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Abstract

Energy infrastructure projects follow a clearly defined life cycle that includes
decision-making phases based on the analysis of technical, economic, and
environmental criteria. Within the process of planning and constructing trans-
mission gas pipelines, route selection represents a key step that significantly
affects construction costs, implementation duration, and system reliability.
This paper applies a multi-criteria decision-making (MCDM) approach to
determine the optimal gas pipeline route variant, simultaneously considering
economic, environmental, technical, and social criteria. The decision model
is based on the definition of criteria and sub criteria, their weighting, and
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the evaluation of alternative routes. Model verification was conducted on
the example of a transmission gas pipeline route in the eastern part of the
Republic of Srpska, using available spatial planning and technical data.
The results confirm that the application of the MCDM approach enables a
more rational, transparent, and reliable route selection in the stage of the
preliminary economic feasibility study.

Keywords: Transmission gas pipeline, multi-criteria optimization, MCDM,
economic feasibility, route selection.

1 Introduction

Gas pipelines represent infrastructural systems equipped with the necessary
components and devices to fulfil their primary function (intake, transport,
and delivery of gas) with minimal losses and maximum economic efficiency.
The system as a whole consists of gas production facilities, pipelines for
gas transport and distribution, computerized stations and control centres,
gas storage tanks, maintenance service centres for pipelines, and similar
components. Among these, the transport and distribution pipeline stand out as
the most extensive part, often referred to as the “linear” facility, and it receives
the greatest attention during both design and construction. The design cycle of
such pipelines includes several phases, notably: programming, identification,
formulation, implementation, and monitoring and evaluation. For demanding
projects, such as the execution of this investment project, the process is
often further divided into additional phases to facilitate implementation and
oversight.

From the project owner’s (investor’s) perspective, the main phases
include: the idea of the need for construction and project planning, feasibility
studies (Pre-feasibility study and Feasibility study) and consulting, design
(preparation of project documentation in accordance with the law on spa-
tial planning and construction), preparation and announcement of tenders
for equipment procurement, procurement of equipment and above-ground
facilities, materials, and contracting of services, construction (including
installation and personnel training for pipeline operation), handover and
commissioning (with parallel training of operating personnel), operation
(regular use or exploitation) and maintenance, and decommissioning and
recycling of facilities at the end of their life cycle (removal of facilities
with the accompanying land restoration plan). When assessing the economic,
ecological, and other impacts of a project, all phases of the project’s life cycle
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are considered. For defining the Net Present Value (NPV) of the project,
key elements include: costs of equipment and construction, costs of gas
transport and distribution, revenues from the sale of natural gas and other
investor-provided services, and the residual value of the project at the end
of its life cycle. Sometimes, the project owner considers the project com-
plete immediately after commissioning, once a new permanent organizational
structure is established (for example, a subsidiary within a mixed holding
company and new project-related relationships). The project perspective of
other participants differs somewhat. The life cycle of an energy-process
infrastructure gasification project is shorter from the perspective of subcon-
tractors performing assembly works, covering only preparation and execution
of assembly work and commissioning, including load testing, along with
warranty servicing for quality assurance of completed works.

The initial (preparatory) phase involves defining the idea and vision of
the project’s need and justification (study considerations at the level of a
general plan and conceptual design), including processes of selecting meth-
ods and technologies, planning and modelling, resource cost calculation and
evaluation, and identifying sources of financing.

The second, implementation phase of the energy project includes pro-
cesses of assembling and organizing the project team, analysis, optimization,
and decision-making, solving operational problems, contracting for the pro-
curement of equipment and facilities, supporting materials, works, and other
services, with task execution monitoring and final handover of the completed
project.

The third, final phase involves evaluating the results of the completed
project (trial operation), project processes and efficiency, and investor satis-
faction, as well as evaluation, collection, and implementation of knowledge
for future application (design based on analogies).

The gasification project for the eastern part of the Republic of Srpska,
which includes the expansion of the distribution network in the municipalities
of Istoeno Novo Sarajevo and Istoeéna Ilidza (with reconstruction of the
Toplana — INS a.d. Istoeno Novo Sarajevo) and gasification of the munic-
ipalities of Pale-Trnovo, the Olympic center Jahorina, Sekoviéi, Vlasenica,
ski center Igrista, Mili¢i, and Han Pijesak, falls under the jurisdiction of the
Ministry of Spatial Planning, Construction, and Ecology of the Government
of the Republic of Srpska for issuing environmental and construction permits,
as well as usage approvals. The new part concerning the expansion of the dis-
tribution network in the municipalities of Istoeno Novo Sarajevo and Istoéna
IlidZa includes: gasification of the new Primary School (Centar 3) in Istoeno
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Novo Sarajevo, gasification of the Toplana boiler house in Istoéna IlidZa
(NPL Boiler House), gasification of the Radulovac business zone in Istoéna
Ilidza, as well as connecting the municipalities of Istoeno Novo Sarajevo and
Istoena IlidZa to ensure reliable supply to users [1]. The main objective of the
analysis is to determine which option is most favorable for implementing the
gasification project in these areas, considering the planned reconstruction and
expansion of the distribution network in the municipalities of Istoéno Novo
Sarajevo and Istoena Ilidza, construction of new gasification infrastructure
(distribution gas networks), and later exploitation of the built infrastructure
for gas distribution to business entities (public institutions and industry)
and residents (residential sector), as well as for electricity generation via
cogeneration/trigeneration plants [2].

