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Abstract. Due to the ambitious targets of EU energy policies, changing environmental priorities and in-
dustrial progress, the development of new technologies and their implementation in the industry has be-
came one of the most significant factors of various Lithuanian strategic documents, determining the speed
and results of the economic-social development. After introduction of the taxes on natural resources and
pollution of environment, and following the requirements of EU regulations not to exceed the allowable
pollution standards, the requirements for the efficiency of Lithuanian industrial production as well as for
economical use of energy resources and eco-efficiency have significantly increased. Due to the conditions
of modern business, the development of Lithuanian industry is an integral part of sustainable social, eco-
nomic development and implementation of energy-saving technologies in manufacturing enterprises. This
paper presents the analysis of energy-saving policy objectives and instruments in EU and Lithuania high-
lighting the priority of implementation tools in the industry, also evaluation of the impact of EU energy
policies on technological performance of Lithuanian manufacturing enterprises.
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1. Introduction

The EU is often referred to as the leader of sus-
tainable development because compared with any
other region in the world it has made more signifi-
cant progress in this field. Due to the fact that in
the process of integration the legal systems of all
countries, including protection of natural resources
and environment, are harmonized in respect of the
legal framework of the EU, environmental policy
of the EU tends to be an example for all countries.
The EU has already made significant efforts to
promote sustainable development both in Europe
and all around the world, however sustainable de-
velopment shouldn‘t cover only Europe, because
its dimension is global.

Political changes in Lithuania coincided with
evolution of the idea of sustainable development.
Lithuania had an opportunity to take advantage of
integrating this idea to the economic, political, so-
cial and environment policies. Movement towards
democracy and market economy provided Lithua-
nia with an opportunity to make fundamental
reformation of environmental policy, however in
comparison with Western Europe countries, which
experienced upswing of environmental protection
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during the time of economic growth, Lithuania in
one important regard didn‘t have such advanta-
geous conditions, in 2008 have faced economic
downturn, right at the time when they started to
implement the first programs of environmental
redevelopment. On the other hand, the results of
Evaluation of implementation of environment pro-
tection requirements in Lithuania (2011) indicate
that the positive changes of many indicators of
economic and social development, efficiency of
natural resources consumption, environmental pol-
lution in Lithuania are unfolding more rapidly in
comparison with the average of the EU countries,
and according to some indicators the situation in
the country is even better in comparison with the
average of the EU. According to the official data
of the Statistics Lithuania during the period be-
tween 2011 and 2013 was rapidly growing GDP
per capita, expenditure on scientific researches and
technological development (R&D), productivity of
various companies, however due to excessive gap
the level of socio-economic development will not
quickly reach the EU average.

The EU along with Lithuania face quite im-
portant problems caused by the increasing depend-
ence on energy import, scarce energy resources,
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economic instability. The efficiency of energy
consumption could be a valuable tool for solution
of these problems. The efficiency of energy con-
sumption could contribute to economically effi-
cient reduction of emissions of gases that cause the
greenhouse effect and thus mitigate climate
changes. The shift to more energy-efficient econ-
omy should also accelerate the development of
innovative technological solutions and to increase
the industrial competitiveness in promoting eco-
nomic growth.

These relevant issues gained response among
different scientific fields. In the studies of indus-
trial energy efficiency of different countries, Mar-
tinez (2010) in accordance with the Kemal (2004),
Kalliala and Talvenmaa (2000) tried to explain the
differences in energy efficiency between the indus-
tries of a developed and a developing countries.
The results of this research revealed that, in devel-
oped countries industrial improvements in energy
efficiency are achieved mainly through changes in
energy prices and investments, whereas in the in-
dustry of developing countries, energy efficiency
performance is achieved through changes in
productivity and implementation of new technolo-
gies. The scientific literature recognises technolo-
gy as one of the main strategic resources in any
enterprise, and technological strategy of an enter-
prise is considered to be a functional strategy, de-
termining the position of the enterprise in respect
with technological changes. The importance of
technologies as the tool of strategic industry per-
formance has been stressed by many scientists
(Carr et al. 2010; Urii 2011; Citroen 2011; Vec-
chiato 2012). Other industrial studies also high-
light the importance of technology, economies of
scale, and energy efficiency-oriented policies and
management strategies in improving energy effi-
ciency within the industry (Lu et al. 2013; Wiesen-
thal et al. 2012; Worrell et al. 2010; Fri 2003). The
issues of the Lithuanian manufacturing sector en-
vironmental problems, objectives and perspectives
are analysed by Lithuanian authors (Streimikiene
et al. 2012; Miskinis et al. 2011; Saboniene 2003,
2010; Vasauskaite 2013). The studies of the im-
pact of EU energy policy instruments on the ener-
gy use and energy efficiency at different industry
sectors are made by various research groups (Thol-
lander et al. 2013; Ericsson et al. 2013; Hepsbali
et al. 2007), etc.

