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Abstract: Efficient use of energy means meeting the necessary needs, without compromising the level of comfort and safety, effectively 

using energy resources that achieve a direct saving of resources and money. Effective use of energy has a direct impact on reducing energy 

costs in enterprises, thus increasing their competitiveness. The purpose of this report is to investigate the opportunities for energy efficiency 

improvement and evaluation of energy projects in industrial enterprises.  The results show an increase in the production of RES from all 

types of power plants except HPP. Nevertheless, hydropower retains the largest share in the structure of RES production. At the same time, 

there is a decrease in the average cost to society of all types of RES, except for biomass. Europe faces a number of energy problems 

including: increasing dependence on imports, insufficient diversification, high and volatile energy prices, rising global energy demand, 

security risks affecting producer and transit states, increasing threats climate change, slow progress in the area of energy efficiency, 

challenges related to the use of an increasing share of renewable energy sources, and need of greater transparency, further integration and 

interconnection of energy markets.  
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1. Introduction 

Energy efficiency related to the amount of product that is 

produced in a given process per unit of energy. It is defined as a 

sum of actions to optimize/reduce the energy consumed, while 

maintaining the level of services offered. Efficient use of energy 

does not mean imposing deprivation or restrictions on the 

satisfaction of production or personal needs. Efficient use of energy 

means meeting the necessary needs, without compromising the 

level of comfort and safety, effectively using energy resources that 

achieve a direct saving of resources and money. Effective use of 

energy has a direct impact on reducing energy costs in industrial 

enterprises, thus increasing their competitiveness [1],[2],[8]. In 

addition, businesses gain a competitive advantage in terms of that: 

decreases dependence on expensive and imported fuels; improves 

quality of life; helps protect the environment by reducing 

greenhouse gas emissions; creates new jobs [3],[4],[7]. Under the 

Lisbon Treaty (2015), the five main objectives of the EU's energy 

policy are: 

- ensuring the functioning of the internal energy market and the 

interconnection of energy networks; 

- ensuring the security of energy supply in the Union; 

- promoting energy efficiency and energy savings; 

- promoting the development of new and renewable forms of 

energy in order to better align and integrate climate change 

objectives into the new market structure; 

- promoting research, innovation and competitiveness. 

The current energy program is guided by the integrated 

integrated climate and energy policy adopted by the European 

Council on 24 October 2014, which sets itself the following 

objectives: 

For the period up to 2020 - to reduce greenhouse gas emissions 

by at least 20% compared to 1990 levels; - increasing the share of 

energy from renewable sources in energy consumption to 20%; - 

Increasing energy efficiency by 20%. 

By 2030, it is agreed: - to reduce greenhouse gas emissions by 

at least 40% compared to 1990 levels; - up to 27% of the share of 

energy from renewable sources in energy consumption; - to increase 

energy efficiency by 27% to reach a 30% level; - development to 

achieve at least 15% interconnection in terms of electricity.In 

practice, energy managers are also faced with the question of which 

of the possible energy efficiency projects to choose. One of the 

goals of saving energy is to achieve financial savings. For this 

reason, the assessment of energy efficiency projects is also done on 

the basis of financial indicators and not only technically [5],[7],[8]. 

The main objectives of the financial assessment of energy 

efficiency projects are: to determine whether the project is 

profitable or not; to make it possible to compare and prioritize 

different projects; to provide information to a bank or other funding 

institution as to whether the financial performance of the project 

meets the funding requirements of such projects. 

The purpose of this report is to investigate the opportunities for 

energy efficiency improvement and evaluation of energy projects in 

Bulgarian industrial enterprises.  

2. Exploration 
      The current energy program is guided by the integrated climate 

and energy policy adopted by the European Council on 24 October 

2014, which sets itself the following objectives: 

 For the period up to 2020: 

       - to reduce greenhouse gas emissions by at least 20% compared 

to 1990 levels;  

       - increasing the share of energy from renewable sources in 

energy consumption to 20%; 

         - increasing energy efficiency by 20%. 

