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Executi ve summary
The aim of this task is to examine key trends in the broader energy system, with
particular emphasis on these factors within it that are likely to influence energy
demand for freight transport. The methodology for the analysis has concentrated on
quantitative aspects, using two large scale models developed and maintained by E3M-
Lab of ICCS/NTUA: the PRIMES energy model for Europe and the PROMETHEUS
stochastic energy model for analysing alternative prospects at the World level.
1 Future energy demand in the freight sector of the EU will be primarily driven by
the following factors:
1 The evolution of overall freight transport activity which is itself dependent on the
pace and composition of economic and trade growth
1 Intermodal shifts that can influence the type of fuel used and overall energy
efficiency
1 Technological improvements including the development and diffusion of radically
different technological options
1 Policy interventions such as taxation, fiscal incentives, standards/requirements
and the development of different types of infrastructure in an effort to promote
sustainability in freight transport
The drivers above primarily depend on developments and actions within the frontiers of
the European Union. Another key driver is the future course of fuel prices, in particular
oil prices since petroleum currently overwhelmingly dominates transport energy
demand. High or very high oil prices could provide a necessary stimulus for the
transformation of the transport energy scene. Qil prices are however volatile and
surrounded by considerable uncertainty in the short as well as the longer term. Their
main drivers relate to developments at the World level and especially in the developing
part of it. They include the future course of economic activity, the size and location of
undiscovered hydrocarbon resources, the future patterns of mobility, the magnitude
and direction of energy technology related R&D effort and the prospects for the
developing World to participate in an intensive climate mitigation policy.
Despite lower growth in both advanced and emerging economies the median growth of
the world economy to 2050 will be very close to that experienced in the last four
decades, as a result of the increasing weight of emerging economies. Under such
conditions median oil prices in 2050 will be close to 2008 averages. If the developing
World grew on average close to historical rates the probability of exceeding 2008 levels
increases to more than two thirds. Under current (and very cautious) geological
assessments the probability of obtaining such high prices is around three quarters.
According to the Baseline projection there is a 40% probability that World conventional
oil production will peak before 2020. On the other hand non-conventional petroleum is
very likely to compensate substantially: by 2050 there is a 40% probability that tar
sands, extra-heavy oil and schists will satisfy more than 50 % of World demand. An
alternative pattern of mobility to the horizon of 2050 is very unlikely. Currently the
transport sector absorbs around 50% of total world oil demand. According to the
Baseline there is 78% probability that this share will exceed 60% by 2050. Important
savings (more than 10%) in oil demand could be achieved assuming a concerted R&D
effort on alternative road transport technologies and fiscal supports to promote them.
However in such a case most of the impacts would be felt beyond 2040.
Freight activity (excl. air freight) which is currently growing at rates close to economic
growth is projected to decelerate faster than the latter especially in the longer term.
Even by 2050 it will however be still dominated by trucks. Specific energy demand for
freight transport will decline by more than 30% between 2005 and 2050 due to
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technological and logistic improvements as well as stricter regulating policies and
higher fuel prices. Improvements will be less pronounced for road freight and
particularly dramatic for rail freight due to the projected completion of the
electrification process already by 2030. Transformation of the road transport sector
towards hydrogen use is deemed to be extremely unlikely in the projection horizon.
However assuming a massive R&D, infrastructure development and fiscal supports
significant inroads could be achieved beyond 2040. There are likely to be sufficient low
carbon or carbon-free options for producing the hydrogen and they could dominate
supply even in the context of a moderate abatement policy.
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ACEA

European Automobile Manufacturers' Association

Bbl

Barrel

Candidates & Neighbours

Croatia, FYROM, Norway, Switzerland, Turkey

CCS

Carbon Capture and Sequestration

CHP Combined Heat and Power

DC Developing countries

ETS Emission Trading Sectors

EU-15 Members of the Europian Union in 2000
EU-27 Current members of the EU

FYROM Former Yugoslav Republic Of Macedonia
GDP Gross Domestic Product

Gpkm Giga passenger-kilometers

Gtkm Giga ton-kilometers

ITS Intelligent Transport Systems

JAMA Japan Automobile Manufacturers Association
KAMA Korea Automobile Manufacturers Association
Ktoe Thousands of tonnes of oil equivalent

MBtu Million British Thermal Units

NMS-12 EU member states joined the Union after 2004
OECD Organisation for Economic Co-operation and Development
Sd Standard deviation

Std. Dev. Standard Deviation

Tn Tonne

Toe Tonnes of oil equivalent

USGS United States Geological Survey
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Introduction

The objective of Task 4.5 fATransport Related En
current developments and future trends of the factors that are likely to influence
freight transport energy demand in the EU. The report is split into three parts:

1 Part one deals with energy mega-trends and looks into the wider World picture
to the extent that it can influence the EU freight industry. World oil prices have
been identified as the key variable in this category. Some key drivers are
examined including economic growth, resource endowments, future patterns of
mobility, R&D in energy related technologies and the possibility of concerted
worldwide climate action. In view of the very -considerable uncertainty
surrounding both the oil price itself and its drivers, the analysis presented is
essentially probabilistic and PROMETHEUS, a purpose built stochastic model has
been used (see below).

1 Part two looks at the EU transport sector with special emphasis on freight
transport. Freight activity projections are presented followed by projections of
energy demand. Detailed tables by country are given in Annex | and Annex Il.
This section also looks at prospects of an early and radical transformation of the
road transport sector towards a hydrogen based system and looks more
specifically at the implications of such an eventuality for CO2 emissions.

1 In order to put energy demand for freight in the wider European energy context,
energy demand in industry, the commercial/services/agriculture sector as well
residential energy demand are examined in part three of the report.

The approach in analysing the trends is strictly quantitative and based on system
analysis in order to ensure the internal consistency of results. These have been
obtained using the PRIMES (in combination with SCENES) and PROMETHEUS models.
The PRIMES model is a modelling system that simulates a market equilibrium solution
for energy supply and demand. The model determines the equilibrium by finding the
prices of each energy form such that the quantity producers find best to supply
matches the quantity consumers wish to use. The equilibrium is static (within each
time period) but repeated in a time-forward path, under dynamic relationships.

The model is behavioural but it also represents in an explicit and detailed way the
available energy demand and supply technologies and pollution abatement
technologies. The system reflects considerations about market economics, industry
structure, energy/environmental policies and regulation. These are conceived so as to
influence market behaviour of energy system agents. The modular structure of

PRIMES reflects a distribution of decision making among agents that decide individually
about their supply, demand, combined supply and demand, and prices. Then the
market integrating part of PRIMES simulates market clearing.

PRIMES model was used to prepare the European Union Energy and Emissions Outlook
for the Shared Analysis project of the European Commission, DG XVII. It was also
extensively used for the Environment DG, the Research DG and EEA as well as at
government level in the EU. As regards the reporton A Eur opean Energy and
-Trends to 20300 in the contEmér of Mdhddeldlongg R
contract for the Energy and Transport DG, the PRIMES model has been developed and
used for the EU Member States, the new member-states and all associated countries.
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PROMETHEUS is a tool for the generation of stochastic information for key energy,
environment and technology variables. PROMETHEUS is a self-contained energy model
consisting of a set of stochastic equations. It contains relations and/or exogenous
variables for all the main quantities, which are of interest in the context of general
energy systems analysis as well as technology dynamics regarding power, road
transport and hydrogen production and use technologies. These include demographic
and economic activity indicators, energy consumption by main fuel, fuel resources and
prices, CO2 emissions, greenhouse gases concentrations, temperature change,
technology uptake and two factor learning curves. All exogenous variables, parameters
and error terms in the model are stochastic with explicit representation of their
distribution including in many cases terms of co-variance. It follows that all
endogenous variables as a result are also stochastic.

Prometheus has been used in the Forecast of the Energy Landscape in 2030 and 2050
in EU-27. It has also been used in the uncertainty analysis of energy and climate
change outlooks developed in the SOER2005, prepared for the European Environment
Agency. PROMETHEUS has been used in the Cascade Mints, Minima-Sud, Forasset,
Sapient and Sapientia projects.

Annex 11l elaborates on the methodology of both models.

www.freightvision.eu
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1. Demand related megatrends . Energy Trends

This chapter presents the results of the PROMETHEUS stochastic model on the main
drivers influencing world energy system development namely, economic activity, fossil
fuel resource availability, future patterns of mobility, energy related R&D and climate
policy intensity, especially in view of the possible influences of the world oil prices.

1.1 Growth in Developing countries

In the last two decades per capita incomes growth in the developing world has been
exceptionally high. Such growth has been sustained by the economic take-off of key
(very populous) countries such as China and India. Using past patterns as a guide,
such growth is likely to slow down as the potential for diverting human resources from
low productivity sectors (such as peasant farming) is gradually being exhausted. The
timing and extent of such a slowdown could have important implications for the
evolution of the World energy system.

1.1.1 Presentation of results

2005 -2050

Rest of Developed Developing

BU-27 BU-IS NMS-12°oeep  countries  Countries  WO'd
Mean 1.81 1.62 2.83 1.36 1.59 2.48 1.88
Median 1.82 1.63 2.82 1.35 1.56 2.48 1.87
Std. Dev 0.37 0.38 0.47 0.56 0.46 0.33 0.33
Lower 5% 1.20 1.00 2.07 0.48 0.84 1.91 1.34
Upper 5% 2.40 2.24 3.60 2.29 2.35 3.00 2.43
Historical of 1970-2005 [%] 2.06 2.01 2.37 2.18 2.18 2.83 1.92
Probability to exceed historical [%] 25,59  14.75  83.50 7.32 9.77 13.87 44.92

Table 1. GDP per capita annual growth rate in the period 2005 -2050 (in %)

Probability that:
U Level of GDP per capita in Europe lower than USA/Japan/Canada: 88%,
U Probability that GDP per Capita in developing countries between 2005 and 2050
completely fails to converge is only 3%,
U Probability of DCs exceeding 1980 European GDP per capita by 2050 is 33%.
In order to measure the sensitivity of world prices to GDP growth, an analysis has been
carried out involving an increase by means of a shift raising the probability of DC
incomes per capita growing faster than the historical (1970-2005) from 14% to 40%.
The table below summarises the impact of this shift on the probability distributions
concerning internationally traded fuels.

www.freightvision.eu
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Medians of fossil fuel prices and % probability that prices exceed
selected thresholds

\ Baseline \ High Growth

2030 2050 2030 2050

Oil Median price in $05/bbl 69 108 71 120
% prob of > 100 18 56 20 67
% prob of < 55 27 6 23 4
Gas Median price in $05/Mbtu 12 14 12 16
% prob of >13 36 57 41 70
% prob of < 6 2 2 1 1

Coal Median price in $05/tn 108 143 113 168
% prob of > 120 38 63 44 75
% prob of < 60 5 7 4 3

Table 2. Impact on fuel prices

1.1.2 Key conclusions

U Developing countries are gradually converging to Europe but are not expected to
reach the European GDP per capita even in 2050.

U Although both the developed world and the emerging economies are unlikely* to
grow as fast as they did in the last forty years, the median growth of the world
economy to 2050 will be very close to that experienced in the last four decades.
This will come as a result of the increasing weight of emerging economies and
will have important implications in terms of resource depletion, the evolution of
fossil fuel prices and environmental degradation (most notably greenhouse gas
emissions).

