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This thesis examines the electrification of heavy vehicle traffic in Lappeenranta and
evaluates how the city could support the transition. The study focuses on trucks, combination
trucks, local public transportation and school transportation. The research methods were
scenario analysis and theme interviews.

The scenario analysis estimated greenhouse gas (GHG) emission reduction in two pathways
for the year 2040. The current operational GHG emissions of the examined heavy vehicle
traffic were estimated to be approximately 66,500 tons CO»-equivalent. In the realistic
scenario, GHG emissions decreased by 21% and in the ambitious scenario, by 34%
compared to current situation. The largest absolute emission reduction potential was found
to be in truck traffic, due to their high mileage and emission intensity, but they were also the
hardest category to electrify. The highest relative reduction potential was found in local
public transport.

The interviews showed that the city’s main role in transition is enabling, especially through
public procurement, land-use planning, infrastructure readiness and stakeholder
coordination. The key recommendations are to use public procurement to create early
demand, support charging infrastructure through land-use planning and preparing a roadmap
based on the Sustainable Urban Logistics Plan (SULP) approach, and coordinate cooperation
between local actors.
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Tassd diplomityossé tarkastellaan raskaan litkenteen sédhkoistymistd Lappeenrannassa ja
arvioidaan, kuinka kaupunki voisi tukea téité siirtymad. Tutkimus keskittyy kuorma-autoihin,
yhdistelmdajoneuvoihin,  paikalliseen  joukkoliikenteeseen ja  koulukuljetuksiin.
Tutkimusmenetelmind kéytettiin skenaarioanalyysia ja teemahaastatteluja.

Skenaarioanalyysissa arvioitiin kasvihuonekaasupééstojen vihenemédd kahdella eri
sdahkoistymispolulla vuoteen 2040 mennessa. Tutkittavan raskaan litkenteen nykyisten
toiminnallisten kasvihuonekaasupdastdjen arvioitiin olevan noin 66 500 t CO»-
ekvivalenttia. Realistisessa skenaariossa padstovdhenema oli 21 % ja kunnianhimoisessa
skenaariossa 34 % nykyhetkeen verrattuna. Suurin absoluuttinen
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Keskeisimpid suosituksia olivat julkisten hankintojen hyddyntdminen varhaisen kysynnén
luomisessa, latausinfrastruktuurin tukeminen maankdyton suunnittelun avulla ja kestdavéin
kaupunkilogistiikan suunnitelman eli SULP-1dhestymistapaan pohjautuvan tiekartan
laatiminen seké yhteistyon koordinointi paikallisten toimijoiden kesken.



KIITOKSET

Tamin tyon valmistumisen myotd yksi elaminvaihe rakkaassa Skinnarilassa on jadamassa
taakse, ja uusi alkamassa. On aika jattdd hyvistit opiskeluvuosille ja ldhted tutkimaan mité

sen jélkeiset vuodet tuovat tullessaan, innolla ja jannityksella.

Kiitdn tyoni tarkastajia Villed ja Elisaa arvokkaasta tuesta ja tsempeistd ldpi tyon
kirjoittamisen. Haluan kiittdd my0s Petrid ja Ilkkaa, ettd sain tukenne tyoté kirjoittaessa ja
mahdollisuuden perehtyd mielenkiintoiseen aiheeseen. Kiitokset myds tydkavereilleni
avusta tyon kirjoittamisen aikana ja siitd, ettd olette tehneet jokaisesta tyOpdivéstd
hauskemman. Erityiskiitokset tydssd haastatelluille henkildille, ilman teidén aikaanne ja

arvokkaita nakemyksia ei tyOstd olisi tullut mitdin.

Noin kuusi vuotta sitten alkoi taipaleeni Lutissa, ja ndiden vuosien aikana olen saanut kokea
niin paljon enemmin kuin olisin uskonut tuoreena ylioppilaana kevéélld 2020. Vuosiin on
kuulunut niin iloja kuin suruja, haasteita kuin onnistumisiakin, jotka olen saanut jakaa
rakkaiden ystdvieni kanssa — toivottavasti pysytte eldiméssani vield pitkdéan. Kiitos teille ja
kiitos my0s rakkaalle killalle Pelletti ry:lle — tarjosit aina ldmpimén tunnelman, seuraa
korttipeleihin ja ystavéllisid kasvoja, ja jdrjestotoiminta on rikastuttanut elimédidni monin
tavoin. Kiitin my0s kumppaniani korvaamattomasta tuesta ja tsempistd tdman

loppurutistuksen aikana. En malta odottaa, mitd yhteinen tulevaisuutemme tuo tullessaan.

Espoossa, 2.6.2026

Eveliina Ali-Kippari



SYMBOLS AND ABBREVIATIONS

Roman characters

Etot total emissions [CO2-eq.]

i driving force category [diesel, electricity, biogas]
D total distance travelled [km]

S; share of driving force [%]

EF; emission factor for vehicle type [CO2-eq/km].
t ton

Abbreviations

AFIR Alternative Fuels Infrastructure Regulation
CVD Clean Vehicles Directive

ESR Effort Sharing Regulation

EV Electric Vehicle

GDP Gross Domestic Product

GHG Greenhouse Gas

HDV Heavy-Duty Vehicle

KAISU Keskipitkén aikavélin ilmastosuunnitelma
kW kilowatt

MCS Megawatt Charging System

SULP Sustainable Urban Logistics Plan

TCO Total Cost of Ownership

TEN-T Trans-European Transport Network

TMS Traffic Measurement System
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1 Introduction

Climate change is a global crisis, and human activities have caused the current global
warming, primarily through greenhouse gas emissions (IPCC 2023). The global average
temperature is one of the most widely used indicators for monitoring the progress of climate
change, and the Paris Agreement aims to limit global warming to 1.5 °C compared to pre-
industrial levels. The Agreement entered into force in 2016 and is a legally binding
international treaty, adopted by 195 parties to limit and reduce global greenhouse gas (GHG)
emissions to slow down climate change. (UNFCCC n.d.). In 2025, the average temperature
from January to August was 1.42 °C £+ 0.12°C above the pre-industrial temperature and 2025
is estimated to be the second or third warmest year, but cooler than the record-high year of
2024, when average temperature exceeded over 1.5 degrees above pre-industrial level

(WMO 2025).

It is urgent to take bigger leaps in reducing GHG emissions, and many countries and
international actors have set targets to be climate neutral by a certain year. European Union
has set the European Climate Law, which binds all member countries to contribute to the
target of being climate neutral by 2050. Climate neutrality means having zero net GHG
emissions by the set year and in the Climate Law, there are intermediate steps along the way,
as well as tracking of the progress of the member countries. (European Commission n.d.).
Some of the European Union member states have set more ambitious targets for their climate
goals. Finland has set a climate law in 2022 to regulate the country’s emissions. Finland
must be carbon neutral by 2035 and by 2050 the GHG emissions must decrease 90%
compared to 1990. (Ilmastolaki 10.6.2022/423).

Ministry of Environment provides annual climate reports to describe the development of
emissions and sufficiency of the planned measures to reduce them to meet national targets
and EU’s obligations. In 2023, road transport accounted for 35% of the GHG emissions of
the effort sharing sector, making it the biggest individual emission source of the sector.
Effort sharing sector excludes domestic aviation, emission trading and land use, land use
change and forestry (LULUCF). (Ministry of the Environment 2025). In Finland, road
transport GHG emissions are distributed between passenger cars, trucks, vans, buses and

motorcycles and mopeds. Passenger cars formed the largest share in 2023, accounting for
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about half of the emissions, while trucks and buses were responsible for approximately 40%
of the road transport emissions. Therefore, heavy vehicle traffic carries a significant
emission reduction potential in Finland. (Ministry of the Environment 2024). To decrease
the emissions from heavy vehicle traffic, transition to alternative energy sources is needed.
Electric vehicles generally have lower operational GHG emissions, as they produce no
tailpipe emissions during use, and the emissions from electricity production and distribution
are typically lower than those of fossil fuels. (Tuviala 2024). The origin of the electricity
plays a crucial role in the fuel emissions, but in Finland, the renewable’s share of electricity
production is growing every year, supporting transition to cleaner energy system (Motiva
2025). Medium-term climate plan KAISU (Keskipitkédn aikavélin ilmastosuunnitelma) sets
a target of 4,600 electric trucks and buses to be registered in 2030. Ministry of Employment
and the Economy prepared a regulation to switch the financial aid of renewable fuel’s
refueling and charging infrastructure to only heavy traffic’s refueling and charging stations,
instead of passenger cars. One of the biggest challenges in electrifying heavy vehicles
currently is truly the lack of charging stations and most of them are privately operated.

(Ministry of the Environment 2025).

Municipalities’ role in achieving the carbon neutrality targets is significant. Municipalities
as organizations emit about 10% of the GHG emissions in Finland and their ability to reduce
total emissions relies heavily on influencing on the companies and citizens. Municipalities
monitor, for example, land use planning, traffic systems, energy solutions and construction,
all of which have a big emission reduction potential. Collaboration with local actors like
universities and companies enables the development of these technologies through projects
and pilots. The decision-making process for these operations is faster and more flexible
compared to national administration, and municipalities profit from the results directly,

encouraging them to take actions. (Hiilineutraali Suomi 2019).

Lappeenranta is a city in the South-Eastern Finland with a population of a little over 70,000
(Lappeenranta 2024). The city of Lappeenranta aims to be carbon neutral by 2030 and reduce
its GHG emissions by 80% by the same year from 1990 levels. Lappeenranta has been
actively involved in climate work for many years, participating in many programs,
commitments and networks and gotten a lot of recognition from it. (Lappeenranta 2025a).
The city has utilized a tool called Kestidvyysvahti (Sustainability watch) to track the progress

of the set sustainability actions in climate, circular economy and biodiversity. One of the
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main topics is traffic system, which is the biggest GHG emission source in Lappeenranta,

accounting for about 35%. (Lappeenranta 2025b).

The aim of this thesis is to evaluate the current stage of the electrification of heavy road
traffic in Finland and Europe and to assess different scenarios for the heavy traffic
electrification in Lappeenranta, considering GHG emission reductions. The thesis will also
assess possible ways the city as an organization could assist and boost the electrification
process. The heavy traffic in this thesis focuses on heavy road vehicles such as lighter and
heavier trucks and buses but excludes, for example, heavy work machinery. The need for
this work arises from the pressure to take bolder actions towards carbon neutrality and
emission reductions, as these targets are hard to reach by continuing only with current

measures. (SYKE 2025). Thesis aims to answer the following questions:

1. How would the different electrification scenarios affect the GHG emissions of heavy

vehicle traffic in Lappeenranta?

2. How can the city of Lappeenranta promote and accelerate the system transition to

electrified heavy vehicle traffic?

The second chapter describes the current state of heavy traffic in Finland and Europe and
examines the stage of its electrification. The third chapter explains the methods used in this
thesis, which are scenario analysis and interviews. On fourth chapter, the different scenarios
are presented, and their emission reduction potentials are evaluated. The interview results
are assessed and analyzed to point out key factors in the system transition to evaluate the
most important possibilities and barriers. Based on scenario analysis and interview results,
recommendations are made to the city of Lappeenranta, on how the city could support the
transition to electrification of heavy vehicle traffic. Finally, the conclusions present the

answers to the research questions and evaluate the application of this thesis.
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2 Background

This chapter covers the background of this thesis’ main subjects: the current state and GHG
emissions of heavy vehicle traffic, the stages of electrification, related technologies and
development projects around the subject, and the role of municipalities in reducing GHG

emissions during the climate transition.

2.1 Heavy vehicle traffic and GHG emissions

Heavy vehicle traffic is an important part of economy by enabling trade, imports, exports
and ensuring the security of supply. Heavy vehicles are needed in many parts of logistics
chains, for example in transport from ports to distribution centers and stores. Many daily and
important services are carried out by heavy vehicles like public transport and waste

management. (Acea 2025a).