 For the period up to 2030: 

        - to reduce greenhouse gas emissions by at least 40% 

compared to 1990 levels;  

        - up to 27% of the share of energy from renewable sources in 

energy consumption;  

          - to increase energy efficiency by 27% to reach a 30% level;  

          - development to achieve at least 15% interconnection in 

terms of electricity. 

         Fig. 1. Share of renewable energy in gross final energy consumption. 
           

       According to latest Eurostat and NSI data, progress has been 

made with regard to the three objectives set. Regarding renewable 

energy, the data over a 12-year period (2004-2016) shows that the 

share of renewable energy in final energy consumption in both EU-
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28 and our country has doubled (See Fig. 1). Total for the Union, 

from 8.5% in 2004 to 17% of gross final energy consumption. For 

the same period, our country also recorded almost double growth of 

9.3% (9.5 in 2004 - to 18.8 in 2016). The dynamics of the 

development of the share of RES in gross final energy consumption 

is presented in Fig. 1.  The results show that the target of a 20% 

share of renewable energy by 2020 for the Union as a whole is fully 

achievable. 

     Renewable energy sources (RES) are inexhaustible natural 

sources of energy. These include solar and wind energy, marine and 

hydroelectric energy, geothermal energy and bioenergy. In Fig. 2 

shows the main types of energy from renewable sources, the 

respective technologies and their usual applications. In general, the 

sectors of application of RES are electricity, heating and cooling, 

and the transport sector. 

 

         Fig.2 Renewable energy sources 

    According to latest Eurostat and NSI data [1],[3],[4] the 

distribution of final consumption of renewable energy in the EU and 

Bulgaria by sector by 2017 is presented below. The largest share of 

RES consumption in the Union has heating and cooling. (Fig. 3), it 

accounts for only 30% of total renewable energy consumption in 

our country (Fig. 4). The share of electricity used in the Union is 

42%, while in our country it is 63%. Approximately the same 

application of bioenergy in the transport sector. 8% in total in the 

Union and 7% in Bulgaria. 

 

 
     Fig. 3.  RES in EU-28, 2017         Fig. 4. RES in Bulgaria by sectors, 

2017 

 

      In graphical form is presented a comparison of key indicators of 

the leading production technologies for renewable energy. The 

structure of the annual gross production of energy from RES and 

the weighted average expenditure for the Bulgarian society by type 

of renewable source for 2014 and 2017 are presented on the Fig. 5 

& Fig.6. 

 

 
     Fig. 5.  Share of Renewable Energy Production Technologies- 2014 in %   

                           and average cost to society, BGN / MWh.  

 

    The data show an increase in the production of RES from all 

types of power plants except hydroelectric power plants (HPP). 

Nevertheless, hydropower retains the largest share in the structure 

of RES production. At the same time, there is a decrease in the 

average cost to society of all types of RES, except for biomass. 

 

 
     Fig. 6.  Share of Renewable Energy Production Technologies -2017 in % 
                             and average cost to society, BGN / MWh. 

 

     It is clear from the graphical data that hydroelectric power plants 

represent the largest share of electricity generation from renewable 

energy sources, while the weighted average water price is the 

lowest in relation to other electricity producers.  

      Advantages of hydropower plants are as follow:  HPPs are the 

world's oldest, most sustainable and reliable power producer; do not 

emit greenhouse gases and do not produce toxic waste; the cheapest 

producer of renewable energy; HPPs are the most efficient of all 

other renewable technologies, reaching their maximum power 

within 30 minutes; the main regulating and balancing capacities in 

the power system in Bulgaria are the large hydropower 

plants;regulation of natural river runoff for certain water and flood 

protection; ensure good ecological status of the water basins 

through the treatment of rivers; the water basins are used for 

irrigation and water supply; have low operating and maintenance 

costs; their life cycle is very long. 

- water energy can be used under variable demand conditions. 

       Renewable energy remains a key element of the EU's energy 

policy. The conservation and use of natural energy sources is a 

fundamental problem set out in the Union's strategies. The role the 

EU places on RES is expressed in: 

      - ensure energy security in the Union. As an inexhaustible local 

energy source, they contribute to a reduction in the import of fossil 

fuels, which in 2015 is approximately 16 billion euros, and in 2030 

is expected to reach 58 billion euros. 

