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abstract

Satisfying the country’s energy need is limited by the available 
energy and economic resources, but also from economic, political and energy 
conditions in the immediate and wider environment.

The environmental consequences of energy consumption are topics 
that have long been neglected, generally speaking, there is still not enough 
account for the social, environmental, economic, and security aspects of 
energy use, in order to meet the growing energy needs.

Energy efficiency is primarily a matter of awareness of the people and 
their desire to change their habits towards efficient energy consumption and 
sustainable development, rather than working on complex technical solutions.

For the application of new technical measures should be decided on 
the basis of their economic viability, which the family will raise energy and 
economic efficiency.
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Introduction 

Energy is generally involved in all spheres of life and as a catalyst for 
all productive activities and supporter of the social activities. The amount and 
structure of energy consumption depends on the general state of the economy, 
especially the manufacturing and service sector, but also from the general 
level of development of the country and cultural values   of all the beliefs and 
norms.

When providing recommendations to improve energy efficiency was 
first necessary to consider the habits of consumers and their focusing on 
conscious and conscientious choices of energy use. Such measures are free, and 
can contribute to significant energy savings. Even after you develop the level 
of awareness among consumers about the use of efficient energy consumers 
need to focus on new technical measures to reduce energy consumption.

The accelerated technical and technological development, demographic 
changes and the increase in the consumption of all types of goods, without 
exception, result in pollution of the environment and devastation of the basic 
life resources. The construction and use of buildings in the housing and public 
sector, as well as the commissioning of energy systems, has a negative impact 
on the environment, which points to the need for a new environmentally 
conscious and conscientious approach. 

1.EnErGY EffIcIEncY

1.1. What is Energy Efficiency?

Energy efficiency implies the achievement of equal quality and level 
in the production of goods and services with less amount of used energy. With 
the increase of energy efficiency, many economic, social and environmental 
problems are being solved. The energy efficiency from 1991 to 2015, as GDP 
per unit of energy consumed, has been steadily increasing in the world, the 
EU and the OECD mark continuous increasment, and in Macedonia until the 
first half of the 1990s.there is decreasing, but then there is steady growth, in 
2014 the level of energy efficiency is higher than in the World and OECD, but 
lower than the EU, see Chart1.
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chart1. Energy efficiency,1991/2015 

Source:World Bank:World Development Indicators,GDP perunit of energy use (constant 
2011 PPP$ per kg of oil equivalent, 1991-2015,Last Updated:03/23/2017

According to the International Organization for Standardization, 
Energy Efficiency is a relationship or other quantitative relationship between 
the result of performance, service, commodity or energy, and energy input.1

Practically, energy efficiency is a sum of planned and implemented 
measures aimed at using the minimum possible amount of energy in order to 
maintain the level of comfort and the production rate to be  at the very least. 
Under energy efficiency, we mean the efficient use of energy in all sectors of 
final energy consumption, that is, both in the economy and in the households.

1.2 Sustainable Development, Reasons for Energy Efficiency

A key condition for the economic and social development of each 
country is access to energy at affordable prices. On the other hand, the 
production of energy and its use significantly affects the environment, 
causing pollution from a local, regional and global character, resulting in 
climate change. The consumption of fossil fuels (coal, oil and oil derivatives, 

1 ISO (International Organization for Standardization): ISO 50001: 2011 Energy  management  
systems -- Requirements  with guidance for  use.
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and natural gas) is still dominant, both in the World and in Macedonia, EU 
countries and the OECD, see Chart2.

In the past thirty years, the United Nations has initiated and implemented 
a number of actions in the field of energy in order to stimulate participation 
and cooperation between member states in resolving all problems in the use 
of energy sources as a prerequisite for sustainable development. The focus 
of the activities is the implementation of Sustainable Energy for All and the 
achievement of the three goals: universal access to energy, renewable energy 
and energy efficiency.

Energy is one of the important issues for the EU, and the Energy 
Commission has two priority areas, Sustainable Development and Economic 
Reform. The aim of the European Energy Policy is to ensure a secure, stable 
and sustainable supply of energy at affordable prices. Energy policy is 
based on the EU 20-20-20 targets to be achieved by 2020, namely, a 20% 
reduction in greenhouse gas emissions in the EU compared to 1990; A 20% 
share in energy must be from renewable energy sources in the total energy 
consumption in the EU; And 20% higher energy efficiency in the EU.

chart2. Consumption of fossil fuels 

Source:World Bank:World Development Indicators, Fossil fuel energy consumption
(% of total) , 1991-2013, Last Updated:03/23/2017.
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The EU’s long-term goals in reducing greenhouse gas emissions, 
so  by 2050 to be reduced to 80-95% compared to 1990, by supplying 
energy and maintaining competitiveness. In this context, the EU establishes 
a predictable framework for energy and climate policies that will cover the 
time after 2020, providing security for investors, new opportunities for low-
carbon technologies and jobs in the EU energy sector. In the framework of 
energy and climate policies by 2030, the EU predicts encouraging the further 
development of a competitive and reliable energy system due to: providing 
access to energy for all; Increased security of energy supply in the EU; 
Reducing dependence on energy imports; And opening up new opportunities 
for growth and employment.