U The likelihood of high fossil fuel prices in 2050 increases substantially as a
result of higher growth prospects in the Developing World.

1.2 Hydrocarbon Resources

Long term trends in hydrocarbon fuel prices (as well as the prices of competing fuels)
will depend to a large extent on demand trends and resource availability. The major
uncertainty regarding the latter concerns the amount of resources yet to be
discovered. Probabilistic geological assessments of undiscovered hydrocarbon
resources are performed occasionally (notably by the United States Geological Survey).
Such assessments have often been criticised for their caution (apparently due to
scientific scruples). While maintaining the probabilistic nature of this important
variable, it is worth considering alternative profiles.

! The experience of probability analysts suggests that it is very difficult to convey succinctly
probability statements: they tend to be either vague or tortuous. Here we adopt the practice
established by the IPCC in its Fourth Assessment Report which specifies the following likelihood
ranges are used to express the assessed probability of occurrence: virtually certain >99%;
extremely likely >95%; very likely >90%; likely >66%; more likely than not > 50%; about as
likely as not 33% to 66%; unlikely <33%; very unlikely <10%; extremely unlikely <5%;
exceptionally unlikely <19%.
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1.2.1 Assumptions about yet to find Resources
Three distinct alternative assessments on yet-to-find oil and gas are examined and
their results are depicted in Figure 1:

U Baseline: Based on an optimistic revision of USGS assessments
0 Expected 900 billion barrels of oil and 150 trillion cubic meters of gas

compared to today6é s known resources of

168 trillion cubic meters of gas,

U Low resources: Closer to USGS; adheres mor e

0 Low resources (650 billion barrels of oil and 132 trillion cubic meters of
gas) and more geographic concentration hence gradually increasing

supply disruption risks,
0 High resources: Premised on higher expectations in the more prospective areas

(deep ocean, Arctic etc.)
0 Geopolitical risks maintained at Baseline levels

—Baseline median:899 Sd: 3¢
—Low Resources median:629 Sd: 2

High Resources median:1452 Sd: £

2
3
3
o
a
0 500 1000 1500 2000 2500 3000 3500 4000
Billion barrels of oil
Figure 1: % Probability that Conventional Oil resources are less than the number

shown on the x -axis

U The low resources case is associated with lower uncertainty regarding the
conventional oil resources (in Billion barrels of oil) than the Baseline case.
U Conversely, the high resources case implies higher uncertainty

www.freightvision.eu
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1.2.2 Impact of resource assumptions on hydrocarbon supply and
prices

80 -

% Probability

= |_OW resources
70

60
50 —Baseline
40
30 High resources

20

10

0 T T T T T |
2020 2025 2030 2035 2040 2045 2050

Fig ure 2:Impact of resource on oil prices

U The graph shows the Probability that:
o oil price exceeds September 2008 level of 100 $05/bl (solid lines)
o oil price is lower than 2005 level of 55 $05/bl (dotted lines)

U The high resource scenario implies reasonably low probabilities of getting high
prices
U However the likelihood of low prices declines sharply after 2030

In recent years there has been renewed speculation on the timing of a peak in World
conventional oi l production (fipeak oil 0 debate)
that it has already been reached while others refuse to even accept the notion.
Naturally the timing of such peaking depends to a considerable extent on the
magnitude and level of difficulty in exploitation of undiscovered resources. According to

the work undertaken within the FREIGHTVISION project and depending on the
assumption made, the distribution of the peaking date is as follows:

www.freightvision.eu
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—Baseline median:2021 Sd: 1
—Low Resources median:2018 Sd

High Resources median:2037 Sd:

occur

£
2008 2013 2018 2023 2028 2033 2038 2043 2048
Year of maximum conventional oil productior
Fig ure 3: Probability of i Peak Odcdrrénce
% Probability that "Peak Oil" occurs
before after after
2010 2020 2035
Baseline 5 59 21
Low Resources 16 41 9
High Resources 1 88 56
Table 3. % Probability that #APeak Oil o
The high likelihood of production peaking after 2020 (whatever the resource

assumption maintained) combined with high probabilities for continuing and robust oil
demand from emerging economies imply an increasing role for non-conventional oil
production (primarily the Athabasca tar sands and Orinoco extra-heavy oil). Depending
on the undiscovered resource profile retained, the distribution of the share of such

unconventional sources by 2050 is as follows:
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High resources==Baseline case==Low resources

Probability

0 10 20 30 40 50 60 70 80
% share of non conventional oil in world oil production in 20E

Fig ure 4: % share of non conventio nal oil in world production in 2050

The low resources case implies a high likelihood of dependence on non
conventional oil,
Under baseline conditions the future share of non conventional oil is more
uncertain (bimodality emerges). This is due to distinct possibilities of rapid
technological improvement in non conventional fuel extraction or on the other
hand, relative failure of such progress. In the cases of the other scenarios, this
effect is obscured by the role of oil prices in determining the level of non
conventional sources uptake.
The high resources case implies minor contribution of non conventional oil: to
get more than one third of the market has a probability of 20%,
Probability that non conventional oil gets more than half of the oil market by
2050:

0 Baseline resources: 42%, Low Resources : 67%, High Resources : 6%.

Key conclusions

It is more probable to experience high prices of fossil fuels in the future than
getting back to a low price world,

The uncertainty about yet to find resources is significant and magnifies the risk
of experiencing very high prices,

Non-conventional oil will play a big role in oil supplies; this may have important
environmental implications.

1.3 Future Patterns of Mobility

Oil demand is already dominated by the transport sector and it is generally expected
that this dominance will increase in the future. The main segment underpinning this
growth is personal road transport. If consumers in emerging parts of the world adopt
even partially the life styles with regard to car ownership and use that characterise the
already industrialised countries, sustained growth in oil demand and high oil prices are

www.freightvision.eu
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very likely at least for the next 50 years. In recent years there are some signs of
saturation in the rich countries of the world but very little sign that increasing
prosperity in emerging countries is de-coupled from an explosion in personal mobility.
The key issues to examine are the saturation levels in developing countries as well as
the likelihood of a reversal of trends in highly developed ones.

1.3.1 Presentation of results

800 -+
700 -
Rest of OECD
600 -
500 -
Europe
400 - EU-15 1990

200 J / EU-15 1980 .
.'a
200 - EU-15 1970 ,"/

100 - e

o .
D .
° <X

e Developing
Countries

O LU LI LISL UL L L L L L L L L L LU U L L L L O B O |

1970 1980 1990 2000 2010 2020 2030 2040 205C

Fig ure 5: Number of vehicles per thousand inhabitants (dotted lines represent five
percentiles)

U Further motorization of Rest of OECD (North America and Pacific OECD) is slow,
U Probability that car ownership in Europe in 2050 is
o0 higher than the 2005 level of Rest of OECD: 87%
0 higher than the 2050 level Rest of OECD: 12%,
U Developing regions take off,
U Probability that car ownership exceeds in 2050 the level of EU-15
o asitwasin 1970 is 95%
o asitwasin 1980 is 11%.
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1.3.2 Key conclusions

An alternative pattern of mobility to the horizon of 2050 is very unlikely. Currently the
transport sector absorbs around 50% of total world oil demand. According to the
Baseline there is 78% probability that this share will exceed 60% by 2050. Road
transport is key for the world oil market and under baseline conditions it displays low
probability of restructuring away from oil until 2050.

1.4 R&D inEnergy -related Technologies

From the late seventies onwards there is a general declining trend of the proportion of
world GDP dedicated to R&D in energy-related technologies (private and public). In
very recent years there are some signs of a relative stabilisation. While recognising
that R&D intensity will, to some extent, depend on energy costs and the prospects for
a credible worldwide climate mitigation effort, it is worth examining alternative secular
trends.

1.4.1 Assumptions

The analysis has concentrated on R&D directed at alternative technologies for road
transport because of their particular relevance for the FREIGHTVISION project and the
potential impact on World Qil prices.
T h ePrdmotionof alternative road transportod case assu
U R&D in new vehicle technologies until 2015 is increased tenfold,
U Additional excise tax on oil consumption rises gradually and levels out at
0.6%$05/It from 2025 onwards

1.4.2 Presentation of results

% probability that total cost per vehicle km of conventional gasolir
vehicle is higher than alternative vehicles

Promotion of alternative
road transport

2030 2050 2030 2050

Baseline

Conventional Hybrid 29 95 98 99
Plug-in Hybrid 5 48 45 89
Electric 5 52 51 91
Fuel cell 27 75 99 99
Fuel cell with on board reformer 0 32 15 91

* calculations based on typical vehicle of 70Kw engine utilised 15000km/year and by usinc
discount rate

* PROMETHEUS incorporates stochastic technology dynamics (both learning by experier
learning by research)

Table 4. Competitive prospects for alternative vehicle technologies
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Fig. 6:Impact on overall oil savings

U The probability of getting high oil prices is reduced by 15 percentage points in
2050, compared to the Baseline,

U The restructuring process displays a slow pace and the benefits are only
noticeable in the very long term.

1.4.3 Key conclusions

U Alternative vehicle technologies reduce the overall demand for oil, but less than
expected, due to a rebound effect and also smaller shares of biofuels, which are
displaced,

U The key alternative technology that stands to gain most by increased R&D and
technological promotion policies is fuel cells. This is the option that stands the
best chance to transform the energy system and especially the road transport
market. However, the scope and pace of this expansion will depend to a large
extent on the development of adequate infrastructure around the globe.

Fig. 7 below shows the probability distribution of the oil savings arising from the
technology push scenario.
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Fig ure 7: % of oil saved compared to baseline in 2050

The first peak represents early success of hybrid (particularly plug-in hybrid
technologies) while the second represents an eventual success of hydrogen based
technologies.

1.5 Prospects for Developing countries to participate in
intensive Climate Mitigation Policies

An intensive effort to reduce carbon dioxide emissions implies important changes in the
energy system. Due to the global nature of the problem an effective policy must
include emerging economies, especially since they are likely to contribute the most in
emissions rising. Furthermore efforts concentrated in some parts of the world (i.e. the
EU) could result in leakage effects (higher consumption of fossil fuels in the rest of the
world as a result of lower prices stemming from depressed demand in the abating
region). Progress in engaging at least key emerging economies (like China, India,
Russia or Brazil) has been slow and the prospects are highly uncertain both in terms of
commitment and timing. It is therefore important to examine alternative possibilities
for mitigation engagement with associated likelihoods.

Overview of technologies is being examined in 2.3.

1.5.1 Assumptions

Following the experience of the Kyoto process from negotiations to ratification and
implementation,the 0 Basel ined assumptions take a very
of a concerted effort across the World. The analysis uses the notion of the effective
carbon value as a measure of climate change mitigation policy intensity. Effective
carbon values are assumed to apply on all sectors.

