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How does battery production affect the
CO2 emissions during the life cycle of electric
vehicles?
Electric vehicles are becoming increasingly important in the future of transport. The Paris Climate
Agreements and the Dutch implementation of the climate agreement have led to a substantially greater
demand for zero emission vehicles. Battery-electric vehicles have seen a strong development over the past
ten years. The weight of the batteries in the vehicles is now twice as light per unit of load and they can store
more energy than ten years ago. Ten years ago, the costs were about three times higher and the lifespan
three to ten times shorter. This development will continue in the coming years because much research is
underway into the further development of batteries. Recent tests were carried out with a new type of
battery with 75% less weight and the same energy content (Kesseler, 2020).
In the road transport sector, there are several electric delivery vans as well as some trucks for sale and in use
(CBS, 2020). Series production of electric trucks is expected by 2025 (see also box below), which means that
the number of electric trucks on the road will increase. There are also plans for battery-electric barges with
batteries placed in a container on (small) container vessels.
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Batteries in road freight transport
At the moment, the number of electric trucks in the Dutch fleet is still limited. On 1 January 2020, there
were a total of 193 electric lorries, mainly box trucks, and 20 lorries. For urban distribution there are various
models on the market with a range of 200 - 300 kilometres, which are expected to be in series production in
the coming years. For heavy transport (40t) these are mainly converted models with a very limited range
(100-200 km) for this type of class. Most heavy-duty trucks will run 500-800 kilometres per day, which
means that the usability of trucks with a range of 100 km is very limited. Tesla is testing some prototypes
with an 800-km range and claims to have several thousand pre-orders. However, production has been
postponed until 2021. (Volvo, sd) (Tesla, 2020) (Lambert, 2020).
New developments in the field of battery storage and electric power trains have changed costs. A study
carried out by EVConsult and ZEnMo for the Port of Rotterdam Authority calculated that the gradual
replacement of part of the fleet by electric trucks always to be used for their optimal range will soon be
economically viable. At the moment, the additional costs of batteries are still very high, but these
additional costs are expected to lower soon. The power train also needs to be redesigned to take full
advantage of the potential weight benefits of the electric power train (which may be up to 3.5 tonnes).
(Ruud van Sloten, 2019). A BET with a range exceeding 900 km is expected to become profitable within
12 years (Ruud van Sloten, 2019). In (ELaadNL, 2019) three scenarios predict that the TCO for trucks in
urban logistics will become attractive between 2023 and 2026. The number of trucks in urban logistics
is estimated at 30,000 out of a total of 143,000 trucks registered. (ELaadNL, 2019).
Also Transport & Environment (Transport & Environment, 2017) have come to the conclusion that, in
the long term, heavy goods vehicles in the EU are technically feasible and will have both economical and
environmental appeal.
An important aspect of batteries of electric vehicles is their weight. The high weight of the battery could
reduce the weight of the loads trucks can take. However, EU regulations stipulate that zero-emission lorries
may be 1-2 tonnes heavier than conventional lorries (European Commission, 2019). In the near future, 40
tonne 400-km range trucks will have 700 kWh batteries weighing approximately 3.5 tonnes. As a starting
point we take it that the weight is the same as a battery in a state-of-the-art car, namely 5 kg/kWh
(Hoekstra, 2020). Many regular trucks are currently being converted to electric trucks. The fuel engine is
replaced but the power train will remain unchanged. In a completely new electric truck, the electric motor
will be positioned between the axles and a new power train will be placed. When positioned between the
wheels, the power train could be 2.7 tonnes lighter (Frans Verbruggen, 2018). It is expected that the weight
of batteries will decrease in the coming years and in combination with EU regulations this could mean that
a truck with an 800-km range will lose little or no transport capacity.
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1.1 Introduction li-ion batteries
The most commonly used battery at the moment in freight transport (on the road) is the Lithium-ion (Li-ion)
battery. This mainly applies to road transport. For the other modalities, the application of other types of
batteries is being considered, but this is not well-known.
The use of Li-ion batteries in transport is a relatively young development and actually only started around
the turn of the century. As outlined in the introduction, batteries are developing rapidly. At the same time,
there is a public debate about the impact of the production of a battery on the total CO2 emissions in the
entire chain. In this section, we will outline the developments and translate them into the impact they may
have now and in the future on freight transport and CO2 emission.
Not much is yet known about the impact of battery production on CO2 emissions from freight vehicles, but
much can be deduced from the knowledge available on CO2 emissions from battery production for electric
passenger cars. The main criteria to determine the CO2 impact for freight vehicles are the following:
•

The largest share of the footprint of battery production is the production of battery cells. These cells are
similar for heavy and light transport, but the number of cells in a battery pack varies. The emissions per
kWh of battery production are therefore comparable for trucks and passenger cars.

