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AIMS AND BACKGROUND 

Numerous decisions must be made when ex-
ecuting a construction project. Most are taken 
prior to making a design or commencing work on 
a building site. Success of the whole undertaking 
depends on the proper performance of all subse-
quent stages. Amongst the most important deci-
sions is the one about the location of a building. 
It is often taken into consideration when evalu-
ating variants of a building project. It should be 
mentioned that the choice of a location is not a 
starightforward one and the selection is limited by 
a number of conditions, which enable us to define 
assessment criteria for the problem submitted to 
our examination [Rousis 2008, Cinelli et all 2014]. 

When solving a multi-criteria problem, we 
often strive to express our expectations with the 
help of just one criterion, which aggregates all 
significant consequences of the problem. Thus, 
we deal with a single-criterion analysis, in which 
every potential variant is assessed relative to just 
one criterion, selected a priori, for example costs, 
outputs, time needed to execute the project, profit, 
profitability, benefits. A single criterion, howev-
er, is not recommended in a case of complicated 
investment processes. It is neither fully reliable 
nor does it possess such properties that would al-
low us to demonstrate and analyse a whole spec-
trum of quetsions and problems associated with 
planning, designing and building constructions. 
Multi-criteria decision making, in contrast to an 
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analysis based on a single criterion, facilitates the 
creation of a coherent family of criteria, which 
will function as an instrument for full and com-
plete communication, and this should enable us to 
formulate, justify and transform preferences dur-
ing a decision-making process. Thus, when plan-
ning a construction project which may intefere 
with the protection and conservation of nature and 
for which it is necessary to solve many problems, 
multi-criteria methods for supporting decisions 
are highly recommended [Tatham and all 2014]. 

METHODOLOGY

Some of the methods for multi-criteria analy-
sis are mathematically more complex and some 
are simpler. Civil engineers must evaluate vari-
ants of construction projects all the time, which 
is why simpler methods, like a scoring technique, 
a checklist or a comparison of costs and benefits, 
are used in everyday practice. These methods do 
not require the user to possess high mathematical 
skills, but the results do not take into account all 
aspects and conditions underlying a given deci-
sion [Keršulienė and Turskis 2014].

Literature provides us with information about 
numerous, more advanced calculation methods 
[Szafranko 2014]. When making a choice of a 
method, one should consider such aspects as: the 
way in which input data are prepared and veri-
fied, the applied mathematical apparatus, the ease 
of using a method and verifying the results, read-
ibility and clarity of the results. Another issue 
worth considering is the subjectivity of an assess-
ment because a number of widely used methods 
are based on subjective opinions of people who 
are involved in a given project. Consequently, 
partial assessments as well as the final result can 
be burdened with some error, which must not be 
overlooked. Subjectivity can also be assigned to 
methods in which qualitative conditions are con-
sidered. An assessment achieved on the basis of a 
criterion can be obvious provided it is the so-called 
measurable factor [Karagiannidis and Perkoulidis 
2009]. When qualitative factors are evaluated, an 
objective assessment can be achieved if one of 
the following two approaches is adopted. The first 
one is to produce a descriptive assessment while 
the other one requires that a numerical measuring 
scale be implemented [Haider and Tesfamariam 
2015]. Non-measurable factors are frequently en-

countered when planning a construction project. 
They can be included in our analysis if it is per-
formed according to such multi-crietria methdos 
as the MCE Analysis, AHP or Indicator Method 
[Rong-Hui and all 2014, Gadakh 2014, Szafranko 
2015]. However, it is difficult to estimate the 
range of error that the final results will be loaded 
with. It can be presumed that these are acceptable 
approximations, which require adidtional inter-
pretation prior to making a rational decision. 

Well-known method includng a scoring as-
sessment will be compared with the approach 
proposed by the author with the Indicator Method.

