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Abstract: The improvement in energy efficiency (EE) and increasing consumption of renewable
energy sources (RES) in manufacturing play an important role in pursuing sustainable development
in the Baltic States and contribute to the transition to a low-carbon economy. This paper presents
the results of a detailed analysis of the channel through which EE, along with structural activity
changes, passes energy intensity and total energy savings and in combination with other key drivers
results in reductions in greenhouse gas (GHG) emissions in manufacturing in Estonia, Latvia, and
Lithuania during the period 2010–2020, taking into account the role of transformations in the energy
and climate framework of the European Union (EU). The Fisher Ideal Index, the Kaya identity, the
Logarithmic Mean Divisia Index (LMDI), and comparative analysis methods are used. The results
of the impact analysis of key drivers on energy intensity showed different contributions towards
improvements in EE and structural activity changes to changes in energy intensity in manufacturing,
which decreased by 53.1% in Estonia, by 30.5% in Lithuania, and by 16.5% in Latvia. The dominant
role of EE improvements on total energy savings is identified. The results of the GHG decomposition
analysis showed that because of improvements in energy intensity, reductions in the share of fossil
fuels, and increases in labour productivity, number of employees, and emissions intensity, the GHG
emissions decreased by 35.5% in Estonia, 40.4% in Latvia, and 8.1% in Lithuania. The results confirm
the need for new policies and the implementation of relevant commitments to save energy and
increase the contribution of RES in all three countries.

Keywords: Baltic States; value added; energy intensity; GHG emissions; decomposition analysis

1. Introduction

Climate change is becoming an increasingly serious challenge for many countries.
Rising global average temperatures and global warming are leading to more frequent
droughts, storms, forest fires, and other extreme weather events. To strengthen global
action, prevent climate change, and continue efforts to limit the global average temperature
increase to 1.5 ◦C above pre-industrial levels, as defined by the commitments of the Paris
Agreement, urgent measures are needed in all countries. The issue of climate-friendly
growth was at the heart of the programme of the UN climate change conference (COP27),
and the historic decision to establish and operationalise the loss and damage fund promises
a major economic transformation in countries around the world.

Estonia, Latvia, and Lithuania have national energy and climate plans and long-
term strategies to mitigate climate change and reduce GHG emissions, as required by
the energy policy of the EU Commission [1]. An assessment of their long-term strategies
has been carried out by the commission. The main findings were presented in [2–4],
including the analysis of the overall targets focused on GHG reduction, substitution of
fossil fuels by RES, improvement of EE, policies, and measures for adaptation to climate
change, estimated investment needs and socio-economic impacts of the transition to climate
neutrality by 2050.
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Climate change mitigation policies in three Baltic countries are based on the reduction
in GHG emissions from fuel combustion, industrial processes, agriculture, and waste
disposal and treatment. The contribution of land use, land-use change, and forestry
activities is also important. The long-term strategies in Latvia and Lithuania include a
target to make the European economy climate-neutral by 2050. The overall objective of the
Estonian strategy is to reduce GHG emissions by approximately 80% by 2050 compared to
the 1990 levels. The indicative milestones for emission reductions in individual sectors are
also slightly different. The lack of projections on the share of renewable energy in Estonia
and Latvia as well as on the expected emission reductions from industrial sectors in all
three countries are considered by experts to be a major shortcoming of these strategies.
Therefore, the countries need to implement their long-term national strategies, taking into
account the identified shortcomings in line with the common principles of the EU energy
and climate change policies.

Assessments of the national energy-climate plans were performed by researchers and
energy experts in many countries. Their analysis was focused on comparison of foreseen
national and European climate change mitigation goals by 2030 and discussion of energy
policies, foreseen measures, and planned tools, taking into consideration specific features
and expected challenges in each country. A significant gap between the national decar-
bonisation targets anticipated in the new climate package and their actual implementation
in Germany was revealed in [5]. Assessment of the Italian energy-climate plan in [6] was
limited to three dominant objectives: decarbonisation, EE, and the deployment of RES.
Implementation of ambitious objectives requires a high level of coordination between the
stakeholders and an establishment of relevant capacity in the public administration. In [7],
ambitious goals fixed in the national plan, the probability of achieving the objectives, and
difficulties that may be encountered in implementing the envisaged policies in Poland
were discussed. The possibilities to achieve the targets foreseen in the national energy and
climate plans in three Baltic countries were discussed in [8]. The analysis performed was
concentrated in three main research fields—climate change mitigation, deployment of RESs,
and changes in the household sector. This study covered a wide range of issues, including
the assessment of national efforts, the progress of strategies, and climate change mitigation
policies in the energy systems, in particular targeting the household sector.

Three Baltic countries have inherited from their Soviet past energy-intensive industries
that depend on a large share of imported fossil fuels. The transformation of the manufac-
turing sector is very important not only in terms of economic development, but also in
terms of opportunities to contribute meaningfully to climate change mitigation. Therefore,
it is important and relevant to assess the real trends in RES deployment, GHG emission
reductions, and the effectiveness and sustainability of policies in individual manufacturing
industries at national and regional levels. This study contributes to the existing scientific
literature by providing an integrated analysis of EE improvements, GHG emission trends,
and the impact of key drivers on their reduction in manufacturing in Estonia, Latvia,
and Lithuania.

The research aims are as follows:

• To provide an in-depth analysis of energy intensity trends in manufacturing in Estonia,
Latvia, and Lithuania over the period 2010–2020.

• To examine the effects of EE and structural changes in activities underlying the decline
in energy intensity in manufacturing in the Baltic countries.

• To examine the effects of changes in the number of employees, labour productivity,
declining energy intensity, RES deployment, and the variation in emissions intensity
that underlie the decline in GHG emissions in manufacturing in three Baltic countries.

• To compare the trends in the key drivers and their impact on the reduction in GHG
emissions in three Baltic countries and in the EU−27 countries.

The effects of EE and changes in the structure of economic activities, which stimulate
the reduction in energy intensity in manufacturing industries, have been identified using
the Fisher Ideal Index. An extended Kaya identity and the Logarithmic Mean Divisia Index
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(LMDI) method were used to assess the impact of changes in the number of employees,
labour productivity, energy intensity, RES deployment, and the variation in emissions
intensity on the reduction in GHG emissions in Estonia, Latvia, and Lithuania and in
the EU−27 countries. The methodology and results of this research describe its scientific
novelty. This methodology allowed us to carry out an in-depth quantitative and qualitative
analysis of the changes in manufacturing, and to identify the impact of driving factors on
the reduction in energy-related GHG emissions. Specific features were identified in each
country, taking into account peculiarities and the role of traditional industries and other
manufacturing sectors.

The paper is structured as follows: Section 2 reviews the relevant literature, Section 3
presents the methodology of this paper and the sources of information used in the prepa-
ration of this research, and Section 4 presents the analysis of energy intensity trends in
manufacturing and in individual industries, as well as the factors underlying the reduc-
tion in energy intensity trends in manufacturing. This section also presents the results of
the analysis of GHG emission trends and the impact of driving factors that support and
diminish further reductions in these emissions in three Baltic countries. Section 5 presents
a discussion and comparison of indicators in the Baltic States and in the EU−27 countries.
Concluding remarks are presented in Section 6.

