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Executive Summary

The HOP! project addresses the impacts of highpodes on the European economy. The
assessment is performed on a model-based analys@rious scenarios corresponding to oil
price shocks with a range of 18gydbarrel to 80C00dbarrel by the year 2020. The emphasis
of the analysis is on assessing the impact of &igi oil prices under different characteristics
varying the height, the lead time and the steepak#e oil price shock; it is not on estimating
the probability of such an oil price being reacloesn forecasting the oil price in the future. In
particular, the extraordinary oil price shocks assumptions developed for analytic purposes
and should not be considered as forecasts of ly ltkleprice development.

The overall conclusion is that high oil prices havsignificant economic impact in the short-

term and may have a limited impact in the mediund Bbbng-term. In general, the impact on

employment is more severe than that on GDP. Theztsffon investments are critical in shaping
the final macroeconomic outcome. In the first ins&® a high oil price will have a negative

effect due to cost increases in many areas ofdbeamy, but this can be offset by the boost of
investment induced by the search for alternatigdedsil fuels and for efficiency technologies.

The key messages that can be derived from the KdGH#Plario analyses can be summarized as:

« GDP and employment are negatively affected duriveg geak period of the oil price
increase, employment will be reduced significantlyre.

e« The impact after the peak period of oil price i strongly depends on the
mechanisms kicked-off by the price increase. Mitigathe impacts by investing into
energy efficiency and alternatives could even lead positive economic impact in the
medium to long-term, while a world recession oritaasion with insufficient energy
supply could multiply the negative impacts by fastof 5 to 10.

* A rapid price increase over a few years would hdifferent effects in the short and the
medium-term. In the short term, the lack of respotime due to high inertia of the
industry hampers the mobilisation of alternativeirses, leading to a more profound
impact on GDP growth. In the medium term, a rapideoincrease, if not reaching the
extreme levels of 600-80&0dbarrel, would be advantageous compared with a #moo
price increase since the shock most effectivebgtis the compensating mechanisms in
particular the investments into energy efficiencyl alternatives. This presupposes that
investors expect a sustained oil price increase @oida temporary one, and that
governments do not take actions to lower the fdseil prices artificially distorting the
price signal.
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» The most relevant actions to counterbalance thativegimpact of high oil prices are
investments into energy efficiency and alternativ&s first, they directly provide a
positive stimulus for the economy as part of fidamand. As second, they indirectly help
to reduce the vulnerability of the economy to aiice increases by reducing energy
demand, energy cost and imports of fossil energy.

* In terms of impacts on employment, the most impurissue is how the energy sector
can forward the price increase to other sectordl. fBowarding of the price increase
causes the strong losses observed for employmdnv@wsts the profits of the vertically
integrated large energy companies. Limiting pricevarding would strongly reduce the
negative impacts on employment, either indirectytite energy companies reinvesting
their profits into efficiency technologies and attatives that are produced domestically
in the EU or directly by the government taxing thefits and creating investment
incentives into efficiency technologies and altéines by subsidies.

On the most aggregated level, the oil price in@ewgatively affects GDP growth of EU27. The
assumed doubling of the oil price in 2020 would dowEurope's GDP by -1.5% percent
compared with the reference scenario. A furtherpoite increase such as a tripling from
reference levels would result in further reductioh&DP to be some -2.2% below the reference
by 2020. However, only oil prices in the extremersrios would lead close to stagnation of
GDP (and only for a limited time period). Decline ®DP would only be expected when two
further external factors become true: a world reices and/or a physical shortage of energy
supply. The corresponding impacts on employmentaurghly three times larger. The doubling
of the oil price by 2020 would reduce employment-6%o, a tripling by close to -8%. This
would shift the peak of European employment fromd7Z20as it is expected in the reference
scenario, to about 3 to 5 years earlier. The exreases would cause dramatic losses of
employment of up to -30%, presupposing that noifipemunterbalancing policies to stabilize
employment are taken or significant wage reductermesexpected.

Amongst the many mechanisms by which the high wdepwould limit GDP growth, we may
underline the shift of consumption from non-enegpctors to the energy sector and the
reduction in transport activity. The latter is pautarly pronounced for passenger transport
activity (some -14% points by a doubling of oilggiand some -17% points by a tripling), but
can also be observed for the transport of goodsi€sel1%). The high oil price would also
reduce the dominance of road transport in the meghal, even if it still remains the most
important mode. As a result of the decreasing agthut also due to the introduction of energy
efficiency measures, final energy consumption enehergy sector would reduce by around 16%
by 2030 (compared to the reference trend) for abliloy of the oil price, and around 26% at a
tripling.

The impact of high oil prices can be separatedfoio impulses triggering the economy:
e Energy price impulse: is the direct impact of higih prices on prices of goods and

services leading to the budget effect and the #ubeh effect for household
consumption and structural change of the monetawsfin the input-output tables.
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* Investment impulse: is induced by the responseé@Energy system to adapt its facilities
and appliances by investing in alternative and nadfieient technologies as well as by
the changes of investment patterns due to thetstailchange of household consumption
and exports.

* Energy import impulse: occurs by the increasedevalumports of fossil fuels due to the
price increase and affects the trade balance dswehlue-added of the energy sector.

» Inflation impulse: is the additional inflation thatstrong price increase of energy would
cause thus reducing disposable income of househsldsll as consumption.

The HOP! analysis has revealed that the strongesilse for both GDP and employment comes
from the energy price impulse, while the inflatiompulse would be the least important one. The
investment impulse would be the second most impbdae in terms of strength of impact but
also because it can partially offset the negativeact of the energy price impulse.

The HOP! conclusion is that the expected GDP respda an oil price shock would be less
pronounced than that observed for the oil pricecktion the 1970s and 80s. This is due to the
changed economic framework and technical progrelsi&eed since then that provide for a large
variety of dampening effects on both the oil pracel its economic impact. Compared to past oil
price outbursts, the oil intensity of the Europemonomy has halved and the service sectors
have increased their importance at the expendeeahbre energy-intensive industrial sectors.

A broad variety of improved and alternative eneigghnologies contributed to this reduction of
energy intensity and further technologies beconmapstitive at the oil prices assumed. Thus,
the share of renewable energy in primary energyatelhwould increase considerably. Biofuels,
both stemming from first and second generationrteldyies, exploiting imported and domestic
raw resources would experience a significant irsgeaithin the transportation sector. They
could deliver some 20% of the total transport fdeinand by 2030 as a result of the oil price
doubling in 2020, increasing even much furtherraféeds. Also the composition of the vehicles
fleet would change in favour of flexi-fuel vehiclasd hydrogen- and gas-fuelled cars.

Yet, all these changes to the energy and trangystem require the availability not only of
technologies but also of investment. If the levielnwestments was constrained, the deployment
of alternative fuels such as biofuels and the imenmoent of energy efficiency would rather
remain at reference levels. Limited investments ldidbus significantly restrict the adaptation
process of the energy and transport sectors, imglgistronger oil price induced GDP reduction.
In the long run this would lead to the most negateenario — even more negative than the
extreme oil price scenarios, in which the energstesy responds through extensive adaptation
through investments.

In the short-run a somehow similar effect coulddiserved if the oil price peak happened
suddenly (e.g. at 2010), instead of following ag@mooth increase as assumed as default. In the
case of a sudden and early step, the lack of regptme due to high inertia of the industry
hampers the mobilisation of alternative sourcesdileg to a more profound impact on GDP
growth. But this is only valid in the short-terrm the medium-term a shock provides a more
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effective stimulus for investments in energy e#firity and alternative energy than a smooth
price increase. Thus the stronger investment stisma@nd the resulting decrease of energy
demand and fossil energy imports as well as thgetashare of domestic energy production (in
particular from renewables) makes this scenarib wisteep increase towards ¥aghdbbl until
2013 the most economically positive scenario inntieelium- to long-term.

Obviously, investments in alternative energies]sftand powertrains can bring important co-

benefits. Domestic energy production would increagesome 10 percentage points, thus

enhancing energy security and redirecting demamh imported energy goods and services to
domestically produced ones. Furthermore, energyael greenhouse gas emissions could be
reduced considerably.

These results were obtained by an integrated stronlaith the ASTRA and POLES models, in
which POLES/BioPOL estimates the impacts in thegnsystem and ASTRA in the transport
and economic systems. Thus some conceptual andl roodstraints shall be mentioned that
may influence the project results. Firstly, the mledoroadly assume that market mechanisms
work i.e. when new technologies become cost corninetihere will be investors that invest in
these technologies. As the models close the ecansysiem by increasing the energy cost to
finance the investment, it can reasonably be asduim# such investors exist. Secondly, the
limitation of two of the models to the EU implidsat global effects can hardly be illustrated in
their full variety. These effects could act both andampening (e.g. if an increasing global
demand for alternative energy technologies woulgebethe EU's renewable energy industry)
and a reinforcing way (e.g. if overall exports fraime EU were reduced due to a world
recession). Thus the latter effect was approximatesknsitivity tests showing that this would
considerably lower the economic growth.

Given the unambiguous result that investments energy efficiency and into alternative
energies constitute the most effective instrumenatkle high oil prices it is obvious that policy
interventions should provide incentives to stimellatvestments that would reduce the fossil
energy use instead of subsidizing the continuesilfesergy use (e.g. by tax reductions or direct
transfers). The latter will in particular worseretleffects in the medium-term because the
economy will then not be prepared to shift awayrfriossil fuels and as the government budget
is already under pressure due to higher unemploypeyments and lower fuel tax revenues it
will amplify the negative development of the goveent budget.

Timing of investment was identified as a cruciaues. Given the very high probability that olil
prices will remain high as well as the significanbbability that they will increase further in the
next 5-10 years any investment made today in eneffgiency and close to marketable
alternative energies will dampen the negative impadhigh oil prices. Any delay will increase
it. In this respect, some renewable technologieg. (&vind energy) may offer the more
advantageous option to cope with the timing reauoénet: At the capacity of large-fossil or
nuclear-power plants, they can be installed withinfew years considering planning and
construction compared to more than a decade fockar power plant.
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Overall, the conclusion is that oil scarcity andl miice shocks can have significant negative
impacts on the EU — but they need not, if the E€ppres itself adequately. Looking at the fast
decreasing mid-term oil production forecast, thedbduld have enough reasons to prepare.
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ASPO = Association for the Study of Peak Oil&Gas
ASTRA = Assessment of Transport Strategies

BTL = Biomass-to-Liquid

CA = Carbon Abatement

CDM = Clean Development Mechanisms

CER = Certified Emission Reduction

CHP = Combined heat and power

CIS = Community of Independent States

CNG = Compressed Natural Gas

CTL = Coal-to-Liquid

EIA = Energy Information Administration of the Ued States Department of Energy
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EU = European Union
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GHG = Greenhouse Gas emission
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LNG = Liquefied Natural Gas
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Mtoe = Million ton oil equivalent

NOC = National Oil Companies

NGL = Natural Gas Liquids

OD = Origin — Destination (- matrix)

OECD = Organisation for Economic Cooperation angdl@pment
OPEC = Organisation of Petroleum Exporting Coustrie

PEM = Proton Exchange Membrane
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POLES = Prospective On Long Term Energy Systems

PPP = Purchasing Power Parities

R&D = Research and Development

SAGD = steam-assisted gravity drainage

SFC = Solid oxide Fuel Cell

TKM = Ton kilometres — transport of one ton oveedilometre
TOE = Ton of oil equivalent

TWh = Billion kWh

UAE = United Arab Emirates

UN = United Nations

UNFCCC = United Nations Framework Convention om@lie Change
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US-DOE = US Department of Energy
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1 Introduction

1.1 The high prices of oll

After more than a decade of cheap oil around 20/ki86el, prices have steeply risen lately.
Today's oil prices of more than 120 US$/barreleflthe increasing demand from fast-
growing economies like China and India as well appyy shortages originating from
geopolitical tensions and short-term market spéiselanovements. The reduction of oil
production from OECD countries, as well as politicestability in the Gulf region, Nigeria,
and Venezuela contributed as well to higher oitgsi The prices for natural gas followed the
oil price trends in general.

Further, major oil exporting countries experiente®rgy economic growth and in parallel
subsidize their local oil demand such that the lalsée oil exported to the world market is
reduced by the growth of domestic demand. All thdseelopments have strongly driven the
oil prices since about 2003 (see Figure 1), thoinghunderstanding of the HOP! project is
that the two major drivers are the growth in demangarticular from China and India as
well as the capacity and geological limitationd tmader to extract more oil from wells.

Figure 1  Development of oil prices in real terms
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The HOP! project deals with the impact of high miice on the EU economy. As Figure 1
shows, we are currently facing the highest oil ggisince 1970 i.e. even higher than during
the oil crises in the 1970ies and 1980ies. Howepeast experiences can provide some
indications about likely impacts, but differencesse between the current and the past
situation, and the future can be expected to bae difterent from the time being. Thus the
following section provides an overview of some kifyerences between the past, current and
future situation with respect to oil price growth.

1.2 The differences with previous oil crisis

Even if the steeply increasing oil prices in 200W a&he first half of 2008 have some
similarities to the oil price crises in the 197@sjay's oil price peaks are based on different
grounds than previous ones; furthermore, econorares institutional settings developed
substantially since the 1970s. For this reasoro@sdnot come as a surprise that the more
recent oil price shocks (1999, 2002 and today) it lead to similar effects on GDP and
employment as those of the 1970.

A better understanding of the factors making oetdifference may help in approaching the
effects of future oil price peaks. An incomprehgasoverview is shown in Table 1; some
main items shall also be explained in the following

* Current oil price highs reflect a demand-supply ¢gapa much larger extent than
previous oil price shocks, notwithstanding the uefice of speculation. On the one
hand, demand for oil has been rising rapidly. Betw2002 and 2007, China more
than doubled its oil imports and imports in Indese by more than 50%, leading to
China and India accounting for some 12% of the glabl consumption by 2006
compared to less than 10% in 2002. On the othed,hsupply has been rising at a
lower pace influenced by spare production and irgfircapacities. It is likely to
assume that future oil price shocks will also téadeflect resource scarcities to a
larger extent than the shocks of the 1970s (seitgl and Schindler, 2007).

« The oil intensity of the economy halved over thet&0 years in developed countries
on average, and was reduced by one third in devgaountries (IMF, 2005).

* More flexible labour markets (and with this, lesgid wages) have contributed to
dampen the effect of oil price shocks in the la8B®90s compared to the 1970s
(Blanchard and Gali, 2007). However, with regardfature oil price shocks, it
remains questionable whether this factor will havdampening or reinforcing effect,
depending on e.g. the reactions of the unions.

* Monetary policy has learned from previous expemenin general, central banks
primarily focused on keeping inflation at low lesaluring the recent oil price peaks
(Blanchard and Gali, 2007).

» Oil substitutes such as electrical vehicles or umtd, and fossil fuel substitutes in
general (such as renewable energy carriers) hayerienced important cost
reductions together with major technical improveta@ver the past decades.
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Table 1:  Major differences between oil price crisesr time

Past ail pricecrises Current oil pricecrisis Futureoil pricecrisis
Nature of the oil price shock
Supply shock (also sudden) Demand shock (rathegrmental, Demand and supply shock
thus less of a crisis) (incremental)
Expectation of short-term price hyp&xpectation of sustained price  Sustained price increase because of:
because of: increase because of:
- No resource constraint; - Looming resource constraint; - Obvious resource constraint

- Reserve/Production Ratio high; - Reserve/Production ratio shorter Reserve/Production ratio shorter
(especially for crucial Non-OPEC (especially for crucial Non-OPEC
players like Russia); players like Russia),

- Prospects of availability of - Some signs of exhaustion of - Exhaustion of cheap resources
undiscovered resources at low cheap resources.
extractions cost

- Low availability of non- - Higher availability of non-
conventional resources, with highconventional resources, with high
extraction costs; extraction costs,

- Sufficient spare production capacitylittle spare production capacities;

Economic environment

Weak world economy Booming world economy Lower gitoworld economy e.g.
population growth reduced
OPEC supply cut + price increase China + India enna boom China/India/Brazil/Russia important

growing economies
Strong unions making pressure on Weak unions due to globalisationPower of unions unclear

wages micro- and macroeconomic
policies

Monetary policies enforce inflation ~ Monetary polidgvoted to avoid Monetary policy careful in order to
inflation in EU pass on price signal.

Expansive deficit spending and USA economic imbalances may
monetary policy in USA prove to be unsustainable

Cheap production in China and Deflationary effect of China, India
India led to deflation. will change in the future

Cold War hindered joint activities G8 and UN heligring activities, G8 and UN helps aligning
US dominates choice of inter-  activities, China emerges as new
national agencies world power

=> Weak institutional setting => Experienced ingtiinal setting=> Experienced institutional setting

Technology and Energy use
Lock-in into fossil fuel energy Availability of alternative Increased availability of alternative
technology technologies technologies, their competitiveness
increases with oil price

High oil intensity (Euro Area in Oil intensity halved compared to Qil intensity probably further
1973: 0.15 kg oil per unit PPP- 1973 (Euro-Area in 2002: 0.075 kdecreasing.
adjusted GDP, IMF 2005) oil per PPP-adjusted GDP)
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Transport close to 100% dependeniTransport in EU depends to 95% Significantly reduced dependence
on oil on oil of transport on oil

1.3 The HOP! research project

The objective of the HOP! research project is tvjle quantitative and qualitative analysis
of direct and indirect impacts on the European eoonof long term oil price escalation. The
project approach, which focuses in particular tpacts on energy and transport sectors and
employment, is based on the use of System DynaMmdelling in order to capture the
systemic effects, including feedbacks, that areerdehed by the modifications of oil and
energy prices in our economies and societies.

The HOP! research project is co-funded by the EemopCommission DG Research and is
undertaken by three partners, with TRT TrasportiTerritorio taking the lead and

collaborating with Fraunhofer Institute Systems dndovation research (ISI) and the
Institute for Prospective Technological Studieshaf European Commission DG JRC (IPTS).

In order to quantify direct and indirect impacts tive transport, energy and economic
systems, the system dynamics modelling approachoica® the global partial equilibrium
energy model POLES (in a designated HOP! versiatl) the ASTRA model. The latter has
been developed over the last decade as a strdtagjidor the analysis of the interaction
between transport, economy and environment. Acagrth an already tested methodology,
the two models are used in an interlinked way to aliernative scenarios corresponding to
different sets of assumptions about cost of oil altbrnative energy and transport
technologies, making reference to the time horiabthe year 2050. The interaction of the
two models allows a consistent assessment of ogeciin the energy and transport sectors and
the economy as a whole. For example, the link @sstivat the contribution of the European
transport sector on the global demand of energyomsidered in detail, whilst at the same
time the energy market conditions influence thel@ian of transport demand.

The model-based quantitative analysis is combiniéd @xpert opinions, which were obtained
primarily through two scientific events: the fissbrkshop in November 2007, which focused
on model assumptions and project methodology, hadihal conference on™sJune 2008
during which the project results were discussedail® summaries of the outcomes of these
events are available on the HOP! project wehsitev.hop-project.eu

The HOP! project started with a thorough analysietevant studies and scenarios within the
EU and internationally (in WP1). The aim was toateethe basis for designing plausible
scenarios and to stress the relationships betwiglrelmergy prices and consequences on the
macroeconomic variables such as GDP. Several soemsaudies prepared by major
institutions active in the energy and transpotdfi@ere selected for in-depth analysis. Their
findings concerning world energy supply, energy dedy economic development and
potential technological development were taken sxtoount to develop the HOP! scenario
framework.

The designing of a set of plausible scenarios f@PHwas the next step (WP2), which led

also to the refinement of the models linkages. 3¢enarios were further revised on the basis
of the outcome of the first project workshop, held 8" November 2007. These scenarios

differ mainly in terms of four main dimensiondi price increasefiming andsteepness of
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the increment, policy reaction through taxation and through investment in altévea
transport fuels and/or accelerated energy effigiemprovements.

1.4 The structure of the Deliverable

The report is divided into 6 sections, followed &y annex providing more details on the
quantitative results, by references, a glossany,aalist of abbreviations.

Section 1 delivers an introduction to the global frameworkhadh oil prices as well as to
the HOP! project, and describes the outline ofrépert.

Section 2 provides a brief overview of the modelling appraatte basic functionality of
the ASTRA model and the POLES/BioPOL model as waglthe linkage between the two
models.

Section 3 recalls the main impacts of high oil prices an@lais how such impacts are
modelled using the HOP! modelling tools and whiotpact chains are covered by the
models and where further qualitative reasoningdgiired to come to conclusions.

Section 4 introduces the scenarios, presents the referamceasgos, provides an overview
across the scenario results and afterwards focoisespecific impacts and results for
energy, transport and economic system.

Section 5 adds qualitative assessment to the quantitatsidteeobtained from the models
and thus develops policy suggestions.

Lastly, section 6 provides the main conclusions from the assessiofetite impacts of
high oil prices on the EU economy.
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2 The modelling approach

2.1 The use of the simulation models and their intevact

The HOP! project applies a combination of energy aransport-environment-economy

models. Besides the exchange with scientists aaidelsolders, the central part of the study
consists of a model-based assessment of alterrfatiue scenarios of high oil prices in order
to quantify direct and indirect impacts on the $ort, energy and economic systems.

The complexity of the real world often requires@pksed models to be used for providing a
simplified but detailed enough representation oy kariables and relationships. For this
reason, two models have been used in HOP!: thedwaté energy supply POLES model
with its biofuel-focused extension BioPOL and th8 TRRA model, developed as a strategic
tool for the analysis of the interaction betweemsport, economy and environment.

In this chapter, the modelling tools are described.

2.2 The POLES model

The POLES (Prospective Outlook for the Long termergy System) modelis a global
sectoral simulation model for the development argg scenarios until 2050. The dynamics
of the model are based on a recursive (year by) ggaulation process of energy demand and
supply with lagged adjustments to prices and aldfaekl loop through international energy
prices

The model is developed within the framework of araichical structure of interconnected
modules at the international, regional and natidenatl. It contains technologically-detailed
modules for energy-intensive sectors, including @owgeneration, production of iron and
steel, aluminium and cement, as well as modal p@nation sectors.

In each sector, energy consumption is calculateth or substitutable fuels and for
electricity. Each demand equation contains an ircomactivity variable elasticity, a price
elasticity, captures technological trends and, wappropriate, saturation effects. Particular
attention is paid to the treatment of price effects

In POLES, the world is divided into 47 regions/ctigs, for which the model delivers
detailed energy balances. These can be aggregatadin regions: North America, Central
America, South America, European Union, Rest of dfesEurope, Former Soviet Union,
Central Europe, North Africa, Middle-East, Africa@8h of Sahara, South Asia, South East
Asia, Continental Asia, Pacific OECD.

2 The POLES model is continuously being updated emuanced with more detail. For the HOP! analysis, a
dedicated model version was developed that buitdghe POLES version used in the World Energy Teldyyo
outlook until 2050 and the TRIAS project, but iraés additional details on e.g. oil production.
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Figure 2 POLES modules and simulation process
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The model structure corresponds to a hierarchigalemn of interconnected modules and
articulates three level of analysis:

- international energy markets;
- regional energy balances;

- national energy demand, new technologies, etdstriproduction, primary energy
production systems and G®ector emissions.

The main exogenous variables are the populatiorGadid (which are derived iteratively with
ASTRA in the HOP! project, see below), for eachrdoy/ region, the price of energy being
endogenised in the international energy market nesduAccording to the principle of
recursive simulation, the comparison of imports argorts capacities for each market allows
for the determination of the variation of the prioe the following period. Combined with the
different lag structure of demand and supply inrdggonal modules, this feature of the model
allows for the simulation of under- or over-cappattuations, with the possibility of price
shocks or counter-shocks similar to those that iweduwon the oil market in the seventies and
eighties.
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2.2.1 Vertical integration

For each region, the model articulates four mainlutes dealing with:

Final Energy Demand by main sectors;

New and Renewable Energy technologies;

- The conventional Electricity System and Transfation System;

The Primary Energy Supply.

As indicated in Figure 3, this structure allows fioe simulation of a complete energy balance
for each region.

Figure 3 POLES vertical integration
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2.2.2 Horizontal integration

While the simulation of the different energy balesallows for the calculation of import
demand / export capacities by region, the horidomizgration is ensured in the energy
markets module of which the main inputs are thearhgemands and export capacities of the
different regions. A single world oil market is assed (the "one great pool" concept), while
three regional markets (America, Europe and Asi@)dentified for coal, in order to take into
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account different cost, market and technical stmest. Natural gas production and trade flows
are modelled on a bilateral trade basis, thus @ligor the identification of a large number
of geographical specificities and the nature diedént export routes.

In the final energy demand module, the consumpdibenergy is divided into 11 different
sectors, which are homogenous from the point of/\0€& prices, activity variables, consumer
behaviour and technological change. This is appieéach main country or region. The
Industry, Transport and Residential-Tertiary-Agliate blocks respectively incorporate 4, 4
and 3 such sectors as reported in Table 2.

In each sector, the energy consumption is calalilséparately for substitutable technologies
and for electricity, taking into account the speciénergy consumption (electricity in
electrical processes and coke for the other presessthe steel-making, feedstock in the
chemical sector, electricity for heat and for specuses in the residential and service
sectors).