The main objective of this research — to evalu-
ate the impact of EU energy policies on technologi-
cal performance of Lithuanian industrial enterpris-
es. The evaluation methodology included
quantitative and qualitative research methods: the
analysis of primary and secondary sources of in-
formation. At the beginning of evaluation were
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identified relevant and available primary and sec-
ondary sources of information that were related
with the object, was gathered important factual and
contextual information associated with the man-
agement of the EU energy policy instruments, im-
plementation of action programs, national and for-
eign requirements of environment protection, the
tendencies of socio-economic and industrial devel-
opment alternation. Information that was needed for
evaluation was collected from the strategic docu-
ments, statistical data sources, evaluations that were
previously accomplished in the fields of environ-
ment protection and energy efficiency and other
sources. During evaluation was carried out the con-
tent, comparative, statistical analysis of gathered
primary and secondary information.

2. EU energy saving policies

Implementing the European Energy Efficiency
plan (COM(2011)0109), the Kyoto Protocol of the
United Nations Framework Convention on Cli-
mate Change (UNFCCC) and the goals of energy
saving “20-20-20” until 2020, the European
Commission and the Council are increasingly fo-
cusing on legislation that regulates promotion of
the measures of energy efficiency increase. The
most important for industrial enterprises are:

—directive 2012/27/FEU (on energy efficien-
cy) — this document is treated as obligation
to encourage investment in low-carbon di-
oxide technologies, especially in those in-
dustrial sectors which are characterized by a
high risk of carbon dioxide leakage; to carry
out energy consumption audits in the com-
panies; to increase the part of cogeneration
during production of heat, coolness and
electricity;

—directive 2010/31/EU (on the energy per-
formance of buildings) — this document is
treated as obligation to establish require-
ments of energy efficiency applicable for
buildings maintaining the balance between
investment and saved expenses for energy
during the whole life-cycle of the building;
to install advanced measuring/control sys-
tems in the buildings;

—directive 2010/30/EU (on the indication by
labelling and standard product information
of the consumption of energy) — this docu-
ment is treated as obligation to mark prod-
ucts providing information about consump-
tion of energy and other important
resources; to change classification of mark-
ing in accordance with technological ad-
vancement and energy saving potential.
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— directive 2008/98/EU (on waste and repeal-
ing) — this document is treated as obligation
to ensure prevention of pollution encourag-
ing application of the principles of electric
and electronic equipment, natural resources
prevention, handling and their safe disposal;

—directive 94/62/EC (on packaging and
packaging waste) — this document is treated
as obligation to reduce the quantities of all
kinds of packages and packages waste en-
couraging their re-use, recycling and other
forms of use of packages waste;

—directive 2008/1/EC (concerning integrated
pollution prevention and control) — this
document is treated as obligation to estab-
lish measures for integrated prevention and
control of pollution; to establish a strict
procedure of permissions for the emission
issuing to companies and to ensure coordi-
nation of the process.

Implementation of advantageous technolo-
gies in production, management and control pro-
cesses of industrial companies in all above men-
tioned documents is named as one of the most
important priorities. Requirements of these direc-
tives are transferred in short form into internation-
al and national European legislation. We have to
admit that in Lithuania there are quite a lot of
problems and gaps which are encountered during
implementation of this legislation. The main rea-
sons indicated in the literature sources are the lack
of administrative competence and organizational
resources.