INDICATOR METHOD

The starting point for a multi-criteria analy-
sis conducted with the Indicator Method (same 
as with other methods of multi-criteria analyses) 
is to identify the criteria which we will use for 
an assessment of individual variants of an invest-
ment project [Szafranko 2015]. The degree to 
which each of the variants meets the predefined 
criteria is the most important stage of our analy-
sis. Because the Indicator Method allows us to 
include negative effects of a planned building 
project, they should be considered as well. A 
questionnaire addressed to experts differs from 
other types of surveys mainly in that it lets re-
spondents evaluate negative effects of the anal-
ysed project [Szafranko 2015]. Thus, a survey 
comprises a question about the effects measured 
on a different scale. When making an assessment 
of the envisaged construction project according 
to this method, the criteria included in the process 
can be evaluated on a scale, for example, from 
-5 to +5. This approach allows us to assess both 
positive and negative effects of the analysed proj-
ect, which is particularly important and pertinent 
when evaluating the impact on the natural and so-
cial environment [Szafranko 2015]. 

The number in the top left-hand corner of 
each cell describes a direct effect of the develop-
ment project while the one in the bottom right-
hand corner refers to its indirect effect. In the 
middle, you will see the sum of the effects multi-
plied by the weight. The sum of individual effects 
is a partial assessment (Table 1). 

The partial assessment on the effect of the jth 
variant on the ith criterion: 

Qij = ( Pij+ Rij) * Wi (1) (1)
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where: 	Pij – direct effect of a subsequent variant 
in the context of criterion A; 

	 Rij – indirect effect of a subsequent vari-
ant in the context of criterion A; 

	 Wi – weight of criterion A

EXPERIMENTAL 

A brief description of the project 

Execution of projects which involve construc-
tion of facilities for thermal waste processing is a 
complicated task. Such facilities comprise instal-
lations for waste incineration, an installation for 
slag valorisation, an installation for the solidifica-
tion and chemical stabilisation of ash and other 
residues from fume filters, a depot for unloading 
the waste, waste collection and sorting, as well as 
some office and staff rooms. The plant must sat-
isfy certain requirements, e.g. total capacity and 
the capacity of an incineration line, a pre-defined 
working time, etc. In line with the previously de-
termined elements of the whole plant, basic con-
ditions that a chosen localisation must fulfil have 
been identified in our case study. For instance, the 
chosen site should not border with compact hous-
ing developments and must cover at least 4.0 ha. 
The land relief should be suitable for an easy dis-
tribution of the required infrastucture according 
to the design of all technological lines. The geo-
graphical characteristics of each location as well 
as the morphological structure of land lots avail-
able for our development were analysed along-
side the local climate, including average annual 
temperature, annual sum of precipitation and a 
wind rose for each site. Special attention was paid 
to surface water and groundwater as well as the 
water management and nature protection issues. 

Determination of the criteria for the selection 
of localisation 

Having analysed all the requirements that 
the future plant would have to satisfy, all the in-
formation relevant for making a decision about 

the location of the plant was divided into several 
groups of criteria: 
1.	Technical and legal aspects; 
2.	Land properties; 
3.	Ecology;
4.	Access and Logistics; 
5.	Economic issues. 

Furthermore, certain subcriteria were identi-
fied in each group. Such subcriteria often prevail 
in the making of final decisions: 
1.	Technical and legal aspects 

1.1.	The current use of the land, the legal status 
of the land lot, 

1.2.	The compliance with the spatial manage-
ment plan, 

1.3.	Technical infrastructure on the land lot, 
1.4.	Distance to the nearest heat distribution 

station and electric power transformation 
station, 

1.5.	Direct access to the land lot, access roads, 
1.6.	Space available for temporary storage of 

waste generated at the plant, 
2.	Land properties

2.1.	Options to locate all necessary construc-
tion and technical infrastructure on the 
land lot, 

2.2.	Size of the land lot, 
2.3.	Distance to water courses (risk of 

flooding), 
3.	Ecology

3.1.	Presence of areas of protected nature or 
protected species, 

3.2.	Presence of areas protected as archeologi-
cal or heritage sites, 

3.3.	An opportunity to reduce emission of pol-
lutants from a conventional municipal 
heat and power plant by supplying the 
town with extra energy. 