Table 2  POLES demand breakdown by main sectors

Steel Industry STI
Industry Chemical industry (+feedstock) CHI (CHF)
Non metallic mineral industry NMM
Other industries (+non energy use) OIN (ONE)
Road transport ROT
Transport Rail transport RAT
Air transport ART
Other transports OTT
Residential sector RES
RAS Service sector SER
Agriculture AGR

2.2.3 The Oil production in POLES

The POLES model calculates oil production for every producing country or region, based
on oil reserves. This is performed in three stépstly, the model estimates the cumulative
amount of oil discovered as a function of the U#tteiRecoverable Resources (URR) and the
cumulative drilling effort in each region. The amowf URR is not held constant but is
calculated by revising the value for the base yasrestimated by the USGS (USGS, 2000),
based on a recovery ratio that improves over tintkiacreases with the price of the resource.
According to WETO-H2 (WETO-H2, 2006), while the osery rate is differentiated across
regions, the world average accounts for 35% todwely due to the price-driven technology
improvements, increases to around 50% in 2050.

Secondly, the model calculates remaining resergesqgaial to the difference between the
cumulative discoveries and the cumulative producfiar the previous period. Finally, the
model calculates the production, which differs amoegions of the world. In the “price-
taker” regions (i.e. Non-OPEC) it is resulting freen endogenous Reserves-to-Production
ratio that decreases over time and the calculadedaining reserves in the region; the
production from “swing-producers”(i.e. OPEC) is @w®®d to be that amount needed to
balance the world oil market (OPEC total oil proilut= total oil demand — Non-OPEC total
oil production). Thus, the model calculates a sngbrld price, which depends in the short-
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term on variations in the rate of utilisation opaaity in the OPEC Gulf countries and in the
medium and long-term on the world R/P ratio (inahgdunconventional oil).

The unconventional oil enters in the compositiontledé world oil supply when the oil
international price makes it competitive againg tdonventional oil, i.e. when the world oil
price exceeds the cost of an unconventional safroé (IEA, 2005).

Oil prices in the long term depend primarily on tleéative scarcity of oil reserves (i.e. the
reserves-to-production ratio). In the short rure til price is mainly influenced by spare
production capacities of large oil producing coig#tr Furthermore, in the HOP! version a
'market power' price add-on is simulated in depeod®f the geographical distribution of oil
reserves. It must be noted that the endogenous fwicning mechanism cannot model the
price volatility induced by short term market exiaions.

2.2.4 The Gas production in POLES

The gas discoveries and reserves dynamics are leddela way that is similar to that used
for oil; whereas the gas trade and production amellated in a more complex process that
accounts for the constraints introduced by gassprar routes to the different markets; The
production of gas in each key producing countrydésived from the combination of the

demand forecast and of the projected supply infregires in each region (pipelines and
LNG facilities).

Three main regional markets are considered forpgeee determination, but the gas trade
flows are studied with more detail for 14 sub-regiomarkets, 18 key exporters and a set of
smaller gas producers.

The price of gas is calculated for each regionatketa the price depends on the demand,
domestic production and supply capacity in eachketaiThere is some linkage to oil prices

in the short-term, but in the long-term, the maiivet of price is the variation in the average
Reserve-to-Production ratio of the core suppliédreazh main regional market. As this ratio

decreases for natural gas as well as for oil, gasgfollow an upward trend that is similar in

the long-term to that of oil (WETO-HZ2, 2006).

2.2.5 The Biofuels Model; BioPOL

The biofuels model (BioPOL), developed for previquejects like PREMIA (Wiesenthal et
al., 2007) and the TRIAS project (Krail et al., ZD0has improved the capability of POLES
to deal with a potentially relevant alternative mmmuof energy for the transport sector. The
biofuels model is based on recursive year by yeaulation of biofuels demand and supply
in the EU-27 until 2050. For each set of exogenogsien parameters an equilibrium point is
calculated at which the costs of biofuels equat¢hof the fossil alternative they substitute,
taking into account the feedback loops of the adjical market and restrictions in the annual
growth rates of capacity. This equilibrium pointesvisaged by market participants but not
necessarily reached in each year. Increasing ptioduof biofuels and a subsequent rise in
feedstock demand has an impact on the prices dfiddg feedstock, which in turn affects
biofuels production through a feedback loop.
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Figure 4 summarises the way the different factotsract. Impacts are traced in the various
sectors. The chart is restricted to the EU domesitiduels market. Regarding imports,
biofuels prices are given as exogenous variablegetisas their maximum penetration levels.
Other main exogenous parameters include:

Selection of biofuels production pathways;

Production costs and maturity factors (learning@i production technologies);

Well-to-wheel emissions of greenhouse gases;

Development of oil prices and subsequently theilfssl prices;

Elasticities of the raw material prices;

Transport fuel demand.

The model determines the penetration of biofuelsa danction of final price of biofuels
relative to the pump price of fossil fuels. These affected by the prices of oil and raw

D3 High Oil Prices: Quantification of direct andlirect impacts for the EU
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materials as well as the production costs that edtelhnative pathway entails (depending on
capital costs, feedstock prices, load factors .efthe main factors that determine the
equilibrium point via influencing the cost ratio bfofuels and fossil fuels are oil prices,
distribution costs and feedstock prices.

2.3 The ASTRA model

ASTRA stands for Assessment of Transport Stratediae model is developed since 1997
with the purpose of strategic assessment of psliciean integrated way i.e. by considering
the feedback loops between the transport systenth@neconomic system.

The model is based on the System Dynamics methggolehich similar as the POLES
approach can be seen as a recursive simulatioroagpr and follows system analytic
concepts, which assume that the implemented resksg can be conceived as a number of
feedback loops that are interacting with each othibese feedback loops are implemented in
ASTRA and the model is calibrated for key variabies the period 1990 until 2003. The
spatial coverage extends over the EU27 countrigs [gbrway and Switzerland. Each country
is further disaggregated into at maximum four fioral spatial zones classified by their
settlement characteristics. A detailed descrippp®STRA can be found in Schade (2005)
with extensions described in Krail et al. (2007).

2.3.1 Overview on Modules of ASTRA

The ASTRA model consists of nine modules that drengplemented within one Vensim
system dynamics software file:

e Population module (POP),

e Macro-economic module (MAC),

* Regional economic module (REM),

* Foreign trade module (FOT),

* Infrastructure module (INF),

* Transport module (TRA),

e Environment module (ENV),

* Vehicle fleet module (VFT) and

* Welfare measurement module (WEM).

An overview on the nine modules and their mainrfatees is presented in Figure 5. From the

figure, it is apparent that modules are not indeeen but linked together in manifold ways.
A short description of the modules and of theirmraikages is provided below.
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Figure 5 Overview on the structure of the ASTRA mled
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Abbreviations:
e INF = Infrastructure Module
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FOT = Foreign Trade Module WEM = Welfare M easurement Module

2.3.2 Transport

On the transport side, ASTRA provides a descriptadnthe ‘supply-side’ in terms of
infrastructures and of vehicle technologies, whisnsport demand is described in terms of
aggregated OD-trip matrices and mode split. Foudutes are involved as described below.
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2.3.2.1 Transport Technology and Infrastructure

The Infrastructure Module (INF) provides the netwaapacity for the different transport
modes. Infrastructure investments derived both ftbheneconomic development provided by
the MAC and from infrastructure investment policadter the infrastructure capacity. Using
speed flow curves for the different infrastructiypes and aggregate transport demand the
changes of average travel speeds over time ampastl and transferred to the TRA where
they affect the modal choice.

The Vehicle Fleet Module (VFT) describes the vehiteéet composition for all road modes.
Vehicle fleets are differentiated into differenteagjasses based on one-year-age cohorts and
into different emission standard categories. Thevedicle fleet is developing according to
income changes, development of population, fuelgstifuel taxes, maintenance and purchase
cost of vehicles, mileage and the density of fijlistations for the different type of fuels.
Vehicle fleet composition of buses, light-duty wdbs and heavy-duty vehicles mainly
depends on travelled kilometres and the developmkeaverage annual mileages per vehicle
of these modes. The purchase of vehicles is trauslato value terms and forms an input of
the economic sectors in the MAC that cover thealetproduction.

2.3.2.2 Transport Demand

The Regional Economic Module (REM) mainly calcutatihe generation and spatial
distribution of freight transport volume and paggamtrips. The number of passenger trips is
driven by employment situation, car-ownership depsient and number of people in
different age classes using trip rates for eaclumrdrip rates are fixed over time (i.e.
individuals belonging to a given group always make same number of trips). This is
consistent to some evidence when all trips (i.eluoing short non-motorised trips) are
considered. The growth of overall mobility is thHere depending on the growth of
population, the shift of individuals to groups witiigher mobility habits (e.g. from non-
motorised to motorised) and to larger distancem deneration is performed individually for
each of the 71 zones of the ASTRA model Distributsplits trips of each zone into three
distance categories of trips that remain within zbaee and two distance categories crossing
the zone borders and generating OD-trip matricéls Wix71 elements for three trip purposes.

Freight transport is driven by two mechanisms: thirsiational transport depends on sector
production value of the 15 goods producing secindrere the monetary output of the input-
output table calculations are transferred into r@uof tons by means of value-to-volume
ratios. For freight distribution and the furthedotdations in the transport module the 15
goods sectors are aggregated into three goodsoc@egSecondly, international freight

transport i.e. freight transport flows that aressiog national borders are generated from
monetary Intra-European trade flows of the 15 ggma&lucing sectors. Again transfer into

volume of tons is performed by applying value-tdewoe ratios that are different from the

ones applied for domestic transport. In that seéheeexport model provides generation and
distribution of international transport flows withone step on the base of monetary flows.

The matrices estimated in the REM module are thpmaput of the Transport Module

(TRA). Using transport cost and transport time ma# the transport module performs the
modal-split for five passenger modes and thregfitemodes. The cost and time matrices
depend on influencing factors like infrastructuapacity and travel speeds both coming from
the INF module, structure of vehicle fleets, trarsharges, fuel price or fuel tax changes.
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Depending on the modal choices, transport expemditare calculated and provided to the
macroeconomics module. Changes in transport times aso transferred to the
macroeconomics module such that they can influéoiz factor productivity. Considering
load factors and occupancy rates respectively cletkiim are calculated.

2.3.3 Economy

The economic models implemented in ASTRA refleet\irew of the economy as being built
out of several interacting feedback loops (e.gome — consumption — investment — final
demand — income loop, the trade — GDP — trade éop). These feedback loops are built out
of separate models, without making reference to epecific economic theory, only.
Investments are partially driven by consumptiomoieling Keynesian thought, but exports are
added as second driver of investment. Neoclassidugtion functions are used to calculate
the production potential of the 29 economies. Ttaator productivity (TFP) is endogenised
following endogenous growth theory by consideriegtsral investment and freight travel
times as drivers of TFP.

The purpose of the model is to analyse long-terchsdrategic developments. Thus the model
concentrates on describing the real economy aral lexge extent neglects the short-term
oscillations caused by the financial system. Twiea$ related to the financial markets are
considered in ASTRA: (1) crowding out of privatevéstment due to increased government
debt and thus increased interest rate, and (2) eiaimgp impact of inflation on disposable
income induced by the higher energy prices.

ASTRA itself incorporates the micro-macro-bridgeent the bottom-up transport system
models to the economy. For the HOP! project algonticro-macro-bridges from the bottom-
up energy system model, which is provided by POLES,the economy have to be
established. These linkages and their further take& the economic models of ASTRA are
presented in Figure 6.

Broadly spoken the impacts from the energy systam lme divided into those on (1) the
consumers demand, (2) on the production of goodssarvices, and on (3) the trade balance
of the 29 economies. Consumers demand is direffédgtad by the higher energy prices via
the budget effect (more money spent for energy demend thus less money for other
sectors) and the substitution effect (prices ofdgoand services change different as a reaction
to higher energy prices and depending on energyenbrand elasticities the sectoral
consumer demand will be restructured i.e. broaghken more energy intensive goods and
services will be substituted by less energy intensnes).

The production of goods and services reacts in wags: first, adaptation of the energy

system estimated by POLES leads to both additiomatstments in alternative energy

technologies and efficiency and avoided investmarits conventional energy technologies.
Second, changes of energy prices, and thus alsspvet cost, affect the exchange of
intermediate goods in the input-output-table. Tdteet impact then affects the value-added of
each sector, the employment and finally the GDPnfithe supply side, while the direct

impacts on the consumer side rather affect the Githe demand side.
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Thirdly the impact on the trade balance entersntloglel via the imports of energy in the
energy sector leading to a negative impact on #mahd side of GDP, as well as via a
reduction of the value-added of the energy sector.

Figure 6 Feeding the influences of energy systeamgés into the economy in ASTRA
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Figure 6 concentrates on showing the bottom-uptsfrom the energy sector from POLES.
Further, but similar effects emerge from inputsrirthe transport sector that come from the
ASTRA transport module, but are not shown in tigerfe.

The following three sections briefly describe thedules relevant for the economic analysis
applying ASTRA in HOP!.

2.3.3.1 Households

The Population Module (POP) provides the populatiewvelopment for the 29 European
countries with one-year age cohorts. The model mdp®n fertility rates, death rates and
immigration of the EU29 countries. Based on the sigecture, given by the one-year-age
cohorts, important information is provided for atimeodules like the number of persons in
the working age or the number of persons in agssek that permit to acquire a driving
licence. POP is calibrated to EUROSTAT populatiaedypctions. Of relevance for the
economic models are in particular the potentiablalforce, i.e. the number of persons in the
age class of 18 to 65 years, the number of refpedons as this affects the social transfer
payments (i.e. the payments of pensions) and tha&au of children as this also affects the
social transfer payments (i.e. the payment of childwances). However, these are not
changing between the HOP! scenarios.
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The MAC module provides the national macro-econofraenework. Six major elements
constitute the functionality of the macroeconomitsdule. The first is the sector interchange
model that reflects the economic interactions betw25 economic sectors of the 29 national
economies. Demand-supply interactions are consideyehe second and third element. The
second element, the demand side model depictothiariajor components of final demand:
consumption, investments, exports-imports and tdwegment consumption.

2.3.3.2 Macro-economy

The supply side model reflects influences of thpeeduction factors: capital stock, labour

and natural resources as well as the influencedinological progress that is modelled as
total factor productivity. Endogenised Total FacRmoductivity (TFP) depends on sectoral
investments, freight transport times and sectatablir productivity changes. Investments are
affected by a major positive loop as investmentraéase capital stock and total factor
productivity (TFP) of an economy leading to growipgtential output and GDP that drives
income and consumption feeding back to an incredsaevestments. However, this loop

could also be influenced by other interfering lodpat would break the growth tendency
(Figure 7):

1. In ASTRA it is accepted the existence of theveding out’ effect, therefore increasing
government debt could provide a negative impaghweestment.

2. Also exports e.g. influenced by growing transpayst could decrease, which in turn
would reduce investments.

3. Changes in transport demand e.g. modal-shiftstdypolicies that would shift demand
from modes with high investment needs to modes leithinvestment needs per unit of
demand would reduce investments.

4. Different growth rates between the supply sp@édntial output) of an economy and the
demand side (final demand) change the utilisatiozapacity. In case of demand growing
slower than supply utilisation would be reduceceetihg also the investment decisions.
Finally that would also decrease investments.

5. Substantial changes of energy prices could canffsion, thus reducing disposable
income.
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Figure 7 The investment feedback loop in ASTRA

+, Final Demande=-

l+ Energy prices

Utilisation of Capacity 3GDP / POLES

+

+, Potential Outp +

+

3 v
[+ + Incomee——Inflation
Capital + Labour
TFP &——5 .
Stock N \Product|V|ty/ MAC Energy

[ , Expenditure/POLES

+ * ransport Times/TRA  + / penditure/ i
v

Investment per Consumption Transport

Sector y;\@ per Sector 3 Expenditure/TRA
@ - :\ Transport |nveS'[meﬁt-+—Transpor[ Demand / TRA

@ Export per Sector «———Transport Generalised Cost/ TR

+
Government Debt / MAC GDP of other countries/MAC

+

>

The fourth element of MAC is constituted by the émgment model that is based on value-
added as output from input-output table calculai@nd labour productivity. The fifth
element of MAC describes government behaviour. #&sak possible government revenues
and expenditures are differentiated into categoities can be modelled endogenously by
ASTRA and one category covering other revenueslorexpenditures. Categories that are
endogenised comprise VAT and fuel tax revenuesectlitaxes, import taxes, social
contributions and revenues of transport chargethemevenue side as well as unemployment
payments, transfers to retired and children, trarispwvestments, interest payments for
government debt and government consumption onxpengliture side.

Sixth and final of the elements constituting the GlAre the micro-macro bridges. These link
micro- and meso-level models, for instance thespart module or the vehicle fleet module
to components of the macro-economics module. Theans, that expenditures for bus
transport or rail transport of one origin-destioatpair (OD) become part of final demand of
the economic sector for inland transport within $ketoral interchange model.

2.3.3.3 Trade

The Foreign Trade Module (FOT) is divided into twarts: trade between the EU29
European countries (INTRA-EU model) and trade betwine EU29 European countries and
the rest-of-the world (RoW) that is divided intmmeiregions (EU-RoW model with Oceania,
China, East Asia, India, Japan, Latin America, Ndkinerica, Turkey, Rest-of-the-World).
Both models are differentiated into bilateral relaships by country pair by sector.
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The INTRA-EU trade model depends on three endogeaod one exogenous factor. World

GDP growth exerts an exogenous influence on tfaddogenous influences are provided by:

GDP growth of the importing country of each counggir relation, relative change of sector

labour productivity between the countries and ayedageneralised cost of passenger and
freight transport between the countries. The laidechosen to represent an accessibility
indicator for transport between the countries.

The EU-RoW trade model is mainly driven by relatm®ductivity between the European
countries and the rest-of-the-world regions. Praigitg changes together with GDP growth
of the importing RoW-country and world GDP growttivd the export-import relationships
between the countries. Since, transport cost ané &re not modelled for transport relations
outside EU29 transport is not considered in theFEYWY model. The resulting sector export-
import flows of the two trade models are fed batk the macroeconomics module as part of
final demand and national final use, respectiv8igcondly, the INTRA-EU model provides
the input for international freight generation ahstribution within the REM module.

2.4 Interaction between ASTRA and POLES models

In HOP!, the quantitative analysis of the scenaremglired an integrated use of both POLES
and ASTRA. As explained in the previous section®LPS covers the energy field with
supply of energy resources on world level, energyand and development of energy prices
with an exogenously given economic developmentJevVASTRA covers the transport field
with infrastructure supply and transport demandwva#i as a macro-economic model that
endogenously forecasts economic development uradging policy conditions.

Figure 8 Links between POLES and ASTRA
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The two models have been linked as summarisedyur&is:
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- ASTRA received from POLES: fuel and energy pricége value of investments for
developing alternative energy sources and for impgp efficiency, the overall energy
demand and domestic energy production as welleasrthort of fossil fuels;

- POLES received GDP development, energy demandhirtransport sector and the
economic activity per sector from ASTRA.

The simulation of scenarios was an iterative precBOLES started the simulation to provide
starting results for ASTRA, whose interface resultsre transferred to POLES. A new
scenario run was then replicated in POLES to predipriated outcomes for ASTRA and so
on. At the end of each iteration, results were cameg with those of the previous iteration
and the process was stopped when in both moddisrehtes between the two scenario
simulations were sufficiently small.

It is worth to note that the exchange of varialtlesveen ASTRA and POLES consists of two
major parts: (1) an iterative process involving #wolution of fuel price and transport
demand, and in parallel (2) an iterative processliing economic activity, energy demand
and investments in the energy system. In HOP!ntakiel demand from the ASTRA model,
POLES computed the fuels price development. In, ttma fuels (resource) price forecast by
POLES were used in ASTRA to revise the transpomatel forecast, which was again fed
into POLES and so on. Similarly, economic actiity sector from ASTRA drove energy
demand requiring investment in the energy systehiclwdepends on energy resource prices
and technology cost in POLES, which then fed bac&rgy prices and investment into
ASTRA to compute a new level of economic activigd so on.

The first loop allows taking into account the coaxtelations between oil price, fuels price
and transport demand. Indeed, even if there i®a cdorrelation between oil price and fuels
price, it would not be correct to assume that tyeothesis concerning the former could be
applied as such to the latter. Actually, historitehds show that fuel price is generally less
volatile than oil price and this is very importdéot a correct simulation of impacts.

Also other variables are exchanged at any iteratiod contribute to adapt the model
forecasts, even if their impact on the resultshaf tnodel receiving the inputs is smoother.
Additionally, ASTRA and POLES endogenously simulateommon set of variables (e.qg.
population, GDP growth) which are comparable actioeswo models.

2.4.1 Linkage for the sensitivity analysis

A special kind of linkage between POLES and ASTRKes place when a sensitivity analysis
Is carried out. As the modelling results dependtlom iteration between the models, as
explained above, the sensitivity analysis has volire both tools. However, it is unfeasible to
perform an iterative process by exchanging distiams of values rather then single values.
Therefore, the sensitivity analysis consists ofaedure in three steps:

a) An exogenous distribution is applied to the afalies chosen for the analysis in the model
where the variables are primarily simulated. Fatance, in the TRIAS project, POLES
varied the assumed resource base of fossil furlghe known and assumed reserves of
oil, gas and coal (Schade et al. 2008).
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b) From the sensitivity analysis a range of vaisesbtained for the variables to feed into the
other model. For instance, in TRIAS a range for pinees of different types of fuels
(fossil fuels, hydrogen and biofuels) and alsorayeaof trade of fossil fuels resulted from
the analysis.

c) These results are used as input for the seigigimalysis in the other model.

In HOP!, the scenarios already include a wide vViamaof prices of fossil energy resources,
such that a sensitivity analysis focuses on otbsmwas. In particular, two issues are relevant
for a sensitivity analysis:

(1) since world GDP is not endogenously modellexttiens of the world economy have to
be fed exogenously into the models. This is dorairallel in ASTRA and POLES, receiving

from ASTRA a response of EU GDP to the world GDRBrges and from POLES a response
of the fuel prices.

(2) Since, in POLES the price signal of the engogges endogenously causes the energy
system to react by adapting technologies and enmdggyand through changes of investment
patterns such that physical energy shortage negeur® such a shortage is tested as a
sensitivity analysis in ASTRA, only.
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3 Modelling of direct and indirect impacts of oil pei
growth

This section briefly discusses the major direct antlirect impacts that were expected to be
caused by high oil prices and the way how thesecansidered by the applied models. The
notion ofdirect impacts indicates the impact on the usage ofrall @her fossil fuels in the
energy system and the transport system, i.e. tingsacts directly affect the user of fossil
fuels. Indirect impacts appear first in the economic system asnsexjuence of the direct
impacts in the energy and transport systems. Thay aifect all sectors (e.g. by higher
transport cost, changed consumption patterns) #ndgants like households, industry or
government. These indirect impacts could eithed tegck to the energy or transport systems
(e.g. by changed demand for energy or transportoatd be carried forward via economic
mechanisms over time e.g. lower consumption woeddl Ito lower GDP and thus to lower
disposable income in the next period. Such indinegacts could also be called the second
round effects or secondary impacts.

Given the purpose of HOP! and the features of tbdeatting tools, impacts of high oil prices
can be separated into direct effects on the engyglem and the transport system as well as
indirect effects on the economic system. It is intgat to take into account that the changes
taking place in one system, affects the other systs well. For instance, if alternative
transport fuels enter the market to a large extaetcomposition of the vehicle fleet and the
transport costs of different transport modes ase affected. As a consequence, the increase
of transport costs has an impact on the producosts and, hence, on GDP. Feedbacks from
the economy also exist too: if GDP, investment tade would change, energy demand and
transport demand will change as well. The followtng sections present the major impact
chains expected to be relevant for the three dasrexergy, transport and economy. Together
with the discussion of these impact chains strengtid potential gaps of the applied models
to consider these impacts are identified.

3.1 Direct impacts of High Oil Prices

3.1.1 Direct impacts: reactions of energy system

Figure 9 below schematically describes the mainaictgpof an oil price shock on the energy
system:

= First of all, high oil prices would tend to redueaergy consumption through a
combination of lower demand for energy services aisthg energy efficiency
(negative feed-back on demand growth rate). Inrmetiower energy demand would
slow down the olil price increase, providing a ditainig mechanism.

= At the same time, unconventional oil would becomaerencompetitive in terms of
price and its supply can grow. Also some conveiaianl fields that are today not
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economically viable might become exploitable at tiemwv oil price. Due to the
increasing price, new and more costly oil explamtitechnologies could become
competitive, leading to an increase of the oil $ypphese effects would dampen the
oil prices increase.

Figure 9 Impacts of high oil prices on the energgtam
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Also substitutes for the various oil derivates vibubecome more competitive, thus
experiencing an increased deployment. For exaniptéuels would replace some fossil-
based petrol and diesel in the transport sectarsditmlds and industry may shift from the use
of oil to electricity, which is primarily producgdom non-oil carriers. However, as a general
principle high oil prices would also push the psiag oil substitutes upwards, depending on
the technology (e.g. for biofuels energy costs antdor up to 15%). Also the prices of
natural gas would experience an increase, leading tise in the use of coal, renewable
energies and nuclear power in the power sectaeturn, the higher demand for those energy
sources would drive up their prices.

