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Abstract—This study analyses electricity consumption in
Finnish industrial sectors, focusing on energy-intensive industries
such as forestry, chemicals, and basic metals. Sensitivity analysis
is used to identify patterns of electricity use and opportunities to
increase efficiency. Results indicate that reducing electricity
consumption by 5% in these sectors could free up substantial
energy capacity, approximately 1,200 GWh per annum, thereby
can support the operation of about 8,500 electric trucks. This
reallocation of industrial energy savings can lead to reduce
infrastructure challenges, accelerates the transition to electric
transportation, and promotes the widespread adoption of electric
trucks in Finland. By addressing energy efficiency within
industry, this approach strengthens national energy flexibility and
supports long-term carbon neutrality goals.

Keywords—Electric Truck Adoption, Electricity Consumption
in Finland, Industrial Energy Reductions

I. INTRODUCTION

Industrial Electricity consumption is an essential indicator
for assessing industrial efficiency. It can also be determined
as a criterion for assessing economic growth that reflects the
energy system’s efficiency and its environmental
consequences. Economic sustainability is deeply influenced
by the energy industry, and the energy sector plays a crucial
role in shaping the job market and employment [1].

A. Motivation

In response to tightening climate goals and changes in the
energy market, industries over the world are moving to a dual
transformation, involving reduction of electricity
consumption and low-emission logistics. This shifting is
much apparent in Finland. The heavy industries, comprised
of forestry, manufacturing, and mining, consume large
quantities of electricity; road freight is a major source of
emissions in the transport sector. These converging pressures
create a strategic tension to consider: how can companies
reduce electricity consumption while increasing electric
vehicle (EV) uptake, which calls for robust, high-capacity
electric infrastructure?

Diverting energy savings from industrial processes to
transport is just a part of a wider sustainability vision in
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Finland, which includes reducing carbon dioxide emissions as
well as increasing the share of renewable energy sources. One
of the most famous Finnish forests, Metsd, is kick-starting
pilot projects with electric and biogas-fueled trucks to
transport timber, targeting at least 30% lower average
emissions by 2030 [2]. Thus, these energy -efficiency
improvements within industries would create synergies for
further electrifying freight transport and improvement in grid
stability, a reduced dependence on fossil fuels, and speeding
up the process of transforming the transport system into a
more resilient form[3].

B. Context

Finland is among the countries with the highest industrial
electricity consumption in Europe. Major industries include
forest, basic metals, and chemicals [4]. Reducing electricity
consumption in Finland's industrial sectors can significantly
impact the adoption of electric trucks in freight transport. The
Finnish Forest industry has shown a strong commitment to
improving energy efficiency; about 720 GWh could be saved
by the end of the year 2022, which is enough for the daily
energy consumption of 106 family houses [5]. Through
energy savings by process optimization and improving
automation, the forest industry can reduce its energy footprint
within the industry and help to increase national energy
flexibility. The energy conserved could be used to facilitate
electrification in transport [6]. The focus of previous research
has been on improving macro-level efficiency within a special
segment and there is lack of comparative statistical studies
about electricity consumption trends within main Finnish
industries. This research tries to fill this gap and investigates
electricity consumption trend for energy-intensive industries
in Finland and identifies opportunities for efficiency
improvements and their possible effect of electric truck
adoption in Finland.

C. Objectives

The main research objective in this study is to analyze
electricity consumption patterns across key Finnish industries
and assess trends and variations in consumption based on
parameters, and determine the potential effects that industrial



energy reductions would have on the adoption of electric
trucks in Finland.

The adoption of electric trucks is acknowledged as a
multifaceted challenge involving infrastructure, costs, and
policies [7], with this study specifically examining the role of
reallocating industrial electricity savings to support this
transition.

This research explores the correlations between electricity
consumption patterns in Finnish industrial sectors and the
more expansive objective of logistics electrification with a
focus on electric truck deployment. Using the official national
data, this research applies statistical methods, including
ANOVA, regression analysis, and sensitivity analysis, to
evaluate consumption trends on the industrial and sector level;
From these analyses, it is possible to estimate the potential
energy savings from integrating electric vehicles into logistics
systems. The particular research questions directing this study
are to be found in Section III.