Globally, trucks and buses are responsible for over 35% of the direct CO, emissions from
road transport (IEA 2025a). The amount of goods transported by road has been increasing
steadily and is expected to grow in upcoming years, which will also increase heavy vehicle
traffic. Heavy vehicles represent only about 9% of the total vehicle fleet but account for
much larger share of GHG emissions. Trucks and other large vehicles consume more fuel
due to their greater mass and lower overall efficiency, resulting in about 5% of all global

fossil fuel derived CO; emissions. (IDTechEx 2019).

Fuels affect the emissions coming from driving through their chemical composition and
combustion process. Traditional fossil fuels like gasoline and diesel produce tailpipe
emissions such as carbon dioxide (COz), nitrogen oxides (NOx), carbon monoxide (CO) and
particulate matter in the combustion process. Typically, diesel engines produce more
particulate matter and NOx but less CO; than gasoline engines, due to higher combustion
temperatures. While the lifecycle emissions of a vehicle with combustion engine mainly
come from driving, electric vehicles don’t produce tailpipe emissions during driving.
Electric vehicles’ total emissions are formed from manufacturing and the production of the
electricity used for driving, which can vary significantly by how the electricity is generated.

(IERE 2025a).
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The truck market is currently heavily dominated by diesel trucks, and the electric vehicles
accounted for less than one percent in 2023. The current popularity of diesel trucks comes
from the continuous development of fuel and cost-efficiency, and modern diesel vehicles are
equipped with number of different technologies to reduce emissions. So far it seems that no
other fuel has been able to compete with the technological advantages of diesel at a
competitive price. Transitions of this size, shifting to alternative fuels, take time and

investments to match the needs. The distribution of truck fuel types in European Union and
their shares in 2023 are shown in Figure 1. The figure shows the shares of new registers in
each fuel category in 2023, with diesel dominating with approximately 95% of the new

registers. The overall fleet is likely to be even more strongly dominated by diesel. (Acea
2023).

Electric; 1,509

=
¢

= Diesel = Alternative fuels (CNG, LNG, LPG, etc.)

Hybrid; 0,10%

\\

® Petrol; 0,04%

# Diesel; 96%

4

Electric = Hybrid = Petrol

Figure 1. Newly registered trucks and their fuel types in European Union in 2023. (Acea
2023).

Diesel vehicles have been dominating the vehicle fleet for a long time, but there have been
dramatic changes in efficiency and emissions in last few decades. Modern engines and
emission control technologies allow cleaner combustion, improved fuel efficiency and lower
particulate emissions and today’s diesel trucks can emit even 98% less particulate matter
emissions and use 25% less fuel compared to earlier generations’ trucks. (OEM Off-

Highway 2017). Biodiesel and renewable diesel have also emerged as alternatives to fossil
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fats. They tend to reduce carbon emissions, but however, their effects on particulate matter
Heavy-duty vehicle GHG emissions have increased mainly due to growth in freight transport
in last decades. The emissions from heavy vehicle traffic have risen about 29% between
1990 and 2022 in the European Union, total emissions being approximately 210 MtCO;-eq
Risen emissions have put pressure on decision making, and CO; emission performance
standards for new heavy vehicles have since been tightened by EU. This and other relevant
emissions standards are aiming to achieve EU-27 fleet-wide emission reduction of 90% by

diesel. They can be derived from renewable raw materials such as vegetable oils and animal
and other emissions can vary depending on the feedstock and blend. (SC Fuels 2025).
in 2022. The emission development of heavy vehicle transport is shown in Figure 2 below.

2040 from 1990 level. (European Environment Agency 2024).
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Figure 2. Heavy duty vehicles” GHG emission development in 1990 — 2022 (European
Environment Agency 2024).
2.1.1 Europe
The European climate law and Fit for 55 package combines policies to help reduce overall

European Union level to transition towards low-emission traffic. For heavy-duty vehicles,
there are new, tighter emission reduction targets with 45% reduction by 2030 from 1990.

greenhouse gases by at least 55% by 2030 compared to 1990, and binds countries on
For urban transport buses the goal is to have zero emissions by 2035. (European Council
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2024). As part of the package, Alternative Fuels Infrastructure Regulation (AFIR) also came
into force in 2024, replacing the earlier directive on alternative fuels. AFIR sets distance-
based strict requirements for the placement of charging and hydrogen refueling stations for
heavy vehicles along the Europe-wide Trans-European Transport Network (TEN-T). These
cover the most important and biggest routes, but AFIR will affect extended TEN-T routes
and junction points between cities by 2030. The mandating is that along the TEN-T routes,
electric trucks can charge with the minimum power of 350 kW every 60 kilometers, and

every 100 kilometers on the wider TEN-T network by 2030. (European Commission 2026a).

As of November 2025, there were 937 charging locations for heavy-duty vehicles in Europe,
of which 313 already have at least one charging port of 350 kW power or higher, meeting
the AFIR-requirement. Currently, Germany is leading in the number of charging locations
by wide margin, but Netherlands, Norway and Sweden are also standing out. The statistics
show that the conditions for heavy vehicle electrification are getting better, especially in the
northern half of Europe. (EAFO 2025) The five countries with most heavy-duty vehicle
charging locations in Europe are shown in Figure 3, where also Finland has been added for
comparison. The clean transition to electrification is especially strong in countries like
Norway, where there are abundant resources of renewable, low-cost electricity to support
the rapid needs for larger scale of charging infrastructure (Statista 2024). Although the
charging point network has widely spread across the Europe, only a limited share of are
suitable for heavy traffic is present both in Europe and Finland (Westerheide 2025). Despite
the clear targets, the current development speed of the charging infrastructure can’t support
arapid electrification of heavy vehicles and might form even a bigger bottleneck in the future

(Acea 2021).
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Figure 3. The number of charging locations applicable to heavy-duty vehicles in Finland
compared with the five European countries that have the most heavy-duty vehicle charging

locations. (adapted from EAFO 2025)

The adoption of electric heavy vehicles to the fleet has been quite slow, partly due to the still
limited charging infrastructure, but the number of electric trucks and buses has grown
steadily in the last few years. Out of all of Europe’s fleet of trucks and buses, about 0.1% of
trucks were electric and about 3% of buses were electric in 2023. In numbers, this means
roughly 6,000 electric trucks and 20,000 electric buses. (Acea 2025b) Higher investment
costs and lacking charging infrastructure have kept the development modest, but especially
in some of the Nordic and Western Europe countries, the pace of bus electrification has been
more rapid. Most of the buses are used in urban transport and charged in depots, so they are
not as reliant on charging network and expand quicker. (Yutong 2025). In Nordic countries,
Norway is leading both in electric passenger cars and heavier vehicles (light and heavy
trucks, buses). In Norway, about 41% of newly registered heavy vehicles were electric. The
comparison of electrification on heavy vehicles between the Nordic countries (Norway,
Denmark, Sweden and Finland) is displayed in Table 1 (Hirvonen 2025). The increasing
share of electric vehicles in Nordics has also engaged countries in cooperation to enable and

harmonize efficient charging at the borders (Norden 2026).
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Table 1. Share of heavy electric vehicles in total and 2025 registrations in Nordic countries

(Hirvonen 2025).

Country Total Amount of % of vehicles % of Electric
Light Trucks, Trucks | are electric vehicles of 2025
and Buses registrations

Norway 596,000 7 % 41 %

Sweden 734,000 5% 23 %

Denmark | 388,000 6% 31 %

Finland 341,000 2% 17 %

Overall, although the ambitious AFIR targets, the heavy vehicle charging network
development’s pace will not fulfill them with current measures. This directly reflects on the
fleet electrification, since many routes and using purposes will be dependent on the fast
charging on the road and depot charging won’t be enough or even possible for some.
Currently, there are also delays in the delivery of electric trucks on behalf of the
manufacturers, and production can’t keep up with the demand. Scaling up production
consists of many variables, but eventually the total cost of ownership will match the

conventional ones, making the electrification process more rapid. (IEA 2024).

2.1.2 Finland

Heavy vehicle road traffic plays a significant role in Finland, as 90% of goods transported
are carried by road, connecting the inland production, cargo flow and distribution. Roughly
a quarter of Finland’s GDP is linked to exports, and almost 80% of the goods are transported
to ports by heavy vehicles. Traffic carried out by trucks and heavy vehicle combinations
being this significant part of the economy and everyday actions, it also requires road

infrastructure and labor. (Huhta et. al. 2025).

The domestic traffic is the biggest GHG emission source of the effort sharing sector. In 2024,
road transport accounted for roughly 9.3 Mt of CO:z-eq. in Finland. Like the emissions of
heavy vehicles in EU, the emissions of overall domestic traffic have steadily risen from 1990
up until 2007, whereupon the emissions have started to decrease and have dropped by 3.5
Mt CO»z-eq. To achieve the national commitments, roughly the same amount of emission

decrease is still needed by 2030. (Traficom 2025a). Finland’s target to achieve carbon
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neutrality by 2035 is not the only target guiding to cut emissions from heavy vehicle and
other traffic. Medium-term climate plan KAISU is also made to fill that same law, and its
actions concentrate mainly on subsidies on alternative fuel vehicles. Roadmap to fossil-free
transport sets a target for cutting the emissions of traffic by half by the year 2030 compared
to 2005, adapting EU’s Effort Sharing Regulation’s (ESR) obligation. (Ympéristoministerio
2025).

The transition to alternative fuels has started and is growing especially in passenger cars, but
the shift is more challenging in heavy vehicle traffic, having only started in recent years.
While the electrification of trucks is starting slowly, the share of newly registered electric
buses was 40% in 2024, but lower in the fall of 2025. Currently 10% of buses are running
on alternative fuel and most of those are electric. Electric truck adoption is still minimal,
with roughly 200 fully electric vehicles registered. (Traficom 2025b; Traficom 2025c¢). This
reflects also on the amount of charging stations for heavy vehicles; Out of the 40 heavy-duty
vehicle (HDV) charging locations with high-power output, there are less than 10 charging
stations dedicated to heavy vehicles (EAFO 2025).

Finland differs from many other European countries in a way that influences on the heavy
vehicle electrification. The population, resources and industrial activities in Finland are
dispersed to a large area, which increases the importance of road transport and a
comprehensive road network. The heavy use of roads results in poor condition of road
infrastructure, which will be seen as additional costs in the future. (Huhta et. al. 2025). In
addition, the weather conditions in Finland can have major effects on the efficiency of
electric trucks, especially due to low temperatures and road conditions. For example, the
energy consumption can increase by 40-50% on a slushy road compared with dry frosty
weather due to increased rolling resistance (Hiltunen 2025). These factors highlight the
importance of sufficient charging infrastructure, yet one of Finland’s biggest obstacles to
large scale heavy vehicle electrification appears to be the lack of suitable charging

infrastructure (Tuviala 2025).

2.2 Heavy vehicle electrification

The large potential on GHG emission savings in heavy vehicle traffic makes them one of the

most important pathways in reducing road transport emissions. Decarbonizing road transport
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by electric vehicles (EVs) is the most promising alternative to traditional diesel trucks. EVs
combine reduced well-to-wheel CO»-eq. emissions and higher efficiency compared to fossil
fuels like diesel (Moultak et. al. 2017). Electricity is the only fuel option that genuinely emits
no tailpipe emissions, but the electricity used as the fuel can have varying emission factors
depending on variables like manufacturing country and energy resource. (Fleming et. al.

2021).

Electrifying heavy vehicle traffic is not only a matter of change in the fleet technology but
represents a larger system transition. This requires modifications, especially in
infrastructure, operations and power grids. Efficient charging of heavy vehicles, such as
trucks and buses, requires tens of times more power than passenger cars do. These vehicles
typically need to operate for long hauls and carry large amounts of cargo, making the
requirements of the battery demanding in terms of energy intensity, long lifetime and
charging efficiency. High-power and low-power charging require different charging
infrastructure and demands on the existing grid, as high-power charging may require a higher
connection capacity to the grid. High-power charging also puts stress on the distribution
network as it can cause substantial demand peaks and potentially decrease grid stability.
Charging instead of fueling will also make changes to route optimizing and charging
schedules, since the charging may happen at different times and location than fueling would,

changing the mode of operations. (Squires 2025; Lohawala & Spiller 2023).