4.	Transport and logistics 
4.1.	Transportation solutions, 
4.2.	Distance over which waste from com-

munes must be transported, 
4.3.	Possibility to transport some of the waste 

by rail. 
5.	Social aspects 

5.1.	Distance to housing estates, 

Table 1. An example of matrix for calculations by the indicator method

No Criterion Variant 1 of the investment Variant 2 of the investment Variant 3 of the investment Weight of the 
criterion

1 A1 P11 Q11 R11 P12 Q12 R12 P13 Q13 R13 W1
2 A2 P21 Q21 R21 P22 Q22 R22 P23 Q23 R23 W2
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5.2.	Potential social acceptance, 
5.3.	Risk of social conflict.

6.	Economic issues
6.1.	The need to consider outlays for build-

ing the missing technical and communal 
infrastructure, 

6.2.	The need to cover costs to couple the heat 
and power system with a new source of 
energy, 

6.3.	Purchasing costs to buy a land lot. 

Description of available locations 

Five possible locations were identified. 

Location L1

A Local Zoning Plan (LZP) is being devel-
oped but the construction project does not comply 
with the LZP.The area of the site is 11 ha. Access 
to infrastructure provided. Lack of a possibility 
to store waste products and ashes; a possibility 
of building a storage facility. A river flows 600 
m west of the land parcel. 200 m north of the site 
there is a water canal. No direct risk of flooding. 
Near the site there are 9 nature parks, 72 natu-
ral monuments and 2 ecological sites. There are 
no objects protected as archeological or heritage 
sites. There is a potential energy recipient. Access 
to a road and railroad available. 100 m to the south 
of the lot there is some housing development. The 
land lot borders with garden allotments – a high 
risk of social conflict. It is necessary to expand 
the transmission network. The site is a property 
of the town and commune – no costs of purchase. 

Location L2

Has a local zoning plan, the project complies 
with the LZP. Covers 10 ha. Access to infrastruc-
ture available. No possibility to store waste prod-
ucts and ashes, but a storage facility can be built. 
Rivers: 400 m to the north, 500 m to the south 
and 1,500 m to the east. A water body 1000 m to 
the south-east. No direct risk of flooding. 400 m 
away from the site there are habitats of numerous 
bird species. The land parcel borders with a set 
of buildings and structures under the protection 
of the Heritage Conservation Office. There is a 
potential client for heat energy. Direct access to 
a state road available but difficult due to a low 
railway bridge over the access road. It will also be 
necessary to designate some of the land to build-
ing a railroad. A residential estate with detached 

houses 400 m of the northern border to the land 
parcel. Moderate risk of social conflict – low de-
gree of social approval. Necessary to modernise 
the road infrastructure. Necessary to build the in-
frastructure for heat transmission. Property of the 
State Treasury and the Town Council – no costs 
of purchase the land site. 

Location L3:

No LZP. The Zoning study designates the 
site as suitable for production and services. The 
whole site covers 200 ha of fallow land. Access 
to infrastructure ensured. No possibility to store 
waste products and ashes, a possibilty of build-
ing a storage facility. There is a river flowing 
through the lot; to the south, there is a canal adja-
cent to the lot’s border and the Lagoon lies to the 
north. Some of the river bed and the canal are not 
regulated. A risk of flooding. No objects nearby 
protected as nature, archeological or historical 
monuments. There is a potential client for energy. 
Access through a town street connecting to a Pro-
vincial Road. Near the site there is a road junction 
and railway infrastructure. Housing development 
composed of detached houses some 300 m away. 
A moderate risk of social conflict – low social ap-
proval. Necessary to build water pipes, sewarages 
and power transmission lines. Necessary to build 
infrastructure for heat transmission. Property of 
the State Treasury but the land parcel controlled 
by the Power Plant – costs of purchase expected. 