D. Structure of this paper

First of all, this paper starts by introducing the motivation
for this study and its context in Finland as well as presenting
the research objective while ending by outlining the structure
of the paper. Secondly, the previous work is explored and
critically analysed in the section II through dedicated sub-
sections like A. "Industrial Electricity Consumption and
Energy Savings Potential", B. "Electric Trucks: Benefits,
Costs, and Operations”, C. "Electric Truck Charging: Power
Demands and Grid Challenges in Finland", D. "Energy
Consumption and Charging Requirements of Electric Trucks",
E. “Reallocating Industrial Electricity Savings for Electric
Vehicles”, F. “Sensitivity Analysis in Industrial Energy and
Transport Sectors”. Then section III presents the methods
applied in this study and hypotheses as well as analysis
methods. Section IV presents the findings from the statistical
analyses of electricity consumption in Finland’s
manufacturing industries from 2014 to 2023 and how
industrial energy efficiency can support electric truck
adoption. Section V explains how the results answer the
research questions and support the hypotheses. Finally,
section VI explains how electricity savings in key Finnish
industries can support electric truck adoption, while
emphasizing the need for grid readiness and future research on
transport electrification.

II. PREVIOUS WORK & EXISTING THEORIES

A. Industrial Electricity Consumption and Energy Savings
Potential

Finland's industrial sector consumed about 126 terawatt-
hours (TWh) of energy in 2022, which is equivalent to 44% of
the nation's total final energy consumption and electricity
usage among this energy consumption was 36 TWh. Industrial
electricity consumption accounted for approximately 32% of
Finland’s total electricity use, and among all Finland's
industries, one-third of the electricity consumption is for the
pulp and paper, basic metals, and chemical industries [8].

According to Lipidinen et al. [9], technological
advancements have improved energy efficiency in Finnish
industries. It is observed that their consumption pattern affects
the strategy of electricity use in every Finnish industry due to
climate change, economic disruption, as well as policy shifts

[10]. Achieving energy savings would permit us to do so
without approximately 20% of the power imported, as well as
fuel and gas preferences [11]. The industry can save costs by
reducing energy consumption through good strategies like
conducting regular energy audits to discover where energy has
been wasted and what patterns of consumption could be
further targeted for improvement [12]. The sustainability of
energy consumption would even protect long-term energy
efficiency by integrating renewable energy resources and
reducing greenhouse gas emissions [13].

B. Electric Trucks: Benefits, Costs, and Operations

Environmental and economic benefits surely result from
transitioning from diesel trucks to electric trucks. Previous
studies concluded that electric trucks emit 38% less CO:
during operation, compared to diesel trucks, reducing global
warming potential [14].

The total cost of ownership (TCO) for electric trucks is
said to be 58 % less than that for diesel trucks due to lower
operational and maintenance costs [15]. The basic advantage
of electric trucks is that electricity is much cheaper than diesel
[16].

The annual range of electric trucks depends entirely on the
application type and operational context in which they are
used. As per studies, electric trucks deployed in industrial
settings such as steel plants show an average mileage of
18,250 to about 109,500 kilometers annually, which is about
an average of daily 50-300 kilometers [17]. There is also
evidence that electric semi-trucks under favorable conditions
of operation could generate an annual mileage of as much as
193,121 kilometers per annum [18].

C. Electric Truck Charging: Power Demands and Grid
Challenges in Finland

Due to its unique transport characteristics, heavy-duty
truck fleet electrification is thus highly challenging for
Finland. The charging capacity requirements for electric
trucks (ET) are influenced only by charging patterns and
power, fleet size, and geographical constraints during
distribution [19]. Previous studies in the United States show
that truck electrification can account for approximately 5% of
the annual electricity demand in the United States [20].

Compared with passenger EVs, electric trucks require far
greater power levels -more than 1.3MW for a single charger
for their battery size and charging speed [21]. In logistics
depots, the transformer units for chargers in heavy demand at
peak charging during the evening and overnight would
presumably be loaded beyond their capacity without upgrades
[22].

For a total power capacity of 50 MW to the entire fleet of
trucks for depot operation, 50 trucks charging with 1| MW
chargers will be required, which is basically the peak load of
a small city [19]. Heavy duties from the electrification of
trucking and the growth of passengers EVs will cause
substantial increases in demand at substations, particularly in
cities such as Helsinki. This drives advancement in grid-
management strategies [23].

D. Energy Consumption and Charging Requirements of
Electric Trucks

The size, weight, and operational requirements of trucks

are the primary reasons that cause electric trucks show higher
energy consumption than passenger electric vehicles. Reports



have shown that heavy battery electric vehicles, such as
trucks, can vary within the range of energy consumption from
about 0.37 to 2.71 kWh/km depending on vehicle types and
driving conditions [24].

Long- haul electric trucks need substantial energy wherein
charging power requirements of near 1.4 MW are envisaged
for continuous operating during the compulsory rest period of
drivers [25].

E. Reallocating Industrial Electricity Savings for Electric
Vehicles

Enhancement of energy efficiency in Finland's industrial
sector is a vital issue for energy resources that can
alternatively be directed toward other sectors, with transport
ranking high on this list (IEA, 2023). In a country such as
Iceland, which is almost completely provided with renewable
electricity generation, efficient energy use in one sector
supports cleaner energy use in others, particularly transport
[26]. In addition, the ENERGY STAR® program in the
United States has helped save industrial plants 30 billion
kilowatt-hours of electricity, thus indirectly aiding the energy
transition in other sectors [27].