2. Literature Review

The global long-term temperature goal set out in the Paris Agreement is very important
as the fundamental direction of the international climate policy. As the world faces major
challenges to reduce global GHG emissions, a comprehensive analysis of achievements,
policies implemented, and relevant instruments at global and national levels is needed.
Studies by many researchers have focused on the analysis of GHG emission trends, the
expected potential for emission reductions, the factors that contribute to the change in
energy-related emissions, etc. In [9], a computable general equilibrium model was used to
assess GHG reduction scenarios in seven Asian countries. Challenges in the energy systems
of individual countries were identified and the importance of national actions and policies
was emphasised. In [10], based on the application of the Kaya identity, different scenarios
of carbon emissions from fuel combustion up to 2050 were analysed. The importance of
developed countries and major emitters to reduce their GHG emissions was emphasised.
The role of RES as a leading factor in the transition to a low-carbon energy mix was
highlighted. In [11], trends in carbon dioxide (CO2) emissions in China, the world’s largest
emitter, were discussed. Four indicators, such as gross domestic product (GDP) per capita,
population size, carbon intensity, and energy intensity, were identified as the main drivers
of energy-related CO2 emissions. Economic growth and population size were identified
as the main factors influencing the growth of CO2 emissions in the long-term. In [12], the
factors underlying the change in energy-related CO2 emissions in the Chinese industrial
sector over the period 1991–2010 were analysed using the LMDI method. A long-term
relationship between industrial CO2 emissions and the driving factors (industrial value
added, labour productivity, fossil fuel consumption, and CO2 emissions per unit of energy
consumption) was demonstrated. The growth of industrial activity was defined as the
main factor contributing to the increase in CO2 emissions, while the reduction in energy
intensity was highlighted as the main factor contributing to the decrease in these emissions.
In [13], based on the application of the LMDI method and the Kaya identity, the impact
of carbon intensity, energy consumption structure, energy intensity, labour productivity,
and industrial scale on the amount of CO2 emissions in China’s energy-intensive industries
by 2030 and the potential for expected reductions were identified. In [14], a production-
theoretical decomposition analysis and an index decomposition analysis were used to study
the changes in CO2 emissions in Chinese industry. The roles of energy mix change, energy
intensity change, economic activity growth, EE, energy saving technology change, GDP
technical efficiency, and GDP technology change were evaluated. GDP change, technology
change, and energy intensity change were defined as the dominant contributors to the
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reduction in CO2 emissions in the industrial sector. In [15], based on the application of the
Kaya identity and indicators of population size, GDP per capita, energy intensity, emission
intensity, the peak of energy consumption in China in 2035–2040, and the peak of CO2
emissions in 2030–2035 were revealed. In [16], a modified global change assessment model
was applied to study the peak energy consumption and CO2 emissions in China’s industrial
sector. Based on the quantitative analysis of two scenarios, energy consumption and CO2
emissions in this sector will peak by 2025. To achieve a gradual reduction in emissions
growth by 2050, optimisation of the industrial structure and implementation of low-carbon
energy policies were recommended.

EE improvements, increasing the contribution of RESs, and energy sufficiency (ES)
are the most important factors for sustainable economic growth. An important role of
these factors in mitigating global climate change has been identified by researchers and
economists in many countries. Several indicators have been used in different studies to
compare changes in EE. The most common indicator of EE used in statistics [17,18] is energy
intensity, measured as gross inland energy consumption per unit of GDP. Although the
assessment of overall EE and even the evaluation of energy saving potentials could be based
on the comparison of such aggregated energy intensity indicators in different countries,
the need for a more detailed analysis of changes in EE has been highlighted by many
researchers [19–21]. The role of technical efficiency improvements was assessed in [19]. The
extended Kaya identity was applied to assess the carbon abatement potential of technical
efficiency improvements at different energy conversion stages of the energy system in
China. Technical efficiency improvements, including electricity efficiency, conversion
efficiency and passive efficiency, have the potential to reduce carbon emissions by 59%
during the energy transition. In [20], a literature review of models for EE assessment and
measurement in energy-intensive industries was presented and six factors influencing
EE in individual sectors were discussed. In [21], it was emphasised that the comparative
indicator of primary energy intensity cannot fully reflect the changes in EE in different
countries. A detailed analysis of the changes in final energy intensity in individual sectors
in the Baltic States was presented.

In [22], changes in EE were examined as a relationship between outputs and inputs
in nine countries. Based on the application of the economic value-added method, the
number of employees in the energy industry, energy consumption, and the amount of
energy services were chosen as the inputs, while CO2 emissions per capita and industrial
profit were chosen as the outputs. In [23], the main factors influencing the reduction in
energy intensity at the provincial level in China were identified. Based on the application of
decomposition analysis and econometric analysis, the significant role of rising income was
highlighted and the need for fundamental changes in economic structure was emphasised.
In [24], the changes in energy intensity from 2006–2010 and the policy mechanisms in China
were evaluated. Based on the implementation of market-based mechanisms, the potential
to modernise the traditional industrial structure and to reduce energy consumption and
GHG emissions was identified. In [25], scenarios of energy demand in the industrial sector
for 2009–2050 were estimated for the world regions. The study highlighted the importance
of EE measures in this sector and provided insights into the energy-saving potential in
different regions of the world. In [26], EE and new technologies used for RES deployment
were assessed as the most important factors for an accelerated energy transition by 2050.
The possibility to increase the share of RES from 15% in 2015 to 63% of the global primary
energy supply in 2050 was shown in the study. In [27], a comparative analysis of the
energy consumption and efficiency of the Japanese and Chinese manufacturing industries
was presented. Based on the application of decomposition analysis, the improvement of
EE was highlighted as the main factor contributing to the reduction in energy intensity
in both countries. In [28], the importance of EE for climate change mitigation in the
manufacturing sector in Latvia was discussed. The LMDI method was used to assess the
role of activity changes, structural effects, and EE improvements on energy consumption in
individual manufacturing industries. In [29], the problems of low-carbon development in



Sustainability 2023, 15, 3330 5 of 25

the Polish energy sector were analysed. The need to increase the use of renewable energy
was emphasised. Insufficient government support, relatively low GDP per capita, and
insufficient use of innovation potential were identified as the main barriers to a shift away
from coal.

