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1 Introduction
The European Emission Trading System (EU ETS)pdhtced in 2005 (EC, 2003), is the world

largest emission trading system. Designed as asicdscap-and-trade instrument, it currently
regulates the carbon emission of electricity getimraenergy intensive production, and refinefies.
From 2012 onwards aviation will also be includedC(E2008). In contrast to aviation, the carbon
emissions of automobiles are not regulated under $listem but by using mandatory carbon
efficiency standards of new cars (EC, 2009a). Wtaldbon allowances are currently mainly allocated
by grandfathering, from 2013 onwards most of thewainces have to be auctioned. At least half of
the income of allowance auctioning has to be usedpblicies improving the environment. One
explicitly mentioned policy alternative is the protion of public transport subsidies (EC, 2009b).

We analyze different carbon pricing approachetiuce emissions of automobiles, i.e. carbon taxes,
the inclusion into the EU ETS, and the completamgtéon of automobiles from any carbon pricing.
Furthermore, we examine the possibility of recyglihe income of allowance auctioning using public
transport subsidies. As congestion is the mainreatity related to automobiles, we explicitly
evaluate the role of congestion effects. Using an@dable General Equilibrium (CGE) model of
Germany with a detailed representation of eledyrigeneration, private transport, and congestion
effects, we find, that the preferable approaclo isxempt transport from carbon pricing. Furthermore
recycling the revenues of carbon regulation vialipubansport subsidies provides welfare gains as
this induces a shift from automobile transport tagaenvironmentally friendly public transport
modes. Moreover, if congestion effects are includadadditional positive effect is induced as the
congestion externality is decreased. These poséffects of public transport subsidies have the
potential to exceed the negative effect of cartEgulation, i.e. the gross cost of carbon regulation
become negative.

In general two carbon pricing approaches for autnlacemission exist: Fuel taxes and emission
trading. As European fuel taxes are already higar(®r, 2007), a further tax increase faces palitic
feasibility problems (Raux and Marlot, 2005). Fertinore, due to the low own-price elasticity of fuel
demand (e.g. Graham and Glaister, 2002), the additifuel tax needed to provide a given carbon
reduction has to be high. The problem of politieasibility amplifies as fuel taxes are considet@d
be regressive (West, 2004). An alternative wayrdaimg carbon in the transport sector is to include
transport into the EU ETS by means of upstreamsanigrading (e.g. Stronzig et al., 2002; Ellerman
et al., 2006). However, numerical simulation sugdkat the inclusion of automobiles into the EU
ETS is not beneficial due to the already high fizeles in Europe (Paltsev et al., 2005a; Abrell,
2010a). If the fuel tax is attributed to carborgrththere already exists a carbon price on transport
fuels. Consequently, the exemption of transponnfifoirther carbon pricing leads to carbon prices
closer to uniform across sectors, i.e. to a most-efiicient carbon policy. However, relating cunte

fuel taxes solely to carbon is incorrect as roahdport exerts multiple externalities including

2 For some activities, nitrous oxide and perfluorboas are also included into the system.



congestion, accidents, local and global pollutiand noise (e.g. Verhoef et al., 1995; 1997) and
empirical estimates show that congestion is byHarargest externality (Jeger et al., 2001, Lihkle
2001; Tweddel et al., 2001). Thus, the above meaticstudies have estimated the fuel tax too low
since they neglect the congestion externality.

CGE models have become a standard tool in estig#tie economy-wide effects of environmental
and transport policies. Energy related models amlyconcerned with the effects of carbon pricing
on electricity production and, thus, with a dewilmodeling of electricity production (see Conrad,
1994; Bergman, 2005; Wing, 2009 for literature sys). In contrast, the transport related CGE
literature mainly focuses on a detailed represemtaif different externalities and the evaluatidn o
road pricing approaches and infrastructure investsnée.g. Meyeres and Proost, 1997; Parry and
Bento, 1999; Conrad and Heng, 2002; Kalinowskalet2807). Recently there have been some
studies analyzing the effects of carbon pricing tie transport sector with both, a detailed
representation of electricity production and tramspSchafer and Jacoby (2005, 2006) include
transport into the MIT Emission Prediction and PplAnalysis (EPPA) model (Paltsev, et al. 2005b).
They use a mode choice model (Schéafer and Victdd0R linking the EPPA CGE model to the
MARKAL (Loulou et al., 2004) energy system modeligh represents the transport system. Berg
(2007) extends the EMEC model (Ostblom and Ber@62®y detailed representation of household
transport. While both of these studies incorpodails of electricity production and transporgyth
still neglect the impact of congestion.