The main direct environmental benefits of the electrification of heavy vehicles can be
divided into two parts: reduced GHG emissions and improved air quality. Long-haul vehicles
contribute to road transport’s GHG emission with relatively high share and therefore are an
important pathway for reducing these emissions, but they typically spend most of the time
outside cities and urban areas (IEA 2025a). However, short-distance heavy vehicles, such as
public transport and service vehicles, have a direct impact on air quality in urban areas.
Diesel vehicles are linked to air pollutants like nitrogen oxides and particulate matter on top
of other GHG-emissions posing a threat to human health. (IERE 2025b). A study by
Camilleri et. al. 2025 shows that transitioning to electric heavy vehicles even by 30% could
significantly improve air quality in a neighborhood scale air quality model. Nitrogen oxides
and particulate matter emissions are associated with premature deaths and can affect
especially low-income living areas, that often are located near high-traffic roads. (Camilleri

et. al. 2025).
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While the share of electric heavy vehicles is slowly starting to increase, passenger car
electrification is in a far more advanced stage. Passenger size EVs’ technology is already
more mature and globally the share of new electric cars was 20% of total sales in 2024.
Battery prices have continued to fall and charging infrastructure has expanded, making
electric passenger cars more affordable and reasonable purchases for many users. (IEA
2025b). However, this progress is not enough to meet GHG emission reduction goals and
while electric passenger cars start to be more established, it doesn’t directly translate to
heavy vehicles. Passenger cars’ charging stations typically lack both the power capacity and
the physical space required for large vehicles, meaning the existing charging network cannot
be directly used to support heavy-vehicle electrification. Heavy electric vehicles are also
much more expensive than conventional ones because they need large batteries with enough
power to move heavy goods for long distances. The total cost of ownership (TCO) must be
competitive for them to start expanding along the charging infrastructure. (Spiller et. al.

2023).

2.2.1 Technologies

Efficient and modern heavy vehicles demand battery technology that fulfills the
requirements of energy density, life cycle and safety. Currently lithium-ion (Li-ion) batteries
are dominating the battery market in both heavy EVs and passenger EVs. Conventional
lithium-nickel-manganese-cobalt (NMC) batteries offer high energy density and fast
charging, and newer lithium-iron-phosphate (LFP) batteries tend to be cheaper, safer and
degrade slower. (Najman 2024). However, there are some emerging battery technologies,
like solid-state batteries. These batteries replace the liquid electrolytes with solid electrolytes
from traditional batteries, which offer higher energy density, durability and prevent risks on
leaking and thermal runaway, presenting a promising option especially for heavy EVs. Solid-
state batteries are still in research and development phase, and need to overcome challenges
like finding suitable materials and high production costs. So far only one technology
company has claimed to succeed in making solid state batteries ready for serial production.

(Juntunen & Lappalainen 2026).

Charging heavy EVs can be categorized as depot charging and fast charging. Depot charging

is ideal for shorter haul vehicles, that return to the base and have long time off shift. These
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vehicles can be charged with smaller capacity chargers, usually less than 150 kW. Long
dwell time allows longer charging times with lower capacity, and therefore modifications to
power grid or connections are usually not needed. Depot charging doesn’t strain grid stability
as much, as the peak demand hours can be dispersed with delayed charging. While chargers
of lower capacity are much cheaper than fast chargers, they do need infrastructure and space
to arrange the depot charging. Depot charging can add flexibility to shorter mileage, where

the vehicles are not dependent on public charging. (Borlaug et. al. 2021).

Fast or high-power charging of heavy vehicles usually ranges from 150 kW up to 1 MW or
more. The megawatt charging system (MCS) can offer a high-power charging option to
charge long-haul heavy EVs, minimizing the stop time and enabling efficient operations.
MCSs located along the longer routes can help to reduce the battery sizes, when vehicles can
be charged during mandatory rest-times instead of start- and endpoints of the route. Taking
advantage of the rest-time and high-power charging makes the changes in logistical
operations minimal and therefore makes the transition smoother. MCS, however, requires
significant upgrades in charging infrastructure. To handle multi-megawatt loads,
transformers, feeders and grid connections must be upgraded, which can cost millions of
euros. A strategic placement and cooperation with different actors can maximize the benefits

and make investment more reasonable. (Deshpande et. al. 2023).

Current electrification of heavy vehicles primarily relies on private depot charging and most
of short- and medium haul vehicles could do so. Vehicles are charged at their fleet depots,
enabling trips returning to the base with a longer rest time, or longer trips with ability to
charge both at start- and endpoints, for example a regular transport route. Depot charging is
cheaper and easier to arrange than public fast charging, but the transition can’t entirely rely
on that, especially on longer routes. The land needed for enough charging spots for longer
periods of time is huge and could not be arranged in many locations of the depot sites such
as distribution centers. Depot charging also lacks some flexibility on charging times,
locations and changing routes, which is not suitable for some heavy vehicle operations.
(Borlaug et. al.2021). Public high-power charging will fulfill the gaps of depot charging but
require more investments in the infrastructure and power grid connections. The current
network of public charging has grown in Finland widely in last decade, but most of the
stations are suitable only for passenger cars (Traficom 2024). Some of the existing charging

stations are able or could be modified to accommodate heavy vehicles, but most of them lack
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the space to arrange safe and functional charging. Large vehicles cannot be parked in
crowded parking lots or move safely in narrow charging areas but require enough space and
drive-through lanes separated from other vehicles for safe operation, which makes most of
the current charging stations unsuitable for heavy traffic (Soimala 2023). The charging
stations designed for heavy traffic are still very limited. In Finland, Plugit Oy is the leading
company on professional charging, and at the end of 2025 there were 8 Plugit Pro DC
charging stations ready or in construction, which are designed to be efficient high-power
charging stations for professional needs (Toyrds 2025). The public charging of heavy

vehicles clearly is still very minimal but is developing.

Despite the rapid technological developments, especially in the electrification of lighter
vehicles, the heavy electric vehicles face many technical challenges. Limited charging
opportunities reduce the operational range, and the same can also be caused by battery
capacity and operating conditions. The higher the power capacity of a battery is, the heavier
it becomes and with current technology, there haven’t been major leaps in developing the
energy-to-weight ratio, specific energy (Wh/kg). Heavy curb weight reduces the payload
that can be transported so it can stay in the limits of allowed gross combination weight,
making transportation more inefficient than with similar diesel vehicle combination. (Rashid
et. al. 2025). It is predicted that in Finland, the heaviest combinations will electrify the
slowest, while light trucks (maximum weight of 12 tons) will electrify the fastest (SKAL
2023).

One of the key barriers is the high capital expenditure behind electrification. Not only has
the electric fleet much higher investment costs compared to diesel vehicles, the building of
suitable and high-power charging stations is also very costly, especially if they need
modifications to the power grid (RFF 2023). The total cost of ownership includes the
charging infrastructure and is higher on electric heavy vehicles than diesel ones. However,
electricity as a fuel is cheaper than fossil fuels so the operational costs of EV’s are lower too.
The price of diesel is predicted to grow even more while the investment costs of EV’s are
slowly getting lower, making electricity a more economical choice in terms of operational

costs and lowering the TCO to more comparable level. (SKAL 2023; Rashid 2025).
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2.2.2 Ongoing development

The Alternative Fuel Infrastructure Regulation (AFIR) is expected to support the expansion
of the charging network in the coming years by setting binding infrastructure requirements
for heavy-duty vehicles. As a result, heavy-traffic electrification is increasingly guided not
only by market development, but also by regulatory obligations. The clean vehicles directive
(CVD) sets a target for the member states to have a minimum percentage of clean vehicles
in their public procurements, and as of January 1, 2026, the definition of clean vehicles has
changed to be zero emission vehicles from the previous definition with maximum emissions
(European Commission 2026b). The CO;-reduction targets are predicted to increase the
electric truck fleet up to over 300 000 trucks in Europe by 2030, compared to some over

20 000 in September 2025 (Basma et. al. 2025).

Many manufacturers like Scania and Volvo have already launched multiple models of
electric trucks and buses. (Scania 2026; Volvo 2025). The technological development and
market activity indicate a shift towards electric vehicles in different heavy-duty applications,
and especially urban buses in Finland has changed widely to electric ones (Vesa 2024). The
widening variety of different models enables the adaptation of EVs for different purposes
and routes. Increase in the number of electric vehicles puts pressure on the charging network
to keep up with it. However, larger vehicles are more reliant on the public or private charging
stations meeting certain requirements, whereas electric passenger cars are often charged at
home and do not need other modifications than installing a simple charger. This presents a
mutual dependency challenge, often called a chicken-and-egg problem, where both charging
infrastructure and electric fleet are lagging in development because they are dependent on

each other to be able to expand. (IEA 2025b).

The megawatt charging system is one of the key technological developments for long-haul
heavy-duty vehicle charging. The MCS is already established as a technology, but the
standard is still waiting for the final approval and implementation as in early 2026. While
most of the current fleet can’t yet utilize charging power as high as one megawatt, the
technology for it is in development and will probably reach the market as soon as the
standard is final. (CharIN 2025; Squires 2025). The first commercial megawatt charging
station in Finland opened in Kotka in December 2025 and the collaboration with Kempower

and Plugit is expected to grow the charging network of heavier vehicles even more in the
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future (Kempower 2026). There have also been pilots on electric roads that charge vehicles
while driving on them, but at this stage they are very expensive to develop and not seen as

vital at this stage (Court-Dobson 2025).

2.3 Municipalities’ role in climate transition

Municipalities hold a central position in climate transition, as they manage local policies and
implement national frameworks into action. Municipalities oversee land-use planning,
transport infrastructure, public buildings and procurement and energy solutions, making
their role in many emission sectors significant. They can offer a platform for different kinds
of local collaboration that may include, for example, residents, businesses and educational
institutions, making faster development and new ideas possible. Municipalities can also
engage in climate networks and agreements to accelerate the climate transition. (Uudenmaan

liitto 2024).

2.3.1 Municipalities’ actions and commitments

One of the most concrete ways a municipality can affect the emission sector is through its
own obligations. Municipalities have the right and duty to decide on land-use planning and
building permits by law, which gives power to steer urban development and traffic
arrangements to a certain direction that supports green transition (Alueidenkdyttolaki
5.2.1999). Electric traffic can be encouraged by permitting land for charging infrastructure
and restricting areas for only electric traffic. For example, in Denmark, there are low-
emission zones that allow only certain types of vehicles or vehicles with particulate filter,
and a part of the low-emission zone is turning into zero-emission zone (Miljezoner 2026).
Zero-emission zones are getting more popular around Europe, and especially in Netherlands
there are multiple zones restricting either passenger vehicle emissions, heavy vehicle
emissions or both (CleanCities 2026). There are currently no such zones yet in Finland, but

there have been plans for locating one in the capital of Finland, Helsinki (Yle 2024).

Public procurement might have a big environmental impact depending on the sector, and
they form about 20% of Finland’s gross domestic product (GDP). The procurement is

overseen by Act on Public Procurement and Concession Contracts (Hankintalaki), which
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enables the possibility of taking environmental and sustainability aspects into account in
purchases (Hankintalaki 29.12.2016). Public procurement includes, for instance, public
transport, which municipalities can for example set to have a minimum share of electric
vehicles, and other investments in electrification of the traffic can be made too. While
electrification of heavy trucks is still in its early phase, many municipalities have utilized
electric buses to urban transport, and their popularity has grown, especially in HSL-region

(Helsinki region transport). (Ympéaristoministerié 2026; HSL 2026).