Location L4

According to the provisions of the lZP, the 
land lot can be developed under a heat and power 
plant, pump station, also generating energy from 
waste. The area is 22.5 ha. Access to infrastruc-
ture available. A possibility for short-term storage 
of waste products. North of the land lot there is 
a stream which carries away rainwater and mu-
nicipal wastewater. No direct threat of flooding. 
Nearby there are no objects or sites protected 
as natural or man-made monuments. There is a 
potential client for the energy produced. Access 
to the land lot directly from a public street – the 
street grid suitable for wheeled transport. Two 
road junctions planned to be built. No railway 
connection. The nearest multi-flat houses about 
800 m away – a low risk of social conflict. Neces-
sary to build a new transformer station and about 
2000 m of electric supply cable. Property of the 
town – no costs of purchase. 
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Location L5

According to the LZP, the land is to be devel-
oped under a heat generating plant, a pump station 
or other heat generation facilities. It covers 15 ha. 
Access to infrastructure available. Temporary 
storage of waste products possible. An industrial 
waste disposal site near the land lot. Rivers: about 
2 km to thee south and 1,200 m to the north of 
the lot’s boundary. The land lot is not exposed to 
a direct risk of flooding. A landscape park about 
1 km to the south of the lot. No objects protected 
as archeological or heritage sites. Distance from 
the lot to the motorway – about 4 km. There is a 
potential client for energy. Near the lot, there is 
a housing estate and a hospital – social conflict 
highly possible. Social approval of the develop-
ment – on a low level. Necessary to re-construct 
the local road infrastructure. Property – the State 
Treasury – costs of purchase expected. 

SOLVING THE PROBLEM WITH MULTI-
CRITERIA ANALYSIS METHODS 

In order to choose one of the five locations 
described above, a number of data must be con-
sidered. It is not easy to make a straightfoward 
choice in such a complicated situation. Therefore, 
it is suggested to apply various analytical meth-
ods, including multi-criteria analyses. Below, 
one of the most popular traditional approaches 
are discussed, includng a scoring assessment of 
available locations. The Assessment Method con-
sisting in assigning scores is one of the simples 
and therefore most popular solutions in an engi-
neer’s practice. Scores are assigned to the anal-
ysed variants for satisfying the requirements. Our 
assessment was made according to the previously 
established criteria, which were scored on a scale 
from 0 to 3 points. The scores represented degrees 
of satisfying criteria: 0 – unsatisfactory, 1 – satis-
factory, 2 – good, 3 – very good. The calculations 
are shown in Table 2.

This method ensures a rather direct assess-
ment and accounts for all subcriteria defined 
within groups of main criteria. As seen from the 
above results, location 4 scored the highest (56 
points). The second place is occupied by two lo-
cations, 2 and 5, while location 1 was the third 
best option. The worst alternative was location 3. 
The best location scored 16 highest marks, 4 good 
marks and 1 unsatisfactory mark. 

The Indicator Method is an interesting verison 
of a multi-criteria method because it represents a 
slightly different approach to the assessment of 
variants. A matrix of comparisons contains local 
and global effects of the project while possible 
negative effects are presented in the form of neg-
ative scores. In our case, when 5 location vari-
ants had to be analysed, the analysis included the 
same criteria, that is technical and legal as well 
as social ones.

A scale from -5 to + 5 was applied. The cal-
culations based on a comparison matrix for group 
1 criteria are comprised in Table 3, while Table 4 
shows results of comparisons for group 5 criteria. 

The analysis performed according to the In-
dicator Method suggested that location 4 was 
the best option, same as in the earlier analyses 
(Table 5). The worst choice, that is the one which 
satisfied most poorly the requirements set for the 
planned construction project, proved to be vari-
ant 3. This ranking list of the analysed variants 
was most strongly justified by an assessment of 
the technical and legal conditions. 