Reduction in GHG emissions from the transport sector has an important role in
climate change mitigation, but achieving this objective is challenging and requires the
implementation of specific policies. In 2020, transport emissions accounted for 29.2% of
energy-related emissions in the EU−27. In many countries, the share of transport emissions
is even higher than 40%. Total energy-related GHG emissions in the EU−27 countries
have fallen by 35.1% over three decades, but transport emissions are 3.0% higher than in
1990. In [30], the impact of uncertainties in the transport sector during the transition to a
low-carbon energy system in the EU was analysed. The priority of decarbonising passenger
transport and early deployment of electric vehicles were highlighted. In [31], growing
contribution from advanced biofuels, based on tailored policy interventions, was identified
as an essential measure for the gradual decarbonisation of the transport sector. In [32],
public opinion, awareness, and knowledge were examined as important factors, together
with large investments and government commitments, contributing to the social acceptance
of biofuels in the Finnish transport sector. In [33], the development of alternative fuels,
including electricity, gaseous, liquid, and solid fuels, was discussed as an important part of
US energy policy. Liquid fuels were assessed as the dominant alternative in the transport
sector, taking into account the existing transportation infrastructure and general trends
in the alternative fuel market. In [34], based on the application of the extended STIRPAT
model, the effects of population, economic activity, transport volume, transport energy
intensity, modal split of transport activity, and energy source mix on GHG emission trends
in the EU transport sector were identified. Improvements in transport energy intensity,
the shift from road to rail, and the switch from oil products to electricity were identified
as the most effective measures to reduce transport emissions. In [35], EE in the Japanese
transport sector since the 1970s was studied. Little improvement was observed in the
energy intensity of road transport, but low energy intensities of bus and rail transport had
a positive impact on EE and CO2 emissions. In [36], the LMDI decomposition analysis was
used to evaluate energy consumption and EE in China’s transport sector from 2003–2009.
The activity effect was found as the main factor causing an increase in energy consumption
and, conversely, the positive changes in energy intensity due to implementation of new
EE policies in this sector were highlighted. In [37], the need to highlight the role of ES in
climate plans and strategies in the EU countries was discussed. Efforts of governments
should focus on less-energy-intensive services in different sectors. The study examined
various sufficiency-related policy measures, most of which were identified in the transport
sector, such as the reduction in travel distances, the implementation of modal shift policies,
and the use of public transport.

Buildings have a high potential for reduction in GHG emissions due to the large
amount of energy consumption and the large contribution of fossil fuels. The importance
of EE improvements and the deployment of RESs were identified by many researchers as
the most important policies and measures to change the structure of energy consumption
in households, reduce GHG emissions, and facilitate the transition to a low-carbon future.
In [38], the energy performance of building directive was revised and an overview of
the recent policy developments as well the introduced provisions on new and existing
buildings was presented. Though nearly-zero-energy buildings remain the current building
standard for new buildings, insights into zero-energy buildings and market readiness for
rapid implementation of this standard were provided in the study. In [39], building codes
or standards and energy pricing systems in the residential sector were discussed. The
study highlighted the lack of perfect information and rational decision-making, and the
effectiveness of energy certificates and labels, feedback programmes, and energy audits.
In [40], the benefits of energy-saving measures in Swiss residential buildings were demon-
strated in terms of reduced energy consumption, improved indoor air quality, thermal
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comfort, and protection against external noise. According to the analysis presented in [41],
EE improvements and GHG reductions have not yet reached the level of households’ will-
ingness to pay. Behavioural and psychological barriers have been identified as the main
reasons for the weak performance of climate change policies focused on the household
sector. In [42], the consumption of energy sources in Polish single-person households and
the main factors influencing energy poverty, including the income level, demographic,
social, and socio-economic characteristics of residents, were assessed. In [43], ES, leading
to an absolute reduction in energy demand, was emphasised as the best way to achieve
net-zero climate goals. ES can contribute to a reduction in energy consumption and the
investment needs in the energy sector. The potential for reduction in energy demand,
associated GHG emission savings and the resulting change in the energy mix by limiting
the heated floor area per capita in Lithuania and Hungary, was highlighted. In [44], ES
was highlighted as an important energy policy instrument in the building sector, taking
into account more efficient use of living space, development of the existing building stock,
changes in behaviour, and quality of living standards. In [45], a review of studies focused
on the assessment of willingness-to-pay energy for efficiency improvements and RES de-
ployment was presented. In order to provide a basis for comparison, the common variables
between different studies were identified and the key variables were selected. The paper
is valuable as an analytical structure for future studies focused on assessing the impact of
variation in key comparative elements.

The contribution of RESs in the residential sector to climate change mitigation is an
important factor in many countries. However, the potential of RES deployment in this
sector is still not realised due to many reasons and barriers. In [46], the low environmental
awareness of the benefits of renewable energy, lack of infrastructure required for faster
deployment of RESs, and financial barriers to the installation of renewable energy technolo-
gies were identified as the main barriers to sustainable energy consumption in households.
In [47], the barriers to the use of renewable energy for electricity generation and heating in
Croatia were discussed, including energy and environmental policies, subsidies for fossil
fuels, the role of international financial institutions, the monopoly of electricity companies,
the lack of necessary information, and administrative barriers. The need to implement
appropriate regulatory instruments at a national level and to strengthen the role and re-
sponsibility of local authorities was highlighted. Based on the analysis presented in [48],
the potential of RES deployment in households is still not realised due to behavioural and
other barriers. High up-front costs and long pay-back periods, lack of information and
knowledge, low priority of environmental concerns, lack of necessary infrastructure, and
resistance to change human habits as the most common barriers to the acceptance of RES
technologies were identified in the study. The role of decision-making in the implementa-
tion of RES technologies in the household sector, as well as the importance of developing
appropriate policies and measures to promote RESs, were emphasised.

Research focusing on the analysis of EE trends and the role of RES in reducing energy-
related GHG emissions in manufacturing is very limited. Therefore, we contribute to the
existing literature by conducting an in-depth analysis of the factors influencing the change
in EE and GHG emissions in manufacturing in three Baltic countries.

3. Methodology

The methodology and research were focused on answering the scientific questions:
How does the energy intensity in manufacturing and its branches change? What are key
drivers and their effects on energy intensity? What are the effects of changes in energy
intensity on energy savings? How do changes in EE impact changes in GHGs in context of
other drivers of emissions?

3.1. Data and Their Preparation

The analysis was performed considering a time series data from 2010–2020, which were
collected from the databases of Statistics Estonia [49,50], Official Statistics Latvia [51,52],
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Statistics Lithuania [53,54], the National Inventory Submissions 2022 [55], and the Statistical
Bureau of EU (Eurostat) [56–59]. While detailed data about energy consumption and eco-
nomic development in manufacturing of the Baltic States were extracted from the systems
of national accounts, the aggregated indicators were taken from the Eurostat database.
Extracted data were revised and regrouped for comparability. Data availability enabled
performing research both at an aggregated level of manufacturing and its branches in the
Baltic States, thus revealing historical differences in the countries and their manufacturing
and among variety of branches. The multifaceted analysis makes our study unique in the
context of already-conducted studies, which were reviewed in Section 2. Statistics of the
Baltic States provide data on various branches. A detailed rationale for the selection of
particular branches for the study was based on the assessment of VA created by the branch
and the volume of energy consumption (Table 1).

Table 1. Comparative indicators of manufacturing in 2020, % (own estimations based on [49–54]).