F. Sensitivity Analysis in Industrial Energy and Transport
Sectors

Sensitivity —analysis examines how changes or
uncertainties in the inputs of a model or system affect its
output. It helps identify which inputs impact the results most
[28]. Sensitivity analysis is especially important in the
assessment of industrial electric energy consumption and
electric vehicle (EV) performance. The effects of changes in
industrial electricity consumption on transport electrification
are different across scenarios and have a bi-directional
relationship between the two sectors. A study based on the
Sensitivity analysis shows the electrification of transportation
itself creates new connections between the transportation and
electric sectors. Uncoordinated charging of plug-in electric
vehicles (PEVs) can significantly change the shape of
aggregate residential demand, potentially requiring upgrades
to the electricity distribution infrastructure. This effect is
exacerbated by clustering PEV adoption at the local level and
higher in-home charging power [29].

The overall impact on the electricity grid depends on many
factors. As for the first group of studies, most of them agree
that the growth in demand on the system due to electrification
will most likely stretch the grid capacity and make operation
more difficult. However, the second group of studies claims
that electric vehicle penetration will not greatly affect the
power grid in the short term [30]. Nevertheless, charging
management is important for moderate vehicle penetration in
the base case, and it becomes crucial for higher vehicle
penetration in long-term scenarios.

Sensitivity analysis is used to assess the effect of various
economic variables on Cost-benefit analysis (CBA) in
transport interventions. Significant linear effects are observed
for key parameters like investment costs and economic
discount rates; these guide investment decisions and policy
formulation [31]. This analysis increases the robustness of
transport project evaluations.

[II. METHODS

A. Presented Study

The research evaluates electricity consumption in Finnish
manufacturing operations to determine how saved energy
could be redirected toward electric truck adoption. The study
examines three energy-intensive sectors: forestry, chemicals,
and basic metals through historical consumption data analysis
to determine trends and transport electrification potential. The
dataset, comprising electricity consumption in gigawatt-hours
(GWh) from 2014 to 2023, was sourced from the Official
Statistics of Finland (OSF), accessed on November 20, 2024,
via stat.fi [32]. The research used statistical methods to study
energy usage patterns and their effects on sustainable freight
transportation.

B. Research Questions
The study is guided by the following research questions:

e RQI: How does electric energy usage vary among
main Finnish industries?

e RQ2: Which industries are the most energy consumers
in Finland?

e RQ3: Do industries have a considerable variation in
the consumption of electricity?

e RQ4: What trends can be observed in industries'
overall electricity consumption and distribution across
different sectors?

e RQ5: How can reductions in industrial electricity
consumption contribute to the energy requirements
for electric truck adoption in Finland?

By addressing these questions, this study provides
valuable insights for policymakers, industrial leaders, and
transport sector stakeholders, helping them identify
opportunities for optimizing energy use and integrating
sustainable transport solutions within Finland’s industrial and
freight sectors.

C. Applied Methods

Given that the data was provided by Official Statistics of
Finland, a reputable provider, minimal data cleaning was
required. A review revealed no missing, corrupted, or
duplicate records within the data. To analyze the dataset, a
series of statistical methods was applied using IBM SPSS
Statistics. This software was chosen because of its high
capabilities in Statistical Analysis and visualization and
creating accurate graphs [33]. Initially, the data collected from
the OSF was entered into SPSS and a well-structured dataset
was created; then, the following methods were applied:

1) Normality Assessment — Kolmogorov-Smirnov Test:
For the normality assessment of data, the Kolmogorov-
Smirnov test has been utilized, which enables accurate and
comprehensive analysis of data. This test is a popular
statistical test used to determine specific distributions, such as
the normality of the data [34]. The null hypothesis (Ho) states
that the distribution of total electricity consumption (GWh) for
each industry is normal, while the alternative hypothesis (H1)
states it is not. For all tests, the significance level (a) is set at
0.05.

2) Mean Comparison — ANOVA Analysis: The one-way
ANOVA test is a parametric method for the comparison of



more than two independent groups of data, particularly when
the data is normally distributed. This test examines the
differences in the mean ranks of the groups, enabling the
ability to identification of significant differences between
groups [35]. The test is used to examine the significant
differences in electricity consumption between different
industries in Finland. The null hypothesis (Ho) posits that
mean electricity consumption (GWh) is equal across
industries, while the alternative hypothesis (H:) suggests at
least one industry’s mean differs significantly.