Traffic systems offer significant opportunities for electrifying the traffic. Although
Lappeenranta is not required by the TEN-T regulation to preparing a Sustainable Urban
Mobility Plan (SUMP) for designated urban nodes, the city could engage in something
similar and ambitious goals could be set in the strategy. By designing traffic systems that
support electric vehicles and by piloting new solutions with companies and regional actors,
the city can accelerate low-emission transition. Municipalities have a unique position as an
enabler of multi-level collaboration that could otherwise not be possible. They can bundle
together financial, regulatory and informational measures, and connect stakeholders, such as
residents, companies and municipal utilities. As a change agent, the municipality could

accelerate the shift toward cleaner mobility. (Traficom 2026; Schmieder et. al. 2023).

2.3.2 Lappeenranta’s climate targets

Lappeenranta has set ambitious targets regarding to reducing emissions, with the goal of
being carbon neutral by 2030. One of the drivers behind the goals is participating in Hinku-
network (Carbon neutral municipality), which gathers municipalities committed to
ambitious climate goals and are pioneering in climate change mitigation. Hinku-
municipalities have a shared target of reducing GHG emissions by 80% between 2007 and
2030 and currently 99 of Finland’s municipalities are part of the network (Hiilineutraali
Suomi 2026). Lappeenranta has targets on reducing the emissions on all sectors, but some
of the main measures are on decarbonizing the energy system, promoting energy efficiency

and transition towards low- and zero-emission traffic alternatives (Lappeenranta 2020).

Lappeenranta drives the climate targets through multi-level cooperation. The city combines
local assets like technology companies and LUT University’s research through Greenreality

Network and belongs to many other networks and commitments. Lappeenranta is also an
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active participant in different development projects and is either main- or co-participant in
many projects. Through these projects, the city can implement different pilots or other
projects in further advancement in decarbonizing, including electrification of traffic system.
The active climate work has also been recognized with awards like European Green Leaf
2021 -award and Covenant of Mayors -award in 2025. (Lappeenranta 2026a). Although the
city does not yet have specific targets on electrifying heavy vehicle traffic, its broader

climate work and focus on green electrifications supports it.
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3 Methods

The research methods of this thesis are presented in this chapter. Two methodologies were
used to address the research questions. First, the scenario analysis was made to assess the
potential GHG emissions development regarding the electrification of heavy vehicle traffic.
Second, theme interviews were conducted with experts of the field in industry and public
sector to gather information on current state, challenges, opportunities and insights on city’s

role in supporting the transition.

3.1 Scenario analysis

This thesis uses scenario analysis as a research method. Scenario analysis is a method used
for exploring possible future developments under different assumptions of the key drivers
such as technology development and behavior. Scenario analysis explores multiple pathways
to compare potential emission reductions and assess the effectiveness of different actions.
(Ghelani 2025). In this thesis, the scenario analysis’ aim is to find out the potential
operational GHG emission reductions in the Lappeenranta area from the electrification of
heavy vehicle traffic by year 2040. This method was chosen to assess the transition, since
the actual pace of electrification is still unknown and in early steps for heavy road vehicles.
The policy measures, price development and technological maturity all affect the speediness
of the transition and are impossible to predict with strong certainty. The scenario analysis

consists of three main components:

- Baseline scenario, which presents the current amount of traffic performance of heavy

vehicles and their GHG emissions
- Emission factors for diesel and electric vehicles in each heavy vehicle category

- Two different rates for the electrification of two categories of heavy vehicles, one of

which is more realistic and one more ambitious.

Together these components help exploring on what kind of emphasis electrification of heavy

vehicles could have on the GHG emissions of traffic.



28

The annual heavy-vehicle kilometers are evaluated with the help of automatic traffic
measurement system (TMS). The system automatically identifies vehicles passing by using
induction loops embedded on the roads. The loops and data collection devices can identify
for example the direction, speed and vehicle type and there are over 450 measuring points
in Finland. In Lappeenranta area, the measurement points cover the roads with most traffic
and especially when examining heavy vehicles, the most relevant ones, since most heavy
vehicle traffic focuses on main road network. The measuring points are located so that they
can produce homogenous road sections in terms of traffic volume. The data shows the
number of vehicles for an average day and average weekday, highlighting the difference
that, for example, commuter traffic can make (Digitraffic 2026). For this thesis, the average

traffic volume for a day (keskimédrdinen vuorokausilitkenne KVL) is used.

The identification of vehicle types is utilized by choosing two different categories for heavy
vehicles. The measurement points show the number of heavy vehicles, and how many of
them are combination vehicles. In the baseline scenario, the vehicle types are divided into
two: combination vehicles and other heavy vehicles. This represents the two main
operational distinctions, since combination vehicles are used in longer, heavier hauls and

other heavy vehicles typically in shorter hauls.

The number of high-capacity vehicles in the data was almost non-existent and therefore not
treated as a separate category. Due to lack of detailed, mass-focused distribution data of the
vehicles, representative vehicle configurations were used in the calculations as an example
for average vehicle in its vehicle category. This allows us to estimate the potential GHG

emission reductions while staying consistent.

The data used is downloaded from open data source of Finnish Transport Infrastructure
Agency (Open Data 2025). In these files, the data package for the most recent year (2024)
was chosen, but as the data was reviewed, some of the data for heavy vehicles is older than
from 2024. For simplicity, it is, however, assumed that the traffic performance of heavy
vehicles has stayed the same. The data is processed in an open-source map software QGIS,
where the measurement data is opened together with a file containing geographical
boundaries of Finnish municipalities. The traffic data file is then limited to only contain
measurement points inside Lappeenranta area and a tool is used to add measurements of
these road sections to the data. Finally, the data is exported as xIsx-file and further processed

and cleaned up in Microsoft Excel.
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As the automatic traffic measurement system only contains data from the bigger roads,
emissions from urban transport are not fully captured by the data and only parts of sub-urban
and local transportation are included in it. Lappeenranta public transportation is operated by
Lappeenrannan seudun joukkoliikenne, and it is responsible for operating the public
transportation both in Lappeenranta and Imatra region. The transportation system is divided
into four categories: local transportation, suburban transportation, school transportation and
regional transportation. (Lappeenranta 2026b). To avoid overlapping with the driving
kilometers provided by TMS, only local transportation and school transportation are
included in the calculations since the routes are mainly outside of TMS points (Lappeenranta
2025c; Iljinen 2026). The driving kilometers for these categories are provided as total
kilometers in one year per category and distributed evenly between all the vehicles in said

category (Nokkanen 2025).

The emission factors for trucks’ baseline scenario were created using the calculator created
by The Finnish Climate Change Panel and Finnish Environment Institute SYKE. The
calculator uses predefined assumptions for fuel and electricity production. For electricity,
the emission factors represent the average life-cycle emission factor of electricity produced
in Finland. For diesel, the calculator accounts for the for the current biofuel share based on
the Finnish distribution obligation. (Suomen Ilmastopaneeli 2023). Since the target is to
rather evaluate the GHG emissions from driving the vehicles than manufacturing them, the
calculator’s base values were set to exclude the emissions from manufacturing of the
vehicles and batteries and to include only the driving and maintenance related GHG
emissions, including the emissions from manufacturing the fuels. For the other heavy
vehicles, parameters for a lighter truck were used and for combination vehicles, a weighted
average of semi-trailer and trailer combination with 40/60 ratio was used. Finland differs
from many European countries by having larger share of high-capacity trucks and in 2020,
78% of ton-kilometers were transported with full trailer combinations (Statistics Finland
2021). The emphasis, however, was kept moderate, since the actual share is unknown and
ton-kilometers don’t directly present the actual vehicle-kilometers. The fuel consumption of
heavy road vehicles is often presented as ton-kilometers, which basically presents the
efficiency of moving one ton of goods for one kilometer, making the evaluation for the most
accurate emission factor tricky. The calculator gives direct numeric values for emission

factors for the trucks, and the evaluated emission factors are presented in Table 2.
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Table 2. Approximate emission factors for trucks of different sizes and their driving forces
per one kilometer, excluding the manufacturing of the vehicles (modified from Suomen

Ilmastopaneeli 2023).

Straight emissions and
emissions from
manufacturing and
procurement of fuel Diesel Electricity

Combination trucks 1.3808 0.2228 | kg CO»-eq/km

Other heavy vehicles 0.676 0.107 | kg COz-eq/km

For buses, the calculator will not provide straight values. The emissions for buses were
evaluated by using the same methods as in the calculator, including the emissions from
manufacturing of the fuels. In Lappeenranta local transportation there are buses running on
diesel, biogas and electricity. For school transportation, both regular and biodiesel vehicles
are used but biodiesel was not treated as a separate fuel category due to limited data on the
actual fuel shares. Instead, these vehicles were included in the diesel category for simplicity.
The calculator allows to adjust the emission factors, but the default values were used in this
thesis. The bus emission factors calculated with estimated consumption values per one
kilometer are shown in Table 3. The consumption of diesel city buses is estimated to be
approximately 0.4 liters per one kilometer (Kuljetusala 2026), biogas buses 0.35 kg per
kilometer (Kuopio 2018) and for electric buses 1.25 kWh per kilometer (HSL 2026). The
emission factors for one kilometer were then calculated. In the calculator, tailpipe emissions
from biogas are counted as zero, as the CO2 emissions are biogenic, meaning that they are

a part of a short-term natural carbon cycle (Suomen Ilmastopaneeli 2023; IEA 2026).
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Table 3. Approximate emission factors for buses of different driving force per one
kilometer, excluding the manufacturing of the vehicles (modified from Suomen

Ilmastopaneeli 2023).

Diesel Biogas Electricity

Operating unit liter [1] kg kWh

Straight emissions and emissions
from manufacturing and procurement kg CO»-eq/op.
per one operating unit of fuel 3.439 0.95 0.112 | unit

Emissions for one kilometer 1.3756 0.3325 0.14 | kg COz-eq /km

Two different scenarios for the electrification rate were made. The first one follows a
realistic development curve, aligning with Finnish Transport and Logistics SKAL’s driving
force transition report from 2023. The heavy road vehicles are presented in four different
weight categories, so two of the lightest and heaviest categories are connected with each
other to match the number of vehicle types in scenario analysis. The realistic scenario
roughly combines the estimated share of electric vehicles in both truck categories as in Table

4,

For local and school transportation, the scenario is also divided into two different categories.
Currently, the electrification rate of local transportation is already advanced and expected to
grow rapidly (HSL 2026). In 2024 in Lappeenranta, six of total 18 buses in local transport
operate on electricity, 2 on biogas and 10 on diesel, making the electric share 33%. In school

transportation, all vehicles used are run by diesel. (Nokkanen 2025).

The electrification potential of local public transportation is considerably higher than in
school transportation. Local routes are fixed and predictable and the existing system
demonstrates that the electrification has already begun. The current non-existence of electric
vehicles in school transportation keeps expectations lower and can be caused by, for
example, the differences in transportation operators. In the realistic scenario it is assumed
that the electrification rate can roughly double for local transport. For school transportation
the rate is kept moderate. For the realistic scenario, the amount of biogas buses in local

transportation is kept the same two, accounting for 11% for the kilometers driven, leaving
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about 14% of the kilometers driven with diesel. For truck categories, the baseline calculation
assumes only diesel vehicles, as the current share of electric trucks in the examined traffic
data could not be identified separately. Therefore, the local transportation is the only

category with electric vehicles in current situation.

Table 4. Realistic scenario for 2040 electrification rate of heavy vehicles.