Our contribution to the existing literature is tef@d: First, we complement the studies of Palisev
al. (2005a) and Abrell (2010a) by showing thatwedfare enhancing effect of excluding private road
transport from carbon pricing is still present evemrongestion effects are included. Second, we
provide a preliminary assessment of the recyclihgllowance auctioning under the rules of the EU
ETS. Third, we present an approach on how to irmatp details of electricity production and
transport introducing a simplified version of th&@HMOVE demand module into a hybrid top-
down/bottom-up CGE model allowing us the evaluat@fncongestion effects. In the following
section, we describe our modeling approach and cthestruction of the underlying database.

Afterwards, we describe the scenario setting aiadliete the results. The final section concludes.

2 Model Description

2.1 Model overview

The model presented is a static small open ecor@@i model of the German economy designed to
analyze carbon policies especially in the eledyrior private transport sectdiOn the producer side
we model 18 sectors which are assumed to be pgréernpetitive. The seven energy sectors include

coal, crude oil, natural gas, refined oils, and leac inputs as well as gasoline and diesel as

3 A detailed algebraic model description is giver\brell (2010b).



transportation input. Electricity is modeled in atalled bottom-up manner using 13 generation
technologies as described below. Non-energy sece&msrgy-intensive sectors and motor vehicle
production as well as other sectors are aggregatmty the NACE Rev. 2 classification scheme
(Eurostat, 2009). The four transport sectors inelagiation, water, rail, and other land transport
which mainly consisting of road transport. For daded listing of all sectors see Table 4 in the
Appendix. Final consumption is modeled using aesentative agent with a detailed representation of
private transport including different transport raedas well as congestion effects on different road
networks. The household is endowed with capital labdr which are assumed to be constant and
inelastically supplied. Both primary factors areteisecotrally mobile but not internationally.

Government demand is assumed to be constant anéledogsing a Leontief function. Domestic and

imported commodities are assumed to be differaattiaind aggregated using a Constant Elasticity of
Substitution (CES) function (Armington, 1969). Theade deficit of the economy as well as

investment demands are constant.

2.2 Production

Non-electricity production is described by a nest& function depicted in Figure 1. Outputs to the
domestic and international market are modeled usi@pnstant Elasticity of Transformation (CET)
function. At the top level, a Leontief function cbmes material inputs with an aggregate of energy
and primary factors and a transport aggregate tfEmsport aggregate consist of a combination of the
non-road transport services and road transporthwhitdivides into own provided and purchased
road transport. Own provided transport is represkihly the use of road transport fuels. The value-
added/energy aggregate combines the value-addectgade together with a energy composite
consisting of fossil fuels and electricity. In orde represent the more easy substitution of liguid
gaseous fossil fuels, refined oil and natural gascambined to the liquid fossil fuel aggregatejolth

is then enters the fossil fuel composite togethith woal. Each of the fossil fuels is associateth i
carbon content causing emissions when used.

Electricity production is depicted in Figure 2. the top level, a Leontief function aggregates aeal
added composite together with the transport cortpadescribed above. Electricity generation is
characterized by three different load segmentse,basddle, and peak load. Depending on their
technological specification, generation technolsgeoduce in different load segments. A list of the
generation technologies is provided in Table 4 twediechnological characteristics are given in &abl
5 in the Appendix. The differentiation of load semnts is important to avoid unrealistic substitution
patterns between technologies. From an economispeetive, base load power plants are often
characterized by high investment and low varialogt.cConsequently, these plants need to run for a
large number of hours per year in order to coverdicosts. From a technical point of view, base loa
plants often exhibit a long-start up time, i.e. hngted in their flexibility. On the other handgpk
load power plants are less expensive in termswasiment cost but more flexible regarding the start

up time. Within a load segment, technologies aréepesubstitutes. Technologies are either active o



inactive in the benchmark equilibrium. For activewer plants, capital is technology specific

expressing the effect of installed capacities.