3) Post Hoc Analysis — Scheffé Test: Following the
ANOVA, a Scheffé post hoc test was used to determine which
specific pairs of industries had statistically significant
differences in their mean electricity consumption [35].

4) Linear Regression Analysis: A linear regression model
was developed to assess the relationship between total
industrial electricity consumption and the electricity
consumption in three energy-intensive sectors: forest industry,
chemical industry, and manufacture of basic metals [36]. The
null hypothesis (Ho) states no significant linear relationship
exists between total consumption and these industries, while
the alternative hypothesis (H:) posits a significant relationship
with at least one of the independent variables. Assumptions
(e.g., residual normality, homoscedasticity) were checked
using predict-residual plots and normal Q-Q plots.

5) Sensitivity Analysis: Studying sensitivity analysis
involves examining how the variation in the results of a model
or system (whether numerical or not) can be broken down and
assigned to factors of uncertainty in its inputs [25]. This
method was used to evaluate how changes in electricity
consumption in industrial sectors impact the number of
electric trucks that could be supported by energy savings.

The analysis explores a range of energy reduction
scenarios (2%, 5%, and 10%) as well as energy consumption
increases (-2%, -5%, and -10%) to assess their impact on
electric truck adoption. These scenarios help determine how
varying energy savings or additional consumption levels
influence the feasibility of reallocating industrial electricity to
support transportation electrification. In this context, the
independent variable is the percentage decrease in electricity
consumption within the forest industry, while the dependent
variable is the estimated number of electric trucks that could
be powered by the energy saved.

IV. RESULTS

This section presents the findings from the statistical
analyses of electricity consumption in Finland’s
manufacturing industries from 2014 to 2023. The dataset,
sourced from the Official Statistics of Finland, is summarized
in Table I, providing the foundation for subsequent analyses.

In general, electricity consumption has been on an upward
trend in most industries. However, after 2020 the data shows
a significant decline in total electricity consumption. During
these years, energy use has been gradually reduced by some
industries like Forest industries, food processing, and textiles,
which is because of technical advances and efficiency
improvements.

TABLE L ELECTRICITY CONSUMPTION IN FINLAND’S
MANUFACTURING INDUSTRIES (2014-2023)

Electricity Consumption in manufacturing by industry (GWh)

Years
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2014 1242 1966 175 19189 6925 5970 2064 617 1261 39409

2015 1250 1842 163 18607 6687 6120 2172 559 1106 38506

2016 1374 1986 123 18381 6669 6088 2024 595 1410 38650

2017 1442 1914 108 19161 6665 6053 2025 584 1148 39100
2018 1446 1989 114 19691 6817 6249 2107 610 1217 40240
2019 1420 1841 98 18769 6721 6226 2066 598 1111 38850
2020 1538 1935 102 16349 6532 6270 2051 615 1095 36487
2021 1623 2028 107 16964 6465 6549 1933 640 1065 37374
2022 1648 1927 138 14860 6205 6071 1904 625 1055 34433

2023 1550 1958 105 13883 6177 5622 2077 649 938 32959

A. The result of the Kolmogorov-Smirnov Test

The result of the Kolmogorov-Smirnov Normality test
(Table II) shows that in all manufacturing industries the P-
value (significant) > alpha (o = 0.05). As a result, the data on
electricity consumption in all industries in Finland follows a
normal distribution, and the null hypothesis is retained.

TABLE II. RESULT OF KOLMOGOROV-SMIRNOV
Manufacturing Industry Statistic | df | Sig.
Mining and quarrying 127 10 | .200
Manufacture of food, beverages and tobacco .143 10 | .200
Manufacture of textiles, wearing apparel, 236 10 | .123

leather and leather related products
Forest industry 255 10 | .064
Chemical industry 226 10 | .159
Manufacture of basic metals 187 10 | 200"
Machinery and metal manufacturing 207 10 | 200"
Manufacture of electrical and optical 112 10 | .200°
equipment

Other manufacturing .190 10 | 200"

B. ANOVA Analysis results

A one-way ANOVA test was applied to examine
differences in electricity consumption means across
industries. Based on the result of the ANOVA test in Table I1I
since the amount of significance (P-value) is less than alpha,
it means the null hypothesis, that is the equality of median is
rejected. So, the result shows there is a significant difference
in the mean electricity usage of at least two industries.

TABLE IIL RESULT OF ANOVA TEST

Source of Sum of df | Mean Square F Sig.
Variation Squares

Between 2447394832 8 305924354.0 667.965 <.001

Groups

Within 37097566.80 81 457994.652 - -

Groups

Total 2484492398 89 - - -

Total electricity consumption (GWh)



C. The result of the Post Hoc Homogeneity Test

Following the ANOVA, a Scheffé test was conducted to
identify specific differences between industries. The result in
Table IV reveals significant variation in electricity
consumption across manufacturing industries, with the Forest
Industry consuming the most and the Manufacture of textiles
the least.

