

In the other scenarios, exploitation of fields outside the Middle East region proceeds for a longer period, as global
demand for oil is at a lower level. As a consequence, market power of the major oil producing countries is challenged.
This holds in particular for STRONG EUROPE due to the decline in oil consumption in this scenario. This decline could

have a serious impact on the economies and societies of the oil producing countries.

Concluding, the oil producing countries remain significant players on the oil market in all scenarios in this and the next
decade. The scenarios differ, however, in the pace and the factors by which their market power is challenged. In
GLoBAL Economy the market power of the Middle East oil producing countries will grow in the first half of the scenario
period, but decline afterwards due to depletion and the growing supply from non-conventional sources. In the other

three scenarios, market power of OPEC is negatively affected by the relatively low demand for oil.

exploration activities and hence the size of prone=erves. Eventually, proven reserves are of
course determined by geological constraints, begetconstraints will not be active before the
end of the scenario period. Even indBAL ECONOMY, with the strongest growth in oil
production, proven reserves of conventional oil sueas approximately 300 billion barrels in
2040, which is about 30% of the current level afyan reserves. Besides these reserves, large

proven reserves of non-conventional oil will beikalde (see box ‘Non-conventional oil’).
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Figure 4.4 Production of oil; historically and in G LOBAL Economy, 1980-2040
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Non-conventional oil

Non-conventional oil differs from conventional oil as the former is produced while the latter is extracted. Non-
conventional oil includes “oil shale, oil sands-based extra heavy oil and bitumen and derivatives such as synthetic crude

products, and liquids from natural gas” (IEA, 2003).

Canada and Venezuela possess approximately 580 billion barrels of recoverable non-conventional reserves, which is
more than the entire reserves of conventional crude oil in the Middle East region (IEA, 2002). In Canada, the oil is
produced from oil-sands deposits. From these deposits, natural bitumen is extracted. Afterwards, it is mixed with lighter
hydrocarbons and processed in a refinery into upgraded crude oil. In Venezuela, extra-heavy oil is used as basis for the

production of crude oil.

The production costs of non-conventional have decreased in the last decade. Currently, costs are approximately 15
dollars a barrel. It is expected that the costs will decrease towards 10 dollar in near future. Due to several difficulties
related to the production of non-conventional oil, in particular related to the need of water and electricity, and
environmental impacts, extending the level of production takes a long period of time. The World Energy Council
concludes, therefore, in his recently published ‘Drivers of the Energy scene’, “although the resource base is large, and
technological progress has been able to bring costs down to competitive levels, the dynamics do not suggest a rapid

increase in this supply, but, rather, a long and slow growth over several decades.”

Current global production of non-conventional oil is slightly above 1 million barrels a day. In its latest World Energy
Outlook, the IEA (2003) expects that the production of non-conventional oil will grow to almost 10 million barrel a day in
2030.

54



Figure 4.5

1200 ~

1000 +

800 +

600 -

Billion barrels

400 +

200 -

OIL MARKET

Proven reserves; historically (1980 and 2000)and in four scenarios (2040)

4.3.3

1980 2000 Strong Europe  Transatlantic Regional Global Economy
Market Communities

O non-conventional O conventional

Price

Although levels of production differ significanthmong the scenarios, structural levels of the
price of oil are rather equal. Strong expansionilblemand in GOBAL ECONOMY affects

prices and hence supply. Consequently, oil producountries invest more in exploration and
production capacity, as has been the case in paatlds (see section 6.2). Although
conventional oil reserves near their depletiorhis scenario, non-conventional oil reserves will
be still abundant and sufficient to satisfy the dachfor oil. Summarising, technological
developments and market incentives prevent a ‘Hulgsak’ in global oil production with a

rather flat price pattern as result (see also Rg863).

The price of oil (in real terms, 2000%) rises frabout 22 dollars per barrel (which is the
average level in real terms since 1975) in 200érénind 30 dollars in 2040 irRANSATLANTIC
MARKET (see Figure 4.6). Ini&BAL ECONOMY the increase in the real oil price is somewhat
smaller due to well-established international jeditrelations. The relatively high price in
TRANSATLANTIC MARKET and G.OBAL EcoNomy follows from the combination of high

economic growth and absence of environmental patiegsures.

In REGIONAL COMMUNITIES, the average annual price remains at the fainhstamt level of 22
dollars a barrel. This flat pattern results priryafiom the low economic growth and, hence,
the low demand for oil. /RONG EUROPEshows more long-term volatility. In the first two
decades, the price of oil rises because of thedtgfaeconomic growth, while the
environmental policy is relatively weak in this jpet. The (shadow) price of emissions of
carbon dioxide lies in the range of 5 to 10 doljaes ton (see Chapter 6). Afterwards, however,
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environmental measures become fiercer, raisingsthedow) price of emissions to a level of
approximately 125 dollars per ton carbon dioXitle.

As a consequence of the rising (shadow) priceeise of oil products, the demand for oil
declines. We assume that the oil-producing cowntrighis region will continue striving for
control of the market. This could imply that thedeof production by these countries is partly
based on the marginal costs of the marginal pradugiside the Middle East. As a result, the
price of oil tends to that cost level, which is eppmately 20 dollars a barrel.

Although the long-term price of oil is expectedbmrather flat in all scenarios, large short-term
fluctuations are conceivable and very probabldistery has taught us. Disruptions within
supply, caused for instance by geopolitical fagtars able to cause significant changes in the
prices. In the medium and long-term, supply withwever, restore, supplemented sometimes
by demand responses, bringing the price back ttotigeterm path. After all, history has shown
that long-term price elasticity of demand, as waslisupply, is fairly high, though the short-term
elasticities are rather small causing the hightilitiain the price of oil in the short run.

% Besides these levies on the use of oil, the end-user prices of oil products (and other energy products) include several
other taxes in most countries currently. This holds, in particular, for the transport sector where, in some cases, more than
50% of the gross price follows from governmental levies. In all scenarios, these levies stay in place, albeit in a scenario-
specific pattern.
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Natural gas market in Europe

Demand

Natural gas is an attractive fuel. It is relativelgan and competitively priced. In the past,
demand for gas has gone up more than any otherTisl rising trend can be expected to
continue in the coming decades. However, two @litimcertainties may play an important role:
resource availability and policies to curb greerdgogas emissions. At a global level, gas
resources are more than sufficient to meet inceeimsgemand. The proven reserves of natural
gas exceeds current production approximately 68gjmwhile the remaining reserves, which
include proven reserves, expected reserve growthyadiscovered resources, are “equivalent
to between170 and 200 years of supply at curreées (GEA, 2002).

At the level of the European Union, however, a naisth between resource endowment and
demand could emerge in the near future. Output tfemJnited Kingdom and the Netherlands
will dwindle over the coming decades. Therefore,dependency of the European Union on
imports is going to rise. The EU imports are likedycome from the main current suppliers:
Norway, Russia and Algeria. This asks for incredsedstment in pipeline infrastructure and
sound contacts with European main suppliers. Fagmglations with these regions would
frustrate high imports. However, as gas-exportiogntries will need the proceeds of the sales
of natural gas, these countries have also an iiveetat invest in stable relations (Stern, 2002).

Another crucial factor is whether a stringent clienpolicy will be introduced. Such a policy
could result in fuel-switching, e.g. substitutingatfor gas in power generation, which reduces
emissions of carbon dioxide, but raises the consiempf natural gas. However, it is also
conceivable that stabilisation of the concentratibgreenhouse gases at a safe level will ask
for a more fierce transition and a more prominete for carbon free options, like wind and

solar energy.

Thinking about future energy demand, it is thougittvoking to construct scenarios along
those critical uncertainties. IlRENSATLANTIC MARKET, geopolitical factors play a crucial role.
The emphasis is on intense relations between Ewogé¢he United States, relations with
Russia and the Middle-East will be strainetRGNGEUROPEcaptures another uncertainty:

climate policy will ask for a transition in energyoduction.

Figure 4.7 shows demand for natural gas in the fi@ao Union in the period 1980-2040.
Historical growth for the period 1980-2000 is shoavrd projections for the future growth in
the four scenarios are given. In the past, demandds increased annually by approximately
3%. In Q.oBAL ECONOMY, this trend is pursued. In the first decades efstenario period
growth is projected to be even 4% per year. Laiés,growth decreases. Not only is economic
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growth lower in those years, also expected prices@ses imply that gas looses its competitive
position in favour of coal in electricity produatio

TRANSATLANTIC MARKET and REGIONAL COMMUNITIES, initially, show an increasing demand,
but in both scenarios the growth comes to a hatérsecond scenario period. The reasons for
this stagnation in both scenarios differ. IRANSATLANTIC MARKET, it is the constrained

supply and corresponding higher gas prices tha& pldwnward pressure on demand for gas; in
REGIONAL COMMUNITIES, it is low economic growth that drives down enedgynand. In

STRONGEUROPE gas demand is projected to decline whence résgiclimate policy takes off.

Figure 4.7 Demand for natural gas in the European U  nion; historically and in four scenarios, 1980 —-20 40
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The share of gas in primary energy demand growstantially in most scenarios. Figure 4.8 is
illustrative. This figure shows demand for gas geecentage of total primary energy demand
in 2000, 2020 and 2040 for the four scenariassIRNAL COMMUNITIES has the largest share of
gas. An emphasis on the local environment in ttéhario will induce a stronger substitution
from coal towards cleaner gas in this scenari®&TRONG EUROPE electricity demand is
curtailed significantly, due to climate policy fra2010 onwards. As a consequence, important
reductions in fossil fuels are from natural gass-®eed generating plants will no longer be
needed. An increase in renewable-based capacityhalps to save gas. Again, the lagging
behind of the gas share iRANSATLANTIC MARKET is due to supply restrictions and higher
prices.

58



Figure 4.8

0.40 -

0.30 A

0.20 -

0.10 A

natural gas (share in primary energy)

NATURAL GAS MARKET IN EUROPE

Share of natural gas in primary energy i n the European Union; historically and in four scen arios,
2000, 2020 and 2040

0.00

4.4.2

4.4.3

2000 2020 2040

O Strong Europe O Transatlantic Market O Regional Communities O Global Economy

Production

Around 2020, gas fields in the Netherlands anduhiged Kingdom are depleted, but Norway
has still huge amounts of gas. Production in Norigegimost equal to the new discoveries,
resulting in a stable volume of discovered reseMesway’s gas supplies are however fairly
expensive, due to the remote off-shore positiotheffields. Consequently, Europe’s internal

production declines in the first part of the scemand stabilises afterwards.

The growing gas consumption and the decreasinguptimeh within the European Union imply
that Europe’s dependence on natural gas impodirggo increase. This holds true for all
scenarios. Imports mainly originate from NorwaysRa, but also from Algeria and Iran. In
GLoBAL EcoNOMY, Western Europe imports approximately 85% of itssconption in 2040.