•

The specific emissions depend on the composition of the battery used. A 2012 study by Chalmers
University used LFP batteries in (hybrid) trucks. In recent years, the use of NCA or NCM batteries are
becoming popular because they are lighter. All three are Li-ion batteries with different compositions
resulting in different emissions. In (Han Hao, 2017) it is calculated that emissions from the production of
a 28 kWh battery are higher for an LFP battery than for an NCM battery (Marcos Inzunza Soriano, 2012).

•

A truck makes more intensive use of its battery than a passenger car. While a truck will use the battery
range on a daily basis, this is usually not the case for passenger cars. Compared to running on diesel,
each charge cycle means saving of fuel and CO2 emissions and costs. As a result, the ecological and
financial payback time for truck batteries which have many charging cycles, is shorter than for passenger
cars.

•

The battery packs in trucks and all components in trucks are larger than in a passenger car. Building and
testing prototypes is therefore relatively expensive. In addition, the market for truck batteries is smaller.
The overhead costs of truck battery production are therefore expected to be higher than for passenger
cars. However, this is not expected to have a major effect on the CO2 emissions of battery production
because the cells are no different from those of smaller vehicles such as passenger cars.

In the following subsections, the CO2 emissions of production and battery life are discussed in order to make
statements about the impact per tonne-kilometre.

Source Claus Ableiter - Wikipedia
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1.2 CO2 emissions battery production
On 7 May 2018, the European Commission presented its agenda for safe, clean, and connected mobility
(Europese Commissie, 2018). Part of the agenda was a strategic action plan for battery development and
production. In order to implement this action plan, a study was carried out within the Ecodesign Directive
focusing on emissions from batteries. The study specifically looked at BEV trucks. The study arrives at a value
of 114 kg CO2-eq. per kWh battery capacity (see Table 1). (Europese Commissie, 2019) (Vito/Energyville,
Viegand Maagoe, 2019).
In addition, studies were carried out in recent years, mostly focused on the production of lightweight
cars such as passenger cars (Emilsson, 2019), (Han Hao, 2017), (Transport & Environment, 2020). The CO2
emissions for battery production in this study vary from 61-106 kg CO2-eq./kWh (Emilsson, 2019), 96-109 kg
CO2-eq./kWh (Han Hao, 2017) and 86 kg CO2-eq./kWh (Transport & Environment, 2020) see also Table 1. We
noted that these studies are guided by the theoretical approach and they explicitly point out the lack of data
from practice. In (Hoekstra, 2020) is called a value of 75 kg CO2-eq./kWh. Recently, Tesla released an impact
report on the so-called Giga Factories of Tesla, the largest production facility of electric cars in the world. The
impact report shows that battery production produced 87 kg CO2-eq./kWh in 2017 and 77 kgCO2-eq./kWh in
2019 (Tesla, 2020).
All studies indicate that emissions from battery production depend heavily on the following factors:
•

The energy mix applied: the use of renewable energy will significantly reduce emissions.

•

The location: production in China emerges as the most polluting. Production in the U.S. or Europe
produces about 50% less emission due to less CO2 intensive electricity production.

•

The plant: conditions and methods of operation in plants vary and scaling up leads to strong emission
reductions.

CO2 emission from battery production vary from source to source. An overview of the values is shown in
Table 1.

Table 1
CO2-eq.-emissions
from Li-ion battery
production from
various sources

Emission of battery production
(kg CO2-eq./kWh)
Emilsson, 2019

61-106

Han Hao, 2017

96-109

Hoekstra, 2019

75

Transport & Environment, 2020

86

Vito/Energyville, Viegand Maagoe, 2019

114

Tesla, 2020

87 (2017)
77 (2019)