While all technological options described abovedtemcounterbalance the oil price shock by
reducing demand of conventional oil and thus dgviown the prices again, there are
important differences between responses on thelysgpge (i.e. unconventional oil and oll
substitutes) and demand side (i.e. lower energguwoption). Energy efficiency consists of
providing the same energy services with less eneogyumption. Therefore, it implies also
less environmental external costs (GHG emissiarg] Lise, air pollution etc.). On the other
hand, a number of non-conventional oil resourceseapensive also in environmental terms.
They exhibit not only increasing marginal privatssts, but also increasing marginal external
costs. Under this point of view, supply and demaial@ measures to counterbalance an oil
shock outburst are not equal as supply-side meagiered to be environmentally more
harmful than demand-side measures.

Key for realizing the above changes is the avditglnf investments into energy efficiency
measures, unconventional oil and alternative ensogyces. Private investments to exploit
oil fields and to increase supply of alternativeirses of energy can be undertaken provided
that they are perceived as profitable and resouatesavailable (see below). If private
investors fail to mobilise the required amount apital investments because of any kind of
market failure, public investments can also be uaéten.

Even under the assumption of the required invesisneacoming available, there will be a

delay between the oil price shock and the resposisean above, unless preventive action
had been taken. The installation of new capacitigbe upstream sector can reach some five
to eight years. Production of biofuels could notimereased significantly in some weeks or

months. Even if large amount of hydrogen could bedpced, the development of the

distribution infrastructure will take some time.aRhing procedures on the construction of
new nuclear plants could take a decade even ifeau@nergy would become relatively cost
competitive.

In conclusion, the to-be-expected responses oktteegy system to a high oil price can be
summarized as follows:

» Higher oil prices will provide an incentive to loweil consumption either through a
reduction in demand or through oil or transport Bugstitutes:

* The increasing energy price will initiate additibmavestments into energy efficiency,
therefore lowering the overall demand. Furthermoomsumer may reduce their demand
for energy services.

« Alternative energy sources become increasingly @titiye in terms of price and are thus
likely to gain market shares. However, also thegneosts of alternative transport fuels
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will rise due to their need of energy as input e tproduction. On the other hand,
increased deployment of alternative energy teclgiesocould bring down the cost due to
learning effects.

e The order and the speed of these changes primdepend on the availability of
investments, and the time needed for bringing remlrtologies into the market.

The change of oil demand due to higher oil pricesnbdelled in the global energy model
POLES (in its HOP! version), with ASTRA providingnaore detailed input concerning the
demand of the transport sector as well as the ¢groate of the economy. POLES simulates
the world energy market and the global balanceneirg@y demand and supply. This means
that there is a competition between regions toaiisat a given price, yet the model cannot
simulate “strategic” behaviour of the oil produ@@untries to increase their global power.
However, in the POLES version used for HOP! a cotreéion of oil resources in few regions
would allow the producers to increase their pnoférgin, reflecting the higher market power.

The assessment with the POLES model quantifieddlh@wing three main effects in the
energy sector that results from high oil prices iconsistent way: (1) demand reductions; (2)
switch to alternative energy sources; (3) explmtatof unconventional oil resources. The
latter two effects are reflected in the model byederated investment prompted by the
expectations of higher energy prices. Quantitadismates for the additional investments in
these substitutes have been derived with the acalybolbox used. As far as these additional
investments materialise, current energy pricesagseimed to rise in order to absorb them
accordingly.

The approach chosen has been to estimate demandtioed for the residential and the

industrial sector with POLES, while the transpagtréind reductions (as well as the growth
rate of the economy) are calculated in ASTRA, a eh@dth more technological detail in the

transport sector(s). Fuel demand is determinedidensg the development of oil prices and
its substitutes. The market penetration of thedstgutes (including non-conventional oil) is

simulated in POLES and BioPOL (for the EU in thi#dg. Increasing feedstock prices for
rising biofuels production are taken into consitiera For the second generation production
technologies of biofuels, unit cost reductions assumed to be achievable from learning
effects and economies of scale.

Note that the quantitative framework used assuimasthe required investments will be made
available and alternative energies are installeldrag as they are competitive (yet with some
time constraints reflecting the time needed fornpssion, planning and construction of

installations). It is thus implicitly assumed that the energy demanded can be produced,
such that no physical energy supply shortages octhe changes of investments and
different cost of feedstock to produce energy afected in changes of the energy prices
such that the changes on the energy supply sidedgapted investments) and the energy
demand side (i.e. adapted energy prices) corresjpoaach other.

In brief, the HOP! modelling tools implicitly assenthat market mechanisms and adequate
policy plans are able to anticipate the need tmgbdhe energy system to manage adaptation
of energy supply to high oil prices as well as &mménd. Price signals are assumed to work
and investments are assumed to be available aredtigéf in a time frame short enough to
avoid energy shortage.
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3.1.2 Direct impacts: reactions of the transport system

The primary direct impact on the transport systeqpeeted from the increment of the oil
price is the growth of operating costs of all modésransport since in EU countries oil is
largely the basic source of energy used in thesprar sector. Consequently, also user costs
(fares) are expected to rise.

The expected impact is different across the varimasles. Concerning the weight of the
energy cost on the operating costs, there arefsigni differences across transport modes.
An important aspect to be taken into account is distinction between a short term
perspective and a longer term one. In the shoet@n,tvariable costs are the relevant ones
(e.g. car drivers do not take into account the &isairon of the vehicle when they decide
whether using their car for a trip). Fuel is gquatsignificant share of variable operating costs
for several modes (e.g. air transport). In the &ntgrms all operating costs are taken into
account and therefore the weight of energy or heZlomes lower. Summing up, it can be
expected that the increment of the transport dusdgthe modes in a diverse extent:

e Private cars would probably become quite more esipen(unless a compensatory
intervention on fuel taxes was put into practites possibility is addressed in one HOP!
scenario, see section 4.5.4).

* Motorcycles cost would also increase significantlyabsolute terms, even though in
comparison to private cars they would become monepetitive.

* Public road transport should probably adequatéftaas well to cover the increasing cost
of fuel. The public authorities could also decidestipport personal mobility by increasing
subsidies to road public transport to limit tariffsowth. Of course, this would mean
further public expenditure.

» Air tariffs would be increasing, even if the useicp structure in the air market is
complex and often poorly linked to operating coblswever, on average the increment of
tariffs would be unavoidable and low cost airlinervices should have some more
problems than conventional ofles

* On the freight modes side, trucks cost would beemsed. As the road haulage market is a
very competitive one, profits are very low so ther@o room to absorb the increment of
fuel cost. At the same time, however, given thenHayel of competition, road hauliers
are often price takers, so also transferring higleests on user tariffs is not
straightforward. Thus, rather than higher roadgpamt costs, an indirect economic impact
in terms of either higher public expenditure tosdise hauliers or higher unemployment
of hauliers could rise However, in the end it would be probably unavbldathat truck
costs would be increased.

¥ Some symptoms that especially budget air compaaiessuffering for high oil prices can be found on
newspapers at the time this deliverable is beiriiem:

* This is actually happening in Italy at the veméi this deliverable is being written
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» As for passengers, also for rail freight tariffe tdirect impact on tariffs would be
probably low, even if indirect impacts due to highebour cost could also contribute to
raise tariffs.

* Inland navigation and maritime shipping fares agawuily driven by market conditions
but, as for air, an effect of higher fuel cost wbbkecome visible on average, even if the
impact should be relatively low if compared to thad sector. The largest impact would
take place for maritime deep sea transport, wtsatot addressed in HOP! however.

This primary impact of an increment of transporstsoshould have a number of further
effects within the transport system, namely:

a) Reduction of the personal motorized mobility;

b) Pressure for reducing mobility of goods;

c) Mode shift towards less expensive modes;

d) Pressure on organising transport more effigyentl

e) Pressure on developing more efficient transpedns.

The reduction of personal mobility would be realid®oth in terms of a lower number of

motorised trips per person and of shorter distapeegrip. Leisure trips would be at the top
of the list of the avoided trips, especially ralaty long trips in the week-end. Shortening
travel distances would also be a reaction to higtarsport costs. Concentrating mobility on
unavoidable trips (working, etc.) and reducing élaslistances could have a large impact
especially on air demand whose massive rise oaturréhe last years is mainly made of

generated traffic caused by the significant faldmffares. When high oil prices made low cost
flights commercially unviable, at least part ofstinew demand would disappear.

Reducing travel distance would be much more coragddt, at least in the shorter terms, for
working trips. The only way for commuters to shart®eir trips would be to move their

residence closer to the workplace. However thigtem would not be widely feasible. On the
longer terms, there are some strategies that dmufulit into practice with the aim of reducing
the need for travel. The adoption of technologied arganisations that allow individuals to
work, shop, manage personal business, etc. fromehamuld be greatly encouraged.
However, the potential for this kind of strategiesot unlimited and require time as well as
accompanying legal frameworks.

While personal mobility could be at least partiakgluced even in the short terms in response
to higher transport costs, the impact on mobilitgoods is more questionable. The transport
of goods is just a segment of a more complex prdi@and logistics chain, where the
relevant variable is total cost. Currently, transmwmsts often amount to a very low share of
total production costs or goods price (see COMPEIBS). This is true on the large scale as
well as on the medium and short scale, so in the #me higher transport costs would
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probably impact on freight transport much less tbhanpersonal mobility, at least on the
shorter terms

Figure 10 summarises the impacts discussed absweshbwing what is modelled in HOP!,
including indirect impacts in the economic domailegicted in the grey boxes in the figure).
A higher oil price leads to an increase in the €aéttravel and transport of goods. As for all
other goods and services, transport demand is edduooth for passenger and freight (less
trips, lower distances). The cost of public transpoodes would comparatively increase less
than private modes. Therefore, some modal shiéxjgected favouring public transport and
less energy-intensive modes. The rapidly growirendr for air transportation could be
stopped or slowed down considerably. Motorbikeslaikds could also gain market share. On
the freight modes side, trucks cost would be irsedasubstantially. As the road haulage
market is a very competitive one, profits are veny so there is no room to absorb the
increment of fuel cost, which would be probablyngirred almost entirely to the user tariffs,
so alternative modes (where energy costs areéésgnt) become more competitive.

> If high oil prices gave rise to severe economises, the amount of goods transported could fall
significantly, but this would be an indirect ecorioneffect rather than a direct impact of oil prioa the
transport sector.
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Figure 10 Impacts of high oil prices on the transpgstem
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Higher transport costs mean higher prices for sg¢\gods and services, even if the share of
transport costs on retail price is generally sm@lithe same time, expenditure for transport
requires a larger share of income, reducing theodisble income for purchasing other goods
and services, with negative effects on aggregatecbhdd.

On the freight side, higher transport costs fostansport efficiency (e.g. loading factors).
Meanwhile, on the passenger side, teleworking ahdrovays to avoid the need for travel
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(e.g. teleconferences, home banking, legal validityelectronic documents, etc.) can be
encouraged

The pattern and renewal rate of the vehicle flegtild be also affected, less consuming cars
and vehicles using alternative technologies caerehe market earlier and faster than with
low oil prices.

As in the case of economy, some additional asfgbatsare able to either increase or reduce
the impact on the transport side should be considdrhe main one is the feedback with land
use. As we noticed above, higher transport costsldvprompt individuals to reduce the
travelled distance. As far as commuting trips aracerned, this reduction can be obtained
only if residences and workplaces are closer. énldéist decades, the availability of personal
transport at cheap price has led the territoriatesy towards the expansion of urban and
metropolitan areas. High oil prices could revetse tendency in the long term. In the short
term, the geographical patterns of residences aéplaces are inflexible and reductions in
commuting through changes in urban developmen¢ipetican only be small.

Higher transport costs due to higher oil prices @naiefore different mode split are modelled
in ASTRA. It should be taken into account that $ewveral transport modes fuel or energy
costs are only one part of the overall operatirgjxor fares, so the responsiveness of demand
IS smoothed.

Mobility demand can be affected by increasing tpantation costs via the number of trips,
the average trip distance, and obviously the mokesen for the trip. The first two
mechanism produce a change in the transport volwelgicle-km or ton-km), whereas the
third modifies the fuel intensity (and thereforee ticosts) of the transport activity, A
mechanism to take into account a wider use of w@olgy for teleworking, home shopping,
etc. has been implemented for HOP! in the ASTRA ehod

The expected impacts on the transport sector disduabove are of different nature. For
some of them it is quite easy to identify whetheytdrive towards e.g. a lower demand or a
mode shift, etc. In other case, feed-back effeatsiovert the direction of the primary impact

or more impacts co-exist and it is difficult to iy in advance which one would cause the
major influence. In brief, it is difficult to makmore specific forecasts without the help of

some quantitative tool. The ASTRA model (in comhtimawith POLES) is expected to serve

as modelling instrument for providing quantitatiferecasts about the impacts of high oil

price on transport. Given the features of the modet all the impacts introduced can be
simulated with the same level of detail and/or iiulaendogenous way (e.g. impacts on land
use changes are not modelled).

3.2 Indirect impacts: reactions of the economy

Impacts of high oil prices on the economy are atsmifold and of different nature. The
obvious direct impact of high oil prices is thather energy consumption, consumer goods
and services become more expensive as nearly dthevh incorporate fossil energy and

® Although recent trends have indicated that theesfilead adoption of IT has increased, rather tearedsed,
travel demand.
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transport services, such that consumers have lesgyro spent on other consumer goods
and services, or that value added of companiegdsced because energy constitutes an
intermediate input to them and when they couldpasts on price increases of these inputs to
their consumers their value-added (the differeretevben the market price of their goods and
the cost of their intermediate inputs) is reducEdwever, there exist also a number of
compensating mechanisms, which could even lead lteti@r economic performance with
higher oil prices then with low oil prices, suclathhe final impact of high oil prices on the
economy could be in a range from negative to pasitesults and can not be easily foreseen
without at quantitative tool.

Thetraditional line of arguments about the economic impacts of high oil prices aggthat
"Higher oil prices lead to inflation, increased ingosts, reduced non-oil demand and lower
investment in net oil-importing countries"” and "@aig an oil-price increase leads to a
transfer of income from [oil] importing to exporgrcountries through a shift in the terms of
trade" as formulated by the IEA (2004) and suppubitg other analyses (Stewart, 1990,
Fenton 2004, Arnold et al. 2007). The mechanismk&/@as follows: oil is an input in many
goods, leading to a price increase. The overalkepncrease leads to inflation and thus, given
temporarily fixed wages, to less overall consummptilmflation secondly lowers investment
incentives, hitting the firms double because thégaaly have to handle the decrease in
demand for goods. Thirdly the value added of thendi decreases because energy as
intermediate input becomes more expensive andrieryg cost increase cannot be passed on
to the customers (Pellény et al. 2008). Overalireneased oil price means a reallocation of
given funds towards expenses on oil or oil relagedds that decrease the expenses for other
goods. Specific focus is here on expenditures ramsiport, which is currently depending to
about 95% on oil, and heating, which largely deggema oil and gas in Europe. Additionally
this reallocation is in favour of the oil exportieguntries that receive a positive net transfer
due to the higher oil price. With this scenario tiedinite final outcome should be a reduction
of GDP of the net oil importing countries.

Since the dependence on oil today is less stroag th previous times and the negative
impacts of high oil prices can be mitigated throurgpestments in oil substitutes and energy
efficiency there is also a contrastialger native line of arguments. Such investments would
have a double benefit: firstly, they would ultimgiteower the consumption of (imported) oll
and thus tend to dampen the oil price. Secondlguged demand would also reduce
expenditures for energy imports and thus mitighie deterioration of the terms of trade.
Thirdly, they would occur mainly domestically, teésre creating additional domestic jobs
both in the construction of the energy technologg & the maintenance. This alternative
point of view is not as well-elaborated as theitradal point of view.

The less sophisticated foundation of this altewsatine of arguments is natural as to some
extent it depends on circumstances that are omyading in the most recent years, but not
during earlier periods of high oil prices, suchtttiee potential for direct empirical findings is

quite limited. The alternative point of view wouht neglect the traditional thinking i.e. of

course higher oil prices increase prices of goaus$ services as well as imports from oil

exporting countries in the EU. But these influenicage diminished since the oil crises of the
1970ies and 1980ies due to an overall more statd@oeny and the already mentioned
compensation mechanisms. E.g. the response ofianflaxpectations to an oil price rise has
shrunk considerably. In the 1970 a 10% rise ofpoites would have increased inflation

expectation by 5%. In the mid eighties this examie situation would have led to an

additional 2% (Blanchard and Gali 2008).
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One of these compensation mechanism that is raa#lyn into account in the traditional
argument consists in the mitigating effect of expdorm the oil importing countries towards
the oil exporting countries. This trade is biasediavour for European products, so when the
income of the exporting countries rises, they wilest part of that rise in European goods
and thus partially offset the income transfers awvagn the oil importing countries (Pellény
et al. 2008, Kilian et al. 2007). In HOP! D2 it walsown that since the 1970ies there is a
strong correlation between oil price and exportsmfrselected OECD countries to oil
exporting countries with a coefficient of deterntioa of between 0.7 and 0.8 (Schade et al.
2007). E.g. the recent numbers for the German éxpomRussia, one of the major oil and gas
exporters, in the first quarter 2008 confirm thisrelation once more: exports have grown by
+25%. In a similar range has been the oil and gamimhted imports from Russia to
Germany, which have at the same time been growne8% (DESTATIS 2008b).

Another main trigger of any reaction of the econotayhigh oil prices will come from
investments. It is clear that high oil prices wowdtimulate investments into efficiency
technologies and into alternative energy technelgi not the oil price increase is that sharp
that it would immediately lead to a recession. Wauld call such investmentdditional
investments. On the other hand it has to be taken into accthattdue to the shift towards
alternative energy technologies investments intoveational technologies would be reduced
or avoided. We would call such investmeraigpided investments. Additional and avoided
investments will vary from sector to sector and tay lead to structural changes. This will
happen in two ways there will be changes in théosethat are most oil intensive and there
will be overall shifts in between sectors in thermamy (Kilian et al. 2007). Both effects have
to be taken into account in order to properly eatarthe effects of changing oil prices on the
economy. One example for sector specific effectersfthe domain of supply chain
management. In this area the fragmentation of supphins and the frequent relocation of
intermediate products will not be feasible anymaiso the location of production sites in
lower wage countries may have to be recalculategtnalizing the increased transportation
costs (Pellény et al. 2008). This in turn will letml new investments into less transport
intensive solutions. Investment will contributetézhnological progress through widespread
research for alternatives to oil. The developmdntew technologies requires their testing
and refining through user-producer interaction e tmarket, which is why any new
technology will need front-up investments. Withstlim mind the investment into alternatives
should be spread across potential technologiesaasl las possible as we do not know at the
moment which technology or technologies will be dwmting the markets in the future.

Investing into alternative technologies to oil nbas two further advantages. From the point
of view of the EU the development of competitivelustries in the production and export of
oil replacing technologies may lead to higher emplent and in the long term to an overall
positive net effect of high oil prices on GDP. Sedly, the high oil prices shorten the optimal
lifetime of older investment goods in comparisomiore recent less oil intensive technology.
Looking at the strong path dependency, e.g. inahergy sector with lifetimes of power
plants from 20-40 years, high oil prices could havenobilization effect on investment
leading to energy and oil savings.

Another reason why the reaction to high oil prinesy be not as strong as in the past consists
in oil intensity. It has been continuously decregsutside and in particular within the OECD
since 1995. This greater independence, howevers do¢ mean that demand has been
decreasing as well. In fact the lower oil intendigs contributed to a lower demand growth
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but did not reverse the overall trend of demandease mainly driven by the fast growing
economies in Asia and the Middle East (IEA 2008tdPg et al. 2008).

Figure 11 provides an overview of the compensatirgghanisms in the economy and the
interaction between oil prices — direct impactséirect impacts, the latter emerging within
the economic system.

Figure 11 Impacts of high oil prices on the ecormosyistem
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Apart from the endogenous compensation mechani$tine @conomy itself there is need for
policy intervention to stimulate investments deryifrom market imperfections or even
market failure in the oil market. If a market failse state usually intervenes and should
intervene to regulate the areas where the failweumed (Brown 2001). It is possible to
identify the long-run security of energy supplyaakind of public good leading to the failure
of the market mechanism, in particular when thepilag and investment horizons of energy
supply facilities are significantly longer than tti@e horizons in which fossil energy supply
and energy prices are changing. This has beenabe ia the last two years during which
prices tripled, while planning and installationadtiernatives requires 5 to 10 years, which is at
least twice the duration of the price increasehdligh the oil intensity has been decreasing in
the past years oll is still a critical input for nyagoods. It is used in almost all sectors, e.g. fo
furniture, jewellery or data processing. The monetalue of the oil is very low, in many
sectors it does not even reach 1% of the produaket (\DESTATIS 2008a). The widespread
use however shows its physical importance, whi@msenot necessarily be reflected in the
current prices. A similar argument can be foundaasse/van der Linde (2008) who argue that
in the past the oil prices were shaped by a sugplyen price regime, while only recently this
shifted to a user-price driven regime i.e. pastgwidid not represent the market value of oil.

Secondly market participants are incapable of ctigrevaluing the use of oil today and the

use of oil tomorrow. For this reason too much oill we consumed today, although less
extraction today from the remaining oil supplieswballow a smoother phasing out of oil

and therefore lower adjustment cost in the long eig. only recently the expectation of

shortages in long-term supply of oil has startedrdaslate into futures market prices (Dées
2008), resulting in high adjustment costs for tberemy (Pellény et al. 2008). In this respect
one could attribute to the long term security op@y of oil the characteristics of a public

good that is overused as no coordination existewdzt the market participants that demand
oil now as well as with those in the future, leadia a suboptimal exhaustion.

Thirdly the market for oil is characterized by afeery powerful players that further prevent
the market mechanism from working. On the supple $his is OPEC holding 40% of market
share and 70% of known oil resources (excludingaids, IMF 2005). On the demand side
for crude oil one can find a couple of verticalhtdgrated firms that can evade competition
through cross subsidization.

With all these market imperfections in mind regulator redirection of the oil market or
more broadly the energy system markets is needigoAcies targeting high oil prices and
the response of the energy system, however, hawekt into account other overarching
policy objectives, such as e.g. the reduction eeghouse gases (EC COM (2007)2). For this
reasons subsidies for oil use are ruled out, bectheyy would prevent adaptive investments
and lead to an even higher oil consumption anadigerse effects. Additionally unintended
consequences for other sectors through the promofialternatives to oil have to be taken
into consideration, e.g. could the rise of biofukdad to adverse effects for land use In
agriculture.

At the same time policies to cope with high oilges should aim at investment into
alternatives to oil and not towards subsidization od use. As mentioned earlier if
investments into alternatives and energy efficieawould be supported by the state this would
lead to the development of lead markets and inetkaempetitiveness of the EU (Schade et
al. 2007).
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Furthermore market intervention cannot replacetéxation of oil as a steering mechanism
for consumption. The incentive through taxes sllbws individuals to decide on their
consumption of the good, leading to an optimal catmn under tax constraints. Market
interventions with direct payments to market pgvaiats, e.g. through oil subsidies would not
allow for individual allocation. Therefore policieshould better try to support the market
signals from the oil prices, e.g. through investmeoentives or labelling.

Discussion Box

"More is better" vs. "Growth, Innovation and Peaasss: "Egoism and War" as future
paradigms

The compensating economic mechanisms will morelylikee working provided that |a
favourable environment exists. Currently the prigvgiparadigm consists, as far as EU is
concerned, of relative economic growth, technolalgionovation, as sustainable as possible
development and peace. Starting from these relgtipesitive conditions, alternatiye
developments could become reality, if we foreseangks of the political paradigm |of
European and Global policy-making.

One possibility is a paradigm that abandons theogbphy of "more is better" i.e. more GDP
is better, more monetary income is better, moreggnase is better, more tkm or pkm jare
better. With a stagnating GDP and continuing thprodement of energy intensity we could
reduce energy use faster and hence would beconer fass dependent from fossil fuel
imports, which in turn would lead to less impactshah oil prices. However, we wouyld
expect that this paradigm has some potential torbeaeality in the very long-term, whereas
for the years to come it would be quite unrealisis¢c within the dominating economic and
politics framework, it does not bear the potent@lfund the innovations and investments
required to shift the energy and transport systmatds a highly efficient non-oil dependent
system.

Instead, in an alternative paradigm the choice ctdod to strengthen the existing egoistic
behaviours. Global players would instead of invegtin efficiency and alternative energy
technologies "invest" more than today in wars deast in installing governments in oil (and
other) resource rich countries to increase thawuece base on the expense of other countries.
This would for an intermediate period keep thegorgce base on a level, which might
dampen the price increase of oil in their counfraexl which reduces the need for innovation
and increase of energy efficiency. In the long-tettme outcome of such a policy should b¢ an
economy with less innovations and lower produgtigtowth than for instance compared
with the "Growth, Innovation and Peace" paradigme Would argue that a shift to this
paradigm is not very probable because the resuwtddaboe rather negative on global level,
though one has to admit that history shows that plaradigm has been followed in some
cases.

3.3 Simulation of the impacts using the HOP! models

The qualitative description of impacts above hasashthat even if only the major expected
impacts of high oil prices are taken into accotim, list of direct and indirect effects includes
many items. Furthermore, different impacts may I¢lael economic system to opposite
directions and also feed-back effects exist, sulha final result is hardly predictable in
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advance and may change over time. In fact, the mafgnand the timing of each impact are
the key elements moving the model reactions in® direction or another. For instance, the
impact of higher costs of energy and transportexqmected to be negative on the economic
growth, whereas investments in alternative eneogyces are expected to provide a positive
contribution. According to which of the two effedssstronger and faster, the economy could
react either more positively or more negatively.