Price

The price of natural gas in liberalised markets the United Kingdom, has declined in recent
years as a result of growing competition. In ownseios, we assume continuation of the
liberalisation process in all European countrieading to more competitive market outcomes.
This holds particularly for G BAL ECONOMY and TRANSATLANTIC MARKET, in which

scenarios governments strive strongly for competitharkets. In the other two scenarios,
however, regulation of this network sector is legscessful in realising adequate conditions for

effective competition. Nevertheless, this scenastoswy also more suppliers
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coming from several directions to the European miatk addition, competition will be raised
by the growing importance of liquefied natural gasking importing countries less dependent

on natural gas transported by pipelines.

Consequently, all scenarios show a fairly flatgatiin the average annual price over the
current decade, because of favourable competitineitions, on the one hand, and abundant
supply of natural gas on the other (see Figure)4*Ilowever, when fields in Europe will
become depleted by the end of this decade, the pauold increase. This holds especially for
GLOBAL EcoNOoMY and TRANSATLANTIC MARKET. In the latter scenario, the relatively high
increase in price after 2010 is due to not welledeped relations between Western countries
and the main gas producing countries, raising thec#ty of natural gas in the former countries.
The natural gas producing countries direct, in $eisnario, their exports more to the Far East
as, in particular, China will show a strong incee@sthe consumption of natural gas.

In STRONGEUROPE price of natural gas shows a small decreaseeantl of the period due to
declining energy consumption caused by the higharataxes (see Chapter 6). The rather weak
impact of the declining consumption of natural gaghe price follows primarily from the

market structure. As governments do not succedtijsrscenario, in imposing fully effective
regulation measures regarding the natural gas maheemajor firms on this market will be

® The prices at the beginning of the scenario period are set on the level in 2000. Historical levels do not make much sense
because of the dramatic structural changes within the European gas market recently. The price presented in this report
refers to an average price for the several consumer groups. The commodity prices for large users are significantly lower
(approximately 0.15 euro/m3 or 4 dollar/mbtu) and for small users higher (approximately 0.25 euro/m3 or 7 dollar/mbtu).
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able to a certain extent to execute market powes. hore competitive setting, the decline in
natural gas demand would lead, of course, to migréfisant reductions of the price.

Figure 4.10 Price of natural gas in Europe; histori  cally and in four scenarios, 1990 - 2040 (wholesale  prices,
average of all consumer groups, excluding vat and e nvironmental taxes)
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4.5 Electricity market in Europe

451 Consumption
In the past, consumption of electricity followed B@rowth fairly closely as improvements in
efficiency of appliances were compensated for binareasing use of electrical appliances
driven by electricity, a process called ‘electidtfion’. Future consumption of electricity will
also be strongly related to the level of economangh. “Whatever the increased performance
of appliances such as refrigerators, the same basistill seems to apply to electricity, namely
that consumers will use as much energy as we dardafn fact, (...), electricity trends against
GDP display a linear relationship.” (WEC, 2003)

As GLOBAL Economy of all scenarios knows the highest economic growthill also show
the largest growth in consumption of electricitgdd=igure 4.11). Electricity consumption
within the European Union grows modest RANSATLANTIC MARKET. The other scenarios
show a fairly flat pattern, due to the fierce climaolicy and the low growth of the economy
respectively.
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45.2

Production

The European electricity market becomes and stagdyhcompetitive in RANSATLANTIC

MARKET and GOBAL ECONOMY. Anti-competitive tendencies, like increasing cemication of
suppliers, are adequately opposed by governmeulatigns. In SRONG EUROPE
competitiveness develops less since governmentargay directed to environmental and
equity issues. However, the reduction in demandtdiiee fierce environmental policies has a
reducing impact on the abilities of producers totod the market. The environmental policy
could, thus, have a positive side-effect on theeke@f competition. Competition increases also
in REGIONAL COMMUNITIES, due to the current regulation measures, butrigieaed by
insufficient international coordination of comptit policies.

The fierce global climate policy inTEONG EUROPEhas significant effects on the generation of
electricity (see Figure 4.12). Coal-fired produntfades away, while the production by gas
fired plants and sustainable techniques (wind rsolarease strongly. It is supposed in this
scenario that nuclear power production is partlgggid out in Europe. Although nuclear power
is a relatively expensive technique if all cosks taken into account, this technique will
maintain a position as supplier of base load iwEAL ECONOMY. In that scenario and
especially in RANSATLANTIC MARKET, the costs of storage of nuclear waste are niyt tiaken

into account making nuclear power a competitives@wof electricity.
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Figure 4.12
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Renewable generation techniques play a role oéaging importance inRIANSATLANTIC

MARKET and SRONGEUROPE In the former scenario, the growing importanceesfewables
(wind, solar, biomass, etc.) follows from sevegadtbrs, notably restricted supply of fossil
energy carriers, high economic growth and hengelanergy demand and strong technological
growth. The latter two factors are absent BEGRNAL COMMUNITIES, which leads to a limited

role of these renewable techniques in this scenario

In GLoBAL EcoNoMy, supply of gas and oil is abundant and pricebed¢ energy carriers are
relatively low, causing a growing role of plantefi by these energy carriers. The increase in
demand in RANSATLANTIC MARKET is mainly accounted for by coal-fired and nuclear

electricity generation, as the price of natural igaglatively high.

Price

The decrease in the average marginal cost of &iggtproduction, combined with a high level

of competition in the integrated European eledirioiarket in GOBAL ECONOMY and
TRANSATLANTIC MARKET keeps prices more or less stable, despite the surdemand.
Increasing concentration in the market causesrtiadl price peak around 2010. In later years,
further integration into a single European eledirimarket will offset this effect. Although
STRONGEUROPESshows also plenty supply of oil and gas, enviromtalepolicies lead to
substitutions within energy production towards aumtble techniques. These substitutions
follow particularly from governmental restrictiomaposed on nuclear and coal-fired
generation. As a result of these restrictions afm$titutions, marginal costs rise and, hence, the

price of electricity.
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Figure 4.13 Price of electricity in Western Europe in four scenarios, 2000 — 2040 (average annual pric e for all

euro cent/kWh
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Conclusions

Economic growth and environmental policies hdageificant effects on production,
consumption and prices of energy. However, regtriston the supply side, among which is
resource scarcity, do not have a major influencerm@rgy markets in this study. The reserves
of oil in the Middle-East could near their depletioefore 2040, in particular in a scenario with
a high economic growth. Even in that case, theajlebpply of oil will be secured by non-
conventional sources. Therefore, absolute scandithe supply side will probably not raise the
real price of oil in the next decades. In additiastructural increase of the price of oil is not
highly probable due to demand responses which woelithduced by such a increase.

Significant chances could occur within the regiostalicture of the supply of oil. The current
main suppliers from the Middle East region coultbaba bigger share of the global oil market
due to depletion of conventional oil fields in atlhegions. At the end of the horizon of our

scenarios, however, their dominant positions wélidhallenged by the growing production from
non-conventional oil fields.

Europe will become more and more dependent aigorsources of natural gas. This results
from the growing consumption of gas, especiallthie power sector, and from the depletion of
gas fields in Europe. In all scenarios, the imp@pendency grows to at least 70%. Due to an
abundant supply of natural gas in Russia and tltelMiEast, the supply of this energy carrier
will be mainly determined by geopolitical factors.
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CONCLUSIONS

Electricity demand in Europe could triple in theipd up to 2040 in case of high economic
growth. The price of electricity could however la¢her stable due to technological innovations
and increasing competition. The role of gas-firedver plants increases in all scenarios because
of economic as well as environmental advantagéisi®generation technique. This holds
especially for a scenario with a fierce environragpblicy restricting both coal-fired and

nuclear generation. The share of nuclear generdtramishes in all scenarios as result of high
costs associated with this technique and the grisimew, small scale, generation techniques.
However, nuclear power stays relatively importana iscenario with constrained relations
between gas-importing and gas-producing countries.

65



FOUR FUTURES FOR ENERGY MARKETS AND CLIMATE CHANGE: CLIMATE AND THE ENVIRONMENT

66



INTRODUCTION

5 Climate and the environment

The atmospheric concentration of greenhouse gasestieasing and will further rise in the coming 40
years from ongoing energy related emissions. Imtha 40 years the global temperature increase will
exceed the rise observed over the last 100 yegr20B0, climate change will be very similar across
scenarios, but beyond 2040 the impacts will noy tglcome larger, but also start to diverge betwiben
different energy futures. While the other enerdgtezl environmental impacts do differ across scarsar
this is primarily driven by changes in land-use amater demand. Developing countries bear mostef th

burden of climate change.

51 Introduction

In this chapter we will explore the impacts of eyyeemissions and climate change in the four
scenarios. We will focus our results mainly on ghebal scale, but will also pay special
attention to the results for Europe. Section Sa2tstwith the emissions of the six greenhouse
gases (GHGs) as mentioned in the Kyoto Protocalhwtan be aggregated in terms of LO
equivalent emissions and based on the Global WarRatential of the different GHGs. Also
we will discuss other emissions of polluting gathed indirectly influence the climate system

(aerosols and ozone precursors).

Figure 5.1 Analytical Scheme of Chapter 5
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Section 5.3 will take a global perspective and ys&d the changes in concentration of GHGs in
the atmosphere. Given the inertia in the climagtesy, the differences in climate effects
between the four scenarios are very small. Thezefoe will also dwell upon the conceivable
long-term effects (2100) of changes in greenhoasecgncentrations; using the IPCC-SRES
scenarios (see section 2.3). Section 5.4 will taga a more local perspective on the impacts of
climate change. In this study we have restrictadamalysis to the climate consequences on
biodiversity losses and water stress. Since nagt dithate change has an effect on these
environmental issues, we will broaden our scopenetier needed. Essentially, this means we
will also highlight changes in land-use patternhe&ese dominate the quality of nature (through
expansion of agricultural land and an increasestfiatence with ecosystems). The
consequences for water stress will be limited tamalysis of changes in the supply of water
from precipitation changes and the demand for wagerhanges in population and economic
activities. This chapter concludes with our maimdings.

5.2 Greenhouse gas emissions

5.2.1 Global greenhouse gas emissions by land use, industry, and energy for the four futures
Carbon dioxide emissions are the biggest contrittotglobal warming, and stem from land
use (burning wood and biomass), industrial producfe.g. cement production) and most
importantly the combustion of fossil fuels for egyeproduction and consumption.