Statistical analysis identifies groups of industries with
similar consumption patterns, such as the Manufacture of
electrical and optical equipment and other manufacturing.

TABLEIV. RESULT OF HOMOGENEITY (SCHEFFE TEST)
Manufacturing Subset for alpha = 0.05
N
Industry 1 2 3 4 5
Manufacture of
textiles, wearing 10 123.30
apparel, leather and
leather products
Manufacture of
electrical and optical 10 | 609.20 609.20
equipment
Other manufacturing 10 | 1140.60 | 1140.60 | 1140.60
Mining and 10 145330 | 1453.30
quarrying
Manufacture of food
products, beverages 10 1938.60
and tobacco
Machinery anq metal 10 204230
manufacturing
Manufacture of basic 10 6121.80
metals
Chemical industry 10 6586.30
Forest industry 10 17585.40
Sig. 204 464 366 966 1.000

Total electricity consumption (GWh)

Means for groups in homogeneous subsets are displayed.

D. Boxplot Analysis of Electricity Consumption

Boxplot analysis (Figure 4) revealed uneven electricity
consumption, with the forest industry showing the highest
median consumption (18,494 GWh) and textiles the lowest
(111 GWh). Detailed values are provided in Table I and Table
V.

Independent-Samples Kruskal Wallis Test
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Fig. 1. Boxplot Analysis - electricity consumption in Finland industries

E. Linear Regression Analysis

Table V shows the correlation between variables, in this
table R is the correlation coefficient, indicating the strength
and direction of the linear relationship between the

independent variables (predictors) and the dependent variable.
The R-value of 0.999 suggests a very strong positive
relationship.

TABLE V. CORRELATION BETWEEN VARIABLES
Model R R Adjusted R Std. Error of the
Square Square Estimate
1 .999* 998 998 115.813

a. Predictors: (Constant), Electricity consumption of Manufacture of basic metals (GWh), Electricity
consumption of Chemical industry (GWh), Electricity consumption of Forest industry (GWh)

b. Dependent Variable: Total Industrial Electricity consumption (GWh)

Table VI for ANOVA Analysis shows the significance of
prediction. As the p-value is less than alpha, the prediction is
valid.

TABLE VL ANOVA TABLE FOR REGRESSION ANALYSIS
Source of Sum of df Mean F Sig.
Variation Squares Square
Regression | 48756049.86 | 3 | 16252016.62 | 1211.696 | <.001*

Residual 80475.744 13412.624 - -
Total 48836525.60 | 9 - - -

Dependent Variable: Total industrial Electricity consumption (GWh)

a. Predictors: (Constant), Electricity consumption of Manufacture of basic metals (GWh), Electricity
consumption of Chemical industry, Electricity consumption of Forest industry (GWh)

The coefficient in Table VII shows a constant and slow
line and its validity. First, the amount of constant (b) can be
seen in “constant”. Second, the slope of line (2) can be seen as
a “variable name”. Also, the significance of these two data
shows their validity of them.

o Electricity Consumption of Chemical Industry (GWh): B
=2.227, shows that a one-unit increase in this variable is
associated with a 2.227-unit increase in Total Industrial
Electricity Consumption. Sig. = 0.015, which is less than
0.05, shows this variable is statistically significant for
predicting Total Industrial Electricity Consumption.

o Electricity Consumption of Forest Industry (GWh): B =
1.132, indicating that a one-unit increase in this variable
is associated with a 1.132-unit increase in Total Industrial
Electricity Consumption. Sig. < 0.001, which is highly
significant, shows this variable strongly influences Total
Industrial Electricity Consumption.

o Electricity Consumption of Manufacture of Basic Metals
(GWh): B =0.912, shows that a one-unit increase in this
variable is associated with a 0.912-unit increase in Total
Industrial Electricity Consumption. Sig. = 0.002, which is
less than 0.05, indicates this variable is also statistically
significant.

TABLE VIIL. COEFFICIENT OF REGRESSION

Standardized t Sig.
Coefficients
Beta

1484.143 - 5.249 .002

Unstandardized Std.
Coefficients B Error

Model

(Constant) 7789.623

Electricity 2.227 .657 058 3.392 015
consumption of
Chemical industry
(GWh)

Electricity 1.132 .021 967
consumption of
Forest industry

(GWh)

Electricity 912 178 .093 5.113 .002
consumption of
Manufacture of

basic metals
(GWh)

Dependent Variable: Total Industrial Electricity consumption (GWh)

53.058 <.001




The following steps were applied to check if the data met
assumptions for linear regression analysis:

e A predict-residual plot is used to interpret whether the
variance of residuals has a constant value. Fig. 1
shows that the variance of residuals is constant, and
the data shows no major violations of regression
assumptions.