In the strategic documents of the EU and
Lithuania in regard of industry are also raised the
requirements of efficient energy consumption,
search for green manufacturing solutions in order
to increase enterprises competitiveness in the
global context. For example, in The Strategy Eu-
rope 2020 it is intended to prepare the basis of
the modern industrial policy that will be applied
for promotion of enterprise and assistance for
industrial sectors in order to prepare to meet
these challenges, also to promote competitive-
ness of European sector of primary production,
manufacturing and services, to help them to take
advantage of the benefits of globalization and
sustainable economics.

Hereinafter are listed the main documents at
the national level which are associated with the
issues of sustainable consumption of energy:

— National strategy of sustainable develop-

ment (was revised in 2009);

— National energy strategy (2012);

— National energy independence strategy
(2012 and previous versions).

614

The latter document emphasizes three the
main closely interdependent strategic objectives:
energy supply safety (using local and diversified
energy resources), competitiveness of the energy
sector (reforming the existing monopolies of the
energy sector) and sustainable development of the
energy sector (increasing the efficiency of energy
production, transfer and consumption).

Looking ahead at the perspectives of the en-
ergy policy of the EU countries, various political
institutions of the EU are currently coordinating
the goals of climate change and energy policy for
the period between 2020 and 2030, however the
key decisions will be taken during the meetings of
the European Council. During these meetings
Lithuania, like other EU countries, will have to
present its goals. Lithuania’s position determining
the strategic goals of climate change and energy
use for the year of 2030 currently is under active
consideration.

The European Commission and the European
Parliament have already expressed their position
on this issue, however according the opinion of
Lithuanian and EU non-governmental organiza-
tions, the proposed suggestion isn’t sufficiently
ambitious (Table 1). Considering recent scientific
studies it is obvious that in case of such strategic
goals of climate change and energy usage it
wouldn’t be possible to stabilise climate change
at the safe limit of 2°C. Therefore it is essential
that the EU would make final decision to achieve
more ambitious science-based goals of climate
change and energy policy which would be effec-
tive measure indicating political direction for
those who invest in the field of energy and would
ensure competitiveness of the EU countries in
climate-sensitive political and economic envi-
ronment.

Table 1. Summary of the EU strategic goals of climate
change and energy use for the year of 2030 (source:
compiled by authors)

Suggestions for tPe period 2020-2030

Non-
governmental
organization

European
Commission

European

EU2020 Parliament

Reduction in
greenhouse gas

04 40 9% =4() 94 55 9%
emissions (GHG) 20% 40% 240% 22 o
from 1990 level
Raising energy
consumption o o/ 0/ 150
produced from 20% 27% 30% 45%
renewable resources
Improvementin the
energy efficiency 209% - 40 9% 409%

from 2005 level
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For the incentive of environment protection and
management are applied various sanctions: legal,
administrative, economic, environmental education
and etc. EU energy policy instruments are catego-
rized into economic policy instruments like taxes,
duties, subsidies, financial incentives, etc., adminis-
trative policy instruments like rules and regulations,
acts of parliament, etc., and informative policy in-
struments like information campaigns/programmes.
Energy policies directed at industry, in turn, may
take a number of different forms such as price-based
and fiscal instruments, regulations and voluntary ap-
proaches like LTAs (Long-Term Agreements) and
energy audit programmes (Rohdin ez al. 2007).

The economic levers of environmental protec-
tion management which are applied in Lithuania
can be divided into three groups:

— the funds of environmental financing which
are used for implementation of general (na-
tional) measures of environment protection.
The main funds are intended for the funding
of the projects of industrial enterprises:
COSME - for promotion of corporate com-
petitiveness, growth and entrepreneurship;
Horizon 2020 — for the funding of scientific
researches and innovations; Lithuanian En-
vironmental Protection Fund (LEPF) — for
the projects of environmental protection, ra-
tional use of natural resources, climate
change, waste management; the Program of
Green Industry Innovation — for the projects
of implementation of innovative environ-
ment protection technologies and creation
of green products.