2040

Scenario 1 -
realistic

Share of electrics

Other heavy
vehicles 40 %

Combination trucks 20 %
Local
transportation 75 %

School
transportation 25%

The SKAL report highlights that the transition will take time partly because of the long
service life of current fleet. The dominance on full-trailer combinations in Finland slows
down the total transition, since the heaviest, long-haul trucks are currently the most difficult
group to electrify due to lack of charging stations and challenges in battery size efficiency
for such heavy vehicles. Finland is also behind in development compared to for example
Norway. Therefore, a more ambitious scenario would need to start electrifying at a fast pace
to start showing in the electrification rate in 10-15 years, when most of the current vehicle
fleet is changed at latest. That kept in mind, a more ambitious scenario that follows more the
current political targets, was drafted as in Table 5. EU’s standards for heavy vehicles target
a 90% emissions reduction by 2040 from 1990, and the second scenario is more likely to
help in reaching that goal. The scenarios for buses are aligned with the growth of the shares
in trucks, considering the higher probability of electrification as lighter vehicles. The biogas
buses in local transportation are phased out in the ambitious scenario. The electrification

rates are shown below in Table 5.
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Table 5. An ambitious scenario for 2040 electrification rate of heavy vehicles.

2040

Scenario 2 -
ambitious

Other heavy
vehicles 60 %

Combination trucks 35%
Local
transportation 95 %

School
transportation 50 %

Share of electrics

The emissions for each vehicle category were then calculated by multiplying the total
kilometers with percentage of chosen driving force and then by the emission factor of chosen

driving force as in Equation 1:
Eror = Xi=1 D+ S;* EF; (1)
where,
E;,¢ = total emissions [CO2-eq.]
i = driving force category [diesel, electricity, biogas]
D = total distance travelled [km]
S; = share of driving force [%]

EF; = emission factor for vehicle type [CO2-eq./km].

The results of the scenario analysis contain sources of uncertainty, most of them being
related to data availability and generalization in vehicle categories. Heavy road vehicles are
a broad category of vehicles of different sizes and weight, empty and full. This directly
reflects the operational emissions and often differs, depending on the goods transported. The
TMS data covers the main roads but leaves out for example the in-city traffic of trucks and
buses which can be high especially in short distances between highways and logistical
centers. The bus kilometers are mainly driven on in-city routes that don’t cross with TMS
points but cannot be completely sorted by road segments. The scenario analysis isn’t the

absolute truth of how the system transition will proceed, but an example of possible outcome.
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The target of this scenario analysis is to map the potential of GHG emission reductions with
electrification, but not to evaluate potential changes in behavioral patterns, transportation

efficiency or technological development.

3.2 Theme interview

The second research method in this thesis is a theme interview. A theme interview is a term
for semi-structured interview method to discuss specific themes. Typically, a semi-
structured interview includes same questions for all interviewees, but the order of the
questions can be modified. A theme interview is a bit more open to variation, and the
questions are from same themes and may vary for different interviewees based on their
expertise, leaving more room for open discussion on the themes. Theme interviews have less
restriction on the answer’s topics and form, and new aspects on the topic can even arise. To
be able to gather information on the current state, challenges and opportunities on
electrification of heavy traffic and aspects of the city’s role in the transition, a group of
people with different types of expertise were contacted. Due to the diversity of the
participants, theme interviews were suitable method to move forward with, balancing
structure and openness. (Hirsjarvi & Hurme 2008, 47-48). A framework for the interview
questions was done (Appendix 1), combining different aspects of the transition, divided into
a total of six categories. Not all categories were discussed with every interviewee but instead,
they were selected to match each interviewee’s expertise. Some individual questions from
categories were left out or modified, for example when the original question included a very

regional aspect. The six categories were:
Background information
1. Current situation and experience
2. Technology and charging infrastructure
3. Logistics and operative perspectives
4. Economic perspectives
5. The role of city and public sector promotion measures

6. Future outlook
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The aim of the interview was to help to answer especially the research question 2: How can
the city of Lappeenranta promote and accelerate the system transition to electrified heavy
vehicle traffic? To familiarize ourselves with the current state of the electrification of heavy
vehicles, questions related to situation and its challenges were asked to be able to understand
what influence they can have and what kind of obstacles there might be to overcome by
industrial and public sector. In total of six people were interviewed who work in different
kind of organizations in or related to vehicle electrification (Table 6). Most of the
interviewees work in the South-Karelian area but are not limited to it. The number of
interviewees is a final result of successful contacts, since some contacts didn’t respond to
the request for interview. However, almost all the desired groups were represented, and the

original contact list was prepared with the foresight of not all responding to it.

Table 6. A list of the interviewees with their code names and field of operation.

Interviewees Field of operation
Interviewee A Public organization
Interviewee B Electric mobility
Interviewee C Electric mobility
Interviewee D Public organization
Interviewee E Public organization
Interviewee F Educational organization

To find the right expertise for the interviews, pre-existing networks were used. The
interviewees were contacted by e-mail, asking about their willingness to participate in an
interview related to electrification of heavy vehicle traffic for a master’s thesis. In the contact
mail it was told that all interviews would happen online and that the interviewees would stay
anonymous in the final thesis. All interviewees were sent their customized framework in
advance nearer the interview, to enable the possibility of familiarizing themselves with the
questions and being able to give more precise answers in efficient time when the actual
interview was happening. The message also clarified that not all questions are mandatory to
answer, since some of the questions were highly specific and the knowledge of the

interviewees on some specific topics was unsure.
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The interviews were carried out between January and March in 2026 via online meetings in
Microsoft Teams. The interviews lasted between 30 minutes and one hour and were recorded
and transcribed with interviewees’ consent using Teams’ automatic tool. The interviewer’s
active role depended on the participants’ activity but made sure that all necessary questions
were answered during the interview. All participants were able to answer questions
discussed, and most of the interviews sparked extra conversation or clarifying questions on

the theme.

Once the interviews were completed, the transcripts went through an inspection by the
interviewer and if needed, corrected. The main themes emerging from the interviews were
analyzed using thematic analysis to help identify similarities in answers and grouped into
categories. Categorization helps to find connections between the answers (Hirsjarvi &
Hurme 2008, 147-148). Lastly, the results are reported and presented in the interview results.
The results of the interviews are divided into different themes that have risen and formed

during the interviews and categorization.

To summarize the findings from interviews from the city’s perspective, a SWOT analysis
was prepared. SWOT (Strengths-Weaknesses-Opportunities-Threats) analysis is a planning
tool used to identify internal strengths and weaknesses and external opportunities and threats
in organization, projects or strategies (Helms et. al. 2010). In this thesis, the analysis was
used to summarize the findings from interviews concerning the city of Lappeenranta’s role
in promoting the electrification of heavy vehicle traffic, but not as a separate research

method.

Ethical aspects were considered throughout the process. The interviews were voluntary, and
the process was transparent about the anonymity of the interviewees and recording of the
meetings. All recordings were stored securely and deleted afterwards, and the results can’t
be linked to anyone particular. The question framework was sent to participants beforehand
to allow participants to know what the topics discussed are and leave the option to withdraw

from the interview or leave out questions they didn’t want to answer to.
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4 Scenario analysis

This chapter presents the results of the scenario analysis calculations described in Methods.
The aim of this chapter is to evaluate how two different pathways for electrification could

affect the total GHG emissions of heavy vehicle traffic in Lappeenranta.

Three scenarios are compared: the current situation, a realistic scenario and a more ambitious
scenario. The results are presented in total GHG emissions of heavy vehicle traffic and
divided between vehicle categories that are other trucks, combination trucks, local
transportation and school transportation, as presented earlier. The results are visualized with
figures to help compare the GHG emission reductions from different heavy vehicle types

with each other.

4.1 Current state

The current GHG emissions from heavy vehicle traffic were calculated with methods and
numbers mentioned in methods section. The kilometers for local and school transportation
are from year 2024, and for trucks and other heavy vehicles in TMS points are from year
2024 or for some points, earlier. Most of the kilometers are driven by trucks in the main
roads out of the city center and thus contribute to the emissions the most. The total kilometers
driven in one year and the numbers used for the current situation and future scenarios are
presented in Table 7. The total kilometers driven in one year amounts to approximately 58

million kilometers, which of most is driven by combination trucks.

Table 7. The total kilometers driven by trucks and buses in Lappeenranta in one year.

Share of total

Kilometers kilometers
Trucks: [km] [%]
Other trucks 18,242,376 31,5%
Combination trucks 37,556,965 64,8 %
Buses:
Local transportation 1,424,877 2,5%
School transportation 775,575 1,3 %
Total kilometers 57,999,793
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As identified earlier, trucks make up a big part of the GHG emissions from traffic in general,
but also in the category of heavy vehicles. Trucks and combination trucks are still in such
early stages of electrification that the current state’s emissions are calculated at zero
electrification rate. The GHG emissions from combination trucks are about 51,860 tons,
other trucks 12,330 t, local transportation 1,210 t and school transportation 1,070 t of CO»-
eg. totaling 66,465 tons of CO»-eq as in Table 8.

Table 8. The total GHG emissions from trucks and buses in Lappeenranta per year.

NOW

Trucks: t CO2-¢q.

Other trucks 12,332
Combination trucks 51,859
Buses:

Local transportation 1,208
School transportation 1,067
Total: 66,465

The comparison of these emissions is shown in Figure 4 which presents the amount of GHG

emissions emitted and Figure 5 that shows the vehicle category’s participation in total

emissions.
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Figure 4. The GHG emissions of heavy vehicle categories in Lappeenranta in current

situation.
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Figure 5. The current GHG emissions of heavy vehicle traffic in Lappeenranta divided into

vehicle categories.

The combination trucks present the most significant share of the total emissions by emitting
78% of them. They also have the biggest share in total kilometers with 65%, meaning that
the heaviest vehicles also have bigger emission intensity. This distribution indicates that the
biggest emission reduction potential lies in trucks, especially combination trucks. However,
with current technology and existing development, a more rapid growth in electric buses

than in trucks is more likely and is considered in scenarios.

4.2 Scenario results

The two scenarios represent different paces of electrification of heavy vehicle traffic in
Lappeenranta in 2040. They are used to assess the absolute and relative GHG emission
reductions compared to current emissions and how they compare with each other. Since the
vehicle categories differ in mileage, emission intensity and electrification potential, the
results are interpreted both through total GHG emissions and category-specific emission

reductions.
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4.2.1 Scenario 1 — realistic

The first scenario symbolizes a realistic increase in electrification rate of heavy vehicles.
The electrification rates vary by vehicle category, depending on their operational
characteristics and technological maturity. For example, in many bigger cities the local
transportation is already using electric buses as well as Lappeenranta and therefore is a
candidate for more rapid growth on routes that have already been tested to work out. The

total GHG emissions in realistic scenario are shown in Table 9.

Table 9. The GHG emissions of heavy vehicles in Lappeenranta in 2040 in realistic

scenario, divided into vehicle categories by their driving force.

Realistic scenario |t CO2-eq t CO2-eq t CO2-eq t CO2-eq.

2040 Electric Diesel Biogas Total

Trucks:

Other trucks 781 7,399 8,180
Combination trucks 1,674 41,487 43,160
Buses:

Local

transportation 150 272 53 474
School

transportation 27 800 827
Total: 2,631 49,958 53 52,642

The total emissions in realistic scenario are 52,642 tons of COz-eq., which is roughly 14,000
tons of COz-eq. less than currently. The biogas in local transportation accounts for 11% of
kilometers driven, which is the same amount as it is now. The comparison of GHG emissions
in realistic scenario is shown in Figure 6 which presents the amount of GHG emissions

emitted and Figure 7 that shows the vehicle category’s participation in total emissions.
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Figure 6. The GHG emissions of heavy vehicle categories in Lappeenranta in 2040 in

realistic scenario.

] School
transportation
2%

B Local transportation
1%

E Other trucks
15%

Combination trucks
82 %

@ Other trucks @ Combination trucks  ELocal transportation B School transportation

Figure 7. The GHG emissions of heavy vehicle traffic in Lappeenranta in 2040 in realistic

scenario, divided into vehicle categories.
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While the electrification at this rate has a noticeable effect on GHG emissions, the results
highlight how combination trucks’ slower transition affects the total emissions. The share of
the combination trucks emissions grows bigger when other vehicle categories, representing

less than half of the total mileage combined, manage to decrease the relative emissions more.

