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3   Results and discussions

Evaluation and selection of the most appropriate energy source for household heating was performed by application of the
CoCoSo method. Following energy sources were identified as the most commonly used for household heating in Serbia:
coal, wood, gas, electricity, wood pellets and heat pumps. The most influential criteria for the selection: price, availability,
possibility of application (technical), necessary investments, impact on the environment and long term cost-effectiveness,
were also determined.

At the beginning of the evaluation, the significance of the criteria was determined using the PIPRECIA method. The
calculation results are shown in Table 1.

Table 1. The criteria weights

In order to perform evaluation and selection, numerical values 1-10 were assigned to all alternatives for each criterion.

The ratings of the five alternatives are shown in Table 2, as well as criteria weights and optimization directions.

Table 2. The initial decision-making matrix

Values of Si and Pi, calculated using Eqs. (1) and (2), as well as the values of three aggregated appraisal scores kia, kib and kic,
calculated using Eqs. (4), (5), and (6), are shown in Table 3.

Table 3. The calculation details obtained using CoCoSo method

Finally, the relative performance score ki, calculated using Eq. (7), is shown in Table 4.

Table 4. The relative performance scores and ranking order of alternatives

As can be seen from Table 4, alternative A3, i.e. gas, is the best ranked alternative. Electricity and wood are ranked as
second and third, while heat pumps and wood pellets are fourth and fifth alternative. Coal is ranked as the least preferable
alternative, i.e. sixth. It can be also seen that difference between electricity and wood is very little, as well as between heat
pumps and wood pellets.

4  Conclusion

Household heating in Serbia was identified as one of the main reasons for air pollution in autumn and winter period,
because of large number of individual fireboxes that use coal as the main source of energy. In order to prevent and reduce
pollution, more environmental friendly en-ergy sources are being used in recent years. But transfer to “cleaner” heating is a
slow process because of many factors such as lack of infrastructure, need for investments and higher prices.

In order to take all into consideration and to make a decision which is the most appropriate energy source for energy source
for household heating, MCDM model for selection, based on Co-CoSo method, was proposed.

The most commonly used energy sources for household heating in Serbia such as: coal, wood, gas, electricity, wood pellets
and heat pumps, were evaluated by using following criteria: price, availability, possibility of application (technical),
necessary investments, impact on the environment and long term cost-effectiveness. The weights of criteria were
determined by using the PIPRECIA method.

MCDM analysis showed that gas is the best ranked alternative, followed by electricity and wood ranked as second and third,
while heat pumps and wood pellets that were fourth and fifth alternative. Coal was ranked as sixth, the least preferable
alternative.
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Apstrakt

Izbor odgovarajućeg izvora energije za grejanje domaćinsta predstavlja veliki izazov svakom pojedincu, jer su sa jedne strane cene enegenata
svake godine sve veće, uz istovremeno smanjenu ponudu nekih od energenata. Takođe, uticaj pojedinih energenata na životnu sredinu je 

veliki, što uzrokuje povećano zagađenje životne sredine u gradovima zadnjih godina. Metode višekriterijumskog odlučivanja imaju za cilj da 
pruže efikasnu pomoć prilikom ovakvih i sličnih izbora i upravo su iz tog razloga našle primenu u najrazličitijim oblastima industrije, nauke i

života. Jedna od metoda jeste i CoCoSo metoda koja je u ovom radu iskorišćena prilikom izbora izvora energije za grejanje domaćinsta.

Analizirano je 6 izvora energije koji se mogu primeniti za grejanje domaćinstava: ugalj, drva, gas, električna energija, drveni pelet i
geotermalna energija (toplotne pumpe). Prilikom izbora korišćeno je 6 kriterijuma: cena, dostupnost, mogućnost primene (tehnička), 

investicije, uticaj na životnu sredinu i dugoročna isplativost. Višekriterijumska anliza je pokazala da je gas najbolje rangirana alternativa, nakon
čega slede struja, drva i toplotne pumpe, respektivno. 

Ključne reči: izvor energije; grejanje domaćinstva; izbor; višekriterijumsko odlučivanje; CoCoSo metoda; 

1  Introduction

Household heating in Serbia represents big problem in autumn and winter period because of large number of individual
fireboxes that use coal and thus cause air pollution. Chopped wood logs are also being widely used, while the use of natural
gas and alternative energy sources, such as heat pumps is not so wide. In order to prevent and reduce pollution, it is
necessary to transfer to other, more environmental friendly energy sources. But there are many problems that disable this
process such as lack of energy infrastructure, i.e. poor connection of smaller settlements with gas pipelines, availability of
some energy sources is not continuous during heating season and last but not the least the economic factor.