This scenario has been constructed using Delphi methods and incorporates experts
assessments. It reflects a view that the different world regions will deploy a rather
moderate climate change mitigation policy, which however would intensify in the
period beyond 2030

The probabilities of climate policy intensities differ by region and the probability
distributions for two of the decades of the forecast horizon are given below.
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Fig ure 8: % Probability that world CO2 emissions in 2050 increases from 1990 at a %
higher than the number shown in the horizontal axis

On the other hand, climate policy could develop very rapidly via a snowball effect in
response to extraordinary factors ranging from natural disasters to major political
change. Such factors are hard to analyse conventionally and are not properly reflected
in the Baseline assessment. In order to consider such possibilities, an alternative
scenario is developed incorporating much stronger and better co-ordinated effort at the
World level. The scenario implies a radical shift in the likelihood of obtaining smaller

emission increases (see graph Fig. 9 below).

www.freightvision.eu
19

| Filename : FREIGHTVISION_Deliverable4 -5_Fin.docx |



(e~ freightvision

Freight Transport FORESIGHT 2050

80 percentage points less probable
100 1 that emissions in 2050 are more
90 than 50% higher than in 1990
30 -
10
60 - —Climate Change
50 Policy
10 - ——Baseline
30 -
10 -
o TrT1rrTrTTT T T T T T T T T

S0 -30 -10 10 30 50 70 90 110 130
% increase in World CO2 emissions in 2050 from 1990

Figure 9:% Probability that World CO2 emissions in 2050 increase more than given
levels compared to 1990

1.5.2 Presentation of results

The scenario has a major impact on world consumption of coal that could be less than
half the baseline values with a 20 percent probability already by 2040 (see table 5
below). The impacts on gas and oil are however much less pronounced partly because
of rebound effects associated with lower prices at the well-heads (see table 6 below).

% reduction in world primary energy consumption
from baseline

2030 2040 2050

Qil
Median 4.7 10.2 12.3
20% Prob to be lower than 3.6 7.7 9.0
20% Prob to be higher than 5.8 12.8 16.4
Coal
Median 23.4 435 33.9
20% Prob to be lower than 17.5 34.2 22.1
20% Prob to be higher than 28.3 51.6 44.9
Gas
Median 2.2 9.0 12.8
20% Prob to be lower than 0.8 5.8 7.2
20% Prob to be higher than 3.8 12.2 18.3

Table 5. % reduction in world primary energy consumption from baseline
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Medians of fossil fuel prices and % probability that prices exceed
selected thresholds

| Baseline | Climate Change

2030 2050 2030 2050
Oil Median price in $05/bbl 69 108 65 83
% prob of > 100 18 56 15 35
% prob of <55 27 6 32 18
Gas Median price in $05/Mbtuy  11.7 13.9 11.0 9.6
% prob of >13 36 57 30 26
% prob of < 6 2 2 3 13
Coal Median price in $05/tn 108 143 73 54
% prob of > 120 38 63 7 9
% prob of < 60 5 7 30 57

Table 6. Medians of fossil fuel prices and % probability that prices exceed selected
thresholds

1.5.3 Key conclusions

U0 Climate policy significantly reduces the risk of experiencing high oil and gas
prices (25 percentage points, in terms of probabilities),
U Coal price collapse is also probable.

2. Transport sector

2.1 Transport activity outlook

2.1.1 Results

The activity projections, measured in passenger-kilometres and tons-kilometres, are
based on projections of transportation activity by Member-State. Transportation
activity is driven by economic growth, by societal trends and by bilateral transportation
flows among Member-States, which further depend on the completion of the Internal
Market. The projections of transportation activities were handled by the model SCENES
which is specialised in transport planning. The model is designed to produce European
level transportation activity forecasts by considering a wide range of explanatory
factors, such as demographic, economic, societal and transport infrastructure trends.
The model produces spatial details of transportation flows, as well as assignment of
flows to main transport modes. Country and sector specific results are taken from
SCENES and transformed into inputs to PRIMES for further processing and calibration.
The SCENES model produces projections of activity for all transport and travel
categories, including very short distance trips and slow modes. The demographic and
macroeconomic assumptions of the PRIMES-based Baseline scenario have been used
as inputs to the SCENES model ensuring consistency in the projection of transportation
activity figures. For this purpose, the SCENES-based projection takes into account
transport policy measures which are in place or are likely to be implemented before
2010.
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According to the Baseline scenario, transportation activity will grow considerably slower
than GDP. This trend, which is more accentuated in the long term, is a combined result
of productivity gains in transportation and saturation effects. The high freight
transportation growth in the period 2000-2005 reflects the considerable increase in
commodity trading following the EU enlargement and the market integration. This is
considered to be a transitory phenomenon and it is likely that in the future freight
transportation will grow at most as fast as GDP. The projections for the Baseline
scenario correspond to values of the GDP implicit elasticity of transportation activity
that remain stable over time, as far as passenger transport is concerned and,
decreases over time for freight transport reflecting saturation and productivity gains.
For passenger transport, the GDP implicit elasticity is equal to 0.65 on average for the
period 2005 to 2030. For freight transport, the GDP implicit elasticity of activity is
projected to decrease gradually, first down to 0.92 in 2005-2010, and then further
down to 0.72 between 2010 and 2030. As the values of GDP implicit elasticity of
transportation activity are lower than one, the Baseline scenario displays a gradual
decoupling of transportation from GDP growth, which implies decoupling of energy
consumption in the transport sector from GDP growth.

The slowdown in passenger transport is related to the stability of EU-27 population and
to saturation in human mobility. Passenger related transport activity per capita is
projected to reach 15909 km per annum in 2020, up from 12769 km per annum in
2005 (Error! Reference source not found. ). The increase of transportation of
passengers is accompanied by changes in transport modes towards using faster
means, such as fast trains and aviation. This trend keeps the average time spent by
person on transportation in this scenario within a realistic range.

The projection shows domination of transportation by cars and motorcycles and a
noticeable growth of air transport. Aviation for passenger transport has been the
fastest growing mode of transport in the recent past, driven by rising real incomes, the
increased willingness to pay for leisure, the globalisation process and the liberalisation
of air transport market. Aviation activity is projected to grow at a rate of 3.1% per
year in 2005-2030.The need for more long distance travel facilitated by the high speed
of air travel is expected to drive this rapid growth, despite the increase in air transport
prices due to high oil prices. By 2030 the market share of aviation in passenger
transport activity is projected to reach 12.2% in 2030, up from 8.1% in 2005.

Rail transport activity, which exhibited a decline between 1990 and 2005, is projected
to display acceleration of growth from 2015 onwards (+1.6% pa in 2005-2030) as a
result of new and upgraded infrastructure projects facilitating networks of high train
speeds. In 2030, passenger rail activity is projected to account for 7.5% of total
activity (+0.4 percentage points up from its level in 2005, +0.6 percentage points up
from 2015 level). The shares of the other modes, such as public road transport
(+0.6% per year growth in 2005- 2030), private cars and motorcycles (+1.3% pa) and
inland navigation (+0.4% pa), are projected to slightly decline over the projection
period.

As indicated above the Baseline projection implies freight transport growth increasingly
lower than GDP growth. Furthermore, the gap between the two is projected to increase
in the coming decades. The growth of the different modes of freight transport is
projected to gradually converge to the overall growth of activity (see Figure 10 below).
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Fig ure 10 : % Average annual growth rates of freight transport activity by mode and
GDP in EU27 per decade.

More specifically:

Road transport dominates freight transport activity and this is projected to continue in
the Baseline scenario. Transport of goods by trucks offers a significant degree of
flexibility and to a certain extent compensating for the higher cost of road transport as
compared with rail. The share of passenger road transportation is projected to decline,
while road freight transport activity is projected to increase and attain a share in total
freight transport of 76.1% by 2050, 3.4 percentage points up from 2005 levels. This
increase occurs to the detriment of both rail and inland navigation activity, which are
projected to grow by +0.94% per year and +0.65% per year respectively in the period
2005-2050. By 2050 rail freight is projected to account for 14.7% of total activity
(16% in 2005) and inland navigation for 9.2% of total activity (11.4% in 2005).

It should be noted, however, that as regards rail freight transport the Baseline scenario
projects a reversal of recent trends, for the EU-27 showing that rail freight activity
declined at a rate of -1.9% per year in the period 1990-2005 following, among other
things, economic restructuring in central and eastern European countries. The recovery
of rail freight transport is attributed to congestion on roads, the expected increase in
road transportation costs and the proliferation of driving restrictions on heavy goods
vehicles on designhated roads. This change of modes for freight transport is facilitated
by development of adequate infrastructure allowing for inter-modal transport and
productivity gains. The projected growth of inland navigation is based on a
continuation of past trends that this mode mainly concerns the transportation of lower
value, bulk goods.
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The activities projections for EU-27 are given in summary on Error! Reference
source not found. . Detailed projections for individual member states as well as for
candidate countries and neighbour countries are provided in Annex |I.

EU27: Baseline Scenario TRANSPORT SECTOR

2005 2020 2030 2050 '90-'00 '00-'10 '10-'20 '20-'30 '30-'40 '40-'50

Transport activity
Passenger transport activity (Gpkm) 6245 7897 8861 2.0 15 15 1.2
Public road transport 529 580 617 -0.8 0.5 0.7 0.6
Private cars 4566 5659 6225 24 1.6 1.3 1.0
Motorcycles 149 191 217 21 1.9 1.7 1.3
Rail 447 556 668 -0.6 0.7 17 1.8
Aviation 506 860 1081 6.0 3.3 35 2.3
Inland navigation 49 51 54 -1.4 0.0 0.4 0.5
Freight transport activity (Gtkm) 2464 3321 3717 4080 1.5 24 1.8 11 0.6 0.3
Trucks 1790 2486 2803 3105 3.2 3.1 2.0 1.2 0.7 0.4
Rail 394 505 559 600 -2.8 0.8 1.7 1.0 0.5 0.3
Inland navigation 280 331 355 376 0.5 0.8 12 0.7 0.5 0.1
Activity indicators
Travel per person (km per capita) 12769 15909 17908 1.8 1.3 15 1.2
Freight activity per unit of GDP (tkm/000 Euro'05)| 225 212 199 169 -0.7 0.3 -05 -06 -08 -08

Table 7: Transport activity outlook

2.1.2 Conclusio ns

1 Activity in the transport sector is projected to grow considerably slower than the
GDP

1 Freight transport activity is dominated by road transport and this dominance is
projected to remain and slightly increase in the horizon to 2050

1 Passenger and freight rail transport activity projections show a reversal of recent
trends, due to improved rail infrastructure and higher road transport costs.

1 Projections of inland navigation activity indicate continuation of past trends.

2.2 Transport final demand

2.2.1 Results

The transport sector is one of the most important sectors contributing to energy
consumption and environmental emissions. The nearly complete dependence of the
sector on oil products generates two sorts of concerns: security of oil supply with rising
needs for transportation; and worries about climate change combined with longer
standing problems of congestion, noise and urban pollution.

Energy consumption in the transport sector accounted for 31% of total final energy
consumption in 2005, up from 26% in 1990. The increasing share of transport in total
energy consumption is projected to persist in the Baseline scenario. The transport
sector is the largest consumer of oil products in the EU energy system, consuming
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almost 60% of total oil product deliveries to final consumers, including feedstock to
petrochemicals. This share was 52.7% in 1990 and is projected to attain 64.4% in
2050. Dependence on transportation on oil is moderated by the penetration of biofuels
in road transport. The share of biofuels in liquid fuels consumed for road transportation
accounted for only 0.2% in 2000, but increased to 1.1% in 2005 and is projected to
attain 7.4%, 9.5% and 11.2% in 2020, 2030 and 2050 respectively.

