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Abstract The newly emerged electric road system (ERS) technology, mainly considered to
electrify long-haul trucks, has the advantage of charging passenger battery electric vehicles
(BEVs). Using detailed GPSogged movement patterns for 412 private conventional cars in
Sweden, this study models the potential benefits for passenger BEVs using ERS. The study shows
that ERS aiming to electrify long-haul trucks can cover most private vehicle trips with homeonly
stationary charging and small battery ranges (68L.01 km), or alternatively eliminate all stationary
charging needs for private vehicles with large battery ranges (138606 km). The study points out
that ERS utilization is independent of the total travel distances of car users and depends more on
visited locations and residency. The economic benefits from reduced battery capacities with ERS
can be large compared to the ERS iméstructure costs, even when BEVs constitute a relatively
low share of the vehicle fleet. When planning ERS infrastructure for trucks and buses, the
economic benefits from passenger BEVs can be large and therefore can also be considered.
Index Term® Electric road system, Dynamic charging, Electric battery, Battery electric

vehicle, Electric charging infrastructure.

.  NTRODUCTI ON

In Sweden, transport accounts for roughly 30% of CO2 emis§ldnand passenger cars represent
about 60% of these emissid$. Electrification of transport, such as switching to electric vehicles, can
mitigate these emissions, especially in Sweden, which has relatively low emigsionsléctricity
production. The newly emerged technology electric road system (ERS) for electrifyirggohigucks
transfers electricity to vehicles dynamically while drivingroad. Different ERS technologies have
been developed and tested at smallex; ranging from a few hundred meters of test sites to kilometers

of public roads in Sweden, Germany, and the [BS[4].



ERS connecting Sweden and Germany is already being considered at the high level. Governmental
agreements between the two countries are initiated with the aim of intensifying cooperation in ERS
research{5]. Germany is considering overhead ERS technology that serves only heavy \éhicles
while Sween is still testing different technologies for different vehicle types. Other neighboring
countries, e.g., Norway and Denmark, newly start considering ERS for fleet electrification g, well
(3], [7]. [8].

However, heavy vehicles constitute only 4% of all vehicles in Sweden and contribute to 18% of the
total emissions from vehicles whereas passenger cars are about 94% of all vehicles and contribute to
67% of total emissions from vehiclgd, [10]. Charging passenger battery electric vehicles (BEV) on
the road would increase the utilization of ERS infrastructure and therefore improvaetsivee battery
is an expensive component of a BEV, e.g., the battery constitutes 30% of the price of a Chevrolet Bolt
with a 400 km battery randg&1]. A reduction in the battery capacity required to meet all driving needs
would significantly decrease BEV pricE], possibly encouraging more people to buy thed). The
reduction to battery capacities also would solve many large scale adaptation challenges hindering car
user from switching to the BEV, e.g., limited travel range and long chargindli#h¢14], [15]. Given
that there are large technology leickeffects and path dependencies in the development teveard

largescale ERS systefti6], a thorough assessntésneeded to make a deliberate and informed choice.

A. Literature review

Recent research has inspected the economic and environmental impact and infrastructure rollout of
implementing a large scale ERS in different places around the world and propose placing them on roads
with highest traffid7], [9], [12], [16]i [19]. Referenc¢7] investigates the economics for BEV with and
without electric roadsni Denmark. The study compares the results to those for conventional vehicles,
concluding that BEV on ERS is the most viable option. Refer§2@finspects the potential for
dynamic charging to address range aecharge issues of BEV in California, USA. Refere[&H
predicts 80% reduction in BEV battery capacity with inductive ERS compared to stationary charging
only. ReferenceR22] and[9] show that installing ERS in Sweden that serves both heavy and passenger

vehicles results in huge added value to society and reduces costs compared to conventional stationary



charging. Referere[3] suggests that using ERS to charge vehicles attracts more drivers and generates
more revenue than stationary charging. Refer@8ldavestgates the electrification of E39 in Norway
and the charging pattern and its impact on the electricity system. Refgt@heealyzes the societal
cost benefits of implementing ERS to Denmark that can be used both by commercial and passenger
vehicles. Fnally, Referenc§l2] shows the huge economic and environmental impacts of implementing
an ERS that serves all vehicle types in the USA.

