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MEASURING ENERGY EFFICIENCY OF AN ENTERPRISE
Abstract

Energy efficiency is gaining in importance as part of environmental efficiency
within sustainable development. Many enterprises realize the need for the reduction
of energy costs and improved control of energy consumption. This can be achieved
by implementing the concept of energy efficiency. The subject of research in this
paper is the analysis of the way in which energy efficiency can be measured within
an enterprise. Therefore, the aim of the research is to define a set of indicators for
measuring energy efficiency in an enterprise, as well as to point out cost advantages
and competitiveness that are achieved by applying energy efficiency management.
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Introduction

There are increased number of enterprises which within their mission, vision and
strategy create a business policy that contributes to sustainable development. Due to the
higher cost of fossil fuels, economic crises, new environmental and energy standards,
enterprises should focus more and more attention to energy saving, the elimination of losses
and inefficiency, and the control of energy consumption. The concept of energy efficiency
has, therefore, become an integral part of operation of every enterprise which tends to
maintain its competitiveness. The effects of an irrational use of natural resources are far-
reaching, especially non-renewable resources. They can negatively affect the environment
in which the enterprise operates, as well domestic economies of countries and the global
image of the world. On the other hand, the application of the concept of social responsibility
and energy efficiency contributes to economic development and sustainability.

Considering the significance of energy efficiency regarding sustainable
development, it is necessary to efficiently manage the use of energy in enterprises. It is
particularly important to consider the aspects of operation in which energy efficiency
affects the total expenses and profitability. From a corporate perspective, the value which
is gained by applying the concept of energy efficiency should be manifested through the
environment in which an enterprise operates, as well as through the profit it achieves.
In order to be clearly and precisely determined, the value should be visible and properly
quantified or described. Due to this, an adequate set of quantitative and qualitative
indicators is needed in order to provide energy efficiency measurement. By measuring
energy efficiency, the difference in the way an enterprise operates before and after the
use of this concept can be clearly pointed out, as well as the numerous advantages for the
enterprise and its surroundings (living and natural environment and resources).

The aim of this paper is to determine the concept of energy efficiency, to point out
the set of indicators for the energy efficiency measurement and the elements it consists of
in order to gain insight into the effects of energy efficiency on the operation of a certain
enterprise, as well as the numerous advantages for the enterprise and the environment
in which it operates, which are achieved by an adequate and complete application of the
concept of energy efficiency.

1. The concept of energy efficiency and a general approach
to the quantification of energy efficiency

The concept of sustainable development implies sustainable development in
environmental, economic, social, cultural, and international aspects. Numerous studies
indicate the disruption of the natural balance, and that consequences of the behaviour
which neglects the long-term influence on the environment can be dangerous. Therefore,
more and more enterprises tend to implement the concept of sustainable development into
their mission, vision and strategy. The ecological sustainable development is measured
through eco-efficiency, i.e. environmental efficiency. Environmental efficiency points
out the use of natural resources and the negative aspects of that use. The essence of eco-
efficiency also represents energy efficiency.
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Energy efficiency is the focus of the management of enterprises which desire to
continually improve their business activities. Numerous advantages which originate
from the implementation of the concept of improving energy efficiency as business (as
well as environmental) performances are the following: greater cost efficiency, better
competitive position on the market, greater energy security, environmental benefits, etc.

Economic efficiency represents a quantitative relationship between outputs and
inputs. If this efficiency coefficient is multiplied by 100%, the result represents the
degree of efficiency (Krsti¢, Sekuli¢, 2020):

(1) Economic efficiency = (Outputs / Inputs) x 100%

The efficiency measure structured in this way, provides an answer to the following
question: how much input (resource) is needed to achieve a certain level of output?
In other words, it shows how many units of output (results) are created by one unit
of investment (input). This general formula can be used to determine the indicators of
environmental efficiency and energy efficiency.

