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EXECUTIVE SUMMARY

The decarbonization of road freight will require the transition away from internal
combustion engines and toward zero-emission powertrains powered by renewable
energy. Such transition rests on several pillars: sufficient supply of zero-emission
vehicles by truck manufacturers, adequate infrastructure roll-out, a robust demand
for these technologies, and targeted policy measures to accelerate the technology
deployment. The last two points are the subject of this report.

This study analyzes the total cost of ownership (TCO) of the application of battery-
electric trucks (BET) to the highest emitting road freight segment: long-distance
tractor-trailers. The analysis covers seven European countries, Germany, France, Spain,
Italy, Poland, the Netherlands, and the United Kingdom, which accounted for more than
75% of truck sales in the European Union in 2019.

Through a detailed analysis of vehicle costs, financing and residual value, registration
and ownership taxes, electricity and diesel costs, maintenance costs, road tolls, battery
replacement, and charging infrastructure costs, the study evaluates the TCO difference
between BETs and diesel trucks between 2020 and 2030. The evaluation is done from
a first-user perspective over a 5-year analysis period. Our analysis finds that:

» From a first-user perspective, BETs can achieve TCO parity with diesel tractor-
trailers during this decade for all the considered countries, without any additional
policy support. Still, there are substantial differences across countries mainly
driven by the disparities in electricity and diesel prices, road tolls, and the currently
implemented policy measures. BETs operating in Germany, France, and the
Netherlands can reach immediate TCO parity with diesel tractor-trailers in 2021-
2022, whereas other countries witness delays in parity time until the middle of the
decade. The years in which TCO parity is achieved in each country are shown in
Figure ES 1.

!
-

Figure ES 1. Year when TCO parity between battery-electric and diesel tractor-trailers is
achieved, during the first 5-year ownership period, under currently adopted policies in the
countries considered.
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» Regulatory support can all but eliminate the TCO gap between BETs and diesel
tractor-trailers already today. The policy measures analyzed include purchase
premiums, road tolls exemptions, and carbon pricing. While some of these
policies have already been adopted in the countries analyzed, others—such as the
Eurovignette Directive, or the inclusion of transport into the European Emissions
Trading System—are active policy developments that have not yet been adopted.
The impact of these policies on the countries analyzed is shown in Figure ES 2.
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Figure ES 2. Impact of policy measures on bringing forward the year of TCO parity between
battery-electric and diesel tractor-trailers during the first 5-year ownership period.

Based on our findings, we recommend the following policy interventions to accelerate
the deployment of BETs in the EU:

» Implement the Eurovignette Directive into national law as expeditiously as
possible. Partial exemption of BET distance-based road tolls by 75% can help
BETs reach TCO parity with their diesel counterparts between 2021 and 2023.
Furthermore, the CO, external cost charge in the road toll, of up to 16 EUR cents/
km, further contributes to closing the TCO gap, achieving TCO parity in the first half
of the current decade.

» Purchase premiums for trucks should be limited to incentivize the purchase of
zero-emission trucks in the near term and exclude all combustion powered trucks.
Purchase incentives is a powerful policy tool to help close the price and TCO gap
between diesel trucks and BETs. For example, an incentive of €50,000 per truck
can help BETs achieve earlier TCO parity in 1-2 years. Given that subsidies are not
fiscally sustainable in the long term, they must be limited in duration and scope.

A malus component in such subsidy schemes, applicable to combustion powered
trucks, can help manage the fiscal sustainability of these incentive programs.
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»

»

Extend the European Emissions Trading Systems (ETS) to include transport as
proposed in the Fit for 55 package. Currently, only Germany imposes carbon
pricing for transport increasing from €25 per tonne of CO, equivalent in 2021

to €55/tonne CO,, by 2025. This results in a 1-year reduction in TCO parity time
between BETs and diesel trucks. Imposing higher carbon pricing and implementing
this policy across all member states narrow down the TCO gap between BETs and
their diesel counterparts.

Implement fiscal incentives for use of renewable electricity used for BET charging.
Partially waiving the nonrecoverable electricity taxes has a substantial impact on
the time to achieve TCO parity of BETs with diesel trucks. For example, a 50%
reduction on those taxes would reduce BET parity time with diesel by 3 years. The
revision of the Energy Taxation Directive should support the business case for zero-
emission trucks by allowing member states to apply tax discounts for the renewable
electricity used for charging trucks.
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INTRODUCTION

The transportation sector is responsible for almost 30% of greenhouse gas (GHG)
emissions in Europe, and unlike other sectors, emissions did not gradually decline in this
sector compared to the 1990 reference year. The GHG emissions of the transport sector
in Europe exceeded 1 billion tonnes of CO, equivalent in 2018, with road transport’s
contribution around 70%. Cars and light-duty vehicles are responsible for close to 52%,
while the heavy-duty vehicles segment claims 19% (European Environment Agency, 2020).

In the past two decades, most of the regulatory efforts to curb the climate impact of
road transport have mainly targeted passenger and light-duty vehicles. Nonetheless, in
the past few years, heavy-duty vehicles (HDVs) have become the subject of regulatory
interventions aimed at improving their fuel consumption, which has remained relatively
stagnant over the past decades in comparison to passenger vehicles (Delgado &
Rodriguez, 2018). The most prominent example of such regulatory measures is the
introduction of CO, standards for HDVs, which mandate a fleet-wide reduction in CO,
emissions of 15% in 2025 and 30% in 2030 for new trucks, relative to the emissions
performance in the period between July 1, 2019, to June 30, 2020 (Parliament and
Council of the European Union, 2019).

Still, a recent ICCT analysis (Buysse et al., 2021) finds that the HDV CO, standards

in their current form fall short of what is needed to achieve the goals set out in the
European Green Deal (European Commission, 2019). The latter aims at creating

a legally binding target to achieve climate carbon neutrality by 2050, including a
subtarget to reduce transport-related GHG emissions by 90% in the same time frame
relative to 1990 levels. To get there, as clearly articulated in the European Sustainable
and Smart Mobility Strategy (European Commission, 2020b), it is necessary to rapidly
increase the uptake of zero-emission vehicles across all transportation modes. As part
of the strategy, the European Commission target is to have 80,000 zero-emission
trucks in operation by 2030, a target that is not sufficient to meet the decarbonization
goals of the European Union and that falls short of the industry’s own targets: the
European Automobile Manufacturers Association (ACEA) estimates that at least
200,000 zero-emission trucks should be in operation by 2030 (ACEA, 2021).

Several electrification pathways are currently being explored, including battery-electric
trucks (BETs) and hydrogen fuel cell electric trucks (FCETs), as well as trucks powered by
electric road systems. Battery-electric passenger vehicles have progressed significantly,
mainly thanks to advances in battery technology. Such advances have also enabled

the application of electric drive across other segments that are more challenging to
decarbonize, such as long-distance tractor-trailers. However, many uncertainties still exist
around the total cost of operation of such vehicles, impacting their large-scale deployment.

The goal of this study is to compare the total cost of ownership (TCO) of battery-
electric tractor-trailers and their diesel counterparts. The analysis aims to identify main
challenges facing BETs in achieving TCO parity with diesel trucks and provide policy
recommendations that would bring their TCO-parity time forward.

This study analyzes tractor-trailers covering a daily distance of at least 500 km.
Although cross-border travel is common in the EU, the calculation only considers trucks
operating withing the boundaries of the country analyzed. The geographical scope of
this study is limited to seven countries accounting for more than 75% of the HDV market
(ICCT, 2019) in Europe: France, Germany, ltaly, the Netherlands, Poland, Spain, and the
United Kingdom. The TCO analysis is done from a commercial first-user perspective.

In addition, several policy interventions are analyzed and their impact on the TCO gap
between BETs and diesel trucks is highlighted. Such policies can help catalyze the
deployment of BETs in countries where the TCO gap between BETs and diesel trucks is high.
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LITERATURE REVIEW

The TCO of alternative vehicle technologies has been the subject of extensive research
and investigation over the past decade. Medium- and heavy-duty vehicle alternative
technologies have gained momentum recently, driven by the imposed emissions
standards and regulations worldwide on those vehicle segments. Several studies have
assessed the TCO of different truck classes and for different applications, mainly in the
European Union and the United States, focusing on two or more vehicle technologies
and comparing alternative truck technologies to diesel trucks based on their economic
performance. Those studies differ greatly in their inputs - which include vehicle energy
efficiency, truck residual values, lifespan, daily driving range, and annual mileage of
vehicles, and length of the analysis period, in addition to case-specific inputs, such as
energy costs, discount rates, maintenance, and road tolls - as all these inputs vary from
one country or city to the next. Therefore, their estimates are case oriented and cannot
be generalized. Table 1 presents a summary of selected studies in the literature on the
TCO of zero-emission trucks, highlighting main findings and insights.
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Table 1. Summary of selected studies in the literature on the TCO of zero-emission trucks

Institution/Study Application TCO Components Energy Efficiency Main Findings

Institute of
Transportation
Studies, UC Davis,
USA (Burke, 2020)

ING Economics
Department, the
Netherlands (ING
Economic Bureau,
2019)

Transport and
Environment,
Germany
(Unterlohner, 2021)

Lawrence
Berkeley National
Laboratory, USA
(Phadke et al.,
2021)

International
Council on Clean
Transportation,
USA (Hall & Lutsey,
2019)

Carnegie Mellon
University,

USA (Sripad &
Viswanathan, 2019)

California Air
Resources Board,
USA (CARB, 2019)

Atlas Public Policy,
USA (Satterfield &
Nigro, 2020)

Aachen University,
Germany (Mareev
et al., 2018)

Institute of
Automotive
Technology,
Technical University
of Munich, Germany
(Wolff et al., 2020)

Diesel, electric, and
hydrogen HDV trucks

100,000 to 134,000 mi/
year and 150 to 300 mi daily
driving range

5-year analysis period

Diesel and electric 35-40
tonnes trucks

60,000 to 100,000 km/year
and 100 to 150 km daily
driving range

8-year analysis period
Diesel, electric, hydrogen,
and e-diesel long-haulers

136,750 km/year and 800
km daily driving range

5-year analysis period
Diesel and electric 36
tonnes long-haulers

78,000 to 104,000 mi/year
and 375 to 500 mi daily
driving range

3- to 15-year analysis period

Diesel, electric, and
hydrogen long-haulers

140,000 mi/year and 190 mi
daily driving range

10-year analysis period

Diesel and electric class 8
trucks

80,000 to 100,000 mi/year
and 500 miles/day driving
range

10-year analysis period
Diesel, electric, and
hydrogen regional trucks

54,000 mi/year and 180
miles/day driving range

12-year analysis period

Diesel and electric long
haulers

Up to 170,000 miles/year

3- to 5-year analysis period

Diesel and electric long
haulers

689 to 723 km/ day driving
range

3- to 12-year analysis period

Diesel, hybrid, and electric
long haulers.