Figure 1: Non-electricity production
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In order to control the malleability of installedpacities, i.e. allowing deconstruction of existing
power plants, the approach of Wing (2006, 2008)sied: a CET function uses perfectly economy-
wide malleable capital endowment of the represmetaigent providing technology-specific capital
stocks. The capital stock of inactive technologsasot technology-specific.

The implementation of discrete generation techriebuilds on previous work of Bohringer (1998)
and Wing (2006, 2008). Bohringer (1998) treats netbgies as perfect substitutes with technology
specific resources to limit unrealistic flip-floglbavior of technologies. However, this approachsdoe
not allow for the deconstruction of installed capas. Wing (2006, 2008) controls for the malleapil

of capital by introducing the CET transformatiordarses a nearly linear CES function to combine the
output of power plants. However, using the CES eggafor for power plants’ output is not feasible if
new technologies are included: due to the zeroevahare in the benchmark equilibrium, inactive
technologies cannot be calibrated into the CES eagge. Consequently, the only possibility is to
model them as perfect substitutes to the CES agtgegf existing technologies. However, this
approach favors the adoption of new technologiesesthey do not use technology-specific capital.
Additionally, the change in the generation of @rigttechnologies is restricted by the share présgrv
character of the CES aggregator leading to untmaligsults. The approach presented has the
advantage that it implements realistic technolagystitution by modeling them as perfect substitutes
and allows controlling the malleability of existiingstalled capacities using the CET transformatibn

technology specific capital.

2.3 Representative household

The representative household inelastically supptiapital and labor. Utility is derived from
commodity and leisure consumption as well as freisure trips. Labor also induces private trips but
these do not yield utility. The nested CES utifityction is depicted in Figure 3. At the top-lewd|

the tree, leisure is combined with an aggregatecahmodity and private trips consumption.
Commodity consumption is distinguished by energy mon-energy commaodities. The composition of
trips, which applies to leisure as well as labipstris given in Figure 4. Trips are subdividediling
(above 500 km) and short-distance trips. Within distance categories we distinguish between peak
and off-peak travel periods with a high and lowngort volume, respectively. Within each of these
periods, the consumer can choose among the diffenede alternatives: busses, metros, planes,
trains, own provided road transport, i.e. car tripsid slow mode representing bicycles and
pedestrians. Each of the transport modes (excepslthw mode) requires some commodity input
causing monetary cost and some time input. Fos wigcurring on road — busses and own provided
transport — we further differentiate between urlaad non-urban streets in order to account for

different congestion effects on these networks.

4 We assume that labor supply is constant but irclaibure into the model in order to representithe input necessary to
provide trips allowing to introduce congestion effeinto the model. The assumption of constantriadboe input is
primarily to clearly separate the effects from cestgpn effects from labor market effects in thenscws described below.
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Figure 3: Utility structure
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Either gasoline or diesel cars can be used for prmide car trips.Each of these cars causes use of
the vehicle fleet, use of the respective fuel, aodthe other cost representing maintenance and
insurance cost. Note that the time input is theeséon both car classes but the monetary cost differ
Following the approach of Koopman (1995) in the ARCmodel, we distinguish committed and
minimum mileage of cars expressing the fact thatsomers can react in two ways to rising fuel
prices. First, reducing supplementary mileage tee ghe variable cost and keeping the number of
available cars constant. Second, the consumer edunce the number of car purchases reducing
committed mileage. The approach is based on thargg®n that buying an automobile implies a
certain minimum of kilometers driven per year. Gamgently, the committed mileage is characterized
by the rental cost for the car and the variablé itoplied by minimum kilometers driven. In addition

it is possible to drive more kilometers — the sepptntary mileage — which are only characterized by
variable cost.

Congestion impacts the time input necessary tetrawe kilometer. With an increasing use of cars or
busses on a specific network the traffic flow sng and, consequently, the time needed increases.