Figure 5.2 shows the global emissions for all sdeeaAll scenarios, except fomr8ONG

EUROPE show a higher level of the global emissions in 26d@pared to 2000. INTRONG
EUROPE emissions will be reduced according to the Kyariatocol, followed by a global
emission strategy aimed at stabilisation of greesbh@ases in the atmosphere at 550 ppmv
CO,-eq’. This rather ambitious level corresponds withdbective of the EU climate strategy
(see also 5.3.2). Generally, emission abatemeitipelead to a de-coupling of carbon dioxide
emissions and energy services. It results frongiefiicy improvements and replacement of coal
by renewables, nuclear energy and biofuels.HGIBNAL COMMUNITIES the moderate

economic growth and the focus on local environnigniablems also leads to some move away
from fossil fuel use — and thus to lower GHG enaissi Climate policies do not play any role

in the worlds of GOBAL ECONOMY and TRANSATLANTIC MARKET, and other environmental
policies are not making a decisive difference eithethese two scenarios fossil energy
consumption and accompanying carbon dioxide entisgijoow considerably, leading to a

strong divergence of emissions.

" Besides CO,, the other GHG emissions expressed in CO; equivalent are the sum of emissions of CH,4, N,O, HFCs, PFCs
and SF6, aggregated to CO, equivalents using scale factors depending on the 100 year global warming potentials (GWPs)
provided by the IPCC (TAR Report, 2001). The global warming potential (GWP) describes the cumulative effect of a gas
over a time horizon (usually 100 years) compared to that of CO,.
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GREENHOUSE GAS EMISSIONS

Figure 5.2 illustrates the dominance of energyteel@arbon dioxide emissions over carbon
dioxide emissions from industrial production anddaise. The current share of energy-related
emissions in total emissions is about three-quarigne other two sources become even less
important over time in all scenarios without climgilicies. This is due to an increase of
energy consumption and accompanying carbon digxmissions (in lower income regions in
particular). Future emissions from industrial protifon and land use increase at a lower rate in
all scenarios. Only inTRONG EUROPE the global climate policy yields energy-related
emissions to remain at around the 2000 level. Tizepaly a limited scope to limit land-use

emissions.

Figure 5.2 Emissions from CO ,, CH4 and N,O through energy combustion, industry processes and land-use

in al scenarios (in CO ; equivalents)
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5.2.2 Emission profiles for SO , and NOy

Fossil fuel combustion is also the main sourceuttsur dioxide (S@) emissions. Coal plays a
dominant role, given its relative high sulphur earit Deposition of sulphur dioxide and
sulphate is one of the main causes of acidificatiosoils and water. Acidification is damaging
to vegetation, terrestrial and aquatic ecosystéritical levels are exceeded, and also causes
damage to materials, buildings and monuments.drattosphere SQvith other pollutants
convert to fine particles. This leads to highertawscentrations at the ground level, causing
respiratory health problems. But the fine partictethe atmosphere also reflect sunlight, and
therefore have a strong cooling effect on the dé@nBue to their relative short lifetime in the
atmosphere, this effect is concentrated in regiamsre the emissions occur (mainly in the
Northern Hemisphere). However, there will be sultsahemission reductions, which are
brought about policy measures such as fuel switchimarge-scale desulphurisation, which are
typically large-scale and in most cases have aoratiothing character.
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Figure 5.3 plots the global S@missions for all scenarios. Historically, thelibSQ

emissions were dominated by the USA and Europehande the decline was driven by
sulphur policies such as the Clean Air Act in tieA)and UN-ECE Sulphur Protocols for pan-
Europe. The global S missions of RANSATLANTIC MARKET lie above GOBAL ECONOMY.

The reason is that the demand for coal in the noneX | region dominates the future SO
emissions. Currently the OECD ranks among the frgmitters of sulphur dioxide, and sharp
reductions will occur for all scenarios over theniag decades due to the Amendments of the
Clean Air Act in the USA and the 1999 UN-ECE Gothery Acidification Protocol for pan-
Europe. In Asia emissions are currently moderdselye, and for China very large. The
increase of emissions anticipated in India and &f8rstaggering. They play a dominant role in
the global increase as foreseen RANSATLANTIC MARKET and G.OBAL ECONOMY. Emissions

in Asia will continue to grow as the combined réstfleconomic growth and an increasing
population. The only way to counter the impactthefalarming sulphur dioxide emission
trends in Asia is the introduction of stringent Bommental policies. In two scenarios relatively
strict policies are assumed; i.e. TRONGEUROPEas a side effect alimate policies (emissions
trading) and in RGIONAL COMMUNITIES directly driven by concerns over local health effec
The drive of non-Annex | countries to reduce,®@issions in high economic growth scenarios
is more important than in low economic growth scersabecause of internalisation of
environmental damages in the cost of production.iBGLOBAL ECONOMY the impacts of

these policies are completely offset by an incredisetivities — which still results in rising
sulphur emissions. Finally,TEONGEUROPEIs an important example of the synergies that can
be gained between changes in the energy systerodaddwy participation in a global emission

trading scheme and the reduction of regional aaodllair pollution.

Emissions of nitrogen oxides (NJOstem from the combustion of fuels by freight agsenger
transport, biomass burning, and lightning. But aigsorobiological emissions from soils are a
significant source. Emissions of N@ontribute to acidification and the generatiormpbne
(Oy) in the troposphere, causing summer-smog witlceffen human health, vegetation and

materials.

Figure 5.4 presents the emissions in Europe fora®@ NQ. The pattern of NQemissions is

the same as for Geequivalents. An exception is that in case of,NTRANSATLANTIC MARKET

will yield more emissions thanl®GBAL ECONOMY. The reason is thatl®GBAL ECONOMY

exhibits more economic growth, especially in the-Amnex | region, with associated growth

in transport demand. This economic growth alsay#ig the non-Annex | region, especially
Asia, to account for environmental externalitieshie cost of production and hence increasingly
decoupling the growth of emissions from production.
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Carbon dioxide and nitrous oxide AB)) have long atmospheric lifetimes and accountrfore
than 80 percent of GHG emissions, and the accuionlaf these gases occurs over hundreds
of years. Methane (Cjlaccounts for only 15 percent of the GHG emissibas a much
shorter atmospheric lifetime but rather strong iotma the radiative forcing. Therefore, the
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changes in methane emissions lead rather quickdfiaages of concentration level of GH&s
The level of the concentration of G{ the atmosphere in 2040 will be dominated by the
accumulation of energy-related emissions of the @ad only to a small extent depend on the
emissions of the different scenarios. But beyordl02€he concentration level will increasingly
depend on scenario-specific futures of emissiomd the resulting differences in concentrations

will also prevail for rest of this century.

Table 5.1

CO3 eg.
CO,

Global Concentration in 2040 in all scena  rios (ppmv, in CO , and incl. all Kyoto gases in CO ;eq.)

1980 2000 STRONG EUROPE  TRANSATLANTIC REGIONAL GLOBAL
MARKET COMMUNITIES Economy

375 423 520 609 558 627
340 375 443 485 455 500

53.2

Table 5.1 shows the atmospheric concentrationefitkenhouse gases covered by the Kyoto
protocol in 2040. The concentration level will \igthin the relatively narrow range of 443-500
ppmv CQ, mainly because all scenarios share the sameihisimumulation of greenhouse
gases and the future global greenhouse gas ensssidy gradually diverge between the
scenarios. GoBAL ECONOMY yields the highest concentration, because of theease in
economic activities. BRONG EUROPEmarks the lower end of the range. TRENGEUROPE the
climate policy adopted aims to concur with a loagx stabilisation of greenhouse gases in the
atmosphere at 550 ppmv (measured ag-€fbivalent). The 550 ppmv stabilisation level is
associated with a global temperature change tlattisipated to yield limited risks from

climate change. At median to low climate sensiivihe 550 ppmv stabilisation profile will

also in the long run comply with the EU-target 8fClsius increase above pre-industrial levels
(IEPE et al, 2003).

Temperature

The concentration of GHGs in the atmosphere wiliéase, and in turn with a delay lead to an
increase of the temperature level. Besides theeaeatyre level, the rate of temperature change
is even more important for sensitive ecosysteme.réason is that ecosystems may not be able
to adapt at high rates of temperature change. Rasgalicates that in order to avoid dangerous
climate impacts, the rates of temperature increheeld stay below 0.2° Celsius per ten years
(WBGU, 2003). Figure 5.5 shows that beyond 2015 e of this change will exceed 0.2°
Celsius per ten years in all scenarios. OniR@ANGEUROPEShows a decline below the 0.2°
Celsius at the end of the scenario period.

*8 The rules for aggregation of emissions of different gasses is based on their Greenhouse Warming Potential, whereas for
concentrations it is based on characteristics with respect to radiative forcing, see IPCC TAR Report (2001) for more details.
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Figure 5.5
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Up to 2020, the rate of temperature change isitjigest in SRONGEUROPE The reason is that
CO, emissions trading will enhance a fuel switch inafasway from coal, and therefore reduces
the SQ emissions, and thus also - on the global levetuces the temporary cooling effect. At
the same time, acidification in Asia will diminitlecause of the climate policy, which
especially reduces the demand for coal. But it a¢edbe emphasized that the cooling effect
from SG emission is a local phenomenon, whereas temperatareases from G&missions
have a global character. The reduced cooling effdcespecially be felt in China and India.
Still in the long run, the climate policy imrSoONG EUROPEWIll intensify, and thus leads to a
declining long-term rate of temperature change. dther scenarios all show for the period
beyond 2010 an ongoing increase of the rate of éeatpre changes. EXCERANSATLANTIC
MARKET shows for the 2025-2035 period a declining rateeofperature, which can be
explained from a rapid expansion of coal demantién2020-2040 period. The highest rates
occur in GOBAL EcoNnoMmy, the compounded effect of high energy demands apthisu

reduction measures.

Figure 5.6 shows the temperature change over tfrak scenarios, they follow the GHG
concentrations but with considerable delay. Hetlmerange between projected climate impacts
per scenario for 2040 is smaller than the randetafe concentration levels. The temperature
change in the year 2000 is equal to’@@lsius (compared to the pre-industrial age),and

2040 will increase to 1.5-1°€elsius for a median climate sensitivityHence the coming

* The climate sensitivity is defined as the equilibrium global mean surface temperature increase resulting from a doubling of
the CO; concentration. Given the many uncertainties in the climate sensitivity, the IPCC has defined a range from 1.5 °
Celsius to 4.5 °Celsius with 2.5 °Celsius as the media n value, which is used in this report.
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decades will show a considerable more rapid tenyrerincrease than has ever occurred since
the start of the industrial age. However, givengheenhouse gas concentrations by 2040,
further increases will inevitably follow. It is pgible to get some estimate of these already built-
in temperature changes by comparing the scenafibésostudy to the IPCC-SRES scenarios.
With the median climate sensitivity they range frarremperature increase in 2100 of 2.4 to 3.8
%Celsius compared to the pre-industrial age. In 28éQupper end of the ranges coincides well
with the G.oBAL EcoNomy and the lower end is more close teARONAL COMMUNITIES.