Road transport is the dominant transport mode and consumed 82% of total energy in
the transport sector in 2005, down from 83.7% in 1990 (Error! Reference source

not found. ). Private cars have the biggest share in road transport, accounting for
55.9% of total energy consumed in road transport in 2005. This share was 60.6% in
1990 and it was rather stable during the decade 1990-2000. In the period 2000-2005
transport by trucks grew very fast, as a result of the increasing freight transport in the
enlarged EU. Therefore, energy used by trucks accounted for 39.4% of total energy
consumed in road transport in 2005, up from 34.5% in 1990. Energy consumption by
buses accounted for 1.5% of total energy in road transport in 2005 and motorcycles
accounted for 3.3%.

The vehicles serving road transportation are based on internal combustion engines and
are mainly using gasoline and diesel oil. Other fuels, such as LPG and CNG have small
shares of total energy for road transportation in 2005,namely 1.5% and 0.2%,
respectively. The share of gasoline in road transport has continuously decreased during
the period 1990 to 2005: 38.5% in 2005 down from 57.9% in 1990. This trend is due
to relative prices and gasoline cars' specific energy consumption which have both
favoured the penetration of diesel cars. Despite the voluntary agreements with ACEA,
JAMA and KAMA associations for the production of improved engines in terms of
efficiency, the car market trends towards larger powerful and more comfortable cars
(as for example with the widespread use of air conditioning), which use more energy
per unit of activity have offset the effects of the engine improvement. In the recent
period 2000-2005 the energy efficiency gains were 1% p.a. The Baseline scenario
shows progress towards lowering the specific energy consumption of cars, although it
does not assume that the agreement on specific CO2 emissions for new cars from 2008
onwards, which is essentially an agreement on fuel efficiency, can still be honoured.
The baseline projection does however incorporate further decreases of specific energy
consumption. It also reflects a significant expansion of car sales in the EU, which leads
to ownership of 656 cars per 1000 persons in 2050, up from 460 in 2005 (around 44%
increase) and 350 in 1990.

Energy consumption per unit of transportation activity is projected to decline
substantially for buses and motorcycles but their effect on total consumption is small
due to the relatively small share of these means in total road transportation.

The Baseline scenario takes the view that the important increase in freight transport by
trucks, experienced in the recent past, will slow down in the future. Energy consumed
by trucks is projected to account for 46.5% of total energy consumed in road transport
by 2050 (Erro r! Reference source not found. ). Energy efficiency progress of truck
engines is projected to evolve at a faster pace in the future. The Baseline scenario
projects energy efficiency gains of freight transportation by trucks at 0.3% per year in
the period 2005 to 2050. The proliferation of truck-based freight transportation, to the
detriment of rail and inland navigation, resulted in a deterioration of the average
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energy intensity (toe per ton-km) of freight transportation especially in the period
1990 to 2005. However, the Baseline scenario shows positive energy efficiency gains
throughout the projection period displaying an increasing trend in the longer term.

Energy consumption in road transport is projected to increase by 0.2% per year in the
period 2005 to 2050, which is substantially lower than the rate of 1.76% per year
experienced in the period 1990 to 2000. A smaller rate of increase in energy
consumption in road transport was observed already in the period 2000 to 2005
(1.3%) (Error! Reference source not found. ). The penetration of diesel cars is
projected to continue in the future. Gasoline used for road transportation attains a
share of 29.3% of total energy used in road transport in 2030 and diesel oil raises its
market share to 60.5% by the same date. The market share of other fuels and energy
carriers make small inroads in the Baseline scenario. Conventional cars (powered by
Otto or diesel engines) see their share decline from a situation of complete dominance
in 2005 to 91% in 2030 and 74% in 2050. In the period to 2030 it is mostly
conventional hybrid cars that profit from this decline. Their share reaches 7.3% in
2030 but remains virtually constant thereafter. In the period 2030-2050 the biggest
share gain is registered by plug-in hybrids from under 2% in 2030 to nearly 12% in
2050. By 2050 pure electric cars are projected in the baseline to obtain a 3% share
while hydrogen fuel cell powered cars will account for 3.3%. (A discussion of
alternative penetration of hydrogen is given in the next section).

Electrification of rail transport is assumed to further proliferate in the Baseline scenario
and beyond 2030 it is projected to be nearly complete (see Annex Il for details by
country). Diesel trains remain the only mean of rail transport in remote areas with less
frequent travelling. According to Eurostat energy balance definitions, final energy
consumption per unit of transportation for electric trains is much lower than it is for
diesel trains, mainly because energy conversion efficiency of power generation and
losses of electricity distribution are not included in final energy demand. In terms of
primary energy, which takes into account energy conversion and losses of electricity,
the electric train is 25% more energy efficient than the diesel train per unit of
transportation activity. The high speed electric trains are consuming more energy than
conventional trains but usually have higher occupancy rates. Taking into account these
considerations, the Baseline scenario displays a collapse of diesel consumption in rail
transport and also a decrease of energy consumption measured in terms of final
energy.

In summary, the fuel mix for the transport sector (taken as a whole) is projected to be
dominated by oil products, which account for 91% in 2030, down from 97% in 2005.
The decline in this share is overwhelmingly due to the penetration of biofuels. In the
period from 2030 to 2050 oil's share declines further to 84%. Most of this decline is
due to alternative fuels: namely electricity for plug-in hybrids and electric vehicles as
well as the modest introduction of hydrogen. The table below summarises the energy
consumption outlook for the transport sector in EU-27. Freight transport fuel
consumption by country is included in Annex IlI.
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EU27: Baseline Scenario TRANSPORT SECTOR

2005 2020 2030 2050 '00-'10 '10-'20 '20-'30 '30-'40 '40-'50

Energy demand in ktoe

Passenger transport 234381 275261 288264 0.9 0.9 0.5
Public road transport 4317 4335 4279 -0.5 0.2 -0.1
Private cars 166066 182249 183304 0.4 0.5 0.1
Motorcycles 9683 11083 10513 1.9 0.7 -0.5
Rail 2420 1912 1997 -0.2 -25 0.4
Aviation 49745 73432 85904 25 23 1.6
Inland navigation 2150 2250 2268 -0.1 0.3 0.1

Freight transport 127386 163350 174764 178385 2.5 15 0.7 0.4 0.2
Trucks 116993 151821 165281 168711 2.7 1.6 0.9 0.2 0.0
Rail 7187 7776 5689 6025 0.3 0.5 -3.1 0.3 0.2
Inland navigation 3206 3754 3793 3649 0.2 11 0.1 -0.1 -0.3

Table 8: Transport energy demand outlook

2.2.2 Conclusions

1 The transport sector is projected to maintain and even slightly increase its share
of total final oil demand (from 60% to 64% between 2005 and 2050).

1 The dependence of road transport on oil is moderated by the penetration of bio-
fuels in the short to medium term, while in the longer term electricity and
hydrogen (to a lower extent) are to further reduce the share of oil in road
transport.

1 Energy consumption in road transport is projected to increase by 0.2% per year
until 2050, which is substantially lower than the rate of 1.8% per year
experienced in the period 1990 to 2000.

9 Electrification of rail transport is projected to increase and be nearly complete
beyond 2030.

2.3 Implications of a switch to Hyd rogen on emissions

2.3.1 Results

Projections, including those presented in this report, generally identify the transport
sector (especially road, air and navigation) as particularly resilient with regard to the
continuous use of fossil fuels, notably petroleum products. This implies that this
sectors' contribution to both environmental pollution (at different scales: local, regional
and global) and to persisting supply insecurity (in terms of import dependence and the
vulnerability to oil price hikes) is projected to increase. Technical alternatives to oil in
transport do of course exist but they are likely to continue suffering from low
competitiveness as well as from formidable "network" obstacles (the whole network
from production of oil to its use in specific equipment already exists and is constantly
improving while the alternatives imply the construction of an equivalent network to
replace it). Furthermore the alternative options usually involve the use of secondary
energy carriers (such as electricity and hydrogen) which means that the ultimate
impact of their adoption on both the environment and supply security will depend to a
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considerable extent on the primary energy configurations used for producing the
secondary fuels. Such configurations would in turn depend highly on a host of
parameters affecting them directly or arising from the general economic and energy
system environment. In this section a model based evaluation of the questions raised
above is presented for the case of a massive introduction of hydrogen. Hydrogen
(instead of electricity) is chosen because it offers the best technical opportunities for a
radical transformation of energy use in the transport sector (and indeed the entire
energy system). The model PRIMES-H2 has been used in order to ensure overall
coherence across the whole demand/supply nexus for both hydrogen and competing
alternatives.

The baseline scenario from which the freight transport trends presented in the sections
above have been derived implies a very small contribution of hydrogen. Given the
basic assumptions on drivers that characterise the baseline scenario the 2050 horizon
is too short a period for a transformation of the European energy system towards a
hydrogen economy. It is clear that an early introduction of hydrogen as an important
energy vector in the European system would require much faster technological
developments in hydrogen technologies and additional policies and measures to
promote hydrogen use by providing extra motivation for switching.

It is generally recognised that the road transport sector is potentially the most
important market for hydrogen but the materialisation of such potential would require
a very deep and rapid reduction in the cost of small scale (mobile) fuel cell stacks and
systems. The future course of these costs is however surrounded by a considerable
amount of uncertainty while the efficiency and costs of conventional alternatives (Otto
and Diesel engines, hybrids etc) are constantly improving. The expansion of hydrogen
use will also depend on the development of integrated delivery systems requiring large
scale infrastructure investments that would not be forthcoming given the uncertainty
on the competitiveness of hydrogen consuming technological options.

Compared to the above obstacles the question of hydrogen production assumes
relatively minor proportions. A switch to fuel cell powered vehicles does not so much
imply substituting one fuel for another; it rather means replacing energy by
equipment. This derives directly from the technical characteristics of fuel cell
technologies and notably their very high energy efficiency (which is even projected to
improve substantially in the horizon to 2050).

The main options that are likely to be available in the coming decades for satisfying
demand for hydrogen include fossil fuel based technologies (with and without carbon
capture and sequestration), biomass based options, dedicated renewable
configurations and nuclear power including the more futuristic high temperature
thermo-chemical cycle. Their deployment will depend on the size of the hydrogen
market, the fossil fuel price evolution, their availability and technical and economic
characteristics and, crucially, the scope of future climate policy. If the assumption of
high hydrocarbon prices in the longer term is maintained together with very moderate
coal prices the key element appears to be the scope and intensity of future climate

policy.

In order to address the importance of climate policy on the deployment of hydrogen
production options and at the same time calculate the likely impact of massive
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hydrogen adoption in road transport three cases are compared for their implications in
the terminal year of the projection (2050):

1. The Baseline case. This is the scenario presented in previous sections of this report.
It incorporates a very modest climate policy directed only at large installations (the
current ETS together with hydrogen production) with an EU wide emission permit
market (allocation through auctioning). The carbon value clearing the permit
market averages only 200 0 5throughout the forecast horizon and only reaches
300 0 5n 2050.