In Macedonia, the total energy required by energy types, as well as 
the final energy consumption by energy type expressed in (%), are given 
respectively in the Table1 and Table2. The dominant need for solid fuels and 
petroleum products can be noticed from the tables. According to the State 
statistical office of the Republic of Macedonia data2 in 2015, the total gross 
primary production of energy in Macedonia is 1.273.340toe or 46.96% of the 
total energy required. The total energy requirement for 2015 is 2.711.259toe. 
The largest final energy consumers in 2015 are: traffic with 32.5%, households 
with 27.9% and industry with 24.5% (of the available final consumption).

The energy sector is directly linked with greenhouse gas emissions, 
as most of the 80% of the energy produced comes from fossil fuels. These 
during the combustion emit CO2, the main greenhouse gas. Due to this fact, 
the energy policy focuses on reducing the use of fossil fuels and increasing 
the use of low carbon energy sources.

2 STATE STATISTICAL OFFICE OF THE REPUBLIC OF MACEDONIA: Statistical 
Review 6.4.12.01/707

http://6.4.12.1/707
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table1. Total energy required by energy type(%)

Source:State statistical office of the Republic of Macedonia, Statistical Review 6.4.12.01/707
1Preliminary data

table2. Final energy consumption by types of fuels(%)

Year Solid 
fuels

Total oil 
products

Natural 
gas

Electric 
energy

Thermal 
energy

Geo-
thermal 
energy

Biomass

2000 6.8 41.8 0.4 27.9 9.5 0.9 12.7
2001 6.8 40.3 1.8 30.3 9.3 1.5 10.0
2002 4.1 53.8 1.8 24.0 7.6 0.7 7.9
2003 6.0 42.3 1.9 30.7 8.0 0.8 10.4
2004 6.3 42.1 1.9 31.0 7.6 0.7 10.4
2005 7.7 41.3 1.9 31.9 7.6 0.5 9.0
2006 8.1 40.4 2.0 32.5 6.9 0.6 9.6
2007 9.8 41.7 1.9 32.3 6.0 0.5 7.7
2008 8.3 40.7 1.8 33.5 5.8 0.5 9.6
2009 4.0 43.5 1.7 32.9 5.9 0.5 11.4
2010 6.2 43.0 1.7 32.6 5.1 0.5 11.0

Source:State statistical office of the Republic of Macedonia, Statistical Review 6.4.12.01/707

year Solid
fuels

Total
Oil
products

Natural 
gas

Electric 
energy

Hydro-
electric 
energy

Solar 
energy

Geo-
thermal 
energy

bio-
mass

bio-
fuel

2000 50,84 34,99 1,94 0,35 3,64 0,56 7,68
2001 58,00 29,52 2,66 1,38 2,01 0,86 5,55
2002 46,76 40,56 2,55 2,35 2,25 0,45 5,08
2003 51,64 31,97 2,36 2,99 4,31 0,48 6,24
2004 50,40 32,57 2,07 3,68 4,64 0,43 6,22
2005 50,96 31,84 2,17 4,80 4,48 0,35 5,39
2006 48,50 33,08 2,27 5,28 4,85 0,35 5,66
2007 47,98 34,35 2,80 7,06 2,86 0,32 4,63
2008 49,35 31,28 3,19 7,77 2,39 0,30 5,68 0,04
2009 47,63 34,53 2,27 4,40 3,89 0,35 6,86 0,07
20101 45,06 32,78 3,31 4,25 7,26 0,00 0,41 6,91 0,02

http://6.4.12.1/707
http://6.4.12.1/707
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The Republic of Macedonia has ratified the United Nations Framework 
Convention on Climate Change and the Kyoto Protocol as a country that is 
not in Annex I. At the moment, Macedonia has no quantified commitments to 
reduce greenhouse gas emissions, but will need to be included in the future 
In common European efforts and goals on climate change. Obligations would 
be to limit the growth of greenhouse gas emissions. Therefore, when planning 
future projects in the energy sector, account should be taken of the increased 
operating costs of coal fired thermal power plants due to the application of 
measures and policies related to the obligation to purchase greenhouse gas 
emission allowances, as well as increased investment costs when building a 
New and revitalization of coal fired power plants due to the requirement for 
using “clean coal”, that is, in general, to comply with the European standards 
for large plants.