Estonia Latvia Lithuania
Energy Use Value Added Energy Use Value Added Energy Use Value Added

Food products and beverages 20.3 12.6 9.7 17.6 19.5 19.8
Wood and paper products 41.6 21.0 61.1 28.7 15.7 12.0
Non-metallic mineral products 9.6 8.9 21.3 9.5 18.7 9.9
Chemical products 9.2 3.4 2.6 6.8 34.6 12.8
Textile and leather products 2.5 4.6 0.6 3.8 2.7 6.3
Other industries 16.8 49.5 4.8 33.6 8.9 39.3

Manufacturing generates a relevant share of economic value and influences strongly
overall economic growth in three Baltic countries. During 2010–2020, VA generated in
this sector increased in Estonia by 3.4%, in Latvia by 3.1%, and in Lithuania by 4.5%
per annum. Different trends are observed in branches both in VA generated and energy
consumption. Manufacture of food products and beverages, wood and paper products,
non-metallic mineral products, textile and leather products, and chemical products have
traditionally been the most significant branches. A large population was employed in the
sector. They generated the majority of products for the domestic market and for export.
Traditional branches consumed a lot of energy resources, but they grew in terms of VA
created at a moderate pace—in Estonia by 2.1%, in Latvia by 2.2%, and in Lithuania by
4.0% per annum. This growth was associated with changes in final energy consumption.
It grew by 3.5% in Latvia and by 0.4% in Lithuania but decreased by 3.9% per annum in
Estonia. Contribution of traditional branches into total VA generated by manufacturing
decreased in all three countries. In 2020, share of these branches amounted to 50.5%
in Estonia, 66.4% in Latvia, and 60.7% in Lithuania. Manufacture of basic metals and
fabricated metal products, electrical equipment, machinery and equipment, transport
equipment, computers, electronic and optical products, furniture, and other industries
with the capability of creating high VA grew faster than traditional industries. Total VA
generated by these industries increased over the last decade in all three countries at a rate of
5.1% per annum. It is important to emphasise that due to structural changes, rapid growth
of economic activities was achieved by different consumption of energy resources. In 2020,
total final energy consumption in these branches in Estonia was 39.6% and in Latvia 76.9%
less, but in Lithuania was 58.0% higher, compared with the 2010 level.

After assessing the VA created by the branches and the volume of energy consumption
(Table 1), we chose to analyse such branches as manufacture of food products and beverages,
manufacture of wood and paper products, non-metallic mineral products, manufacture of
chemical products, manufacture of textile and leather products, and other industries.

3.2. Calculation of Final Energy Intensity in Manufacturing and Its Branches

Energy intensity is defined as the quantity of energy required per unit of output or
activity [60] and is determined as the ratio of the fundamental factors, which are total energy
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consumption and GDP [61]. Low energy intensity is desired by the country because it is
related to an efficient allocation of energy resources for wealth creation and achievement of
a high quality of life [62]. After choosing to examine the manufacturing and its branches, we
focus on a particular case of energy intensity referred to energy consumed in manufacturing
and its branches per value added. The energy intensity in manufacturing is computed by
Equation (1):

et =
FEt

VAt
= ∑i

FEi;t

VAi;t
× VAi;t

VAt
= ∑i ei;t × ωi;t (1)

where et is the energy intensity in manufacturing of each country in time t, kgoe/thousand
EUR; FEt is the country’s energy consumption in manufacturing, kgoe; FEi;t represents
energy consumption in branch i, kgoe; VAi;t is the value added generated in branch i,
thousand EUR; and VAt is the total value added generated in manufacturing in time t,
thousand EUR. Thus, et denotes energy consumption per unit of the country’s VAt in
manufacturing in time t. In this paper, we detailed et by expressing it as the sum of energy
intensities in separate branches in year t (ei;t) weighted by shares of their activity in the
total value added in that year (ωi;t).

Trend and comparative analysis methods are applied to observe the historical changes
in energy intensity in manufacturing and to evaluate the results in relation to different
industrial branches and countries. The observed downward trend of the et indicator tells
us that energy intensity improved over the period.

3.3. Calculation of Energy Savings

The index decomposition analysis, which was analysed in [63,64], is used to calculate
energy savings caused by changes in energy intensity in manufacturing, which itself is
considered dependent on 2 drivers—improvement in EE and variations in structure of
economic activity.

For that purpose, the energy intensity index is calculated. Its general expression is:

It =
et

eo
=

∑i ei;t × ωi;t

∑i ei;o × ωi;o
(2)

where It is the energy intensity index in manufacturing in year t and eo is the energy intensity
in manufacturing in the base year, kgoe/thousand EUR. In the paper, we considered that
the base year was 2010.

The It is decomposed into the indices of energy efficiency (Ieff;t) and activity (Iact;t) [65],
the key drivers of energy intensity in manufacturing in year t, by Equation (3):

It = Ie f f ;t × Iact;t (3)

The Fisher Ideal Index, introducing relevant properties of a time reversal (symmetry)
and a product test (the wider explanation of which is given in [66]), is applied to ensure
an accurate decomposition of It. It is calculated as a geometric average of the indices of
Laspeyres and Paasche [65,66] of energy efficiency and activity by Equation (4):

Ie f f ;t =
√

Le f f ;t × Pe f f ;t and Iact;t =
√

Lact;t × Pact;t (4)

where Le f f ;t is the Laspeyres index of energy efficiency in year t; Pe f f ;t is the Paasche index
of energy efficiency in year t; Lact;t is the Laspeyres index of activity in year t; and Pact;t—
Paasche index of activity in year t.

As it is noted by [67], the Fisher Ideal Index is used to correct the upward bias of the
Laspeyres index and the downward bias of the Paasche index. The Laspeyres indices of
energy efficiency and activity in year t are calculated by Equation (5):

Le f f ;t =
∑i ei;t × ωi;0

∑i ei;0 × ωi;0
, Lact;t =

∑i ei;0 × ωi;t

∑i ei;0 × ωi;0
(5)
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The Paasche indices of energy efficiency and activity in year t are calculated by
Equation (6):

Pe f f ;t =
∑i ei;t × ωi;t

∑i ei;0 × ωi;t
, Pact;t =

∑i ei;t × ωi;t

∑i ei;t × ωi;0
(6)

The total energy savings (Esav;t) are computed as a difference in energy that is con-
sumed in branch i if energy intensity stays at the level as it was in the base year (2010) and
the actual energy consumption in year t by Equation (7):

Esav;t = ∑i((ei;o × VAi;t)− FEi;t) (7)

The Esav;t are allocated to the effect of energy efficiency (Ee f f ;t) and the effect obtained
from the structural changes in activities (Eact;t) by Equation (8):

Esav;t = Ee f f ;t + Eact;t = Esav;t(ln
(

Ie f f ;t

)
/ ln(It)) + Esav;t(ln(Iact;t)/ ln(It)) (8)

3.4. Calculation of Changes in GHG Emissions

Seeking to assess the impact of energy intensity in manufacturing on GHG emissions,
the Kaya identity [68] was used. The method is selected for its specificity to quantify total
GHG emissions considering key drivers, including energy intensity. Following the Kaya
identity, total GHG emissions in manufacturing are computed by Equation (9):

Ct = Lt ×
VAt

Lt
× FEt

VAt
× FFt

FEt
× Ct

FFt
(9)

where Ct is the total GHG emissions in manufacturing in year t, ktCO2eq.; Lt is the number
of employees in manufacturing in year t, in persons; and FFt is the total consumption of
fossil fuels in manufacturing in year t, kgoe.

Emphasising the energy and economic meaning of variety of interrelated indicators,
Equation (10) is equivalently re-written to:

Ct = Lt × Et × It × Ft × Wt (10)

where Et is the labour productivity in manufacturing in year t, thousand EUR per person;
It is the energy intensity in manufacturing in time t, kgoe/thousand EUR; Ft is the share
of fossil fuels in energy consumption in manufacturing in year t; and Wt is the emissions
intensity, ktCO2eq/kgoe.