Environmental efficiency determines the success in the realisation of environmental
activities, programs and initiatives. Namely, eco-efficiency means “to do something in
the right way”. This goes with a tendency, i.e. an aim to reduce negative influences
on the environment. The essence is to use as small inputs as possible that are already
invested into the realisation of environmental activities, in order to achieve as big (good)
environmental effects as possible. Eco-efficiency is quantitatively measured as a relevant
relation between certain categories of effects and inputs (Krsti¢, Sekuli¢, 2020):

(2) Eco-efficiency = (Realised environmental effects / Inputs for the realisation of
environmental initiatives, activities and programs of an enterprise) x 100%

Energy efficiency (Forsstrom et al., 2011, p. 13) is the quotient of the output
(which is expressed as a certain volume of products/services) and the input (the energy
which is needed for the production of the specific output):

(3) Energy efficiency = (Production volume i.e. Service volume / Energy
consumption for the realisation of the output) x 100%.

The concept of energy efficiency specifically emphasises the following:

* the possibility of turning one form of energy into the other,

* ecological effects on the environment which are accomplished by its
implementation,

» the use of a smaller amount of energy for the production of the same volume
of products/services,

» the possibility of reducing the cost of energy, which is, perhaps, the most
significant for enterprises which continually work on improving their
business.

The application of the concept of improving energy efficiency implies numerous
advantages for the enterprise which invests into the application of this concept. Besides
energy saving, there are many other additional advantages which are reflected on the
enterprise’s business activities and lead to its prosperity, including the increase in
productivity, product quality, efficiency, the improvement of work and life surroundings.
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The productivity of production is increased, which is the result of lower processing
costs. The satisfaction of buyers is higher because they receive a product/service of
higher quality. The reliability and the production volume are also increased. Energy
efficiency contributes to general efficiency, because its application leads to a better use
of production capacities and equipment and it shortens the time which is needed for the
implementation of production processes and operations. In this way, the total cost of
production is reduced, as well as the overuse of machines and production equipment,
the need for cooling, the need for workforce and control by an engineer (Pye, McKane,
2000). The application of energy efficiency leads to the reduction of waste which occurs
during the production process, as well as the reduction of hazardous waste which reduces
the costs of waste disposal. Also, water is used more efficiently. The amount of waste
waters is reduced, as well as the loss of water (Finman, Laitner, 2001).

One of the advantages of the concept of energy efficiency is the improvement of
work environment because the amount of noise during production processes is reduced,
lighting is improved, temperature control is improved, air quality is better, etc. Safety
during the production process is increased. The employees have a more comfortable
workplace (Skumatz et al., 2000).

Energy efficiency has a positive effect on the environment and the health of people,
due to the fact that the implementation of this concept implies the reduced emission of
CO2. A positive impact on the environment by a consistent application of the concept of
energy efficiency within the enterprises’ business practices implies reduced air pollution,
improved local air quality in those areas where the production occurs, reduced emissions
of harmful matters which affect the environment and the health of people (Worrel et al.,
2003).

Other advantages of applying energy efficiency that should also be emphasised
are increased motivation in employees, better reputation of enterprises, postponed or
reduced capital expenses, spare spaces, improved competitiveness, reduced legal risks,
risks of changes in the cost of energy and commercial risks, the increased value of shares,
etc. (Cooremans, 2011).

2. Energy efficiency measurement

The indicators of energy efficiency measurement differ in regard to the aspect from
which energy efficiency is observed (economic, environmental, social, etc.). Also, the
level on which the concept is applied is also important (micro — an enterprise, or macro
—a community).

Patterson (1996, p. 378) emphasises four groups of indicators of energy efficiency:
“thermodynamic, physical-dynamic, economic-thermodynamic and economic”.
Thermodynamic indicators are based on the thermodynamic values of inputs and
outputs (for example, thermal efficiency of heating). Physical-thermodynamic indicators
measure energy inputs in thermodynamic values, whereas outputs are measured in
physical units (for example, the energy consumption by a square meter in a building).
Economic-thermodynamic indicators use the expression of outputs (merchandise, product
and services) in market costs, and the energy (input) is expressed in thermodynamic
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measuring units (e.g. the energy intensity of GDP*). Economic indicators are such
indicators in which the inputs and outputs are expressed in a financial expression (e.g.
the energy consumption per unit of GDP).