     - easy integration into the energy market. Despite the initial high 

investment for renewable energy installations, there is no long-term 

cost of fuel and waste storage, which leads to a reduction in the cost 

of energy production; 

      - contribute to increasing energy efficiency by reducing energy 

costs 

      - reduce greenhouse gas emissions and air pollution. In 2015, as 

a result of RES, greenhouse gas emissions decreased by 436 million 

tons. compared to 2005 (comparable to Italy's emissions) of 436 

million tonnes of CO² equivalent compared to the 2005 baseline 

(Source: EEA ) 

      - renewable energy leads to economic growth and creates jobs 

for European citizens. 

     - developing new industry, technology and know-how; 

     - they save money due to the lack of the need to buy CO² 

emissions. 

      As regards greenhouse gas emissions, progress has also been 

made. Total greenhouse gas emissions in the Union declined by 

almost 16.42% over the period 2003-2017. Under this indicator, 

Bulgaria's data show a very small contribution, falling below 1% or 

0.87% (Fig. 7). 

     According to the EU Energy Commission report from 2017, 

progress has also been reported in the field of energy efficiency. 

The term "energy efficiency" is defined as - the ratio between the 

output quantity, service, commodity or energy output and the 

energy input, the less the energy input to produce the same output, 

the higher the energy efficiency. The amount of energy needed to 
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produce a unit of economic output is a measure of energy intensity. 

Data analysis shows that although there are indications for a 

decrease in this indicator in our country, the energy intensity still 

remains at levels higher than the EU average. This is related both to 

the specific sectoral structure of the economy and the high share of 

energy intensive industries, as well as to the low energy efficiency 

in some sectors.  
     Bulgarian industrial enterprises are among the consumers with 

the highest share of energy consumption, followed by households 

and services. Under the Energy Efficiency Act, which reflects the 

commitments under EU Directive 2012/27/27/EU, all industrial 

plants with annual energy consumption exceeding 3000 MWh and 

public buildings with an area of over 250 m² are obliged to carry out 

energy audits; the validity of the energy audit of industrial 

enterprises is 5 years.  

     Fig.7.Greenhouse gas (GHG) emissions dynamics (2003-2017) 

 

      The Energy Efficiency Survey of Industrial Enterprises aims at 

identifying the specific opportunities for reducing energy 

consumption and recommending measures to increase energy 

efficiency [4],[5],[6]. This will lead to: 

- reduction of costs of energy consumption; 

- lower cost of production; 

- improves the competitiveness of the enterprise or industrial 

system; 

- certification of the enterprise; 

- improving his / her image and 

- the opportunity to access public procurement and auctions. 

This engages industrial enterprises to: manage energy efficiency by: 

1. Prepare analyzes of the total and specific consumption of fuels 

and energy at least once a year; 

2. Prepare programs for optimizing the efficiency of energy 

consumption; 

3. Implement annually the energy efficiency plans and programs 

that are in line with the reports issued by the audits carried out; 

4. Implement the energy saving measures provided in the plans and 

programs; 

5. The owner of each industrial system shall designate at least one 

employee whose responsibilities include the responsibilities related 

to the management of energy efficiency. 

The implementation of these obligations requires the development 

of plans and programs for their implementation, increasing energy 

efficiency, saving energy and correspondingly reducing the cost of 

its consumption. 

 

2.1. Opportunities to increase energy efficiency in the 

industrial enterprises 
2.1.1. Implementation of an energy management system.  

       It applies a system approach at all stages - from purchasing and 

conversion to energy use in an enterprise. In 2009 a European 

standard EN 16001: 2009 was introduced and in 2011 an 

international standard for such systems BDS EN ISO 50001: 2011 

"Energy Management Systems, which set the minimum 

requirements for the implementation of CEM. The CEM standard is 

flexible enough and can be implemented even in small companies 

that do not have certified management systems but have the will 

and ambition to apply a systematic approach to energy 

management. 