This expressed with an exponential function (O'Mahet al., 1997):

ime, = A, K+ 48"

The indexesn andn respectively denote the travel mode and netwoekl isne is the necessary time
input for travelling a kilometer anflow the traffic flow on a network expressed in persan

equivalents. TheA parameters have to be calibrated as explainedvbdlbe congestion impact of
freight related road transport is not explicitly ded We assume that traffic flow from industrial

sectors is constant.

2.4 Parameterization

The model is based on four main data sources: #gren@ input-output (I0) table of the year 2004
(Destatis, 2008a), the corresponding physical IRetgDestatis, 2008b), and transport data of the
TREMOVE (de Ceuster et al., 2007) demand moduletla@adserman Institute for Economic Research
(DIW, 2006)° The carbon content of fossil fuels is taken fré?&C (2006). The IO tables are used to
construct the underlying social accounting matr&A). The TREMOVE demand module
incorporates physical data on travel demand byeudifft networks and periods including the travel
speed. DIW (2006) contains household expenditura @en transport including taxes, new car
purchases, and the existing vehicle fleet.

Generation technologies are incorporated into th&lhse using a two-step procedure. First, the
detailed engineering data listed in the append& amverted into a three dimensional unit input
vector of capital, fuel, and labor input. Followikiging (2008), we use a least square minimization to

match the input sectors of the single technologiiethe aggregated input values of the electricity

® The base year of the simulation is 2004. Therefoeedo not included electricity vehicles.
® A detailed description of the construction of tiederlying database and results of a sensitivighais over the assumed
elasticities is given in Abrell (2010b).
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sector given in the SAM. The result of this proaedis given in Table 6 in the Appendix which also
lists the technological potential of renewable geten technologies and the price markup of
technologies inactive in the benchmark. Note thattechnological potential of nuclear power plants
is assumed to be equal to the benchmark as wetdndlow for further expansion of nuclear power.
Data for the calibration of the congestion functese taken from the TREMOVE model and are listed
in Table 7 in the Appendix. The resulting congesfianctions for the different networks are given in
Figure 5.

Substitution elasticities are listed in the AppendTable 8-10). For the value-added and value-
added/energy composites estimated values from game@rf (2008) are taken. Following Bohringer
(2005) the substitution elasticity between load nsets is assumed to be small. Substitution
elasticities in the transport module are based ditegture review (Berg, 2007; Koopman, 1995;
Mayeres, 1999; Munk, 2003, 2005; de Ceuster et 24lQ7). Armington elasticities have been
estimated by Welsch (2007). Other elasticitiesaat@pted from Paltsev et al. (2005). According to de
Jong (1991) the share of committed mileage in ofesekilometers driven is around 65%.

The model is formulated in GAMS (Brook et al., 2DQ&ing MPSGE (Rutherford, 1999) as a
subsystem and the PATH solver (Dirkse and Ferfi85)

Figure 5: Calibrated congestion functions for autonobiles
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3 Results

3.1 Scenario description

The benchmark scenario (BAU) replicates the Gernegonomy in the year 2004. In the

counterfactual experiments, we generally assumethigaGerman economy has to reduce 12% (108
Mt) of its carbon emissions in the benchmark yg&aese 12% stem from the fact that the allocation to
the EU ETS sectors is reduced by around 21% ungtilyear 2020 which amount to around 10% of the
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total emissions. The remaining reduction has tadigeved by additional measures for non-EU ETS
sectors. We further assume a moderate reductigettéor automobile travel which is required to
reduce its emissions by 2% of the benchmark emmssids a consequence, the total amount of
emission to be reduced is approximately 12% of tttal benchmark emissions. As aviation is
included into the EU ETS from 2012 onwards, we udel it in the emission trading system.
Consequently, the emission trading sectors aretrigie generation, refineries, energy intensive
sectors, and aviation.

Three basic simulations are performed: First, tissions of the private road transport sector are
reduced by 2% using a tax on the carbon contetman$port fuels. The remaining necessary reduction
burden is carried by the ETS sectors. Second, terik@ad transport is included into the EU ETS.
Third, private road transport is exempted from oarpricing and the reduction burden in the EU ETS
is increased accordingly.