400-600 km/day driving
range

6-year analysis period

Truck purchase
Energy
Maintenance

Residual value

Truck purchase

Energy and
maintenance

Infrastructure

Insurance and financing

Truck purchase
Energy
Infrastructure
Road charges
Taxes and levies
Truck purchase
Energy
Infrastructure
Maintenance

General operation

Truck purchase

Energy and
maintenance

Infrastructure

Truck purchase

Energy and
maintenance

Truck purchase

Energy and
maintenance

Infrastructure
General operation
Truck purchase

Energy and
maintenance

Infrastructure
Taxes and levies
Truck purchase

Energy and
maintenance

Infrastructure

Road charges

Truck purchase
Energy
Infrastructure
CO, cost

« Electric: 240 kWh/100
mi (-1,5 KWh/km) in
2030

* Diesel: 8.7 mpg (=27
1/100 km) in 2030

* Electric: 1.5 kWh/km
in 2019

e Diesel: 25 /100 km in
2019

* Electric: 1.52 kWh/km
in 2020 and 1.15 kWh/
km in 2030

» Diesel: 29.86 1/100km
in 2020 and 23.47
1/100 km in 2030

e Electric: 21 kWh/
mi (1,32 kWh/km) in
2020 for a 36 tonnes
truck

* Diesel: 5.9 mpg (-40
1/100 km) in 2020

e Electric: 1.9 kWh/mi
(1,2 kKWh/km) in 2019
without trailer

« Electric: 2.3 kWh/
mi (~1,44 kWh/km) in
2019

¢ Diesel: 8.5 mpg (-28
1/100 km) in 2019

e Electric: 2.1 kWh/mi
(-1,3 kWh/km) in 2018
for regional day cab
tractor

» Diesel: 5.9 mpg (40
/100 km) in 2018

Not reported

e Electric: 1.33-1.83
kWh/km

Not reported

Battery cost should drop below
$100/kWh to become cost
competitive with diesel

BETs are more cost competitive
in comparison to FCETs

FCETs can be more cost
competitive than BETs for very
high mileages (-600 mi)

BETs can achieve TCO parity
by the middle of the decade for
an annual mileage of at least
100,000 km

BETs have a superior economic
performance over all other
alternative technologies.

BETs powered by renewable
electricity can reach TCO parity
by 2025

BETs present a 13% reduction
compared to TCO and a 3-year
pay-back period

Negligible payload penalty that
can be overcome by light-
weighting

BETs become less expensive by
2026 and FCETs by 2028

BETs continue to have a better
economic performance in
comparison to FCETs up to 2030

A 5-year payback period of a
BET can be achieved through
reduced vehicle drag, battery
pack price below $150/kWh,
electricity price below $0.2/kWh
and battery pack replacement
fraction below 50%

BETs can reach TCO parity by
2024

FCET cost-parity is not possible
before 2030

Depot charging for long-haul
trucks is the most promising
configuration for cost
competitiveness of BETs

BETs can become cost-effective
with diesel trucks especially for
long analysis periods

BETs would suffer a payload
penalty of 20%

Very high TCO for BETs due to a
22% payload penalty

FCETs are neither cost
competitive nor emissions
competitive due to high
hydrogen prices and upfront
emissions

Diesel hybrid is the best
compromise for the costs-
emissions tradeoffs
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Burke (2020) conducted a TCO assessment for a variety of medium and HDV

truck classes in the United States—focusing on diesel, electric, and fuel cell electric
trucks—and concluded that BETs cannot be cost competitive with diesel trucks until
the battery pack price drops below $100/kWh for long haulers. Lawrence Berkeley
National Laboratory (Phadke et al., 2021) analyzed the technoeconomic performance
of long haulers with very high mileage, reaching 500 miles a day (800 km) and
104,000 miles annually (167,000 km), and concluded that BETs would cost 12% less in
comparison to diesel trucks, with a pay-back period of 3 years and negligible payload
penalty. California Air Resources Board estimates that BET cost parity with diesel
trucks will be achieved by 2024 for a daily driving range of 180 miles (288 km), while
FCET cannot achieve TCO parity before 2030 (CARB, 2019). Other studies investigated
several charging methods for BETs and concluded that depot charging at night is the
most cost-effective charging configuration for long haulers, helping them achieving
TCO parity later this decade (Satterfield & Nigro, 2020).

Other studies are EU specific, focusing mainly on long haulers in Germany, France, the
United Kingdom, and the Netherlands. A series of studies conducted by Transport and
Environment for several European countries estimate that BETs powered by renewable
electricity will reach TCO parity with diesel trucks by the middle of the decade in
France (Unterlohner, 2020a), the United Kingdom (Unterlohner, 2020b), and Germany
(Unterlohner, 2021). In the Netherlands, BETs are expected to achieve cost parity by
2027 under the condition that the truck driven annual distance is no less than 100,000
km (ING Economic Bureau, 2019). Other studies focus on long-haulers in Germany with
quiet different conclusions. Mareev et al. (2018) concludes that BETs can become cost-
effective but not from a first-user perspective (analysis period above 5 years) while
Wolff et al. (2020) clearly states that BETs will suffer a significant payload penalty
exceeding 20%, and this will impact their TCO parity with diesel trucks significantly.

In this study, we present a detailed TCO analysis to comprehensively address the
economic performance of battery-electric long-haul trucks in several EU countries. The
countries of interest are Germany, France, the United Kingdom, the Netherlands, Italy,
Spain, and Poland. Country-specific data are collected highlighting their differences
and impact on TCO parity year for BETs used for long-haul trucking.

This study is the first to tackle the deployment of BETs across several EU member
states using a comprehensive TCO assessment while clearly highlighting the different
challenges facing BET technologies in each country. The study also suggests and
quantifies policy interventions to bring the TCO parity forward.
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METHODOLOGY AND DATA SOURCES

This study compares the TCO of battery-electric long-haul trucks versus their diesel
counterparts. The TCO model focuses on the fixed and variable costs that are bound
to differ between diesel and battery-electric trucks. These include vehicle upfront
cost, financing and depreciation, fuel and energy expenditures, vehicle maintenance,
battery replacement, road tolls, registration and ownership taxes, and charging
infrastructure costs.

The TCO comparison is done for diesel and battery-electric tractor-trailers purchased
between 2020 and 2030, over their first-buyer use (5 years). A main output of this
analysis is the TCO difference between diesel and battery-electric tractor-trailers,
calculated as the net present value (NPV) of all expenditures.

The TCO analysis is framed from the perspective of the first owner of the truck. The
first-owner TCO analysis is done over a period of 5 years after registration, includes all
nonrecoverable taxes applicable to the commercial use of the vehicles—for example,
value added tax (VAT) is not included as it is a recoverable tax—and uses a discount
rate of 9.5% (Krause & Donati, 2018) for calculating the NPV of cash flows during the
analysis period. These parameters are summarized in Table 2 and are consistent with
those used by the European Commission in its impact assessment of the CO, standards
for trucks (European Commission, 2018).

Table 2. Summary of TCO model parameters for the considered perspective

First-ownership perspective

Analysis period 5 years

Residual value Considered

Discount rate 9.5%

Taxes Only nonrecoverable taxes considered
VAT Excluded

Road tolls Included

CO, external cost Excluded

USE CASE AND VEHICLE TECHNICAL SPECIFICATIONS

Tractor-trailers can be used in a variety of applications ranging from urban delivery

to long-haul transportation. The latter use case represents the biggest challenge for
electrification because of the daily distances the vehicles need to cover. Data available
from fleet management systems, such as the data set shown in Figure 1, indicate

that 70% of trucks drive a daily distance of less than 500 km per day. This figure
increases to 95% when considering trips shorter than 660 km; therefore, the long-haul
application analyzed in this study aims to cover those 95% of cases. However, given
that we identify overnight charging as a key lever to reduce cost, the use case is a
typical return-home route that is planned and is less representative of cross-border
long-haul trips driven by the spot freight market.!

1 In the spot market, fleets are hired by a broker or third-party logistics, who in turn is paid by the shipper or
receiver to arrange transportation. As such, the trip length, routes, and destinations cannot be planned from
the perspective of the vehicle operator.
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Figure 1. Average truck daily distance from a representative fleet, adapted from Wentzel (2020).
(Germany-specific road freight activity reported in Unterlohner [2021] is in-line with the data
used in this study.)

The technical specifications of the tractor-trailers analyzed are summarized in Table

3. The diesel vehicle was specified to match the technical characteristics of typical
tractor-trailers currently in operation. The battery-electric vehicle was defined to match
the performance of the diesel tractor-trailer, with its battery sized for a range of 500
km; that is, covering 70% of applications without the need for recharging and 95% of
cases with a 45-minute charging event during the day, as will be discussed later in this
section. The 500-km driving range considered in this study is assumed to be a fixed
target for all truck models between 2020 and 2030.

Table 3. Technical specifications of the battery-electric and diesel tractor-trailers analyzed

Diesel tractor-trailer Battery-electric tractor-trailer
Gross vehicle weight 40 tonnes 42 tonnes?
Maximum payload 25.4-27.3 tonnes® 22.5-27.3 tonnes®
Axle configuration 4%2 4%2
Powertrain rated power 350 kW 350 kW
Transmission 12 speed 2 speed
Range single charge — ~500 kme¢

@ The HDV CO, standards include a derogation to allow 2 extra tonnes for zero-emission trucks.

> The trucks’ curb weight changes in the analysis period due to chassis lightweight and battery energy
density improvement; therefore, a range is given.

¢ As the vehicle efficiency improves in time, the battery size is reduced to maintain the target range.

The trucks’ electric energy and diesel fuel consumption were estimated through model
development and simulations.? The virtual models simulate the performance of the
battery-electric and diesel tractor-trailers, using detailed component data to represent
the behavior of the individual subsystems (e.g., battery, motor, energy management
system, and battery and cabin thermal management systems) and a network of

2 The official vehicle simulation model used to certify the CO, emissions of trucks, called VECTO, is currently
only limited to combustion-powered trucks. In this study, we use a commercial simulation tool called
Simcenter Amesim to simulate the performance of the battery-electric tractor-trailers. Since the intended
purpose of this study is to analyze the performance of battery-electric trucks under VECTO-like conditions,
Simcenter Amesim was validated against VECTO using a representative diesel tractor-trailer.
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feedback loops to simulate their interactions with each other and with the environment.
The vehicle performance was evaluated over the same boundary conditions used in
the official methodology to certify the CO, emissions of diesel trucks, EU Regulation
2017/2400 (Rodriguez, 2017). The electric energy and diesel fuel consumption of

the vehicles were simulated over the long-haul cycle used for certification at two
different payloads: a low payload of 2.6 tonnes and a reference payload of 19.3
tonnes as defined by the vehicle energy consumption calculation tool (VECTO) for
long-haul trucks. Further details on the simulation methodology can be found in an
accompanying report, providing a deeper examination on the technology challenges
and opportunities of battery-electric tractor-trailers in the European Union (Basma et
al., 2021).