The effects of an ERS on BEV charging and atbapacities/ranges from these studies were based
on general assumptions of vehicle use and driving patterns. For exft@plsssumes travel pathways
that approximate the route an BEV might take between phaiosigins and destinations. References
[22] and[9] attempt to minimize the system costs by assurambgrary percentage shares of electric
driving over the total travel distance. Refere[8ealso assumes a share of travel distance fachkssh
in Norway while using E39. Referen{23] uses a macroscopic model with mathematically tractable
means to characterize the deployment and operation of ERS and stationary charginganNioleesc
the real movement patterns of cars and integrate that with probable locations of ERS. An exception is
the study of12] in which detailed driving patterns in six U.S. citiesv&yed between 2002015 are
used to explore ERS benefits. However, the study assumes two arbitrary battery ranges and BEVs can

be charged whenever and wherever stopped for more than one hour.

B. Our contributions

Lacking individual car movements details hénsl previous studies from accurately estimating battery
ranges for the BEV fleet and potential economic effects associated with large scale ERS deployment.
Without realistic understanding of charging power demands and revenues given charging options, it
also hinders policymakers from making informed decisions. To the best of our knowledge, there has
not been any research published on the effects and implications of reduced battery ranges for BEVs
charging on ERS based on i ttechs. \Sucd dadal capture lusefall e s 6
information at the level of individual cars, e.g., travel distance, range limitations, utilized roads, parking
areas/time, and home location for each car.

This study proposes a methodology that provides detailed and eadistic insights into required



battery range, charging patterns with/without ERS, and evaluate their economic impacts more
accurately. Based on relife individual movement patterns for passenger cars in Sweden and a detailed
geographic information syste (GIS)based infrastructure system, the study assesses the impact and
benefits to passenger BEVs of ERS by 1) identifying the ERS utilization in different ERS placement
scenarios, 2) identifying the potential reduction in battery ranges while fulfillihgdraving
requirements, 3) estimating the economic benefits from potential reduction in battery ranges and
stationary charging infrastructure, and 4) investigating the ranges of shares of electric driving met with

ERS vs. stationary charging.

II. METHODOL OGY

This study proposes several ERS placement scenarios in Sweden, see section II.LA. The study
simulates the battery state of charge (SoC) of BEVs according to the detailed movement patterns of 412
privately driven cars in Sweden. The car movement pattern€ERSIcoverage are mapped to the
Swedish road network using GIS, see section II.B. The impact of the ERS on charging events on the
roads, required battery range, and economic benefits will be examined given different assumptions of

the ERS placement, changirate, and the availability of stationary charging, see sectionsllIFC

A. Electric Road System

This study investigates largeale implementation of ERS using reaaffic data (i.e., the average
daily traffic) provided by the Swedish Transport Adisiration[24]. The European (E) and National
(N) roads constitutd % of Swe d e n 6 s[24] white &ricompassing mdreah®@f4 ofithe
national vehicle traffic counts (that is, all traffic, including cars, trucks, and busse§}letc.)

This research applies ERS to different cases of the Swedish E and N roads that include different
lengths and traffic volumes: E roads only, N roads only and the 25% of both E&N road, E&N25 (and
include 50%75% and 100% in the sensitivity analysis, or E&N50, E&N75 and E&N100, respectively)
with the most traffic prioritized by truck traffic volumei¢. 1). Truck traffic is used to prioritize road
selection as it is assumed that ERS is mainly implemented to electrify heavy vehicles while passenger

cars also benefit from that. While most (88%) of the traffic on the selected roads are passenger cars, the



difference between selecting roads by truck traffic or by all vehicles is still not very large; the overlap
is 90% for the two methods. E roads and N roads are almost equal in total length, tecEeesads

cover about 58% of the truck traffic on these ro&#N25 and E&N50 coveabout 53% and 81%,
respectively, of the truck traffic on both E and N roads.