Today, however, it is recognized in large numbers, primarily in the 
developed countries, that the previously uncontrolled approach to energy 
consumption is unsustainable. The approach to human activities on a planet 
Earth is sustainable only and only then if a certain level of quality of life 
allows maintaining a natural basis for the future development of all living 
beings. The principles of sustainable development, generally speaking, oblige 
to save all types of energy, energy efficiency in all segments of human work 
(construction,industry,transport, etc.), a significant increase in the share 
of renewable energy sources and undertaking a number of measures with 
Purpose environmental protection.

1.3 Economic justification for energy efficiency

Energy is not free, it consumes part of the business or home budget, but 
this energy price tends to increase continuously, despite its variation. Energy 
is more expensive, as its resources are limited, environmental protection 
requirements are stricter, and the reduction of climate change requires major 
energy intensification. The ability to meet the growing tendency of the price 
of energy, especially if it is imported, is a challenge for the whole society. 
The usual opportunities go in the direction of subsidizing or increasing the 
price of energy. If they had an intervention of the state through the mechanism 
of energy subsidy, then the increase in the price of energy would not be felt 
by the economy or the households, but in that case the competitiveness of 
the economy and the standard of living of households is reduced, that is, for 
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subsidizing it is necessary To provide funds by redistribution of income from 
one sector of activities to another, which reduces the competitiveness of the 
economy, but also the standard of living of households. If the energy price rises 
then there is a decline in the standard of living of households and a decrease 
in the competitiveness of the economy. These two common opportunities 
have the same result in reducing the competitiveness of the economy and the 
decline in the standard of living in households, and for these reasons they 
have no economic justification.

According to the neoclassical theory of welfare economics, every 
balance of economy with perfect competition is Pareto optimal, and that Pareto 
is an efficient allocation of resources if the free action of the mechanisms 
of the perfect market is allowed given the initial allocation of resources. 
Defining the indicators of economic efficiency in the direction of improving 
the quality, productivity and economy are reflected in: allocation or price 
efficiency; Production or technical efficiency; And dynamic efficiency. With 
the allocation or price efficiency it is expected to achieve the price equal 
to the marginal cost of production of goods, with production or technical 
efficiency, it is expected to minimize the costs of production, and with dynamic 
efficiency, optimization of the investment decisions is expected. Assuming 
the perfect market, all three efficiencies complement one another, but also 
with Pareto efficiency. The arguments are that the market environment creates 
pressures for companies to offer better goods to their customers through 
increased internal efficiency, by reducing costs, which Will result in lower 
average prices. Also, the exposure of companies to market competition will 
result in better investment decisions.

2. EconomIc assEssmEnt of proJEcts 
for EnErGY EffIcIEncY

Efficient use of energy achieves proportional money savings, that is, a 
direct reduction in the costs of the energy used. In essence, energy efficiency is 
its close connection to the economic benefits arising from the implementation 
of its measures. The main reason for introducing projects to increase energy 
efficiency, as well as the main motivation for accepting these measures by 
consumers are exactly the energy savings that result in financial gain. The 
decision to implement an energy efficiency measure should be made on the 
basis of an estimate of its cost-effectiveness.
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2.1 parameters of the cost-effectiveness of the projects

By reducing energy consumption and/or using renewable energy, 
significant financial savings are achieved which, in an acceptable period, 
should exceed the investment in the projects, as well as the costs for operation 
and maintenance of the systems, and bring adequate profits. In practice Most 
often there is a problem of choice, that is, the best project of several possible 
energy efficiency projects. The basic goals of evaluating the feasibility and 
justifiability of energy efficiency projects are: to ascertain whether the project 
is financially viable and economically justified; To allow comparison of the 
cost-effectiveness of various projects; And to enable a feasibility study for 
funding.

Energy efficiency projects require investment in the first year, while the 
effects are realized over the years in the future. To enable comparison of the 
investments and the results of the project, it is necessary to calculate the value 
of money in time. The calculation is carried out in two directions depending 
on whether we want to know the value of the money we now have after a 
certain number of years, or, we want to know the current value of the money 
that we will realize in the future years. The determination of the present value 
Of future cash inflows from realized savings, allows comparison of various 
measures and projects for energy efficiency. Determining the future value of 
money (Future value FV) is done by integrating racist money. Interest is an 
increase in the value of the available money for a yield that can be realized in 
each future accounting year. 