Figure 2 shows the results of the vehicle model simulations. The fuel consumption of
the diesel truck, the electric energy consumption of the battery-electric truck, and

the electricity-equivalent energy consumption of the diesel truck are all estimated

for two model years 2020 and 2030. Several payloads are also considered in the
simulation, namely a reference payload at 19.3 tonnes, a low payload at 2.6 tonnes, and
a combined payload defined as 70% reference payload—30% low payload, as per the
official provisions set by the HDV CO, standards, EU Regulation 2019/1242 (Rodriguez,
2019). The energy efficiency of both tractor-trailers increases substantially between
2020 and 2030, at an approximate rate of 3% per year. This progress in efficiency is
mainly the result of improvements in the aerodynamics, rolling resistance, and light-
weighting—collectively known as the road-load—of both diesel and battery-electric
tractor-trailers. The technology package has been documented in detail in a previous
ICCT publication (Delgado et al., 2017).3

Diesel-powered tractor-trailer Battery electric tractor-trailer
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Figure 2. Fuel and energy consumption of the tractor-trailers analyzed for the model years 2020
and 2030 over different payloads.

The fuel consumption of the diesel truck over the long-haul cycle and the combined
payload was estimated at 30.7 1/100 km for the 2020 model and 23.2 liter/100 km for
the 2030 model, approximately a 25% reduction.* The magnitude of this reduction

is in line with what would be required to meet the 2030 targets set by the HDV CO,
standards, while making use of the regulatory flexibilities and incentives.® In the light

3 See 27%-reduction package in Figure ES 1 of the referenced publication.

4 The combined payload results weight the reference payload with 70% and the low payload with 30%. This
follows the provisions introduced by the HDV CO, standards, EU Regulation 2019/1242.

5 These flexibilities and incentives include the use of banked credits and the zero- and low-emission vehicle
incentives among others.
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of the various announcements of vehicle manufacturers for the deployment of zero-
emission trucks to meet the 2030 CO, targets, the diesel fuel consumption modeled in
this paper represents what could be expected under the current stringency of the HDV
CO, standards.

The energy consumption of battery-electric tractor-trailers, under the
aforementioned driving and payload conditions, was estimated at 1.38 kWh/km

for the 2020 model and 0.99 kWh/km for the 2030 model, a 28% decrease. This
significant advance in energy efficiency is expected to happen in the absence

of energy efficiency standards, as battery-electric vehicles will profit from the
deployment of road-load improvements in other vehicle segments and will benefit
from the rapid improvement in battery energy density and weight. The reported
energy efficiency values in other studies (refer to Table 1) are in-line with the
presented energy consumption values in this report. Figure 3 shows the nominal
battery energy capacity in kWh used in the analysis of the battery-electric truck,
throughout the different model years considered and at reference payload. These
values were defined to meet a minimum range of 500 kilometers without charging
the battery. More details regarding the required battery size as a function of the
truck driving range and use case can be found in Basma et al. (2021). Currently, the
Futuricum truck, based on the Volvo FH truck series, is the only truck equipped with a
900-kWh battery to cover a 500-km driving range (Futuricum, 2021).
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Figure 3. Battery energy capacity needed for each model year to meet the minimum single-
charge range of 500 km at reference payload

FIXED COSTS

This section explains the assumptions made for the parameters of the TCO model

that are independent of the distance traveled by the vehicle. They include the vehicle
purchase, interests on loans, registration and ownership taxes, and annual fees for road
use, where applicable. Vehicle insurance is excluded from the analysis as there are still
lots of uncertainties regarding insurance premiums for BETs in the EU.
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Vehicle purchase

Based on publicly available market data, the price of a 2020 diesel tractor-trailer is
estimated at €100,000, with a baseline trailer price of €33,000, for a total of €133,000
for a 2020 diesel tractor-trailer. The diesel tractor price reflects that of 350 kW, in a
4x2 configuration equipped with a sleeper cab (Lastauto Omnibus, 2017). The baseline
trailer price is for a new three-axle, six-tire, 13.65-meter, curtain-sider trailer (Lastauto
Omnibus, 2017). Given that truck and trailer prices have remained relatively stable for
the past few years, they are deemed representative of 2020 as well.6 VAT is excluded
from this study as it is a pass-through cost, and fleets can reclaim any VAT expenses
when buying commercial vehicles.

The price for the subsequent model years is adjusted upward to account for the
technology deployment required to improve the fuel consumption, as outlined in
the previous section, and to meet future pollutant emission standards. Cost curves
previously developed by ICCT (Meszler et al., 2018) were used to estimate the price
increase from fuel efficiency technologies. The price increase from emission control
technologies to meet future Euro VIl standards has also been quantified by the ICCT
(Ragon & Rodriguez, 2021) and is assumed to apply from 2025 onward. The price
increase from the additional technology deployment already includes a markup to
account for expenditures in research and development, overhead, marketing and
distribution, and profit margins. The price of a 2030 diesel tractor-trailer is estimated to
be approximately €145,000.

To assess the price of the battery-electric truck, a detailed truck component teardown
analysis was conducted for the ICCT by Ricardo Strategic Consulting to estimate the
direct manufacturing costs (DMC) of battery-electric trucks. The truck base glider
components DMC for the 2020 model year truck are summarized in Table 4, excluding
battery and electric powertrain costs. These DMC are assumed to be constant between
2020 and 2030 except for the trailer price, which increases by €4,822 in 2030 (Meszler
et al,, 2018), reflecting the introduction of road-load technologies to improve the
energy efficiency of the battery-electric truck. To estimate the retail price of the base
glider, indirect costs should be considered as well as costs related to research and
development, overhead, marketing and distribution, warranty expenditures, and profit
markups. These indirect costs are estimated using indirect cost multipliers (ICMs).
Indirect costs vary with the complexity of associated technology and are roughly
estimated to range from 15% to 75% of direct manufacturing costs. The combination

of direct and indirect costs results in the expected retail price contribution associated
with a particular technology, excluding VAT. The ICMs used in this study, which are
shown in Table 5, correspond to the high technology complexity level, as defined by
the U.S. Environmental Protection Agency (EPA & NHTSA, 2016), and have been
subjected to rigorous development and review. For the base glider components, ICM of
complexity level “High 1” is considered.

6 2018 was the last year the comprehensive Lastauto Omnibus Katalog (Lastauto Omnibus, 2018) was published.
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Table 4. 2020 BET base glider direct manufacturing costs

Chassis 25,875
Trailer = = 33,000
Power electronics 350 kW 22.5/kW 7,875
On-board charger 44 kW 60/kW 2,640
Air compressor 6 kW 1,250/kW 7,500
Steering pump 9 kW 240/kW 2,160
Air-conditioning 10 kW 58/kW 580
Heater 10 kW 63/kW 630
Thermal management 350 kW 18/kW 6,300
Total cost - - 84,685

Notes: Original costs data are expressed in U.S. dollars (USD), a currency exchange rate of TEUR =1.2 USD is
considered in this study. The chassis includes axles, suspension, wheels, steering, and cab exteriors and interiors.

Table 5. Indirect cost multipliers for technologies with a high technology complexity level

Complexity level 2020 (near term) 2030 (long term)

Warranty costs 0.073 0.037
High 1 Nonwarranty costs 0.352 0.233
Total 0.425 0.27
Warranty costs 0.084 0.056
High 2 Nonwarranty costs 0.486 0.312
Total 0.570 0.368

The electric powertrain, in particular the battery, has a major contribution to the retail
price of the battery-electric truck. We apply estimates developed by Ricardo Strategic
Consulting for the ICCT to estimate the direct manufacturing cost of the electric drive,
including the electric motor, inverter, and transmission between 2020 and 2030. The
DMC of the e-drive is estimated to be $82/kW in 2020, decreasing to only $18/kW in
2030. The respective retail price estimates for a 350-kW electric powertrain in 2020
and 2030 are calculated using ICM of complexity level High 1, as described in Table 5.

Three scenarios were considered for the DMC of the heavy-duty battery—expressed in
EUR/kWh—taken from publicly available sources for 2019 (Frith, 2020) and forecasted
based on a previous ICCT analysis (Lutsey & Nicholas, 2019). While the DMC of battery
cells has dropped significantly in the past years, there are important differences at

the battery pack level between heavy- and light-duty vehicles, such as the energy-
to-power ratio, durability, voltage level, power output, thermal management, and
modularization. As a result, battery manufacturers for heavy-duty application currently
serve a niche, but growing, market in Europe, leading to a pack-to-cell costs ratio in
heavy-duty vehicles above 2, whereas in light-duty vehicle applications this is only 1.3
(Frith, 2020). The battery pack DMC used in this study is shown in Figure 4.
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Figure 4. Three scenarios considered for the direct manufacturing costs of heavy-duty battery packs
The retail price evolution of the diesel and battery-electric tractor-trailers in the period

2020 to 2030 is shown in Figure 5 considering ICMs. Unless otherwise stated, the
medium price scenario is used in the remaining sections of this paper.
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Figure 5. Estimated retail prices of battery-electric and diesel tractor-trailers in the 2020-2030
period

Truck financing and residual value

The financing of the vehicle purchase assumes that the loan term is equal to the
analysis period (5 years) with an interest rate of 2% and that the installments are paid
at the beginning of each period (year).

At the end of the analysis period, the salvage value was estimated based on the
remaining service life. In a similar analytical approach to Feng & Figiliozi (2012), the
truck depreciation, excluding the battery, is considered to be composed of a fixed
depreciation rate at 7.5% per year (Gerber Machado et al., 2021) and a variable
depreciation rate dependent on the annual vehicle kilometers traveled (VKT). The
annual VKT-dependent depreciation rate is tuned so that the residual value of the
truck is zero after a certain cumulative VKT. The lifetime VKT of a tractor-truck in the
EU ranges between 1.02 and 1.49 million km, according to (Meszler et al., 2018), and
based on this lifetime VKT, the resulting residual value of the truck after of 5 years of
operation ranges between 20% and 38%. An average value of 30% is considered in this
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study. This depreciation is higher than the estimates used by the Joint Research Centre
of the European Commission in the regulatory impact assessment (Krause & Donati,
2018). The latter estimates the residual value after 5 years at 56%.

To estimate depreciation of the electric tractor-trailer, the battery depreciation was
estimated separately from the rest of the truck. The battery end-of-life was estimated
at 1,500 cycles, which corresponds to a 20% loss in its original charge capacity and

is roughly equivalent to 5 years of operation (Burke & Sinha, 2020). Thus, there is no
need for any battery replacement from a first-user perspective. The battery estimated
residual value for second-life applications is assumed to be 15% of the battery original
cost (Burke & Fulton, 2019). The electric truck depreciation excluding the battery is
assumed to be the same as diesel trucks at 30% after 5 years.