The reason is probably a higher number of 
subcriteria, which together potentially generated 
much more points. In addition, the low position 
of variant 5 obviously resulted from the negative 
scores which appeared in its assessment, impli-
cating that the project pursued in that location 
would have adverse social effects.

RESULTS AND DISCUSSION

The article presents an analysis performed 
with three different methods, all of which based 
on the same assumptions. They all assess to what 
extent each variant satisfies predefined criteria 
and the assessment process engages experts. In 
each method, an assessment is expressed as a 
score and although different scales are applied, 
the results enable the user to identify a certain hi-
erarchy of the analysed locations. 

The first method is the simplest one. It shows 
final scores assiged to the variants which take into 
account scores given to subcriteria and sums of 
scores for each category assessed. The structure 
of the assessment is illustrated in Figure 1. 

For a reliable comparison of the results of an 
analysis, the score method should be applied to 
criteria 1 and 5 exclusively. These results are plot-
ted in diagram on Figure 2. 
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Table 2. Score assessment of the potential locations 

Criterion Subcriterion
Localisation

L1 L2 L3 L4 L5

Technical and 
legal aspects

1.1.	 The current use of the land, the legal status of the land lot 2 2 1 3 1
1.2.	 The compliance with the spatial management plan 0 3 1 3 1
1.3.	 Technical infrastructure on the land lot 2 2 1 3 3
1.4.	 Distance to the nearest heat distribution station and electric 
power transformation station 3 2 1 3 3

1.5.	 Direct access to the land lot, access roads 3 2 2 2 1
1.6.	 Space available for temporary storage of waste generated at 
the plant 1 2 2 2 2

SUM: 11 13 8 19 11

Land properties

2.1. Options to locate all necessary construction and technical 
infrastructure on the land lot 3 1 2 3 3

2.2. Size of the land lot 3 3 3 3 3
2.3. Distance to water courses (risk of flooding), 2 2 0 3 2
SUM: 8 6 5 9 8

Ecology

3.1. Presence of areas of protected nature or protected species, 2 2 2 3 3
3.2. Presence of areas protected as archeological or heritage sites 3 2 3 3 3
3.3. An opportunity to reduce emission of pollutants from a 
conventional municipal heat and power plant by supplying the 
town with extra energy

2 3 2 3 3

SUM: 7 7 7 9 9

Transport and 
logistics

4.1. Transportation solutions 3 1 2 2 1
4.2. Distance over which waste from communes must be 
transported, 2 2 1 3 2

4.3. Possibility to transport some of the waste by rail 2 2 2 0 3
SUM: 7 5 5 5 6

Social aspects

5.1. Distance to housing estates 1 3 2 3 1
5.2. Potential social acceptance 1 1 2 3 1
5.3. Risk of social conflict 1 2 2 3 1
SUM: 3 6 6 9 3

Economical

6.1 The need to consider outlays for building the missing technical 
and communal infrastructure 1 2 1 2 2

6.2. The need to cover costs to couple the heat and power system 
with a new source of energy 2 2 2 3 3

6.3. Purchasing costs to buy a land lot 3 2 1 3 1
SUM: 6 6 4 8 6

Total score points: 42 43 35 56 43

Table 3. The calculations based on a comparison matrix for group 1 criteria
No Variant 1 Variant 2 Variant 3 Variant 4 Variant 5 Weight
1.1 3 10.5 4 2 9 4 1 4.5 2 5 12 3 2 4.5 1 0.15
1.2 0 3 1 4 27 5 2 9 1 4 27 5 1 6 1 0.3
1.3 4 14 3 3 14 4 1 2 0 5 20 5 4 16 4 0.2
1.4 4 9 5 3 5 2 1 3 2 4 7 3 5 8 3 0.1
1.5 5 20 5 2 6 1 1 4 1 3 14 4 2 6 1 0.2
1.6 1 1 1 1 1.5 2 2 2 2 3 2.5 2 2 2 2 0.05