For simplicity, the ERS charging rate is assumed proportional to the energy use rate of each vehicle.
Also, each BEV is assumed using energy dependenttbalgistance driven, i.e. having a constant
specific energy use (kWh/km) independent of, for instance, speed, road conditions, traffic, load, and
weather. In the main scenario, the research examines ERS with a charging rate for eénghimh?2
thus ceresponds to an added range of 2 km per km of ERS). ERS charging rates of e and 4e are also
inspected to provide insight into the impacts of charging rate. Chargingmatei nt ai ns t he ve
battery state of charge (SoC), wherkigher charging rategcharge the batteries and increase the SoC
while driving on ERS.

The assumptions mean that charging power increases linearly with vehicle speed, and, for example,
when driving at 100 km/h and using 0.18 kWh/km, the ERS charging power is 18, 36, antl fo2 k
the rates e, 2e, and 4e, respectively. 72 kW per car will add up to around 1 MW/km ERS lane at full
traffic. For comparison, other studies have considered ERS for BEVs with different charging power

between 2860 kW with different efficienciefl2], [15], [21], [25], [26]
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B. Car movements patterns

The study uses GPS measurements data from the Swedish Car Movement Datg2afoject
describe the movement patterns of individual cars. Private and company cars were selected by a
stratified sampling by ownership (company car/private car), car ag®/3{®yrs), car weight
(01500/ >1500 k g) -diesklyresidentyy(cityénecity)) in western Swedem Each car
was measured for about two months. The GPS loggings weremedaluring 2012012 and cover
all seasons. The dataset is considered representative for all of Sweden in terms of urban and rural areas,
city size, household size, income and population density, car size, and car f{28}yrel has among

other things been used to study implications for the electricity system of road electrification in Sweden

[4], [8].



Only cars that have at least 30 days of GPS measutearenselected for further analysis, resulting
412 cars with loggings for 380 days. Trips or trip parts occurring outside Sweden are excluded in this
study.
The residences of the drivers are classified as urban or rural based on overlaying thearkimmge p
locations with the lan@dover/landuse data obtained from the European Union's Earth Observation
Programmg29], as implemented i[80], [31]. A third of the drivers resides in rural areas whetkas
remaining drivers reside in urban areas. On average, the rural cars are driven 17% annually more than
the urban ones. It can be noted that the average extrapolated annual travel distance for these Swedish
cars (22 155 kml/year) is higher thantheaverad or al | Amer i c afi2],prabady ( 418 (

due to these cars are sampled from the newer half of the fleet (< about 8 years).

C. Stationary charging

This study considers threet at i onary chargonygy ssenbiboary ih
(HomeSC) , Ahome and other stationary <chargingbo
HomeSC is considered as the main charging strategy to complement with ERS. The two otheystationar
charging patterns are investigated to illustrate the dependency on other charging while using ERS. In
MixedSC, drivers complement their home charging with otherhrome stationary charging. In NoSC,
drivers use only ERS to charge their BEVs. This represan extreme case and is set up to investigate
the possibility of complete independence of stationary charging.

The study applies a temporal approach to identify charging occasions for the two charging strategies,
i.e., HomeSC and MixedSC. For our main charging scenario (i.e., HomeSC), stationary charging events
occurs when parking time exceeds 10 hours, or 8 hibtirs parking time includes 03:00 am. This is
meant to effectively pick out home/overnight parkigg], at which the study assumes cars have access
to chargers. In the MixedSC case, stationary charging event occurdhehgarking time exceeds 4
hours, which the research identifies as home and other charging points such as public or work. The
resulting mean (95th percentile) trip distances for HomeSC and MixedSC scenarios are 57 (190) and

40 (132) km, respectively.