Registration and ownership taxes
Transport taxes and charges in this report are all taken from Schroten et al. (2019),
unless otherwise specified. Vehicle taxes are classified under two categories:

» Acquisition and registration

» Ownership

Table 6 shows the registration and ownership taxes imposed in each country. The
registration is a one-time fee charged at the time of purchasing the vehicle. The
ownership tax, which ranges from €550 to €1,375 per year, should be paid annually by
the vehicle owner. The motoring taxes are discussed in the operational costs section
under diesel and electricity prices. Data provided in Table 6 are based on Schroten et
al. (2019), except for Germany as the German Ministry of Finance publishes the annual
ownership taxes on its website (BDF, 2021).

Table 6. Registration and ownership taxes imposed

Registration (€) Ownership (€/year)

Germany (0} 929
Spain (0] 850
France 800 950
Italy 1,500 1,000
Netherlands (0] 1,375
Poland 290 1,300
United Kingdom (0} 550
Vignette

The vignette is a fixed annual road-use charge, regulated through the Eurovignette
Directive, which was first introduced in 1999 and revised in 2021 (European Council,
2021). HDVs with a gross vehicle weight of a minimum 12 tonnes must buy the vignette
to use motorways and toll highways in some countries. Only two of the countries
analyzed in this study— the Netherlands and the United Kingdom —use a time-based
system of road-use charging, imposing €1,250/year and €1,000/year charges,
respectively (Eurovignette.org, 2020; UK Department for Transport, 2018). However,
the Netherlands is moving toward eliminating vignettes and imposing a distance-based
road toll in 2023 (Ministry of Infrastructure and Water Management, 2019). The recent
revision of the Eurovignette Directive requires the transition from time-based to
distance-based charging in all EU member states that currently apply this system.
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OPERATIONAL COSTS

The annual truck operational costs are highly dependent on the distance covered

by the trucks each year. Therefore, the TCO calculations are highly sensitive to the
choice of the VKT. The annual VKT of a typical long-haul tractor-trailer is highest
during the first year of ownership and then drops over time as the vehicle ages. The
age-dependent VKT for long-haul tractor-trailers is estimated from the EU TRACCS
database (Emisia SA et al., 2013). TRACCS does not explicitly distinguish short- and
long-haul statistics, instead treating VKT and population statistics for tractor-trailers
in the aggregate. This has the effect of underestimating long-haul tractor-trailer VKT.
Therefore, TRACCS data on the trip length distribution was used to adjust the VKT to
reflect the long-haul use-case analyzed in this paper (Meszler et al., 2018).
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Figure 6. Annual vehicle kilometers traveled versus truck age

Distance-based road tolls

Several European countries apply road-use charges based on the distance driven

in kilometers, the emission category of the vehicle, and the number of axles. These
distance-based road tolls will be regulated by the recently agreed-on revision of the
Eurovignette Directive (European Council, 2021).

The United Kingdom and the Netherlands are the only countries that currently do

not impose a kilometer-based road charge; however, the Netherlands is eliminating
vignettes in favor of imposing distance-based charges starting 2023 at an average of 15
EUR cents/km depending on the weight and class of the truck (Ministry of Infrastructure
and Water Management, 2019). Among the countries that charge road tolls, Poland

had the lowest charge with 5.5 EUR cents/km and France had the highest charge with
32 EUR cents/km. Also, it was assumed that 80 percent of the VKTs are on roads that
charge tolls. However, it should also be noted that there are different approaches for
collecting road charges among European countries. In some countries, such as France,
Italy, and Spain, the road tolls are given to concession consortiums, with agreements
that typically run for decades. In other countries, such as Germany, it is through a
network-wide tolling system. Poland has a mix of concessions and distance-based road
tolling. Table 7 shows a summary of all the distance-based charges.
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Table 7. Road tolls in the countries studied

Germany 0.1872 (Toll Collect, 2020)

Spain 0.160 (Schroten et al., 2019)

France 0.320 (Schroten et al., 2019)

Italy 0.190 (Autostrade per I'ltalia, 2020)

Netherlands 0.150 (Ministry of Infrastructure and Water Management, 2019)
Poland 0.055 (Ministerstwo Infrastruktury, 2020)

United Kingdom (0} (Schroten et al., 2019)

2 Road tolls for electric vehicles in Germany are waived entirely (BMVI, 2021).

Maintenance costs

Table 8 shows the maintenance costs and the items considered for each truck type.
The total maintenance cost is composed of several components, including lubricants,
oil changes, AdBlue refilling, repairs and preventive maintenance, and tires. All diesel
truck maintenance cost data are extracted from Lastauto Omnibus (2017), except for
tractor-trailer tire maintenance data as they were extracted based on costs informed
by German consumer publications and are assumed to also apply to the other countries
analyzed (Braun, 2016). As for BETs, there are no maintenance costs related to oil
changes and AdBlue refilling, and the repair and preventive maintenance costs are
assumed to be 33% less compared to diesel trucks as reported by Kleiner & Friedrich
(2017). Tire cost is assumed to be the same as for diesel trucks.

Thus, the total maintenance cost for diesel tractor-trailers is estimated at €18.5/100
km, while battery-electric tractor-trailers total maintenance costs are estimated at
€13.24/100 km, approximately 30% lower than their diesel counterpart.

Table 8. Breakdown of maintenance cost for each truck type

Cost in €/100 km

Lubricants, oils 0.75 -
AdBlue refilling 0.55 =
Repair and preventive maintenance 12 8.04
Tires: front and driven axles 2.47 2.47
Tires: trailer 2.73 2.73
Total 18.5 13.24

Diesel prices

The price of diesel consists of multiple components: crude oil price, refining costs,
distribution costs, excise duties (fixed), and VAT. Table 9 shows the latest diesel prices
across the seven countries considered in this study (DKV, 2020). Fleets can request a
refund for the VAT paid on fuel; therefore, VAT is not included in cost calculations in
this study. Additionally, some European countries offer reimbursement for a part of the
excise duty (FuelsEurope, 2019); this refund was also included in the model.
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Table 9. Summary of diesel prices including refunds (EUR/liter) in 2020

Excise duty refund Net price with
Country Gross price (€) VAT rate VAT (€) Excise duty (€) in 2020 (€) tax refunds (€)

Germany 1.08 19% 0.172 0.470 (0] 0.905
Spain 1.03 21% 0.179 0.379 0.049 0.805
France 1.24 20% 0.207 0.594 0.157 0.875
Italy 1.31 22% 0.236 0.617 0.214 0.860
Netherlands 1.28 21% 0.221 0.503 0 1.055
Poland 0.96 23% 0.179 0.337 (¢} 0.776
United Kingdom 1.31 20% 0.219 0.580 0 1.093

Diesel price projection for the 2020-2030 time frame is highly uncertain, mainly driven
by variations in crude oil price. To overcome this level of uncertainty, we consider
several scenarios for the diesel fuel price projection between 2020 and 2030.

Electricity prices and charging infrastructure

This section explains the modeling approach and the assumptions made for estimating
the final average levelized electricity prices for electric trucks in each considered EU
member state. The electricity price was estimated based on two components: the
electricity price charged by the utilities and the charging station infrastructure costs.

Electricity prices charged by utilities

The electricity prices were collected from the European Commission public database
(European Commission, 2020a). There are several bandwidths for nonresidential
electricity prices in each country depending on the annual consumption, ranging
between bandwidth IA (less than 20 MWh per year) to |G (more than 150,000 MWh
per year). The unit price of electricity varies quite significantly across the bandwidths.
For example, the difference in the EU average electricity prices between bandwidths
IB and ID—which is the range of bandwidths of interest in this study—is around 38%.
Although electricity prices for nonresidential users do vary during the day—mainly a
day tariff and a night tariff—the available official EU public database does not provide
such data. Table 10 shows the electricity prices for bandwidths IB and ID in each of the
seven countries: the energy and supply price, the network costs, VAT, and other taxes
and levies.
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Table 10. Electricity prices (€/kWh) for bandwidth IB and ID in each country 2020 prices

Taxes, fees,

Energy and levies, and VAT Total Total
Country Bandwidth supply charges (recoverable) (w/o VAT) (w VAT)
Germany 0.0455 0.0549 0.1389 0.0356 0.2037 0.2393
France B 0.0626 0.0424 0.0559 0.0263 0.1346 0.1609
United Kingdom B 0.0801 0.0416 0.0793 0.0321 0.1689 0.201
Italy B 0.0732 0.0252 0.1038 0.0325 0.1697 0.2022
Netherlands B 0.0536 0.0278 0.0735 0.0269 0.128 0.1549
Spain B 0.0524 0.0498 0.0768 0.0311 0.1479 0.179
Poland B 0.0571 0.0446 0.058 0.0298 0.1299 0.1597
EU average B 0.0571 0.0432 0.0821 0.0297 0.1527 0.1824
Germany ID 0.038 0.0338 0.1193 0.0283 0.1628 0.191
France ID 0.0509 0.0178 0.0305 0.016 0.0832 0.0992
United Kingdom ID 0.0656 0.0272 0.0773 0.0276 0.1425 0.1701
Italy ID 0.0671 0.0155 0.0628 0.0159 0.1295 0.1454
Netherlands ID 0.0474 0.0162 0.055 0.0206 0.098 0.1186
Spain ID 0.0475 0.0182 0.036 0.0176 0.0841 0.1017
Poland ID 0.051 0.0188 0.0488 0.0222 0.0964 0.1186
EU average ID 0.0493 0.0221 0.0595 0.0202 0.1107 0.1309

Like diesel fuel prices, projections for electricity prices during the 2020-2030 time
frame involve lots of uncertainties, and the reported values in the literature are highly
dispersed. Thus, several scenarios for electricity prices have been considered between
2020 and 2030, as will be highlighted in the results section.

Charging station infrastructure costs

The charging station infrastructure costs consist of capital expenditures (CAPEX) and
operating expenses (OPEX), where the charging station owner-operator recuperates
CAPEX and OPEX by charging an overhead fee on top of the electricity price, which
determines the final energy price for consumers. It is assumed that the stations are
owned by the private sector.

It is assumed that the truck leaves the depot with a fully charged battery, travels for a
maximum of 4.5 hours with a minimum of 45 minutes rest as mandated by European
regulations (European Commission, 2006), and reaches its destination, where it
charges overnight. It is also assumed that the midway charging is done at a commercial
fast charging station with 350-kW power capacity and charging at the destination is
done using 100-kW chargers. To reduce the truck’s total cost of energy on each daily
trip while always maintaining a minimum 15% battery charge, it is determined that 20%
of the total electricity needed for each day should be charged at the commercial 350-
kW fast charging station and the rest at the destination’s overnight charging station.