Sum 57.5 62.5 24.5 82.5 42.5 1.0

Table 4. The calculations based on a comparison matrix for group 5 criteria
No Variant 1 Variant 2 Variant 3 Variant 4 Variant 5 Weight
5.1 -1 0.5 2 3 2.5 2 2 2.5 3 4 4.5 5 -1 0 1 0.5
5.2 -2 -1.5 -3 2 1.5 3 2 1.2 2 3 1.5 2 1 -0.3 -2 0.3
5.3 -1 -0.6 -2 2 0.8 2 2 0.8 2 2 0.8 2 -1 -0.8 -3 0.2

Sum -1.6 4.8 4.5 6.8 -1.1 1.0
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The second method discussed in this paper 
is an Indicator Method modified by the author. It 
allows the user to take into account the specific 
character of each development project as well as 
the negative assessement versus some of the cri-
teria, as seen in diagrams (Fig. 3, 4) This method 
is slightly different in character and it is difficult 
to compare it step by step with the methods pre-
sented earlier. However, the final result coincides 
with the solutions achieved with the other two 
methods. Noteworthy is the option of including 
the impact of negative effects caused by the im-
plementation of the analysed construction project, 
although the incorporation of negative values 
leads to larger discrepancies in values generated 
by the performed analysis. Thus, it is suggested to 
apply the Indicator Method separately for an as-
sessment of criteria where negative effects can be 
expected and separately to the criteria described 
with positive scores only. This method allows the 
user to elaborate a graphically interesting inter-
pretation of the results.

The diagrams illustrating the cummulative ef-
fect of an analysis of the distribution of values 
(Fig. 3, 4, 5, 6) show a participation trend for each 
value in time. The middle value in these diagrams 
is intensified by its multiplication by a weight as-
siged to each of the criteria. 

CONCLUSIONS 

In a complex and multi-faceted project such 
as a plan to raise a building structure, the choice 
of a suitable location is the problem whose weight 
cannot be overestimated. This issue gains impor-
tance when a development project itself gives 
very little freedom as regards to its location due 
to technical and techological constraints as well 
as a possible burden on the environment. In our 
case study, five locations were submitted to anal-
yses. Six groups of criteria for an assessment of 
the locations were chosen. The results achieved 
with two methods are convergent and the ranking 
list of the solutions arising from our analyses can 
be seen in Table 6.

Table 5. Evaluation of analyzd variants by the Indica-
tor Method

No Variant 1 Variant 2 Variant 3 Variant 4 Variant 5
Cr1 57.5 62.5 24.5 82.5 42.5
Cr5 -1.6 4.8 4.5 6.8 -1.1
Sum 55.9 67.3 29.0 89.3 41.4

Figure 1. Complete assesment of variants with 

Figure 2. Assessment including only criteria 1 and 5 
the score method 

Figure 3. Variant 3 (lowest score cr1)

Figure 4. Variant 4 (highest score cr1)
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As demonstrated, the results are convergent 
and suggest that same best solutions. The meth-
ods applied in our analyses have certain advan-
tages and disadvantages. The first one, the score 
method, is a simple method for an impromptu 
application. It enables the user to make a rapid 
assessment without additional analyses. The In-
dicator Method, proposed by the author, despite 
its complexity and complicated calculations it 
necessitates, allows the user to evaluate any num-
ber of variants and to take into consideration dif-
ferent criteria. Another advantage of the method 
is that evaluation matrices can contain nega-
tive values which correspond to negative effects 
of the planned project. 

Irrespective of which method is applied, a re-
liable and trustworthy analysis of the location for 
a future construction project brings about many 
benefits. Such an analysis creates an opportu-
nity to become aware of problems and obstacles 
which one may come across both while executing 
the project and in the many years to come, when 
the raised construction is used. 
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