The determination of the present value of the money, which will be 
realized in the coming years, is performed by discounting, ie downgrading of 
the present time. When calculating the present value of money, a key point 
is the determination of the discount rate, which should reflect the missing 
possible income. The amount of the selected discount rate depends on the 
structure of the funding sources of the project and the amount of project risk. 
It can be determined on the basis of the interest rates of commercial banks and 
on the basis of the average prices of the source for financing the project. The 
determination of the discount rate based on the bank interest rate is performed 
when the project is fully financed with a bank loan. 

If it is desired to calculate the real value of the discount rate, then 
the rate of inflation must be excluded from the established nominal discount 
rate. The determination of the discount rate based on the average cost of the 
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funding sources for the project is carried out when the project is funded by 
various sources of funds, such as budget funds, private capital and bank loans. 

One of the simplest ways to evaluate projects is a simple payback 
period PB. A simple payback period is the time it takes to generate total 
investment investments from future project revenues. The main disadvantage 
of this indicator of the return on investment returns is the neglect of the time 
value of money and income, which is realized over the entire duration of 
the project. The introduction of time value of money, by way of discounting 
future revenues, can calculate a dynamic return on investment investment. 
A dynamic return on an investment investment is a time that is needed to 
bring the project’s future revenues down to today’s value, the total investment 
investments are charged. For his calculation it is necessary to perform 
discounting of projected future revenues of the project.                                                                                     

Investment projects start with investment in the “zero year of the 
project.” After that year, in the period of project exploitation, the revenues 
and costs of using the project arise. If the current value of the project revenues 
subtracts the present value of all investment and operational Costs, we get net 
present value NPV of the project. The present value of the project is the newly 
created value, which remains after covering the total project costs. 

The project is cost-effective when the net present value is greater than 
zero, that is, when the savings are reduced during the economic life of the 
project larger than the total reduced investments. Otherwise there is no point 
in investing in such a project. The present value should be applied in the 
valuation Of the project’s cost-effectiveness, because it takes into account the 
entire lifespan of the project. This indicator does not provide an opportunity 
to compare projects with a different amount of investment, which is exceeded 
by using a net current coefficient Value.Net present value ratio (NPVQ) is 
the ratio of the net present value to the present value of the total investment 
expense.

The resulting coefficient shows how much money is earned per annum 
by investing a monetary unit in the project. The project is cost-effective when 
the net present value is greater than zero. Given that the coefficient shows 
the amount of the newly created value per unit of invested funds, it can To 
be used for ranking different measures and projects, which have a different 
amount of total investments.

Internal rate of return IRR is the discount rate that equals the present 
value of savings income with the present value of the total project costs. That 
is the discount rate at which the net present value of the project equals zero.
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For this parameter, it is not possible to derive an analytical expression, 
but an interactive procedure is used for this. The project evaluation based 
on the internal rate of return is made as follows: IRR of the selected project 
option must be higher or at least equal to the IRR of the other analyzed project 
options or possible asset investments; And, the IRR of the project should be 
greater or at least equal to the discount rate, which reflects the cost of funding 
for the project (interest on the debt and return of the company). A decision-
making criterion for one of the alternative projects is to select those projects 
that have the highest internal rate of return. The lack of this indicator is that 
it can favor projects that require lower investment and result in a lower return 
in absolute terms.

Benefit Cost Ratio (BCR) is the present value of the overall project 
benefits, divided by the present value of the total cost of the project. If the 
BCR> 1 project is cost-effective. The value of the BCR larger than the unit 
project is sustainable because the benefits measured at the present value of 
the inflows are greater than the costs measured with the current value of the 
outflows. The rule is that they should reject all projects with a gain ratio and 
cost BCR whose value Is smaller than the unit. Based on this coefficient it is 
possible to perform the ranking of the projects.

2.2 Cost Benefit Analysis

Cost Benefit Analysis (CBA) provides a comprehensive assessment of 
energy efficiency projects through: defining project objectives, defining the 
project, feasibility analysis and options, financial analysis, economic analysis 
and risk analysis.

Defining the objectives of the energy efficiency project is essential 
for identifying the project where the social economic benefits that can be 
achieved through the realization of the project are defined. Examples of the 
goals of the energy efficiency project can be: change in the structure of the 
used sources Energy, modernization of equipment in order to protect the 
environment, reduce consumption of imported energy through the use of own 
and renewable energy sources, increase the production of From renewable 
sources in order to achieve global European and national goals such as 
reducing greenhouse gas emissions.