Immediately after determining the micro-location and selecting the basic
elements of the considered distribution pipeline routes with associated above-
ground equipment and fittings (hereafter referred to as the pipeline), and after
reviewing all geological, hydrological, infrastructural, and other conditions,
the process of selecting the optimal pipeline route begins. This includes
locations for regulating, block, and launching/receiving-cleaning stations
(main metering-regulating station — GMRS, metering-regulating station —
compressed gas station MRS-KPG, and metering-regulating odorization sta-
tions — MROS) with corresponding inlet and outlet pipelines up to the valve in
the transmission station, representing the layout plan of primary and auxiliary
equipment within its area. Route selection is the main component of the
gasification system for the municipalities in the considered eastern part of
the Republic of Srpska, one of the two entities of Bosnia and Herzegovina. In
equipment and facility selection, it is necessary to provide adequate cathodic
protection for steel pipes, polarization cells, and grounding, along with con-
struction of road connections, power line and district heating line extensions
to the boiler house, temporary fuel and technical gas storage, material and
equipment storage, etc.

Multi-Criteria Optimization (MCO) represents a methodological frame-
work that enables the simultaneous consideration of multiple, often con-
flicting objectives and constraints in the decision-making process. In
the context of energy infrastructure projects, such objectives frequently
involve trade-offs among technical, economic, environmental, and social
aspects. A typical example is the conflict between minimizing construc-
tion costs and minimizing environmental impacts, or between maximizing
technical safety and minimizing deviation from existing infrastructure and
settlements.
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By applying multi-criteria optimization in the planning and design of
gas pipeline routes, it becomes possible to integrate various spatial, techni-
cal, and unstructured factors — such as topography, geological composition,
hydrology, existing settlements, land use, and boundaries of protected areas.
This integration enables the quantification of trade-offs between technical
efficiency, cost-effectiveness, and socio-environmental acceptability, gener-
ating the so-called Pareto front of solutions — a set of alternative routes
representing optimal trade-offs among criteria. Each of these routes offers
a different balance between cost, safety, ecological, and social constraints,
while the selection of the final solution depends on the decision-maker’s
defined preferences and priorities.

In the process of evaluating and selecting alternative routes, multi-criteria
decision-making (MCDM) methods are applied, providing a systematic
framework for assessing and ranking alternatives based on defined criteria
and their relative weights. The key functions of the MCDM approach in this
context include:

* Structuring the decision problem, which involves identifying objectives,
criteria, and potential alternatives;

* Determining the weights of criteria, expressing the relative importance
of individual factors (economic, environmental, technical, social);

* Quantifying preferences, i.e., transforming qualitative aspects (e.g.,
environmental risk, social impact, landscape aesthetics) into numerical
indicators;

* Ranking alternatives, determining the order of routes according to their
overall justification score, most commonly using methods such as AHP,
TOPSIS, VIKOR, PROMETHEE, or ELECTRE;

* Sensitivity analysis, examining the stability and robustness of solutions
in relation to changes in criterion weights and input parameters.

Under the specific conditions of the eastern part of the Republic of
Srpska, multi-criteria optimization aims to balance economic, technical, and
spatial requirements within a complex geomorphological and infrastructural
environment. This includes mountainous terrain, dispersed settlements, and
limited spatial development opportunities, which require special attention
during the definition of corridors and access points. The objective of the
optimization process is to:

* minimize construction and land expropriation costs;
* reduce environmental risks, particularly in the zones of rivers, water-
courses, forests, and protected areas;
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* maximize accessibility to markets and industrial consumers;

* ensure integration with existing and planned transport corridors (roads,
transmission lines, energy systems); and

* enhance the safety and operational reliability of the planned gas pipeline
system.

In this way, MCO and MCDM approaches enable the development of a
transparent, reproducible, and technically grounded decision-making process
that supports the formulation of optimal decisions in the early planning
stages — particularly within preliminary studies of the economic feasibility
of gas pipeline system construction.