To estimate the charging station CAPEX, it is assumed that the charging stations will
be accommodated in existing depots and vestibules that do not incur any construction
or renovation costs, and thus only chargers’ hardware and installation costs are
considered in this study. Chargers’ hardware and installation costs in 2020 and 2030
were adopted from recent data published in the Alternative Fuels Infrastructure
Regulation (AFIR) announced on July 2021 (European Commission, 2021b). The
350-kW charger’s unit cost decreases from 230,000 EUR in 2020 to 164,836 EUR in
2030. The annual charging station OPEX—which includes rent, maintenance, network
and operation, customer support, and business licenses—are estimated at 1.2% of the
charging station CAPEX, according to an AFIR impact assessment study (European
Commission, 2021b). As for the overnight charging station, the unit cost of 100-kW

16 ICCT WHITE PAPER | TOTAL COST OF OWNERSHIP FOR TRACTOR-TRAILERS IN EUROPE



chargers was estimated to decrease from 67,501 EUR in 2020 to 48,888 EUR in 2030.
It is assumed that each station is equipped with 10 chargers with a 95% availability, that
is, 5% of the time the charger will be out of service due to repairs and maintenance and
the CAPEX are multiplied by the chargers’ availability ratio (1.05 in this case).

The overhead charge is calculated by adding the net present value of CAPEX and
OPEX divided by the total electricity consumption during the full-service life of the
charging station. The total electricity consumption of the charging station is dependent
on its chargers’ utilization ratio during the day. The latter is defined as the average
daily total electricity consumption over the maximum charging capacity of the station
(24 hours at maximum charging power). Therefore, the higher the utilization ratio is,
the lower are the overhead costs for a constant CAPEX. For this study it is assumed
that the utilization ratio for fast chargers is 1% in 2020, increasing to 16% in 2030.
These values were assumed to be 33% for the 100-kW depot chargers in both 2020
and 2030. Also, it was assumed that the utilization ratio follows a logarithmic growth
function, with higher growth rates in the first few years that taper off with time. The
chargers’ efficiency is assumed to be 95% for both the fast 350-kW and the depot
100-kW chargers.

To estimate the charging station overhead fee, a 15-year service life was assumed for
each station and the total CAPEX—with an internal rate of return of 9.5%—and OPEX
during those 15 years were divided by the total electric energy throughput.

The overhead fees and the detailed analytical approach used to estimate those fees are
presented in Table 11 and Table 12 for the fast and overnight charging stations, respectively.
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Table 11. Capital and operational cost of an overnight charging station

Fast charging station

CAPEX

B I S B S B S

A Number of chargers

B Charging power (kW) 350 350 —

C Hardware costs per unit (EUR) 170,000 116,455 —

D Installation costs per unit (EUR) 60,000 48,381 —

E Chargers’ availability 95% 95% —

F Station power capacity (kW) 3,500 3,500 B x A

G Hardware costs total (EUR) 1,700,000 1,164,550 CxA

H Installation costs total (EUR) 600,000 483,810 D x A

| CAPEX (EUR) 2,415,000 1,730,778 (G+H)x(1+1-E)

J CAPEX per charger (EUR) 241,500 173,078 /A
o= |

K OPEX share of CAPEX 1.2% 1.2% =

L OPEX (EUR/year) 28,980 20,769 1 x K

M Utilization ratio 1% 16.04% =

N Number of weeks in use 52 52 =

O Number of days per week in use 6 6 —

P Charger’s efficiency 95% 95% —

Q Internal rate of return 9.5% 9.5% =

R Station service life (years) 5} 15 —

S Annual electricity consumption (MWh) 276 4,425 Fx(MxNxO x24) /(P x1000)

T Corresponding bandwidth 1B 1D function (S)

U OPEX overhead (EUR/kWh) 0.1050 0.0047 L / (S x1000)

\ CAPEX annual loan payments (EUR) 308,501 221,096 IxQx 1+ QR/[(+ QR-1]

W CAPEX overhead (EUR/kWh) 11183 0.0500 V /(S x 1000)

X Overheads (EUR/kWh) 1.2233 0.0547 U+Ww
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Table 12. Capital and operational cost of an overnight charging station

Overnight charging station

CAPEX

B S ™ S I S

A Number of chargers

B Charging power (kW) 100 100 —

C Hardware costs per unit (EUR) 49,063 33,823 —

D Installation costs per unit (EUR) 18,438 15,065 —

E Chargers’ availability 95% 95% —

F Station power capacity (kW) 1,000 1,000 B x A

G Hardware costs total (EUR) 490,630 338,230 CxA

H Installation costs total (EUR) 184,380 150,650 D x A

1 CAPEX (EUR) 708,761 513,324 (G+H)x(1+1-E)

y CAPEX per charger (EUR) 70,876 51,852 1/ A
o= |

K OPEX share of CAPEX 1.2% 1.2% =

L OPEX (EUR/year) 8,505 6,160 1 x K

M Utilization ratio 33% 33% =

N Number of weeks in use 52 52 =

O Number of days per week in use 6 6 —

P Charger’s efficiency 95% 95% —

Q Internal rate of return 9.5% 9.5% =

R Station service life (years) 5} 15 —

S Annual electricity consumption (MWh) 2,627 2,627 Fx(MxNxOx24)/ (P x1000)

T Corresponding bandwidth ID 1D function (S)

U OPEX overhead (EUR/kWh) 0.0032 0.0023 L / (S x1000)

\ CAPEX annual loan payments (EUR) 90,540 65,574 IxQx 0+ QR/[(O+ QR-1]

W CAPEX overhead (EUR/kWh) 0.0345 0.023 V /(S x 1000)

X Overheads (EUR/kWh) 0.0377 0.0273 U+Ww

Finally, the levelized electricity prices, including energy tariffs, network costs, taxes,
and infrastructure (overhead charges), are presented in Figure 7. The overhead charges
presented in this chart are average charges between the fast 350-kW and depot 100-
kW charging stations, where the former was assumed to supply 20% of the total truck
daily energy needs and the rest is supplied by the depot 100-kW charging station.
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Figure 7. Summary of electricity prices components charged by charging stations operators
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RESULTS AND DISCUSSION
KEY FINDINGS

In this section, the TCO of the BETs and diesel trucks across the considered countries is
compared without any policy interventions to properly compare the technology costs
from a first-ownership perspective, even though some policy interventions are already
in place in some EU member states, as will be discussed in the Analysis of Policy
Measures section.

Two scenarios are considered in this section:

1. A baseline scenario where the diesel fuel and electricity prices for each member
state are fixed between 2020 and 2030, considering 2020 prices.

2. A scenario where the diesel fuel and electricity prices vary during the
2020-2030 time frame.

Baseline scenario: Fixed diesel fuel and electricity prices between 2020

and 2030

Figure 8 shows the net present value of BETs versus diesel trucks for different model
years between 2020 and 2030 considering fixed diesel fuel and electricity prices

in the 2020-2030 time frame. Data points above the diesel truck TCO line—which
represents the TCO parity line in this case—correspond to model years where BETs
are more expensive than their diesel counterparts. Across all countries considered

in this study, the TCO of BETs decreases between 2020 and 2030, driven by the
decrease in the truck purchase price due to battery cost reduction, and by the
reduction in the truck operating costs due to truck efficiency improvement resulting
in lower energy costs. In addition, the reduction in the electricity overhead charges
related to the charging infrastructure also contribute to the reduction in the TCO

of BETs. Diesel trucks witness a stable TCO between 2020 and 2030 with a slight
reduction due to efficiency improvement resulting in lower operating costs, although
the purchase cost of diesel trucks slightly increases between 2020 and 2030 as
discussed in the Vehicle purchase section.
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Figure 8. TCO of BETs and diesel trucks (NPV) as a function of year of purchase, from the
first ownership perspective (5 years) considering fixed diesel fuel and electricity prices for the
2020-2030 time frame
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Table 13 shows the year in which TCO parity between the two trucks is achieved for

each of the countries considered in the study. BETs achieve TCO parity with their diesel
counterparts during this decade in all the countries considered in this study, though with
differences in the TCO parity year. The Netherlands will be the first country where TCO
parity between BETs and diesel trucks will be achieved in 2024 without introducing any
policy measures or incentives. Germany and Italy have the longest time frame across all
seven countries considered, with TCO parity achieved in 2029 and 2028, respectively.
BETs operating in other countries can achieve TCO parity around the middle of the
decade. More detailed insights regarding the differences in BETs’ TCO parity time among
the considered countries is presented in the Country-specific analysis section.

Table 13. The year in which TCO parity is achieved between BETs and diesel trucks without any policy intervention

United
Germany 1 £1)" Netherlands Poland Kingdom
I — ] X Lz
Country | AR

No incentives 2025 2029 2028 2024 2027 2027 2026

Variable diesel fuel and electricity prices between 2020 and 2030

The baseline scenario analysis conducted in the previous section considers fixed diesel
fuel and electricity prices in the 2020-2030 time frame. In this section, diesel fuel and
electricity prices are considered to vary at an annual rate ranging between -3% and
3%, highlighting their impact on the TCO parity between BETs and diesel trucks. This
range is inspired by current diesel fuel prices projection for the 2020-2030 time frame
as they estimate a 2.5% to 3% annual increase in crude oil prices as reported by EIA
(2020) and Deloitte (2020) respectively.

As shown in Figure 9, the variations in diesel fuel and electricity prices have a significant
impact on the year BETs achieve TCO parity with diesel trucks. In the case of France,

for fixed electricity prices (0% electricity prices annual increase), the TCO parity time
between the two truck types could range from 2024 to 2028, depending on the annual
evolution of diesel fuel, assessed from 3% to -3% change per year. On the other hand, for
fixed diesel fuel prices in the case of France (0% diesel fuel prices annual increase), TCO
parity time ranges between 2025 and 2027 if electricity prices annual increase ranges
between -3% and 3%. It is worth mentioning that a 3% annual increase in electricity prices
is rather an extreme estimate, which is unlikely to happen, yet the analysis still provides
important insights on TCO parity year sensitivity to such extreme scenarios.

The TCO parity time sensitivity to diesel fuel and electricity prices variation is different
for each country; however, TCO parity time is more sensitive to variation in the diesel
fuel prices across all countries. This is clear from the slopes of the contour lines in
Figure 9 as they are more inclined toward the electricity prices axes, implying less
sensitivity to electricity prices. This can be explained by the fact that diesel trucks
consume more energy per km when compared to BETs, making diesel trucks’ TCO and
the BETs’ TCO parity time highly sensitive to diesel fuel prices.