Figure 5.6 Global surface temperature change (since the pre-industrial age) in all scenarios
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The long-term stabilisation of GHGs in the atmosplie SSRONGEUROPEWIll, under median
climate sensitivity and with a declining rate afnfgerature change by 2040, may limit
temperature increase t8 Qelsius by 2108. This implies that the climate policy ilmSoNG
EuroPEstill complies in that yeawith the EU policy target, which aims for globalagegies to
remain within 2 Celsius temperature increase compared to thenpleesirial level.
5.4 The Local environment
54.1 Threats to natural vegetation and biodiversit vy

The rising global temperature will pose a threatuoent natural vegetation. Local temperature
regimes may become sub-optimal for current speaigs$ migration is a slow process, at times
also hampered by natural (mountain ranges, lardgerwadies) and anthropogenic (urbanised
and agricultural land) barriers. The more rapidtéraperature increases, the less possibilities

plant species have to adapt to changing circumetatie Figure 5.7, the climate effects on the

2 with a low to medium level of climate sensitivity.
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Figure 5.7

THE LOCAL ENVIRONMENT

natural vegetation are depicted for Europe. Whehaaging climate forces natural vegetation
types to shift, the rate of temperature change iesovery important. When climate change
occurs too fast, some natural ecosystems cannpt elthis rate of change. Consequently,
degraded forms of this natural vegetation type @adttur, leading to possible negative
consequences. If the climate change occurs aterlmte, ecosystems have more time to shift
and adapt to the changing climate. Figure 5.7 ritagpshreat to ecosystems for Europe. Green
areas will experience no extra threat from clin@tange. The orange areas are the ones that
will experience a threat, and hence change withaytpossibility to adapt. Finally figure 5.7
also includes a yellow category that depicts tharsas that will experience climate change but
are capable of adaptation.

As with temperature changes there are also harglyld@ferences across scenarios with respect
to the threat to vegetation. This also holds fgiages and countries outside the EU. Figure 5.7
shows that the EU will be harmed in Central Eurceythwest of France close to mountainous
areas (Pyrenees and the Alps) with vulnerable etes)s and in Scandinavia and Russia
through relative strong temperature changes aehilgititude. The mountainous areas are
particularly vulnerable because ecosystems atditifndes have limited scope to shift much
higher.

Threat to natural vegetation in 2040 in ~ GLOBAL EconoMY

I:I change without adaptation |:| change with adaptation \:I no change
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Uncertainty on the relation between changes of the global concentration of GHGs and global temperature

One of the crucial factors determining changes in global temperature from changes of concentration of GHGs in the
atmosphere is the climate sensitivity. The climate sensitivity is described as the equilibrium global-mean surface
temperature increase resulting from a doubling of CO,-equivalent concentrations. The IPCC estimates the range of the
climate sensitivity between 1.5 and 4.5 °C, with a median value of 2.5 °C (IPCC, 2001). For the median climate
sensitivity (used in this study), the climate policy of STRONG EUROPE (550 profile) - if also pursued beyond 2040 - results
in about 2T increase in the very long run. If the climate sensitivity would be higher, then the EU target cannot be met
by the climate policy of STRONG EUROPE. If it were to be lower, then the climate policy can be relaxed to meet the EU

target.

However, climate change is just one factor afferthe natural domain. This also depends on
other environmental stresses such as changesdrutsn To assess the relative importance of
this factor, we also broaden the analysis by ifolgidmpacts on biodiversity from the strongly
differing land use patterns in the scenarios. Tat?esummarises qualitatively the losses of
biodiversity in different regions in all scenari@odiversity depends on land-use, population
densities, primary energy use, the rate of temperathang®, and the clear-cutting of forest.
Globally, TRANSATLANTIC MARKET, REGIONAL COMMUNITIES andGLOBAL ECONOMY show the
same losses. By contrast,RONG EUROPEleads to significantly lower losses from land-
extensive agricultural production, less deforegtgtand the climate policy.

The OECD region will experience fewer losses tham-Annex | because of different reasons.
First, the OECD has less ecosystems left todapagpared to many non-Annex | regions.
Second, population densities will increase in the-Annex I. Third, as income grows in non-
Annex |, their consumption of agricultural good€tsto more land-intensive products, which
will lead to more land-use at the expense of fegksireas. Finally, also the rate of temperature
changes will be higher in the Southern HemisphEhe. benefit in OECD in BRONGEUROPE

will even be absolute, mainly because the ratemierature change will be lower than in
2000. In GoBAL Economy specialisation away from land use intensive adgisitvill reduce

the losses compared to Non-Annex |.

Table 5.2 The Quality of biodiversity by 2040 (comp  ared to 2000)
STRONG EUROPE  TRANSATLANTIC MARKET ~REGIONAL COMMUNITIES GLOBAL Economy

EU-15 + = 0 -
OECD + - - -
Non-Annex | - o -
World 0 _— -

Legend: 0 =no losses, - = little losses, --- = large losses

% please note that the rate of temperature change is used in this study to analyse the impacts on biodiversity (and not the
absolute level of temperature change).
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5.4.2

THE LOCAL ENVIRONMENT

The reasons for the impacts in the EU to be diffetiean in the OECD differ per scenario. In
TRANSATLANTIC MARKET and REGIONAL COMMUNITIES, the EU will grow at a significant

lower rate than the rest of the OECD. Thus landatehwill also be lower as compared to the
rest of the OECD, and biodiversity impacts dueogslof area will be less. InLGBAL

EcoNomy economic growth develops at a comparable rate #einest of the OECD and hence
biodiversity losses are similar. IMSONGEUROPEthe biodiversity gains in the EU will be
slightly less than in the rest of the OECD fromaalsation in land use intensive activities (see
also RIVM 2004). Finally, these results differ samhat from the heavily debated results
presented in Thomas et al (2004), which indicatessin the EU equal to 6-20 percent. The
major differences with the approach in Thomas €2@04) are that here changes in the land-
use pattern and the possibility of lower global €sitins such as inrTSONGEUROPEare taken

into account. The climate policy imSoNG EUROPEWiIll lower the rate of temperature change
by 2040 (compared to 2000) and combined with Iessahd for land will even lead to a gain in
biodiversity in the EU (and the OECD). The biodsigr gain would have been larger if the
climate policy (the EU target of Zelsius temperature increase) would have exclbiEdass

as an option to reduce G@missions. The reason is that the expansion ofidss production
requires a significant amount of land.

Water stress: precipitation changes and water demand

The rise of the global temperature is a climateafthat will lead to more evaporation and
precipitation as the hydrological cycle becomeseanotense with higher temperatures. Figure
5.8 illustrates the change in the average annegigtation surplus (precipitation minus
evaporation by vegetation) in 2040 compared to 20@Be EU. As the precipitation surplus
strongly depends on the temperature change, thettgaadly any differences across scenarios.
There will be more water available in the NorthEurope and less water available in the
Mediterranean. At the global level, the precipa@atsurplus will rise in the Northern
Hemisphere, but will decline in the South. The ictpaare severely negative in India, and
South America, but positive for the USA.

Similar to the biodiversity impacts discussed ahdhere is more to the water issue than
climate change. While climate changes the wateplgugvailable for various purposes already
at unchanged land-use patterns, other scenaridgfispevelopments influence both supply and
demand. Confronting the supply and demand sideatpémmarkets in the scenarios illustrate
the tensions that will evolve on these marketsiasgnted by the water stress indicator. Water
demand, excluding rain-fed agriculture, dependpapulation, industrial production, electricity
production, water demand technologies and irrigatio
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The natural capital index in the scenarios

The threat to vegetation and other animal and plant species and land-use changes are two developments that drive
changes in biodiversity. To capture the compounded effect, the ‘Natural Capital Index’ (NCI) is developed (REF!). This
index approximates the terrestrial biodiversity of natural ecosystems and agricultural land. Biological diversity — or
biodiversity - is the term given to the variety of life on Earth and the natural patterns it forms. This diversity is often
understood in terms of the wide variety of plants, animals and micro-organisms. Biodiversity loss occurs when natural
ecosystems are reduced through conversion to agricultural or urban use and/or when natural ecosystems are
degraded (loss of quality). Such degradation of terrestrial and aquatic systems occurs due to a mix of human
influences, such as climate change, chemical pollution, disturbance due to fragmentation from infrastructural
developments or due to tourism, hunting and gathering. All such influences reduce both the distribution and the
abundance of animal and plant species. A general effect is that the abundance of many rare species declines, while

the abundance of some — mostly common — species increases, resulting in increased uniformity.

Natural Capital Index in different scenarios (index 2000 = 100)

STRONG EUROPE TRANSATLANTIC REGIONAL GLOBAL ECONOMY

MARKET COMMUNITIES
2020 2040 2020 2040 2020 2040 2020 2040
EU-15 89 108 89 90 96 98 86 80
OECD 91 111 87 86 93 94 85 80
Non-Annex | 79 90 77 69 82 73 72 60
World 84 100 82 77 87 83 78 69

The table shows the biodiversity losses expressed in the changes of the Natural Capital Index indicator (indexed to
100 for the year 2000) for different regions. The NCI is determined by a quality index between 0 and 100 on the basis
of the age of ecosystems. Natural ecosystems older than 100 years are indexed to a quality value of 100 and this
value is linearly decreased to O at the age of 0 years (when it is urban area or agricultural land). In addition, these
values between 0 and 100 are decreased in relation to the sum of different pressures on the ecosystems. The
pressures taken into account, are rate of temperature change, population density and energy use. See the Global

Environment Outlook-3 for more details on this approach (United Nations, 2002).

The increases of the demand for water are thusascespecific. Table 5.3 below shows the
demand for water in different scenarios, but withaigation. On the global levelTRONG
EUROPEshows a decline in the demand for water, where&msdRIAL COMMUNITIES and

GLoBAL EconoMY show a moderate increase in the demand for wat@RANSATLANTIC
MARKET the high population growth and inefficient use @iter, lead to the strongest growth in
total demand for water, especially in the non-Anhexgions. GOBAL ECONOMY and

REGIONAL CoMMUNITIES will both show a moderate increase of water denarite global

level, although there are different underlying emu®Pespite high economic growth per capita,
GLoBAL EcoNOMY has a lower growth of the population, and rapifudibn of efficient water
demand technologies InERIONAL COMMUNITIES the low population growth reduces water
demand, but the electricity production expansiamssks the total demand for water.
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Figure 5.8 Precipitation Surplus, changes in 20401 n GLOBAL EcoNnomY compared to 2000
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Although the ranking of the scenarios with resped¢he growth rate of water demand is the
same for all regions, the level of the growth iiateegion-specific. All scenarios show increases
of the water demand in the non-Annex | region, beegopulation and economic growth are
higher as compared to the OECD. In the OECD, wdgerand will still fall in GoBAL

EcoNnomy from the rapid technological development in watse-technologies. High economic
growth, if starting from already high consumptienéls, is clearly decoupled from the demand
for water. And in the OECD the climate policy fuetHowers the demand for electricity, thus
also further lowering the demand for water. EXGRONAL COMMUNITIES, the EU-15 demand for
water declines twice as strong as in the other OE&gjibn, because in the EU economic
growth lags behind and local environmental awarefigsher lowers electricity demand.