The project must be clearly defined and constitute a separate technical 
and technological unit.The company needs to prove that the selected 
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project is the best option among the others analyzed. Within the feasibility 
and opportunities analysis, possible options should be considered within 
the framework of the existing infrastructure and possible alternatives for 
production and consumption of energy during the performance of the activity. 

When deciding on projects, consideration should be given to the 
financial cost-effectiveness of FNPV costs and the NPVQ net present value 
coefficient. When FNPV is less than zero, it is necessary to see the total social 
benefits and costs as well as to calculate the economic indicators for cost-
effectiveness. There is a choice between multiple options that selects the one 
that has the highest coefficient NPVQ.

Within the framework of the economic analysis, the feasibility of 
implementing the project from the aspect of benefit for the whole society, 
the region, the country is examined. The social benefits of energy efficiency 
projects are reflected in: cash benefits from sales or energy savings; Reducing 
global warming and adversely affecting the environment and human health, 
using renewable energy sources and reducing energy consumption and 
greenhouse gas emissions; Use of fossil fuels and non-renewable energy 
sources for other purposes and future needs; Reducing energy consumption; 
As well as reducing the import of energy. Social costs are perceived in: 
removing adverse effects on air, water and land; Indirect effects of loss of 
land or disturbance of the natural environment; As well as waste of resources 
and raw materials that could be used in another way by achieving greater 
benefits for the social community.

The indicators of economic viability of the project are: economic net 
present value ENPV, economic internal rate of return ERR, and coefficient 
of benefits and costs BCR. If the ENPV is less than zero, the project should 
not be implemented. When choosing between multiple projects, the one that 
has the highest value of the ENPV should be selected. The decision on the 
ERR framework implies that the project will be eligible if the ERR is greater 
than Social opportunity costs of capital, however, the ERR has significant 
constraints and is a bad substitute for NPV as a decision-making indicator. A 
simple comparison of the ERR value can lead to a wrong conclusion, especially 
when it comes to projects of different sizes In terms of total investments. In 
many cases, the ERR may have more than one value. Deciding on a BCR, 
it comes down to the following: if the value of BCR is greater than the unit 
project is sustainable, if the BCR value is less than the unit the project should 
be rejected.
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In general, any project whose ERR is lower than the discount rate or 
the value of the ENPV is negative should be reconsidered or rejected. Any 
project whose value BCR is smaller than the unit needs to be carefully re-
examined or rejected. In some exceptional cases, the negative value of the 
ENPV can be accepted if there are significant benefits that are not expressed 
in cash, but then it must be shown in detail.

 Risk analysis should enable determining to what extent the realization 
of the cost-effectiveness (NPV and IRR) indicators depends on the changes in 
the starting assumptions during the implementation of the project.     

 Key assumptions for risk analysis are: investment costs and duration 
of the investment; Change in demand for energy; Dynamics of support 
policy. The rules for decision making in risk analysis in cases where there is 
significant uncertainty when making a decision to accept the project, should 
take into account the following: if the smallest possible NPV is greater than 
zero, the project should be accepted; If the largest possible NPV is less than 
zero project should be rejected. If the maximum NPV is greater than zero, and 
the minimum is less than zero, NPV should be calculated. If NPV is greater 
than zero, the project should be accepted.

conclusion

It can be said that every kWh of energy that we will not spend in vain 
means a certain amount of greenhouse gases that are not released into the 
atmosphere. The efficient use of energy raises the quality of the environment 
and at the same time contributes to the global fight to prevent climate change.

The economically efficient use of energy is the use that results, 
combined with other inputs, the smallest production costs and the optimal 
allocation of resources assuming cost-effectiveness of all inputs. 

The basic objectives for assessing the feasibility and justification of the 
measures and projects for energy efficiency are in the direction of determining 
their financial viability and economic justification, enabling the comparison 
of the cost-effectiveness of various measures and projects, and assessing the 
acceptability for financing the measures and projects.

The choice of a project or energy efficiency measure is recommended 
depending on the values   of: the net present net present value -EnPV, the net 
present value coefficient-NPVQ, the financial ROI of the FNPV project, the 
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economic internal rate of return-ERR, the coefficient Of Benefits and Costs-
BCR, and in some exceptional cases where the value of the indicators is 
negative and there are significant benefits that are not presented in a monetary 
way, they are advised to be detailed and described in detail.
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