The use of the HOP! tools — POLES, BioPOL and ASTRprovides with scenario forecasts
taking all impacts into account, including the fdetk effects and the dynamics of impacts
over time. As any other tool, also the HOP! modets a simplified description of the real
world based on some theoretical approach and erapifindings. This means that not all
impacts are covered at the same level of detailthatlvarious assumptions are used in the
structures of the model. Of course, the capahilitthe models to deal with the various effects
and the assumptions they use — implicitly or exiiyias exogenous inputs - play a role to
explain the results of the simulations. In thedwling paragraphs, some impacts identified
above are discussed to show whether and how thelgeanodelled in HOP!.

Preliminarily, it can be anticipated that some valg aspects affecting the impact of high oll
prices, especially on the economic side are ndy fubdelled in HOP!. One example is the
role of the monetary policy. The mission of the &hgan Central Bank is to control inflation,
so if oil price growth puts pressure on pricesaih be expected some intervention of the ECB
(e.g. a raise of the discount rate) to contrasatioin. In turn, this intervention will impact on
economic growth, employment, etc. However, moneparicy is not dealt with in the HOP!
models. Another key issue is the economic developroatside EU. In chapter 4.5, some
sensitivity simulations will be added about how tpeture could change if model
assumptions were changed.

Table 3 reports a summary of key elements steminamg the previous analysis with respect
to their consideration in the modelling. This sumynshould be taken into account in the
perception of the modelling results.

Table 3 Key elements for the simulation of the HO&8narios

Item M odelled Notes
A | Competition for oil supply Yes Only market comgieta. Military crises/wars are not
considered.
B | Physical scarcity of energy | No/Indirectly | As market operates to balance demand and supply, th
supply Sensitivity latter cannot be significantly lower than the forr(eee
analysis also C). As military crises are not considered @ge

supply is always available from all producer coigstto all
import countries. Scarcity impacts are analyseth ait
sensitivity analyses.

C | Alternative energy sources | Yes It is assumed that availability of alternatbeairces depends
filling gap of conventional oi on price competitiveness, so when oil price grons a
supply alternatives become competitive investments aectiid to

alternatives and efficiency technologies such ématrgy is
produced in the requested quantity. Governmentcatob
investments in response to high oil prices is mbicgated,
though the debate on market failure suggests himat t
would be an option for policy-makers.
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Item M odelled Notes
D | Investments in additional oil| Yes Changes of energy supply (technology) require
supply and alternative energy investments. These lead to changes of energy costs
sources affecting the consumption split and maintaining Itloelget

constraint of households as well as the input siracof
energy in the input-output tables for industry. $hu
investments are assumed to be both funded by regesfu
energy producers and by redirection of investmientd.

E | Energy price affects prices gfindirectly An indirect mechanism to simulate initat in case of high
other goods and services and oil price increases has been implemented thus negluc
therefore aggregate demand disposable income and aggregate demand. Furthfs, ch

transport demand affect aggregate demand due to the
different taxation of both the various transportdes and
the transport and non-transport consumption.

F | Aggregate demand affects | Yes Investments are affected directly via changstiosal
investments and employment consumption and indirectly via aggregate effects ¢(he
budget constraint of households reacting to enprige
increases and the rough estimation of inflation).
Employment reacts to the sectoral changes on timade
side i.e. changes of consumption, investment apdnx
(see also 1)

G | Global trade flows No / Would be important in order to deduce net impac&o
Exogenously | countries. Trade flows from EU to rest-of-the-wockh
only be exogenously affected to consider the impéct
energy prices on world level (e.g. reduced worldRGD
growth -> reduced trade, increased exports toxpibging

countries),
H | Monetary and No / Partially | It affects exchange rates, wagesthadcefore export,
macroeconomic policy internal demand, etc. Varying exchange rates atrpam of

the models. Increases of government debt over Melaist
criteria levels reduce investments (crowding out).

| | Sectoral economic structure| Yes Higher energygsrand transport cost affect directly the
sectoral consumption and sectoral exports as well a
indirectly the sectoral investment. Thus the sedtor
structure of the economies are adapted by the higgtergy

17

prices.
J | Impacts on different income|No High energy cost are expected to hit hardesketewell-
person groups off income / person groups. The models do not carsi

different impacts on different income groups angsth
neglect this negative impact.

The aspects reported in Table 3 play a critica mlthe modelling of the HOP! scenarios and
affect the results. As a whole, they describe aldwahere market is able to find a peaceful
equilibrium and where investments ensure economoevitpy and energy supply. Some of
these assumptions have been tempered to simutatage of no investments and to take into
account of a (small) impact on purchasing powet, diill the results of the scenarios are
dependent on this “market-perspective”. If thisgpective was not confirmed, i.e. if some of
the assumptions adopted were not representatitteeateal world, high oil prices could give
rise to different results. This was taken into astdy a number of sensitivity analyses (see
in particular sections 4.5.1, 4.5.5, and 4.5.6).
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4 Modelling results

This main section presents the results and comelaghat can be drawn from the simulation
of the scenarios with the ASTRA and POLES models.

The section commences with a description of thertejor High Oil Price scenarios that have
been analysed. The main criteria to differentintssé scenarios is the crude oil price achieved
in the year2020 given inconstant EUROs of the year 2000. These prices range between 150
€,00/bbl and 800€,,,/bbl by 2020 with further increases thereafter, levtin the HOP!
Reference Scenario only moderate growth is forekssaing to 7C,./bbl. It is important to
note that even in this Reference Scenario a fughmith of oil prices is included.

The second section describes the Reference Scei@r®is important as many of the later
impacts can best be presented by comparing thescarsults with the development in the
Reference Scenario. The third section providesvanvégew on major indicators in the energy,
transport and economic domains across all scenaviash is then followed by a section that
presents major results separately for each domaimei fourth section.

The final section of this chapter goes into detaflspecific impacts assessed focussing on
those impacts that are of particular importance dolicy making in response to high oil
prices. Further, this section provides sensitigitalyses for aspects that have been outside the
framework of the model based scenario analysis,tkegimpact of a world recession or the
impact of insufficient energy supply.

4.1 The High Oil Price Scenarios

To derive a comprehensive picture of the econommpaicts of high oil prices a series of
scenarios have been defined and compared withegerefe projection of the HOP! project.
The following Table 4 provides an overview on tbha thajor HOP! scenarios. Additional to
these scenarios specific analyses have been ukelertiaat required further scenario analyses
e.g. to identify the sensitivity of the resultsuariations of the parameters or to considered
impact chains responding to the high oil prices.

It should be noted that in all scenarios, oil psiege expressed in Euges per barrel rather
than in Dollars per barrel. This choice does nqgtlymany assumption concerning the use of
Euro as intentional oil trading currency. It istjtise simplest way to focus the attention on the
key aspect to be investigated in HOP!: how muchwill cost for the EU and what this will
mean for the EU economy.
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Table 4:  the ten major HOP! modeling scenarios
Scenario name Oil price in | Investment Investment target Fuel taxes Price
2020 size growth path
(€2000bDI)
Ref 70 70 | Low Efficiency & New Sources| EU directives Stabl
150 Smooth 150 | High Efficiency & New Sources EU directives Sittorise
.150 Smooth no 150 |Low Neither EU directives| Smooth rise
invest
150 Smooth . - .
reduced tax 150 | High Efficiency & New Sources Reduced Tax | Smooth rise
150 Smooth . - .
carbon tax 150 | High Efficiency & New Sources Carbon Tax | Smooth rise
150 Early 150 | High Efficiency & New Sources EU directiveEarly Step
150 Late 150 | High Efficiency & New Sources EU directivekate Step
220 Smooth 220 | Very High | Efficiency & New Sources| EU directives 8ath rise
600 Early 600 | High Efficiency & New Sources| EU directive€arly Step
800 Early 800 | High Efficiency & New Sources| EU directive€arly Step

Source: up-front definition of HOP! scenarios

« The scenaridref 70(Reference Scenario) assumes high amounts ofsglves and can be
seen as an optimistic scenario. It reaches an raie pf about 70€,004bbl in 2020,
smoothly rising to 14@&;p0dbbl by 2050. Investment in energy efficiency ai@raative
energy sources follows common trend. Taxation tdkescurrent excise duties plus the
changes through the diesel directive into accolimarbon dioxide value rising from &t
CO;, to 30€/t CO; is taken into consideration.

« The scenarid50 Smootlassumes a smoothly increasing oil price whichlrea@ level of
150€,00dbbl in 2020. This leads to increased investmerrniargy efficiency as well as in
alternative sources. The other HOP! scenarios gagyor more parameters to investigate
the impacts of specific economic responses to higprices: the scenarib50 Smooth no
invest assumes that the level of investments remain mooréess the same as in the
reference scenari®Réf 70.

+ 150 Smooth reduced tand150 Smooth carbon tarary the taxation level: they simulate
a tax reduction with the purpose to limit the irage of transport costs and a carbon
taxation additional to Ref 70 scenario aiming ghler tax revenues to compensate higher
governmental investments.

« 150 Earlyand150 Latevary the way oil prices increase: this could happgher in an
early step between 2010-2013, which enables to &dke impacts of a short-term steep
rise of high oil prices, and with a late step todat the impacts if we assume a moderate
oil price development, which suddenly turns oubédfalse.

« 220 Smoothnvestigates a higher oil price thA&0 Smooth(> 220€/bbl in 2020).

« Two variants of scenarid50 Earlyexplore the impacts of extraordinarily high oilogs
reached with a step in the year 20800 Earlyassumes a price of 6@fbbl in 2020, while
800 Earlyassumes a price of 8@fbbl in 2020.

Oil price development in the HOP! project scenarigsnot an exogenous input of the

modelling tools, but it is endogenously calculatiEgbending on reserve-to-production ratio,
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spare production capacities of large oil produanogintries and by the impact of 'market
power' of a few oil producing countries. While spagsroduction capacities of large oil
producing countries affects the oil price onlyle tshort run, the other two factors determine
the long-term development. The reserve-to-prodoeataion entails a feedback loop.
Increasing oil prices caused by a low reserve-tahpction ratio lead to further search for oil
fields and enhanced recovery in existing oil fielddich in turn lowers the oil price. In
Figure 12 we can see a low decline in the periaddsen 2010 and 201Réf 70 150 Smooth
etc.) and between 2020 and 2025@ Smoothdue to this feedback. With oil prices around
150 €500dbbl the decline between 2020 and 2025 is evenngéo pronounced as
unconventional oil is expected to become competivound 2020. A similar pattern can be
identified for the scenarios with an early riseaodf prices (50 early 600 early and 800
early). After a price peak around 2014, the oil pricelahes for a couple of years (pattern of
overshoot and decline).

It should be clear: the HOP! project did not aimassessing the oil reserves but focuses on
the assessment of the impacts of high oil prigesase availability of oil is scarce and prices
would soar. For this reason, a set of elevategpmde levels were defined up-front for the
year 2020, and reserves and other parameters naratjusted so as to reach those levels.

Figure 12 Trend of oil price in various scenariBargeodbarrel)
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Source: POLES calculations in HOP!

Two additional aspects should be considered lookahghe scenarios: First, given the
difficulty about developing assumptions on the exufe rate between $ afida reasonable
value was selected and fixed throughout the sinansat Second, of course not only the oil
price reacts in the scenarios, but also the prtesther energy carriers like gas or coal are
influenced by the oil price changes.
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4.2 The Reference Scenario

This section provides an overview of the HOP! Rafiee ScenarioREF-70, with focus on
the key variables in the main domains, namely:

= Demographic development,
= Economic development,

= Energy system

= Transport system

= Fleet technology

4.2.1 Demographic developments

Looking at the long-term time horizon of the HORbjpct the reference scenario has to
consider the expected developments of the Europepulation (see Figure 13). For the
EU27 it is expected that the population as a whllegrow until about 2020 and then shrink

slowly, such that in 2050 the population is abdit dmaller than in 2010. The reduction of
population is much more pronounced in the new merstaes (EU12), who continuously

loose population until 2050 experiencing in totdbss of -14%. Only the Northern European
countries would be able to maintain a growing papah with an increase of about +5% until

2050.

Figure 13 Reference scenario: Trend of population
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Source: ASTRA calculations in HOP!

The changes are more drastic looking at the dewsdop of the different age classes (see
Figure 14). The number of children is continuousiguced over the whole period and the
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potential labour force decreases after about 268d&aing its share on the total population by
about 6%’ The strongest change is expected for the retieesloms whose share on the total
population will increase by 10% amounting to abong quarter of the whole population in
2050.

Figure 14 Reference scenario: Change of the dembugratructure in EU27
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Source: ASTRA calculations in HOP!

4.2.2 Economic developments

It is expected that the European economy contimoieggow in the coming decades, where
growth is measured as the growth of GDP in conspaices. The relative growth rate is
expected to be much stronger for the new membtasstiaan for the member states before the
year 2004 (EU15). For the new member states arageesinnual growth of about +2.7% is
expected, while the EU15 grows by less than halthi§ speed with about +1.2%. This
implies that some of the new member states likeeia or the Czech Republic manage to
catch-up in terms of GDP per capita.

" The potential labour force is defined as the neimiif persons in the age class between 18 and @fe S
countries intend to increase the potential laba@ucds by shifting the retirement age from 65 toeoldges,
which is not considered here.
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Figure 15 Reference scenario: Trend of GDP in @mgirices
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Over time it can be observed that the growth réatdor all European regions (see Figure
16), which reflects both fundamental reasons, tileedecline of population and in particular
of potential labour force in the last two decadmsd mathematical reasons (i.e. the base
values from which percentage changes are calcufmteuds over time).

Figure 16 Reference scenario: Annual growth rat€3lP
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Source: ASTRA calculations in HOP!

The reductions of the labour force are also refiédh the decline of the actually employed
persons (see Figure 17). In EU15 and the EU27 gmydat starts to decline after the mid of
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the next decade, while this will happen about 1&ryéater in the EU12 (new member states).
Given the population development of the latter timgplies that the activity rate of the
potential labour force increases in those countries

Looking at the development of the aggregate sedtassmainly the market services and to

some extent construction and the energy sector dhat employment in the reference

scenario. The former reflects the trend to devéh@pEU towards a service economy and the
latter the higher labour intensity of the energgteyn developing towards the use of more
renewable energies. Industry remains stable overnégxt two decades and then slightly
declines, while the largest reduction is expectgdhe government sector (the largest part of
non-market services) and agriculture & fishery gsect
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Figure 17 Reference scenario: Employment in the EU
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The strongest growth can be observed for expotisshwgrow by about 170% for the EU27
between 2010 and 2050 and by more than 300% foEWiE2. This means average annual
growth of exports is close to double the growtl&afP. As imports grow at similar speed, the
trade balance shows similar or even slower growatbs; as for the EU12 that experience a
stronger growth of imports.
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Figure 18 Reference scenario: European exports
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4.2.3 Energy system trends

This section provides the definition of the enesige of the reference scenario for the HOP
modelling framework. With respect to oil reserves @il production the reference scenario
refers to the optimistic assumptions that stem ftbenestimation of USGS (USGS, 2000) on
the worldwide oil and gas fields. Figure 19 shows walues of cumulative production,

remaining reserves, reserve growth and undiscovesmlirces of the World-Excluding-USA

(WEU) and USA. USGS estimates an amount of ultimat®verable resources of oil of

about 3000 Bbbl of the world for the year 2020. tjeaalf of such recoverable resources
consists of reserve growth and undiscovered ressurc

46 D3 High Oil Prices: Quantification of direct andlirect impacts for the EU



HOP! research project HC)fI)\T
Macro-economic impact of high oil price in Europe .

Figure 19 OQil, Gas and NGL resources in 2020
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This might result in an increase of world oil protdaon as indicated in Figure 20.
Unconventional oil is expected to substitute comiesal oil to a certain extent. There are
three main types of unconventional oil reservedckviare concentrated at specific places: tar
sands from Canada, heavy oil from Venezuela andlale mainly from the United States
(WEC, 2004; IEA, 2005). Most probably tar sanddaled by heavy oil will be the largest
amount of unconventional oil in the near future.

In the case of synthetic fuels and other fuels,asgume that they substitute transport fuels
because of the dependency of transport fuels anBaifuels, GTL or CTL are used to
produce gasoline or diesel and, hence, substitatsport fuels and not heating oil or oil as
basic material in the chemical industry. Otherraltiéive transport fuels are natural gas and
hydrogen, etc.

Under these conditions it is estimated by the POukte8el that the oil price remain at a level
of 70 €200dbbl until 2020 and might increase slowly towar@®$ £,00dbbl in 2050 as seen in
Figure 20.
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Figure 20 Reference scenario: World oil producpenday and oil price
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Primary energy production in EU is expected to renstable until 2030 and increase then
after 2030. In the EU15, the substitution processnfdomestically produced oil and gas
towards renewables like wind is expected to comtifluclear energy and coal production is
expected to be on the same level as today. Thatisitudiffers for the new Member States
(EU12). The decline of production of oil and coal offset mainly by an increase of
renewables and nuclear energy production and arnmingease of the production of gas.

Figure 21 Reference scenario: Energy production
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Primary energy consumption (consisting of the ddmesergy production plus net imports)
in the EU is expected to increase by around 15%eémt 2000 and 2050. The increase of
primary energy demand is moderate and slower tlswbere in the world due to the trend
towards a more service-oriented economy and dumpgoovements of energy efficiency. We
assume that oil and gas demand will increase BBAD and will then decrease due to higher
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prices. Coal use and energy consumption that stem fenewables and nuclear energy are
expected to rise instead.

Figure 22 Reference scenario: Primary Energy denraidl 27
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The composition of final energy demand by sectoassumed to change. While for the
residential and service (including and agricultuseftors we assume a growth rates around

0.5% between 2000 and 2050, following the trendseoked in the past decades, the increase
in the transport and the industrial sector mighslghtly negative.

Figure 23 Reference scenario: Annual growth ratéged consumption per sector
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The growth in the services and residential seddaigely driven by the growing need of
electricity. This new pattern in energy demand rnigh interpreted as the energy dimension
of the “third industrial revolution” characterisdaly the swift development of electricity

intensive ICTs (Information and Communication Tealbgies).
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4.2.4 Transport system trends

The following graphs summarise the base trend etgrager and freight traffic as well as
vehicle fleet composition in the HOP! referencenscm.

The trend of personal mobility shows an incremérditierent speed when EU15 and more
recent EU Member States are considered (FigureT2w).latter are forecasted to grow faster
in the near future as impact of higher incomes raotbrisation rates. However, the expected
decreasing of population in the Eastern Europe tw@snpartially offsets these determinants
resulting in a diminished growth rates and finallgo in a reducing mobility in absolute terms
with respect to the maximum level reached durirgdbcade from 2030 to 2040. Anyway, at
the end of the simulation period, the result of tikerent paths is an increased relative
increment forecasted for EU12 area with respecEWd5 countries: the more recent EU
Member States show around 32% more passengers-kith wieans an average growth rate
of 0.6% per year, with respect to the increase 5% 2f the EU15 area (with an average
growth rate of 0.4% per year). According to thetistas, during the period 2000-2006
passenger traffic has grown by 1.3% per $¢as reproduced in the ASTRA model results),
therefore the HOP! Reference scenario forecasbw glown of personal mobility for the
future, particularly in EU15 countries.

Figure 24 Reference scenario: Trend of total pagsekm
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The difference between the two groups of countsesven more significant looking at the
mobility of goods, which in the Eastern Europe ddes is expected to increase more
significantly due to the higher economic developmeates (Figure 25). For the EU15

8 Source: EU Energy and Transport in Figures — Stedil Pocketbook 2007/08. All observed data qubkldw
in this paragraph is drawn from EU Energy and Tpanisin Figures unless diversely specified.
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countries, the HOP! Reference scenario foreseasrtlibe year 2050 the amount of tonnes-
km will be doubled with respect to the year 2008isTforecast corresponds to an average
growth rate of 1.4% per year, which is lower thhe trend observed in the recent past (the
growth rate of tons-km in the EU15 countries fro@®@ to 2006 has been of 2.2% per year).
For the EU12 countries, the average growth ratieeaght transport for the whole simulation
period is 2.8% per year in reference scenario, lvheans that in the year 2050 the freight
traffic should quadruple than in the year 2000.

Figure 25 Reference scenario: Trend of total torkmes
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Looking at the trend of the passenger transportemoBligure 26 shows that for the whole
European Union, air is expected to grow more thgnaher mode, almost doubling the total
number of passengers-km at horizon of the year .206@ growth rate of private cars is
expected to be in line with the average (0.4% mar)y while for bus and coaches a negative
trend is expected, with about 25% passengers-ksniteotal at the end of simulation period.
For train the reference scenario reports a growghdn than the average (0.7% per year), as a
consequence of the increased energy price. Nelesthef compared to the recent trends the
hierarchy between modes is confirmed: air has asee§t growth, while bus and coaches has
grown less than any other mode in the period 20052
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Figure 26 Reference scenario: Trend of EU27 passdag by mode of transport
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The different trend of the modes brings to a modiion of the mode split. Figure 27
illustrates how the mode shares evolve in the egfa scenario for the EU27 countries.

Figure 27 Reference scenario: Passenger modersfiig EU27 countries
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The mode share of car is almost unchanged, whiles axpected to grow. In particular, air
becomes the second transport mode in terms of pgesekm with train, overtaking bus.
This is the major loser as its mode share is alnmadted. Again these forecasts are
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reasonably consistent with observed data. Fornostabus share was about 10% in the year
1995 and less than 9% in the year 2006.

As in many other cases, the story is different leetwwEU15 and the most recent EU Member
States (Table 5). For the latter, the mode shaoaois expected to increase significantly over
the whole period and especially until 2020, even i not expected to climb to the level of
EU15, where the reference forecast is for a sligbtiction, especially driven by the growth
of the air transport. Indeed, long distance trips #the most dynamic part of passenger
demand and air is expected to capture a large siidinem under the reference scenario.

Table 5  Reference scenario: Passenger mode sphigign
Mode split (% of total PKM)
Passenger mod
2005 2020 2030 2050
EU-27
CAR 71.9% 71.3% 71.1% 71.1%
BUS 9.7% 7.8% 7.2% 6.2%
TRAIN 7.7% 8.4% 8.6% 8.8%
AIR 7.0% 8.7% 9.0% 9.4%
SLOW 3.8% 3.9% 4.1% 4.5%
EU-15
CAR 74.6% 73.4% 73.1% 72.8%
BUS 8.3% 6.8% 6.4% 5.5%
TRAIN 6.7% 7.5% 7.8% 8.0%
AIR 6.8% 8.5% 8.8% 9.3%
SLOW 3.6% 3.7% 4.0% 4.4%
EU-12
CAR 54.9% 58.6% 59.8% 60.5%
BUS 18.0% 13.5% 12.1% 10.6%
TRAIN 14.1% 13.3% 13.3% 13.4%
AIR 7.9% 9.7% 10.0% 10.5%
SLOW 5.2% 4.8% 4.8% 4.9%

Source: ASTRA calculations in HOP! , air transpialudes domestic and INTRA-EU flights

Also for freight transport, the foreseen referegoawth of modes is different (see Figure 28)
even if differences are small. Road is expectedrtav slowly with respect to other modes
during the first half of the simulation period, \éhit overtakes ship in the second half: the
average yearly growth rate is about 1.8%. Rail gnow always faster than its competitors —
road and maritime — at a pace of about 2.0% per (laile ship is around 1.7%). In the

recent past (1995-2006 data) maritime has actusigwn larger growth rates than rail.

However, it should be taken into account that e ASTRA model, only intra-Europe freight

transport demand is simulated in some detail whalg of the maritime demand observed in
statistics concerns trades with overseas counfigshermore, in the last two years for which
comparable data is available freight rail transas grown faster than maritime (+1.0% for
sea transport and +5.2% for rail between 2006 &%
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Figure 28 Reference scenario: Trend of EU27 Tokne®y mode of transport
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Figure 29 Reference scenario: Freight mode sptiiénEU27 countries
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As a consequence of the slight different trendhef transport modes, mode shares do not
change much over time in the HOP! Reference sagnas shown in Figure 29. Rail
maintains his share while road freight share iswgrg at the end of the simulation period, to
the detriment of maritime share. As road and mmadtiusually are not direct competitors
(road is used on shorter distances and for smaills), the evolution of mode shares

54 D3 High Oil Prices: Quantification of direct andlirect impacts for the EU



HOP! research project H@ﬁ
Macro-economic impact of high oil price in Europe .

suggests a double shift: from rail to road and fhip to rail. At the basis of this mode shift
there is the different development of the econoseictors. Coastal ships are mainly used for
bulk goods (oil products, irons, cereals, etc.) sehaelevance on the intra-EU trade is
decreasing over time. Container ships are espgaiaéd to and from overseas, while within
EU rail is an alternative mode for this share affic, which is the fastest developing one.
Therefore, the HOP! reference scenario reflects tha future freight demand will be
differently composed: higher value goods will beigher share of total traffic and therefore
modes like rail and especially road will be pregérto ship. The trend of mode shares is not
significantly different between EU15 and EU12 (Teab).