—regulatory sanctions of economic environ-
mental benefit (performance standards, quo-
tas, product bans, rates for the damage that
is done to nature);

— fiscal instruments for environmental pollu-
tion and natural resources (emission taxes,
fuel taxes, tradable permit systems). Pollu-
tion taxes induce each polluter to reduce the
pollution up to the point where the marginal
cost of pollution abatement is equal to the
tax. In this way the costs of reaching a giv-
en environmental target are minimized;

The advantage of fiscal instruments compared
to regulatory instruments is often their efficiency and
the fact that they can raise revenues that can be used
to reduce distorting taxes elsewhere in the economy.
Root taxation often proves to be superior to regula-
tion when environmental damages are not location-
specific and do not vary with the source of pollution.
However, achieving the EU targets with respect to
energy savings and reductions of greenhouse gas
emissions requires coordinated efforts in a number of
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policy areas. Fiscal instruments can play an im-
portant role in reaching these goals, alone or in com-
plement to other market based instruments and regu-
latory measures implemented in the EU (Kosonen,
Nicodéme 2009).

Summarizing the results of the EU and Lithu-
anian documents’ analysis it follows that the main
requirements of environment protection and ener-
gy consumption regarding the industry are:

—reduction of environment pollution through
the usage of renewable and waste energy re-
sources in production; recycling and safe
management of waste (especially hazardous
waste);

—implementation of advanced energy effi-
cient, more environmentally friendly tech-
nologies (of production, lighting, heating,
freezing, ventilation systems) in the compa-
nies, for example: implementation of co-
generation power-plants; adoption of eco-
nomical manufacturing system “Lean”;

— saving of energy resources and efficient con-
sumption through more intensive implementa-
tion of energy usage audit and monitoring in
the companies applying advanced organiza-
tional systems, for example: implementing in
the companies different management stand-
ards — Energy Management (ISO 50001),
Products Quality Management (ISO 9001) or
Environmental Management (ISO 14001);

— application of the principles of staff train-
ing, motivation to safe energy, inducement
of general and personal skills — knowledge
of foreign languages, organization of pro-
duction and quality management, also ini-
tiative — among staff members;

— production of eco-friendly, high quality
products, compliance with standards of in-
ternational eco-labelling.

3. Energy efficiency development in Lithuanian
manufacturing enterprises

Upon establishment of economic market relations,
imposition of taxes on natural resources and envi-
ronmental pollution, implementing the EU require-
ments not to exceed permissible levels in accordance
with the indicators of environmental pollution, have
increased requirements regarding production effi-
ciency of Lithuanian industry entertainments, eco-
nomical use of energy resources, eco-efficiency of
activity. Under the conditions of modern business
Lithuanian industrial development is inseparable
from sustainable socio-economic development and
implementation of energy-saving technologies in
production.
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Energy-saving technologies, including tech-
nical and scientific solutions, such as electrotech-
nics, automation, information and communication
technologies, are increasingly becoming the part of
industrial and manufacturing spheres. Considering
technological advancement, global competition,
increasing environmental requirements, industrial
companies must carefully consider strategic ac-
tions which are targeted towards taking of compet-
itive position, formation and maintaining of long-
term competitive advantage in order to achieve
favourable financial results in the particular mar-
ket or industry. While planning implementation of
advanced energy-saving technologies should be
evaluated many internal and external factors of the
company. Some of them are related to the overall
political, economic, social, environmental, techno-
logical environment. Other factors better reflect
inner aspects of implementation of technologies in
the company: change of energy sources using a
wider range of equipment, shortening of produc-
tion cycle, reduction of resources consumption and
production costs, improvement of production qual-
ity. These factors complement and compensate one
another, and they strongly influence strategic deci-
sions of the enterprise.