D. BEV eergy use and required battery range

The minimum required battery range to fulfill each trip starting from a full battery is calculated with
and without ERS. In all three stationary charging scenarios, cars are assumed to start their respective
trips fully charged (i.e., SoC is 100%). When driving on an ERS road, they simultaneously add energy
to their batteries at rates depending on the various assumed ERS charging rates, or, when the battery is
full, at rate to maintain 100% SoC. The required batteryaémgeach car is then taken as the maximum

of the estimated mini mal required battery range

E. Battery savings

The estimated lithiush on battery price i s ass uld0@dThapdcebe ~10
has continuously drgpe d wi t h t echnol ogi cal advances and sc:
2015[13], [33], [34]to 1662 0 7 U/ k WH2019[3%]i [Z7D The& battery price is expected to drop
further to reach a range of ~853 5 U/ k WH33]j [36]. 12 & findilar analysis to estimate the
economic benefits of small batterigé] consi der s battery <cost of ~19
competitiveness with combustion engine vehic]@8], [36] argue that the battery cost needs to fall
below ~1061 26 U/ k Wh . Therefore, our esti mated cost S
with 106 0/ kWh coul d be c on siingsdronetie reducedsaeerageat i v e
battery range with ERS are shown in the following equation:

YUY Y Q0 W , )

where"Y is total savings from reduced battery range for the given BEV fleae st and
'Y are the average needed battery ranges without and with ERS, respectively. The average specific
energy useis assumed to 0.18 kWh/km, equal to the average specific energy use of-&UNW\[33].

0 is the expected market price of a battery / k 8 the, number private passenger vehiaies
Sweden,, is the BEV share of the vehicle fleet, dnis the number of generations of batteries saved
during the ERS lifetime = ERS lifetime / BEV battery lifetime. For ERS, a technical lifetime of 35 years
is expected, which is similar to what is typically applied for railway investnjdfi{sAssuming that

an electric battery would serve up to 15 ydd}fs[12], this yields at least two battes within the ERS

lifetime. Therefore, the study assumes the economic benefits of two reduced battery capacities for each



BEV examined, i.el, is set to 2.

F. ERS costs

Several studies and reports have estimated the ERS infrastructure cost with lartgniyeer
present mainly due to: 1) that ERS is still an immature technology under development, and 2) the limited
experiences from the different ERS test sites at small scales on publif4jodde Swedish Transport
Administration provides estimates for several technologies that are currently being tested in Swede
with a range of 1.2 . 0  M[40]. However, the German Institute for Eggrand Environmental
Research estimates the infrastructure cost for catenary ERS in the rang8 of 1.7 M[G]/ (kher
studies and reports estimate the inductive and conductive ERS techndlegaesge of 02 . 7 MU/ k m,
including the components for both the electric road infrastructure in both directions and the electricity
distribution to the roaf#], [12], [16], [40],[41]. The research considers two ERS cost estimates: a low
estimate of 0.4 MO/ km and a high esti[lgathaa of 2.
maintenance costs assde@ with ERS are equivalent to the maintenance costs of conventional
roadways. Utilizing this system in both directions of tway roads yields 4,690 km and 18,770 km of

ERS for E&N25 and E&N100, respectively.

G. Stationary charging infrastructure costs

The EU considers two types of stationary charging infrastructure for EVs according to their power
rate: slow charging points with power rating below 22 kW and fast charging points with power rating
above 22 kW, which charge a battery capacity of 18 kWwh8rhdurs and 2(B0 mins, respectively
[42). On the other hand, the cost for each charger
(i.e. power rate of 6.6 kW) and fast charger (i.e. power rate of 50 kW), respectively, including equipment
and installatio [42]i [44]. The expected lifetime of a charger is about 10 years on adrgevhich
means that within the lifetime of an ERS at least 3 chargers of each type would be required at
correspondingharging locations. In this research, home charging could be implemented with a 6.6 kW
power rating charger but only with small battery capacities or if drivers do not drive very long distances
every trip. The infrastructure cost for home charging ( ) is calculated using the following

formula:



0 , ® 0 # (2)
where,, is the BEV sharep is the total number of vehicles in Swedén, is the number of
installed charger 8 i nissEtRoBpandt | i f e istthe ®.6 kWpdwere .
rating charger cost. Here, 6.6 kiNargers are installed at home, with complementary chargers at other
public/work locations for MixedSC. Current EU regulation requires member states to set up policy
frameworks that Wl provide at least one publicly accessible charging point per every 10 BEBYs
of that 15.3% are estimated to be fast (i.e., power rating of 50 kW) chargers in J4@déerhe

chargng infrastructure cost at other public/work locatioas ( ) is calculated using the
following formula:
0 — 6 0 T L o # T T X # (3)

where# is the 50 kW charger cost

. RESuULTS

A. ERS utilization

For each BEV, the study derives the ERS share of driving as the percentage of driving distance on
road equipped with ERS to total travel distance for each ERS placement c&sg, 2ee

Obviously, applying ERS to more road lengths increases the ERS share of driving, but with
diminishing returns. Increasing the ERS distances from E&N25 to E&N50, E&N75, and E&N100

increases the average charging distadeare successively by 6, 3, and 1 percentage points,



respectively, to reach a maximum of 49%.
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Fig. 2. Box plots for the ERS share of driving in six ERS scenarios. E&N25, E&N50, E&N75, and E&!
refer to scenarios with ERSaced on 25%, 50%, 75%, and 100% of both E and N roads, respective
measured by traffic volume. E100 and N100 refer to European (E) and National (N) roads only
respectively. The scenarios are ordered according to road length from the shortestfotottieeléongest
to the right, although E&N50, E100 and N100 have roughly the same road length.

The placement of ERS is also important. Even though the total lengths are equal for E and N roads,
with almost 50% each, their contributions to tiierging distance are very different, with N roads
performing notably worse. Also, E&N50 results in higher charging distance shares (mean 45%)
compared to 100% of E roads alone or 100% of N roads alone.

In the following analysis, the study shows E&N25 ks main scenario for ERS placement and
compares it with E&N100 in the sensitivity analysis.

It is noticed that urban residents could have higher ERS share of driving compared to rural residents.
Also, the ERS share of driving is not highly dependent ertdtal driving distance for each car. But,

cars with long annual driving (> 40,000 km/ year) have higher ERS share of driving compared to cars
with very short annual driving. That is showrFig. 3, where the ERS share of driving and total travel
distance for each car are illustrated. Urban residents have ERS share of driving (54%), on average,
compared to rural residents (48%) in both ERS placememslifiear regressions for both E&N25 and
E&N100 have very low coefficients of determinatiorf)(Bf 0.10 and 0.16, respectively, suggesting a
weak relationship between ERS share of driving and total travel distance. Noticeably though, some
BEVs utilize ERSminimally. Even for E&N100, about 7% of the cars drive on ERS roads less than
20% of their total travel distances. However, the cars with low (< 20%) ERS share of driving tend to

have short annual travel distances. On the other hand, cars with longdnvingl(> 40,000 km/ year)



have high average ERS share of driving of about 66%.
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Fig. 3. Share of charging distance for individual cars versus annual travel distance for A) E&N25 ar
E&N100 as ERS for urban and rural cars. Blue lines are linear regressions for the annludiksteanae and
ERS share of driving for both drivers.

B. Reduction in battery size

The study shows the possible reductions in battery ranges with different ERS charging rates and
placements by estimatinige required minimum battery range for each individual car. The battery range
required to cover all driving, sorted from small to large, and the median battery range for each case are
shown inFig. 4. In the absence of ERS, in the HomeSC scenario, the median range to complete all
driving is 266 kmFig.4. A) and 95% of the cars require O 655
existing batteries available on the matkéthis suggests that HomeSC is not a realistic charging
scenario givingavailable market battery range.

Utilizing E&N25 (2e) with HomeSC yields a median reduction in battery range of 62%, to only 101
km (Fig. 4.A). E&N100 further decreases battery ranges, with a mean total reduction of 71%, to 78 km
(Fig.4.B). A reduction of the charging rate on E&N25 from 2e yeeddsan increase of average battery

range by 26%, whereas a doubling todéereases the average battery range by only E&§64A).