Table 6  Reference scenario: Freight mode spliegyon
Mode split (% of total TKM)
Freight mode
2005 2020 2030 2050
EU-27
ROAD 53.3% 52.4% 53.3% 54.7%
RAIL 14.3% 14.7% 14.7% 15.3%
SHIP 32.4% 32.9% 32.0% 30.0%
EU-15
ROAD 53.8% 53.8% 54.6% 55.7%
RAIL 11.4% 11.3% 11.0% 10.8%
SHIP 34.8% 34.9% 34.3% 33.5%
EU-12
ROAD 50.9% 47.1% 48.7% 52.0%
RAIL P8.4% 27.8% 27.3% 27.3%
SHIP 20.7% 25.1% 24.0% 20.7%

Source: ASTRA calculations in HOP!

4.25 Vehicle Fleet Trends

The ASTRA car fleet model estimates a growth of EUiassenger car fleet of 34% until
2050 compared with the year 2005. In absolute nusnties means that fleet size in EU27
member states should reach 274 Mio registeredinatse year 2050 (Figure 30). Car fleet
increases most significantly in EU12 countries whilost EU15 are already characterised by
only slight car fleet growth rates and in the fipalt of the simulation period even a reduction
is expected. In comparison with Western Europeamiti@s, several EU12 countries are still
lacking behind regarding the motorisation and tfegechave a higher demand for new cars
and faster growth of motorisation. The average mgdaton rate in EU27 in the year 2050
would be of 587 cars per 1000 inhabitants comp#rdatie 466 cars per 1000 inhabitants in
the year 2006.
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Figure 30 Reference scenario: Car fleet size irEld27 countries
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In terms of fleet composition, it can be seen #itrnative fuels/technologies (i.e. biofuels,
hybrid, electric, fuel cells) are expected to gsignificant market shares from about 2020 —
2030, reaching about a 20% market share at thedronf 2050 (Figure 32). Initially, the
largest share of innovative cars would consistiofuels and hybrid cars. Later, electric and
especially fuel cells would enter the market rejplgcespecially hybrid vehicles, while
biofuels would still represent a significant part the car fleet in the EU27. The low
penetration rate of battery electric vehicles #fighat the car fleet model in ASTRA is not
including the most recent advancements in baterhrtology and the market entry of new
low price competitors for electric vehicles (e.gmpanies based in India or China), which is
expected to significantly reduce cost of these alekiand drive market penetration much
faster and much earlier (i.e. shortly after thery2@10 significant penetration of electric
vehicle seems to be feasible under these condjtions
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Figure 31 Reference scenario: Car fleet compositidhe EU27 countries
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Figure 32 Reference scenario: Share of innovatwencthe EU27 countries
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4.3 QOverview on Scenario Results

This section presents an overview of the scenasalts of the HOP! project showing main
indicators for transport, energy and the econompsacall ten major scenarios. The basic
input to the scenarios, i.e. the differences irderail prices between the scenarios have been
presented in the previous section.

GDP development is significantly affected by theghhioil prices, though a number of
compensating mechanisms like investments into retere energies, modal-shift to public
transport dampen the negative impacts of the higbrices on the economy. Figure 33 shows
the impact on GDP development with two differemgresentations: first, the absolute growth
rates on a year-on-year base are presented anadseeochanges to the absolute GDP of the
reference scenari®Ref 70 are shown.

One can observe that for the scenarios increabm@it price to 150-226/bbl growth rates
are reduced by up to 0.5% over about a decadenigadiabout losses of 1-2% of GDP over
the whole period. Specifics can be observed for gshenario in which the bottom-up
investments from POLES and the investments intoattieptations of the vehicle fleet are
limited to the reference scenario (scenBs® Smooth no invgstwhich reveals in the long
run the worst development of all scenarios. Thviges the first indication of the utmost
importance of investments to tackle high oil pridégrther specifics can be seen for the time
variations of the price increase, the early inceetas 150€/bbl (scenarial50 Early), which
means that the 150bbl are reached in 2014 instead of 2020, anddteeihcrease (scenario
150 Latg, which means that until 2017 oil price followstteference scenario and only until
2023 the 15C/bbl will finally be reached. These two scenarins2D50 end with a higher
GDP than the reference scenario, though becaudifferent reasons. The50 Earlyscenario
seems to stimulate investments in a most produataseand is less negatively affected by the
increase of oil imports and oil prices than the-BR0-800 scenario group, while thB0 Late
scenario the fact that the lead time to adapt tleegy and transport system is longer makes it
happen that the negative impacts are more limide higher investment and sectoral shift
generate positive stimuli.

The two extreme scenari6®0 Earlyand800 Earlygenerate losses of GDP growth rate of up
to 1%, which leads to a loss of about 5% GDP, aabieolute terms about 500 Billion Euro
annually. Sensitivity tests revealed that withdw# tompensating mechanisms of increased
investment into energy efficiency and alternatimergies the annual loss could reach up to
1.4 Trillion Euro of EU27 GDP.

A common feature to all scenarios is that when dbheade of fast oil price growth ends

around 2020 a kind of rebound effect occurs that @vperiod of 3 to 5 years leads to higher
growth rates of GDP as in the reference scenaadiafy, this should be because of POLES
providing reduction of fuel prices in response ke tinvestments in the energy system
reducing the demand for oil and because of lagffedts of the economic system in response
to the increased investments e.g. growth effectsaductivity. Overall, the response of GDP

to these scenarios is small. It seems that the hoanvestment can mostly compensate for
the shock.
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Figure 33 Overview of EU27 GDP growth rates
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One of the strongest impacts of the scenarios servled for employment. All scenarios
expect a reduction of employment, which is causgdsdveral interacting impact chains.
Some of them are explained in more detail in Iatstions. First, there is the reduction of
private consumption due to inflation and the reduGDP in the scenarios. Second, more
money is spent for the energy sector, which meassfor the other sectors (budget effect). In
particular, these impacts negatively affect theisersectors that reveal a comparatively high
labour intensity. Third, the structural changesafisumption, investment and exports tend to
favour less labor intense sectors, which would ewéh the same level of GDP imply a
reduction of employment (substitution effect). $eak shifts and differences in labour
intensity of the affected sectors have been idendtifas major drivers of impacts on
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employment of climate policy induced changes (lLexitet al. 1998, Jochem et al. 2008).
Fourth, the energy price increase affects the impgt of intermediate products to all good
and services, thus reducing value-added and emplolyrithis effect could be overestimated
in ASTRA, since for these major scenarios it isuassd that the energy sector is able to
forward the price increase to about 95% to theratketors and since response of the wages
to the then higher unemployment is limited.

Besides in the drastic scenarié®@ Earlyand800 Early the employment loss remains in the
range of -2-3%, with peaks of about -5%. Howewverthie drastic scenarios the employment
losses could reach levels of -20 to -30% in thestvperiods.

Even though these numbers seem to be overestintagedbvious that due to the potential
employment impacts the issue of high oil prices toase taken serious by policy-makers to
avoid that such dramatic losses of employment accur

Figure 34 Overview of EU27 employment
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Figure 35 presents the change of investments in7Ell@ to the high oil prices. Besides in

the scenarid50 Smooth no invesn which the investment are forced to remain rdyat

the level of the reference scenario. All scenasiogw a significant increase of investments.
These occur from three sources: (1) the POLES mesli@inates investments to adapt the
energy system, i.e. investment into energy efficyeand alternative energies, (2) the ASTRA

model estimates investment into the transport systed related systems to adapt transport
l.e. investment in R&D and production facilitieskiaild energy efficient vehicles, and (3) the

endogenous investment model of ASTRA reacts tosenaoral shifts also by generating

additional investment since demand is shifted toenivestment intense sectors.

In general, it can be noticed that the higher thepce grows and the faster the growth
occurs, the more rapid the growth in investmenite Timited increase of investments in the
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moderate scenarios seems to be feasible withoutfiattyer considerations. However, the

larger increases in the early step scenarios cigrbenexpected to occur, when (1) there is no
scarcity of investment capital, but in the last atbx there was a scarcity of promising
investment options, which is now solved by the ccleeed to restructure the energy system
and the confidence that energy constitutes onéhefblasic goods for which demand will

exists continuous, (2) the energy system itselfegaies a significant amount of investment
capital by the fact that those large players wheehaccess to oil and gas extraction sharply
increase their profits with a rising oil price bixed extraction cost of the existing wells, and

(3) the situation is different from an economic awn due to a business cycle, where it
could be sufficient to cut back activities and wiit the next boom period, which in the

situation of high oil price would not happen if active investment strategy to tackle those is
implemented.

Figure 35 Change of EU27 investment in HOP! scesatompared with Reference
Scenario
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Consumption shows some quite dynamic patternsaasbe observed in Figure 36. In all
scenarios the first reaction is to decline whendih@rice starts to grow, which is caused by
inflation and the reduced GDP in the different ewmores. The reduction of taxes to
counteract this effect in scenadi60 Smooth reduced tévas a positive effect as consumption
is higher than irl50 Smooththe basic scenario with the price increase to€lbbl. But the
positive effect remains limited.

More interesting is that in two scenarid$Q Earlyand150 Latg the growth of GDP in the
last two decades enables that a higher consumpdiel is reached compared with the
Reference Scenario. Further, it is documented ribatlinear relationships also shape these
results as the scena®00 Earlyafter 2030 leads to a significantly more positiexelopment
than the scenari600 early with an oil price that would be 2G8bbl lower such that the
opposite result would intuitively be correct. Onfetlee reasons is that alternative transport
technologies are stimulated earlier and faste80@ Earlyleading to more expenditures for
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vehicles, that are produced domestically in EU2Td #ess expenditures for fossil fuel
imports, that would otherwise lead to a loss of dedhin the EU27 economies.

Figure 36 Change of EU27 consumption in HOP! sdéesaompared with Reference
Scenario
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Source: ASTRA calculations in HOP!

Figure 37 presents the expenditures for energy itamd EU27 including imports of oil, gas,
coal and electricity. A small share of these impatte satisfied by members of the EU, but
the bulk of the energy imports comes from countoetside the EU. It should be noticed that
even within the Reference ScenariRe{ 7Q the imports measured in real terms roughly
double between 2005 and 2050. However, in the H&@Bharios this doubling occurs within
less than ten years from about 2013 to 2020. Ingb® drastic scenarios the energy import
bill reaches about 1.3 Trillio€ per year in 2020, while this could amount to abbig
Trillion € in scenarid220 Smoothand 2.0 and 2.3 Trilliog in scenario$00 Earlyand800
Early, respectively.

Putting these numbers in relation to GDP it caolierved that in the Reference Scenario the
energy import is roughly at the level of 8% of GD®the more moderate scenarios at the
level of 10% with peaks in 2020 reaching up to 13%4 in the drastic scenarid®0(Q Early
and 800 Early reaching the level of more than 20% in the péalkng down to about 13%
afterwards.
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Figure 37 Overview of EU27 Energy imports in mongtarms
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Source: ASTRA calculations in HOP!

An interesting issue is related to the influencédigh oil prices on government debt. This is

shown in Figure 38. In general, ASTRA expects asobidation of the European government

budgets until around 2015. However, the high oitgs tend to increase the debt and thus
delay the consolidation of the government budgetabput 10 years, due to increased
unemployment requiring higher unemployment paymelgss fuel tax revenues due to

reduced fuel demand and lower revenues of VAT dwstdwer economic growth.

The drastic scenarios would strongly increase theegnment debt by about +50% and delay
the consolidation of the budget to after 2030. Toeeased debt compared to the Reference
Scenario makes that crowding out prevails leadmdotvered investment in the last two
decades in the scenarios (which can be identifigegure 35).
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Figure 38 Overview of EU27 Governments debt
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As the later figures on transport demand (Figuread@ Figure 41) will show a significant
reduction of transport activity occurs caused by ligh oil prices. Together with increased
efficiency transport fuel consumption is reduceting drop also the government fuel tax
revenues (see Figure 39). The reduction reachessléetween -15 and -30%, or in absolute
terms 20 to 50 Billior€ less revenues annually. Similarly, the level diigke tax revenues is
reduced due to impacts on the car fleet (reduafamumber of cars and downsizing) as well
as the level of transport infrastructure chargeBeci®d. It has to be pointed out that
governments might respond to their loss of reverfites transport related taxes and tolls by
changing the tax and toll level. This was not assdinsuch that, besides in scenathkd
Smooth reduced tathe tax and toll levels remain as in the refeeesmenario.
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Figure 39 Overview of EU27 fuel tax revenues
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Figure 40 and Figure 41 present the reactions s§gayer and freight transport demand. Both
are reduced by between -10 and -20%, which isahsaeguence of manifold reaction patterns
like mode-shift, change of destinations and redudistnces as well as lower economic
activity as explained in more detail in section.2.4n general, inherent transport system
reactions are stronger for passenger transportevifi@ight transport is reacting stronger to
changes in economic activity (e.g. reduced traderd) than passenger transport. Doubling
with 4.4.2. (graph of EU 27 pkm)
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Figure 40 Overview of EU27 passenger transport deima
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Figure 41 Change of EU27 freight transport demandpared with Reference Scenario
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Figure 42 describes the development of energy ddnj@gross inland consumption) of the
EU27. Due to the increase in oil prices and theuced efficiency gains energy demand is
stable until about 2030. After 2030 with slower\gti of energy prices and efficiency gains
reduce and growth of economic activity drives giowt energy demand.

In the scenarios the reduction of energy demandhe=alevels of -10% in the moderate

scenarios and of -20% in the drastic scenaG®® (Early and800 Early). Obviously, only

periods with significant growth of energy pricesable a reduction of energy demand, while
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moderate growth of energy prices is not sufficiemtset incentives to increase efficiency
above the levels of economic growth, such thattmolate decoupling of energy demand and
GDP would occur, as in the case of significantigvgng energy prices.

Figure 42 Overview of EU27 total energy demand
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Source: POLES calculations in HOP!
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The picture differs for transport energy demancde glowth in oil prices enables to break the
growth in energy consumption of transport around>2@ven in the Reference Scenario,
though it should be considered that two elementsarfsport energy demand are excluded
from this aggregate numbers: intercontinental @ngport and intercontinental shipping as
the ASTRA model only considers air transport anig@hg within the EU plus Norway and
Switzerland. This is important to know as both iotaétinental air transport and shipping are
expected to experience the highest growth ratesigst@ll transport segments in the coming
years.

The moderate scenarios reveal that with some délaytransport sector starts to respond
significantly to the growth in oil prices after arad 2015 and after 2020 achieves a reduction
of energy demand by -20% compared with the referestenario. This is caused by both
reduction of demand (pkm and tkm as explained gband improvements of efficiency due
to more efficient vehicles, improved logistics, mbdhift towards more efficient modes, etc.

In the scenarios with early increase of oil prifEs0-600-800 Earlythe reaction commences
right from the beginning of the oil price increasdjich is thus reflecting a strong demand
response and a response of modal-shift than ansspraused by technology shift. In the
drastic scenarios600 Earlyand800 Early the reduction reaches -40% compared with the
reference scenario in the peak years around 20363886 afterwards.

Figure 43 Overview of EU27 transport energy demand
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Source: ASTRA calculations in HOP!

Transport CQ emissions behave similar as transport energy dentaesides that in the last
two decades during which alternative energy tedagies strongly enter the vehicle market
(e.g. hydrogen fuel cells with hydrogen generatga lgrowing share of renewables) the,CO
emissions continue to decline bringing £€nissions in the drastic scenarios down to -45%
compared with the reference scenario and by mase t40% compared with the 1990
emission levels. In the moderate scenarios thectexfureaches -14 to -23% compared with
the CQ emission levels of 1990.
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Total energy-related CQOemissions would experience an even higher reducfdready in
the Ref 70 energy-related CO2 emissions would be reduced 890 levels by some 15%
and 27.5 % by 2030 and 2050, respectively. Thisctahn is mostly due to a combination of
relatively elevated oil pricdsn the REF scenario, reaching 18&odbbl, with a carbon price
rising from 5 to 3G/t CO,. With higher oil prices, C®emission would reduce much further
to be some 40% below 1990 levelslit0 Smoothln the extreme scenarios, €@missions
may even be halved. However, these figures negihectipstream emissions that arise from
the exploration of unconventional oil and certaiansport fuel alternatives such as CtL. If
these were taken into consideration, even thougly tto not occur on EU grounds, the
2050/1990 emission reductions would be less by sPheercentage points Ref 70 38
percentage points it50 Smootland 49 percentage points in the extreme scenarios.

Despite those substantial reduction, This meanditgje oil prices alone will not make that
transport sufficiently contributes to the reductioh CO, proposed by the European
Commission (EC COM 2007/2) that are be sufficieat feducing GHG emissions in line
with the recommendations of the IPCC (2007) . Botbpose to reduce GGmissions in
industrialized countries by -60 to -80% until 2a60avoid dangerous climate change, except
for very high oil prices. This shows, that evenhahiigh oil prices there will be a gap of 20 to
60% reductions that have to come from climate gohlehich can be aligned with a need for
policies to tackle high oil prices GHG emissionsislis even more so the case in order to
steer investments in oil substitutes and transfpget alternatives into those options that
decrease CQemissions rather than increasing them.

Figure 44 Overview of EU27 transport €@missions
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® Compared to previous scenario exercises.
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4.4 Results by main domain

In the following the impacts of high oil prices atscussed making reference to model results
considering separately the energy, transport andamic domain.

4.4.1 The impact of high oil price on the energy sector

The responses of the energy system to high oiepriave been sketched out qualitatively in
section 3.1.1. This section provides a quantitaigesessment of the developments in the
energy sector with regard to the energy mix, ferv@rgy consumption, energy production and
transport fuel prices. It ends with a descriptidithe energy-related Gmissions that result
from the high oil prices and the subsequent reggmokthe energy system

Changes in the fuel mix of primary energy consumptre one of the most direct impacts of
high oil prices, due to the altered relative contpeiness of the various energy carriers. In
150 Smoothoil prices would increase by a factor of 7.5 kegw 2050 and 2005 (in real

terms) and gas prices would follow this rise to soemtent (factor 4.5), while the prices for
coal would 'only double' over that period.

As a direct consequence, oil would loose its domtirehare in the EU's primary energy
consumption between 2005 and 2050 (see FigureT4#9.trend is much more pronounced
than inRef 7Q where oil would nevertheless still provide mdrart a quarter of total primary
energy consumption. In the extreme scenarios,arisemption could be reduced to account
for less than 10% of total energy consumption.

Both compared t&Ref 70and to today's levels, renewable energy carreal and nuclear
power would benefit most from the oil-price inducgltanges in the fuel mix in the order
mentioned. Renewables would provide more than dmed tof the overall energy
consumption, partly due to biofuels but also toewmable energy sources in electricity
production, given that electricity will further gain importance.
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Figure 45 EU27 fuel mix of primary energy consuroptin theRef 70and150 Smooth
scenario

Primary Energy Demand in 2030: 2080 Mtoe in 2050: 2180 Mtoe

7% in 2005: 1960 Mtoe

20%
13%

1% | Oil
B Gas
10% B Coal Ref 70
16% O Nuclear
O Renewable
15%
23% 21% 14%
Primary Energy Demand in 2030: 1850 Mtoe in 2050: 2040 Mtoe
70 in 2005: 1960 Mtoe
’ 16%
25% 24%
1% 31% 150
u Ol
41% m Gas Smooth

@ Coal
O Nuclear
O Renewable

17%
16%

12%
21%

20% 16%
23% 18%

Source: POLES calculations in HOP!

If we look more specifically at the fuel mix foratisport, the fast deployment of biofuels
become obvious as their relative competitivenesbadossil substitute improves (see Figure
46). This, however, depends on whether investmientsofuel production facilities will be
available: Scenari@50 Smooth no inveshows that the biofuel share would hardly increase
from reference levels despite the much improvedp=itiveness to the fossil alternative, if
investments were insufficient.

A second pre-condition would be the availabilitybadfuels for imports, which are assumed
to be around 30% in the scenario as an upper boyndNate also that very high shares of
biofuels would probably come at the cost of dedregpshe availability of land for nature
protection purposes and for food crops, leadingdceases in food prices.
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Figure 46 Contribution of renewable energy carrierslectricity and overall energy in
EU27
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Figure 47 Share of biofuels in EU27 transport fieshand
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Discussion Box

How realistic is a biofuel share of 50%7?

According to the model outcomes, the share of lgisfun transport gasoline and die
demand would rise to 15% by 2020 if the oil prieaached 15@/bbl. Assuming a continuol
increase of the oil price to 2&)bbl by 2050, the share of biofuels would increasen
further to deliver almost 60% of the transport fdemand.

Such elevated biofuel shares necessitates a fudteenssion, in particular when having
mind the current discussion's about the EU's 108fubl target for 2020. Some key iss
shall thus be explained in the following:

Key issue 1): absolute and relative values

Elevated oil price strongly reduce transport fushsumption. In the scenaribO Smooth
transport fuel demand would be some 20 % beloweat® levels, and 37 % below its 2(
levels. By 2050, this discrepancy would be sligimigreased 22 %.

A 15% biofuel share in scenari®0 Smoothihus equals 40 Mtoe and a 60 % share by
equals 120 Mtoe. In the reference scenario, sinaitaounts of biofuel consumption wol
represent a share of 13% and 47 % by 2020 and 2&&fkctively.

Key issue 2): time and technology development

It is important to keep in mind the time profile thie market deployment of biofuels. E
though most biofuels would have become competitiitk fossil fuels at oil prices of 150 a
2020€/bbl, by 2020 their market share would not excege@aoland 19%, respectively. This
due to the fact that by then, first generation et would still dominate the biofuel mix
generation biofuels would account for mere 9-10%owérall biofuel production. In lat
years, this would drastically change in the highpoice scenarios, leading td“eneratior
technologies providing between half and two thiofishe total biofuel production by 205
depending on the scenario.

This shift to advanced biofuéfsis a key factor for achieving the high biofuel s
estimated in the HOP! scenarios. If only first gatien biofuels were considered, th
production would rise further until around 2030t btagnate afterwards.

sel

Les

D05

2050
uld

eir

Furthermore, biofuel penetration in the model fattoan S-shaped curve, thus preventin

g an

unrealistically rapid uptake when biofuels becormepetitive. The model applies an upper

19 Note that the BioPOL model assumes that the dapitsts of 2 generation biofuels will be reduced over
time, mainly driven by economies of scale that iteBom larger plant sizes. Using the cost reductiactors
provided in (Boerrigter, 2006; see also: Hamelireokd Faji, 2006) and following the assumption from

(Deurwarder et al., 2007) that a doubling of cagyacan happen fastest only every three years, dhewing

cost developments could be observed: a reductiaimeinvestment cost by 50% until the year 2030icivh

results in a reduction of production cost by 30%tf@ same time horizon.

D3 High Oil Prices: Quantification of direct andlirect impacts for the EU 73



-

HOP! research project /—&0?;’
Macro-economic impact of high oil price in Europe -

limit to the annual extension of biofuel producticapacity in order to account for the

necessary investment raising, planning procedurésanstruction times of those plants.

Key issue 3): competition with food: value choice vs. market mechanism

Cultivation of crops as a feedstock for first gextien biofuels and food and fodder
production can come into competition, in particudarelevated biofuel shares. Competition
may occur both for a certain commodity (e.g. wheatmaize) or for arable land. Such

competition effects are much less pronounced foorsg generation biofuels, which can m
use of a much broader range of feedstock, inclucBsglues.

When discussing competition with food productiore will primarily focus on domestical
produced first generation biofuels. Note that tl@RH scenarios assume that around one

of the overall biofuel consumption is provided bypiorts rather than domestic consumptign.

With oil prices reaching 156/bbl by 2020 and rising further to 2&0bbl by 2050, tota

ake

y
third

domestic production of first generation biofuelghe EU would rise to 30 Mtoe by 2020 and

53 Mtoe by 2050. This equals a need for primargl$éeck in the order of some 60 and
Mtoe respectively.

A number of studies indicate that in theory, suckeptial can be provided. The REFU
project estimated that the available primary bibfuéeedstock potential {l

108

EL

generation only) in the EU-27 could amount to atb&9 Mtoe in a low scenario and 100
Mtoe in a high scenario. Thraen et al. (2006) estz® that the energy potential of oil and

starch crops for *1 generation biofuels in the EU28 (i.e. incl. Turkeypuld be some 160

Mtoe by 2020, well-above the needs estimated inHIEP! scenarios. If environmen
constraints were applied, the same potential wdaddsome three times lower, reach
around 50 Mtoe (Thraen et al., 2006; also EEA, 2006is demonstrates that fulfilling t
oil-price induced push of first generation biofuelsuld bear a risk for nature protect
objectives.

Nevertheless, constraints in the availability affbel feedstock or of land are not explic
dealt with in the BioPOL model. Instead of imposagalue-judging about which parts of
European arable land should be dedicated to biddeelstock production and which to foqg
fodder production, it leaves the choice to the rearkor this to be accurate, it takes
account the impact of a rising feedstock demanéeedstock prices. Such approach may
reflect reality, yet any such decision would beoaietal choice that is difficult to predict
the grounds of today's discussion.

Key issue 4): availability of investments

The analytical toolbox applied in the HOP! projectbased on the assumption that ma
mechanism work. In the absence of additional camgs, all investments that are neces
for expanding the biofuel production capacity woudd made available. In reality, tk
assumption can be doubted.

For this reason, a scenario with a limited avaligbof investments has been assessesD
Smooth no invektThis clearly indicates that biofuels would remaiore or less at referen
levels if investments were not available to theeakheeded.
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Conclusion

Taken into considerations the points raised abibnvebiofuel trends as estimated in the HOP!
scenarios may be interpreted of an upper boundiatiieir pure market-based penetration,
assuming the availability of investments and Bfg&neration production technologies as well
as of imports. The outcomes illustrate the impartanf discussing biofuels in the wider
context of food and fodder production, of interoatl trade and of technological innovatign.