Recently, Transport & Environment presented a tool to compare lifetime emissions of a BEV passenger car to
those of a diesel or petrol car (Transport & Environment, 2020). The background information that comes with
the tool shows that electricity mixes during production at different locations (Sweden, Poland, and China)
have been taken into account and that many studies present conservative values. In Table 83 it can be seen
that the value used by Transport & Environment is approximately an average of the other sources combined.
It also falls within the range of Tesla's impact report.
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1.3 Battery life
To determine the CO2 emissions per kilometre or tonne-kilometre, the battery life plays an important role,
since the total CO2 emissions are divided by the number of (tonne)-kilometres during the battery life cycle.
A distinction is to be made between 'calendar aging' and 'capacity fade' with regard to the service life of a
battery. Calendar aging means that the battery reaches the end of its service life due to its age and not
having been (fully) used. Capacity fade means that the battery reaches the end of its service life due to the
number of times it has been fully charged, i.e. the number of times it has been through the full cycle of
charging and discharging. This is best explained by the example in the box below (Battery University, 2019).

Difference in battery life based on range
Let us suppose that BEV car A with a range of 500 km and a BEV car B with a range of 250 km both run
250,000 km until they reach the end of the life of the car. This means the following:
• The battery in car A has 250,000 / 500 = 500 full cycles of charging and discharging
• The battery in car B has 250,000 / 250 = 1,000 full cycles of charging and discharging
This means that after 250,000 km, the battery of car A has a relatively lower loss of battery capacity than
the battery of car B. Having more battery capacity therefore extends the battery life.
This does not mean that a battery with a larger capacity will always last longer. In batteries that are used
less, calendar aging becomes the norm and the battery will deteriorate and reach the end of its life due to
aging without having used its full capacity.

If batteries are always fully charged this will accelerate the capacity fade process. More and smaller charges
and recharges up to the amount of kWh required for a certain ride will extend the life of the product.
Ultra-fast charges shorten the battery life, especially when the battery is cold. Charging and using a cold
battery reduces the capacity and will shorten the life span. The ideal temperature of batteries is room
temperature.
Lithium batteries in cars often only lasted 500 cycles in the past. Battery packs in newly sold cars are
currently expected to last 1,500-3,000 cycles before 20% of the capacity is lost and this will increase to
5,000-10,000 cycles in 2030 (Hoekstra, 2019). This means that more kilometres can be covered on one
battery. For the current situation, we assume that the batteries last 1,500 cycles and that for freight
vehicles calendar aging is less important than capacity fading, due to the intensive use of the battery.

1.4 Comparison of conventional and electric road transport vehicles
In this section, we analyse the effect of CO2 emissions released during battery production on the total
lifecycle emissions of electric vehicles. We make a comparison with conventional vehicles. We will compare
two electric vans, a truck and a truck trailer based on existing/announced electric models:
•

the Renault Kangoo (35 kWh);

•

the Toyota PROACE Electric (75 kWh);

•

the DAF LF Electric (235 kWh);

•

the Tesla Semi (1.000 kWh).

The same values have been used for the lifespan of battery electric vans and trucks as for conventional vans,
trucks, and truck trailers. For the emissions per kWh, we will take the value of 86 kg CO2-eq./kWh as used in
the recent study by Transport & Environment(Transport & Environment, 2020). An overview of the
assumptions per vehicle can be found at Table 2.
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Table 2
Categories of electric
road transport

Small van

Large van

Truck

Truck trailer

DAF LF Electric

Tesla Semi Truck

(empty weight 1,6 ton) (emtpy weight 2,2 ton)
Assumptions CO2 emissions
battery production
Type

Renault Kangoo

Toyota PROACE

On the market

On the market

Electric Innovation Truck
Phase
Application

On the market Under development

City logistics

City logistics

City logistics

Long distance

Maximum freight load (tonne)

0,74

1,3

12

23

Average freight load per trip (tonne)

0,11

0,2

5,8

11,6

35

75

235

1000

Battery pack capacity (tonne)
Battery range (km)
Theoretical end of battery life (cycles)

Max 170

Max 330

Max 235

Max 800

1.500 (2018)

1.500 (2018)

1.500 (2018)

1.500 (2018)

5.000 (2030)

5.000 (2030)

5.000 (2030)

5.000 (2030)

700.000

900.000

Vehicle life span (km)

250.000

Number of batteries in vehicle life

1 (2018)

1 (2018)

2 (2018)

1 (2018)

1 (2030)

1 (2030)

1 (2030)

1 (2030)

Production-emissions per kWh battery

86 (2018)

86 (2018)

86 (2018)

86 (2018)

capacity (kg CO2-eq./kWh)