4.2.2 Scenario 2 — ambitious

The second scenario follows a more ambitious development curve in electrification rates of
heavy vehicle traffic. In this scenario, almost all local transportation is running on electricity.
Other trucks and school transportation are at least half electric, combination trucks remaining
the only category that still has more diesel vehicles than electric ones. The total GHG

emissions are shown in Table 10.

Table 10. The GHG emissions of heavy vehicles in Lappeenranta in 2040 in ambitious

scenario, divided into vehicle categories by their driving force.

Ambitious scenario |t CO2-eq tCO2-eq |tCO2-eq

2040 Electric Diesel Total

Trucks:

Other trucks 1,171 4,933 6,104
Combination trucks 2,929 33,708 36,637
Buses:

Local

transportation 190 98 288
School

transportation 54 533 588
Total: 4,344 39,272 43,616

The total GHG emissions in ambitious scenario are 43,616 tons of CO2-eq., which is about
23,000 tons less than in current situation and about 9,000 tons less than in realistic scenario.
The comparison of GHG emissions in ambitious scenario is shown in Figure 8 which
presents the amount of GHG emissions emitted and Figure 9 that shows the vehicle

categories’ participation in total emissions.
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Figure 8. The GHG emissions of heavy vehicle categories in Lappeenranta in 2040 in

ambitious scenario.
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Figure 9. The GHG emissions of heavy vehicle traffic in Lappeenranta in 2040 in

ambitious scenario, divided into vehicle categories.

Compared to realistic scenario, the more rapid electrification can accelerate the emission

reductions significantly in categories previously operated solely on diesel. However, even
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with this ambitious pathway, the targets of decarbonizing traffic in 2045 will be hard to
reach, even though the target doesn’t imply technically emission-free traffic but rather a
(Litkenne- ja

largely fossil-free transport system with low residual emissions

viestintdministerié 2021).

4.2.3 Comparison

The comparison between the three scenarios highlights the importance of electrification
reducing overall GHG emissions. While the realistic scenario can achieve moderate
reductions, the ambitious scenario results in significant reductions from current situation,
especially when looking into reductions by one category at a time. As shown in Table 11,
the overall GHG emissions from heavy vehicle traffic could be reduced by 21% in the

realistic scenario and by 34% in the ambitious scenario.

Table 11. The overall GHG emission reductions from current situation in scenarios 1 and

2.
Change
Change from from
Realistic current Ambitious | current
Now scenario situation scenario situation

Trucks: t CO2-¢q. t CO2-¢q. % [t CO2-¢q. %
Other trucks 12,332 100 % 8,180 -34 % 6,104 -51%
Combination
trucks 51,859 100 % 43,160 -17 % 36,637 -29 %
Buses:
Local
transportation 1,208 100 % 474 -61 % 288 -76 %
School
transportation 1,067 100 % 827 22 % 588 -45 %
Total: 66,465 100 % 52,642 21 % 43,616 -34 %

The differences between vehicle categories are obvious. The largest absolute emission
reductions occur in combination and other trucks as they contribute to the baseline emissions
the most, but their relative percentual reduction remains lower compared to bus transport,

reflecting in slower electrification of heavy, long-haul operations.
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The highest relative reductions are accomplished in local transportation with 61% decrease
in realistic scenario with electrification rate of 75% and 76% decrease in ambitious scenario
with electrification rate of 95%. This shows the higher feasibility of electrification in urban
transport and shorter distance operations, where the transition has already begun. However,
the local transportation only contributes to GHG emissions with about 2% share even in the
baseline scenario. This means that although the percentual reductions in emissions are
impressive, the effects of it focus on improved urban air quality rather than the overall GHG

emissions of heavy vehicle transport.

Calculation results show that the combination trucks remain the dominant source of GHG
emissions in all scenarios. They have the largest mileage and emission factors out of all and
therefore are in a critical role in achieving emission reductions in heavy vehicle traffic. They
are also among the most difficult vehicle categories to electrify due to their high energy
demand, payload constraints and long driving distances, which current technology still

struggles to address in a cost-effective and practical way.

While the electrification can produce notable GHG emission reductions, the effect is limited
by the slow electrification of the heaviest categories. The easiest vehicle categories to
electrify are not the most effective ones in terms of total emission reductions. Early
electrification in buses and short-distance vehicles can support the transition and hopefully
provide practical experience that could be used in electrifying the heavy trucks’ segments.
The emission reductions are illustrated in Figure 10, which visualizes the difference between

vehicle categories’ relative reductions in both scenarios.
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5 Interview results

This chapter presents the results of the theme interviews completed for this thesis. The
purpose of the interviews was to complement the scenario analysis and especially answer
the second research question: How can the city of Lappeenranta promote and accelerate the
system transition to electrified heavy vehicle traffic? The aim of the interview questions was
to provide perspectives on current state of heavy vehicle traffic, barriers and opportunities

and the role of the city in this transition.

The results are presented thematically, as the interviewees’ opinions were mainly aligned in
these main topics of discussion. The first section introduces the main themes identified,
second section provides insight on main challenges and opportunities, and the third section

examines the city’s role in transition.

5.1 Key themes in interviews

The interviews highlighted that heavy vehicle electrification is still in its early stages,
especially in the heaviest truck categories, but more advanced in bus transport. However, the
transition wasn’t seen as equally distant in all vehicle categories, and many interviewees
emphasized the progress of electrification in certain ones. In addition to urban bus transport,
suitable applications were, for example, short-distance distribution and other operations with

predictable schedules and routes.

This supports the central theme that the electrification of heavy vehicles should not be
viewed as one equal transition. The viability of electrification depends on vehicle type, daily
mileage, routes and charging opportunities. This makes the lighter and predictable operations
more likely to electrify earlier than the long-distance, heavy operations that face more
challenges due to their higher energy demand, payload requirements and dependence on
high-power charging during the route. This challenge was also reflected especially in
interviewee E’s view and the Finnish Transport and Logistics SKAL’s driving force

transition report from 2023 (SKAL 2023).
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In addition to technological challenges, the roles of economic and organizational issues were
also identified. While the availability of vehicles and charging technology is improving, the
transition is largely slowed down by investment costs, uncertainty on charging infrastructure
and the responsibilities between different actors. Interviews mentioned that while there is
willingness to invest in electric fleet by transport companies, their financial ability to do so
might prevent them. Most of these challenges are connected to each other, as the adoption
of electric heavy vehicles and development of charging infrastructure are dependent on each

other.

From the city’s perspective, the recurring theme was the city’s role as an enabler. The most
significant ways in which the city can influence the transition are public procurement, land-
use planning, cooperation with local actors and guidance. The city’s role is not to directly
control the transition, since many of the central decisions are made by private transport
companies, charging operators and national-level decision making. The city can offer
conditions to the transition for private transport companies and has a more direct role in its

own operations, such as public transport and procurement.

5.2 Barriers and opportunities

In the interviews, both barriers and opportunities were identified. The barriers were factors
that could slow down the electrification whereas opportunities could support the transition
or accelerate it. The main barriers were related to technological and economic factors, but
many interviewees were positive about applications where the transition is most feasible or

already taking place.

5.2.1 Barriers to electrification

The clearest and most frequently mentioned barrier to heavy vehicle electrification was the
lack of charging infrastructure suitable for heavy vehicles. Not only the number of charging
points, but also their location, power capacity and physical compatibility with larger vehicles
were seen as problems. Interviewee B pointed out that even though the charging network for
passenger cars has grown significantly over the years, most passenger-car charging locations

are not suitable for larger vehicles due to limited space and insufficient charging power. This
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highlighted the mutual dependency of functional charging network and electric fleet.
Transport operators may be hesitant to invest in fleet if there is uncertainty to charging
options. At the same time, charging operators need sufficient expected demand before
investing in heavy-duty charging locations, as these investments are considerably larger than

simple passenger-car charging stations.

This created economic uncertainty related to investments, which was identified as one of the
main barriers. As of now, the investment costs of, for example, electric trucks are much
higher than diesel trucks. Interviewee F emphasized that the problem of investing is not only
the willingness, but rather the financial ability to do so. Most of the transport companies in
Finland are small companies operating with one or few vehicles and are more likely to opt
for the more financially secure option when choosing a vehicle (SKAL 2021). Short contract
periods between transport companies and customers add to the risks, as the payback period

of the investment may be longer than the actual contract.

The higher initial cost was connected also to uncertainty about future market development.
While electricity can reduce the operational costs, the purchase price and possible
investments to charging infrastructure need to be considered. Interviewee E noted that price
difference is still significant, but it is difficult to evaluate when it will be lower. For electric
passenger cars, prices have been on a downward trend for a while now due to increase in
demand and battery development, but electric heavy vehicles are still in their early stages in
terms of price development. This might make operators wait for the prices to decrease,
leading to delays in fleet electrification. There are also no used vehicles in the market yet,

which limits fleet renewal to operators that can afford to invest in completely new vehicles.

The biggest barriers were identified in the heaviest vehicle categories. Lighter distribution
and urban buses were seen as the most suitable categories for electrification and the heaviest
vehicles remained the most challenging category. They face challenges in terms of higher
energy demand, battery weight, long driving distances and payload limitations. Interviewee
E pointed out that for the heaviest vehicles, the number of batteries needed can significantly
reduce the payload capacity and therefore efficiency, making conventional alternatives still

an attractive option.

Although interviewee B pointed out that most of the logistical operations could technically

be electrified, they might require modifications to operating practices. Electric vehicles may
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need more precise route planning and charging routines to avoid unnecessary interruptions
to operations. The operations and routes are diverse and the most suitable charging options

need to be selected to fit them, requiring additional work in terms of planning.

Overall, the barriers to electrification seem to be strongly linked to each other. The mutual
dependency on charging infrastructure and vehicle investments is widely identified, both
having the root cause in financial profitability and market risks. Technological limitations
are connected to operational requirements, which may vary during the fleet’s lifecycle due
to contract lengths. The slow progress of the transition could be best described as the

combination of technical, economic and organizational barriers.

5.2.2 Opportunities and suitable applications

The most suitable applications for electric heavy vehicles were operations with predictable
routes, regular schedules and sufficient time for charging. With these features, the transition
to electric vehicles is smoother and requires fewer changes to daily operations. Therefore,
the most realistic applications were in urban transport and short-haul distribution and other

recurring routes.

Urban transport has already proven to accommodate electric vehicles well. The routes are
fixed and, in many cities, operated only during daytime, leaving time for depot charging.
Interviewee A noted that Lappeenranta already has electric buses in local transport, and that
it could continue to electrify faster than many other applications or categories of heavy

vehicles.

The short-haul distribution is also seen one of the most promising categories to electrify in
near future. While the routes may change between shifts, the daily distances stay predictable.
Distribution is also still widely a day-time operation, offering the possibility of overnight
depot charging for the vehicles. In interviewee C’s opinion, the electrification should be
focused on these kinds of operations where it is easier to implement and already compatible

with electric vehicles, rather than focusing only on the most demanding routes.

The role of charging in terminals, depots and industrial areas was seen important for earlier
electrification. Vehicles stop there for longer periods in any case for loading or overnight

parking and the charging could be integrated into those stops. Charging at company premises
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or shared logistical areas could be a practical solution and reduce the need for separate
charging pauses, making it easier to integrate into logistic chains. However, the development
of high-power and megawatt charging was also seen as important, especially for heavier
vehicles. Longer routes will require a combination of depot charging and fast charging
during routes, preferably integrated into mandatory breaks. The development of megawatt
charging and other high-power charging suitable for heavy vehicles could reduce the

uncertainty related to expanding the operation range.

The opportunities identified in the interviews suggest that the transition to electrified heavy
vehicles should begin with applications where electric vehicles are already in use or where
the operational fit is the strongest. In Lappeenranta area, this means strengthening the
electrification in local public transport and adopting electric vehicles in operations where
depot charging is possible, like short distance distribution. Some industrial areas could also
utilize electric vehicles and depot charging in operations with unchanging routes of moderate

mileage.