For the definition of a specific indicator of energy efficiency (provided by the
relation No. 3), with the purpose of adequate and precise measurement, it is necessary
to determine the input and the output. The question is what the output could be in this
expression of energy efficiency, if the input is the quantifier of this indicator. During the
expression of the input for energy efficiency measurement (Forsstrom et al., 2011, p. 20)
the consumed energy within the life cycle of a product should be taken into consideration,
as well as the energy which obtained its physical form in the materials (outcomes), and
the energy from recycled materials. When it comes to the corporate measurement of
energy efficiency, it is very important to have energy costs as an information input, based
on the amount of consumed energy and the energy cost per unit of consumed amount.
The output is usually the amount of product (production) or the scope of a provided
service. Regarding the expression of the output for energy efficiency measurement, it
should be noted that a simple measurement of the amount of production cannot take into
account the quality of a service or a product (Forsstrom et al., 2011, p. 20).

The control of energy efficiency requires the use of a set of indicators; however,
the focus are the two key, initial, indicators such as:

*  Energy natural productivity,

*  Energy financial productivity.

Energy natural productivity indicates the production volume per unit of consumed
energy. In other words, it shows the amount of consumed energy (for example, expressed
in kilowatt-hours). This indicator is calculated in the following way:

(4) Energy natural productivity = (Production Volume / Energy Consumption) x 100%

Energy financial productivity shows the quotient of the production volume and
total energy costs (Benedetti et al., 2015, p. 44) within a certain time period ¢:

(5) Energy financial productivity = (Production volume / Total energy costs) x 100%

This ratio shows what amount of a production volume is achieved per 100
monetary units of total energy costs.

Besides the aforementioned two indicators, analytically speaking energy cost
efficiency is a particularly important indicator. Essentially, this is not a new indicator
in relation to the two indicators previously explained. From a mathematical perspective,
energy cost efficiency is an inverse value of the indicator of energy financial productivity.
The indicator of energy cost efficiency is, in essence, an indicator of financial energy
efficiency, because it takes into account the costs of energy and not the consumption of
energy (as a physical measure of consumed energy). Energy cost efficiency is calculated
as a quotient of total energy costs and a production volume:

(6) Energy cost efficiency = (Total energy costs / Production volume) x 100%

* The energy intensity of GDP is calculated as a quotient of energy consumption and the GDP value
(it represents an inverse value of energy productivity, which is calculated as a quotient of the GDP
value and energy consumption). This indicator shows how much energy is spent for the production
of one unit of GDP.
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This indicator shows what amount of energy is spent on the production of one unit
of products. In other words, this performance indicator shows how many monetary units
of energy cost have been paid for the generated production (production volume) which
is expressed in physical units of a specific product.

Energy cost efficiency can be disaggregated into two indicators. Namely, it can
be calculated as a multiplication of two indicators (Benedetti et al., 2015, p. 44) such
as: 1. Cost of energy to energy consumption ratio which represents the quotient of total
energy costs and energy consumption (the amount of consumed energy) and 2. Energy
consumption to production volume ratio which is calculated as a quotient of consumed
energy and production volume.

Therefore, the energy cost efficiency can be expressed in the following way:

(7) Energy cost efficiency = (Cost of energy to energy consumption ratio x
Energy consumption to production volume ratio) x 100%

1e.

(8) Energy cost efficiency = [(Total energy costs / Energy consumption) x
(Energy Consumption / Production volume)] x 100%.

Building Assets are part of the fixed assets of enterprises. Buildings are also
consumers of different energy, considering the characteristics and the purpose of building
assets (production, selling, administrative, storage, etc.) It is interesting to supplement the
previous set of indicators of energy efficiency of buildings (work spaces) as a significant
asset of an enterprise. When it comes to buildings, the consumption of energy, and, at the
same time, the potential for the implementation of the concept of improvement of energy
efficiency, is very large. Buildings as consumers of energy imply direct consumption
which is related to heating and cooling, and indirect consumption which refers to the
consumption of electric energy for lights, appliances, office equipment, cooling devices,
cooking and engines in pumps and ventilation systems.