The 5-driver model of GHG emissions described by Equation (10) shows that GHG
emissions in manufacturing is an outcome of employment, labour productivity, energy
intensity, fossil fuels, and emissions intensity in the sector. High values of key drivers result
in high GHG emissions in manufacturing and vice versa. Thus, Equation (10) is used to
quantify the level of GHG emissions in absolute values in year t. Additionally, indices
of Ct, Lt, Et, It, Ft, Wt are calculated considering the basic principles of It estimations by
Equation (2). Indices provide relevant explanatory insights about trends of GHG emissions.
Namely, analysis of them allows us to identify groups of factors supporting and diminishing
reductions in GHG emissions. Factors with upward indices are grouped as diminishing, but
factors with downward indices are grouped as supporting reductions in GHG emissions.

The LMDI decomposition method [69] is applied to calculate relative changes in GHG
emissions during the base year 0 and year t. The method is selected as it is recognised
as matured [70], assuring perfect decomposition, deals well with zero values in a data
series [71], is adaptable, easily used, and provides readily interpreted results [72]. It is com-
monly selected for policymaking and assessment of key drivers of GHG emissions [63,64,69].
An additive decomposition technique is selected. An absolute change in GHG emissions is
decomposed by the effects:

∆Ct−0 = Ct − C0 = ∆Lt−0 + ∆Et−0 + ∆It−0 + ∆Ft−0 + ∆Wt−0 (11)
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where ∆Lt−0 is the effect of employees between year t and base year 0, MtCO2eq.; ∆Et−0
is the effect of labour productivity between year t and base year 0, MtCO2eq.; ∆It−0 is the
effect of energy intensity between year t and base year 0, MtCO2eq.; ∆Ft−0 is the effect of
reduced consumption of fossil fuels due to their substitution by RES between year t and
base year 0, MtCO2eq.; and ∆Wt−0 is the effect of GHG emissions intensity between year t
and base year 0, MtCO2eq.

The sum of changes in effect of all key drivers is equal to total change in GHG
emissions. The effect of each key driver is calculated by Equations (12)–(16):

∆Lt−0 =
Ct − C0

lnCt − lnC0
× ln

(
Lt

L0

)
(12)

∆Et−0 =
Ct − C0

lnCt − lnC0
× ln

(
Et

E0

)
(13)

∆It−0 =
Ct − C0

lnCt − lnC0
× ln

(
It

I0

)
(14)

∆Ft−0 =
Ct − C0

lnCt − lnC0
x × ln

(
Ft

F0

)
(15)

∆Wt−0 =
Ct − C0

lnCt − lnC0
× ln

(
Wt

W0

)
(16)

The advantage of the 5-driver GHG emissions model is its ability to assess the impact
of changes in EE (this is possible through the estimation of effect of energy intensity) on
developments in GHG emissions in the context of other drivers. The comparison of effects
substantiates the importance of EE achieving the goal of reducing GHG emissions.

4. Results
4.1. Developments in Energy Intensity

Energy intensity and its improvements in manufacturing of the Baltic States was
different, as Figure 1 shows.
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Figure 1. Energy intensity in manufacturing in the Baltic States from 2010–2020 (own estimations
based on [49–54]).

As it is shown in Figure 1, energy intensity improved in each country, but the improve-
ment rate was quite different from 2010–2020. Energy intensity with an average decrease of
7.3% per annum improved the most in Estonia. In 2020, it was 113 kgoe per 1000 EUR and
remained the lowest among the Baltic States. In Lithuania, the decrease was twice as slow
at 3.6% per annum. In 2020, the country’s manufacturing sector consumed 127 kgoe per
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1000 EUR. Energy intensity in Latvia decreased the slowest at 1.8% per annum. In 2020, it
persisted several times higher than in the other studied countries at 262 kgoe per 1000 EUR.
Changes in energy intensities demonstrate the advantage of manufacturing in Estonia over
other countries.

Energy intensity and its improvements in industrial branches are different and signifi-
cantly distinct from the average in manufacturing, as Figure 2 shows.

Sustainability 2023, 15, x FOR PEER REVIEW 11 of 27 
 

 

Figure 1. Energy intensity in manufacturing in the Baltic States from 2010–2020 (own estimations 

based on [49–54]). 

As it is shown in Figure 1, energy intensity improved in each country, but the im-

provement rate was quite different from 2010–2020. Energy intensity with an average de-

crease of 7.3% per annum improved the most in Estonia. In 2020, it was 113 kgoe per 1000 

EUR and remained the lowest among the Baltic States. In Lithuania, the decrease was 

twice as slow at 3.6% per annum. In 2020, the country’s manufacturing sector consumed 

127 kgoe per 1000 EUR. Energy intensity in Latvia decreased the slowest at 1.8% per an-

num. In 2020, it persisted several times higher than in the other studied countries at 262 

kgoe per 1000 EUR. Changes in energy intensities demonstrate the advantage of manu-

facturing in Estonia over other countries. 

Energy intensity and its improvements in industrial branches are different and sig-

nificantly distinct from the average in manufacturing, as Figure 2 shows.  

 
Estonia 

113

38

61

224

181

122

308

241

104

129

413

198

556

396

0 100 200 300 400 500 600

Manufacturing

Other industries

Textiles and leather products

Wood and paper products

Food products

Non-metallic mineral products

Chemical products

kgoe/thousand EUR

2010

2020

Sustainability 2023, 15, x FOR PEER REVIEW 12 of 27 
 

 
Latvia 

 
Lithuania 

Figure 2. Energy intensity in manufacturing branches of the Baltic States in 2010 and 2020 (own 

estimations based on [49–54]). 

Over the last decade, Estonia made the greatest progress improving energy intensity 

in the manufacture of non-metallic mineral products, other manufacturing, manufacture 

of textile and leather products, and manufacture of wood, paper, and paper products. In 

the latter industrial branches, energy intensity improved by 78.1%, 63.2%, 52.7%, and 

45.9%, respectively. Energy intensity in the manufacture of chemical products improved 

by 22.2%, but it was the highest among branches in the country in 2020. Manufacture of 

food and beverages is characterised not only by high energy intensity but also by low 

improvement (of 8.4%). 

In Latvia, the most significant improvement in energy intensity was achieved in other 

industries, as the value of indicator was reduced by 7.1 times accounting for 37 kgoe per 

1000 EUR in 2020. Energy intensity improved by 48.0% in the manufacture of textile and 

leather products and by 31.9% in the manufacture of chemical products. It improved by 

14.4% in the manufacture of non-metallic mineral products, which is the most energy-

intensive industrial branch, and by 13.3% in the manufacture of food products and bever-

ages. Energy intensity got worse in the manufacture of wood, paper, and paper products, 

as energy consumption per value adding of 1000 EUR increased by 14.9%. The role of this 

branch in a balance of final energy consumption was essential with 61.1% in 2020. Taking 

262

37

41

558

144

586

101

314

266

79

486

166

685

149

0 100 200 300 400 500 600 700 800

Manufacturing

Other industries

Textiles and leather products

Wood and paper products

Food products

Non-metallic mineral products

Chemical products

kgoe/thousand EUR

2010

2020

127

29

56

166

125

241

344

183

30

88

279

142

314

673

0 100 200 300 400 500 600 700 800

Manufacturing

Other industries

Textiles and leather products

Wood and paper products

Food products

Non-metallic mineral products

Chemical products

kgoe/thousand EUR

2010

2020

Figure 2. Energy intensity in manufacturing branches of the Baltic States in 2010 and 2020 (own
estimations based on [49–54]).
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Over the last decade, Estonia made the greatest progress improving energy intensity
in the manufacture of non-metallic mineral products, other manufacturing, manufacture of
textile and leather products, and manufacture of wood, paper, and paper products. In the
latter industrial branches, energy intensity improved by 78.1%, 63.2%, 52.7%, and 45.9%,
respectively. Energy intensity in the manufacture of chemical products improved by 22.2%,
but it was the highest among branches in the country in 2020. Manufacture of food and
beverages is characterised not only by high energy intensity but also by low improvement
(of 8.4%).