5.3 City’s role in the transition

The interviews indicated that the city of Lappeenranta could support the electrification of
heavy vehicle traffic, but that the role is mainly enabling, rather than controlling. The city
itself can’t determine how private operators choose to invest in electric vehicles and charging
infrastructure but could help to reduce uncertainty about those investments by creating

favorable conditions for electrification.

Public procurement was identified as one of the most direct tools through which the city
could influence the transition. The city has a clear role in electrifying public transport, as it
can decide the requirements for the fleet in tendering process, thereby creating a demand for
cleaner vehicles. However, interviewee A pointed out that too strict requirements could
increase the costs to a level that the city can’t afford. Therefore, a balance between climate

targets, service needs and financial limitations needs to be found in those decisions.

While the local transportation is one of the main ways the city could accelerate the transition
through public procurement, some other implementations could also be used. Other

purchases made by city, like construction projects and maintenance contracts, could also
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have requirements for low- or zero-emission vehicles. The city’s direct influence over heavy
truck traffic is however limited, since most of the truck traffic is operated by private

companies linked to other logistics chains outside of the city’s own procurement.

As identified, heavy-duty charging requires suitable locations with enough space and
appropriate electricity capacity. The city can support the development of charging network
through land-use planning by identifying suitable places and considering the possible needs
for charging stations in planning processes. Interviewee C suggested that the future traffic

station areas should be planned for charging use in addition to traditional fuel distribution.

The importance of cooperation between public and private sectors was emphasized in the
interviews. The transition involves transport companies, charging operators, energy
companies, industrial actors, research organizations and public authorities and the city could
help bring all these actors together. Clear local targets for electrification could give direction
for private actors and this could be connected to a broader planning approach, such as
Sustainable Urban Logistics Plan (SULP). That or other comparable planning framework
could help the city define targets and priorities for low-emission freight, identify the heavy-
duty charging needs and connect the electrification to land-use and transport system

planning.

At this time, the interviews showed clear limitations to municipal influence. Charging
infrastructure was generally seen as an operation that should develop on a market basis. The
question of who should build and pay for heavy-duty charging was raised, but also that the
city has limited possibilities to financially support private actors directly on the matter.
Interviewee A also pointed out that city should be cautious of taking too big role in building

the charging infrastructure, as operating one is not part of their core expertise.

Based on the interviews, a SWOT analysis was prepared to summarize the findings on
promoting heavy vehicle traffic electrification, from the perspective of the city of

Lappeenranta. The highlighted findings are presented in Figure 11.
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Figure 11. SWOT analysis of the city of Lappeenranta’s role in heavy vehicle

electrification.

Overall, it seems that the city of Lappeenranta could best accelerate the transition by taking
a role as a facilitator. The city can use procurement as a direct tool for promoting the
transition, while also supporting private actors and research through land-use planning,
cooperation coordination and setting strategies, would be the best way. A framework such
as SULP, or comparable planning approach, could strengthen this kind of stakeholder
cooperation and clarify the targets of heavy vehicle electrification. Ultimately, the pace and
concrete actions on electrifying depend mostly on transport companies, charging operators

and market development.
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6 Recommendations

The recommendations are based on scenario analysis, interview results and the theoretical
background of this thesis. The scenario analysis showed that heavy vehicle electrification
could reduce the GHG emissions of heavy vehicle traffic in Lappeenranta significantly. The
results also showed that the emission reduction potential varies between different vehicle
categories notably, mainly due to the large differences in mileage. The interview results
highlighted that the city’s role in the transition is mainly enabling, as most of the investment
decisions on electric fleet and charging infrastructure are dependent on private and national-

level actors.

The recommendations focus on methods where the city has realistic influence: public
procurement, land-use planning, strategic planning and stakeholder cooperation and pilot
projects. The recommendations mainly focus on near-term solutions, but more ambitious
long-term options are also discussed. The aim of the recommendations is not to control the

transition, but to improve the conditions for it.

6.1 Creating early demand through public procurement

One of the most direct tools for promoting heavy vehicle electrification is through public
procurement. The interviews showed that the city has the strongest direct influence in
operations that it purchases or organizes itself. These are, for example, local public transport,
school transportation and some service contracts. The city can create low- or zero-emission
requirements for vehicles in these sectors by gradually tightening environmental

requirements in tendering processes.

Local public transport should be the priority when using procurement as a pathway to
electrification. The scenario analysis showed that the local transportation has high
electrification potential, and the interviews also identified it as one of the most suitable
categories for early electrification. Lappeenranta already has electric buses in local transport
and they’ve proven to be a practical operating model. The city should continue to increase

the share of electric buses in future procurements.
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School transportation and other contracted services should be approached with the same
overall aim as local transportation, but more gradually. Currently, school transportation is
operated by diesel. Some existing routes could be suitable for electric vehicles, if the daily
mileage and charging possibilities are suitable. The rural characteristics of some routes and
limited charging opportunities at small depots or even driver’s homes, however, create
challenges and may slow down full electrification. Therefore, the most suitable routes should
be identified first, and low-emission requirements or additional tendering points should be

introduced for routes where they are technically feasible.

In addition to public transportation, the city could add procurement criteria to construction,
maintenance and other service contracts. Instead of requiring fully electric vehicles, a more
gradual approach could work better. Phased requirements or criteria that give additional
points for low- or zero-emission vehicles could create market signals without making the
tendering process too restrictive. As the interviews indicated, too strict requirements may
increase costs or lower options, especially in areas where the number of suitable bidders may

be very limited in certain operations.

Procurement should be used as a demand-creating tool, but with careful phasing.
Electrification should be prioritized in most suitable areas, where it is already feasible
without major changes to operations. This allows the city to support market development,
without making unrealistic requirements for operators that don’t yet have access to suitable

vehicles or charging infrastructure.

6.2 Enabling heavy-duty charging through land-use planning

Overall, the lack of charging infrastructure was identified as one of the most central barriers
both in interviews and literature. The city doesn’t need to respond to this by building or
operating its own charging infrastructure, but to create favorable conditions for it with

coordination and land-use planning.

Heavy-duty charging stations differ from passenger-car charging stations mainly in having
larger space and power capacity requirements, and most of the existing charging locations
are not suitable for large vehicles. The city should identify areas where heavy vehicles

already operate, such as logistics areas and main road connections. In Lappeenranta,
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potential locations could be examined especially near major traffic corridors and logistics
nodes. Industrial areas and locations near main roads could be assessed for their suitability
for heavy-duty charging. In addition to land availability, the electricity grid capacity and
potential demand from transport operators should be assessed. This way, the city could avoid
a situation where technically suitable locations would be lost to other land uses before the
future charging needs would be clearer. Coordinating with charging operators, energy
companies and grid operators at an early stage is important, as it can support planning the

most suitable locations, reducing uncertainty for investments in charging infrastructure.

The land-use planning could also support depot and semi-public charging solutions. Public
high-power charging is likely to play a big role in the future for long-distance transport, but
the earlier applications will mostly benefit more from depot or terminal charging. The city
can support this by ensuring that zoning and permitting processes do not prevent the
construction of charging infrastructure at logistics sites, depots and industrial areas. Shared
charging solutions could also be considered in areas where one company’s demand might

not be high enough to support a separate investment.

The main task of land-use planning in transition is to reserve flexibility for future charging
infrastructure. The actual development pace and rate of electrification is still unsure, but the
future locations don’t need to be determined immediately. It is, however, important to create
a mutual understanding with local actors of suitable areas to help the future planning
decisions. The city’s role remains mainly enabling, leaving room for market-based

development.

6.3 Preparing a roadmap for low-emission logistics

The city should consider preparing a SULP-type roadmap for low-emission urban logistics
to connect the individual measures into a coordinated approach. The roadmap could provide
a practical framework for identifying the most feasible electric implementations, what

infrastructure would be needed and how different actions can support the transition.

The roadmap should map the most relevant urban logistics and heavy vehicle activities in
the area. This might include local public transport, school transportation, municipal service

contracts, distribution traffic, logistics areas and industrial transport flows. The aim is to
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create a clear understanding of where the city has the most influence on and where
cooperation with private actors is needed. By identifying these factors, the roadmap could
help prioritize the suitable first applications. The interviews identified operations with
regular routes and schedules as the most realistic first applications, and the roadmap could
classify different operations according to their electrification potential. The most suitable
categories should be prioritized first through procurement, pilot projects and infrastructure

planning, and the roadmap could help connect these measures into a coordinated approach.

The roadmap could also help clarify the responsibilities of the city and other actors in the
transition. Overall, it would give guidelines and structure to the transition, without taking on
the whole responsibility. The roadmap could also have a short- or long-term action list,

linking it to the broader climate targets of the city.

6.4 Coordinating stakeholders and supporting pilot projects

The roadmap approach recommended in the previous section could provide a basis for
coordinating stakeholders and identifying possible pilot projects. As stated, the heavy
vehicle electrification requires cooperation with multiple actors, and the city could use the

roadmap as a base to bring these actors together.

The city of Lappeenranta is already very active in climate-related development projects. This
existing expertise could be used to support planning and turn ideas to practical
experimentation. These development projects could provide a source of external funding,
possibly offering a way to test solutions in action which would otherwise be difficult for one
actor to implement alone. Many of the barriers identified in interviews were shared between

several actors.

Pilot projects should focus on applications where the electrification would be most suitable
and realistic. These projects could be, for example, related to selected school transportation
routes, municipal maintenance or shared charging solutions. The information collected from
these pilots on costs, charging needs and functionality could support future procurement,

land-use planning and infrastructure needs.

Lappeenranta has a strong local basis for this kind of pilot project activity. The region already

has technology-oriented climate work, active networks and expertise related to electric
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mobility. The presence of LUT University and the Electric Mobility Research Center
(EMRC) by Kempower and LUT offers opportunities to connect strong research assets,
companies and public-sector development work. The Greenreality Network provides an
existing platform for cooperation between the city, companies and regional actors. These
local assets could benefit pilot projects and development work related to the transition and
therefore be utilized. This would allow the city to support the transition within its core areas
of expertise, while sharing the efforts with companies, research organizations and other

actors.

6.5 Considering long-term and more ambitious measures

In addition to these near-term, more practical recommendations, the city could later consider
more ambitious long-term measures. Heavy vehicle electrification is still in its early stages,
and these measures should not be treated as immediate priorities. If the availability of electric
heavy vehicles improves, charging infrastructure expands and the transition becomes more

realistic, the city could take a stronger role in steering towards low-emission logistics.

One ambitious option could be to introduce low- or zero-emission zones in selected areas in
future. A limited low-emission zone in city center could, for example, encourage lighter
distribution using smaller electric vehicles, improve local air quality and reduce noise
pollution. For this solution there are, however, many ways to implement it, and regulatory
model, enforcement and impacts on businesses need to be assessed carefully. Lappeenranta
is also a relatively small city, where heavy traffic in center is not generally considered to be
disturbance in terms of traffic jams. Therefore, for this kind of solution, preparations would
need to be made very carefully, and only when suitable vehicles and charging options are

realistically available for operators.

A shared heavy-duty charging hub could be a possible long-term measure. This kind of hub
would serve several transport companies and reduce the need for each operator to invest in
their own charging infrastructure. As in the previous recommendations, the role of the city
would be more enabling than operating in this scenario, and the investment and operation
would most likely remain market based. However, identifying suitable locations with
sufficient space and adequate electricity capacity would be more demanding, since the need

for both factors would be bigger than in smaller charging stations. This type of solution could
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support smaller operators that do not yet have sufficient justifications for investing in their

own charging infrastructure.

In addition to charging hubs, the city could also examine the possibilities of microhubs in
the most central areas. Microhubs serve as consolidation points where goods from long-haul
transportation is transferred to smaller, electric vehicles, in the final parts of deliveries. In a
city like Lappeenranta, this would probably be a niche solution supporting broader low-

emission logistics targets, but not a main pathway for heavy vehicle electrification.