Each of the basic simulations is carried out foo tfferent revenue recycling schemes. First, the
income of allowances auctioning is passed to thal ftonsumer using a lump-sum transfer. Second,
the total income of carbon regulation is used tiioumly increase the subsidies on public transport
modes, i.e. on bus, metro, and train Use.

In order to identify the role of congestion, ea¢hhe described scenario variations is performetth wi
and without the congestion effect. In the caseautttongestion, we keep speed on the different road
networks constant. We proceed by separately désgrithe result of each variation of the basic

scenarios. Afterwards the base scenarios are cedhpagainst each other.

3.2 Taxing transport fuels

In this scenario private road transport emissigesr@aduced by 2% using a tax on the carbon content
of fuels. In order to reduce total emissions by 1iP#% remaining reduction burden is carried by the
ETS sectors. The results of the different scenaai@ation are given in Table 1. We measure thegyros
cost of carbon regulation, i.e. the cost of carbegulation without incorporating the benefit ofdes

carbon emissions, in terms of Hicksian Equivaleatigtion (HEV).

" We have to note, that this kind of revenue reagrls an extreme case, as the EU ETS Directive dichates that 50% of
the income has to be recycled via policies aimigriprove the environment.
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Table 1: Results EU ETS and transport tax

Recycling Lump-Sum Public Transport Subsidy
Congestion No Yes No Yes
Welfare (% HEV) -0.498 -0.492 -0.016 0.008
ETS Reduction (%) 21.27 21.27 21.30 21.30
ETS Carbon Price (€/t) 8.32 8.32 8.41 8.40
Transport Reduction (%) 2.00 2.00 2.00 2.00
Transport Carbon Price (€/t) 293.17 301.02 15.66 16.19
Gasoline Tax Increase (€/1) 0.67 0.69 0.04 0.04
Diesel Tax Increase (€/1) 0.78 0.88 0.04 0.04

In general, the gross costs of carbon regulatienr@atively low. This is a typical feature of hibr
bottom-up/top-down models introducing more techgulal flexibility than comparable top-down
models. The ETS sectors jointly reduce around 24 % er emissions mainly in the electricity sector.
This reduction occurs in two ways (see Abrell aneigt/ 2008, for a more detailed description): First
electricity output is reduced by 10.5%. Second, geeeration portfolio changes by reducing the
output of carbon intensive coal plants which amdlpaubstituted by an increase of on- and offshore
wind power and coal plants using carbon capturesam@ge in the base load segment.

Emissions in the private transport sector are redidzy substituting automobile trips with public
transport modes. In the case of lump-sum recyclthg, carbon tax becomes very high and the
difference in the carbon price indicates cost gapiotentials by equating marginal abatement ce@st, i
including private transport in the emission tradaygtem. If the revenues of allowances auctionieg a
recycled using public transport subsidies, a sicguitt drop in the carbon tax is observed. The publi
transport subsidy affects relative prices in pevaéiansport favouring busses, trains, and metros.
Consequently, this instrument already sets inceatto switch to environmentally friendly transport
modes which reduces the carbon tax for transpefs fu

The effect of congestion on the gross cost of cartegulation is negative, i.e. the inclusion of
congestion is beneficial in terms of welfare. Tisi€xplained by the induced shift to non-road modes
and busses with a higher occupancy rate. In coesegy the traffic flow is decreasing which reduces
the congestion externality by increasing travekspee. decreasing travel time. In the case cémae
recycling via public transport subsidies, this \wedf enhancing effect is amplified by the subsidy
induced shift to public modes. Hence, the welfdfeceé even becomes positive, i.e. there are negativ
gross costs of carbon regulation.

We do not observe an impact of congestion effeotshe EU ETS allowances price. However, the
carbon price in the transport sector increases thigthcongestion effect. The increase in the fuel ta
induces a substitution away from automobile traVehffic flow on the different networks is reduced
which decreases the congestion effect, i.e. ineset®e average speed on the networks. This increase
in the automobile travel speed provides incentit@sncrease private road transport, and, thus,

counteracts the increased carbon tax. Therefoeegatbon price is slightly increasing.
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3.3 Transport under emission trading

In this scenario automobile fuels are incorporamtalthe EU ETS. The results are shown in Table 2.