! For reference, the battersingefor Tesla modes is about416-555 km



For MixedSC, resultsra very similar to the HomeSC case.

Comparing the required battery ranges when eliminating all stationary charging (NoSC) with the no

ERS scenario or an ERS with a charging rate of only e kWh/km is meaningless; therefore, the study

only shows the battemequirements for ERS (2e) and ERS (4e) cases. NoSC requires median battery

ranges of 606 km for E&N25 (2d¥if. 4.E). Increasing the ERS lengthd8&N100 reduces the median

battery ranges to 288 krfif). 4.F). Doubling the ERS charging rate todezreases the required mean

battery ranges considetgpby 4252% (ig. 4.E and F). This implies that relying completely on ERS

without any stationary charging stations would be facilitated by highegiolgarates to keep battery

ranges down, but still on larger battery ranges would be required.

The required battery ranges for urban and rural residents differs depending on the charging pattern,

see, for exampld,ablel for ERS (2e). For the E&N25 system with stationary charging, rural residents

require 1518% larger median battery ranges than urban residents. With the ERS extended 8 E&N1

this difference between rural and urban residents increases. The larger rural batteries required are partly

due to the additional annual driving.
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Without stationary charging, rural residents need further larger battery ranges: the rural residents
require 127% (E&N25) and 96% (E&N100) larger batteries. On the other hand, urban residents have
higher ERS share of driving and thus utilize ERS more regularly, which reduces battery range

requirements without stationary charging.

TABLE 1
THE MEDIAN OF BATTERY RANGES FOR RURAL AND URBAN DRIVERSVITHOUT/WITH ERS(2€).

Charging Median battery range (km)
pattern ERS plasement All residents Rural residents Urban residents

No ERS 266 278 262
HomeSC E&N25 101 110 93
E&N100 78 90 70
No ERS 223 227 220
MixedSC E&N25 91 98 85
E&N100 68 76 65
NOSC E&N25 606 1021 450
E&N100 288 486 248

C. Shares of electric charging on ERS

The study evaluates the minimum required battery range for each dafiltaall its driving.
Minimum battery ranges with ERS and stationary charging assume BEV drivers use both options
without any preference or barrier. However, it is still unclear whetbeditions on ERS are going to
motivate users to utilize this chamg option more than stationary charging or if it is the other way
around[12]. The potential battery reduction with ERS presented earlier assumes that car drivers
maximize their rechging whenevemnfrastructure is available along their driving and at stops. But, for
a given minimum battery ranges, car users could still maximize or minimize their ERS charging shares
based on their own preference such as economic considerations.

A big difference in ERS charging shares is noted when cars maximize or minimize their ERS
utilization. Average shares of ERS charging for BEVs using their minimum vehicle battery ranges,
shown earlier irFig. 4, for both extreme cases are illustrated in solid thick lindsign5. The two
extremes gradually deease with increased minimum battery ranges due to more reliance on stationary
charging for long trips outside ERS roads.

Car users might utilize bigger battery ranges than the minimum required to avoid range anxiety. The
effects of increased battery gas in step of 28 km (~5 kWh at 0.18 kWh/km) are also giv&igirb.

Maximum ERS charging is insensitive to increased battery ranges. However,eddoesiery ranges



significantly influence minimized ERS charging shares, especially starting from small minimum battery
ranges. Assuming that the minimum BEV battery range for the fleet is 111 km (~20 kWh), the average
minimum ERS charging sharase stillaround 20% and below. Further increasing the minimum BEV

battery range to 222 km (~40 kWh) reduces the shares to below 10%.