Dependent Variable: Total industrial Electricity consumption (GWh)

Regression Standardized Predicted Value

Fig. 2. Scatterplot plot of variance of residuals

e A normal Q-Q-plot will be used to check whether the
residuals have a normal distribution and are random.
In Fig. 2, the plot shows that the data is near the line,
so the residuals have a normal distribution. The plot
of Fig. 3 shows the randomness of the residuals. As
the plot does not show any pattern or trend, the
randomness of residuals is accepted.
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Fig. 3. Normal Q-Q Plot of Standardized Residual
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Fig. 4. Detrended Q-Q Plot of Standardized Residual

F. Forecasting Electricity Consumption

Based on the result of the linear regression model, a
formula was developed to forecast total industrial electricity
consumption based on three key industries in Finland: the
forest industry, the chemical industry, and the manufacture of
basic metals. The model equation is:

y = 7789.623 + 2.227 X, + 1.132X, +0912X, (1)

Where:
y = Total Industrial Electricity Consumption (GWh),
X; = Electricity consumption of the chemical industry (GWh),
X, = Electricity consumption of the forest industry (GWh),

X3 = Electricity consumption of the manufacture of basic
metals (GWh).

This equation enables predicting future electricity
consumption by substituting forecasted values for Xj,
X, and X5.

G. Sensitivity Analysis on Energy Savings for Electric
Truck Adoption

According to the dataset, the forest industry consumed
13,883 GWh of electricity in 2023. A 5% reduction in
consumption would result in an energy saving of 694.15 GWh
(13,883 x 0.05). This amount represents the energy potentially
available for reallocation to electric trucks.

Research shows that heavy-duty electric trucks consume
between 0.37 to 2.71 kWh/km, depending on payload, terrain,
and driving conditions. This analysis assumes an average
consumption of 1.5 kWh/km for long-haul electric trucks
(Sato et al., 2022). A typical long-haul electric truck covers
100,000 km per year [16], leading to an annual energy
requirement of 150,000 kWh or 0.15 GWh per truck (100,000
x 1.5=150,000 kWh).

Thus, the number of electric trucks that can be powered by
the saved energy is approximately 4,628 (694.15 + 0.15). This
means that a 5% reduction in forest industry electricity
consumption could fully power approximately 4,628 electric
trucks annually.

Sensitivity Analysis Scenarios: This study evaluates the
effects of various energy consumption scenarios, including
reductions of 2%, 5%, and 10%, as well as increases of -2%, -
5%, and -10%, to assess their impact on electric truck
adoption.

2,000
14,000
1,500

1000 / 9,000
500 / 4,000
- -1,000
10% 5% 0% 2% 5% 10% :

-500 -
! 6,000

1,000 /

o 11,000

-1,500

ENERGY SAVED OR ADDED (GWH)
NUMBER OF ELECTRIC TRUCKS
SUPPORTED

-2,000 -16,000
REDUCTION IN FOREST INDUSTRY ELECTRICITY CONSUMPTION
—o—Exergy Saved or Added (GWh) Number of Electric Trucks Supported

Fig. 5. Sensitivity Analysis for Forest Industry Electricity Consumption

Fig. 5 illustrates the sensitivity analysis of electricity
consumption in the forest industry and its impact on electric
truck adoption. The simulation results indicate that reducing
the electricity consumption in this sector is advantageous in



that it saves energy (blue line), which can be used to support
more electric trucks (orange line). It is thus possible to power
about 4,500 electric trucks with a 5% reduction in electricity
use, which shows that industrial energy efficiency is a key
enabler of transportation electrification. On the other hand,
energy consumption leads to a shortage of thousands of trucks
(-5%), which is important to manage energy effectively. This
paper concludes that improving energy use can accelerate the
transformation to electric trucking, thus achieving optimal
energy system efficiency.

800
600 2
400 /
200 /

0

5% 2 0%
200 7 /
-400 / :
600 o
300 16,000

REDUCTION IN CHEMICAL INDUSTRY ELECTRICITY CONSUMPTION
—o—Energy Saved or Added (GWh) ‘Number of Electric Trucks Supported

14,000
9,000
4,000
10% 1,000

6,000

-11,000

ENERGY SAVED OR ADDED (GWH)

Fig. 6. Sensitivity Analysis for Chemical Industry Electricity Consumption

Fig. 6 continues the sensitivity analysis, now focusing on
electricity consumption in the chemical industry. As seen
previously, this sector's 5% reduction in electricity use can
support around 2,000 electric trucks, demonstrating the
potential for reallocating industrial energy savings toward
transportation electrification. However, the impact is less
significant compared to the forest industry due to lower
overall energy consumption in the chemical sector.
Conversely, a 5% increase in electricity use reduces the
available energy for electric truck adoption, reinforcing the
need for efficiency improvements in industrial energy
management.
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Fig. 7. Sensitivity Analysis for Manufacture of Basic Metals Electricity
Consumption