2. The H2NCV case. Assumes that fuel cell related technologies reach the limits of
technical possibilities as they emerge from technological perspective analysis. Fossil
fuel use is penalised to the tune of 0.50 euro per litre and the proceeds are used to
develop hydrogen delivery infrastructures. Both developments are assumed to
occur early (by 2025) in order to give time for stock to turn over (in designing the
case a target of at least 50% of vehicles powered by fuel cells was set for 2050)
The climate policy intensity is maintained at Baseline case levels.

3. The H2CV case that retains the favourable technological and fiscal assumptions of
case 2 but in addition assumes a higher intensity of climate policy. It is assumed to
be economy- wide and marginal abatement costs average around 500 0 Sover the
forecast horizon, reaching 9 0 U Oby 2050.

% impact on
% share in final Hydrogen| €02 emission
% in new consumption of Total demand from
. . on 1 Hydrogen| K transport
% share in vehicle stock registrati|  industry and dy in : A
ons residential emand transport mcludmg H2
. (Mtoe) production
commercial (Mtoe) R
(relative to
baseline)
Steam
Elec. and
. Plugin . Fuel | Fuel | from heat
Conv. - Hybrid hybrid Blectric) H2 ICH cells | cells | fuel from
cells  fuel
cells
Baseline 743 7.6 117 29 0.3 3.3 7.3 1.4 9.7 4.0
At least 50% hydrogen
- No carbon value (H2NCV cabe}®7 57 23 08 02 544 682|214 27.3|2355| 296 | -28%
m /FENb2y @I f dzf
AY HnonX d¢pn €4 354 52 2.2 0.8 0.2 56.3| 70.7| 20.1 26.5 | 216.0( 309 -48%
2050 (H2CV case)

Table 9: Summary results for the dif ferent scenarios

Table 9 above summarises the results obtained in the different cases for 2050.
Concerning the structure of vehicle stock, the share of conventional vehicles is
approximately halved in both hydrogen cases and the growth in the share of plug-in
hybrids is stunted. Fuel cell powered vehicles account for more than half the vehicle
stock while they dominate the new vehicle markets (more than two thirds of vehicle
registrations). With regard to the impact on CO2 emissions (which are the main
concern of this chapter) total emissions from vehicles are reduced by 48% for a 53%
increase in fuel cell vehicle share in the H2CV case but fall by only 28% (for a 51%
increase in fuel cell vehicle share) in the H2CV case. It appears therefore that climate
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policy is vital for the emission impact of fuel cell introduction. The key to this difference
naturally lies in the deployment of alternative options for hydrogen production.

Shares in production t N2 RdzOGA2y O2
Baseline 50% H2 NC\50% H2CV H2N CV H2 CV
No CCS 97.3 97.3 29.1
Fossil fuels 80.9 80.6 11.3
Solar methane reforming 0.2 0.2 0.2 1433 1683
Gas steam reforming 11.9 8.2 8.9 1209 1496
Coal gasification 66.2 67.2 0.2 591 1123
Oil partial oxidation 2.6 5.1 2.0 904 1246
Non-fossil energy sources 16.5 16.7 17.8
Solar high temperature thermochemical cycle 0.0 0.0 0.1 1721 1691
Electrolysis from grid 0.5 0.4 0.7 1467 1541
Dedicated wind turbine for electolysis 0.0 0.0 0.0 2628 2686
Dedicated nuclear power plant for electrolysis 2.7 2.0 5.2 999 955
Nuclear high temperature thermochemical cycle 3.3 2.6 7.3 744 703
Biomass pyrolysis 2.3 2.9 2.5 816 992
Biomass gasification with steam reforming 7.6 8.8 2.1 691 806
CCS 2.7 2.7 70.9
Gas steam reforming 0.2 0.2 0.3 1427 1660
Coal gasification 2.2 2.1 57.1 731 730
Oil partial oxidation 0.2 0.2 0.5 1080 1339
Biomass gasification with steam reforming 0.1 0.1 13.0 886 693

Table 10 : Hy drogen production patterns for the different scenarios

Table 10 summarises the results regarding the costs and relative contributions of
alternative hydrogen production options for the different cases. The cheapest options
for both cases involve gasification (coal or biomass). The late introduction of biomass
gasification with steam reforming implies that the technology will be relatively
immature even in 2050 and therefore despite its cost advantage it only gains 10%-
15% of total production. Coal gasification is the majority option in both scenarios, the
major difference between them being the incorporation or not of carbon capture and
sequestration facilities. The coal gasification process is both suitable for hydrogen
production and facilitates pre- combustion capture and is therefore a valid option for
power generation in the form of integrated coal gasification plants. This parallel
application ensures a certain amount of maturity in the medium to longer term.

The high carbon values in the last two decades of the projection ( as implied by
theH2CV scenario) mean that hydrogen demand appears at a time when fossil options
without CCS are uncompetitive. They make very minor contributions in hydrogen
production (mostly gas steam reforming due to the earlier adoption of this technology
as a transition production mode). Solar high temperature suffers from the high capital
costs projected. Electrolysis from the grid is disadvantaged by the high electricity
prices where dedicated wind based electrolysis is prohibitively expensive due to its
capital intensiveness and low utilisation rates. Gas steam reforming and oil partial
oxidation with CCS are disadvantaged by high feedstock costs. All the other options in
Table 10 effectively constitute viable alternatives for producing hydrogen in the context
of the baseline.

The highly speculative nuclear high temperature thermo-chemical cycle is projected to
gain a share of 7.3% in the H2CV case. Nuclear power combined with electrolysis
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provides another 5.2% (this option is clearly available even today). Hydrogen supply is
dominated by coal gasification options with CCS because they offer at the same time a
relatively low cost and intermediate maturity in the sense that coal gasification and
CCS are projected to penetrate the power generation market at earlier stages of the
projection (especially after 2015). Coal gasification accounts for just under 60% of
hydrogen production. It is worth noting that the overall biomass share only increases
from around 12% in the H2NCV case to 17.6% in the H2CV case despite the assumed
availability of the technically highly attractive biomass gasification with steam
reforming combined with CCS option (the combination for negative costs in terms of
emissions avoided from an otherwise carbon-neutral technology). The reason for this
relatively modest increase in share lies in the cost of the biomass itself which is much
higher in the intensive policy case due competing biomass uses for the production of
electricity and steam.

2.3.2 Conclusions

1 Improvements in the technical and cost characteristics in fuel cells are not
sufficiently fast in the baseline in order to enable a significant penetration of
hydrogen even by the end of the projection horizon (2050).

1 Assuming R&D induced technical progress acceleration and strong fiscal support
for both technology adoption and infrastructure development, hydrogen could
reduce the share of conventional vehicles in the EU car parc to 50% by 2050.
Such a development would bring about a 28% reduction in CO2 emissions.

1 Enough low carbon and carbon free options for producing hydrogen are likely to
be available beyond 2030. They would ensure a virtually carbon free production
even assuming a moderate climate policy.

3. Energy demand outlook in non transport sectors in
EU-27

3.1 Industry

3.1.1 Results

EU industry has been influenced by increasing globalisation and integration of the
world economy and the enlargement of the EU economy. Industrial firms address their
product to a broader market which is subject to more intense competition but at the
same time offers opportunities for increasing returns to scale. The industrial firms
restructure, seeking higher productivity of production inputs and improvement in
product quality.

The Baseline scenario does not assume a very radical reduction of energy-intensive
industrial activity in the EU. However, such activity grows at rates below GDP. This is
however accompanied by important restructuring regarding the quality of the output
produced. The energy-intensive industries are mainly dependent on quality and cost of
production inputs, such as materials, intermediate industrial goods, services and
energy. Dependency on the quality of these inputs increases when these firms seek to
improve competitiveness. In this context, the EU energy-intensive industries are
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projected to undergo significant changes in terms of the structure of their processes
which has implications on energy mix and intensity.

Both the PRIMES database and the scenario projections are carried out by sector and
sub-sector of industry. I ndustry restructuring
Central and Eastern European countries, has driven a considerable reduction of energy
intensity of industrial value added: 3.04% per year during 1990-2000, followed by
0.84% per year during 2000- 2005. The fuel mix has changed significantly in industry,
between 1990 and 2005. The share of solid fuels in industrial energy consumption
declined from 21.5% in 1990 to 12.2% in 2005, while gas and electricity attained
shares of 30.4% and 29.2% in 2005, up from 30.5% and 22.9% in 1990, respectively
(Table 11).

The Baseline scenario projects a continuation of the decrease in energy intensity of
industrial value added, by 1.15% per year on average during 2005-2050. This is driven
by the use of more efficient technologies and by increased electrification of processes.
It is also explained by projected changes in the composition of aggregate industrial
value added reflecting a shift in favour of less energy intensive products. The projected
changes in the fuel mix in industry continue past trends. The shares of coal and oil
decline, albeit at a slower pace than in the past four decades. Coal and oil account for
6% and 8% percent of the energy consumption in industry by 2050 (Table 11). Gas
penetration slows down as a result of high gas prices, resulting in a share in fuel
consumption of the order of 25% by 2030 which remains more or less stable until 2050
(24%). The electrification trend, however, is projected to continue in the future. During
2005-2030 the growth of electricity demand is almost twice as high as the growth of
total energy consumption in industry. By 2030, electricity is projected to attain around
35% of total energy consumption in industry and its share rises up to 40% in 2050.

EU27: Baseline Scenario INDUSTRY

2005 2020 2030 2050 '90-'00 '00-'10 '10-20 '20-30 '30-40 '40-'50

Sectoral Value Added (in 000 MEuro'05) 1948 2761 3261 3556 1.6 1.8 2.3 1.7 0.5 0.3
Final Energy Demand (in ktoe) 318860 366760 385684 345520 -15 0.6 0.9 0.5 -0.6 -0.5
By fuel
Solids 38795 42722 39794 20507 5.4 -1.0 0.5 -0.7 -3.2 -3.3
Qil 44276 47636 46889 27015 2.7 0.6 -0.2 -0.2 -25 -29
Gas 93183 94185 97359 83117 2.5 0.8 0.0 0.3 -0.5 -1.0
Electricity 96940 122408 132705 139731 0.9 14 1.5 0.8 0.2 0.3
Heat (from CHP) 37679 52026 59968 56939 7.0 -0.1 34 14 -04 -0.1
Other (Biomass, waste, hydrogen etc.) 7986 7783 8969 16638 5.9 2.4 -1.5 1.4 3.1 3.1
Energy intensity (toe/MEuro'05) 163.7 132.8 118.3 97.16 -3.04 -1.1 -1.4 -1.2 -11 -0.8

Table 11 :Industry energy demand outlook

3.1.2 Conclusions

1 The Baseline scenario projects a continuation of the decrease in energy intensity
of industrial value added. This is driven by the use of more efficient technologies
and by increased electrification of processes.
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1 The projected changes in the fuel mix in industry continue past trends. Gas
penetration slows down as a result of high gas prices, resulting in a share in fuel
consumption of the order of 25% by 2030 which remains more or less stable
until 2050.

1 By 2030, electricity is projected to attain around 35% of total energy
consumption in industry and its share rises up to 40% in 2050.