Many Lithuanian manufacturing companies
are technologically backward, a relatively high
amount of primary and final energy, raw materials
and water is still consumed for production. Ac-
cording to the data of the Statistics Lithuania and
Lithuanian Energy Institute report, in 2012 the
final energy consumption of Lithuanian manufac-
turing sector were distributed as follows: the larg-
est part takes manufacture of chemicals and chem-
ical products (342 thousands of t.o.e.); the second
consecutive is — manufacture of non-metallic and
mineral products (196 thousands of t.o.e.); follow-
ing — manufacture of food products (183 thousands
of t.0.e.); manufacture of wood and paper products
(129 thousands of t.o.e.); manufacture of furniture
(35 thousands of t.o.e.); manufacture of textiles
(31 thousands of t.o.e.). On the other hand during
the recent years it is observed the increased inter-
est of business enterprises, manufacturers, building
administrators in the solutions of energy efficiency
and saving. Overall expenditure of Lithuanian in-
dustrial companies on environment protection in
2012 amounted to 816,7 million of LTL (operating
costs amounted to — 243,8 million of LTL, costs
on investment to improve processes of the compa-
nies amounted to — 572,9 million of LTL) and in
comparison with 2011 have decreased by 9.3%,
but in comparison with 2010 they were bigger by
approximately 11% (Fig.1).

Evaluation of expenditure of Lithuanian in-
dustrial companies on environment protection in

616

2012 in accordance with the types of environment
protection activities revealed that: costs on protec-
tion of water resources amounted to the biggest
part of the expenditure intended for environment
protection — 489,7 million of LTL (60% of all
costs of industrial companies intended for envi-
ronment protection); the industrial companies have
allocated 191,3 million LTL for the costs on at-
mosphere protection (23.4%); for the costs on
waste management — 102,5 million of LTL
(12.5%), for the costs on other activity of envi-
ronment protection — 33,2 million of LTL (4.1%).

Min. Lt
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Fig. 1. Expenditure of Lithuanian industrial companies
on environment protection during the period between
2006 and 2012. (source: Statistics Lithuania)

As shown in the Table 2, the biggest part of
investments of the manufacturing sector compa-
nies was directed to technological infrastructure,
equipment, and software.

Many industrial companies associate their de-
velopment with modern technological equipment
and automation of production process. Among the
planned to be implemented technologies dominate
computer-aided production planning and control
systems, technologies of automation of technolog-
ical process and modern technological equipment.
Since productivity is associated with moderniza-
tion of production, therefore demand to provide
training to the staff will inevitably increase.

Table 2. Technological innovation expenditures by
kind of expenditures (million of LTL) (source: Statistics
Lithuania)

| 2004 | 2006 | 2008 | 2010 | 2012

C Manufacturing enterprises

Total of expenditure 640,4 379.9 720 409,1

877.3

Intramural research and

development 163.6

105.5 82,5 75,7

96.9

Extramural research and

development 104

18.8 219 9.4

18.6

Acquisition of machinery,

equipment and software

4451

23516

601,1

3149

659,35

Acquisition of other external
knowledge

12.9

12.4

14.5

9.1

19.1

Other innovation activity

43.2
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It is expected that average monthly gross salary
should also grow and this should create more at-
tractive conditions to work in the industrial com-
panies. The increasing prices of raw materials and
energy resources can negatively influence turnover
and export extent. Development of clustering and
new business models, efficient logistics systems
could help to reduce the negative effect. It is also
very important to ensure the efficiency of re-
sources consumption by industrial companies.
This would allow to reduce the costs of production
and those costs which are associated with envi-
ronment protection, also self-cost of production
and to increase the competitiveness of companies,
thus there‘s big potential in the future to enhance
competitiveness.

Table 3. The objectives of technological innovation
implementation of manufacturing enterprises (% of all
technological innovation enterprises) (source: Statistics
Lithuania)

The objectives of implementation of 2008 — 2010

technological innovation %
Increase range of goods and services 44,1
Replace outdated products or processes 44.4
Enter new markets or increase market share 46.3
Improve quality of goods or services 56,1
Improve flexibility for producing goods or services 374
Increase capacity for producing goods or services 38.4
Reduce labour costs per unit output 31.1
Improve health or safety of vour employees 27
Reduce material and energy costs per unit output 253
Reduce environmental impacts 24,6

From the results in Table 3 it can be seen, that
so far Lithuanian manufacturing enterprises pay
insufficient attention on the aspects of sustainable
development and environmental impacts: many
materials which are hazardous for environment
and human health are used in production, only
some companies use secondary raw materials. This
is influenced by external (the issues of environ-
mental laws implementation, prices of raw materi-
als) and internal company factors (lack of infor-
mation, avoidance of changes).