D. Total cost savingwith ERS

The economic benefit of reduced battery ranges also depends on the number of passenger cars
switching to BEVs. The total number of passenger cars in Sweden is about 4,§4T]000e study

assumes thattea mpl ed <car s

repr es edahitles;ahud, all Briwagedvehitléssn p a s s
Sweden follow the distributions of reduced battery ranges fourid id. Also, the ranges are converted

to battery capacities (kWh) using the aforementioned energy use assumptions. The study presents
savings in two assumed orders of BEV penetration: 1) drivehstingthighest battery capacity savings

switch to BEV first (optimal), and 2) drivers switch in random order to BEV (random). The two orders

ease exploring the boundaries of economic benefits at early stages, the maximum with optimal order

and average estaes with random. The research calculates the saved battery capacities costs for all
BEVs with each charging pattern using Equation (1).

HomeSC with 25% of E&N roads as ERS(2e) HomeSC with 100% of E&N roads as ERS(2e)
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ranges giverfA) E&N25 and (B) E&N100and br home stationary chargingldmeSQG scenariosThe effects of
increased battemangeseyond the minimum battery requirement are shown in different thin coloreelsciar step of 28
km (5 kWh at 0.18 kWh/km).

The savings resulting from smaller battery capacities as a function of BEV penetration with ERS are

shown inFig. 6. The two horizontal lines show the range of ERS cost estimates (low in green and high



in yellow). With HomeSC, implementing E&N25 results in large neebenwithin the range of both

ERS costsKig. 6.A). Even with high ERS cost estimates, the cost is covered if 15% and 34% of cars

switch to BEVs, in theptimal and random scenarios, respectively. For MixedSC, given the smaller

savings from reduced battery capacities, BEVs have to make up 18% and 40% of the fleet in the optimal

and random scenarios, respectively. For E&N100, only a low ERS cost wodggsitive net savings

(Fig.6.B). In both HomeSC and MixedSC, increasing the charging rate does not increase the net savings

significantly. However, thelomeSC has more absolute reduction in battery Bige4) and thus higher

net savings.
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Fig. 6. Savings in billion euros fromeduced battery capacity required as a function of BEV penetration
with A) HomeSC and E&N25, BjlomeSC and E&N100, YixedSC and E&N25 and DYlixedSC and
E&N100 with 2e and 4e charging rates. The savings are calculated based on Equation 1. HameS(
MixedSC refer to Homenly stationary charging and Home and other stationary charging, respective

Overall, ERS would provide relatively high net savings in some considered cases compared to its

cost. Here, net savings consider the tetalings or extra costs from constructing stationary chargers

and ERS infrastructure as well as reduction in the required battery capacities. High ERS cost estimates

built for passenger car use are considered to illustrate conservative net savings. FR&BaddbmeSC

requires high initial investments in both large BEV battery sizes and infrastructure in the form of home

chargers.

The

cost of

charging

nfrastructure

fleet that is 100% BEV. Compared tfoat base case, i.e., HomeSC with no ERS, max net savings of

including ERS (4e) in each considered charging pattern are illustrated for aBE)X%teet inFig. 7.

f

0



With ERS, both HomeSC and MixedSC scenarios require smaller initial investments given the
reduction in the battery sizes. HomeSC with E&N?2
the highest among considered cases. Extending ER&NA 0O, the higher ERS cost would eliminate

the savings from reduced battery sizes, yielding negative net savings. MixedSC saves even more from
reduced battery sizes but also requires addition
a 1M%-BEV fleet. Net savings with MixedSC are thus less than for HomeSC in both placement
scenarios. NoSC requires BEVs with larger batteries, especially for E&N25. Thus, relatively high
investments in vehicles are expected at early stages. Reduction strudiare costs and battery sizes

are not enough to cover high ERS costs in any ERS placement scenario.

Fig. 7. Savings and extra charging infrastructure costs of Honhe stationary charging (HomeSC), Hom
and other stationary charging (MixedSC) and No stationary charging (NoSC) with ERS attB/ix
without ERS for 1004BEV share compared to HomeSC without ERS.
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This study adds insights by using the detailed driving patterns of conventional vehiclestigate
the possible benefits of implementing an ERS in Sweden that can also be used by private passenger
BEVs. In summary the study shows that ERS aiming to electrifythaugtrucks can cover most private

vehicle trips with homnly stationary chaging and small battery ranges (mediarl®d km), or