Table 2: Results private transport under emissionrading

Recycling Lump-Sum Public Transport Subsidy
Congestion No Yes No Yes
Welfare (% HEV) -0.035 -0.035 -0.007 0.014
ETS Reduction (%) 21.56 21.56 21.34 21.34
ETS Carbon Price (€/t) 8.41 8.41 8.39 8.39
Transport Reduction (%) 0.03 0.03 0.17 0.17
Gasoline Tax Increase (€/1) 0.02 0.02 0.02 0.02
Diesel Tax Increase (€/1) 0.02 0.02 0.02 0.02

The main reduction occurs in the original ETS sestmainly in electricity generation. In the case o
lump-sum recycling there is nearly no reductiomaton emission in automobile travel. Using public
transport subsidies, the change in relative prigesprivate transport supports the shift to
environmentally friendly public modes and induceslight increase in the reduction of automobile
emissions. Therefore, the price of carbon allowanc®ler public transport subsidy revenue recycling
is decreasing.

The effect of congestion on welfare is again pesitAlso, public transport subsidies under congasti
effects have a positive welfare effect. We do rugewve an effect on the allowances prices as these

are mainly determined by the marginal abatemensdnghe electricity sector.

3.4 No carbon price for transport

In this scenario automobile fuels are completelgnepted from carbon policy and the reduction
burden is shifted to the EU ETS. The results acevshin Table 3.

Table 3: Results no carbon price for transport

Recycling Lump-Sum Public Transport Subsidy
Congestion No Yes No Yes
Welfare (% HEV) -0.021 -0.021 0.003 0.02
ETS Reduction (%) 21.56 21.56 21.38 21.38
ETS Carbon Price (€/t) 8.41 8.41 8.41 8.41

The results are similar to those described abowegestion has no impact on welfare as long as the
revenues of carbon regulation are lump-sum recyeled a positive impact if public transport
subsidies are used. Note that the reduction IrEtHeETS is decreasing if public transport subsidies
are used. This is caused by the constant overgkttaf 12% carbon emission reduction. The public
transport subsidy induces a decrease in automtfaileel and, in turn, a decrease in automobile
emissions. As the overall target of emission readacis constant, this leads to a reduction of the
reduction burden in the EU ETS.
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3.5 Comparison

Figure 6 summarizes the gross cost of carbon raégulan terms of welfare results for the cases with
and without congestions. Independently whether estign effects are included, the highest welfare
cost occur if automobile emission are reduced liygua tax on the carbon content of transport fuels.
Due to the high difference in the marginal abatenoest of automobile travel and those of the EU
ETS sectors, the inclusion of transport in the ELSES beneficial. However, there is an additional
gain by excluding transport from carbon pricing ahdting the reduction burden to the EU ETS. This
effect is caused by the high pre-existing taxesransport fuels which already cause a difference in
carbon prices between the transport and EU ET®rseict the benchmark equilibrium. The exemption
of transport from carbon pricing reduces this défee in carbon prices, the marginal abatement cost
become closer to uniform across sectors, and veeléamproving. This confirms the results of Abrell
(2010a) and Paltsev et al. (2005a). However, irirashto their work, we also show that this effiect
even robust againgst the inclusion of congestitece.

Figure 6: Welfare Results
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4 Conclusion

We analyzed the effect of different carbon policfes automobile travel in the presence of an
emission trading system. A small-open economy CGEehof the German economy was used. The
model includes a detailed representation of thetmt#ly sectors by displaying discrete generation
technologies. Private transport is modeled in Hdigi including different transport modes and
different car technologies. Furthermore, we incthidengestion effects on different road networks.
The best policy alternative for carbon pricing e ttransport sector is a carbon price of zero, i.e.
excluding private transport from carbon pricingisTis justified by the already high taxes on tramsp
fuels. By reducing the gap in effective carbon gsithere is a beneficial effect on welfare. Thaile

IS invariant to the inclusion of congestion.

