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Overview

Electric vehicles are seen by many as a promisihgéd mobility option that responds to the todagrergy-economic-
environmental problems, such as increasing eneripeq climate change, inefficient resource usageand noise
pollution in urban areas, and so on [7][16][1][M8][ The Swiss Federal government has presentesharyy strategy
to 2050 which envisages a substantial introductibalectric cars (between 30-75% of the fleet b$@0[2]. This is
designed to support the goal of decarbonising idwesport sector, given that the car fleet alonewaats for 63% of
transport sector energy demand (and 18 % of tatal €nergy consumption) [2]. However, the welivibeel CQ
emissions (and primary energy use) depends onrimagy sources of electricity supply. The curr8mtiss electricity
is nearly decarbonised, with nuclear power contiitguaround 40%. However, the government has dézmded to
phase out this low-carbon source of electricitisirg challenges to the deployment of electric egitbout increasing
electricity-related C@ emissions. In addition to challenges for longrteglectricity generation, the deployment of
electric vehicles will affect power demand duringripds of peak charging [17]. Therefore, potentiéractions
between the electricity and transport sectors rhastonsidered in assessing the future role ofrdectobility. Often
measures to decrease transport fuel demand apde@@sions in transportation are viewed as indepeinfiom the
broader energy sector [11]. To our knowledge,Shgss Energy Strategy adopted a similar sectonalageh, which
may not fully represent important cross-sectoratléoffs and synergies. However, uptake and césttafeness of
electric vehicle is likely to be highly dependenttbe cost of electricity supply, and the charasties of the generation
capacity. For example, a high cost of electrisityoply due to nuclear phase-out [9] may hinderattectiveness of
electric vehicles. To understand the interplaywieein the Swiss electricity and transport sectors, amalyse
exploratory scenarios and generate insights reldatedcross-sectoral tradeoffs between electricityppby and
electrification/decarbonisation of car fleets, @rms of technology deployment, @@missions and costs. For this
paper, we present two electricity supply scenaius their implication on evolution of car fleet.

Methodology

The analytical framework used for this analysishies Integrated MARKAL/EFOM System (TIMES) — a teology
rich, cost optimization modelling framework. TBeviss energy system is depicted from resource guppend use
energy service demands (e.g. in vehicle kilometr) range of energy commaodities, technologies iafrdstructure,
calibrated to the Swiss national energy statistitfie model has a time horizon of 2010-2100 withhaarly intra-
annual representation of weekdays and weekendsée seasons (summer, winter, and an intermedtator). The
model covers all end-use energy sectors and hasledkbtrepresentation of the car fleet with a ranfeduel and
drivetrain options. Most importantly, car demandfite is included with endogenous battery chargioggenerate
insights on contribution of electric mobility onetkelectricity system. We present two energy séesaiiz. a business
as usual BAU) scenario comprising of a broad set of assumptimexisting and proposed polices; and a low carbon
(LC) scenario with a total COemissions reduction target of 20% by 2020 and 892050 across the whole energy
system. For theC scenario, a variant without centralised gas pgeaants {C-NoGas) is also included in the results.

Results

In the BAU scenario, today’s conventional internambustion engine (ICE) car is replaced with adedn@D) ICE
vehicles and then by hybrid ICE-battery (HYB) veéc (Figure 1a). The change in vehicle efficienegults in a
substantial reduction in fuel demand for cars (FégBa). Average CQemission of the car fleet declines from 210 g-
COy/km in 2010 to 81 g-CO2/km by 2050. In th€ scenario, plug-in hybrid cars (Plugin) begin tog®ate from
2035. From 2040 all new cars are full battery wlewehicles (Battery) (Figure 1b) and the aver&f® emissions
declines to 2 g-Cg@km by 2050.

In the power sector, electricity demand is met witw investment in gas power plants in the shademn, with
renewables becoming more attractive in the longn tes the gas prices increase (Figure 2a). Ii@ecenario, uptake
of renewables is high and gas-based generatidnpktiys a major role and contributes to decarbottigecar fleet.
However, in absence of the centralised gas-firettetity production I(C-NoGas), the car fleet is decarbonised
through natural gas hybrid vehicles (Figure 2b).
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Figure 1: Transition of car fleet in BAU and LC60 scenarios
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In theBAU scenario, C@emissions from car fleet decline to about 50% @y®from the 2010 level and to almost zero
carbon in thd_C scenario (Figure 3b). Even though ‘direct’ £€nissions from the car fleet are substantiallyiced

in theLC scenarios, a large proportion of the £gnissions are shifted to the power sector.
demand from car fleet attributes to about 3.5 Mt;®§ 2050 (Figure 3b) as the electricity is produfredn gas-fired

power plants (Figure 2a).

An advantage of the hourly time resolution in thedel is to provide insights on electricity genesatischedule and
cost optimal charging profile of electric cars.gliie 4 shows the electricity generation schedulsnftheLC scenario
in 2050 on winter weekday. As can be seen, theetias are charged during night time (brown shadEigure 4b)
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using cheap imported electricity (orange shadegnré 4a) and cars are driven during the daytinigufie 4c).
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Figure 4: Load profile on winter weekday in 2050 irthe LC scenario
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