Table 5.3 The growth of water demand by households and industries (average annual % change in 2000-
2040)
STRONG EUROPE TRANSATLANTIC REGIONAL GLOBAL EcoNnOMY
MARKET COMMUNITIES

EU-15 -17 0.3 -1.0 -1.2
OECD -15 0.5 -05 -11
Non-Annex | 0.5 2.6 1.4 2.0
World -05 1.6 0.5 0.6

Water stresss defined here as the long-term average of arseraand -to-supply rafié This
ratio describes how much of the average annualvaile water resources of a river basin are

% This indicator is derived from water stress, including also the demand for water for irrigation purposes (about one third
globally). This will be explained in more detail in RIVM (2004).
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withdrawn for human purposes. In principle, thehieigthis ratio is, the more intensively the
waters in a river basin are used, which reducegeivater quantity or water quality, or even
both, for downstream users. According to this Jddéawater stress decreases when either water
withdrawals decrease and/or water availability éases. Below Table 5.4 qualitatively

highlights the most important results of this irsdar.

It can be seen that in three scenarios global veatess will rise, because the global demand for
water will increase stronger than the availablepbupOnly STRONG EUROPEWIll show no
deteriorating water balance, because the demandeudiline. Table 5.4 also shows that at the
regional level opposing trends emerge: a worseairge situation in Non Annex I, and an
improvement in the OECD. The reason is that in sparés of the non-Annex | region the
precipitation surplus will decline severely, whexyd¢lae demand for water will increase very
rapidly in all scenarios because of high populatiad/or economic growth. The OECD

position will improve with respect to water strelsscause population does not grow much and
technologies will reduce the final demand for wa@n the water supply side, large parts of the
USA and Canada and to some extent also Scandinéleso see an increase of the
precipitation surplus. As a result, table 5.4 shived the OECD will experience a strong
decrease of water stress indBAL ECONOMY and SRONGEUROPE and a moderate decrease in
REGIONAL COMMUNITIES. The ranking of the scenarios with respect targacts on the EU is
the same as for the OECD, but the impacts arereitl@ver reduction or a higher increase of
water stress. Within the EU, the population of Mediterranean will be affected in the long run
with more water stress, showing up in reduced wauetity and less supply, especially with the
relatively high economic growth inRENSATLANTIC MARKET and the slower improvement in

water use technologies.

Table 5.4

EU-15
OECD

Non-Annex |

World

Water stress without irrigation (compared to 2000)

STRONG EUROPE TRANSATLANTIC REGIONAL GLOBAL ECONOMY
MARKET COMMUNITIES
++
0
+++ ++ ++
++ + +

Legend: +++ very strong increase, ++ strong increase, + increase, 0 no change, --- very strong decrease, -- strong decrease, -

decrease

5.5

Discussion

We highlighted the impacts of climate change fer diifferent scenarios from a global
perspective and a regional focus on the EU. Thiiaeclosely followed the figure presented
in the beginning of Chapter 5. We started with akphg the emissions of the most important
GHGs, and included a description on sulphur diokideause of the regional impacts via
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acidification and its’ cooling effect. Then we dissed the concentration of greenhouse gases in
the atmosphere, and illustrated rate and levedroperature changes. Next, this chapter

included a section on the regional impacts on estesys, and water availability given the
changes in supply and demand.

Globally, emissions of GHGs will continue to rigedll scenarios as world economy expands,
except for SRONG EUROPEbecause of the assumption of a successful clindieygn this
scenario. In all scenarios, the major part of gl@maissions will come from developing
countries. Currently they emit about 50 percerglobal emissions but this will increase to 60-
70 percent. The main reasons are the higher grofytbpulation and GDP as compared to the
OECD.

The impacts on concentration occur with a delajpéochange of emissions because of the long
atmospheric lifetimes of carbon dioxide and nits@xide. Hence, the impacts on concentration
in 2040 will not show significant differences agatenarios. This also holds for the key
changes in the climate, temperature and sea leinek these will again follow the changes in
concentration with considerable delay due to tleetia of the oceans. Even so, the coming 40
years will show more temperature changes tharagtehundred years, strongly influenced by
the rapid increase of the greenhouse gases acdionulathe atmosphere because of the high
emissions of recent history. With median assumptigarding climate sensitivity, the
temperature increase will amount to%C&lsius compared the pre-industrial level, of which
about £ Celsius will occur in the coming decades. Hence t#nget of 2Celsius of the EU will
not yet be exceeded in the coming 40 years. &#lalso showed that extrapolating the trends
beyond 2040 this target will be exceeded shortigréf040, unless stringent policies are

implemented.

The rate of temperature change shows larger vamiawer the scenarios and the analysis
showed that BRONGEUROPEIs the only scenario where the rate of temperathamge clearly
decreases by the end of 2040, offering good praspedeep the temperature change within
the boundaries of the EU target in the longer tpemspective. In all scenarios, the rate of
temperature change will exceed the sustainableejppe target of 0 Xelsius per decade.
Reduction of sulphur dioxide emissions from coa issan important factor, e.g. China and
India where this reduces the cooling effect on atien Even in 8R0NGEUROPEthis
phenomenon pushes the rate above the target fetle iinitial stages.

The impacts we highlighted in this chapter conebendomain of ecosystems and tensions
between supply and demand for water. For ecosystenanalysed the adaptation possibilities
of natural vegetation from climate change, broademi¢h the issue of biodiversity that depends
more on land-use changes. On water we assessptettipitation surplus, and broadened the
issue by also looking at the demand side, i.e. denfiar water by households and industries.
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Both indicators - the adaptation of vegetation tmdprecipitation surplus - show for the
coming decades similar developments over time If@canarios, as they depend on
temperature change (also little differences acsosgarios).

However, land-use changes are directly driven tpufagion and economic growth as well as
the structural changes within these economies biddiversity losses are in turn driven by
land-use, and hence mid-term changes on biodiyatsidiffer substantially across the
scenarios. The biodiversity losses in non-Anneagion will be the largest, mainly because of
high population and economic growth. The climaticydn STRONG EUROPEWill lower the

rate of temperature change by 2040 (compared t0)20fd combined with less demand for
land this will even lead to a gain in biodiverditythe EU and other OECD regions. In
TRANSATLANTIC MARKET and REGIONAL COMMUNITIES the EU will be ecologically be better
off than the OECD, a direct consequence of econgnuwth in the EU being lower than in the
rest of the OECD. Finally, ®BAL ECONOMY has high economic growth, the arable land
increases throughout the world at the highest eatd,hence biodiversity losses will be the
largest throughout the world.

The impacts from climate change on water stress@peario dependent because of diverging
developments on the demand side. At the global,ldve water stress will increase because the
global demand for water will increase and outwedgh changes in precipitation surplus. The
non-Annex | regions will be faced with more wateess, because rapid population and
economic growth drive up the demand for water, pratipitation surplus tends to decline
overall, though local and regional variations argé. The OECD will show less water stress as
population and economic growth rates are lowertaodnology improvements will reduce the
demand for water. The supply side will improve hessaof an increase of the precipitation
surplus in many areas in OECD countries. The OE@Dewperience a strong gain inLGBAL
EcoNoMYy and SRONGEUROPE and a moderate gain in the®oNAL COMMUNITIES. Finally

the OECD will experience no changes RANSATLANTIC MARKET because of a rapidly
increasing water demand as economic growth is nadel@nd there will be less efficiency
improvements in the water demand technologies.r@hking of the scenarios with respect to
the impacts on the EU are the same as for the OlBGahe impacts are less pronounced.
Despite the uncertainties on the exact changdsegbtecipitation surplus, in all scenarios the
vulnerable Mediterranean area accounts for theféegsirable result.
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6 Climate policy

To keep global warming below the EU target of 2tt@, upward trend in emissions has to be bent
backwards. This calls for swift and global actiédnglobal cap-and-trade system may keep total abatém
costs low. However, the distribution of costs aegiions depends crucially on the assigned amounts o
emissions. Europe will ‘realise’ part of its abatent effort in developing regions. Nevertheless, ekiim
action has to be taken. Increasing energy effigreantd fuel-switching will play an important role

6.1 Introduction

The climate is warming as a result of human agtivithis is the conclusion reached by the
IPCC, the Intergovernmental Panel on Climate ChdR@C, 2001). The emission of
greenhouse gases will inevitably lead to furthemaiag of the earth in the course of this
century. The emission scenarios used by the IP@QGest that the average global temperature
could go up by anything from 1.4 to 5.8 degreesidsl The same scenarios show a rise in sea
levels between 9 and 88 centimetres. Local effeetg be more pronounced. The
environmental and economic effects of such changesot be reliably predicted, but it is
reasonable to suppose that there will be far-regctonsequences before the end of the
century.

This threat of global warming asks for coordinaaetion. In the political process under the
UNFCCC parties have therefore agreed that the matbthe world will seek to stabilise the
concentration of greenhouse gases in order to emisat dangerous climate change from
human interference is avoided. More than 180 natimve signed this convention so far.
However, the convention itself is without seriowmsl dinding commitments. It does not specify
a time frame for collective action and remains \eghout what a safe level means. It is merely
a framework in which further action still needsds® specified. The Kyoto Protocol, which was
adapted in 1997, can be seen as a first concegie3eveloped countries, the so-called Annex |
countries, need to reduce their emissions of gmestgases 6% below 1990 levels in the
period 2008-2012. Despite its ratification by a fwemof countries, the Protocol has yet to
come into force. Since Russia, at least for nowmgjd the USA Bush in rejecting this global
warming treaty, everything is unsettled.

Europe is at the forefront in formulating climaw@ipies. The EU Council indicated in 1996
that the long-term objective of the European Urdlimate policy was to prevent that global
mean temperature increases beyond 2 degrees Calgiupre-industrial level (European-
Council, 1996). To reach that goal, further actidpeyond the Kyoto targetsis clearly
required. Regarding the Kyoto Protocol, the Eurogéaion is preparing itself for the smooth
and early implementation. To facilitate compliandgth the Kyoto targets, an EU wide system
of emission permit trading will come into force2A05.
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The way future climate policy will be shaped isdamentally uncertain. However to neglect
climate policy in a study on future energy scerméb together would be naive. Climate policy
is basically about limiting the emissions of greame gases. Given that burning fossil fuels is
the most important source of greenhouse gasesatelipolicy will have a serious effect on

future energy demand and supply.