In addition, for countries like the Netherlands and France, any combination of electricity
and diesel fuel prices variation would still result in a TCO parity during this decade. Other
countries may witness a delayed TCO parity time beyond this decade if some extreme
and unlikely-to-happen scenarios are considered, such as a 3% annual increase in
electricity prices accompanied with a 3% annual reduction in diesel fuel prices.

Even though energy price estimations involve a very high level of uncertainty, there

are some estimates for the evolution of diesel fuel and electricity prices over the next
decade. As mentioned earlier, current diesel fuel prices esimates for the 2020-2030
time frame report a 2.5% to 3% annual increase. As for electricity prices projections, the
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European Commission expects stable electricity prices for the 2020-2030 time frame,
as reported in the POTENCIA Central Scenario study (Mantzos et al., 2019). Under these
current estimates, BETs will achieve TCO parity 2 years earlier in most of the countries
considered in this study—as early as 2023 for the Netherlands and 2024 for France—in
comparison to the baseline scenario of fixed electricity and diesel fuel prices.

In most electricity and diesel fuel prices projection scenarios, BETs would still achieve
TCO parity with their diesel counterparts but with a significant variation in the TCO
parity year. This stresses the importance of establishing fiscal policies to subsidize
electricity prices in the future or of imposing taxes on diesel fuel prices, which is
discussed in the upcoming sections.
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Figure 9. BETs and diesel trucks TCO parity under variable diesel fuel and electricity prices
projection for the 2020-2030 time frame
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ANALYSIS OF POLICY MEASURES

In this section the impacts of various policy measures that can be implemented to
incentivize the transition to electric trucks are analyzed. For this purpose, the following
list of policy measures were considered:

» Purchase premiums for electric trucks

» Exemption or reduction of road tolls for electric trucks

» Addition of CO, external cost to road tolls

» Inclusion of transport sector in the EU Emissions Trading System (ETS)

» Fiscal incentives for electricity prices

» Infrastructure incentives for electric trucks

» Policy package or the combination of the first four policy measures presented
above, which are discussed later in the Country-specific analysis section

Purchase premiums

Public authorities often incentivize the adoption of alternative vehicle technologies by
offering purchase premiums. The purchase incentives considered in the analysis are
shown in Table 14.

Table 14. Summary of purchase incentives in the countries studied

oy | e | owe

80% of cost difference to diesel truck

Germany capped at €450,000 (BAG, 2021)
Spain €15,000 (IDAE, 2020)

(Ministére de ’'Economie, des
AR SERIRY Finances et de la Relance, 2020)
Italy €20,000 (MIT, 2019)

Netherlands

set at 40% of the price difference between
the BET price (with no incentive) and the

(Ministerie van Algemene Zaken,
2019)

diesel truck price

30% of the price difference of BET (with
no incentive) and diesel truck limited to
€45,000 maximum

Poland (Ministerstwo Aktywow
Panstwowych, 2019)
(Department for Transport,
2020)

aThe grant covers 20% of the purchase price, up to a maximum of £16,000 available only for the first 250
orders placed. A maximum grant rate of £6,000 will apply when that limit is exceeded (1 GBP =1.16 EUR).

United Kingdom €7,000°

Table 15 shows the effect of the purchase premiums on the year of TCO parity between
the two truck types. Purchase premiums are applied only to electric trucks, deducting a
fixed amount from their purchase price. We assume that the currently applied purchase
premiums stay in place for the entire 2020-2030 time frame, though one could expect
a gradual decrease in these premiums until they are entirely phased out. For Germany,
the generous purchase premiums offered result in a 7-year reduction of the time frame
to achieve TCO parity. France and the Netherlands also offer high purchase premiums
resulting in a 2-year reduction in the TCO parity time between both truck types. The
purchase incentives offered in the United Kingdom are not large enough to change the
time frame to TCO parity. For Poland, Spain, and Italy, this reduction is 1 year.
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Table 15. The impact of purchase premiums on the year TCO parity is achieved between BETs and diesel trucks

United
Germany 1 1) Netherlands Poland Kingdom
I E— | Lz
Country | S

TCO parity without

. . 2025 2029 2028 2024 2027 2027 2026
incentives

TCO parity with

N 2023 2022 2027 2022 2026 2026 2026
purchase premiums

Exemption or reduction in road tolls

Germany exempts zero emission heavy-duty vehicles (ZE-HDVs) from road tolls. For
other countries, we evaluated a 75% reduction in the road toll, in line with the adopted
revision of the Eurovignette Directive. Table 16 shows how exempting or reducing road
toll charges for BETs can substantially shorten the time frame for achieving TCO parity
between electric and diesel trucks for most countries. The United Kingdom is the only
exception since it does not impose distance-based road tolls and only has a small
time-based road charge (vignette). Germany has the highest shift (5 years), followed by
Italy, Spain, and France with 4 years. The reduction in time frame to reach TCO parity is
2 years for the Netherlands and 1 year for Poland.

Table 16. The impact of VKT road tolls reduction on the year TCO parity is achieved between BETs and diesel trucks (75%
exemption for all countries, except for Germany at 100%)

United
Germany Netherlands Poland Kingdom
- . Lz
Country | AR
LSO 7 B e 2025 2029 2028 2024 2027 2027 2026
incentives
S EEr 7 ein el 2021 2024 2024 2022 2026 2023 2026
reduction
Road toll reduction 75% 100% 75% 75% 75% 75% 75%

Addition of CO, external cost to road tolls

The Eurovignette Directive, which sets the regulatory framework at the EU level to
charge heavy goods vehicles for the use of infrastructures, was recently amended

to make progress in the application of the “polluter pays” and “user pays” principles.
To account for the externalities due to CO, emissions, a reference road charge of 8
EUR cents/km is set for heavy goods vehicle with laden mass over 32 tonnes—like

the tractor-trailer segment analyzed in this study—and O cents/km for zero-emission
vehicles. The directive would also allow member states to apply higher external cost
charges for CO, emissions, limited to twice the reference values, which is 16 EUR cents/
km for trucks heavier than 32 tonnes (European Council, 2021). We assume that this
policy is applied to T00% of the diesel truck VKT. This section investigates the impacts
of implementing such policy.

As shown in Table 17, among the seven countries considered in this study, the addition
of CO, external cost to road tolls at the reference value of 8 EUR cents/km results in a
maximum of 3 years reduction in the time frame to reach TCO parity between electric
and diesel trucks for Germany, Italy, Spain, Poland, and the United Kingdom and 2
years reductions for the Netherlands and France.
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Table 17. The impact of adding CO, external cost to road tolls on the year TCO parity is achieved between BETs and diesel trucks

United
Germany Netherlands Poland Kingdom
X L
— [
Country | S
LSO e HRT T T 2025 2029 2028 2024 2027 2027 2026
incentives
TCO parity CO, charge
b B e 2023 2026 2025 2022 2024 2024 2023
LS9 L5750, ChEIEr) 2022 2023 2022 2021 2022 2022 2022

of 16 EUR cents/km

A CO, charge of 16 EUR cents/km would lead to even greater changes in the year of
TCO parity, helping BETs achieving TCO parity with their diesel counterparts as early as
2021-2023 for all countries considered in this analysis.

Although the absolute TCO reduction in Euros is the same for all countries under
this policy intervention, how soon the TCO parity year is reached for BETs varies
significantly from country to country. Country-specific cost components drive these
different TCO gaps between BETs and diesel trucks.

ETS for transport

To accelerate the reduction of CO, emissions across Europe, the European Commission
proposed—as part of the Fit for 55 packages—extending the European ETS to include
transport and buildings. Emissions trading for the buildings and road transport
sectors would be introduced through a separate but adjacent emissions trading
system (European Commission, 2021b). Currently, Germany is the only EU member
state to implement a carbon pricing system for transport as of 2021, adopting its fuel
emissions trade law first proposed in 2019 (BMU, 2021). In 2021, the price is fixed at
€25/tonne of CO, equivalent, which will increase to €55/tonne CO,_by 2025. By 2026,
a price corridor between €55 and €65/tonne CO,, is to be implemented. Beyond
2026, a market price will be considered with the possibility of implementing a price
corridor, which is to be decided in 2025 (Wettengel, 2021). Figure 10 shows the ETS
for transport carbon prices implemented in Germany. Beyond 2026, we assume fixed
prices at €65/tonne CO,_.
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Figure 10. National transport carbon prices implemented in Germany (Wettengel, 2021)

In our modeling, due to the early stages of the regulatory process for setting the
separate ETS for transport and buildings, we assumed that other EU member states
considered in this study will impose carbon prices similar to Germany. The results
presented below are only intended to illustrate the impact of the policy measure on
TCO parity between BETs and diesel trucks. Extending the ETS to transport reduces
the time span to reach TCO parity by 1 year for most of the considered countries in this
study as shown in Table 18.

Table 18. The impact of ETS for transport on the year TCO parity is achieved between BETs and diesel trucks

United
France Germany Italy Netherlands Poland Spain Kingdom
X L
— [ s
Country I | I AR

TCO parity without

) : 2025 2029 2028 2024 2027 2027 2026
incentives

LI [l 7 L L 2024 2028 2026 2023 2026 2025 2025
transport

Fiscal incentives for electricity prices

Nonrecoverable levies and surcharges are a significant component of the electricity
prices in the considered EU countries, representing 19%-55% of the total electricity
price, depending on the country. Currently, Germany records the highest share

at 55%, whereas France records the lowest share at 19%. The EU average share of
nonrecoverable levies and surcharges is around 27%. Those nonrecoverable levies
and surcharges may include energy taxes, carbon taxes, climate-energy levies, and
renewable energy surcharges (i.e., charges collected to promote renewable electricity
production). Due to their significant contribution to the total electricity prices, and with
the purpose of understanding the sensitivity of TCO parity to fiscal incentives for the
use of renewable electricity in BET charging, this section examines the TCO impact of
reducing those levies and surcharges by 50% of current values. This is intended as a
sensitivity analysis only. The results are summarized in Table 19.
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Table 19. The impact of reducing electricity nonrecoverable levies and surcharges by 50% on the year TCO parity is achieved
between BETs and diesel trucks

United
Germany 1 £1)" Netherlands Poland Kingdom
| | - -
Country |

TCO parity without

A o 2025 2029 2028 2024 2027 2027 2026
incentives

Reduction in electricity
levies and surcharges

2025 2026 2026 2023 2026 2026 2024
BETs operating in Germany benefit the most from this policy intervention as the TCO

parity time is reduced by 3 years, from 2029 down to 2026. BETs operating in the

United Kingdom realize a 2-year reduction in their TCO parity time relative to diesel

trucks, while BETs operating in other countries realize a 1-year reduction only, if any. In

France, such levies and surcharges are not very high, and thus this policy intervention

has a negligible impact on TCO parity time of BETs relative to diesel trucks.