MCDM methods have been successfully applied as an efficient tool for solving various problems in medicine [1], economy
[2], mining [3], water resources [4], etc. There are also some examples of their application for energy sources selection.
Vasić [5] applied PROMETHEE method for evaluation of 6 household space and water heating systems in Novi Sad, Serbia.
Siksnelyte-Butkiene et al. [6] used MCDM methods to evaluate renewable energy technologies in households. Martínez and
Narváez [7] developed a model for biomass selection aimed to Fischer Tropsch processes based on OCRA and TOPSIS
methods. Medić and Anišić [8] used PROMETHEE and VIKOR methods for selection of energy supply system for space
heating of the residential building.

In this paper 6 energy sources: coal, wood, gas, electricity, wood pellets and geothermal energy (heat pumps), will be
evaluated by using the CoCoSo method and the best alternative will be selected. Criteria such as: price, availability,
possibility of application (technical), necessary investments, impact on the environment and long term cost-effectiveness,
will be used in the selection process.

2  Methodology

Selection of the most appropriate energy source for household heating was performed as follows:

Step 1: The most commonly used energy sources for household heating in Serbia were identified.

Step 2: Criteria, which in the opinion of the decision makers have the most influence in the selection process, were defined.

Step 3: The weights of criteria were determined by the PIPRECIA method.

Step 4: Decision matrix was created by assigning numerical values 1-10 to all alternatives for each criterion.

Step 5: The ranking of the alternatives was done by the CoCoSo method and the most appropriate energy source for
household heating was selected.

2.1  The CoCoSo method

The Combined Compromise Solution (CoCoSo) method was proposed by Yazdani et al. in 2019. The method is based on the
integration of weighted sum method and exponentially weighted product method, as follows:

, (1)

, (2)

where: Si and Pi denote the sum of weighted comparability sequence and power-weighted comparability sequences of
alternative i, respectively, wj denotes the weight of criterion j, and rij denotes normalized rating of alternative i according to
criterion j, m denotes the number of alternatives and n denotes the number of evaluation criteria.

The computational procedure of the CoCoSo method, for an MCDM problem containing m alternatives and n criteria, can be
shown using the following steps:

Step 1. Construct normalized decision-making matrix, as follows:

, (3)

where xij denotes rating of alternative i according to criterion j.

Step 2. Calculate Si and Pi using Eq. (1) and Eq. (2), respectively.

Step 3. Calculate three aggregated appraisal scores kia, kib, and kic, as follows:

, (4)
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where: λ is coefficient, λ[0,1] and it is often set to   0.5.

Step 4. Calculate relative performance score ki, as follows:

. (7)

Step 5. Rank the alternatives based on ki, in descending order, and the best one. In the CoCoCo method, the alternative with
the highest value of ki being the most acceptable.

2.2  The PIPRECIA method

The PIPRECIA method is a subjective weighting method based on judgments reflecting the cognitive attitudes of decision
makers. The PIPRECIA method evolved from the ordinary SWARA method to be used in group decision-making situations.

The procedure of the PIPRECIA method can precisely be as follows:

Step 1. Determine the set of the relevant evaluation criteria and sort them in descending order, based on their expected
significances, if possible.

Step 2. Starting from the second criterion, determine the relative importance sj of the criterion j in relation to the previous j-
1 criterion, and do that for each particular criterion.

In the PIPRECIA method, sj-1 = 1 if criterion j-1 has the same importance as the criterion j, sj∈(1,2] if criterion j-1 has higher
importance than criterion j, and sj∈(1,0] if criterion j-1 has lower importance than criterion j.

Step 3. Determine the coefficient kj as follows:

, (8)

Step 4. Determine the recalculated weight qj as follows:

, (9)

Step 5. Determine the relative weights of the evaluation criteria as follows:

(10)

Criteria wj

C1 Price 0.25

C2 Availability 0.10

C3 Possibility of application (technical) 0.05

C4 Necessary investments 0.20

C5 Impact on the environment 0.20

C6 Long term cost-effectiveness 0.20

Alternatives Energy sources

C1 C2 C3 C4 C5 C6

0.25 0.10 0.05 0.20 0.20 0.20

min max max min min max

A1 Coal 3 7 10 2 10 2

A2 Wood 4 8 10 2 7 2

A3 Gas 6 4 4 4 2 7

A4 Electricity 6 9 8 2 7 4

A5 Wood pellets 6 5 6 5 5 3

A6 Heat pumps 1 3 4 7 2 10

Alternatives Si Pi kia kib kic

A1 0,33 3,65 0,146 2,266 0,765

A2 0,43 4,50 0,181 2,865 0,947

A3 0,57 4,46 0,184 3,290 0,965

A4 0,46 4,56 0,184 2,967 0,963

A5 0,32 4,36 0,171 2,452 0,897

A6 0,65 3,00 0,134 3,053 0,701
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Alternatives Energy sources Si Pi

A1 Coal 1,692 6

A2 Wood 2,120 3

A3 Gas 2,316 1

A4 Electricity 2,179 2

A5 Wood pellets 1,896 5

A6 Heat pumps 1,955 4
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