The estimates also indicate that the rapid devedopnof oil prices may require policy
making to adapt their perspectives in discussidukls. Ultimately, a biofuel policy would
not primarily look into how to increase their marlghares, but rather on how to restrain
biofuel feedstock production to a level that restrits impact on food/fodder production and
environmental pressures to an acceptable limit, et definition of these 'acceptable levels'
of trade-offs is a societal choice and as suctbnit in into the model applied.

The second direct consequence of the increasingempeices will be a reduction in energy
consumption. Primary (or: gross inland) energy ocamsion is projected to decrease by in-
between 5% and 10% in the period following thepoite shock in all scenarios (see Figure
47). Final energy consumption would decrease evere nit would reach levels of more than
10% (16%) belowRef 70by 2030, and 11% (14%) by 2050 in scendri® Smooth220
Smooth. Not surprisingly, the transport sector would ex@nce the most drastic reductions
in energy consumption (see Figure 48).

Note that electricity consumption would react ie thpposite way: in all scenarios assuming
high oil prices, it would increase by some 2-8%\abeference levels. This is influenced by
the fact that final energy sectors would switchtifar from e.g. oil to electricity use (a trend

that could already be observed in the EU over thst plecades). At the same time, the
electricity sector is considered to be relativdbkible in switching to non-fossil resources

such as nuclear and renewables, but could alsaierpe a renewed increase in coal-based
power generation, given that the competitivenessaf also gains in relative terms.
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Figure 48 Trend of EU27 primary energy consumption
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Figure 49 Relative changes of EU27 final energysaomption by sector with respect to
reference scenario (years 2030 and 2050)
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A co-benefit of the oil-price induced changes ia &mergy supply and demand is that a larger
part of the EU's energy consumption can be derfx@t domestic energy production. This
implies a reduced rate of imports and may thus dreeficial for energy security. By 2030
(2050), the share of domestic energy productiaénEU's gross inland energy consumption
would increase from 47 % in the reference to 5h%e scenarid50 Smoothand may even
rise further to exceed 65% 8mooth 220

The increased domestic energy production is prigndriven by the substantial rise in the use
of renewable energy carriers, in particular windergy and biofuels. Also electricity
generation from nuclear power would increase irmohibs terms. Domestic coal production
would be above reference levels, but neverthelessedse over the period 2005-2050.

Figure 50 Share between EU27 domestic Energy Ptiotuand EU27 Energy
Consumption
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Overall, the above changes have a dampening feekl @a the oil price. The resulting
transport fuel and electricity prices until 205@ aissessed in the following for the reference
scenario and scenarios 1 and 9 (smooth grow to drighiery high oil price). In the reference
scenario prices are already growing, and of coiireg price increases the fuel prices react
accordingly. The growth is more apparent until 20@n reaction on the demand side (see
for instance paragraph 4.2.3) and the availabiityalternative sources, slow down the
growth.

Given all the response described above, transpeitdrices would change as depicted in
Figure 50. The assumed oil prices of EAbl would lead to gasoline and diesel prices above
2 €/bbl in 2020, taking into consideration current augteed fuel taxes. Diesel and gasoline
price are given as a mix of fossil fuel and biofudter a decade of price stabilization above 2
€200dbbl diesel and gasoline price continue to riseléss strong than the oil price. Transport
fuel prices rise less firstly due to the dampereffgcts of fuel taxes and secondly due to the
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biofuel production cost which are lower than thssibfuel cost. As we consider a certain link
between oil and gas prices the latter are expdota@tcrease slightly as well while hydrogen
remains almost stable. The most important cost comapt for hydrogen are the investment
cost. However, is has to be kept in mind that theannfactor of the competitiveness of
hydrogen as transport fuel are the hydrogen vebimsé

Figure 51 Average EU27 transport fuel prices

4 4.0 N
3.5
3.0
T 25
"
53 2.0
W, 1.5 1"
1.0
0.5 A
OO T T T T T T T T T T T T T T
2005 2010 2020 2030 2040 2050
——CNG Ref 70 - = = = CNG 150 Smooth
Diesel Ref 70 - = = = Diesel 150 Smooth
Gasoline Ref 70 Gasoline 150 Smooth
Y —— Hydrogen Ref 70 Hydrogen 150 Smooth )

Source: POLES calculations in HOP!

Eventually, the changes in energy demand and ifudanix of energy supply impact on the
energy-related carbon dioxide emissions, which atitount for the vast majority of total
GHG emissions in the EU. This is shown for the masi scenarios in Figure 52. The largest
impact on emission was achieved for very high oitgs and for the scenario assuming a
combination of a high oil price with a carbon talkat comes on top of the already assumed
carbon dioxide value of somegg, rising to 30/t CO,). But already in scenaritb0 Smooth
emissions would be reduced by some 7% in 2020 anmesl3% in 2030 compared to the

reference levels.
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Figure 52 EU27 C@emissions compared with Reference Scenario
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It has to be mentioned that POLES considers orgydbwnstream emission and does not
consider the emissions over the whole life-cyclee Effects on emissions due to the switch
from conventional to unconventional oil and to Caie therefore not taken into account in
Figure 52. The differences of the emission factmesquite considerable: CO2 emissions from
tar sand are estimated to be 24% higher than foverdional oil. In the case of CTL they are
with more than 100% even higher. However, includ@ibL and unconventional emissions
for petroleum products for transport would altee tresults only minor as the reference
scenario contains unconventional oil as well. TH@2CGmissions iM50 Smoothwould be
reduced by some 6% in 2020 and some 13% in 2030.

4.4.2 The impact of high oil price on the transport secto

The transport sector is very energy intensive &medefore the impact of higher oil prices —
translated into higher fuels prices — can be rgagken. It is generally believed that transport
demand is very rigid and therefore only minor atfients should be expected. However,
when fuel prices climb to unusual high values ardain high, people behaviour can change.
Even if mostly anecdotic, some evidence of transgemand reactions is already available
for USA. For instance, The Wall Street Journal wratst March 8 2008 that “in the past
six weeks, the nation's gasoline consumption Hénfay an average 1.1% from year-earlier
levels [...] that's the most sustained drop in dememat least 16 years, except for the
declines that followed Hurricane Katrina in 2005][There is evidence that Americans are
changing their driving habits and lifestyle.”. AIStSA Today reported last May 1®0082 a
statement from ExxonMobil Corp chief executive Riéhkerson saying that “We're already
seeing some demand slackening in gasoline demataiims of miles driven[...] So | think

1 hitp://online.wsj.com/article/SB120451858896807 1iilh

12 http://www.usatoday.com/travel/news/2008-05-15-meatalay-travel N.htm?csp=34
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we're very near, if we're not already at, the priteere people clearly are altering their daily
behaviour”.

4.4.2.1 Theimpact of high oil priceson the passenger transport sector

Actually, the simulations suggest that transpornaed is reactive to higher fuel prices. In
Figure 53 the trend of total passengers-km in EWR2%hown. In the reference passenger
demand is sharply growing until about 2030, theis gtable or declining given the expected
reduction of population in Europe. The growth ofneentional fuels prices, which is
particularly relevant between 2015 and 2020 (seagpaph 4.2.1 above) leads the passenger
performance to slow down its growth and than ewenatreduction. A the year 2020
passengers-km are forecasted to be only 5% more ithghe year 2000 in case of 150
Euroeodbbl or even only 2% more in case of 220 Epygbbl.

Figure 53 Trend of EU27 passengers-km
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The reduction of transport performance is moreréisailt of shorter trip distances than of less
trips. As explained in chapter 2, trip rates agedrin the model. The small reduction of total

number of trips shown in figure 11 with respecthe reference scenario is due partially to a
lower motorisation rate (the availability of cadutes more mobility) and more significantly

to the assumed impact of technology applications rémlucing the need of travel (e.g.

teleworking). However, the real difference betweseanarios is the reduction of trip lengths.
figure 12 shows how the average trip distanceweted when energy price increases. This
effect corresponds to a larger share of trips nmadghorter distances (figure 13).
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Figure 54 EU27 passengers trips until 2050
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Figure 55 EU27 average passenger travel distance
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Figure 56 EU27 passengers-km shares per distamnce ba
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As shown in the following figures, the passengerbility reduction is associated to a
different mode split with car and air losing modeu® whereas public transport and slow
modes gain demand. Car share could be reduced %®68% (so car would remain the
dominant mode anyway) at the year 2020, to recewere share lately but staying below the
current level. Air demand growth would be signifidg stopped: air market could lose about
20% of its demand between 2014 and 2020. At theegarre, train attract demand more than

any other alternative (Figure 60) climbing to 11284 in the year 2020 and remaining over
10% even when fuel prices are reduced.
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Figure 57 Overview of EU27 passenger Mode shares

op!

4 Car h [ Bus R
73% 11%
72% 10%
9% -
71% 1 8% a
70% - 7% 7
6%
69% - 2o
68% 1 4% a
67% - 3%
20
66% - 10 -
65% - 0% -
2005 2020 2030 2050 2005 2020 2030 2050
B Ref 70 ® 150 Smooth @ 220 Smooth B Ref70 ®m 150 Smooth @ 220 Smooth
N -/ _ _/
6 Train R 4 Ar I
13% 10%
12%
11% 9%
10% 8%
7% - 6%
6% - 5%
5% 4%
206 - 3%
2% - 2%
1% 1 1%
0, _
0% 0%
2005 2020 2030 2050 2005 2020 2030 2050
WRef70 ®150 Smooth M 220 Smooth L BRef70 ® 150 Smooth 8220 Smooth | |
" Slow R
6%
506
4% -
3%
2% -
1% -
0% H
2005 2020 2030 2050
WM Ref70 m 150 Smooth @ 220 Smooth
_ J/

Source: ASTRA calculations in HOP!

D3 High Oil Prices: Quantification of direct andlirect impacts for the EU

83



HOP! research project KOKPST
Macro-economic impact of high oil price in Europe -

Figure 58 EU27 Car mode share
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Figure 59 EU27 Air mode share
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Figure 60 EU27 Train mode share
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The mode shift can be easily explained by the iv&lathange of user costs across transport
modes. As shown in Figure 61, in the year 2020peaceived cost would grow up to more
than 150% of 2005 cost level and also air average Wwould doubled or more. The renewal
of the car fleet (see below) with the adoption Wéraative fuels and improved efficiency
explains why the growth of car costs is much lomethe year 2050, while for the air sector
cost is steadily higher. The impact of fuels casalso quite high for bus, while train is not
much affected since direct energy costs are osiyall percentage of total operating costs.
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JASp!

Figure 61 Overview of relative change of the EUZ2&rage cost per passenger-km with
respect to the year 2005
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4.4.2.2 Theimpact of high oil priceon thefreight transport sector

The impact of energy prices on freight performagtigure 62) is less significant in absolute
terms. The increase of fuel prices is only ablsléov down the growth of tonnes-km for some
year (between 2010 and 2020) but not to reducghtdraffic. The relative constancy of

freight traffic is strictly linked to the economgrowth, which involves the industrial sector
and is the main determinant of goods movementseSime economic growth is expected to
continue even in case of high oil prices (see srcti4.3), the freight traffic performance is
largely maintained.

However, this overall result can be analysed inemdetail to show that even if the freight

traffic performance is not largely decreased, soimanges in the traffic structure is induced.
One component of freight transport demand is thbiliy of goods caused by import/export

flows. When energy prices, and then transport ¢@sts increased, the growth of intra-EU

export is slowed down with respect to the referesmnario (Figure 63). At the same time,
high oil prices have a different economic impactdifferent sectors (see section 4.4.3). The
production of goods is increased in sectors likergy and construction, which generates
significant amounts of bulk goods on short distan¢e.g. ores, building materials). The
combination of such two effects shorten the avemigance of transported goods (Figure
64).
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Figure 62 Trend of EU27 freight-km
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Figure 63 EU27 Intra-EU export compared with Rafes2Scenario
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Figure 64 EU27 average freight travel distance

Source: ASTRA calculations in HOP!

Thus, even if the traffic performance is only stiglchanged, the total number of tonnes-km
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is made of more tonnes and less kilometres.

Some changes are also expected on the mode siglitAs$ shown in Figure 66, the share of
road freight in terms of tonnes-km is forecastedéoabout a couple of percentage point
lower when oil price is higher than in the refererase. So alternative modes — maritime and
rail - gain share. Taken into account the reductbaverage distance, this mode split is in
turn the result of separate effects: on longeradists the mode shift is larger and maritime

gains more than rail whereas on the shorter distaatis the only feasible alternative.
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Figure 66 EU27 Road freight mode share

e

.

[% based on TKM]

55%

54%

53%

52%

51%

50%

2005 2010 2020

2030

2040

2050

Ref 70 - - - - 150 Smooth

—o— 220 Smooth

Source: ASTRA calculations in HOP!

D3 High Oil Prices: Quantification of direct andlirect impacts for the EU

89



HOP! research project AO?S/'
Macro-economic impact of high oil price in Europe -

4.4.2.3 Theimpact of high oil price on the vehicle fleet composition

If the private road modes largely maintain the bgghshare on transport demand even with
high or very high oil prices, some differencesaseseen for the type of vehicles used. Figure
67 shows that innovative cars enter the fleet nsaggeificantly when oil price is high or very
high. Including within the innovative cars: biofaghybrid, electric and fuel cells vehicles,
their share is expected to be about 15% in the 3@30 in the reference case, while in case of
high and very high oil price the share grows u@186 and, respectively 30%. At the same
time, also the size of the vehicle fleet is a twtér in the high price scenarios.

Figure 67 EU27 car fleet and its compaosition
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Nevertheless, even in the case of very high otgyrihree out of four cars would be still
conventional cars in the year 2020 and more th#rohthe fleet would rely on fossil fuels in
the year 2050. Furthermore, a significant sharaltefnative cars would be biofuels car, i.e.
using alternative fuels rather than innovative textbgies. These results indicate that high oll
prices alone will not induce major changes in tpamsto low carbon technologies even if
they can accelerate the penetration of alternatncles.

4.4.2.4 Theimpact of high oil price on thetransport greenhouse gas emissions

The reduction of demand and the renewal of thet flees a beneficial impact on GO

emissions from transport (Figure 68). The technicklgdevelopment is expected to start
providing emission reductions since about 2015hm teference. But in the high and very
high oil price scenarios the reduction happensiezadnd develops faster up to a —33%
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reduction of emissions with respect to the year02002% in the reference scenario). These
numbers include upstream emission of conventioosdif fuels and vehicle production, but
exclude (1) the additional emissions of unconveratidossil fuels (e.g. coal-to-liquid, gas-to-
liquid), and (2) the emissions of intercontinerghipping and air transport. There should be
some compensation between these two excluded ®fé&te unconventional fossil fuels
increase C@emissions, while the impact on intercontinentgbgimg and air transport by the
high oil prices should be dampening the activitiess reducing C@emissions.

Figure 68 Trend of EU27 CQransport emissions
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4.4.3 The impact of high oil price on the economy

The impact of the high oil price on the economgssessed by using the ASTRA model. Thus
the following analysis focuses on the relevant meconomic indicators provided by
ASTRA: GDP, employment, consumption, investment anérgy imports. In this section
results of the scenaridb0 Smoothl50 Earlyand220 Smoothare addressed. This section
intends to provide an overview on the economictreas observed in the model. Important
reactions are discussed in more detail in subségeetions.

Figure 69 presents the change of components of ®DEhe EU27 for two scenarios that
have the same timing of the oil price peak butheditferent levels of oil prices: 150 Smooth
and 220 Smooth. We have seen above (see Figurib&3) all scenarios the high oil prices
lead to a reduction of GDP, in particular during thecade of the strongest oil price growth
between 2010 and 2020. Now we can observe, incpéatifor 150 Smooth, that during the
first years (around 2010 to 2014) when the oil @m@rowth is moderate investments are the
first major variable responding positively to theicp increase, which is triggered by
adaptations of the energy system (investments finiegfcy and substitution by alternative
energies). Then the oil price increase acceleratésch can also be identified by the
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additional expenditures for energy imports reaching 400 &ilk in 150 Smoottand about
650 Billion € in 220 Smoothn the peak of energy imports around 2020. In Ipgrahe
negative impacts accelerate: consumption is redogedflation and second round effects i.e.
more consumption is shifted to the energy sectbichvimplies less expenditures for other
sectors (budget constraint and income effect), sto@DP growth means less income and
again less consumption. Exports are also reducedhiasport cost raise and GDP in all EU
countries is reducing feeding back further secanohd effects that reduce GDP.

It can also be observed that consumption recowesoine extent after 2020, which occurs
because in response to reduced demand becausapdhtaoh of energy and transport system
the energy prices drop providing a positive stirsitflr economic development, leading again
to higher prices, more energy imports and againged consumption. This can be observed
for both scenarios, but in particular the turquaiseve (energy imports) and the blue curve
(consumption) i220 Smootheveal this counter-oscillating behaviour.

Finally, it should be pointed out to the behaviair both scenarios after 2040, where
investment start to fall and are becoming smahantin the Reference ScenafREF-70 i.e.
additional investment become negative. One magsae for this is that the higher oil prices
reduce government revenues (e.g. less fuel taxnues less direct taxes due to lower
employment) and increase government expenditurgs (eore unemployment payments).
Thus government debt grows such that in a numb&uodpean countries levels are reached
when ASTRA expects some crowding out of privateestment. Thus first the investments
are reduced (around 2035) affecting consumption expbrts negatively with some delay
after around 2040.

Figure 69 Change of major GDP components for the Etbmpared with reference
scenario
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The following discussion focuses on the timing ameéraction issues between energy price
growth and GDP growth. Figure 70 shows the annuaP @rowth rates for the Reference
Scenario (black) and the scenarid®) Smootl{pink) and150 Early(brown). The more thin

lines present the change of the transport enengg prdex, which considers fossil fuels but
also alternative fuels, compared with the transporrgy prices in the Reference Scenario.
The difference between an early price increasewipyocand the more smoothed increase
(pink) is obvious. The early increase starts wittsteaep increase from 2008 until 2014
increasing energy cost by +80% against the Refer&uenario in the peak. Afterwards the
increase drops significantly to only +30% highearthin the REF-70, which is due to a
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reduction of energy prices but also due to adaptaif transport shifting to alternative energy
carriers (e.g. CNG, bioethanol, electricity), tedeenergy intense modes (e.g. rail, shipping)
and improving efficiency. INL50 Smooththe peak is much lower (+60%), but also the
reaction of the transport system is more modernath shat the price increase falls back to
+40% only, which is above the prices in th80 Early scenario, though in both cases the
crude oil price reaches about the same peak p@beiously the speed of price increase
matters for the strength of the adaptation reastion

Looking at the interaction between energy price &P growth rate, as expected it can be
observed that when the energy price raises shérptyGDP growth rates are declining (e.qg.
brown thick versus brown thin 2008 to 2014). Mongeresting is the following overshoot
starting with the strong reduction of energy pritresn a +80% increase to a +30% increase
due to the above described mechanisms. This causemificant increase of GDP growth
rate, which reveals an asymmetric pattern of the taechanisms, i.e. when energy price
declines the elasticity of GDP seems to be high&n tvhen energy price grows.

Literature clearly supports the negative relatigndbetween oil price increase and GDP
growth (Awerbuch 2006; Blanchard/Gali 2007; Huntorg2004). Several authors estimated
an elasticity of GDP with respect to the oil pridéese estimates range from -9,8% decrease
in GDP due to a one percent oil price change tg ed5% (Awerbuch 2006). Overall the
more recent calculations predict a weaker reacfd®DP to a rise in oil price. The ECB, the
IEA and other recent studies predict a negativstielty of between -0,2 and -0,5% for a 1%
crude oil price increase (Jimenéz-Rodriguez/Sand@tf; IEA 2005; Huntington 2004;
Allen 2005).

Attempts to calculate a simple elasticity basedtle HOP! simulations, however, did not
provide an unambiguous result. The dynamic modglbh ASTRA and POLES leads to

rebound effects e.g. significant oil price declif@sowing price peaks such that we were not
successful to isolate the particular effect of dileprice increase, only. Nevertheless, overall
the decrease in GDP growth due to an oil price aise the subsequent recovery of growth
through stimulated investments and the reboundl rices, happened in all simulations.
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Figure 70 Interaction between change of energyemid EU27 GDP growth rate
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The pattern observed for GDP can be also noticecerigployment, though with an even
stronger reaction to the high oil prices. In faafployment is the macroeconomic indicator
reacting strongest compared in percentage chamgdiset Reference Scenario. Figure 71
presents the employmentREF-70scenario and the three scenarios compared iselsison.
The sharp and early loss 150 Earlyscenario, but also the recovery of employmentctvhi
goes in line with recovered consumption and GD#his scenario, are reflected in the brown
curve. The two other scenarios behave as expeeteployment loss ini50 Smooths lower
than in220 Smootlras the price increase in the former is smalleas@es for the losses of
employment would be the shift of consumption totaec with low labour intensity, in
particular the energy sector, with higher importemsity, again the energy sector. Further
some sectors with particular high labour intensity. agriculture are affected more strongly
by energy price increases due to their relativéghér energy input. This can be observed in
the right side of Figure 71, where agriculture Eosignificantly employment in absolute
terms, which is even more grave looking at thetiraddosses that would be twice as high as
the average loss of employment.
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Figure 71 Impact of high oil prices on EU27 empl&yrh
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The analysis so far focused on the major ten HO@harios, which incorporate mitigation of
the impact of high oil prices by policy and/or metrkdriven investment into alternative
energies and energy efficiency as well as adaptatfobehaviour e.g. of transport users.
Further, neither the emergence of a world recesstonnsufficient energy supply in physical
terms is assumed to happen in this scenario.

Figure 72 provides the picture on which GDP charugesd happen if early adaptation of the
energy and transport system would not occur, ifoaldwecession emerges as a consequence
of high oil prices and if there would be a lacksuffficient energy supply. The analysis is
made for thel50 Smoottscenario. The pink dotted plane roughly showsldss of GDP in
this scenario compared with the Reference Scenlrie adaptive investments into energy
and transport systems would be made, the loss d@ @Buld roughly be doubled (the blue
plane). If additionally a world recession occurshwabout -50% reduced world GDP growth
this could increase the GDP loss by a factor ai 8 for -1 to -3% further GDP loss) and the
most drastic impact would be observed for the E2/physical shortage of energy would
emerge (up to -11% further GDP loss). More detailghe specific analyses are provided in
subsequent sections.
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Figure 72 Potential economic impacts beyond thégsic HOP! scenarios
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4.4.4 The impact of economic impact chains on the results

The interaction between the bottom-up modellinghef energy system (in POLES) and the
transport system (in ASTRA) and the macroecononadetiing in ASTRA runs through four
major impulses:

Investment: the high oil prices induce structural changehi@ €conomy. Investments
in alternative energies and energy efficiency bexzomore cost competitive compared
with investment in conventional fossil energy basechnologies. Thus the high oil
price stimulates additional investment into thenfer technologies and crowd out
investment into conventional technologies. The ingestment effect of stimulated
alternative investment and crowded out conventiamatstment is estimated by the
bottom-up models and is entering the equations hef ihvestment model as a
stimulating economic impulse. We would call this ithvestment impulse.

Energy price the POLES model estimates the prices of crude gaik and coal
considering besides the resource base the GDPRsifjouthe EU29 (thus the economic
activity) that comes endogenously from ASTRA andeaagenous trend for the rest-
of-the-world. These prices enter the BioPOL modelvhich the biofuels prices are
estimated and the full scale of energy prices akifofuels, biofuels, heating oll,
electricity and hydrogen are provided to the ASTRAdel where they are affecting
the household and industry models (see Figure &.wWuuld call this thesnergy
priceimpulse.

Energy imports. investment and changes of energy prices in th€ BESOmodel
reflect a technological change of the energy systenmwhich a reduction and
substitution of fossil fuel demand goes along wilparallel, such that the imports of
fossil energy for heating and electricity to theZ9Us reduced. ASTRA estimates the
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savings of energy imports for the transport syst€agether these energy savings are
translated into a monetary value and are usedvarsgsaof energy imports in the final
demand models and the calculation of the valueghdofethe energy sector of
ASTRA. We would call this thenergy import impulse.

= Inflation: the ASTRA model is only including a few monetangdels, since with the
focus on long-term policy-making the consideratmnshort-term financial market
oscillations in the model is less relevant. To odersthe impact of energy price
induced inflation constitutes one of these mod&lsve a certain threshold of price
increase the energy price impulse is translatedadtitional energy induced inflation
considering the country specific split of energypenxditures for heating, electricity
and transport as well as the oil intensity of tleeindries. The impact of inflation is
then that disposable income is reduced, affectorguemption and kicking-off second
round effects via the impact of consumption on dainand GDP. We would call this
theinflation impulse.