We have chosen to incorporate a stylised climalieypm one of the scenariosSTSONG
EUROPEseems to be the most feasible candidate. The ekharicsuccessfully introducing
climate policies are strongly dependent on theybter of each scenario. As climate policy is a
global environmental problem, in regionalised wetlite TRANSATLANTIC MARKET and
REGIONAL COMMUNITIES the lack of global cooperation could seriouslydeinthe formulation
and implementation of effective policies. From d@otperspective, long term climate strategies
require a pro-active attitude towards environmepgdicies. This prerequisite looks less
compatible with worlds that have a more reactivituate towards the environment, in particular
TRANSATLANTIC MARKET and GOBAL ECONOMY. This means that climate policies are only
conceivable in these scenarios if either the neethfernational action is perceived as such a
priority that barriers for this particular issue @vercome. The stylised policy we have chosen
in STRONGEUROPEaims at stabilising the concentration of greenbaysses in the atmosphere
at a level corresponding roughly with a doublingiopre-industrial levels. This level of
concentration is well in line with the EU long tetarget for global warming, though
considerable uncertainties remain. The most cotrapimplementation is chosen. Globally
coordinated action is assumed and emission rightallbcated on an equal per capita basis.

How likely is climate policy?

Given the opting out by the USA and the Russian hesitation to sign the Kyoto Protocol, one might wonder how realistic it
is to assume future climate policy. Serious abatement is likely to have significant economic costs and cooperative action
has all the makings of a classic free-rider problem. There are strong incentives for individual countries to defect from an
agreement, relax its own costly abatement measures and enjoy the benefits of the remaining coalition members’ efforts.
Evaluating the American objections to Kyoto, one might come up with the following recommendations for an acceptable
treaty: costs should be equally shared and full use of flexible mechanisms should be made. This calls for a global
abatement coalition in order to exploit all low cost options. It is less clear what a fair burden sharing rule means. Many
allocation rules have been suggested in the literature. Equal rights per capita gives every human being the same
entitlement to clean air, but this ‘fair’ allocation rule affects some more than others, depending on the abatement effort a
region faces. Generally, developing countries suffer less with equal per capita emission rights. On the contrary,
grandfathering emissions rights (based on historical emissions) would benefit large emitters, like industrialised regions.
An outcome based allocation rule could in principle take account of expected income losses. Under the Kyoto Protocol

industrialised countries realised their historic responsibility and took the burden.

This chapter assesses the consequences of cliolatg ip STRONGEUROPE We focus on

emissions, economic impacts and, of course, thercepsions on energy markets. We go some
steps further and play with variations on thisisgd policy. Crucial factors are the stabilisation

84



CLIMATE POLICY IN STRONG EUROPE

target, and the underlying scenario. We analyse d¢iomate policy would affect outcomes in
another scenario and we relax some of the assunsptiancerning the benchmark policy, e.g.
the stabilisation target. Given the improbabilifygobal climate policy in RANSATLANTIC
MARKET and REGIONAL COMMUNITIES, we base our analysis omrONG EUROPEand G.OBAL
Economy, only?.

Stabilisation at 550 ppmv CO »-equivalent

The long term goal of climate policy is to keep global warming below 2C compared to pre-industrial le vel. This is
translated into a constrained emission profile leading to a concentration of greenhouse gases in the atmosphere of 550
ppmv CO2-equivalent, about twice the pre-industrial level. However, there is considerably uncertainty in the climate
sensitivity. The temperature change, due to a doubling of CO2-equivalent concentration, can be estimated to be in the
range between 1.5 and 4.5 C, with a median value o f 2.5C. Are there alternative emission profiles le ading to the same
2T target? Even a more relaxed emission profile, | eading to a concentration of 650 ppmv CO2-equivalent, might meet
the 2T target. However on has to assume a much lower climate sensitivity and the temperature increase will be
realised earlier. Hence, the probability to meet the long term target with these less stringent emissions is considerably
lower (Elzen et al, 2003) Is there room for delay? Delaying response first, compensated by more fierce measures later,
might in principle lead to the same stabilisation target. However, postponing abatement does not seem very feasible.
Waiting much longer would lead to a critical rate of temperature change and possibly an overshooting of the 2C target. It

is believed that serious abatement should start in the period 2010-2025.

6.2

6.2.1

Climate policy in S TRONG EUROPE

Emissions

The rising trend in global emissions of greenhaesges has to be reversed in the near future to
reach a safe concentration level by the end ofémeury. In Figure 6.1 the solid red line shows
how global emissions of fossil G@Qvould develop in 8RONGEUROPE If no action were taken

to prevent climate change, G@&missions would continue to increase, almost dogtidetween
2000 and 2040.

The green line in the figure shows a course thattajlemissions of fossil G&hould take if the
atmospheric concentration of greenhouse gasedis stabilised by 2100 at the safe level of
550 ppmv. The gap in emission levels, between wioatid happen with control measures and
what would happen without would continue to wid€nntrol measures continually need to be
upgraded in order to maintain a stable concentrafibe yellow line represents emissions in
developing countrié§ assuming that no control measures are implemetitean be seen that,
without intervention, greenhouse gas emissions fftese countries alone will by 2035 exceed
the maximum global levels consistent with a staleospheric concentration of 550 ppmv.

% T0 apply climate policy in GLOBAL ECONOMY, a high emissions scenario, we get an idea of the range of costs. REGIONAL
COMMUNITIES is a scenario, in which in European emission fall over time. This makes it unlikely for climate policy.

2 We apply a rather rough dichotomy between industrialised and developing countries. The group of industrialised countries
equals the OECD, Eastern Europe and the countries of the former Soviet Union, the so-called Annex | group. All other
countries (non-Annex [) are considered to be developing countries.
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The obvious corollary of this is that the indudisied regions cannot possibly achieve
stabilisation on their own. In other words, theeof the Kyoto treaty, which sets modest
targets for these nations only, is quite limitedetation to the scale of the problem. Clearly,
there is an urgent need for developing countriesitupt climate policies also.

Emissions in S TRONG EUROPE

2000 2010 2020 2030 2040

— stabilisation 550 ppmv — no climate policy - global emissions no climate policy - non-Annex Il emissions

If not for environmental reasons alone, there &g economic reasons to involve developing
countries in climate change mitigation. Given tia¢eptial for relative cheap abatement options
in developing countries, it is cost-effective t@it these opportunities. A cap-and-trade
system can be seen as an efficient way. Wherebalgioarket in emission rights exists, the
distribution of those rights determines the wayliheden of climate policy is shared. Following
Coase (1960), a marketable scheme will be costigféeirrespective of how the permits are
distributed. Many allocations may be considered. (®ee Rose et al., 1998, and Elzen et al ,
2003). To set the stage, we consider an egalitafgroach to burden sharing: the allocation of
emission rights on a per capita basis (equal righsg). From 2012 onwards, after the first
budget period of the Kyoto Protocol assigned anm®marg assumed to converge and contract to
an equal per capita level in 2050. To meet indialdamission targets, countries can levy a tax
on fossil fuels; coal, oil and gas. This carbonitadifferentiated according to the €O

emissions of the fuels (the carbon content). E¥émere is no explicit carbon tax, there will be
an implicit price on carbon. This shadow price dsjtiae carbon tax.

Table 6.1 shows emissions and allocated emissibrtsrin 2000 and 2040 for a number of
regions. To get insight in the reduction effort4@G@missions in a reference scenarithout
climate policy are also shown (column 2). In tldgerence scenario, global emissions would
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almost double between 2000 and 2040. However lisi@ion at 550 ppmv CLequivalent
forces emissions down by more than 50% of the eefer value. Relative to 2000, global
emissions have to decrease by almost 20%. Allatatie@mission rights on an equal per capita
base grants relative few rights to industrialisedntries, which initially have high per-capita
emissions. In 2040 Europe is allowed to emit on®/GtC, compared to 1 GtC in 2000.
Developing countries can grow still. The combinesia#Africa region is allowed to emit

double the 2000 levels, but less than in the refsrease. Emission trading causes actual
emissions to diverge from assigned amounts. Regidthshigh abatement costs will buy
emission rights from countries with low abatemestts. These regions will in turn reduce their
emissiondelowallocated levels. For example, Europe’s actuaksions at 0.6 GtC are three
times the allocated amount. Emissions in Asia/Afrace 40% below assigned amounts. World-

wide actual emissions equal assigned amounts,uséeo

Table 6.1 Emissions and targetsin S TRONG EUROPE

Emissions 2000 Emissions without Emission targets Emissions 2040

climate policy 2040 2040

Europe 1.0 0.9 0.2 0.6
USA 1.6 1.5 0.2 0.7
Former Soviet Union 0.6 0.6 0.2 0.2
Middle-East / North Africa 0.3 1.0 0.4 0.5
Asia / Africa 1.7 5.1 35 2.1
World 6.4 11.1 5.2 5.2
6.2.2 Economic consequences of abatement

To bring down greenhouse gas emissions, emissianifsewill become expensive. IMTBONG
EUurOPEthe price of carbon permits is expected to risaporoximately 425 dollars per ton
carbon in 2040. Consequently, the gross price sdifduels will rise. The price of oil will more
than triple. Higher energy prices will have consates on income and economic growth. GDP
will be lower, due to restrictions on economic penfiance as a result of more expensive
energy. However, income transfers as a resulteofrtiport or export of emission permits may
mitigate the initial effect on GDP. Income may risgpermit exporting countries. Also prices
play a part. Real income may change because impdrexport prices change (terms-of-trade-
effects). Energy and energy intensive productidhbeicome relatively expensive. As a result,
countries biased to these exports will be worse off

Table 6.2 shows effects on GDP and income of ckrpalicy in SRONGEUROPE The table
shows the cumulative effect on real national incaetative to a reference scenawihout
abatement policy. This effect on income is decoradasto an effect on GDP and the
combined effect of permit transfers and a termg-ade.
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Table 6.2 Costs of stabilisation at 550 ppmvin S  TRONG EUROPE, 2040

GDP Permit transfers Income

and terms-of-trade

Europe -0,9 -1.3 -2,2
USA -0,6 -13 -1,9
Former Soviet Union -5,6 -0.8 -6,4
Middle-East / North Africa -6,9 0.1 -6,8
Asia / Africa -2.2 2.4 0.2
World -16 0,0 -16

The dramatic shift in energy use and emissionsTROBGEUROPEhQas only limited effects on
GDP and real national income. Climate policy desesaglobal level of real income in 2040 by
1.6%. A global market for emissions permit is hoereerucial for reaching this efficient
outcome. A global scheme of emissions trading ersstivat abatement is taken place at the
lowest cost options, e.g. in developing regions.