60 (2030)

60 (2030)

60 (2030)

60 (2030)

Productie-emissies per tkm

108 (2018)

48 (2018)

10 (2018)

8,2 (2018)

22,5 (2030)

10 (2030)

2,1 (2030)

1,7 (2030)

Electricity consumption (kWh/km)

0,22

0,40

1,3

1,6

Energy consumption diesel reference

0,64

0,86

2,8

3,4

Assumptions WTW-emissions

(kWh diesel/ km)
Emissions per kWh electricity during		
vehicle lifetime (year of built 2018 and		

82 (max 137) (2018)
14 (max 27) (2030)

2030) (g CO2/kWh)

For the determination of all chain emissions, the following values (based on Mobitool 2016) are kept the
same for conventional and electric vehicles:
•

production and disposal vehicle;

•

vehicle maintenance;

•

infrastructure.

For electric vehicles, the emissions of battery production were then added.
The fuel consumption figures of the diesel reference vehicles are based on (Mobitool 2016) and the energy
consumption of the electric vehicles has been derived assuming electric/diesel energy consumption ratios
of 35% for the small van and 47% for the other vehicles. The ratios are based on a review of several sources
comparing electric and diesel vehicles (see STREAM 2020 report). The WTW CO2 emission have been
calculated from the energy consumption figures by applying an average electricity emission factor of
82 grams CO2-eq./MJ for the average Dutch electricity mix over the lifespan of the vehicle (and for the
maximum variation 137 g CO2-eq/ MJ assuming no improvement on the 2018 electricity mix). For diesel
it is assumed that 5% extra biodiesel will be added to the diesel blend during the life of the vehicle
(no extra blending in the maximum variation).
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In addition to the CO2 emissions for the year 2018, an analysis was also made of the emissions based on
electricity and battery production emissions for the year 2030, based on CO2 emissions for electricity of
13.7 CO2-eq./MJ for the average Dutch electricity mix over the lifespan of the vehicle from 2030 on
(and 27.4 g CO2-eq./MJ for the maximum variation). The production emissions of the battery are assumed
to decrease to 60 kg/kWh and the number of cycles of a battery has increased to 5,000. For diesel, it is
assumed that the vehicles will be 30% more efficient than the current vehicles by 2030 and that there will
be 5% more biodiesel in the fuel mix.
In Figure 1-4 the life cycle CO2 emissions are shown for the vehicles from table 2 compared to conventional
vehicles. The figures show clearly that an electric vehicle from 2018 will cause a reduction in CO2 emission
per tonne-kilometre, a reduction in the range of 33-44% during its lifespan (at least 15-23% with no
improvement in electricity mix). In 2030, the reduction will be much higher as the electricity mix improves.
The CO2 reduction for 2030 is estimated at 40-70% compared to conventional vehicles over the lifetime.
It can be concluded that the additional emissions from battery production do not outweigh the emission
reduction during use. This leaves a clear net CO2 reduction which, as batteries improve, the production
process becomes more efficient and electricity emissions decrease, will increase towards 2030.
Figure 1
Chain emissions of
conventional and small
electric delivery vans in
2018 and 2030

Chain emissions small delivery van

Mobitool Delivery van
Delivery van 33 kWh 2018
Mobitool Delivery van - 2030
Delivery van 33 kWh 2030

gram CO2eq/tkm
Infrastructure
Battery production
TTW
WTT max.
Figure 2
Chain emissions of
conventional and large
electric delivery vans in
2018 and 2030

Production and disposal vehicle
Vehicle maintenance
WTT average

Chain emissions large delivery van

Mobitool Delivery van
Delivery van 75 kWh 2018
Mobitool Delivery van - 2030
Delivery van 75 kWh 2030

gram CO2eq/tkm
Infrastructure
Battery production
TTW
WTT max.
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Production and disposal vehicle
Vehicle maintenance
WTT average
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Figure 3
Chain emissions
conventional and
heavy trucks
in 2018 and 2030

Chain emissions heavy truck 16-32t GVW

Truck diesel - 2018
E-Truck 235 kWh - 2018
Truck diesel - 2030
E-Truck 235 kWh - 2030

gram CO2eq/tkm
Infrastructure
Battery production
TTW
WTT max.