Infrastructure incentives for electric trucks

Acknowledging that infrastructure will play a vital role in any successful transition to
zero emission vehicles, several European nations are developing policy measures as
part of their government programs to incentivize the timely deployment of charging
infrastructure. These infrastructure policies and programs are summarized in Table 20
(Xie & Rodriguez, 2021). France, Germany, Poland, and Spain all provide infrastructure
incentives for zero emission HDVs, whereas Italy, the Netherlands, and the United
Kingdom don’t offer any incentives. It is important to mention that in the case of
Germany, the incentives are only offered for public chargers or chargers that are
directly associated to certain trucks. In this case, German infrastructure incentives

will not apply to the DC fast charging stations. We assume that the currently applied
infrastructure incentives stay in place for the entire 2020-2030 time frame, though one
could expect a gradual decrease in these premiums until they are entirely phased out.

Table 20. Summary of infrastructure incentives in the countries studied

Germany 80% of the expenditures for public chargers

Spain 40% of the total chargers’ costs up to €100,000
France €960,000 for public and private chargers

Italy None

Netherlands None

Poland 50% of the total cost of construction up to $40,200
United Kingdom None

We recall the assumption that the overnight charging station supplies 80% of the
truck’s daily energy needs, while the DC fast charging station supplies the remaining
20%. Based on this assumption, we assume that 80% of the infrastructure incentives
will be dedicated to the overnight charging station and the rest to the DC fast
charging station. Infrastructure incentives will impact the electricity overhead
charges in the considered countries and thus reduce the total energy costs of the
BETs. Figure 11 shows the electricity overhead charges in each country after applying
the country-specific infrastructure incentives. The average overhead charges curve
is derived based on the average infrastructure incentives in the four countries that
do provide such incentives. This is intended to be used as possible infrastructure
incentives for countries that do not realize any incentives so far, including Italy,

the Netherlands, and the United Kingdom. The figure shows the overhead charges
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between 2021 and 2030, excluding the 2020 numbers for figure scale issues. BETs
operating in France benefit the most reduction in overhead charges thanks to the
very generous infrastructure incentives offered in France, followed by Germany.
Poland and Spain offer low incentives. For the United Kingdom, the Netherlands,
and lItaly, average overhead charges are considered, which represent the average
infrastructure incentives of France, Germany, Poland, and Spain.
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Figure 11. Electricity overhead charges with and without infrastructure incentives

Table 21 shows the impact of infrastructure incentives on the TCO parity year between
BETs and diesel trucks. These incentives do not seem to have a significant impact on
the TCO parity year in the countries of interest. This is mainly driven by the low share
of overhead charges out of the total electricity prices, especially after 2021-2022 when
the utilization ratios of charging stations increase. Although some countries do offer
very generous infrastructure incentives, the share of overhead charges in the TCO of
BETs is not significant enough to push the TCO parity year. Such incentives would still
be very important for charging stations operators to justify their commercial viability.

Table 21. The impact of infrastructure incentives on the year TCO parity is achieved between BETs and diesel trucks

United
France Germany Italy Netherlands Poland Spain Kingdom
— [ s
Country I | I

TCO parity without
incentives

2025 2029 2028 2024 2027 2027 2026

TCO parity infrastructure

o - 2025 2029 2028 2024 2027 2027 2025
incentives

Currently adopted policy measures

This section examines the actual TCO of BETs that operate today in the studied
countries, considering the currently adopted policy measures. Out of the presented
policy measures, only the following currently applies:

» Purchase premiums: applies for all countries

» Infrastructure incentives: applies for Germany, France, Spain, and Poland

» Exemption or reduction in road tolls: applies for Germany

» ETS for transport: applies for Germany
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Table 22 shows the BETs and diesel trucks TCO parity year under the currently
adopted policy measures. BETs operating in Germany, France, and the Netherlands
achieve immediate TCO parity with their diesel counterparts in 2021-2022. In the case
of Germany, initially TCO parity is achieved in 2029 without any policy measures.
However, the current generous purchase premiums offered in Germany, accompanied
by the exemption of BETs from road tolls and the implementation of the ETS for
transport, all make BETs operating in Germany the earliest to reach TCO parity among
all other countries. BETs operating in other countries still manage to reach TCO parity
by mid-decade.

Table 22. BETs and diesel trucks TCO parity year under the currently adopted policies

United
Germany 1 £1)Y Netherlands Kingdom
X L
|
Country | I AR

TCO parity without

A o 2025 2029 2028 2024 2027 2027 2026
incentives

TCO parity with adopted

policies 2022 2021 2027 2022 2025 2026 2026

COUNTRY-SPECIFIC ANALYSIS

In this section, country-specific analysis is conducted for each of the seven countries
considered in this study. Figure 12 shows the TCO parity year for each country for
different policy intervention scenarios.
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Figure 12. Summary of TCO parity time for BETs in several EU countries and under different
policy intervention scenarios from the first-ownership perspective

In addition, Figure 13 shows the TCO breakdown for both BETs and diesel trucks for the
following cases of interest:

1. Truck model year 2021.

2. Truck model year when TCO parity is achieved without any policy intervention.

3. Truck model year when TCO parity is achieved under a policy package that
combines all measures.

4. Truck model year when TCO parity is achieved under currently adopted policy

interventions.

32 ICCT WHITE PAPER

| TOTAL COST OF OWNERSHIP FOR TRACTOR-TRAILERS IN EUROPE



Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

France

0 100 200 300 400 500 600 700
Cost (Thousand Euros)

Italy

0] 100 200 300 400 500 600 700
Cost (Thousand Euros)

Poland

0 100 200 300 400 500 600 700
Cost (Thousand Euros)

United Kingdom

o] 100 200 300 400 500 600 700
Cost (Thousand Euros)

Parity year
under all policy
interventions

Parity year
with no policy
intervention

Parity year
under current
policies

2021 - no
policy
intervention

Parity year
under all policy
interventions

Parity year
with no policy
intervention

Parity year
under current
policies

2021 - no
policy
intervention

Parity year
under all policy
interventions

Parity year
with no policy
intervention

Parity year
under current
policies

2021 - no
policy
intervention

Parity year
under all policy
interventions

Parity year
with no policy
intervention

Parity year
under current
policies

2021 - no
policy
intervention

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Diesel
BET

Germany

0 100 200 300 400 500 600 700
Cost (Thousand Euros)

Netherlands

I
|
|
1 —
|
1
1
|
|
o] 100 200 300 400 500 600 700
Cost (Thousand Euros)
Spain
|
| ]
&
|
|
(o] 100 200 300 400 500 600 700

Cost (Thousand Euros)

B Truck net cost
B Fuel/Electricity cost
B Maintenance
Road tolls
M Registration and ownership taxes
M ETS for transport
W CO, road tolls

Figure 13. Country-specific TCO breakdown under the following cases: (1) truck model year 2021
with no policy intervention, (2) truck model year when TCO parity is achieved under current
policy intervention, (3) truck model year when TCO parity is achieved with no policy intervention,
and (4) truck model year when TCO parity is achieved with the full policy package applied
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Without implementing any policy intervention, TCO parity time for BETs relative to
their diesel counterparts varies significantly among the different countries considered
in this study. BETs operating in the Netherlands achieve the earliest TCO parity time
by 2024 because the electricity costs in the Netherlands are among the lowest in

the EU, while the diesel fuel prices are the highest among all countries considered in
this study. This is reflected in the high fuel cost difference between BETs and diesel
trucks in the Netherlands, as shown in Figure 13. Similarly, electricity prices in France
are among the lowest, helping BETs achieving an early TCO parity time with diesel
trucks. On the contrary, Germany, Italy, and Poland witness the most delayed TCO
parity time for BETs, achieving it only in the second half of the decade. The very high
electricity costs in Germany, driven by the high imposed charges and levies, delay the
TCO parity time despite a significant reduction in the BET TCO gap relative to diesel
trucks during the first half of the decade. As for Italy, the high electricity costs also
delay the TCO parity time of BETs, but in this case, they are mainly driven by high
electric energy and supply costs. The delayed TCO parity time of BETs operating

in Poland is mainly related to the low diesel prices in Poland, the lowest among all
considered EU countries in this study, which makes it difficult for BETs to become
cost competitive with their diesel counterparts.

As discussed earlier, policy measures in favor of electric trucks help BETs achieve TCO
parity earlier. As presented earlier in Figure 12, exempting BETs from road tolls and
implementing a CO, charge in the road toll of at least 8 EUR cents/km seem to be the
most effective policy interventions as they reduce the TCO parity time by 3-4 years
across all countries considered in this study. Offering purchase premiums also results in
a 1- to 2-year reduction in TCO parity time, depending on the premiums amount offered
in each country, except for Germany, where we witness a 7-year reduction thanks to the
very generous purchase premiums offered there. A policy package combining several
demand policy interventions results in an immediate TCO parity time for BETs across all
countries considered in this study.
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SENSITIVITY ANALYSIS
COST IMPACT OF CHARGING IN 350-KW STATIONS

One underlying assumption in this study is that a battery is sized to meet only 500 km
out of the 660 km daily driving range, while the use of a 350-kW charger on the route
would provide the energy needs for a truck remaining within the daily range. In this
section, we examine a case where the truck battery is sized to meet the entire 660 km
daily driving range without using a 350-kW fast charging station.

Table 23 shows the required truck battery size with and without the use of a 350-kW
charger. The battery size is significantly increased, reaching 1,235 kWh for model
years 2020, a 30% increase from the 930-kWh battery required if the 350-kW
charger is used. For 2030 model years, the battery size should also increase from 675
kWh to 900 kWh. This results in a significant increase in the vehicle retail price. In
addition, with the increase in battery size and weight, the BET energy consumption
would increase, which is also reported in Table 23. On the other hand, charging the
truck solely at 100-kW depot overnight charging stations without using the 350-kW
charger reduces the charging prices; mainly the overheads are reduced because of
the expensive fast charger acquisition and installation costs. It is important to mention
that the impact of using the 350-kW charger on electricity costs is not fully captured
as we assume flat rates per kWh for electricity transmission and distribution costs. In
fact, these costs, sometimes referred to as demand charges, are highly sensitive to the
charging station power demand. Because of lack of data and the complexity of the EU
electricity market, this issue was ignored.

Table 23. Truck battery size requirements and energy consumption with and without the use of
the DCFC 350 kW

Model year With DCFC Without DCFC

2020 930 kWh 1,235 kWh
Battery size

2030 675 kWh 900 kWh

2020 1.38 kWh/km 1.4 KWh/km
Energy consumption

2030 0.99 kWh/km 1.05 kWh/km

Table 24 shows the BET TCO parity year with and without the use of the 350-kW
charger. In most of the countries considered in this study, BET TCO parity time
witnesses a 2- to 3-year delay when the 350-kW charger is not used.