Overall, the city should focus on the more realistic short-term actions presented earlier. The
measures discussed in this section would become relevant only if the market for electric

heavy vehicles develops further and thus are more ambitious or even unrealistic.
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7 Conclusions

The aim of this thesis was to evaluate the potential effects of heavy vehicle electrification in
Lappeenranta in terms of GHG emissions and to assess how the city could promote and
accelerate the transition. This thesis focused on heavy road vehicles including trucks,
combination trucks and buses, excluding heavy work machinery. To answer the two research
questions, two research methods were used: scenario analysis for assessing the potential
GHG emission reductions in heavy vehicle transport in two different scenarios, and theme
interviews to provide insight into the current state of electrification, barriers and

opportunities and what is the city’s role in the transition.

The first research question asked what kind of GHG emission reductions are possible in
Lappeenranta through electrification of heavy vehicle traffic. The scenarios were developed
for year 2040 with a more realistic and more ambitious targets of electric vehicle rates and
compared to the current GHG emissions, which were calculated with data from TMS points
and bus kilometers from local and school transportation. The scenario analysis showed that
electric vehicles could reduce the GHG emissions significantly, but the reduction potentials
are largely dependent on the vehicle category. In the current situation, the GHG emissions
from heavy vehicles were estimated to be approximately 66,500 t CO»-eq. In the realistic
scenario, the emissions were reduced to approximately 52,650 t CO;-eq., resulting in 21%
reduction from the current situation. In the ambitious scenario, GHG emissions were
approximately 43,616 t COz-eq., which equals 34% emission reduction from current
situation. The results show a clear possibility for significant emission reduction potential,
but also that even with the ambitious scenario, the emissions from heavy vehicles wouldn’t

be even halved.

The scenario results also showed the major differences between vehicle categories and their
emission reduction potential. The vehicles were divided into four categories: combination
trucks and other (lighter) trucks, and buses by their operations, local transportation and
school transportation. Combination trucks remained the most dominant source of emissions
in all scenarios due to their high mileage and higher emission intensity. Although their
emission reduction potential is the highest, their relative reduction remained smaller than in

buses, because heavy long-haul vehicles are more challenging to electrify. Local public
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transport, in contrast, currently presents the second smallest share of GHG emissions, but
showed the highest relative emission reductions. This reflects the fact that predictable routes
are most suitable for earlier electrification and are already in use. The share of public
transportation in the total GHG emissions is however small compared to trucks, and the
transition requires attention to both early feasible applications and more difficult truck

categories.

The second research question asked how the city of Lappeenranta could promote and
accelerate the heavy vehicle electrification. To answer this question, theme interviews were
conducted with different actors in the industry. The interview results showed that the city’s
role is mainly enabling rather than directly controlling the transition. Most of the crucial
decisions like investment in electric vehicles and charging infrastructure are made by private
actors. The city can influence through public procurement, land-use planning, strategic

planning and coordination between stakeholders.

Based on the results of interviews and current state of knowledge, local public transportation
is one of the most suitable applications for electric vehicles and is already in use in many
cities, including Lappeenranta. Through public procurement, the city could create early
demand for low- and zero-emission vehicles in public transport, and even in some other
selected services by adding or increasing low-emission criteria. School transportation and
other service contracts should be approached more gradually, as there is not currently a

working model in use in Lappeenranta.

Land-use planning is also an important enabling measure. Heavy-duty charging requires
suitable locations with adequate space and sufficient electricity capacity. The city should
identify potential charging locations and consider the future charging needs in other planning

processes.

The recommendations also emphasized the value of a SULP-type roadmap for low-emission
logistics. The roadmap would offer a platform for connecting procurement, land-use
planning and stakeholder cooperation, identifying the most suitable first applications and
clarifying the division of responsibilities between actors. The city of Lappeenranta could
utilize its active development project culture and existing networks of local actors and

research institutes and take more practical approaches through pilot projects. The results of
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this thesis highlight that the transition is not only a technological transition, but a wider

system-level change where public and private sectors are closely connected.

The thesis also includes several limitations. The scenario analysis is based on available
traffic data and simplified vehicle categories. The TMS data covers only the larger roads and
cannot fully capture urban heavy vehicle traffic. The bus routes are mainly inside the city,
but some overlap with TMS points is likely. The vehicle categories are largely simplified in
this thesis, even though heavy vehicles vary in weight, load, driving patterns and energy
consumption significantly. The electrification rates in the scenarios indicate possible
pathways but do not forecast the actual development in electrification rates. The results are
therefore highly sensitive to the assumed electrification shares. The emission reductions
depend directly on the share of electric vehicles in each category, especially in high-mileage
truck categories and should be interpreted as illustrative pathways. The GHG emission
calculations focused only on fuel production and operational emissions, excluding the full

life cycle of vehicles and batteries.

In practice, the transition towards cleaner traffic may include several technologies and fuels.
While battery-electric vehicles appear most suitable for predictable and shorter-distance
routes, other energy sources such as hydrogen, biogas and renewable diesel may remain
relevant in other applications. Hydrogen infrastructure is also included in the EU’s
alternative fuel infrastructure development, but still faces uncertainty related to
infrastructure availability and energy efficiency (Basma et. al. 2022; European Commission
2026a). Therefore, hydrogen is better understood as a possible complementary solution

rather than main pathway for transition assessed in this thesis.

The diesel emission factors used in this thesis are based on the selected fuel and emission
factor assumptions. Renewable diesels were not modelled as separate fuel categories or
scenarios, although the calculator-based diesel emission factors may include assumption
concerning the diesel fuel mix. If the share of renewable diesel or other low-carbon fuels
grows by 2040, the well-to-wheel GHG emissions of the remaining non-electric vehicles
could be lower than assumed and therefore also reduce the calculated relative benefit of
electrification compared with the fossil-diesel- based reference. Renewable fuels are
however limited by availability and sustainability and not a complete substitute for zero-

emission technologies (IEA 2025¢).
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The findings of this thesis are consistent with earlier studies and reports on heavy vehicle
electrification. Previous literature has identified, for example, urban buses and depot-based
operations with short-distance routes as the most feasible early applications, while the
heaviest long-haul categories remain more challenging. (Borlaug et. al. 2021; SKAL 2023;
IEA 2024; Rashid et. al. 2025). The results of this thesis follow the same pattern, stating the
high relative emission reduction potential in local public transport, and combination trucks

remaining the largest and most difficult emission source.

The interview material also has some limitations. Although the interviewees represented
multiple fields, the results cannot describe all perspectives. For example, a wider sample of
transport companies, industrial shippers and grid operators, could provide additional insights
into investment decisions and charging patterns. The interviews still provided valuable
information on the barriers and opportunities of the transition and gave valuable insight into

roles of different actors.

The recommendations are broadly aligned with measures developed in other cities. For
example, Lahti, a city in Southern Finland, is preparing a Sustainable Urban Logistics Plan
(SULP) and examining charging infrastructure and business models for low-emission
logistics, which is similar to the roadmap, stakeholder coordination and charging
infrastructure recommendations presented in this thesis (NetZeroCities 2026). Larger cities
in Europe have already introduced more regulatory approaches, such as Amsterdam’s zero-
emission zone for vans and lorries (City of Amsterdam 2026). Compared with these
examples, the most suitable near-term recommendation for the city of Lappeenranta appears

to be more enabling, and maybe later, restricting.

Further research could continue this work by performing more detailed route and charging
demand analyses for the Lappeenranta area. These analyses could identify specific routes,
depots and logistical nodes that would be technically most suitable for electrification.
Another topic to be studied could be the total cost of ownership for different applications of
electric vehicles, including the investment costs of vehicles and charging infrastructure,
electricity prices and possible subsidies. The capacity of electric grids near the identified
possible heavy-duty charging locations should be assessed in cooperation with energy and
grid companies. A more practical continuation of this thesis would be preparing a SULP-

type roadmap for low-emission logistics in Lappeenranta.
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Appendix 1. A framework for the interviews.

Haastattelulomake: Raskaan liikenteen sahkoistyminen — Lappeenranta
Taustatiedot

T o >

o o

o T o 0

T » o™ @

o

o T o ma

Lyhyt esittely itsestdnne ja roolinne organisaatiossa?

Liittyyko, jos, niin milla tavoin organisaationne toiminta liittyy Lappeenrannan alueeseen
tai sen liikkennevirtoihin?

Mika on organisaationne suhde raskaan liikenteen sahkdistymiseen?

Nykytila ja kokemukset

Miten arvioitte raskaan liikenteen sahkoistymisen nykytilaa Suomessa?

Miten sahkoistyminen ndkyy talla hetkella omassa toiminnassanne tai mahdollisessa
asiakaskunnassanne?

Onko teilla kdytannon kokemusta sahkoisestd raskaasta kalustosta tai latausratkaisuista?
Mitka ovat talla hetkelld konkreettisimmat esteet sdhkoistymiselle teidan
nakokulmastanne?

Mitka tekijat tekevat sahkoistymisesta jo nyt tai ldhivuosina realistista?

Teknologia ja latausinfrastruktuuri

Millaisia lataustehoja ja liityntatehoja raskaan kaluston sahkdistyminen edellyttaa
kdytdnnossa?

Miten arvioitte megawattilatauksen kayttoonottoa aikataulullisesti?

Missa ymparistoissa (terminaalit, varikot ym.) raskaan liikenteen lataus on teknisesti ja
taloudellisesti jarkevinta?

Mitka teknologiat (akut, ajoneuvot ym.) naette kriittisimpana seuraavien 5—10 vuoden
aikana?

Logistiikka ja operatiiviset ndakékulmat

Millaisille kuljetusreiteille ja ajoprofiileille séhkoinen raskas kalusto soveltuu jo nyt?
Mitka tekijat rajoittavat sahkdkaluston kayttoa talla hetkella?

Mita muutoksia sahkdistyminen vaatisi kaytanndssa aikatauluihin, reitteihin tai kaluston
kayttoéon?

Missa kohtaa reitteja tai toimintoja olisi luontevinta ladata?

Miten naette satamien ja logistiikkakeskittymien roolin latausinfran

kehittamisessa ylipaataan? Enta Lappeenrannassa?

Mitka tahot ovat tarkeitd yhteistydkumppaneita sahkoistymisessa?

Taloudelliset nakokulmat

Mika on suurin kustannushaaste sahkdisen kaluston kayttéonotossa?

Kuinka merkittdvia investointeja arvioitte sahkoistymisen vaativan kaluston ja latausinfran
osalta?

Miten arvioitte sahkoisen kaluston kokonaiskustannuksia pitkalla aikavalilla verrattuna
dieseliin?

Millaiset tukimuodot, kannustimet tai saantely vaikuttaisivat investointipaatoksiin?
Kaupungin rooli ja julkisen sektorin edistamistoimet

Mita kaupungin tulisi tehda edistdadkseen raskaan liikenteen sahkoistymista?

Miten maankaytto ja kaavoitus voivat tukea latausinfran rakentamista?

Miten julkisen ja yksityisen sektorin yhteisty6ta tulisi kehittaa?



Mita riskeja tai esteita liittyy kaupungin aktiiviseen rooliin latausinfran kehittdmisessa?
Mita roolia maakunnalla tai valtiolla pitaisi olla?

Miten kaupungin omat hankinnat tai palvelut voisivat luoda kysyntaa sahkoiselle
kalustolle?

Missa kaupungin toimet ovat kaikkein vaikuttavimpia verrattuna markkinaehtoiseen
kehitykseen?

Tulevaisuuden nakymat ja skenaariot

Miten nadette raskaan liikenteen sdahkoistymisen kehittyvan 5—-10 vuoden
aikajanteella? Enta Lappeenrannan alueella?

Mika olisi realistinen sahkdisen raskaan kaluston osuus vuonna 2030 Suomessa /
Lappeenrannassa?

Mitka tekijat nopeuttavat muutosta?

Mitka tekijat hidastavat muutosta?

Missa roolissa pidatte muita teknologioita kuten vety tai kaasu Lappeenrannan
siirtymassa?