In Latvia, the most significant improvement in energy intensity was achieved in other
industries, as the value of indicator was reduced by 7.1 times accounting for 37 kgoe per
1000 EUR in 2020. Energy intensity improved by 48.0% in the manufacture of textile and
leather products and by 31.9% in the manufacture of chemical products. It improved by
14.4% in the manufacture of non-metallic mineral products, which is the most energy-
intensive industrial branch, and by 13.3% in the manufacture of food products and bever-
ages. Energy intensity got worse in the manufacture of wood, paper, and paper products,
as energy consumption per value adding of 1000 EUR increased by 14.9%. The role of this
branch in a balance of final energy consumption was essential with 61.1% in 2020. Taking
into account these factors, one could perceive why energy intensity in manufacturing in
Latvia decreased by 16.5% only and was fixed as the largest among the Baltic countries.

In Lithuania, the largest improvement in energy intensity was found in the manufac-
ture of chemical products by 48.9%, which is the most intensive energy branch. It improved
in the manufacture of wood, paper, and paper products by 40.5% and in the manufacture of
textile and leather products by 36.5%. Improvement in energy intensity in other industries
was modest—in the manufacture of non-metallic mineral products by 23.2% and in the
manufacture of food products and beverages by 12.0%.

4.2. Impact of Developments in Energy Intensity and Its Key Drivers on Energy Savings

The results of the energy intensity index and its decomposition into the indices of
energy efficiency and activity explaining improvements in energy intensity in accordance
with the key drivers are presented in Table 2.

Estimates of the energy intensity index (Table 2) show that energy intensity in manu-
facturing in Estonia improved by 53%, in Lithuania by 31%, and in Latvia by 17% over the
studied period. Due to positive changes in EE, energy intensity improved by 50%, 34%, and
21%, respectively, as shown by the energy efficiency index. The contributions of changes
in economic activities remained minor, as the activity index presents. Several interesting
practices are observed, which are worth highlighting. Estonia demonstrates excellence
by improving energy intensity in the manufacture of non-metallic mineral products by
87%. EE improvements were the main driver, reducing energy intensity by 78%, the most
among the industrial branches in the country. The contribution of changes in economic
activity to the 41% improvement in energy intensity is also significant. Energy intensity
in the manufacture of wood and wood products in Latvia increased by 26%. It is the
only manufacturing branch in the Baltic countries with a significantly worsened energy
intensity. The decomposition of the energy intensity index shows that energy intensity
increased by 15% as a result of energy efficiency and by 10% due to favourable changes in
economic activity.

Taking into account the results of the analysis of the indices, the total energy savings
by effect of key driver of energy intensity in manufacturing in the Baltic countries are
estimated (Figure 3).

Figure 3 shows that energy savings have increased due to annual improvements in
energy intensity in manufacturing. During a decade, 2.28 Mtoe of energy was saved in
manufacturing in Estonia, followed by 1.57 Mtoe in Lithuania, and 1.27 Mtoe in Latvia. EE
was a key driver of total energy savings. It was responsible for 91.1% of total energy savings
in Estonia and for 82.7% in Lithuania. The contribution of structural changes in activities
to total energy savings in these countries was 8.9% and 17.3%, respectively. In Latvia,



Sustainability 2023, 15, 3330 13 of 25

structural change in activities was a driving force that reduced energy savings by 1.3 Mtoe
over the study period due to an increase in the share of the two most energy-intensive
industries in energy consumption.
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Figure 3. Total energy savings in manufacturing in the Baltic States due to reductions in energy
intensity (own estimations based on [49–54]).
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Table 2. Energy intensity indicators and intensity indices in the Baltic States (own estimations based
on [49–54]).

Energy Intensity,
kgoe/Thousand EUR Intensity Index Efficiency Index Activity Index

2010 2020 2020 2020 2020

Estonia
Food products and beverages 198 181 0.73 0.92 0.79
Wood and paper products 413 224 0.57 0.54 1.05
Non-metallic mineral products 556 122 0.13 0.22 0.59
Chemical products 396 308 0.46 0.78 0.59
Textile and leather products 129 61 0.31 0.47 0.66
Other manufacturing 104 38 0.43 0.37 1.17
Total manufacturing 241 113 0.47 0.50 0.94

Latvia
Food products and beverages 166 144 0.65 0.87 0.75
Wood and paper products 486 558 1.26 1.15 1.10
Non-metallic mineral products 685 586 0.70 0.86 0.82
Chemical products 149 101 0.56 0.68 0.82
Textile and leather products 79 41 0.33 0.52 0.64
Other manufacturing 266 37 0.17 0.14 1.21
Total manufacturing 314 262 0.83 0.79 1.06

Lithuania
Food products and beverages 142 125 0.71 0.88 0.81
Wood and paper products 279 166 0.67 0.59 1.13
Non-metallic mineral products 314 241 0.94 0.77 1.22
Chemical products 673 344 0.63 0.51 1.22
Textile and leather products 88 56 0.51 0.63 0.80
Other manufacturing 30 29 1.02 0.96 1.07
Total manufacturing 183 127 0.69 0.66 1.05

4.3. Impact on GHG Emissions
4.3.1. Trends in GHG Emissions and Their Key Drivers

From 2010–2020, GHG emissions reduced in the Baltic States by 40.4% in Latvia, by
35.5% in Estonia, and only by 8.1% in Lithuania (Figure 4).
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Figure 4. Changes in GHG emissions and their key drivers in manufacturing in the Baltic States (own
estimations based on [49–55]).

As shown in Figure 4, reductions in GHG emissions were supported by improvements
in energy intensity and reductions in the share of fossil fuels but they were diminished by
increases in labour productivity, emissions intensity, and employment. Over the period
2010–2020, energy intensity was improved by 53.2% in Estonia, 30.5% in Lithuania, and
only 16.5% in Latvia. Owing to integration of renewable energy technologies, the share of
fossil fuels decreased by almost three times in Latvia. The decreases in the share of fossil
fuels remained small in Lithuania (by 17.6%) and Estonia (by 15.4%). At the end of the
study period, fossil fuels accounted for 39.8% in the fuel consumption structure in Lithuania
and to 33.9% in Estonia, while 17.2% was achieved in the Latvian manufacturing sector.
The peculiarity of Latvian manufacturing is the consumption of fossil fuels, which has the
highest and each year the most increasing emissions intensity among the Baltic countries.
In comparison, Lithuania continued to have both the lowest emissions intensity and the
slowest rate of growth. This allowed us to mitigate the impact of the high share of fossil
fuels on GHG emissions in the country. An increase in labour productivity is a common
feature in all three countries. From 2010–2020, it increased by 26.2% in Latvia, 30.5% in
Lithuania, and 36.4% in Estonia. An increase in number of employees is the slowest among
the key drivers. In 2020, total number of employees in Estonia was by 2.8% higher in
Estonia, 7.6% higher in Latvia, and 18.5% higher in Lithuania, compared with their 2010
levels. Thus, the driver was conditionally important in Lithuanian manufacturing only.
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4.3.2. Absolute Changes in GHG Emissions by Effect of Key Drivers