The main problems which are identified in the
literature sources are listed below:

—increase of energy vulnerability due to
growing prices of energy resources (over
the past 6 years the heating prices in Lithu-
ania have increased by 91%, the electricity
prices have increased by 36%);

—the lack of competent, qualified and moti-
vated employees, the lack of production or-
ganization professionals is particularly high;
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—the lack of current assets and the increasing
liabilities often constitute the major obstacle
of decision-making regarding implementa-
tion of technological innovations in the
companies;

—more and more strict requirements of the
EU regarding the industrial companies’ im-
pact on environment and the quality of
products;

— difficulty/cost of obtaining information about
the energy use of purchased equipment.

A framework for assessing these barriers
would need to go far beyond the analysis of finan-
cial support to energy research, but might include
an assessment of institutional capacities, policies
and measures and their use and interplay (Fri 2003).
An integrated approach would also be needed due
to the fact that technological innovation comprises
various distinct steps. However, the innovation pro-
cess should not be understood as a linear process
but rather as a cyclical process with various feed-
back loops between the different phases (Wiesen-
thal et al. 2012). Through the application of new
solutions in business can be minimized formation of
waste and by-products during production process or
such waste and by-products can be reused during
production in the form of raw materials.

The results of prepared analysis, illustrating
eco-innovation performance across the 27 EU coun-
tries — Eco-Innovation Scoreaborad (2012), shows
that Lithuania ranks last among 27 member states of
the EU in terms of implementation of environment
friendly innovations. Capacity and demand of Lith-
uanian industry to develop and implement envi-
ronment friendly innovations are weak. Therefore
in prospect it is especially important to ensure that
business orientation towards environmental sustain-
ability, environment friendly innovations and green
market would become not only an obligation, but
also common practice when developing the higher
added value products and services.

4. Conclusions

The results from this study show that among the
most important strategic priorities of Lithuanian
industry sustainable development are corporate
social responsibility, sustainable consumption and
production, sustainable use and management of
energy resources. Implementation of these goals is
sought through change the approach to business,
industrial processes and energy efficient consump-
tion, implementing the measures of sustainable
industry development: improving production pro-
cesses, projecting the products in accordance with
the principles of cleaner production.
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Industry is at the centre of the new growth
model for the EU economy as outlined in the Eu-
rope 2020 Strategy. This document therefore pro-
posed a new approach to industrial policy, which
integrates energy and climate change policy pack-
age, including the so-called 20-20-20 % strategic
goals, which in the near future will be followed by
even higher EU goals of climate change and ener-
gy policy for the 2030. The EU has increasingly
favoured economic or market-based instruments —
such as regulatory sanctions of economic environmen-
tal benefit, fiscal instruments for environmental pollu-
tion and natural resources — for such policy purposes.

However, EU patterns of production and con-
sumption are not yet to be considered as sustaina-
ble. Due to over and over increasing costs of ener-
gy (electricity, gas, heating), materials and carbon
dioxide quotas, forecasted lack of resources and
increase of their price the industrial companies are
forced to look for new solutions regarding
achievement of maximum results through energy
savings at minimal costs.

Efficient and reliable management of energy
resources has become a very important task of
Lithuanian industrial companies. Here is meant not
only the need to reduce energy consumption in
order to cheapen the cost of production, but also
gaining of competitive advantage by the compa-
nies when competing with the advanced produc-
tion companies of Western Europe. Lithuanian
manufacturing enterprises have two possibilities to
reduce the negative impact of higher energy prices.
One possibility is to negotiate a lower price from
the energy supplier, while the second option is to
work internally at the company on energy use,
where energy efficiency, load management, con-
version of electricity to other energy carriers, utili-
zation of excess heat, as well as internal produc-
tion of electricity and heat, are examples of
possible areas to work with. To obtain the benefits
of an economy of scale, capital investments are
required; this includes investing in modern tech-
nologies that could increase production levels.
Furthermore, new technologies, as a rule, are able
to produce larger quantities with improved energy
efficiency and lower costs. Different studies show
how both cogeneration and high technology can
improve the use of energy and decrease environ-
mental impacts.
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