The measurement of energy efficiency of buildings includes the selection of an
appropriate set of indicators. However, making the right selection of indicators depends
on the fact what data, for what purpose and who needs them (owners, lessees, contractors,
etc.).

Energy Consumption per square meter is calculated in the following way
(Forsstrom et al., 2011, p. 38):

(9) Energy Consumption per square meter = Energy Consumption / Building Surface,

Energy Consumption or the amount of consumed energy in kilowatt-hours is
calculated for a one-year period; however, this period can be shorter, six or three months.
The square footage of a building can include only the area which is heated or a total
footage, and it is expressed in square metres.

Energy consumption adjusted for the utilization rate of a building is an indicator which
refers to the degree (rate) of the utilisation of a space. This rate, logically, affects the energy
efficiency. This indicator is calculated in the following way (Forsstrom et al., 2011, p. 39):

(10) Energy consumption adjusted for the utilization rate of a building = Energy
consumption / (Utilization Rate of a building x Building square footage)
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Utilization rate of a building is calculated as the quotient of the number of hours of
the actual use of space (building) during 24 hours of one day and the maximum number
of hours of the use of the same space (building) during 24 hours of one day. Energy
efficiency will be higher if the rate of the utilisation of space is higher. Namely, energy
consumption in buildings implies some basic consumption of energy which occurs
regardless of the use of a building (heating, minimum ventilation and other continual
energy services) and the consumption of energy by the occupants of the building.

Intensity of energy consumption is an indicator which is used for the calculation of
the amount of consumed energy depending on the number of hours which an individual
spends in the building (Forsstrom et al., 2011, p. 40). It is calculated in the following
way:

11) Intensity of energy consumption = Energy Consumption / Number of hours a
y gy p gy p
person or people spent in the building

This indicator shows to what extent a certain space is used efficiently; however,
it is not suitable for comparing different buildings or buildings with different purposes.

Economic Intensity of Energy consumption (Forsstrom et al., 2011, p. 41) is an
indicator which is used for the calculation in leased buildings because they are not owned
by enterprises. This is calculated in the following way:

(12) Economic Intensity of Energy consumption =Energy consumption / Rent for
the particular business space, i.e. building

The rent for a specific space, i.e. building is used for the calculation of this
indicator as the amount which is paid for the period in which the amount of consumed
energy is measured. The rent which is paid by the user of a certain building, implies a
minimum benefit which the user expects from that space. If the user (lessee, the one who
pays the rent) believes that the rent surpasses the usefulness which is achieved by the use
of the building (space), most probably it will not be the user in the future. Taking this
into consideration, this indicator shows the relation between the consumed energy and
the usefulness which is achieved by a specific space for a specific time period. The lower
value of this indicator points to higher energy efficiency.

Besides the aforementioned indicators, it is also important to use Energy
consumption - benchmark performance index. It is calculated in the following way:

(13) Energy consumption - benchmark performance index = Energy consumption
for a particular building / Energy consumption of a similar building that uses the best
technology

A higher value of this indicator implies a higher potential for energy saving, i.e. for
the implementation of proper technology which will save energy in the future. The best
possible technology with which a certain space (building) is equipped is the technology
which is available on the market and represents a favourable investment for an enterprise
(Forsstrom et al., 2011, p. 42).
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3. Energy efficiency management

Energy costs are expressed in monetary units, the production volume is expressed
in physical units of produced products, and the consumption of energy is expressed in
kilowatts, for example. Energy costs are complex. They are directly connected with
energy consumption, but they are also affected by different price tariffs and the flows
of offers and demands on the energy market (the market of fuels). All this should be
taken into consideration when defining a specific corporate strategy which adheres to
the concept of energy efficiency with the aim of reducing total energy costs to the lowest
level possible.