After determining the drivers that supported and diminished reductions in GHG
emissions in manufacturing in the Baltic States, this section of the paper analyses the
absolute changes in GHG emissions through the contribution of a single driver. The results
are presented in Figure 5.
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The results of the decomposition analysis (Figure 5) show that due to the display of
a group of diminishing drivers, each year more and more GHG emissions were emitted.
In 2020, diminishing drivers increased GHG emissions by 312.9 ktCO2eq. in Estonia, by
586.3 ktCO2eq. in Lithuania, and by 593.0 ktCO2eq. in Latvia. Due to improvements in labour
productivity in Estonian and Lithuanian manufacturing, GHGs increased by 199.3 ktCO2eq.
and 329.2 ktCO2eq., respectively, in 2020. Owing to an increase in emissions intensity,
GHG emissions increased by 328.8 ktCO2eq. in Latvia in that year. The effect of employees
was found relevant in Lithuania. The driver was responsible for a 36% increase in GHG
emissions in the country in 2020. The display of a group of supporting drivers resulted in
decreases in GHG emissions. In 2020, the supporting drivers decreased GHG emissions by
594.2 ktCO2eq. in Estonia, by 690.3 ktCO2eq. in Lithuania, and by 1041.4 ktCO2eq. in Latvia.
Energy intensity is estimated as a key driver supporting reductions in GHG emissions in
Lithuania and Estonia. Due to improvements in energy intensity, GHG emissions decreased
by 451.3 ktCO2eq. and 486.6 ktCO2eq. Deployment of renewable energy technologies in
Latvian manufacturing contributed to a decrease in GHG emissions by 885.0 ktCO2eq. (85%
of the structure).

5. Discussion

In this study, we combined several independent research directions into a single
unit, which in a systematic way described a channel through which the effect of EE in
manufacturing passed the reductions in GHG emissions. In detail, our research contributed
to research directions dealing with drivers of energy intensity [23], impacts of EE on
energy consumption [28], and effects of improving energy intensity on reductions in
GHG emissions [11,12,14,15]. The results of our analysis justified the relevant role of EE
policy and measures implemented in manufacturing in the Baltic States, improving energy
intensity in the sectors and in this way contributing to energy savings and reductions in
associated GHGs in relation to other drivers of emissions. The research is unique. No
similar studies combining various research directions and studies for the Baltic States’
manufacturing sectors by their branches have been performed previously. Therefore, the
results of this study cannot be directly compared with the results of other studies. Seeking
to achieve a comparability of the results, additional calculations were made. Cases of the
Baltic Sea region and EU−27 were examined. The results demonstrated that the Baltic
States share the downward trend of GHG emissions with EU−27 countries (Figure 6).
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Figure 6. Changes in associated GHG emissions and their key drivers in the EU−27 (own estimations
based on [55–58]).
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From 2010–2020, total GHG emissions in EU−27 manufacturing decreased by 16.5%
and accounted for 445.1 MtCO2eq. It is important to highlight the moderate increase
in GHG emissions of 3.7% during 2015–2018 and their significant decline of 8.8% over
the last two years. In 2020, the contributions of manufacturing in Latvia, Estonia, and
Lithuania to reductions in total GHGs in EU−27 were 0.5%, 0.3%, and 0.1%, respectively.
Unlike in the Baltic States, emissions intensity in the EU−27 decreased and was a driver
supporting reductions in GHG emissions. As in the Baltic countries, an improvement in
energy intensity was a key driver decreasing emissions in the EU−27, followed by a share
of fossil fuels, which also reduced. At the end of the period, the share of fossil fuels in the
EU−27 was higher than in the Baltic States. Labour productivity and number of employees
increased in manufacturing and was assigned to a group of factors diminishing reductions
in GHG emissions in the EU−27.

Changes in GHG emissions in manufacturing and rates of key drivers over 2010–2020
in the Baltic countries and in the EU−27 countries are summarised in Table 3.

Table 3. Changes in GHG emissions in manufacturing and key drivers from 2010–2020, %
(own estimations).

GHG
Emissions

Number of
Employees

Labour
Productivity

Energy
Intensity

Share of Fossil
Fuels

Emissions
Intensity

Estonia −4.29 0.27 3.15 −7.30 −1.66 1.51
Latvia −5.05 0.73 2.35 −1.79 −9.72 3.87
Lithuania −0.84 1.71 2.69 −3.58 −1.91 0.38
EU−27 −1.78 0.51 1.25 −2.25 −0.69 −0.57

The reduction rate of GHG emissions in Lithuania was lower than in other Baltic
countries and in the EU−27 countries. It is important to emphasise that GHG emissions in
three Baltic countries decreased despite the labour productivity and number of employees
in this sector growing at comparatively high rates. Labour productivity in the EU−27
increased less than in the Baltic States. The number of employees in Lithuania and Latvia
increased faster than in Estonia and in the EU−27 countries. Thus, the analysis demon-
strated absolute decoupling of GHG emissions in manufacturing from growth of economic
activity during the study period despite certain variations in other drivers. Emission in-
tensity increased in all three Baltic countries as follows: in Estonia by 16.1%, in Latvia by
46.2%, and in Lithuania by 3.9%. Contrariwise, emissions intensity in the EU−27 countries
decreased by 5.6%.

The decomposition analysis revealed the impact of key drivers on reductions in GHG
emissions in the EU−27 countries (Figure 7).

Decreasing energy intensity was responsible for the largest reduction in emissions, by
64.4% in the EU−27 countries in comparison with 65.4% in Lithuania, 81.9% in Estonia, and
15% in Latvia (Figure 5). Due to the installation of RESs and reduced emissions intensity,
GHGs reduced by an additional 19.5% and 16.1% in EU−27 countries, respectively. In
Latvia, a decrease in the share of fossil fuels accounted for 85% in GHG reductions (Figure 5).
While in the EU−27 countries GHGs decreased because of reductions in emissions intensity,
they grew in the Baltic States (Figure 5). Improvements in labour productivity contributed
to the increase in GHG emissions over the study period by 71.0%, and an increase in the
number of employees by 29% in the EU−27 countries. It is important to highlight the effects
of drivers in promoting reductions in GHG emissions was much stronger than the effect
of improving labour productivity and an increased number of employees. Thus, GHG
emissions in absolute value in the EU−27 countries have been decreasing since 2010. The
combined effect of all factors promoting and diminishing this reduction was less intensive
during 2015–2018.
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Figure 7. Decomposition dynamics and changes in GHG emissions in the EU−27 countries
(own estimations).

In order to demonstrate the correct comparative results of the decomposition analysis
in the Baltic States and in the EU−27 countries, changes in GHG emissions and the effect of
each key driver over 2010–2020 are summarised in Table 4. All parameters are presented in
tonnes of CO2 eq. per employee and indicate total increase or decrease in GHG emissions
caused by the change of each driver over the study period.