       Globally, complex platforms are being developed to monitor, 

analyze, identify measures to increase energy efficiency in 

enterprises called energy management systems. These systems 

encompass energy flows in an industrial system by offering generic 

or specialized solutions, monitoring key indicators and may have 

additional functions depending on system goals and sectoral 

specifics [3],[5],[7],[8]. 

2.1.2. Implementation of technical solutions that can be applied 

to increase energy efficiency in industrial enterprises, regardless 

of their size.  
         They save energy and reduce the cost of consumption:  

 Reducing the consumption of electricity by optimizing the 

operation of an electricity supply system of the enterprise by: 

• choosing the optimal supply voltage of the individual 

technological stages and the production plant as a whole; 

• increasing the quality of electricity; 

• compensation of reactive loads in the system; 

• maintaining the optimal number of working power transformers 

for the particular application. 

 Choosing the most efficient tariff for the payment of electricity. 

Opportunities to reduce electricity costs are: 

• by managing the load schedule. Industrial plants, due to the large 

amounts of electricity they consume, measure their electricity 

consumption mostly with three-tariff electricity meters. In order to 

reduce the value the company pays for electricity, it is necessary to 

precisely calculate the peak, day and night electricity consumption 

for the month. The ultimate goal is to manage the freight schedule 

so that the most energy-intensive activities concentrate in times of 

cheapest electricity. 

• achieving compliance between regulated and actually used power. 

The goal is, without limiting energy consumption, to save the 

allowances it pays each month, depending on the deviation between 

the prescription and the power factor achieved. 

 Construction of electrical consumption control systems.  

       The construction of systems for remote reading and control of 

electrometers is a basic tool for developing and implementing 

programs for optimizing the consumption of electric energy. They 

automate the process of reading current consumption, provide 

information on the quality of electrical power and reliability in its 

delivery, analyze and monitor voltage and current. Thus, all 

collected, processed and archived information is provided to users 

in various graphical and tabular reports. 

2.1.3. Investments in new techniques and technologies to reduce 

energy consumption and save energy costs. 

  
   Table 1: Terms of action of commonly used energy saving measures/  
                 projects in industrial enterprises. 
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       The choice of an investment solution depends most often on the 

technical and economic life of the projects in which investments are 

invested. The technical life is equal to the length of time that the 

equipment for a given measure can be exploited before scrapping. 

There is presented the technical life of projects that are most often 

applied in industrial enterprises in the Table 1. 

       

2.2.  Energy projects evaluation in the industrial 

enterprises 
      In practice, energy managers are also faced with the question of 

which of the possible energy efficiency projects to choose. One of 

the goals of saving energy is to achieve financial savings. For this 

reason, the assessment of energy efficiency projects is also done on 

the basis of financial indicators and not only technically. The main 

objectives of the financial assessment of energy efficiency projects 

are: to determine whether the project is profitable or not; to make it 

possible to compare and prioritize different projects; to provide 

information to a bank or other funding institution as to whether the 

financial performance of the project meets the funding requirements 

of such projects. 

 Net annual savings ( B ) 

       In order to calculate the financial indicators necessary for the 

economic justification of the projects, the following data should be 

available: I0 - investment costs related to the project; S - net annual 

savings in natural terms; E - the prices of the energy sources for the 

project period; n - the technical / economic life of the project / 

project; nr rate and b - inflation rate (See 1.1). 

      Investment costs (I0)  associated with the project  are all costs 

that need to be incurred for: designing; capital costs - related to the 

purchase, delivery, installation and commissioning of the 

equipment. 

     Annual savings (S) are the net savings for each year as a result of 

the capital and other costs incurred in BGN. They are usually the 

result of lower fuel and electricity consumption, but they can also 

come from reduced operating costs. 

 

B =   𝑆𝑖𝐸𝑖 − ∆𝑂&𝑀 𝑛
𝑖=0                     (1.1)     

Where:  

B - net annual savings, BGN / year; 

S - annual energy savings, kWh / year; 

E - energy price, BGN / kWh; 

O & M - changes in operating and maintenance costs (+ or -) 

(spare materials, maintenance work, etc.), BGN / year. 