A fifth potential impulse was not considered: thi exporting countries generate high
additional gains from their oil exports. These gaare at least partially used to increase
imports, both of consumer and investment goodsthese countries on the other hand
increasing exports of the EU29 and thus constiguanpositive economic stimulus for the
EU29. Following the literature we would call thiset Petrodollar recycling impulse. Since,
ASTRA does not include an endogenous model for GIDE imports of oil exporting
countries this impulse was excluded. Basicallys tmeans that there is also a conservative
assumption contained in the economic results of HOP

The following paragraphs separate and explainrtipacts of the four bottom-up impulses on
the economy. For this analysis the scenatk® Smoothl50 Early 800 Earlywere run again
four times each time switching off one impulse per to isolate the impact of this impulse.
This means we obtain a new scenario simulatiorudholy synergistic impacts of three out of
the four impulses and by comparing this simulatgtin the simulation of the full scenario we
are able to derive the impact of the switched-oipulse. We call this thASTRA switch-off
analysis. An alternative approach would be to use the Refs Scenario, just switch-on one
selected impulse and compare the resulting sinauatiith the Reference Scenario. For sure
the observed impact of the impulse would diffemirthe result of the ASTRA switch-off
analysis. Past experience revealed that the swifciralysis is the preferential approach as it
is better enabling to consider synergies betweguises than the mere comparison with the
Reference Scenario (Schade 2005).

Nevertheless, one should take into account thaswiteh-off scenarios are artificial, e.g. a

large fossil energy price shock will always be awpanied by a strong increase in fossil

energy imports — and the switch-off analysis sirtadahat one happens without the other.
Thus, the switch-off analysis supports (1) to rdh& importance of the different impact

chains, and (2) to show the direction of the impgdaine impact chain, and (3) in some cases
enables to show the differentiation for which iradars (e.g. GDP, employment, transport
consumption, value-added) which impact chains arstmelevant.

Figure 73 and Figure 74 present the impacts ofdheimpulses as derived from the switch-
off analysis for GDP and employment of EU27 togethigh the full impact in the scenarios
150 Smoothand 150 Early The ranking of importance of impacts is showmfrthe most
important to the least important in Table 7.
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Table 7  Ranking of importance of bottom-up impulses

Ranking

impact on GDP

impact on Employment

Most important

Energy price impulse

Energy pricpuise

Important

Investment impulse

Energy import impulse

Important

Energy import impulse

Investment impulse

Less important

Inflation impulse

Inflation impulse

Source: ASTRA results

The direction of changes differs between the imgmil<learly the energy price impulse of
high oil prices is always generating a negativeuls@ on the economy, here expressed by the
indicators GDP and employment. The investment isgu$ always generating a positive
impulse, though the strength differs between thenagos. The energy import impulse and
the inflation impulse are causing a negative imputsthe medium term and become rather
neutral in the long run. The reason would be tha t energy savings and increased use of
alternative energies the energy import are sigamfily reduced and shift towards the
expenditure level for imports observed in the refiee scenario, while inflation in general
constitutes a temporary phenomenon that, giveraldeiteconomic and monetary policy,
disappears after a period of time.

Thus most interesting for further analysis would the energy price impulse and the
investment impulse. The energy price impulse causestrong negative impact on
employment as it stimulates a number of negativparh chains like the reduction of
consumption via the income effect (budget constyathe push of inflation, the increase of
input cost of all sectors and thus the reductionabfie-added of all sectors besides the energy
sector. In particular, the latter chain is reduaengployment, since labour productivity (as the
proxy for wages in ASTRA) is only reduced when upyment increases significantly,
which occurs with a delay such that over the sihdagen productivity (and wages) is fixed
and decrease of employment and increase of unemplayis unavoidable with a strong
increase of cost of other input factors (of coucsteris paribus for other impact chains).

On the other hand the investment impulse may cayseasitive impact counterbalancing the
energy price impulse. The energy and transporesyseact to high oil prices by investing in
energy efficiency and alternative energies, sueh the general reduction of investments is
overcompensated by these additional investmentsatkaestimated by a bottom-up approach
with POLES/BioPOL model for the energy system ar®@TRA for the transport system. The
argument for that even with a less favourable ecoaadevelopment (as GDP decreases
below the Reference Scenario) we would have maoresiments is that in the last decades
there was a lack of promising (real world) investtmepportunities, but not a lack of
investment capital. Thus investors invested in eséhte (causing bubbles in many countries
like the US, UK, Spain) and in financial marketfieTmajor reason for this was a scarcity of
other promising real economy investments. The sdnahanged drastically with the high oil
prices, which constitutes a clear break-in-trerehegating promising investment alternatives
in the real economy (Lovins et al. 2004, Foxon 20@A 2008). Such investment would
either be investment into bringing additional afldagas onto the market or to invest into
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energy efficiency and alternative energies. Thenarinvestment option is not possible or at
least very limited only due to EU (and other Wast€ompanies) having no/limited access to
the oil and gas reserves that in the major resoamgeng countries are owned and restricted
by state-owned companies as well as that the &#yaof promising resources is limited
(Aleklett 2008, Zittel/Schindler 2007). Remains tlater investment option to invest in
alternatives and efficiency. For investors this {dolbe the more promising option because
since the high oil price (1) make alternative eresgost competitive (and in most countries
they are additionally government supported), (2yease the revenue from savings of energy
by efficiency measures, and (3) indicates thah& medium- to long-run renewable energy
sources will be advantageous compared with limited-renewable energy sources due to
their long-term availability. Thus it can reasonalile expected that the break-in-trend
generates higher investment levels as in the Refer8cenario.

However, what can also be identified from the FegdB and Figure 74 is the different time
scales on which the impact chains enfold their icigpal he energy price impulse provides an
immediate negative impact, in particular on emplepinsee the negative peak between 2011
and 2014 inl50 Earlyscenario, which enfolds in parallel to the moseptslope of energy
price increase), while the investment impulse elfaver at least 10 years for employment.
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Figure 73 Comparison of impact of different caudains on EU27 GDP in tH&0 Smooth
and150 Earlyscenarios
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Figure 74 Comparison of impact of different caudains on EU27 Employment in th&0
Smoothand150 Earlyscenarios
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A further answer on why the economic developmerit5@ Earlyis more favourable than in
150 Smootltomes from the transport system. Looking at Figitrét can be observed that in
150 Smoottihe consumption expenditures for transport nedllofaxes increase by about 50
Billion €, which means that this amount of money has todentsless for other sectors.
Including taxes the amount is even higher sincesprart on average has a higher tax level
than the other sectors. Transport consumptiorl50 Early remains at the level of the
Reference Scenario.

Figure 75 EU27 Transport consumption in 1) Smootland150 Earlyscenarios
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Source: ASTRA calculations in HOP!

The reason for this difference in consumption s$tmeccan be observed in Figure 76. The
purchase of new cars is showing a much differemttien when oil price increases smoothly
compared with a steep oil price increase a450 Early scenario. The smooth oil price
increase causes in the peak a reduction of -7% regwtration of cars compared with the
Reference Scenario, which is caught-up in the kengr. However, though 150 Early
scenario the same level of oil price is achievearttuch steeper slope of the price increase
causes a different reaction. The peak of reduced mgistration of cars reaches -27%
compared with the Reference Scenario and the nestrations never catch-up to the
Reference Scenario. Looking at the distributiortrahsport consumption it can be observed
that in both scenarios the share of expenditurepudblic transport services remains slightly
above or around the Reference Scenario, whileder if is increasing in both scenarios and
for cars it is reduced in only one scenafdé( Early compared with the Reference Scenario,
such that in the total balance the result emerigat ttansport consumption remains at the
level of the Reference Scenario, such that thet $fofm non-transport consumption to
transport consumption does not occur.
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Figure 76 Change of EU27 car purchase with redpeeiference scenario and structure of
transport consumption in tH&0 Smootland150 Earlyscenarios
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Source: ASTRA calculations in HOP!

A further analysis of the energy price impulse tthiffierentiates into the impulse that comes
from fossil fuels and electricity but excluding kieg oil and the impulse including heating

oil reveals that the change of cost of heating isilhaving a significant impact alone

amounting to more than one third of the impachefénergy price change on GDP.
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4.5 Results focussing on specific impacts

4.5.1 The impact of investments on the results

In previous sections it has already been shownwvaicls-off analysis that the investment
impulse constitutes the most important mitigatimpulse of the negative impacts of high oll
prices. This section focuses on a comparison ofdfvihe 150 Smooth scenarios: one with
the standard reaction of investments in POLES/BioP@del (50 Smoothand one with
investment in POLES/BioPOL kept to the referenaell€l50 Smooth no investmgnsuch
that no significant transition of the energy systaours.

In Figure 77 we can observe that without investmetd the energy system the negative
impact on GDP and employment would be significanilyre pronounced. In fact, in the long
run thel50 Smooth no investmesttenario constitutes the most negative scenatiofothe
ten major HOP! scenarios.

Figure 77 Impact of investment on key indicators
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As expected the availability of investment into treergy system affects also energy related
indicators. Figure 78 shows that investment alspsttute a requirement to reduce the
expenditures for energy imports (the increase @rggnimports in150 Smootlscenario is
about 10% lower) and contribute to the increasethaf capability to produce energy
domestically, which is about 10% above the levethef Reference Scenario 150 Smooth
scenario.

Of course, this has further impacts. When energyosluced domestically (e.g. by renewable
energies) expenditures for energy and value-addadain domestically and create
employment and wealth in the EU countries. Furtties,independence from the increasing
volatility of oil and gas prices is raising thelstay of the European economic development.
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Figure 78 Impact of investment on energy import dochestic energy production
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4.5.2 Theimpact of behaviour and treatment of the ener gy sector

The raise of oil prices as simulated in the HORhstios strongly affects the producers side.
Figure 79 represents a simplified summary of tliece$ of high oil prices on the firms in the
energy production sector in form of a supply graph.

Figure 79 Producer Surplus and rising oil prices
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These firms receive the producers surplus (PS*yalibe supply curve and below the paid
price P*. If prices raises the surplus increase®8Yyif demand (Q*) remains stable (which is
a proxy supported by the small elasticity of enedgynand to price), and given that in the
short-run fossil fuel supply can not be increase@xploring new wells takes time and spare
capacity is limited.
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Though this analysis, seems only valid in the \&rgrt run, because a higher price would
lead to substitution effects, innovation and addii competitors, there are arguments that
this could be a situation maintained even overntgglium term, stabilizing this increasing
producers surplus. The major reason is a growimgaghe in particular in Asia and the Middle
East due to high economic growth rates and consuswdrsidies. As a result the growth in
demand due to expanding oil consumption in somasaodfsets the savings of oil in other
areas, as e.g. Europe (EC 2008). This claim is@tgg by the IEA, that reports global oil
demand to have been rising from 84,9 mbl/day in62@086,0 mbl/day in 2007 and expects it
to reach 86,6 mbl/day in 2008 (IEA 2008). This ke#nla market price above the initial price
P* with an increase of producers surplus (Figure 80the same time the supplied amount of
oil is inelastic, which is why there is only an iiease in the surplus and no increase in Q*.
This reaction, contradicting textbook supply cun&sows the assumption that the maximum
extraction capacity for oil has been reached ahdeast in the medium-term, cannot rise
further to keep pace with growing demand. Thusupward shift of the demand curve is a
structural change and prices cannot be expectsidiaf demand does not sink as well.

Figure 80 Twofold effect of price rise
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This theoretical analysis can be underpinned byigeapdata by looking at the effect of high
oil prices on the energy producing sector - thedase of profits. Figure 81 shows the
profitability of selected large energy producingnganies and one can observe a raise in
profits in the last years for Exxon, Royal Dutcheland E.ON. In the first Quarter of 2008
Royal Dutch Shell and BP could further increasér tfits (BP by +72%, BP 2008).
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Figure 81 Profits of oil and gas producing energmpanies (Fortune Magazine 2008)
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Source: Fortune Magazine 2008

Within this situation the question arises what  wlith the accumulating profits. Risk
management offers a strong argument for investrrgnt alternatives to oil. The energy
producing firms face two risks in the future: fiysthe danger of increased substitution of oil
through unconventional resources such as sandsatgssand secondly the depletion of their
resources in the future. Therefore, earning highfigsr at the moment, one way to handle
these risks should be investing into innovativeratitives. This will manage the substitution
risk because the firm would profit from the suhgidn markets as well. Furthermore
alternative energy innovation will help to seculhe ttore business of the energy firms the
production of energy in the long run. As it is rab¢ar which innovation will be the most
successful in the future a diverse portfolio seémnsianage the risk best. In this respect the
high oil prices and a risk minimizing strategy loétenergy sector should even lead to pushing
innovation into alternative energy resources. Ila thng run investment in new energy
technologies will be necessary, although so far didl not show in the investments of energy
producers. In the US e.g. they amounted only to b1%e emerging energy investment in
2006 (Bradley et al. 2006). A similar risk hedgisgategy would be also beneficial for
governments that would like to increase their coastsecurity of energy supply, for which
increasing the diversity of used primary energypdieps is a major strategy. This means, such
governments should develop policies that direatly.(via subsidies) or indirectly (e.g. via
tax incentives, feed-in tariffs) foster the investrhin alternatives to mitigate the economic
risks associated with high oil prices (Jesse/varLaale 2008).

Apart from risk hedging of the firm, the increasipgofits have been subject to political
debate and the question if the oil firms shouldcwhpensate the lower incomes for the high
oil prices through their accumulating profits. Asrgons with lower income have to spend a
proportionally larger share of their income on gyethey are affected more strongly than
persons with higher income. Recently the Italiamister of Economy Tremonti proposed a
so-called Robin Hood Tax that would transfer peofiom the oil firms to the lower incomes.
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(FAZ, 19.07.2008). Similar proposal have risen iortkgal and Germany (here the
introduction of social tariffs was discussed). Alaothe US the discussion about a windfall
tax for the profits of the oil firms has been goomy (IHT, 21.07.2008).

However, our analysis shows that such a tax shbeldused to trigger investments into
alternatives to oil and thus reduce oil and gasafehinstead of merely subsidizing demand
(see sections 4.4.4, 4.5.1 and 4.5.4). The formkstabilize the economy and mitigate the
negative impacts of future high oil prices, whike tlatter will artificially keep the demand
levels, transfer additional money to the oil expwtcountries and delay the negative
economic impacts with the consequence that thetoowill be hit even harder by the oll
price shock.

As a side note the rise in crude oil prices dodsafffect the firms in the sector evenly, but
mainly the crude oil producers. E.g. profits inmafg have been sinking in 2007, because the
refiners could not pass on the rise in crude didgs to their customers as quickly. (Pirog
2008). This hints once more to the market impeidast with a couple of large vertically
integrated companies.

The question of how the price increase of fossdlduas inputs to the energy sector is
forwarded by the different players in the energgt@e(oil producers, refineries, wholesale,
filling stations, etc.) to the other sectors isoatsucial for the impacts on employment. The
basic parameterization in ASTRA used in all the tesjor HOP! scenarios is that 95% of
energy price increases would be forwarded to tlerosectors. Since, this is a decisive
parameter for the calculation of gross-value-adatetl employment of the other sectors it has
been analysed what would happen if price increasesbe forwarded to a lesser extent.
Figure 82 shows the impact if only 50% of the pricerease could be forwarded to other
sectors for the scenarlibO Smoothin the basic scenaritb0 Smootlremployment in EU27
would be reduced by -10 million persons in the ioigaeak in 2020 and would reduce to a
loss of about -4 million persons over the long-tetue to adaptation effects in the economy
(pink dotted plane). With limited price forwardibg 50% (green plane) about +4 million jobs
could be saved in the non-energy sectors (whitheset of jobs lost in the energy sector and
jobs gained in other sectors) in the impact peakabout +2 million jobs in the long run. In
total this would mean for a revised scenar®® Smooth with limited forwarding loss of
close to -6 million jobs in the impact peak and HRam in the long run. The effect can be
observed for all scenarios and is much more relewaine extreme scenario800 Earlyand
800 Early. Since, ASTRA is handling the price increaseha tO-Table only in monetary
terms a limitation of price forwarding could alsonte from efficiency gains within the
energy sector reducing the physical input of resesito the energy sector and thus reducing
the forwarded monetary impulse. Again, such reduactwould be the consequence of
investments, in this case in particular into eéffay of the conversion process.
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Figure 82 Change of EU27 Employment compared &reeice scenario if only 50% energy
price increase is forwarded to other sectors
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Source: ASTRA calculations in HOP!

4.5.3 The impact of an early or late oil price step

As shown in Figure 83, when the high oil pricehs result of a step rather than a smooth
process, the economic growth is slowed down inespondence of the price shocks, but after
some years the growth pace returns to the referesices. If the step occurs early (i.e. just
after 2010, 150 Early scenario) the reduction @wgh is more significant than in the case
when the step occurs around the year 2020 (150 $ege@ario). This seems reasonable
assuming that until 2020 oil intensity and oil degence will be further reduced and
alternatives to oil should be more developed. H®rewn case of the early step the reaction
of the economy, in particular of investment, isdéasnd stronger so that after some years the
growth rates are even higher than in the referestemario. The impacts on the economic
growth have a correspondence in the trend of th@a@mment, as shown in Figure 84.
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Figure 83 EU27 GDP growth rates in case of earlatar oil price steps
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Figure 84 EU27 employment in case of early or daltprice steps
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Source: ASTRA calculations in HOP!

Following to the decrease in GDP growth one carenMasjob losses compared to the
reference scenario and then a recovery throughgghbs, mainly in the construction and
energy sector. The different scenarios lead toedifit sectoral restructuring. Overall job
losses occur in all three scenarios in the marketices sector, agriculture, industry and
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transport. On the other hand, jobs are createldartonstruction and energy sector. These job
gains are especially pronounced in the scenaritis sudden changes of the oil pricesQ
early/late. The jump in oil prices induces investments iatternatives to oil that were not
feasible while the oil price was rising gradualiyly. A firm having the choice to adapt its
current oil use to prices or to costly switch witllikely incur the switching costs as long as
the price rises only gradually. If the oil pricerps, switching to a new system becomes more
likely. If the oil price reaches a certain threghoinvestment alternatives that were not
feasible before might be feasible now. This in tleads to investments into alternatives,
creating jobs in the energy and construction sedtoerefore the job gains in ScenaridsO
early/late can be interpreted as the investments neededhdosttuctural adjustments to high
oil prices. (Figure 86

Figure 85 Change of EU27 Employment by aggregate sector crada reference scenario
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The high oil prices also have an effect on inflatigigure 86). The inflationary shock is
highest in 150 early scenario and lowest in the $5toth scenario with the gradual price
increase.
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Figure 86 Additional Energy Price Induced InflationEU27 (annual value)
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To explain the different trajectories, one reassnonce more investment. [b50 early
scenario the price increase in oil prices can bgsquh on into the prices because few
substitution possibilities exist and demand fori®itising due to GDP growth. (k60 smooth
scenario investments into alternatives to oil canubdertaken and kick in, leading to an
overall lower impact of the oil price. The samevaid for the late increase in oil prices,
although the sudden rise of the oil price leads thigher inflation than in scenaritb0
smooth, technological progress and investments are atitig the impact of higher inflation.

Inflation differs among countries, with two exangpkhown below. Bulgaria reacts with very
large inflation and even deflation to sudden changehe oil price, while Ireland shows only
a moderate reaction in all Scenarios. One explamdtir the strong reaction of Bulgaria is oil
intensity, which is higher there than in the sesvitased economy of Ireland. Overall for
EU27 and adjusted for GDP, however, we find thetreas shown in Figure 86.
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Energy Price Induced Inflation in Bulgaand Ireland
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The impact of a late or early step in oil pricesoathows in investment. The scenarios with a
sudden increase trigger a lot higher investmenés tthe smooth increase. In 150 Early
scenario, however, one can observe the investragnThe market participants first decrease
investment into alternatives to oil before heavilyesting. This once more underlines the
necessity to invest into alternatives to oil beftine funds for necessary investments are

consumed through the expenses for higher oil prices
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Figure 88 Change of EU 27 investment comparedf@yence scenario
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Consumption in the simulation is mainly driven hgpbsable income. If the expenses for
products such as fuel e.g. rise due to a highepraie then consumption for other products
decreases compared to the reference scenard®OliEmoottscenario consumption decreases
and remains lower than its initial level until 2096 150 Early and 150 Latescenarios
consumption decreases shortly after the oil priveck (2013/2023) but then recovers and
even rises above the initial level. In the scenavith the early price shock the effect on
consumption is larger and it takes longer to recoVhis can be explained with the higher
inflation, the unpreparedness of the market paditis to the oil shock, leading to
investments that decrease consumption, at the samehaving to support the higher price
until the investments kick in. The overall lossconsumption compared to the reference in
150 Smoothscenario can be attributed to lacking adjustmémisards alternatives to oil as
well. (Figure 89)
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Figure 89 Change of EU27 consumption comparedfésarce scenario
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One interesting difference is the decreased ovewmisumption of transport for5Q Early
scenario. This could be explained with changingiteatowards transport and successful
substitution of oil through alternatives. (Figu@ 9

Figure 90 Change of EU27 consumption of transpod eelated services compared to
reference scenario
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The consumption of fossil fuels shows the raisingrgy efficiency of cars. The peak in oil
consumption for the scenario with the early stepigher than the one for the smooth increase
and the late step.

Figure 91 Change of EU27 Fossil Fuel Consumptionpared to reference scenario
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Overall the reaction to the jumps in oil prices at@nger but lead in the long run to more
investment and consumption. It becomes also clesrthe main trigger for the recovery of
consumption and GDP growth rates is investmentolraging investments into alternatives
to oil is therefore likely to pay off in the futuessuming permanent high oil prices.

4.5.4 The impact of energy taxes

The application of a carbon tax (40 Euros in 2080 ons of C@emitted -150 Smooth
carbon taxscenario) or the discount of fuel excises (redunctty 20% after 2020 150
Smooth reduced tascenario), do not affect significantly the trerfcenergy price. Figure 92
reports, for instance, the development of gasagbinee. It is apparent that differences with
respect to 30 Smootlscenario , are very small. In fact, the average obtrips is increased
only by +1/+2% in thel50 Smooth carbon tascenario and decreased by —1/-2% in15@
Smooth reduced tascenario. Not surprisingly, such minor difference® not cause
significant changes on results, see e.g. for th@ohon passenger transport demand and on
GDP growth rates in Figure 93 and Figure 94.
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Figure 92 EU27 average gasoline price with carlarot discount on excises
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Figure 93 Trend of EU27 passengers-km with carbarot discount on excises
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Figure 94 EU27 GDP yearly growth rates with cartanor discount on excises
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The impact of a discount is however not so lowhi& revenues from the fuel taxes are
considered as in Figure 95: revenues are loweres/én a lower amount than in the year
2000. This result can have some significant impilicafor transport policy.

Using the leverage of pricing and taxes to leadtt@wesport system towards sustainability is
one priority of the European policy as well as afional policies of at least some Member
States. The effectiveness of pricing policies mkeéd to other objectives like fairness (e.qg.
polluters pay) but also to financial consideratisimsce transport taxes provide a significant
contribution to public budgets. For instance, theédh Government is studying a reform of
the transport taxation where fixed taxes like regton taxes are abolished and the use of the
vehicles is charged and, at the same time, guasibiedget neutrality.

However, from Figure 96 it can be seen that fugbsaamount to more than 50% of all
transport tax revenufs When fuel taxes revenues are reduced as effelowaf transport
demand, eliminating car-ownership fixed taxes waulttotal revenues of about one third or
more and even an additional carbon tax of the simmilated in150 Smooth carbon tax
scenario would not alleviate significantly the loggile larger taxes would be politically
impracticable. On the other side, reducing fuektaas a policy tool to reduce travel costs
would be even more problematic in budget termsstifidbe not very effective.

This suggests that taxes or discounts able to tafieces more significantly are politically

impracticable in one sense or another (either mcémimpose high carbon taxes on the top
of high resource fuel costs would be very unpopatdoecause the reduction of revenues for
the public sector would be too large). This effeh be seen in the current developments of

13 Data in Figure 96 does not include registratiooperty taxes for freight vehicles
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UK transport policy, where perceptions of high fyeices are leading to the government
cancelling some of its proposed tax increases els for environmental purposes.

Figure 95 Trend of EU27 fuel taxes revenues with@a tax or discount on excises
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Figure 96 EU27 Transport tax revenues and its caitipo
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4.5.5 The impact of insufficient energy supply

In the ten HOP! scenarios, oil price can be veghhbut physical energy shortage is not
contemplated because - driven by investments - adugd replacement of oil with
unconventional oil and oil substitutes and reduestwrgy demand due to efficiency
investment is estimated, led by relative prices amade possible by the investment of
revenues of the energy companies and redirectedstiment that because of a lack of
investment opportunities went into less producgivehhancing investment like housing and
office buildings in the last decade, while givere thcknowledged transition of the energy
system and the related profitable investment intterzative energy and efficiency
technologies today it goes into such investmenthenenergy system. This relies on two key
implicit assumptions. First, there is the expeotathat the need for more energy produced by
non-fossil energy sources can always be finanaad fievenues from higher energy prices or
by attracting investors who dispose of money toesty which globally is the case that
sufficient investment capital is available. Thadatbecomes more important if investments
would be delayed such that due to a recession™fineestment capital is already disappeared
as a consequence of the economic turbulences. &eowmestments in the energy sector are
assumed to be rapidly effective, i.e. the delayben investing in the construction of a new
large scale power plant or the rehabilitation dfignificant share of the stock of buildings
could be underestimated in the models.
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Thus a number of tests were made with the ASTRAeghtmlanalyse what would happen if
oil remains scarce (which very probable will be tase), alternatives are not developed by
investments as well as efficiency is not improvadhsthat energy demand is not reduced. In
such a scenario energy supply to Europe would bedosufficient and shortage of energy
would occur such that certain activities could hetundertaken anymore. E.g. firms would
reduce the number of production hours, materia#;rhanufactured goods or even workers
would not reach their destination location for et production activities. This could be
translated in ASTRA into a reduction of the produetcapital stock and the available labour
supply, which would last over a certain period i productive system has been adapted.