Revenue recycling using public transport subsidisssuggested by the EU ETS Directive, is clearly
superior to lump-sum recycling. Public transpotbsidies induce a shift to environmentally friendly
public transport modes. As a result, the emissareutomobile travel and the congestion externality
are reduced. In the extreme case of fully recydimgallowances auctioning income via subsidies to
public transport, this even leads to a welfare animg effect of carbon regulation, i.e. the grosstc

of carbon regulation become negative.

We concentrated on the role of revenue recycling) public transport subsidies. However, the EU
ETS Directive also allows for revenue recycling goping advanced technologies in the electricity
sector. Therefore, in future work we will compahéstpossibility against subsidies in the transport
sector. The employed model shows that it is posgibincorporate technological details of eledtyici
generation and detailed private transport behastora general equilibrium framework. However, we
did not yet incorporate a detailed link betweerctieity consumption and automobile transport. In

future work, we include such a link by allowing fgectro mobility.
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Appendix

Table 4: Model dimensions

Description Abbreviation Description Abbreviation
Non-energy: Vehicle classes:
Agriculture AGR Diesel car DIESEL
Energy intensive industries  EINT Gasoline car GASOE
Manufacture MAN
Mining MIN Generation technologies:
Motor vehicle production MVH Combined cycle gashine CCGT
Services SER Hard coal power plant HCOA
Electricity ELE Hydro power plant HYDRO
Lignite power plant LIGN
Energy: Lignite CCS LIGNCCS
Coal COA Natural gas CCS GASCCS
Crude oil CRU Nuclear power plant NUCLEAR
Diesel transport fuel DIESEL Open cycle gas tuebin OCGT
Gasoline transport fuel GASOLINE Open cycle oibine OoCcoT
Natural gas GAS Other technologies OTHER
Nuclear inputs NUC Photovoltaic PV
Refined oils P C Wind onshore WINDON
Wind offshore WINDOFF
Transport:
Air transport ATP
Rail transport RAIL
Road and other transport OTP
Water transport WTP
Transport modes: Trip distances
Airplanes PLANE Long distance trip LONG
Bicycles, pedestrians SLOW Short distance trip BHO
Busses BUS
Metro and tram METRAM Trip time periods
Own private road transport OWN Off-peak transport OPEAK
Private train PTRAIN Peak period transport PEAK
Road networks
Non-urban roads NURBAN
Urban road URBAN
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Table 5: Data on electricity generation technologe

Size Investment Variable operation and Fixed operation and Heat efficiency  Fuel price®  Availability Lifetime  Production
[10° €/MW)] maintenance costs maintenance costs [hours/year] 2004
[MW] [E/MWh; [E/MW; [%0] [E/MWh] [years]
[TWh]
% of investment for renewables] 10%€lyear for
renewables]
Combined cycle gas turbiné 400 0.6 1.9 55 15 7500 30 30.7
Hard coal power plant! 400 11 4.9 48 6 7500 30 140.8
Hydro power plant® 25 15 5% 50 5400 60 26.9
Lignite power plant® 1050 1.1 5.2 445 35 7500 35 158
Lignite CCS?* 450 14 4 44.5 35 7500 35 0
Natural gas CCS 425 1 2 55 15 7500 35 0
Nuclear power planf 1450 1.8 5.8 36 2.2 7500 60 167.1
Open cycle gas turbind 160 0.4 4 9.98 45 15 7500 30 30.7
Open cycle oil turbing’ 160 0.4 4 9.98 45 17.7 7500 30 10.3
Other technologie$ 100 1.7 2.89 44.88 7500 30 25.3
Photovoltaic® 2 3.7 1.05% 50 1000 20 0
Wind onshore® 25 0.9 6.12% 50 1900 20 155
Wind offshore® 3.6 21 10% 50 3500 20 0

Sources: (a) EUSUTEL project (2006); (b) Wing (20@8) Reichmuth et al. (2007); (d) BP (2007) fatural gas; Wissel et al. (2008) for hard coahitie, and nuclear fuel; IEA (2008) for oil