Table 4. Change in GHG emissions in manufacturing and effects of key drivers, tCO2eq./employee
during 2012–2020 (own estimations based on [55–58]).

∆C/Employee Employee
Effect

Labour
Productivity

Energy
Intensity

Effect of Fossil
Fuels

Emission
Intensity

Estonia −2.62 0.16 1.85 −4.53 −1.00 0.89
Latvia −3.83 0.54 1.72 −1.34 −7.57 2.81

Lithuania −0.48 0.96 1.51 −2.07 −1.10 0.21
EU−27 −2.77 0.78 1.91 −3.51 −1.06 −0.88

The largest reduction in GHG emissions per employee was observed in Latvia with
3.83 tCO2eq. This indicator in Estonia was 2.62 tCO2eq. and was similar to the EU−27 countries
with 2.77 tCO2eq. The smallest reduction in emissions per employee was in Lithuania (by
0.48 tCO2eq.). We specify that an increase in GHG emissions per employee in the Baltic
countries and in the EU−27 countries was mainly driven by improvements in labour
productivity and an increased number of employees. The decreasing energy intensity and
substitution of fossil fuels by RESs were the major drivers contributing to the reduction in
GHGs per employee in all countries. Owing to intensive deployment of RESs in the Baltic
countries, emissions intensity increased and contributed to an increase in GHG emissions
per employee. Vice versa, an effect of decreased emissions intensity in the EU−27 countries
was relevant in the reduction in emissions.

Despite distinct reductions in GHG emissions from 2010–2020, emissions per employee
in manufacturing in the Baltic countries were quite similar in 2020 (Figure 8).

As is shown in Figure 8, in 2020, emissions were equal to 14.04 tCO2 eq. per employee
in the EU−27 countries. In Estonia, Lithuania, and Latvia they were comparatively low,
i.e., 4.76 tCO2eq., 5.44 tCO2eq., and 5.65 tCO2eq., respectively.
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The comparison of relative GHG emissions in manufacturing in various countries
could be based on an indicator of emissions per capita (Figure 9).
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As it is shown in Figure 9, emissions per capita in the Baltic countries have been
decreasing over the last decade comparatively slowly. A similar reduction in GHG emis-
sions per capita was observed in other countries of the Baltic Sea region and in the
EU−27 countries. A more intensive decrease in GHG emissions per capita was observed
in Finland (0.69 tCO2eq.). The smallest reduction in GHG emissions per capita was fixed in
Lithuania (0.04 tCO2eq.) and Poland (0.01 tCO2eq. only). In 2020, the highest GHG emissions
per capita were in Germany with 1.4 tCO2eq., in Finland with 1.1 tCO2eq., and in Poland
with 0.8 tCO2eq. GHG emissions in manufacturing in the Baltic countries are comparatively
low per capita, in Lithuania by 2.3 times, in Estonia by 2.6 times, and in Latvia by 2.9 times
less than in the EU−27 countries. Nevertheless, additional appropriate measures should be
applied to reduce GHG emissions in this sector in all three Baltic countries.
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6. Conclusions and Recommendations

An integrated analysis of energy intensity improvements, GHG emission trends, and
the impact of key drivers on their reduction in six sectors of manufacturing in the Baltic
countries over the period 2010–2020 was conducted and presented in this paper. It was
found that improvements in EE play a role reducing energy intensities in manufacturing
and saving energy, which in combination with other drivers, result in reductions in GHG
emissions. Based on the results the following conclusions are drawn.

An in-depth analysis of energy intensity trends in manufacturing in Estonia, Latvia,
and Lithuania revealed strengths and challenges in energy consumption in manufacturing.
Rather different changes in energy intensity were observed both in the individual manufac-
turing branches and in each country. The largest decrease in energy intensity in Estonia
was fixed in the manufacture of non-metallic mineral products, with a decrease of 78.1%.
Although energy intensity in the manufacture of chemical products fell by 22.2%, and in
the manufacture of food products and beverages by only 8.4%, the results of combined
efforts were impressive, and energy intensity in the country’s manufacturing sector fell
by 53.1%. The overall energy intensity in manufacturing in Latvia is the largest among
the Baltic countries and has only decreased by 16.5%. It was strongly underpinned by
an impressive fall in energy intensity in other manufacturing, down by 7.1 times. Due
to the faster improvements in EE in traditional industries, the overall energy intensity in
manufacturing in Lithuania decreased by 30.5%. The largest decrease in energy intensity in
the country was recorded in the manufacture of chemical products at 48.9%.

The results of the investigation of the effects of EE and structural changes in the activity
underlying the decline in energy intensity in manufacturing in the Baltic countries showed
that the improvement in EE was a dominant driver of energy intensity for energy savings in
manufacturing. Improvements in EE account for 91.1% of total energy savings in Estonian
manufacturing, followed by 82.7% in Lithuania. The effect of structural change in activity
was 8.9% and 17.3%, respectively. The analysis shows that the share of two energy-intensive
branches in the total energy consumption in Latvian manufacturing increased from 58.7%
in 2010 to 82.3% in 2020, leading to a negative structural effect (−40.8%) in the country.

The results of the identification and assessment of the key drivers responsible for
the changes in GHG emissions in the Baltic countries revealed that reductions in GHG
emissions were promoted by improvements in energy intensity and reductions in the share
of fossil fuels, but they were diminished by increases in labour productivity, emissions
intensity, and the number of employees. Improvements in energy intensity accounted for
65% of the reduction in GHG emissions in Lithuanian manufacturing and 82% in Estonian
manufacturing. A reduction in the share of fossil fuels in Latvian manufacturing led to an
85% reduction in GHG emissions. Improvement in labour productivity was a key driver
of GHG emissions growth in Estonia and Lithuania. It accounted for 65% of the increase
in GHG emissions in Estonia and for 56% in Lithuania. A rise in emissions intensity
accounted for a 55% increase in emissions in Latvia. These results are partly consistent
with the results for the EU−27 countries. While manufacturers in the Baltic States used
fuels with an increasing emission intensity, the EU−27 countries moved towards using less
emission-intensive fuels. GHG emissions fell in three Baltic countries, despite relatively
high growth rates of VA generated in manufacturing. Thus, the analysis shows an absolute
decoupling of GHG emissions in this sector from the growth of economic activities over
the study period despite some variation in effects from other drivers.

The results of the comparative analysis of the changes in GHG emissions per capita in
the Baltic States and the EU−27 countries showed that these emissions in manufacturing
were comparatively low in the Baltic States—2.3 times lower in Lithuania, 2.6 times lower
in Estonia, and in 2.9 times lower in Latvia than in the EU−27 countries. Nevertheless,
additional appropriate measures to reduce GHG emissions in this sector are needed in all
three Baltic countries.

The study conducted has value at national and regional levels taking into account
the importance of the identified peculiarities in EE, RES deployment, and GHG emission
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reduction trends in manufacturing industries. The results are important for the policy
makers to compare the changes in three Baltic countries, within the EU−27 and with the
targets set by the European Commission.

The research will be expanded in the future. The key drivers of energy intensity
and GHG emissions will be analysed as a function of various factors. This will require
knowledge deepening in terms of identification of those factors and creation and adaptation
of functions in the Equations (2) and (10) used in this study. Moreover, we plan to deepen
the knowledge about the processes taking place in each manufacturing branch and to
evaluate them mathematically in those equations.
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