When it comes to the Cost of energy to energy consumption ratio, its value depends
on the choice of a suitable tariff and the choice of suppliers, the respect of contract rules
of ordering from a supplier, as well as the needed amount of energy (Benedetti et al.,
2015). The selection of a suitable price tariff and the selection of suppliers implies that
the enterprise should sign the most favourable contract regarding the purchase of energy
with the suppliers of energy, i.e. the contract with the lowest price possible, while taking
into consideration the corporate energy consumption and the fuel market. The factors
which affect the selection of an appropriate price tariff and suppliers are: a) a total energy
consumption, because the use of the effect of volume economy provides a certain benefit
— the purchase of a larger amount of energy will provide lower costs per kilowatt hours,
and b) the estimation of whether the demand for energy is small, balanced, or big, in
order to provide it on time, etc.

Obeying the contract rules of purchase is necessary, in order to avoid penalties
if there is a breach of contract. The required amount of energy implies that it should
be taken into account how much energy is actually needed for production by a specific
enterprise, and, according to this, a certain amount of energy should be arranged and
purchased.

On the other hand, the value of energy consumption to production volume ratio
is affected by the transformation, distribution and consumption of energy (Benedetti et
al., 2015).

The process of energy transformation implies the shift of one form of energy into
the other form, so that a certain source of energy can be used in the most efficient way, with
the elimination of energy losses during the production process in a particular enterprise.
The process of energy distribution implies a delivery of energy to the locations where
it is needed, so it can be used in the most efficient way, with the elimination of energy
losses. The process of energy consumption implies the use of energy in an efficient and
effective way.

When deciding on the set of programs which will be used for the implementation
of the concept of energy efficiency, the effects which will influence the energy demands
should also be taken into consideration, as well as the energy consumption management.
There are three main categories of the effects of applying the program of energy efficiency,
and they are (Benedetti et al., 2015):

*  Change in the necessary amount of energy,

*  Change of the profile of energy demand, and

»  Partial or complete isolation from energy supply network.
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1. The change in the needed amount of energy implies that the amount of energy
which is needed for the functioning of the production system at a desired level
is smaller in relation to the amount of energy which was needed before the
implementation of the program of energy efficiency (Benedetti et al., 2015). The
programs (measures) which enable this effect are implemented in the following
areas: transition to a more energy-efficient production and other equipment which
has the influence on the appropriate selection of suppliers and price tariffs, as well
as the adherence to the contract rules regarding the purchase of energy which
affect the value of cost of energy to energy consumption ratio; the selection of
the appropriate production technology, the selection of techniques which affect
the transformation, distribution and consumption of energy, which also affect the
value of the indicator energy consumption to production volume ratio.

2. The change in the profile of energy demand implies that after the introduction of
the program (measures) for achieving desired energy efficiency of the production
system, the use of energy in different periods is required (throughout the day, as
well as throughout the year) (Benedetti et al., 2015).

Measures which can provide this effect are applied in the following areas: the total
consumption of energy, the highest demand for energy, a response to the demand and
the appropriate flexible systems of energy costs which affect the proper selection of an
energy supplier and the price tariff, the adherence to the contract rules of the purchase
and the needed amount of energy for the production process at a certain location and at a
certain time, which affect the value of the indicator cost of energy to energy consumption
ratio.

Besides these measures, the following measures which affect the value of
energy consumption to production volume ratio, are also relevant: a) the selection of a
modulation technique and dimensioning, which affect the transformation, distribution
and consumption of energy during the design stage, b) the best practices, ¢) monitoring
and controlling which affect the transformation, distribution and consumption of energy
during the stages of production and maintenance.

3. Partial or total isolation from the supply network implies that after the application
of measures for achieving desired energy efficiency of a production system there
is no need for energy from the supply network, or that, only occasionally, there is
the need to use the supply network (Benedetti et al., 2015). Measures which can
provide this effect have an influence on the needed amount of energy which affects
the value of the indicator cost of energy to energy consumption ratio.

Every effective program of energy efficiency management includes certain stages,
and they are: a) the stage of management commitment, b) the stage of control (revision)
and analysis, c) the stage of implementation (Goswami, Kreith, 2007).