It should be noted that there is a difference betw®@DP and (real national) income on a
regional scale. Abatement has a downward pressu&lP. However, negative GDP-effects
are partially offset by permit transfers from intfisdised regions. Hence for developing
countries with strong negative GDP effects, incafiects are less severe and may even
become positive due to the sale of permits. Tosaste effects in real terms it is important to
note that term-of-trade effects play a role. Itps of imports increase relative to prices of
exports, income in real terms decreases. For ereqoyrting countries and energy-intensive
sectors this effect can be quite severe.

Compared to the reference scenario without climatiey, the GDP effect of the fierce climate
policy in the combined Asia/Africa region in 2040-2.2%, while real national income is even
0.2% higher in this region in 2040. In the OECDioagon the contrary, the effect on real
national income is larger than the effect on GDIRis Tatter result follows from the fact that
OECD-countries do not take all the abatement meadoy themselves, but buy permits from
developing countries. Energy exporters suffer umkigrallocation rule. In the Middle-East and
in the Former Soviet Union region income lossesnak above 6%. Given these relative large
losses for certain regions, one might wonder whethis allocation is feasible. The ‘fair’
assignment of emission rights on an equal—-per-&#ygisis apparently does not work out in the
same way for everyofie An outcome based allocation rule might be usesptead effects on
income more evenly. Granting energy exporters reanission rights might shift the burden
towards industrialised regions (e.g. see CPB, 2001)

% In our assessment, we restrict ourselves to the effect on regions. It may not come as a surprise that within a region
energy-intensive sectors (like manufacturing) will be hurt more than energy extensive sectors (like services). In CPB (2003)
more attention is paid to sectoral effects.
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Hot air in Russia

Emissions in Russia (and all other countries of the Former Soviet Union, FSU) dropped dramatically as a result of the
economic recession in the 1990’s. Since assigned amounts, according to the Kyoto protocol, were based on 1990 levels
of emissions, Russia is blessed with a large excess supply of emission permits (hot air). This excess supply can be sold
on the international market for emission permits. If contraction and convergence of emission rights is based on these
Kyoto targets, this excess supply can be expected to last for a long time. Russia could decide to ‘bank’ the excess rights
from the early years and ‘use’ them in later periods. In this way, the pain from serious abatement | later years can be
alleviated at the cost of forsaken income from the export of emission rights in the early years. This all depends on
whether assigned amounts for Russia are indeed based on Kyoto targets, whether banking over a longer period is
allowed for and on the permit price. The permit price depends on the market power selling parties can exercise. In the
first budget period of the Kyoto Protocol (2008-2012), countries from the FSU are the only suppliers. Maximising the
income from permit sales implies a banking rate of 80%. After the first budget period. More regions with hot air enter the
market. Permit prices can be expected to stay low till emission a global level have to be curbed significantly (from 2025
onwards). In our analysis we do not assume full intertemporal optimisation over the whole period. But, it is assumed
that, within each five-year period, Russia optimises permit sales and passes unused rights to the next period. In 2040,

the FSU has run through all its hot air and bears the full cost of abatement.
Excess targets in Russiain S TRONG EUROPE
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6.2.3 Climate policy and energy use

Climate policies lead to substantial changes iretiergy system. Figure 6.2 shows global
demand for energy inTRONG EUROPE Energy demand in 2040 is compared to the sitnatio
2000 and to demand in the reference case with plicéxclimate policy. In all cases, the
contribution by different energy carriers is given.

Increasing energy prices have a strong downwarsspre on energy demand. In 2040 global
energy demand hardly exceeds demand in 2000. Ederggnd is only half of what it would

have been in the absence of any abatement poliesrl¢Z, the reductions in energy use are not

89



FOUR FUTURES FOR ENERGY MARKETS AND CLIMATE CHANGE: CLIMATE POLICY

similar across the different energy carriers. Epglgmand becomes more climate-friendly. The
largest reductions occur for coal. In 2000 the sldrcoal worldwide is still over 25 %. This
share diminishes to a mere 10% in 2040. Energysug#irsubstitute ‘cleaner’ gas and carbon
free fuels for coal, the remaining coal consumpbeimg primarily used in electric power
stations using carbon capture and storage.

Figure 6.2 Energy demand in S TRONG EUROPE
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Figure 6.3 Abatement in S TRONG EUROPE

12.0 ~

10.0 ~

8.0 1

6.0

emissions (GtC)

4.0

2.0

0.0 T T T
2000 2010 2020 2030 2040

O other Obiofuels O non-thermal O savings O stabilisation 550 ppmv

90



CLIMATE POLICY IN STRONG EUROPE

Other energy carriers gain market share. The gifagas increases from 25% in 2000 to 34% in
2040, the share of bio fuels, solar and wind enengye than triples to 22% of total demand
energy in 2040.

A number of effects add to lower greenhouse gassams. The use of less energy and the
use of cleaner energy are the dominating drivegure 6.3 sketches the contribution of energy
saving, the role of non-thermal energy (wind andrdand bio fuels and the effect of other
measures (mainly carbon sequestration) in bringmigsions dowfi. The dominant
contribution comes from energy savings. Higher gpnémtensities drive down energy demand
and emissions. From 2025 onwards, the role of$ugtehing increases. Bio fuels and non-
thermal fuels (solar and wind) contribute in appneetely equal parts. Carbon sequestration is
projected does not come on the scene before 2028wvam then will only play a limited role
(see also box on carbon sequestration). In Eungbete efficiency gains are more limited,
fuel-switching has a relatively more important rtdeplay. It should be noted that the dramatic
fall in primary energy use does not mean that farergy demand decreases to the same extent.
For example, electricity use in 2040 is projecteti¢ only 20% below the reference level and
still twice the level in 2000.

Co-benefits

The changes in the energy system result in considerable co-benefits. Less coal use leads to lower emissions of acid

pollutants, like sulphur and nitrogen, as a side effect. The figure is illustrative. For STRONG EUROPE it shows 2040
sulphur emissions in different regions, both in the 550 ppmv CO;-equivalent stabilisation case and in the reference case

without climate policy. Reduction of greenhouse gases leads to the reduction of sulphur and nitrogen emissions in the

order of 50% to 70%. Co-benefits in developing countries are the largest, given their, initially, high dependency on coal

and the lax air pollution control policies in those regions

Sulphur emissionin S TRONG EUROPE, 2040
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% This figure is based on TIMER results. The WorldScan model, on which most results in this chapter are based, only
distinguishes between energy saving and fuel-switching. In general, WorldScan assigns a somewhat larger role to energy
saving
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6.3 Variants on the benchmark policy

In STRONGEUROPE one rather stylised version of climate policgli®sen. However, economic
effects of abatement may vary considerably, dependn the stringency of the policy. Given
the uncertainty about future climate policy, thedl€for a sensitivity analysis. We explore the
consequences of climate policy in thiedBAL-ECONOMY scenario and play with variations on
the benchmark policy. To analyse the influencehefdtabilisation level, we apply a more
relaxed target: 650 ppmv by the end of this centlihys gives us four cases: two stabilisation

targets combined with two scenarios.

Table 6.3 Costs of stabilisationin S TRONG EUROPE and G LOBAL ECONOMY, 2050

550 ppmv 650 ppmv
STRONG EUROPE ~ GLOBAL ECONOMY STRONG EUROPE  GLOBAL ECONOMY

Carbon tax (1997 US$/tC) 426 1212 16 241
Europe -22 -6.7 -01 -17
USA -19 -51 -0.1 -1.4
Former Soviet Union -6.4 -16.8 -0.4 -53
Middle-East / North Africa -6.8 -14.0 -0.3 -3.7
Asia / Africa 0.2 -23 0.3 0.6
World -16 -5.2 0.0 -1.0

Table 6.3 presents the effect of climate policyeal national income for a number of regions

in the four cases. The corresponding carbon talsis shown. The cost of stabilisation depends
strongly on the stringency of the stabilisationeleand the emissions in the underlying scenario.
Costs rise increasingly with the abatement effarSrRONG EUROPEiINcome effects almost
vanish if the stabilisation target is relaxed t® @pmv. Even without explicit climate policy
concentrations of greenhouse gases in the atmasplikhardly exceed 650 ppmv. In the
energy intensive G®BAL ECONOMY scenario the abatement effort is much larger then
STRONGEUROPEat corresponding stabilisation levels. Accordinglysts are higher. Global
income is more then 5% below the reference lev2Di#0. Also in this scenario, costs drop

with less stringent targets.

6.4 Conclusions

There are many uncertainties concerning climatagbgolicy. Whether coordinated action to
beat climate change will be taken before 2040 ragnansure. If countries overcome these
barriers, the policy that will crystallise is ndear either. Only stabilisation of the concentratio
of greenhouse gases at a level double the pretimalusvel is expected to meet the long term
EU target for global warming. This calls for immimieaction. The commitments agreed upon in
the Kyoto protocol are by far not enough. Develgpinuntries have to join any abatement
coalition and dramatic changes in the energy systenmeeded. To keep costs manageable, all
low-cost options have to be exploited. A cap-armdiérsystem is one way to realise this. The
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burden sharing depends crucially on the allocatioassigned amounts of emissions. We show
that allocating emission permits on an equal-pgita@dasis can make some developing
countries even better off. The income gain fromekport of emission permits to developed
regions more than compensates for the loss assdaiath the fierce abatement.

The costs of mitigation depend on the stringencheftarget and on the economic growth in
the underlying scenario. INMTBONGEUROPEWe project the global GDP-loss in to be less than
2%. There are serious feedbacks from climate patignergy use. Not only demand for energy
will be restricted, fuel-switching also has an intpat part to play.

Carbon sequestration

Along with emissions reduction, carbon sequestration may be another option for reducing the CO2 concentration in the
atmosphere. One way to sequester carbon involves the direct capture and storage of greenhouse gases from emission
sources. Geological sinks include saline formations and depleted oil and gas reservoirs. Forestry measures enhancing
the uptake in soils and vegetation (natural sinks) are another option.

Geological sinks can hold thousands of gigatons of carbon (GtC). However to keep costs of transport and sequestration
of CO2 low, carbon capture prefers a relatively pure stream of the gas. This makes industrial processes, producing
highly concentrated streams of CO2 as a by-product, prime candidates. However costs will rise significantly for power
plants, because concentrations are low. In Norway STATOIL showed the commercial successful removal of CO2, a
contaminant of the offshore production of natural gas Annually, about 1 MtC is pumped into a sandstone layer at a cost
less than $60/tC.