3.2 Commercial/Services/Agriculture

3.2.1 Results

The services sector accounts for 12% of total final energy demand and produces 70%
of total value added in the EU economy. During the last fifteen years services were the
fastest growing activity in the EU economy, growing at a rate above GDP. Within the
services sector market services and trade have increased at a rate between 2.6 to
2.8% per year over the period 1990-2005, far above the growth rate of non-market
services (1.7% per year). Traditional services such as engineering, finance and trade
have been boosted by the specialisation towards knowledge-based and technology-
based industries. At the same time, new services have emerged such as leisure
services, information technology and telecommunications, which were enabled by the
high income consumers. These trends are likely to prevail also in the future growth
pattern of the EU economy and are continuing in the Baseline scenario.

The ratio of final energy per unit of useful energy, which is an indicator of energy
conversion efficiency, decreased between 1990 and 2005 by 15% in total, which
corresponds to a decrease rate of 1% per year. Energy per unit of value added also
decreased over time as a result of total factor productivity improvements. The
combined effect has resulted into a steady decrease of energy intensity (final energy
per unit of value added) by 1. 7% per year in the period 1990 to 2005.

The Baseline scenario projects a continuation of these trends. In the projection period
to 2030, useful energy follows the evolution of services output at an output elasticity of
0.8 given the importance of energy for quality and productivity in the services sector.
The ratio of final energy per unit of useful energy decreases at an average yearly rate
of 0.88%. The combined result of these two effects is a decrease of energy intensity in
the services sector by 0.95% per year over the period 2005 to 2050 (Table 12). Final
energy demand is projected to grow at an annual rate of 0.46% in the period 2005-
2050.Useful energy is projected to increase at a yearly rate of 1.8%, up from the
average 1.7% per year observed in the last fifteen years.

The services sector experienced considerable restructuring of the fuel mix during the
'90s, by reducing drastically the use of solid fuels and at a lesser degree the use of
liuid fuels. Solid fuels are projected to become an obsolete energy form in the
services sector. Solid fuels are projected to vanish from the fuel mix and oil products
account for less than 10% by 2030, down from 15.5% in 2005. Complete elimination
of oil as a heating fuel is only avoided due to natural gas network infrastructure
constraints. Natural gas was the fastest growing fossil fuel during the '90s. This
restructuring reflected the need for cleaner heating in the sector, partly driven by
regulation. Natural gas is projected to remain an important part of the fuel mix keeping
a share above 25% throughout the projection period. Electricity is a carrier of growing
importance in the services sector, enabling specific uses and cooling but also because it
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substitutes for fossil fuels in heat uses. Electricity demand has grown by 2.6% per year
in the period 1990 to 2005, which illustrates the changing structure and technology in
this sector. The Baseline scenario shows that this trend is likely to continue in the
future and later decelerate in the longer term, as a consequence of saturation effects
and also because of energy efficiency gains. Nevertheless, electricity demand is
projected to continue to grow: 1.14% per year in 2005-2050, decelerating from 1.9%
per year in 2005-2020 , 0.8% per year in 2020-2030 and 0.7% per year in 2030-2050.
Electricity is projected to cover almost 50% of total energy consumption of the services
sector in 2050, up from 42% in 2005 and 31% in 1990 (Table 12).

Agriculture has a relatively small weight in economic activity (2.7% of value added in
2005). It has grown at nearly half the rate of GDP growth. The Baseline scenario
assumes a continuation of this trend, albeit with a small acceleration of value added
growth in agriculture.Energy intensity of agriculture has decreased substantially
between 1990 and 2005 (1.5% per year), as a result of a restructuring of activities
towards higher value added products and an increasing trend towards industrialisation
of production, which involves optimisation of inputs to production at a larger scale. The
Baseline scenario takes the view that further energy efficiency progress is possible in
the future but at lower rates than in the past. Energy intensity is shown to decrease on
average by 0.9% per year in the period 2005 to 2030, and energy consumption in
agriculture is projected to grow by 0.3% per year, in contrast with the decrease of
0.7% per year experienced in the period 1990-2005. The important role of oil products
in agriculture is projected to remain unchanged in the future.

EU27: Baseline Scenario SERVICES AND AGRICULTURE SECTOR

2005 2020 2030 2050 '90-'00'00-'10'10-'20 '20-'30 '30-'40 '40-'50

Sectoral Value Added (in 000 MEuro'05) | 7129 10335 12368 13486 2.5 2.4 2.4 1.8 0.5 0.3
Final Energy Demand (in ktoe) 173669 205469 212878 213767 0.1 1.5 0.9 0.4 0.0 0.0
By fuel
Solids 2635 1802 1379 227 -153 -29 -23 -26 -84 -88
oil 40439 37954 36874 30646 -20 -04 -02 -03 -08 -1.0
Gas 51729 60292 60984 55831 2.1 2.2 0.6 0.1 -04 -05
Blectricity 65008 86972 93932 108414 2.7 25 1.7 0.8 0.7 0.7
Heat 10398 11919 12017 11460 0.3 -0.5 0.8 0.1 -0.2 -0.2
Other 3460 6531 7693 7189 3.6 2.6 1.7 0.5 -0.2 -05
Energy intensity (toe/MEuro'05) 244 19.9 172 158 -23 -08 -14 -14 -05 -03

Table 12 : Services and agricultural sector energy demand outlook

3.2.2 Conclusions

1 In the projection period to 2030, useful energy follows the evolution of services
output at an output elasticity of 0.8 given the importance of energy for quality
and productivity in the services sector.

1 Natural gas is projected to remain an important part of the fuel mix until 2050,
while electricity covers almost half of the total energy consumption.
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3.3 Residential sector

3.3.1 Results

The residential sector consumed 26% of total final energy consumption in the EU in
2005. This is slightly up from 25% in 1990 and is projected to attain 24% by 2030 and
26% in 2050. The Baseline scenario projects an increase in energy consumption in the
residential sector by 0.31% per year, down from a rate of 1.0% per year experienced
in the period 1990-2005. It is likely that the increased ownership of appliances and the
penetration of new energy uses such as cooling or more advanced communication
equipment emerge to offset part of the considerable energy efficiency gains that have
been observed concerning both the thermal integrity of houses and the specific energy
consumption of appliances and equipment. Statistical information shows that average
energy consumption per dwelling remained stable or even slightly declined in the
period 1990 to 2005. In 2005 final energy consumption per dwelling was 0.8% lower
than it was in 1990. During the same period, all indicators on comfort and ownership of
appliances have increased considerably. The index of useful energy per dwelling, as
estimated for the purposes of the PRIMES model, displays an average increase of 1%
in the period 1990-2005. The energy efficiency improvements were brought about by
more efficient new buildings and appliances. The thermal integrity standards are
regularly reinforced in all countries and so new buildings are considerably more
efficient than older ones (e.g. through stricter insulation and glazing standards for new
constructions). However, the impact on total consumption is gradual since capital
turnover in the housing sector is low. The effects of this progress on energy
consumption are partly offset by the increase of the average volume of dwellings. In
addition, the number of houses with partial heating has dramatically decreased and is
projected to decline further in the future.

Energy demand is mainly driven by the increase in the number of households, the
growing degree of comfort and the important proliferation of appliances and services
enabled by electricity. Energy intensity in the residential sector, measured as the ratio
of final energy consumption over disposable income, decreased by 1.1% per year in
the period 1990-2005.

Natural gas and electricity dominate the fuel mix. Natural gas is accounting for 40 % of
total energy consumption, up from 30% in 1990. Gas ranks first both in space heating
and in other heat uses, which includes water heating and cooking, accounting for more
than 40% of energy consumption in each of these energy uses. Gas sales to
households are projected to increase by 0.5% per year in the period 2005 to 2030,
down from 3.1% per year in the period 1990- 2005, which was marked by widespread
of gas distribution infrastructure in all Member-States. Electricity ranks second in the
EU structure of residential energy consumption and has a share of 23% in total energy
consumption in 2005. Driven by proliferation of new electricity uses in houses and the
penetration of electricity for heat and cooling energy applications, electricity demand
by households is projected to increase at a rate of 1.1% per year in the period 2005-
2050. This is a deceleration of past trends given that in the period 1990 to 2005
electricity sales to households have increased by 2.2% per year. The Baseline scenario
shows that by 2050 electricity attains a share of 32% in total household energy
consumption. The use of coal and lignite in heat applications by households has
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declined considerably already in the beginning of the 90s: its share was 3% in 2005
down from 13% in 1990. This mostly reflects structural fuel switching in some key new
member states. The Baseline scenario shows further decrease of use of solid fuels by
households. Consumption of oil products by households have also declined in the 90s,
starting from a share of 23% and attaining a share of 18% in 2005. Liquid fuels have
been replaced mainly by gas. This trend is assumed to continue in the Baseline
scenario leading oil products to hold a rather small share (11%) in total energy
consumption. Sales of oil products to households are projected to decrease by 0.7%
per year, in the period 2005 to 2050. Renewable use increases at an average rate of
0.6% p.a. in the period 2005 to 2050. Biomass had a stable market share of about
10% in the past few years; it is important for households living in areas with access to
biomass (or waste recycled for energy purposes). The use of biomass is projected to
increase by 0.5% per year in the period 2005 to 2030 and increase its share in space
heating attaining 15% in 2030, up from 14% in 2005. On the other hand, geothermal
heat contribution remains small.

2005 2020 2030 2050 '90-'00 '00-'10 '10-'20 '20-'30 '30-'40 '40-'50

Key Indicators
Household Income (in Euro'05/capita) 13230 18202 21622 24547 2.0 1.9 2.1 1.7 0.7 0.5
Population (mio) 489 496 495 475 0.2 0.3 0.1 0.0 -0.2 -0.2
Final Energy Demand (in ktoe) 307013 336005 343345 352219 0.8 1.1 0.5 0.2 0.1 0.2
By fuel

Solids 8390 6331 4950 898 -116 -28 -21 -24 -81 -82

Qil 54242 48919 45273 39390 -0.4 -1.1 -0.5 -0.8 -0.7 -0.7

Gas 123132 134411 140682 137967 3.3 1.8 0.4 0.5 -0.1 -0.1

Hectricity 69184 87040 92992 111807 2.0 2.2 1.3 0.7 0.9 1.0

Heat 20718 20669 20205 20352 1.1 0.0 0.0 -0.2 0.0 0.1

Other 31347 38636 39242 41806 2.8 1.7 1.2 0.2 0.3 0.3
Energy intensity (toe/MEuro'05 of household income) 47.4 37.2 32.1 30.2 -1.3 -1.0 -7 -15 -05 -0.1

Table 13 : Residential sector energy demand outlook

3.3.2 Conclusions

1 The Baseline scenario projects an increase in energy consumption in the
residential sector but at a lower rate than that experienced between 1990 and
2005.

1 Natural gas and electricity dominate the fuel mix. By 2050 electricity is projected
to attain a share of 32% in total household energy consumption.