The stage of management commitment implies the inclusion of the corporate
management team and the assignment of specific tasks whose fulfilment leads to the
implementation of the program of energy efficiency. Afterward, it is important to select a
manager who will be the program coordinator, and to form the board for the implementation
of the program, as well as to name representatives for organisational segments of an enterprise,
who are the board members and who are directly involved in the realisation of the program.
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The stage of control (revision) and analysis of the implementation of the program
of energy efficiency implies, first of all, the review of energy efficiency indicators,
a preliminary analysis of the records of indicators from the previous period, and the
specification of necessary resources. It is also necessary to perform a comparative analysis
of data from different years. After that, it is necessary to analyse different options of the
program of energy efficiency management from an economic aspect.

The implementation stage implies setting goals for the enterprise and for every
organisational part, determining the funds needed for the investment into a certain
program and setting priorities in the realisation of different defined projects It is also
necessary to establish a quality system of measuring energy efficiency indicators and
reporting on energy efficiency performance, continual monitoring and control. It is
particularly important to promote the program throughout the organisation and to talk
about its importance with the employees, and, in that way, influence their awareness
and engagement regarding the implementation. Finally, it is important to periodically
perform an evaluation of the program of energy efficiency management and, if necessary,
to conduct proper corrections in the program, in order to overcome perceived issues and
limitations identified during the program implementation.

When it comes to energy efficiency management, it is important to say that there
are certain stimuli for enterprises in order for them to decide about the implementation of
this concept. In this sense, the importance of financing the program of energy efficiency
by the state should be pointed out, as well as the significance of external pressures such
as the increase in energy costs and the introduction or the increase in fees for the used
resources and for the emission of pollutants.

However, despite the importance of the implementation of the concept of energy
efficiency, there are barriers which slow down or disable its application. One of them
is certainly a high investment into these programs. The lack of capital slows down the
adoption of measures of energy efficiency. Subventions or affordable loans can help in
speeding up the spread of measures of energy efficiency. Also, the quality of the control
of energy consumption influences the application of the program (measures) for the
achievement of a higher level of energy efficiency. Therefore, it is necessary for the
efficient regulation to include quality standards for the control of energy consumption
(Fleiter et al., 2012).

Studies also show that enterprises have a favourable attitude towards energy-
efficient technologies which are able to provide long-term benefits, which proves their
willingness to adopt solutions if they can improve their long-term competitiveness.
Other initiators which are viewed as strategic for the improvement of energy efficiency
are business initiatives in the enterprise and the management team who is dedicated to a
successful application of the concept of energy efficiency (Cagno, Trianni, 2013).

Conclusion
There are increased number of enterprises which understand the significance of

the implementation of the concept of improving energy efficiency for the profitability
of their business, as well as numerous benefits of this concept for the environment. In
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order for the enterprises to properly utilise all the advantages of the implementation
of this important concept for the entire economic efficiency, it is necessary that they
formulate and implement the strategy of energy efficiency and programs for the energy
efficiency management which will support the implementation of the aforementioned
strategy. Taking into account numerous advantages which are provided to enterprises
by the implementation of the concept of energy efficiency and to the environment in
which they operate, it is necessary to emphasise its significance. The significance of
energy efficiency can be understood through the quantification of the effects reached
by its implementation. That is why it is important to establish an appropriate system
of energy efficiency measurement which should be an informational input for efficient
energy efficiency management.

The efficiency of the use of energy is different in different industries because they
imply different products and processes. Taking into account that particular diversity, the
programs of energy efficiency management are specific for different industries, as well
as different enterprises within one industry. Many large enterprises have succeeded in
accomplishing great savings in the consumption of fuels and electric power by applying
different programs of energy efficiency management. Smaller enterprises, however, can
face certain difficulties during the implementation of these programs, due to the lack
of knowledge, competencies, technical staff and equipment which are necessary for an
effective realisation of the program of energy efficiency. One of the possible solutions
of the aforementioned limitations can be to hire external consultants and experts.
Besides a high-quality strategy of energy efficiency, it is also necessary to have a good
organisation for a successful implementation of the program of energy efficiency, and
it is important to provide motivation and dedication of employees and the support of
corporate management.
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