Also, the area of land available for afforestation is huge. Conservative estimates suggest 50 million ha for Latin America,
alone. With an estimated carbon uptake between 50 and 200 tC/ha, this implies that a total of 2,5 — 10 GtC can be
sequestered in this region. Generally, studies and projects on forest plantation, forest management, and agro forestry
show rather low costs. Typical estimates range between 0 and 100 $/tC. However, these costs can be expected to
increase further. The opportunity cost of land use will drive up the cost of this option with growing importance.

The magnitude of the role capture and sequestration can play is hard to predict. Efficient climate change policy implies
integration of emission reductions in the energy sector and in sinks. Simulations by Benitez and Obesteiner (2003) show
that at a given price of 100$/tC Latin America can be expected to reduce two-thirds of its emissions via shift in energy

usage and one-third via afforestation (Benitez and Obersteiner, 2003).
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Different costs in different models

There is considerable uncertainty about the costs of climate policy. Of course, abatement costs depend on the emission
target, assigned amounts and the policy instruments implemented. But even when assessing identical policies, different
models show different effects. Not only do key-parameters differ, but model mechanisms may be different, also. Top-
down general equilibrium models lack the technological detail of bottom-up models, but do take account of spill-over
effects. To illustrate some of this variation four identical stabilisation policies were simulated, both with the general
equilibrium model WorldScan and with the bottom-up model TIMER. The table presents the corresponding carbon
values. From the table it shows that, in general, TIMER comes up with lower carbon values. The main reason is that
TIMER assumes endogenous technological progress making abatement cheaper in the long run. TIMER also exploits
more mitigation options, e.g. non-CO; greenhouse gases and carbon sequestration. This additional flexibility lowers the
carbon value by about 100 $/tC. Especially sharing the burden via reducing methane emission from energy and land

use sources turns out to be important. Carbon storage and sequestration has a limited effect, only.

Carbon taxes in different models in 2040, (US$/tC)

WorldScan TIMER
Stabilisation at 550 ppmv
STRONG EUROPE 426 324
GLOBAL ECONOMY 1212 1000°
Stabilisation at 650 ppmv
STRONG EUROPE 16 26
GLOBAL EcoNnOMY 241 186

2 TIMER does not allow carbon taxes above 1000 USS$/tC, this maximum will be reached in 2037.
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Conclusions

Building on the four scenarios froRour Futures for Europewe explored the impact of
economic growth, demographic developments, ingtital changes and technological
improvements on energy security, climate changeraladed issues. We started our study by
raising a number of questions with respect to gnergrkets and climate change related
environmental problems. This chapter summarisedindings.

Driving forces
The main driving forces affecting future energy keds and environment are economic growth,
demographic developments, technological improvemant environmental policies.

Global energy demand is projected to grow in ahseiosIn a high growth scenario like
GLOBAL EcoNomy, primary energy demand is projected to grow aarage annual rate of
2.3%. This growth rate would imply that global deddavould more than double in the next
four decades. A scenario with a stringent climaticy, such as 8R0NGEUROPE shows
practically zero growth. All scenarios project enedemand to grow stronger in developing
countries than in industrialised countries.

Looking at output growth alone hides some importhfierences among regions and
sectors. Regions with a high energy use per urdugdut (energy intensity) are projected to
grow at a relatively high rate. This boosts glotra¢rgy demand. The continuing shift towards a
more service oriented society and knowledge spitre on energy saving technologies
counterbalance this development. The declining ni@mee of energy intensive sectors, like
manufacturing, causes a downward trend in enetgysity and energy demand.

Technology may be an important driving force, loubur scenarios no strong diverging
assumptions about technology are made. The paeetuiological improvements in the various
sectors follows mainly from the level of economiowth. As a result, increasing efficiency in
power generation and end-use of energy partly sftbe upward trend in energy demand
caused by economic growth.

The final driving force we analysed is climate pgliThis policy, aiming at limiting the
negative impact of climate change, exerts a dowdyaessure on energy demand.

Resource scarcity

Economic growth and environmental policies sigaifity affect levels of production and
consumption of energy and energy prices. Resowareity, however, is unlikely to have a
major influence on energy markets in the next desad

The reserves of oil in the Middle-East could applotheir depletion before 2040, in particular
in a scenario with high economic growth. Even iatttase, the global supply of oil can be
secured by non-conventional sources, such asndssa Canada. Therefore, absolute scarcity
on the supply side will probably not raise the y@éte of oil in the next decades. In addition, a
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structural increase in the price of oil is not fFen due to demand reactions which would be
induced by such an increase.

Significant changes could occur within the regiostalicture of the supply of oil. The
current main suppliers from the Middle East regtonld obtain a bigger share of the global olil
market due to depletion of conventional oil field®ther regions. At the end of the horizon of
our scenarios, however, their dominant positiorisbei challenged by the growing production

from non-conventional oil fields.

The share of natural gas in primary energy dematdnerease. However, geopolitical factors
may hamper the growing importance of natural gsigeeially in Europe. Europe will become
more and more dependent on foreign sources ofalajas. This results from the growing
consumption of gas, especially in the power seetad, from the depletion of gas fields in
Europe. In all scenarios, the import dependendyuwbpe grows to at least 70%.

Electricity demand in Europe could triple in theipd up to 2040 in case of high economic
growth. The price of electricity however could la¢her stable due to technological innovations
and increasing competition. The role of gas-fireter plants increases in all scenarios because
of economic as well as environmental advantageisi®production technique. This holds
especially for a scenario with a strong environrakpolicy restricting both coal-fired and

nuclear generation. The share of nuclear generdtinmishes in all scenarios as a result of

high costs associated with this technique and thergence of new, small scale, generation
techniques. However, nuclear power remains relevaatscenario, such aRANSATLANTIC

MARKET, with geopolitical tensions between gas-importmgl gas-producing countries.

Impact on the environment

Global emissions of greenhouse gases will risél iscanarios as the world economy expands,
except in the case of a successful climate poBrRONGEUROPE) because. In all scenarios,
more than half of the emissions will come from deping countries. Currently, these countries
emit about 50 percent but this is likely to incress 60-70 percent due to the relatively high
growth of population and GDP. Total cumulative aarlemissions from energy use through
2040 range from approximately 300 GtC to approxatyad60 GtC, compared to historical
emissions of 350 GtC from 1850 to 2000.

Over the next 40 years, cumulative emissions adigneuse gases do not yet lead to large
differences in concentration and global warmingwideer, that does not alter the fact that the
next 40 years are likely to show more changesnp&rature than the past century. Using
average assumptions regarding climate sensititrigy(average global) temperature in 2040
could rise by approximately F.Gelsius above pre-industrial level. Hence, theetaod 2

Celsius, set by the European Union, is likely mobé exceeded in the next 40 years. However,
emissions before 2040 get a process going whiarméaies the changes beyond. Beyond 2040,
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global warming will exceed the®Celsius target, unless climate policy or low ecoitom
growth curbs emissions. The rate of temperaturagés scenario-specific, especially at the
end of the scenario period. The rate of global &najure change increases with the growth of
greenhouse gas emissions. But there will also ¢a kooling effects of SOemissions, which
will especially be felt in China and India.

An increase of temperature incurs biodiversity éasg he latter depends also on changes in
land-use, deforestation, population, and the sireadf production. Until 2040, differences
among scenarios follow mainly from differencestia structure of economic growth. Losses
will be larger in scenarios with higher economiowth. In SRONGEUROPEclimate policy will
lower the rate of temperature change by 2040 (coadpi@ 2000) and, combined with less
demand for land, this will even lead to a gainimdoversity in OECD. The EU will be
ecologically better off than the rest of the OE@f&inly because their economic growth will be
lower. The latter region, however, will likely besk affected by climate change than the
Southern hemisphere.

Impacts on water stress differ among scenariothéglobal level, water stress will increase,
because global demand for water will increase rtimae the available supply. Developing
countries regions will be faced with more wateessf, because of a rapid economic growth
enhancing the demand for water, and an on averageasing precipitation surplus. The

OECD will show less water stress as technology awgpments will reduce the demand for
water, and water supply will locally improve becawd an increase of the precipitation surplus.
The effects range from a strong improvement in OBCBLOBAL ECONOMY and SRONG
EUROPEt0 hardly any changes irRENSATLANTIC MARKET. Generally, the impacts on water
stress will be worse in the EU than in the OEC[2 aghole. The vulnerable Mediterranean area
accounts for this result.

Climate change policy

Realisation of the emission reduction targets eKlgoto Protocol would only have a marginal
effect on climate change. However, the experienitie mew institutions and arrangements, like
monitoring and emission trading schemes, can pugeéul. Early investment in this kind of
arrangements will get societies in the right laoreglobal action after the first budget period of
the Kyoto Protocol.

Stabilisation of the concentration of greenhousegant a level of 550 ppmv (which is
approximately double the pre-industrial level) ungedian climate sensitivity assumptiéhs
will stand a good chance to meet the long-term &get for global warming.

" This is based on the climate sensitivity parameter, which is the equilibrium temperature effect of a doubling of CO2

equivalent concentration of greenhouse gases in the atmosphere. The IPCC gives a range of 1.5 to 4.5 °C, with 2.5 °C as
the best guess. The latter value is adopted in this analysis.
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To keep temperature changes below the EU targéssigm reductions cannot be delayed much
longer, unless economic growth is low. Before 2088,upward trend in emissions should be
turned into a decline in order to reach that tarGéabal energy-related carbon emissions in
2040 should be almost 20% below the 2000 levelefsihe strongly growing emissions of
developing countries, their participation in anaament coalition would be necessary.

To keep costs manageable, all low-cost optionsldHmeiexploited. In this respect, energy-
efficiency improvements appears to be efficientans for curbing emission of greenhouse
gases, followed by fuel-switching. The role of cadl diminish, but with large reductions even
the share of natural gas will come under pres€iaebon capture and storage and biological
sequestration are projected to play a limited &bgloiting alternative sources of energy is
important. The role of non-carbon fuels has tortmedased. In ®RONGEUROPE the share of
non-fossil fuels (biomass, nuclear, wind, sun aydrbpower) may increase to almost 25%,
compared to 6% in 2000.

A cap-and-trade system could be an efficient waneafising emission reductions. The costs
for each country depend on the allocation of aggigamounts of emissions. We show that
allocating emission allowances on an equal pertadgzisis can make some developing
countries even better off than without the climatdéicy. The income gain from the export of
emission allowances to developed regions could ri@e compensate for the loss associated
with emission reductions. Energy exporters wilMo@rse off, because fossil energy demand
and prices will fall.

The costs of mitigation depend on the stringencheftarget and on the economic growth in
the underlying scenario. IMTBONGEUROPE we project the global GDP-loss in to be less than
2%, with a carbon tax at the level of 450 US$AGsociated effects on real national income
range from a loss of 7% in the Middle East and toesin the Former Soviet Union to a small
gain in Asian and African countries. The EU15 cdialce losses of 2%.of GDP.
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