Renewable use increases at an average rate of 0.6% p.a. The use of biomass is
projected to increase by 0.5% per year in the period 2005 to 2030, while
geothermal heat contribution remains small.
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2005 2020 2035 2050 2005 2020 2035 2050

Austria 56 68 80 84 37 45 53 56
Belgium 61 145 91 101 44 56 72 81
Bulgaria 20 39 49 52 14 30 38 40
Cyprus 1 2 2 2 1 2 2 2
Czech Republic 59 77 97 113 43 65 83 97
Denmark 27 34 41 46 23 29 35 40
Estonia 16 26 28 28 6 13 15 16
Finland 42 45 49 49 32 35 37 37
France 255 325 401 421 205 280 347 365
Germany 464 574 652 693 310 388 452 486
Greece 33 47 55 58 22 33 40 42
Hungary 36 54 64 66 25 41 50 52
Ireland 19 30 35 36 18 29 34 34
ltaly 260 315 336 363 212 261 276 298
Latvia 26 52 64 65 8 21 31 34
Lithuania 28 52 57 56 16 30 33 33
Luxembourg 9 13 16 17 9 13 16 17
Malta 1 1 1 1 1 1 1 1
Netherlands 132 172 203 215 84 112 134 143
Poland 156 268 330 345 112 199 245 258
Portugal 46 64 78 87 43 59 73 81
Romania 77 146 199 215 52 106 142 153
Slovakia 32 50 55 58 23 39 43 46
Slovenia 14 27 33 36 11 21 26 28
Spain 276 392 424 425 233 333 361 362
Sweden 67 90 107 113 39 51 62 67
United Kingdom 251 285 302 333 168 195 209 237
EU-27 2464 3321 3848 4080 1790 2486 2909 3105
Norw ay 61 76 85 86 18 29 38 39
Switzerland 22 27 31 32 10 13 16 17
Turkey 182 299 545 824 164 266 482 734
Croatia 12 26 31 32 9 20 24 25
FYROM 6 10 13 15 6 9 12 14
Candidates&neighbours 283 438 705 990 207 338 572 829

Table 14:Totalla nd and sea freight activity and trucks activity by country
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2005 2020 2035 2050 2005 2020 2035 2050
Austria 17 21 25 26 2 2 2 2
Belgium 8 9 10 11 9 9 10 10
Bulgaria 8 10 10 1 1 2 2
Cyprus 0 0 0 0 0 0 0 0
Czech Republic 15 12 14 16 1 0 0 0
Denmark 2 2 8 3 2 2 8 8
Estonia 11 13 13 12 0 0 0 0
Finland 10 10 12 12 0 0 0 0
France 41 36 44 47 9 9 9 9
Germany 90 112 115 119 64 75 85 88
Greece 1 1 1 1 10 13 14 14
Hungary 9 9 10 10 2 8 8 4
Ireland 0 0 0 1 1 1 1
ltaly 20 24 29 33 28 29 31 32
Latvia 18 31 33 31 0 0
Lithuania 12 22 24 22 0 0
Luxembourg 0 0 0 0
Malta 0 0 0 0
Netherlands 7 10 42 53 60 62
Poland 44 69 84 87 0 0 1 1
Portugal 2 3 4 5 1 1 2 2
Romania 17 23 33 36 8 17 24 27
Slovakia 12 12 12 0 0
Slovenia 3 5 7 8 0 0
Spain 11 15 17 18 32 43 45 46
Sw eden 22 30 35 36 7 8 9 9
United Kingdom 22 27 29 33 61 63 63 63
EU-27 394 505 574 600 280 331 365 376
Norw ay 3 4 4 4 40 43 43 43
Sw itzerland 12 14 15 15 0 0 0 0
Turkey 9 15 34 57 9 18 29 34
Croatia 3 5 6 7 0 1
FYROM 1 1 1 1 0 0 0 0
Candidates&neighbours 27 39 60 83 49 61 73 78

Table 15 : Freight rail and inland navigation
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2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Austria 2 2 2 2 2 2 2 2 2 2
Belgium 9 9 9 9 10 10 10 10 10 10
Bulgaria 1 1 1 1 2 2 2 2 2 2
Cyprus 0 0 0 0 0 0 0 0 0 0
Czech Republic 1 0 0 0 0 0 0 0 0 0
Denmark 2 2 2 2 2 3 3 3 3 3
Estonia 0 0 0 0 0 0 0 0 0 0
Finland 0 0 0 0 0 0 0 0 0 0
France 9 9 9 9 9 9 9 9 9 9
Gemany 64 67 71 75 78 82 85 87 88 88
Greece 10 11 13 13 14 14 14 14 14 14
Hungary 2 2 3 3 3 3 3 4 4 4
Ireland 1 1 1 1 1 1 1 1 1 1
Italy 28 28 28 29 30 31 31 31 32 32
Latvia 0 0 0 0 0 0 0 0 0 0
Lithuania 0
Luxembourg 0
Malta 0 0 0 0 0
Netherlands 42 45 49 53 55 58 60 61 62 62
Poland 0 0 0 0 0 1 1
Portugal 1 1 1 2 2 2 2 2
Romania 8 12 14 17 20 22 24 26 26 27
Slovakia 0 0
Slovenia 0 0
Spain 32 35 39 43 44 45 45 46 46 46
Sweden 7 7 8 8 9 9 9 9 9 9
United Kingdom 61 62 62 63 63 63 63 63 63 63
EU-27 280 294 313 331 344 355 365 372 375 376
Norway 40 41 42 43 43 43 43 43 43 43
Switzerand 0 0 0 0 0 0 0 0 0 0
Turkey 12 14 18 21 25 29 32 34 34
Croatia 1 1 1
FYROM 0 0 0 0 0 0 0
Candidates&neighbours 49 53 57 61 65 69 73 76 77 78
Table 16 : Freight inland navigation activity by country
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Annex II: Freight transport  fuel demand by country

2005 2020 2035 2050 2005 2020 2035 2050

Austria 3296 3899 4294 4244 3004 3585 3994 3936
Belgium 2907 3583 4415 4670 2582 3237 4109 4367
Bulgaria 1331 2329 2885 2841 1274 2249 2815 2770
Cyprus 364 420 429 385 364 420 429 385
Czech Republic 3221 4439 5152 5655 2988 4267 5000 5489
Denmark 2046 2455 2772 2916 1952 2355 2723 2862
Estonia 310 578 656 651 263 528 632 630
Finland 1857 1979 1977 1915 1765 1882 1904 1841
France 19588 24513 28827 28007 18424 23532 27972 27117
Germany 16374 18210 19519 20215 14532 16212 17977 18657
Greece 3320 4485 4964 4794 3121 4220 4696 4534
Hungary 1408 2056 2344 2331 1297 1954 2280 2269
Ireland 2093 2724 2895 2714 2066 2691 2873 2693
italy 14038 17822 18885 19140 13331 17058 18134 18301
Latvia 460 975 1243 1315 371 844 1184 1259
Lithuania 491 878 903 875 414 758 810 805
Luxembourg 1330 1738 1922 1836 1323 1734 1919 1834
Malta 84 84 76 67 84 84 76 67
Netherlands 5214 6324 6839 6968 4935 5985 6506 6621
Poland 6153 10376 11645 11726 5750 9807 11163 11233
Portugal 2935 3696 4320 4499 2873 3618 4249 4424
Romania 2350 4292 5498 5743 2131 3968 5120 5343
Slovakia 726 1172 1224 1273 693 1136 1189 1238
Slovenia 609 1377 1572 1589 582 1337 1539 1553
Spain 16885 22928 22438 21216 14858 20362 20326 19190
Sw eden 3002 3640 4027 4117 2696 3272 3648 3728
United Kingdom 14995 16377 15940 16683 13319 14728 14804 15567
EU-27 127386 163350 177661 178385 116993 151821 168072 168711
Norw ay 2095 2742 3092 2980 1267 1943 2316 2236
Switzerland 1819 2195 2398 2350 1584 1953 2195 2148
Turkey 6726 9610 16221 23876 6325 8936 15295 22770
Croatia 722 1366 1554 1522 665 1286 1476 1443
FYROM 187 280 349 404 183 275 344 398
Candidates&neighbours 11548 16193 23615 31131 10024 14393 21627 28995

Table 17 : Total freight demand (excluding air freight) and t rucks fuel demand by

country
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2005 2020 2035 2050 2005 2020 2035 2050
Austria 283 305 290 299 8 9 10 10
Belgium 140 146 114 123 184 199 192 181
Bulgaria 55 7 67 67
Cyprus 0 0 0 0 0 0 0
Czech Republic 227 172 151 165 5 1 1 1
Denmark 80 81 27 32 15 19 22 23
Estonia 48 50 24 21 0 0 0 0
Finland 86 92 68 69 6 5 5 5
France 1044 865 742 785 120 116 112 105
Germany 1565 1681 1188 1198 278 317 354 360
Greece 45 64 58 52 154 202 210 208
Hungary 110 100 62 61 1 1 2 2
Ireland 22 27 13 12 4 6 8 9
italy 589 644 627 715 117 120 125 124
Latvia 88 132 59 56 0 0 0 0
Lithuania s 120 94 70
Luxembourg 7 4 3 3
Malta 0 0 0 0 0 0 0 0
Netherlands 97 112 84 94 183 226 250 253
Poland 402 568 480 491 1 1 2 2
Portugal 37 43 32 37 24 35 38 38
Romania 169 224 239 252 50 100 138 148
Slovakia 33 37 35 35 0 0 0 0
Slovenia 27 40 33 36 0 0 0 0
Spain 939 1137 709 702 1087 1429 1403 1324
Sweden 266 322 329 339 40 46 50 50
United Kingdom 750 731 272 311 926 918 864 804
EU-27 7187 7776 5799 6025 3206 3754 3789 3649
Norw ay 106 103 98 99 721 696 677 645
Switzerland 234 241 202 201 1 1 1 1
Turkey 252 378 535 751 149 296 390 354
Croatia 51 69 65 66 6 11 13 13
FYROM 4 5 5 6 0 0 0 0
Candidates&neighbours 647 796 907 1122 877 1004 1081 1014

Table 18 : Freight rail
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Annex Ill: Description of PRIMES and PROMETHEUS models

The PRIMES Energy System Model

The PRIMES model simulates a market equilibrium solution for energy supply and
demand. The model determines the equilibrium by finding the prices of each energy
form such that the quantity producers find best to supply matches the quantity
consumers wish to use. The model is behavioural but it also represents in an explicit
and detailed way the available energy demand and supply technologies and pollution
abatement technologies. The system reflects considerations about market economics,
industry structure, energy/environmental policies and regulation. These are conceived
so as to influence market behaviour of energy system agents. The modular structure of
PRIMES reflects a distribution of decision making among agents (sectors and sub-
sectors) that decide individually about their supply, demand, combined supply and
demand, and prices. The market integrating part of PRIMES simulates market clearing.

The model is organised by energy production sub-system (oil products, natural gas,
coal, electricity and heat production, others) of supply of energy and by end-use sector
of demand for energy (residential, commercial, transport, nine industrial sectors).
Some demanders may be also suppliers, as for example industrial co-generation of
electricity and steam.

Several end-uses and processes are distinguished: a) 12 industrial sectors, subdivided
into 26 sub-sectors using energy in 12 generic processes (e.g. air compression,
furnaces); b) 5 tertiary sectors, using energy in 6 processes (air conditioning, office
equipment); ¢) 4 dwelling types using energy in 5 processes and 12 types of electrical
durable goods (e.g. refrigerator, washing machine, television); d) 4 transport modes,
10 transport means and 10 vehicle technologies, 14 fossil fuel types, 4 new fuel
carriers (e.g. hydrogen, methanol, biofuels) 10 renewable energy types, e) several
supply sub-systems: power and steam generation, refineries, gas supply, biomass
supply, hydrogen supply, primary energy production. The power generation sub-model
represents more than 150 power and steam technologies, the electricity grid with
import and export links in the EU internal energy market and details of load curves
(typical days and hours) for electricity and steam; f) 7 types of pollutants emitted from
energy processes and a series of associated policy instruments, including emission
trading schemes.