Table 24. BET TCO parity year with and without the use of the DCFC 350 kW

United
Germany Italy Netherlands Poland Kingdom
I E— | e ] L
Country | AR

TCO parity with DC fast
charging

TCO parity without DC
fast charging

2025 2029 2028 2024 2027 2027 2026

2028 > 2030 2030 2026 2029 2029 2028

To explain this behavior, Figure 14 shows the truck net and fuel costs for model
years 2021 and 2030 with and without the use of the 350-kW charger. For brevity,
the figure only presents the case of Germany and the Netherlands, as these are the
countries with the earliest and latest BET TCO parity time. For model years 2021, the
use of the 350-kW charger will result in a lower TCO over a 5-year analysis period,
driven by the significant vehicle retail price increase for larger battery sizes. In
addition, although the electricity prices are reduced due to reduction in overhead
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charges related to the DC fast charging (DCFC) installation and acquisition costs, the
increase in energy consumption balances the reduction in electricity prices, making
both scenarios comparable in terms of total electricity costs. For truck model year
2030, the TCO in both cases is comparable, with a slight advantage for the case of
using the DCFC station.

Germany B Truck net cost M Fuel Netherlands
with with
DCFC DCFC
2030 2030
without without
DCFC DCFC
with with
DCFC DCFC
2021 2021
without without
DCFC DCFC
0] 200 400 600 0 200 400 600
Cost (Thousand Euros) Cost (Thousand Euros)

Figure 14. Truck net cost and fuel cost for model years 2021 and 2030 in Germany and
Netherlands: impact of DCFC 350 kW

IMPACT OF DAILY DRIVING RANGE AND ANNUAL MILEAGE

One underlying assumption in this study is to size the battery to meet a 500-km daily
driving range, with an additional 160 km worth of energy to be charged at the DCFC
station, resulting in a 660 km total daily driving range per truck. Trucks operating
within the borders of small countries, such as the Netherlands, might not witness such
a high daily driving range. For this reason, this section analyzes the impact of reducing
the daily truck driving range on the TCO parity time between BETs and diesel trucks. In
addition to the 660 km daily driving range baseline scenario, two additional scenarios
are explored: 560 km and 460 km daily driving ranges where the DCFC station would
still provide 160 km worth of energy along the truck route. Thus, the battery is sized to
provide 400 km and 300 km driving range for scenarios 1 and 2, respectively. This will
result in a reduced battery size and reduced truck energy consumption, as shown in
Table 25. In addition, we assume that the annual VKT will also decrease in line with the
daily driving range reduction. A 15% reduction in annual VKT is considered in scenario 1
and 30% for scenario 2, in line with the daily driving range reduction for both cases.

Table 25. Truck battery size requirements and energy consumption under different daily driving
range scenarios

Baseline scenario Scenario 1 Scenario 2
Parameter Model year (660 km) (560 km) (460 km)

2020 930 kWh 740 kWh 550 kWh
Battery size

2030 675 kWh 550 kWh 410 kWh

2020 1.38 kWh/km 1.37 kWh/km 1.365 kWh/km
Energy consumption

2030 0.99 kWh/km 0.985 kWh/km 0.98 kWh/km

Table 26 shows the BET TCO parity year under the three considered daily driving range
scenarios. In general, the impact is not very significant on the TCO parity year, as BETs
operating in most countries will achieve TCO parity a year earlier under scenario 2.
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Table 26. BET TCO parity year under different daily driving range scenarios

United
Germany Italy Netherlands Poland Kingdom
X L
— [
Country | I AR
L) (L7 RO 2025 2029 2028 2024 2027 2027 2026
(660 km)
TCO parity scenario 1 2025 2029 2028 2024 2027 2026 2026
(560 km)
TCO parity scenario 2 2025 2028 2027 2023 2026 2025 2025
(460 km)
To better illustrate this behavior, Figure 15 shows the truck net cost and fuel net cost
of BETs versus diesel trucks under different driving range scenarios for 2021 and 2030
model years. With lower daily driving ranges, the truck cost difference between BETs
and diesel trucks decreases due to the smaller batteries required. On the other hand,
with lower driving ranges, the truck annual VKT decreases the fuel cost advantage for
BETs over diesel trucks, as can be seen more clearly in the Netherlands case. These two
opposing behaviors result in a slight variation in the TCO parity year.
Germany MW Truck net cost M Fuel Netherlands
Scenario 2 Scenario 2
(460 km) (460 km)
Scenario 1 Scenario 1
(560 km) 2030 (560 km) 2030
Baseline Baseline
(660 km) (660 km)
Scenario 2 Scenario 2
(460 km) (460 km)
Scenario 1 2021 Scenario 1 2021
(560 km) (560 km)
Baseline Baseline
(660 km) (660 km)
-100 (¢} 100 200 -100 O 200 200
Cost (Thousand Euros) Cost (Thousand Euros)

Figure 15. Truck net cost and fuel cost difference for model years 2021 and 2030 in Germany and
the Netherlands: impact of daily driving range
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CONCLUSIONS AND POLICY RECOMMENDATIONS

Battery-electric trucks (BETs) have gained significant momentum over the past few
years, as manufacturers undergo the needed transition to achieve the European
Commission’s goals of carbon neutrality by 2050. However, BETs are still subject
to many uncertainties regarding their total cost of ownership (TCO) and cost-
effectiveness when compared to their diesel counterparts, especially in long-haul
applications. This study evaluated the TCO of long-haul BETs from a first-user
perspective, that is, the first 5 years of ownership, in seven European countries,
including Germany, France, Spain, Italy, Poland, the Netherlands, and the United
Kingdom. We arrive at the following key findings:

» Battery electric long-haul trucks are already at TCO parity with diesel trucks in
some European nations. BETs operating in Germany, France, and the Netherlands
are already at TCO parity with diesel trucks (2021-2022 TCO parity year) thanks
to the currently adopted policy measures in those countries such as purchase
premiums and waiving road tolls for BETs in the case of Germany.

» Battery electric long-haul trucks will reach TCO parity during this decade in
all countries considered even without any policy intervention. The continuous
improvement in battery cost and energy density will help BETs to achieve a lower
TCO in comparison to diesel trucks during this decade. In addition, improvement in
the truck energy efficiency reduces the energy costs and the required battery size,
narrowing the TCO gap further.

» There is a significant difference in the TCO parity time among the countries
analyzed. The different electricity and diesel prices in each country, as well as the
different taxes, fees, and charges that each country imposes, especially road-use
charges, result in differing TCO parity times. For example, in the absence of any
active policy support, BETs operating in the Netherlands can achieve TCO parity
with diesel trucks as early as 2024, while BETs operating in Germany will not
achieve parity until 2029.

» Taxes, levies, and surcharges on electricity production and transmission have
a substantial impact on the TCO parity between BETs and diesel trucks. The
structure of the electricity tariffs differ among the different considered European
countries. Nonrecoverable levies and surcharges, excluding VAT, substantially
increase the electricity cost, such as in Germany, ltaly, and the United Kingdom. This
cost component in the electricity tariff structure presents challenges for BETs in
achieving TCO parity with their diesel counterparts.

» The low diesel prices in some European countries delay the year that BETs reach
TCO parity with diesel trucks. Diesel fuel prices in Poland and Spain are the lowest
among the countries considered in this study. This reduces the fuel cost advantage
of BETs and delays the year they reach TCO parity with diesel trucks. On the
contrary, countries like the Netherlands that impose high taxes on diesel fuel prices
incur the highest diesel prices, which leads to BETs achieving TCO parity with diesel
trucks before mid-decade.

The study also investigated several policy interventions that could accelerate attaining
TCO parity between BETs and diesel trucks. The analysis leads to the following findings
and policy recommendations:

» Implement the Eurovignette Directive into national law as soon as possible. In-
line with the agreed Eurovignette Directive, a 75% exemption is considered in this
study (except for Germany where the current 100% exemption is considered). The
resulting reduction in the TCO parity time is significant as BETs can reach TCO
parity with diesel trucks 3 to 4 years earlier among all the considered countries,
except for the United Kingdom, which doesn’t impose such charges.
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The agreed CO, charge of between 8 and 16 EUR cents/km as part of the revision to
the Eurovignette Directive is an effective measure to better capture the externalities
of diesel trucks, increasing their operating costs. Since BETs have no tailpipe CO,
emissions, they are exempted from such charges. This narrows the TCO gap and
leads to a TCO parity year in the first half of the decade for all countries considered.

» Extend the European Emissions Trading Systems (ETS) to include transport. The
Fit for 55 package suggests including transport and buildings into the European
ETS. Germany is the only member state considered in this study to impose carbon
pricing for transport increasing from €25/tonne of CO, equivalent in 2021 to €55/
tonne of CO,_ by 2025. This results in a 1-year reduction in TCO parity time between
BETs and diesel trucks. To have a considerable impact on the deployment of zero-
emission HDV technologies, higher carbon pricing must be imposed, and more
member states are encouraged to implement similar ETS for transport.

» Implement fiscal incentives for use of renewable electricity used for BET
charging. Taxes, levies, and surcharges contribute significantly to total electricity
prices. Partially waiving the nonrecoverable electricity levies and surcharges has
a substantial impact on the time TCO parity of BETs is achieved. For example, a
50% waiver on those levies and surcharges would reduce BET TCO parity time with
diesel trucks by 3 years, achieving TCO parity before the middle of the decade
across all countries considered. BETs operating in Germany benefit the most
from this policy intervention, and their TCO parity time is reduced by 3 years. The
revision of the Energy Taxation Directive should support the business case for zero-
emission trucks, in particular, by allowing member states to apply tax discounts for
the renewable electricity used for charging trucks.

» Purchase premiums for trucks should be limited to incentivize the purchase of
zero-emission trucks in the near term and exclude all combustion-powered trucks.
Purchase incentives are a powerful policy tool to help close the TCO gap between
diesel and BETs. Currently, the countries analyzed offer purchase premiums ranging
from 7,000 EUR in the United Kingdom to 450,000 EUR in Germany. Increasing
the premiums up to the German level can help BETs achieve immediate TCO parity.
Given that subsidies are not fiscally sustainable in the long term, they must be
limited in duration and scope.

To finance programs offering purchase incentives for ZE-HDVs in the long term,
fiscally sustainable alternatives must be considered. A malus component in
zero-emission HDV subsidy schemes helps manage the fiscal sustainability of
long-term subsidy programs, while disincentivizing vehicles and activities that
emit greenhouse gases and/or air pollutants.

Subsidies can be designed as a function of the cost difference between a zero-
emission truck and an internal combustion engine equivalent, as is already done
in the Netherlands, Germany, and Poland. This would entail lowering the subsidy
amount as battery prices continue to reduce. Furthermore, the incentives can
include provisions adding eligibility criteria such as electric range and energy
consumption, which can help differentiate performance of vehicles and allocate
subsidies more effectively.
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