The order of magnitude of the potential supply &hwas derived from the POLES results on
reduction of energy demand in the extreme scer{@fi® Earlyand800 Early), which was in
the range of -20% shortly after the oil price irage. Figure 97 on the right hand side shows
the corresponding reduction of the capital stockl dambour supply in the three tested
scenarios. The maximum shock means that 20% lesg\ers available then demanded such
that the capital and labour stocks are reduced2b96-between 2010 and 2030. The further
two scenarios present a -10% and -5% reductioheofwo stocks.

The impact on GDP of EU27 is shown in the left haig of Figure 97. The figure shows the
additional losses of GDP compared with th80 Early scenario. The losses would be
substantial. In the short term (until 2014) theslaos 150 Early scenario would be -2%
compared to the reference. The supply insufficieocy5% would mean an additional -3%
loss, the -10% a further -3% and the -20% furtléés,-such that in the latter scenario in the
shorter term additional -11% of GDP, or -1 Trillid&turo, are getting lost. The negative
reactions trickle down the impact chains and ampifer time such that in 2030, when the
supply insufficiency is ending, the largest negaiimpact on GDP is measured.

Figure 97 Impact of energy supply shock on GDPitadhl change of EU27 GDP it60
Early scenario
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Though for GDP the losses due to insufficient epexgpply seem to be quite linear (double
the energy insufficiency leads to double the GD&s)ahe impact on employment looks
different and non-linear as shown in Figure 98.t&at restructuring towards more labour
intense sectors and a general slower growth ofulapooductivity achieves that the most
negative impacts are observed around 2020 aftechatiie situation is slightly improving,
and after 2035 employment is even higher thanerl 89 Earlyscenario. Also the difference
between a -5 and -10% energy supply insufficiensyvery limited, while the -20%
insufficiency doubles the loss of employment coredawith both other scenarios.

Figure 98 Impact of energy supply shock on emplaymedditional change of EU27
employment in 150 Early scenario
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Though one should take into account that the chosplementation in ASTRA affecting the

capital stock and labour supply constitutes a towsd implementation of the scenario test,
while usually the scenario inputs enter bottom-up IASTRA (e.g. on sectoral level in the
transport or energy system), which means that lhathpact chains are addressed in the full
scale manner, we would summarize the picture &swsl

A failure to adapt the energy system by investmemis alternative energies and energy
efficiency gains with the consequence of insuffitienergy supply for the EU27 would have
by far more drastic consequences than even obs@&wéae highest oil price scenarios tested
in HOP! This emphasizes once more the importanceaofy action and adaptation of the
energy system by investments that reduce fossil deeand by efficiency gains and

provision of alternative energy technologies.

122 D3 High Oil Prices: Quantification of direct andlirect impacts for the EU



HOP! research project H@ﬁ
Macro-economic impact of high oil price in Europe .

4.5.6 The impact of a world recession

World GDP growth constitutes an exogenous inpuA$d RA, which drives the trade model
as world GDP growth is one of the three drivershef bilateral trade flows between the EU
countries and the nine rest of the world regiomscé&in the ten HOP! scenarios this growth
was not altered, additional analyses were madekaigethe potential additional impact of an
oil price shock induced world recession on the Ednemy, which would be transferred to
the EU via reduced exports to the rest-of-the-woglglons.

Figure 99 presents the world GDP growth rates Herrtormal HOP! scenarios (bold black)
and four recession scenarios. World recession wenldothly start at 2008 and reach the
target level relevant for the scenario naming betw2020 and 2030. E.g. the scenario
Recession -50% represents a reduction of World @@wth by -50% compared with the
normal ten HOP! scenarios over the period betw@®20 2nd 2030. After 2030 it returns back
to higher levels, but remains still below the noriH®P! scenarios. This means for analyses
in particular the period 2010 to 2030 is relevant.

Figure 99 World GDP growth rates in the world rest@s scenarios
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Figure 100 presents the additional losses of G@Pdbuld be expected from a long period of
recession as assumed in the recession scenarigsigndlntil 2030 in the worst case this
would mean an additional loss of 1.3 Trilli€nof EU27 GDP compared with a loss of 50
Billion € in the 150 Smooth scenario applied for this comspar The four scenarios with
lower world GDP growth rates by -30%, -50%, -70%l ah30% would lead to additional
losses of GDP until 2030 of about -1.6%, -3.6%, &%l -9% respectively. This means, such
recessions would have stronger impacts than thadtapcaused by the high oil price, when
they were mitigated by investments and reducedaihand due to increased efficiency and
increased usage of alternative non-fossil energiesking at the world GDP growth rates
since 1970 there were only two short periods duviigch the growth went down to +1%
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only (or slightly below), which were the oil crisésthe 70ies and early 80ies, such that it
seems reasonable to consider in particular the -8@86-50% scenarios as realistic. This
means, taking potential world recessions into asttihe EU27 GDP could be about -1% to
-3% lower than estimated for the normal HOP! sdesaror in other words if in a HOP!
scenario a loss of -1% GDP is expected, this coedah -2% to -4% if the world economy
would grow significantly slower than expected ir tfeference (bold black curve in Figure
99).

Figure 100 Impact of world recession: additional2ZZWGDP change compared with the0
smoothscenario

(" 500000 h

-500 000

-1000 000

[Mio*EURO]

-1 500 000

-2 000 000

-2 500 000
2005 2010 2020 2030 2040 2050

[ 150 Smooth [ Recession -30% = Recession -50% ™ Recession -70% M Recession -130%

-

Source: ASTRA calculations in HOP!

The development of the oil price differs signifilgrbetween thel50 smoothand the world
recession scenarios. In 2030, with lower world Gipéwth rates by -30%, -50%, -70% and
-130% the oil price would be -8%, -14%, -19% an2P43respectively lower compared180
smooth The results underpin the strong impact of growhoil demand and thus on the oil
price.
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Figure 101 Development of the oil price in the wiarcession scenarios compared whkb 1
smooth
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5 Policy discussion

This section summarizes the findings of the quativie analyses in HOP!, complements it by
a few qualitative aspects that could not be hantlethe ASTRA and POLES models and
discusses the implications for policy-making.

The perspective chosen for this summary is to kaiothe period of the oil price peak and to
present the impacts observed for this period. Dude way scenarios are defined in HOP!
(see section 4.1) the point of time of this priealp differs, because it was anticipated with
the scenario definition that timing and time pafitsy a crucial role in the analysis of the
impacts of high oil prices. Thus, scenarios diffene a way that they considered a doubling,
tripling or extreme increase (about tenfold) of tnede oil price in real terms during the price
peak. The timing of this peak could either be e&2ly14), medium (2020) or late, where the
early and late points of time involve a period téep increase of the oil prices. Further,
specific policy elements were tested: missing itiges for investment leading to limited
investments into adaptation of energy and transpechnology, reduced fuel tax and
increased carbon tax. The impacts on the economygglthe peak periods are presented in
Table 8. Roughly a 1-percentage point loss of G@RIdvamount to a GDP of EU27 that is
100 billion € lower than in the reference. In most scenarioSGB¥ losses can be observed
over at least one or two decades, in some eveh 2080. Linking the results with the
conclusions of the sensitivity tests it could battthe annual loss of GDP would reach even
over 1 Trillion€ for the EU27 (see also section 4.5).

In terms of employment the numbers are more dramati 1-percentage point loss of
employment amounts to 2 million less employed pesso Europe, which means that even in
the less drastic scenarios about 10 million jobslgsg in the EU27. Here, also the timing
plays a crucial role such that with the early ppeak the loss of jobs is nearly double than
with the later peaks. This shows the important adladaptation of the energy system, which
for the later price peaks has developed further thahe early peaks.
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Table 8:  Overview on GDP and employment loss in Ed@ring the peak oil price period

Price peak Characteristic Lossin peak
GDP Employment

Doubling smooth increase -1.5P% -4.8%
Doubling smooth + limited investment -2.1% -5.4%
Doubling smooth + reduced fuel taxes -1.83% -4.8%
Doubling smooth + increased carbon taxes -116% -4.8%
Doubling early + steep increase -2.1% -8.5%
Doubling late + steep increase -1.1% -5.4%
Tripling smooth increase -2.2% -7.8%
Extreme early + steep increase -3.8% to -5{1%-22% to —32%
Sensitivity to specific shocks induced by oil csse

additional loss
World recession -1% to -5%
Insufficient energy additional loss
supply -5% to -11%

Source: ASTRA calculations in HOP!

The expected oil-GDP response to an oil price shrettionship would be, however, less
pronounced than those observed for the oil pricelshin the 1970s and 1980s. This is due to
the large variety of dampening effects on both dileprice and its economic impact.
Compared to past oil price shocks, the oil intgnsftthe European economy has halved and
the service sectors have increased their importatcthe expense of the more energy-
intensive industrial sectors. A broad variety dealative energy technologies have become
available, many of which would become competititetree higher oil prices analysed. A
crucial issue in this respect is the timing of meas to tackle high oil prices i.e. both
investment into energy efficiency technology andestment into alternative non-fossil
energy production technology. It is even a realigtssibility that due to these investments
that would replace imported goods (fossil fuels) tigmestic goods (e.g. renewable
technology and maintenance of this technology) otrerall impact on the economy would be
positive. On the other hand, delays in investmetd such measures would make the impact
of high oil price significantly worse.

The results of the HOP! scenarios have severalidaipns for the definition of future

policies in the domains addressed by the analysssport, economy, energy. The main
factors for the oil-price induced lowering of GDRogth are the shift in domestic

consumption towards the energy sector, the reduatiovalue-added of the non-energy
sectors due to higher cost of energy inputs ingdr goroducts, which is not fully compensated
by the increased revenues of the energy sectohiashfs a high import share, and the
reduction in transport activity. The latter is jpautarly pronounced for passenger transport

D3 High Oil Prices: Quantification of direct andlirect impacts for the EU 127



HOP! research project %«T
Macro-economic impact of high oil price in Europe -

activity (some -14% points by a doubling of oilggiand some -17% points by a tripling), but
can also be observed for the transport of goodné€sd 1%). The high oil price would also

reduce the dominance of road transport in the mepht, even if it still remains the most

important mode. As a result of the decreasing agtivut also due to the introduction of

energy efficiency measures, final energy consumpiiothe energy sector would reduce by
around -16% by 2030 (compared to the referencel)riar a doubling of the oil price, and

around -26% at a tripling.

The HOP! results suggest that investments in atem energy sources and energy efficiency
are the key factor for dampening negative impaéthigh oil prices. If investments were
either not available or too late, the macroeconomigacts of high oil prices in the EU-27
would be significantly greater. A first policy issis therefore how to promote investments in
the required size either directly through publicdpets or by creating incentives that
encourage investments of the private sector.

There are several channels through which policgctdf investments. A government may
decide to dedicate public budget to finance boteeaech in the energy sector and
implementation of new infrastructures and techni@®®r it may set the incentives to affect
investment decisions.

Nevertheless, it is obvious that the private seetdl need to carry large parts of the
additional investment needs. There are a numbargafments that this would also be in the
interest of the private sector. First, with thenfeaork of the high fossil fuel prices
investments into alternative energy technologiesotvee more profitable as the prices of
competing technologies increase. Second, the &stdd® saw a lack of promising investment
opportunities e.g. documented by the fact thatiogmt investment capital went into low
productive real estate investment and into merge acquisitions. This means, lack of
investment capital should not be the problem, ppssing that governments do not disturb
the price signals and the expectations of a swesddagh oil price. Third, uncertainty prevails
in the energy markets with respect to two aspéleesactual price path of fossil fuels and the
set of energy technologies that become successfuthé medium to long run. Risk
management of these uncertainties would also stidhgesprivate sector to increase the
portfolio of non-fossil energy technologies and ghavest into a diversity of alternative
energy technologies. Fourth, due to the alreadstiexi legislative framework for renewable
energies and the stimulated technology and marmketldpment the EU is in a lead market
position for these technologies offering promisexgort opportunities and thus providing a
further incentive to invest into the new technoési

Policy can support investments of the private sethoough various means: Fiscal and
monetary policies can be used to influence investsnigom the private sector. For instance a
differential taxation could be imagined for capitalested in energy efficiency and for capital
gains obtained e.g. on the real estate marketiderdo affect the expected net rate of return
of the investments. Feed-in tariffs proved to becsasful to develop new markets for
renewable energy. Specific loans for house ownentdgrovide the incentives for insulation
of buildings, either together with the cyclical osation of buildings or with the purpose to
speed-up the renovation cycles. Such a measuredvalsb be a promising element of a
package to tackle the loss of employment as it daqdsitively affect sectors with high
labour intensity.
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Moreover, the adoption of standards may promptrieah progress as standards create
additional incentives for private businesses antrpnises to invest. Even though such a
framework may be less needed in the times wherg kiggh oil prices already provide
sufficient incentives for investments, they createnore stable, predictable framework than
the fluctuating global oil prices. Standards fosulation of buildings and heating appliances
would be one example. Energy consumption limits/&dricles would be another one.

HOP! results indicate that the behaviour and tkatinent of the energy sector is crucial for
the impact of high oil prices. Two particular reasdave been identified: first, especially the
vertically integrated large energy companies atte &bincrease their profits drastically and
thus would be one of the first players in the prvsector who should undertake the strategic
investment into a less fossil dependent and resilmergy system. Second, the way the
energy sector forwards the oil price increase &dther sectors has been identified as a key
for the negative impacts on employment. Only a éalforwarding of the price increase to the
other sectors would reduce the employment losshoypta40%. The question here is: does
society's interest to mitigate the impact of highpdaces and the private interest of the energy
sector converge? Or in other words what to do, wtherenergy sector, and in particular the
large vertical integrated companies, would not gtwve large share of its additional profits
derived from the high oil prices into alternativeeegies and energy efficiency?

In countries like ltaly or Germany answers to thigestion are currently developEdThe
HOP! results actually would support governmentriveation, in particular as several market
failures in the energy sector have been identifietjch usually are a prerequisite for
government intervention. Such intervention shoulty dhvappen under certain conditions, of
which the first would be that the energy sector Moot significantly increase its investment
into alternative energies and efficiency. In thase, an additional taxation of the profits seem
to be justified, eventually together with a moderémitation of price forwarding by the
energy sector to dampen the impact on employmédrd.tdx revenues clearly would have to
be dedicated only to support measures to incrédes@vestment into energy efficiency and
alternative energies. Of course, the better salutvould be that governments manage to set
the incentives right such that the energy sectoggts driven by its own private interest.

The third policy-sensitive aspect concerns lowebme households. In the HOP! analysis the
impact of high oil prices on different groups coulot be analysed. In Germany, it has been
shown that inflation rates differ at least by atéacf two between low and high income
groups, as e.g. the former have to spend about ddfteir income for energy while high
income groups spend about 6%, only. It is likelptteven if on average the European
economy can live with higher energy prices, lesB-ofé households will not be able to cope
with significantly higher expenditure for heatinglectricity, car fuel, etc. Furthermore, the
modelling simulations suggest that even if GDP dghowan be maintained with high oll
prices, employment is more at risk due to struttdnange that favours sectors with higher
productivity and thus lower labour intensity e.gersgy sector. In case of jobless economic
growth, the inequality of income distribution woulde as well as the number of less well-off
households. This prospect suggests that if the gtiom of investments in energy efficiency
and alternatives should be on the top of the palitagenda in a high energy price world, the

' The Italian Ministry for the Economy has proposeso-called “Robin Hood” tax to collect part of thefits
of the energy sector and use revenues for sociterealn Germany the introduction of social tarifor less
well-off households are suggested that, at leasigiig, should be funded by the energy companies.
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definition of specific policy to address social iags should also be ranked high. With this
respect it is important that lowering the energgtdyy tax reductions did not cause a positive
stimulus in macroeconomic terms. Similar shoulddHol direct subsidies. Instead, following
the HOP! line of arguments that investments arek#yeto solve the problems, the less well-
off households should better be supported by adgkieir technology and behaviour. One
suggestion would be a kind-of micro-credits fundgdthe government and (partially) paid
back by the energy savings. The micro-credits wdangldused e.g. to finance energy efficient
appliances (e.g. A++ fridges). A further examplanirGermany would be energy consulting
where an energy consultant directly advices thes@loolds how to save energy (e.g. offering
a package of energy saving lamps, electricity nregeand regulating appliances). In the
German case it is estimated that such a packagklwost about 6@ but saves 126 energy
cost annually.

If high oil price is one of the critical issuesthé global level, climate change is another one.
It is important to note that even though investreantoil substitutes can contribute to high
global warming, this is not necessarily the calsar the one hand, high oil prices would lead
to a massive exploitation of unconventional oiloieses and the use of coal-based transport
fuels (CtL), emissions would rise compared to aenesice scenario that is based on
conventional oil. On the other hand, a number ohtelogical options can simultaneously
decrease oil consumption and lower greenhouse gassiens. Such options include
renewable energies and fuels, and above all, ersengggs.

In order to guide investments into low-carbon al&tives, it is important to maintain or even
strengthen an active climate policy in times ofthml prices. This can be challenging as
there is pressure to reduce “green” taxation ireotd dampen the effect of high oil prices on
the end user.

The historically singular boost of oil prices tdget with an increasing spectrum of
technological options leads to a restructuringhef €énergy sector and can push technologies
that currently play a minor role. Policy action Wilave to respect that those innovative
technologies might exert important side-effects nvbatering the market in large quantities,
much larger than those expected to be realistitmes of moderate oil prices. Those side-
effects of e.g. biofuels or unconventional oil a@tl. may put at risk the achievement of
overarching EU policy goals, such as stopping tiss lof biodiversity or further reducing
GHG emissions. Detecting such negative impactsihggind ultimately introducing policies
to limit them to acceptable levels is a challeng@adlicy-making that indirectly results from
the high oil prices.

Given the importance of energy savings, policiadr@ssing consumer behaviour also play an
important role in limiting the effects of high glices. Transport is a key sector where policy
can play a role to drive positive changes. On thsspnger side different mobility choices
(e.g. reduced distances travelled, different magdit) require availability of alternatives
(public transport, bike lanes, land use). On thegfit side, logistics optimisation requires
cooperative approach among players and agreedyefoarigrint metrics.
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Thus the plea for investments into new technologiesuld not conceal the findings of many
earlier studies that the conglomerate of major lgmbk (e.g. high oil price, climate change,
poverty and hunger) could not only be solved byhetogy, but also requires behavioural
changes. Thus governments should also take carstitwlate behavioural change by
increasing awareness of the problems and the snfyteducating the youth accordingly and
provide the people the instruments to considerptiodlems in their daily decisions e.g. by

simple tools as labelling energy efficient and, d€an products or by setting the prices right
to reflect negative external effects.
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6 Conclusions

The overall conclusion is that high oil prices havsignificant economic impact in the short-
term and may have a limited impact in the mediung ng-term. In general the impact on
employment is more severe than on GDP. The eftatisvestments are critical to shape the
final macroeconomic outcome. In the first instaadagh oil price will have a negative effect
due to increases in costs in many areas of theoerpnbut this can be offset by the boost of
investment induced by the search for alternativesfdssil fuels and for efficiency
technologies. The key messages derived from the! ldGdhario analyses can be summarized
as:

 GDP and employment are negatively affected dudmgpeak period of the oil price
increase with employment being reduced signifigastilonger.

 The impact after the peak period of oil price ir@e strongly depends on the
mechanisms kicked-off by the price increase. Mitigathe impacts by investing into
energy efficiency and alternatives could even keaal positive economic impact in the
medium to long-term, while a world recession oitaasion with insufficient energy
supply could multiply the negative impacts by fasstof 5 to 10.

* A rapid price increase over a few years would hditferent effects in the short and
the medium-term. In the short term, the lack opoese time due to high inertia of the
industry hampers the mobilisation of alternativerses, leading to a more profound
impact on GDP growth. In the medium term, a rapidepincrease, if not reaching the
extreme levels of 600-808,¢barrel, would be advantageous compared with a
smooth price increase since the shock most effdgtitriggers the compensating
mechanisms in particular the investments into gnefficiency and alternatives. This
presupposes that investors expect a sustainedicd mcrease and not a temporary
one, and that governments do not take actionsaerlthe fossil fuel prices artificially
distorting the price signal.

* The most relevant impact to counterbalance thetivegempact of high oil prices are
investments into energy efficiency and alternativees first they directly provide a
positive stimulus for the economy as part of filmand and as second they
indirectly help to reduce the vulnerability of tkeonomy to oil price increases by
reducing energy demand, energy cost and impoifitsssil energy.

* In terms of impacts on employment the most imparissue is how the energy sector
can forward the price increase to other sectorB.féwarding of the price increase
causes the strong losses observed for employmehtbansts the profits of the
vertically integrated large energy companies. Limgit price forwarding, either
indirectly by the energy companies reinvesting rtherofits into efficiency
technologies and alternatives that are producededtically in the EU or directly by
the government taxing the profits and creating stvent incentives into efficiency
technologies and alternatives by subsidies, womtthgly reduce the negative impacts
on employment.

Overall, the conclusion is that oil scarcity antigsice shocks can have significant negative
impacts on the EU — but they need not, if the Ekppres itself adequately. Looking at the
fast decreasing mid-term oil production forecabe £EU should have enough reasons to
prepare.
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7 Glossary

Conventional ail is defined as crude oil and natural gas liquidsdpced from underground
reservoirs by means of conventional wells. Thigegaty includes oil produced from deep-
water fields and natural bitumen. Conventionalimdludes liquid hydrocarbons of light and
medium gravity and viscosity, occurring in porousdapermeable reservoirs. If such
hydrocarbons require enhanced recovery technidgieg are considered to be unconventional
oil.

Crude oil: a mixture of hydrocarbons that exists in a ligpithse in natural underground
reservoirs and remains liquid at atmospheric presafier passing through surface separating
facilities. Production volumes reported as crudenaiude:

» liquids technically defined as crude oil;

= small amounts of hydrocarbons that exist in theegas phase in natural underground
reservoirs, but which are liquid at atmosphericspuee after being recovered from oil
well (casing head) gas in lease separators;

= small amounts of non-hydrocarbons produced wittothe

Derived energy sources are produced from the primary energy sources Iyeding them
into other forms of energy for end use consumptiéxamples are electricity, petroleum
products and heat.

Energy conservation is usually taken to refer just to the energy sgwn the demand side.

Energy efficiency is a measure of the overall efficiency of provglenergy services, ie, the
efficiency with which energy is produced from primpaesources, transformed into useful
forms, delivered to end users and consumers.

Energy intensity is a statistical measure which relates energywuaopsion (eg, gross inland
consumption) to the level of economic activity (e@PP). Thus trends in energy intensity
reflect changes in the amount of energy neededdduge a unit of economic output. This
indicator is dependent on the efficiency of usintergy for the various energy services
required (eg, light, heat, power) and the structireconomic and social activities (eg, a high
proportion of heavy industries consuming large amt®wof fuel being used at comparably low
efficiency, versus a service-oriented society).

Estimated Ultimately Recoverable (EUR) oil. This is oil that is infeasible to recover for
reasons that are either economic or technical. ddtesgory also includes yet-to-be-found oil.

Final energy consumption is the consumption of primary and derived energyhe end-use
sectors: mainly industry, transport, and househaldd services/commerce. Final energy
consumption is always lower than gross inland conion since it does not include the
energy losses in conversion and distribution..
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Gross energy consumption corresponds to the total primary energy consunreduding
guantities delivered to marine bunkers.

Gross inland consumption (or Total Primary Energy Supply (TPES)) is indigas primary
production, plus imports, minus exports and inteomal marine bunkers, and plus/minus
stock changes of primary energy.

Gross production: the total flow of natural gas from oil and gasewvoirs of associated-
dissolved and non-associated gas.

Marketed production: corresponds to gross production, minus the votuofegas flared or
re-injected into fields, minus the shrinkage.

Natural gas. a mixture of hydrocarbon compounds and small gtiestiof various non-
hydrocarbons existing in the gaseous phase or luti@o with oil in natural underground
reservoirs at reservoir conditions.

Natural gasliquids (NGL s): those reservoir gases liquefied at the surfadease separators,
field facilities or gas processing plants. NGLs siet of field condensates and natural gas
plant products such as ethane, pentane, propataeband natural gasoline.

Non-Conventional oil (BP): Oil from coal, oil shale, oil sands, tar sandsymien, heavy and
extra heavy oil, deep water oil, polar oil and makgas condensates.

Non-conventional oil: includes oil shales, oil sands-based extra-healyaral derivatives
such as synthetic crude products.

Primary energy sources include non-renewable fossil fuels (mainly solieels, crude oil,
natural gas), nuclear power and renewables sudiy@®power, geothermal, biomass and
solar energy. Combined together, they provide asoreaof primary energy production.
Primary sources may be divided into two furtheregaties in respect of their impact on
global warming: carbon-intensive (solid fuels, g#s) and low- or zero-carbon (wind, solar,
biomass, hydropower, geothermal and nuclear).

Proven Reserves (BP) defines “the estimated quantities of oil whigeological and
engineering data demonstrate with reasonable ngrti be recoverable in future years from
known reservoirs under current economic and opegatonditions”.
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