Fig. 7 continues the sensitivity analyses started in Figure 6,
but it looks at the basic metals industry instead of the
chemical industry. Similar to the chemical industry, the
energy saved or added (blue line) and the number of electric
trucks supported (orange line) increase with changes in
electricity consumption. A 5% decrease in electricity
consumption results in about 280 GWh of energy savings,
allowing for about 1900 electric trucks. The effects of energy
efficiency improvements in the basic metals industry seem to
be slightly less pronounced than in the chemical sector. These
results align with the trend depicted by the previous figures
and highlight the importance of industrial energy
management for adopting electric trucks.
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Fig. 8. Sensitivity Analysis for Electricity Consumption Across Chemical,
Forest, and Basic Metals Industries

Fig. 8 presents the combined sensitivity analyses of
electricity consumption in the chemical, forest, and basic
metals industries. Reducing electricity use by 5% across these
sectors leads to about 1,200 GWh of energy savings,
supporting about 8,500 electric trucks. The cumulative effect
is much more significant than that of individual industries,
indicating the importance of coordinated energy efficiency
measures to boost the rate of electric truck adoption.

V. DISCUSSION

This research examined electricity consumption by
energy-intensive industries in Finland, and the potential for
this electricity to be used for electric trucks, thus reducing
greenhouse gas emissions from trucks. This section explains
how the results answer the research questions and support the
hypotheses.

A. Answering the Research Questions

The study addressed five research questions outlined in
Section III:

e RQI (Variation in electricity usage): Kolmogorov-
Smirnov test results showed that electricity usage in
industries followed a normal distribution (p > 0.05,
Table II), indicating consistent variation patterns.
Besides, the ANOVA test showed that there was a
difference in consumption between the industries (p <
0.001, Table III), which is crucial in determining the
potential for energy saving.

e RQ2 (Highest energy consumers): The Scheffé post-
hoc test identified the Forest industry used the most
electricity, 17,585.40 GWh, followed by chemicals,
6,586.30 GWh and basic metals, 6,121.80 GWh (Table
v).

e RQ3 (Variation in consumption): The ANOVA test
results showed that there was a difference in the mean
consumption of the industries (p < 0.001, Table III),
thus the null hypothesis that the means are equal was
rejected.

e RQ4 (Consumption trends): The highest consumption
was in 2020 and there was a decline in consumption in
sectors such as forest, food processing, and textiles in
2023 (Table I), which could be attributed to
technological progress and efficiency measures, and
hence, more energy can be saved.

e RQ5 (Energy reductions for truck adoption):
Sensitivity analysis showed that a 5% reduction in
forest industry consumption (13,883 GWh in 2023)
saved 694.15 GWh, supporting 4,628 electric trucks



annually (Figure 5). Combined reductions across
forest, chemical, and basic metals industries enabled
8,561 trucks (Figures 6-8). The linear regression
model (R =0.999, p < 0.001, Section VI) confirmed
the significant influence of these industries on total
consumption, with the chemical industry showing the
strongest effect (B = 1.347) and the forest industry
following (B = 1.132).

Kolmogorov-Smirnov (normal distribution), ANOVA
(unequal means), and linear regression (significant
relationship) test hypotheses were also supported as the null
hypotheses were rejected. For RQ5, Finland’s energy mix,
with a substantial contribution from renewable and nuclear
energy, makes it easier to redirect industrial savings to electric
truck adoption [37]. The multi-year period of truck
replacement, which is determined by fleet turnover rates,
influences the rate of electrification. Here, “adoption” is the
utilization of energy savings for truck operations and other
factors like charging infrastructure, vehicle expenses, and
regulatory support [7]. These considerations highlight the
importance of coordinated energy and transport policies to
achieve the maximum emission reductions.

B. Match & Contribution

This research paper conforms with IEEE TEMS goals and
objectives since it involves the Management of Emerging
Technology, where electric trucks are being considered as an
innovative way of managing logistics and contributing to the
shift towards sustainable industries. A practical approach is
proposed for using the industrial energy efficiency (36 TWh
consumption, Table I) to promote transport electrification and
address the limitations in the charging infrastructure. The
study also highlights the challenges of implementation which
include the variation in energy savings across different sectors
and the low rate of fleet renewal. The added value is achieved
through the development of coordinated energy and transport
planning and the optimization of emission reduction.
Supported by sector-specific forecasts and analytical methods,
this work contributes to engineering and innovation, in line
with IEEE TEMS’s goals on sustainability and technology
management and the conference’s emphasis on technology-
driven industrial transformation. The future work may include
costs and infrastructure scalability.