Table 6: Generation technologies in the benchmarkagilibrium

Load Markup Capital share Labor share Fuel share Technical
potential
(] [TWh]
predicted used deviation predicted used deviation predicted used deviation deviation
(%] [%0] (%] [%6] (0] (0] (%] (0] (0] [%0]
Combined cycle gas turbine| mid 19.41 19,72 1.61 5.22 5.25 0.43 74.37 75.03 .45-0 [
Combined cycle gas turbine| base 19 19,72 5.25 75.03 o
Hard coal power plant mid 38.84 35.66 -8.19 13.90 13.49 -2.93 47.27 50.86 7.59 ©
Hard coal power plant base 19 35.66 13.49 50.86 0
Hydro power plant base 53.89 53.89 0 46.11 46.11 0 26.9
Lignite power plant base 50.29 49.92 -2.74 19.78 19.57 -1.08] 29.92 31.51 531 ©
Lignite CCS base 25 27.12 4.86 68.02 o
Natural gas CCS mid 15 57.70 14.42 28.08 0
Nuclear power plant base 59.37 60.62 2.12 19.79 19.93 0.71 20.85 19.45 -6.70 167.1
Open cycle gas turbine peak 11.47 11.60 1.16 9.49 9.58 0.96 79.04 78.82 0.28- 0
Open cycle oil turbine peak 10.02 10.11 0.85 8.29 8,35 0.70 81.68 81.54 -0.17 0
Other technologies base 87.81 87.81 0 12.19 12.19 0 25.3
Photovoltaic mid 150 77.88 22.12 105
Wind onshore mid 33.81 33.81 0 66.19 66.19 0 68
Wind offshore mid 10 63.72 73.72 235

Sources: Own calculations; Capital shares are elgfdy continuous annuity method with an interetst o 7.5% over the lifetime of the plant.



Table 7: Data for the calibration of the congestiorfunction

Urban road Non-urban road
Peak period speed [km/h] 68 40
Off-peak period speed [km/h] 84 47
Freeflow speed [km/h] 99 50
Peak traffic flow [billion PCE/h] 0.083 0.026
Off-peak traffic flow [billion PCE/h] 0.066 0.018

Source: TREMOVE and own calculations. The TREMOVEdel does not include data on the freeflow speemvéver, three point are
necessary to calibrate the parameters of the expiah&unction. Using the Bureau of Public Roadsrfala (e.g. Small, 1992) which only

depends on two parameters the freeflow speed iigeder

Table 8: Production substitution elasticities

Elasticity Description Value
Non-electricity production

€0UT Exports vs. domestic production 2

OTRN Different transport modes 1

OVAE Value added and energy 0.33

OROAD Own and purchased road transport 1

OvA Labor and capital 0.43

COWN Own transport with diesel and gasoline 0.9

OENE Electricity and fossil fuels 0.25

OFOF Coal and liquid fossil fuels 0.5

OLQD Natural gas and refined oils 1
Electricity production

OGEN Load segments 0.1

EKE Transformation elasticity for technology-spectapital 1

Table 9: Utility substitution elasticities

Elasticity Description Value
Utility function

oL Leisure and commodity and leisure trips 0.7

oct Commodity consumption and leisure trips 0.75

oc Energy and non-energy commaodities 0.25

OCE Energy commaodities 0.4

coc Non-energy commodities 0.5
Transport module

ob Short and long trips 0.1

oTp Peak and off peak period 0.9

oM Different modes g?fageskz 19

OR Urban and non-urban roads 0.1

OCAR Diesel and gasoline cars 2

Ocs Committed and supplementary mileage 0.15




Table 10: Armington elasticities

Commaodity Elasticity Commaodity Elasticity
Agriculture 0.575 Mining 15

Air transport 0.5 Motor vehicles 2

Coal 0.37 Other transport 0.5
Energy intensive industries 0.8 Refined oils 0.37
Electricity 0.3 Rail transport 0.5
Natural gas 0.37 Services 0.5
Manufacture 1.5 Water transport 0.5

Source: Welsch (2007)
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