The PRIMES model fully covers 30 actual, associated or potential EU member-states
(27 EU members plus Turkey, Norway and Switzerland).

The model 6s database i nc¢ bruwhich thb medelois catbadted.dThis
concerns electricity demand data, electricity price data and detailed data on existing
power plants and their use. The present database covers 1990-2000 and 2000 to
2005. The model produces results for 2000 and 2005 as calibrated years. Results for
year 2010 and beyond (up to 2030, 2050) are considered as projections (scenario
years).

Exogenous to PRIMES are: GDP growth, industrial activity per sector, world fossil fuel
prices, energy and environment taxes and other parameters of policy, power plants
and infrastructures that are known to be under construction in base year and
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assumptions about energy technology progress. Results from PRIMES are time series
on: energy demand, supply and balances, energy prices, energy investment and
emissions for each of the 30 European countries.

PRIMES is organised around a modular design representing in a different manner the
activities of supply, energy conversion and end-use of energy in demand sectors. The
individual modules vary in the depth of their structural representation. The modularity
feature allows each sector to be represented in the way considered appropriate.
Furthermore, the modularity allows any single sector or group of sectors to be run
independently for stand-alone analysis.

Demand is evaluated at a national level. Electricity dispatching and capacity
expansions are determined at a national level, depending however on a complex
market allocation mechanism, operating through the electricity grid, Europe-wide. The
natural gas distribution market clears at a multinational level, even wider than the
European Union. The refinery sector operates at a national level, but capacities, market
shares and prices depend heavily on Europe-wide competition. Indigenous energy
production, for example coal and lignite supply curves, has, on the other hand, a
country-specific character. Finally, energy savings, technology progress in power
generation, abatement technologies, renewable energy forms and alternative fuels
(biomass, methanol, hydrogen) are determined at the level of each country-specific
energy system.

The cost evaluation modules and the price-setting mechanisms are at the core of the
model. The cost evaluation modules are attached to each energy supply module. The
cost module considers total revenue requirements of the sector (based on total costs)
and allocates payments over the consumers, according to a general Ramsey pricing
rule (parameters are user selected). The pricing parameters reflect alternative market
conditions and are linked to marginal and average values from the sector's
optimisation. The allocation of payments is further determined, by considering possible
cross-subsidisation policy or other distortions. The price-setting mechanism reflects
market clearing regimes. The value of parameters in these cost-pricing modules can be
altered, in policy scenarios, to reflect structural change in the market competition
regions and so evaluate the impact.

Prices of purchased fuels as well as the use of renewable sources depend on cost-
supply curves that are exogenously specified, but operate within the equilibrium
process. Such curves are used for all primary energy supply, including EU gas supply,
coal, biomass, renewable sources to reflect land availability constraints and nuclear to
reflect the availability of sites and other restrictions.

The PRIMES model is a general-purpose model. It is conceived for forecasting, scenario
construction and policy impact analysis. It covers a medium to long-term horizon. It is
modular and allows either for a unified model use or for partial use of modules to
support specific energy studies.

The model can support policy analysis in the following fields:
i standard energy policy issues: security of supply, strategy, costs etc.,
I environmental issues,
1 pricing policy, taxation, standards on technologies,
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new technologies and renewable sources,

energy efficiency in the demand-side,

alternative fuels,

conversion decentralisation, electricity market liberalisation,

policy issues regarding electricity generation, gas distribution and refineries.

= =4 =4 -4

A fundamental assumption in PRIMES is that producers and consumers both respond to
changes in prices. The factors determining the demand for and the supply of each fuel
are analysed and represented, so they form the demand and/or supply behaviour of
the agents. Through an iterative process, the model determines the economic
equilibrium for each fuel market. Price-driven equilibrium is considered in all energy
and environment markets, including Europe-wide clearing of oil electricity and gas
markets. The modelling framework takes into account Europe-wide networks, such as
the Europe-wide power grid and natural gas network.

Although behavioural and price driven, PRIMES simulates in detail the technology
choice in energy demand and energy production. The model explicitly considers the
existing stock of equipment, its normal decommissioning and the possibility for
premature replacement. At any given point in time, the consumers or producer select
the technology of the energy equipment on an economic basis. These decisions can be
influenced by policy (taxes, subsidies, regulation) market conditions (tariffs etc.) and
technology changes (including endogenous learning and progressive maturity on new
technologies). Therefore a series of policies and measures can be reflected into a
model-based scenario and will be taken in a bottom-up way. Market based instruments
are also built-in and can be activated in a scenario, e.g. ETS with various coverage and
regime, green certificates, etc.

PROMETHEUS MODEL

General Features

PROMETHEUS is a tool for the generation of stochastic information for key energy,
environment and technology variables. In this section a short description of the model
is given by presenting its main features.

It is a self-contained energy model consisting of a set of stochastic equations. It
contains relations and/or exogenous variables for all the main quantities, which are of
interest in the context of general energy systems analysis as well as technology
dynamics regarding power, road transport and hydrogen production and use
technologies. These include demographic and economic activity indicators, energy
consumption by main fuel, fuel resources and prices, CO2 emissions, greenhouse gases
concentrations, temperature change, technology uptake and two factor learning
curves.

All exogenous variables, parameters and error terms in the model are stochastic with
explicit representation of their distribution including in many cases terms of co-
variance. It follows that all endogenous variables as a result are also stochastic.

PROMETHEUS Output
The basic output of PROMETHEUS is a data set of Monte Carlo simulations containing
values for all the variables in the model.
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This set can be used as strategically or analytically important information on risks and
probabilities, regarding the variables incorporated in it or any pre-determined function
involving them. Major applications could be in security of supply assessment
environmental risk assessment, investment risk analysis etc.

It can also be used to fit joint Normal or Lognormal distributions for the impact
variables to be used in the ISPA policy exploration tool. Note that the problem of
estimating the covariance is satisfactorily solved by the process itself. Justifications for
the co-variances can also be provided through the data set itself or through inspection
of PROMETHEUS relations.

PROMETHEUS model characteristics
The forecasting horizon of the model is the period 2008-2050. However, for 2008 real
data or official estimations are used where available from the various data sources.
The world countries are grouped in the following major regions in PROMETHEUS
according to their economic characteristics:

1. OECD 90 Europe, which includes the EU-15, Norway and Switzerland

2. The NMS-12, the new members of the European Union (Czech republic,
Slovakia, Slovenia, Malta, Cyprus, Poland, Hungary, Latvia, Lithuania, Estonia,
Bulgaria and Romania).

Former Soviet Union

3. North America, which includes the USA, Canada

4. Western Pacific, which includes Japan, Australia and New Zealand
5. India

6. China

7.

8.

The major energy producers (excluding Russia), which include the countries of
Persian Gulf and North Africa

9. The emerging economies, which include the Latin America and South Eastern
Asia

10.Rest of the world, which includes the least developed countries.

PROMETHEUS is triangular and it is logically divided into sub-models, which are
interacting using time lags in their common variables in order to avoid simultaneity in
the model equations. The sub-models are:
A The demographic and economic activity sub-model, which projects
population, GDP and real interest rates.

A The fossil fuel supply sub-model:
A Fuel din Placebd
A Gross Additions to Reserves
A Reserves
A Production
A Cost-supply curves for biomass and uranium
A The fuel prices  sub-model, projecting international and consumer prices, with
the latter being differentiated for each demand sector

A The fina | energy demand sub-model, projecting the demand in the following
consumption sectors:
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Industry (non-electric uses)

Industry (electric uses)

Transport

Residential/Commercial/Other (non-electric uses)

Residential/Commercial/Other (electric uses)

The following fuel/energy forms are considered as options in the final

demand sectors:

A Coal

Oil

Biofuels

Natural Gas

Electricity

Hydrogen
The private passenger cars sector is modelled in detail, by distinguishing
seven types of passenger cars:

A Internal combustion engine cars (gasoline, diesel, hydrogen, biofuels)

A Fuel cells (hydrogen and gas reformer)

A Electric cars (pure electric, conventional hybrid, plug-in hybrid)
PROMETHEUS has been equipped with a decision mechanism in order to
simulate social and infrastructure network effects in consumer decisions

A The electricity generation sub-model, identifying in detail more than 26 power
generation technologies and also includes intermittent renewable sources
economic potentials and pre-mature replacement of equipment

A The hydrogen production sub-model, identifying in detail more than 10 different
hydrogen production options

I > >

> > >

A The hydrogen storage and delivery infrastructure sub-model

A The climate sub -model , which uses reduced form atmospheric dynamics,
following the IPCC Third Assessment Report in order to calculate the GHG
concentrations and consequently the global average temperature change.

A The two factor learning curve sub -model , which endogenises as much of the
technical progress as possible through learning by research and learning by
experience. In PROMETHEUS the technology dynamics for 51 technological
options for electricity production, hydrogen production/storage/delivery and
passenger cars were estimated. These include:

A Capital costs parameters for 44 technological options
A Fixed O&M costs for 34 technologies; although they are basically
labour costs, technical progress has been assumed based on the
increased automation, reliability and the economies of scale
A Variable cost parameters for 7 technologies, adjusted for efficiency.
A Efficiency parameters for 20 technologies
The following figure presents a summary flow chart of the PROMETHEUS stochastic
model:
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PROMETHEUS SPECIFICATION
(SUMMARY FLOW CHART)
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Using econometric estimation for obtaining stochastic information

In constructing PROMETHEUS extensive use of econometric techniques was made in

order

to obtain the detailed stochastic information required for as complete a

representation of their interaction as possible.
Main advantages:

A

A

Provides an element of objectivity.

Forces the analyst to investigate the nature and extent of stochastic elements
(why past variability occurred).

Is amenable to the analysis of co-variance both in terms of statistical
dependence of the parameters and in terms of the simultaneous solution of sets
of econometrically estimated equations.

Main disadvantage:

A

A

Excessive reliance on history

However, it is not clear whether this reliance leads to exaggeration or under-
estimation of variability i therefore the method does not in itself produce
systematic bias.

The derivation of stochastic elements takes into account that:

A

The variance of the regression is unknown and hence itself a random variable (in
the process of implementation in PROMETHEUS this has proved to be a major
source of variability especially since the samples used were relatively small and
the distribution of the variance skewed).

The parameter estimates are stochastic. As these are used in PROMETHEUS as
time independent variables it was found that it was preferable to specify
equations in dynamic form to avoid excessive early variability and adequately
represent accumulation of uncertainty in the longer term.

www.freightvision.eu

a7

| Filename : FREIGHTVISION_Deliverable4 -5_Fin.docx |



(e~ freightvision

Freight Transport FORESIGHT 2050

A The parameter estimates are not statistically independent (i.e. they co-vary).
This has often proved an element of stability (example: negative covariance
between autonomous efficiency gains and activity elasticities). However this is
not a general rule: a positive (or negative) co-variance between activity and
price elasticities combined with decreasing (or increasing) prices in the course of
a Monte-Carlo run will increase variability.

A The residuals of the equations vary with time but are independent and hence
their cumulative effect though it increases, does so at a decreasing rate.
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