Figure 4
Chain emissions
conventional and
electric truck-trailers
in 2018 and 2030

Production and disposal vehicle
Vehicle maintenance
WTT average

Chain emissions truck-trailer 37t GVW

Truck-trailer diesel - 2018
E-Truck-trailer 1.000 kWh - 2018
Truck-trailer diesel - 2030
E-Truck-trailer 1.000 kWh - 2030

gram CO2eq/tkm
Infrastructure
Battery production
TTW
WTT max.

11

Production and disposal vehicle
Vehicle maintenance
WTT average

1 Based on the EU target for lorries to be 30% more fuel efficient by 2030. An equal reduction has been assumed for delivery vans.
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The above equation focuses on the effect of battery production on total emissions. The battery is
highlighted because it is expected to have the greatest impact. The comparison does not take into
account a reduction in CO2 emissions from vehicle production, maintenance, and infrastructure towards
2030. However, this reduction will be similar for diesel as for electric vehicles. For the electric vehicles,
any probably lower maintenance emissions and additional infrastructure emissions from charging
stations compared to diesel vehicles were not taken into account.
In the current calculations, the effect of prolonging service life is only included in battery production.
Extending the service life of the battery may extend the service life of the entire vehicle, which may lead
to lower emissions per tonne-kilometre.

Electrification inland navigation
It is not just truck manufacturers that focus on battery electric propulsion for the future. Barge operators
are also investigating the possibilities of battery electric propulsion. This year, Combined Cargo Terminals
(CCT) introduced the first fully electric barge. The vessel Alphenaar is used full-time for the transport of
Heineken bottled beer between Alphen aan den Rijn and Moerdijk. From Moerdijk the bottled beer is
transported to Rotterdam and Antwerp and from there on to the rest of the world. The vessel uses battery
packs, placed in containers that can easily be changed as a whole pack. The battery containers can be
rented and do not need to be purchased. (Nieuwsblad Transport, 2020) (AD, 2020) (Nedcargo, sd).
The Alphenaar uses two battery containers for its power. Together these containers supply 3,200 kWh,
sufficient for 50 - 100 kilometres. The battery pack weighs 20 - 22 tons. Compared to the 1,850 tonne
payload capacity (104TEU) of the Alphenaar, the weight of the battery pack is therefore about 1.1%. The
barge has a cargo capacity of 104 TEU, 2. (Modulair Energie Concept, 2019) (Concordia DAMEN, sd).
To illustrate the impact of the battery on the total life cycle CO2 emissions, we made an indicative analysis
of the CO2 impact of this vessel with year of build 2018 and 2030 as compared to a diesel vessel from 2018.
The Alphenaar is similar to the barge in Mobitool (Mobitool, 2016) with a loading capacity of 2,000 tonnes
and an average load (utilisation) of 1,030 tonnes. For the sake of comparison, we assumed the same
lifespan as for an inland barge in Mobitool, expressed in kilometres, i.e. 3,357,500 km (Messmer, 2016).
For the average cargo, the same value was used as in Mobitool, i.e. 1,030 tonnes. For modelling the
equation, we applied the same method as for road transport. A ratio of MJ electricity to MJ diesel
consumption of 54% has been applied to the diesel energy consumption from Mobitool. We used the
same values of CO2 emissions per kWh for battery and electricity production as for road transport in 2018
and 2030.
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Figure 5
Comparison of chain
emissions from
conventional and
electric inland vessels
in 2018 and 2030

Comparison traditional and electric barge

Mobitool barge
Alphenaar 2018 3,
200 kWh
Alphenaar 2030 3,
200 kWh

gram CO2eq/tkm
Infrastructure
Battery production
TTW
WTT max.

Production and disposal vessel
Vessel maintenance
WTT average

The emissions per tonne-kilometre for the Alphenaar 2018 are estimated at 28 g CO2-eq./tkm
(max 40 g/tkm) and for the Aphenaar 2030 at 11g CO2-eq./tkm (max 14 g/tkm). Compared to a
conventional inland vessel with an emission of 42 g CO2-eq./tkm, this is a reduction of 32% (at least 9%)
for the vessel built in 2018 and 66% for the vessel built in 2030. In 2018, battery production will have a
share in the total emissions of 10% and by 2030 this will already have been reduced to 6%. This decrease
is partly due to the fact that the lifespan of the battery pack will have increased by 2030. Clearly also a net
CO2 emission reduction is to be expected for the use of large batteries in inland shipping, a reduction that
is expected to increase towards the future.
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