VI. CONCLUSIONS

This research gives a detailed and comprehensive analysis
of how industrial electricity consumption affects electric truck
adoption in Finland and how there is an interaction between
the energy efficiency of key sectors and the potential for
electrification of transport. The regression analysis shows that
the chemical, forest, and basic metals sectors significantly
contribute to total industrial electricity use, albeit to different
extents. The chemical industry shows the strongest influence
with a coefficient B = 2.227, meaning that minor fluctuations
in its electricity consumption can have widespread effects on
the total demand for energy. The second is the forest industry,
with a coefficient B = 1.132, reflecting its large energy
consumption. The basic metals industry (B = 0.912) also
significantly affects the industrial energy sector. These
variables' strong statistical significance (p-values < 0.05)
explains the close relationship between national electricity
consumption and industrial energy use.

The sensitivity analysis also validates the central role of
industrial energy savings in electric truck viability. A decrease

in electricity consumption by only 5% in the forest industry
alone can save 694.15 GWh, which can power approximately
4,628 electric trucks annually. Doubling the decrease to 10%
could facilitate over 9,200 electric trucks, demonstrating the
tremendous potential of energy savings in pushing transport
electrification. When comparing equal cuts in the basic metals
and chemical industries, the overall energy saving could
already power over 17,000 electric vehicles, effectively
decreasing Finland's dependency on fossil fuel-based freight
transport. These results show that allocating energy from
industrial efficiency improvements could substantially
substitute expansive grid extension, relieving infrastructure
pressure while facilitating low-emission logistics.

A. Limits of this Study

Several limitations and challenges offer a way for future
research. This research points toward a capacity that needs
expansion. However, it does not look extensively at the
readiness of the Finnish electricity grid and how grid
expansion might be, such as demand-side management, fast-
charging high-voltage interconnections, or the inclusion of
renewable generation. Other studies should evaluate the most
appropriate way of preparing a grid network for mass
electrification in a stabilizing manner to reduce disconnections
as electric truck adoption increases.

While this study has identified the forest industry as a key
sector consuming electricity, detailed sectoral breakdowns
such as pulp and paper manufacture, biomass production, and
sawmilling are not considered. These sectors may show very
different ways of energy consumption. Further studies will
identify the specific areas in the sector that can enhance energy
efficiency. A more detailed approach would be able to make
specific suggestions for boosting electricity consumption and
redirecting excess energy into electrified transport solutions.

In addition, the present study concentrated only on three
major industries—basic metals, chemicals, and forestry—
without performing sensitivity analyses across the range of
industrial sectors. Extending this study to mining [38],
manufacturing, food processing [39], and agricultre [40] can
reveal further energy conservation opportunities. Reallocating
electricity savings in these sectors is feasible and can increase
the application of electric trucks. A comparison of all of the
main industrial sectors would give more information about
where the most significant energy efficiency improvements
can be achieved.

Although the current study concentrated on electric trucks,
their combination with other green transport modes—such as
hybrid electric trucks, is possibly more robust and effective.
Considering the limitation of electricity in truck operation,
especially in megawatt-level charging applications that are
required in long-haul operations.

B. Concluding Remarks

Overall, this research indicates the important role of
industrial energy efficiency in the transition to electrified
freight transport. Infrastructure readiness, cost incentives,
policy alignment, and sector-specific readiness will work
together with energy conservation measures and repurposing
saved industrial electricity; actually, without these
considerations, the adoption of electric trucks may fail to
progress. A meaningful reduction in emissions and promotion
of low carbon freight solutions would warrant addressing the
situation by the policymakers. As Finland moves towards
carbon neutrality targets, additional studies on grid readiness,



sectoral energy optimizations, and multiproduct transport
electrification strategies will be essential in making a more
sustainable and resilient logistics network.

C. Future Work

Future studies need to investigate how the energy mix of
Finland, with a significant share from renewables (hydro,
wind) and nuclear, may influence the scalability and
environmental benefits of electric truck adoption. There will
be an important consideration concerning the seasonal
variations in renewable output and operational feasibility of
electric trucks. Further insights would be gained through
detailed study into timing and logistics of phasing out
combustion trucks to aid policymakers in realistic planning for
fleet operators and electrification decisions. This would
involve consideration of fleet turnover rates, lifetimes of
vehicles already in operation, and costs.

Furthermore, it is suggested to investigate the multifaceted
relationship between industrial electricity reduction and
electric truck adoption, including factors such as charging
infrastructure development, economic incentives, and
regulatory frameworks. A comprehensive exploration of these
elements is recommended to enhance understanding of the
barriers and opportunities for transport electrification.
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