     The economic life is the period for which the measure or the 

project brings profit as set out in the investment proposal. Economic 

life needs to be used for economic justification. A set of financial 

indicators is used for this purpose: 

 Payout Time (PB) - the best known and simple way to 

evaluate an investment is through the payback period. With 

equal savings over the years of the project, it is easily 

calculated using the formula: 

                   𝑃 =
𝐼𝑜

𝐵
                                  (1.2) 

Where: 

I0 - the costs associated with the project; 

In - net annual savings; 

      An advantage is the easy calculation, and a disadvantage - its 

relative inaccuracy, as it does not take into account the cash flows 

after the return period and does not take into account the value of 

money over time. 

 Net Present Value (NPV) – because of inflation with the same 

amount of money today, it can be bought more than one or two 

years. 

       Respectively, savings that will be generated in a few years have 

a lower current value. Normally, projects start with an initial 

investment, which is done in the so-called "Zero year of the 

project"[6],[7],[8]. The project runs (generates savings but may also 

have additional operating costs) from the first to the nth year of 

economic life. The purpose of the NPV e show how much will 

remain after the discounted net cash flow for the duration of the 

project minus the initial investment made in the "zero year". The 

project is profitable if NPV> 0. 

     Typically, in energy efficiency projects, net economies are the 

same in their economic life years, B1 = B2 = B3 = .... = Bn. In this 

case, the net present value is calculated using the following 

formula: 
 

                  𝐍𝐏𝐕 = 𝐁
𝟏− (𝟏+𝐫)−𝐧

𝐫
− 𝐈𝟎                             (1.3) 

 

 Net Present Value (NPVQ) - the Net Present Value (NPVQ) 

is the ratio between the net present value and the total amount 

of the investment : 

                     NPVQ =
NPV

I0
                                          (1.4) 

 

The higher NPVQ net present value indicates a more cost-

effective project. NPVQ can be used for internal company ranking 

of projects by priority. 

 

 Return Period (RO) -the payback period is the time it takes to 

return the investment, taking into account the real interest rate. 

This means the time required to fulfill the condition NPV = 0. 

 

𝐍𝐏𝐕 = 𝐁
𝟏− (𝟏+𝐫)−𝐧

𝐫
−  𝐈𝟎 = 0                       (1.5) 

 

The solution of this equation can be done either by 

iterations or by calculating the real interest rate (r) and the annuity 

coefficient (f) and using an annuity table. The annuity coefficient is 

calculated using the following formula: 
 

              𝐟 =
𝐁

𝐈𝟎
 = 

𝐫

𝟏−( 𝟏+𝐫 )−𝒏                                        (1.6) 

 

 Internal Rate of Return (IRR) - the IRR is the discount rate 

at which NPV = 0, or otherwise the IRR is the discount rate at 

which the discounted net proceeds of the project are equal to 

the initial investment.  

      The IRR is determined by iterations based on a change in the 

discount rate. It can also be determined graphically or by using an 

annuity coefficients. Projects with a higher IRR are better. For 

Components 
Duration of the 

measures [year] 

Insulation: building envelope; facade insulation 25 

Glazing: glazing with good insulation properties 30 

Combustion heaters with an efficiency exceeding 30 

kW 
25 

Waste heat recovery systems: installation of heat 

recovery and circulation systems (Services) 
20 

Energy efficient lighting and starter systems 12 

Combined Heat and Power Production 8 

Waste heat recovery (Industry) 15 

Energy-efficient compressed air systems: using new 

energy-efficient compressors or increasing the 

efficiency of existing 

15 

Energy efficient electric motors and smooth speed 

drives 
10 

Energy Efficient Pumping Systems in Industrial 

Processes 
15 

Energy management and monitoring (after a period, the 

measure must be reassessed) 
2 
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example, if a loan is taken at 12% interest, an IRR of 16% would 

allow the loan to be covered and profitable 

            In addition to the listed financial indicators, there are a 

number of others. However, it is essential for everyone to have their 

calculation data credible. The other crucial moment is what is 

expected from the project - whether it's a quick return or a big 

savings figure. In the first case, the measures with the highest IRR 

should be selected, and the latter with the highest NPV measures. 
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