2 Basic Terms, Definitions and Concepts

Energy infrastructure, in a narrow sense, is defined as a set of energy facil-
ities interconnected to form a unified and functional technical-technological
system. One way to classify energy infrastructure is based on the type of
energy source produced, processed, transported, or distributed through the
system [3]. Energy sources include coal, natural gas, oil, oil derivatives, oil
shale, renewable, and other energy sources. Based on this criterion, energy
infrastructure can be divided into [4, 5]:

* Electricity networks, including generation plants, transmission net-
works, and local distribution;

* Natural gas pipelines, including storage and distribution terminals, as
well as local distribution networks;

* Oil pipelines, including storage facilities and distribution terminals
(some authors also include oil wells and refineries);

» Specialized coal facilities, where coal is washed, stored, crushed,
transported, as well as coal mines;

* Networks for the production and distribution of steam or hot water for
heating a given area with associated substations; and

* Networks for powering electric vehicles.

Gas pipelines are infrastructural systems equipped with the necessary
components and devices to transport gas. They consist of gas production
systems, pipelines for transport and distribution, computerized stations and
control centres, gas storage tanks, maintenance service centres for pipelines,
and similar components. From an engineering perspective, the most extensive
part of a gas pipeline is the transport and distribution pipeline. Consequently,
during the design and construction of a pipeline, the greatest attention is given
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to the pipeline as a linear facility [5]. The primary goal of building a gas
pipeline network is to ensure the supply of gas as an energy source. Depend-
ing on the specific technological requirements that pipeline systems must
meet, their technological characteristics vary and are unique for each facility.
The technological structure of a gas pipeline depends on the requirements
imposed on the pipeline system. The concept of a gas pipeline with associated
above-ground infrastructure should be based on proven technical solutions
with sufficient references regarding availability and operational experience
within gas pipeline networks. Natural gas transport and management of the
transport system are performed as activities of general interest. A natural
gas transport network consists of pipelines with a working pressure above
16 bar. A part of the network where the working pressure of natural gas
ranges between 6 and 16 bar can also be considered part of the transport
network. In case of disputes regarding whether a network with a working
pressure between 6 and 16 bar, belonging to a vertically integrated energy
entity, is part of the transport network, the decision is made by the Reg-
ulatory Commission for Energy of the Republic of Srpska. The transport
system operator is obliged, with the consent of the Regulatory Commission,
to establish operational rules for the natural gas transport network, which
include, in particular: rules for access to and use of the natural gas transport
network; rules for connecting to the natural gas transport network; proce-
dures for resolving disputes regarding congestion of transport capacities;
procedures in cases of regular and emergency maintenance of the network;
conditions for suspension, limitation, or interruption of natural gas supply in
case of accidents; methods for providing auxiliary services; consequences of
improper performance or non-performance of contractual obligations by the
customer; functional requirements and accuracy class of measuring devices;
and methods for measuring natural gas.

A transmission gas pipeline, as an infrastructural system, serves for
the production, transportation, and/or distribution of natural gas from one
location to another. Consequently, the system extends over long distances,
and its infrastructural components exhibit a length significantly greater than
the other two dimensions — thus assuming the characteristics of a linear infras-
tructure facility that extends through space along a precisely defined route.
Accordingly, the selection of the optimal land corridor for the alignment of
linear infrastructure facilities becomes a primary task during the preparation
of project documentation for infrastructural systems — particularly at the
stages of the Economic Feasibility Study, Conceptual Design, Main Design,
and Construction Design, whose preparation is, according to the legislation
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of the Republic of Srpska, mandatory for newly constructed infrastructure
projects.

The process of planning and designing linear infrastructure facilities
consists of the successive investigation and selection of the optimal corridor
(study-level analysis), followed by the determination of the optimal route
alignment within that corridor (Conceptual and Main Design stages). In
practice, this involves developing alternative solutions, evaluating these alter-
natives, and selecting the most favourable one — a procedure fundamentally
similar to the multi-criteria optimization (MCO) approach used for discrete
systems. A schematic overview of the land corridor selection process for
linear infrastructure facilities, depending on the design phase, is presented
in Figure 1.

Developing alternative solutions during the planning and design of linear
infrastructure systems requires the designer’s creativity, while ensuring com-
pliance with the investor’s specified criteria, as well as the functionality and
technical feasibility of the facility throughout its operational and potentially
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Figure 1 Selection of linear infrastructure facility locations depending on the design phases.
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extended service life. For these reasons, study-level analyses typically include
multiple corridor variants, from which the optimal route alignment is selected
based on the evaluation of parameter values according to defined criteria.

3 Overview of Previous Research

The existence of difficulties in evaluating certain ecological and social
impacts of developing new energy facilities, combined with the large number
of possible location alternatives, requires the application of multi-criteria
analysis methods rather than relying solely on conventional cost—benefit
analysis. To ensure a wider range of acceptable location alternatives, the iden-
tification of possible criteria (elimination criteria and comparison criteria) is
of particular importance. These criteria must fundamentally satisfy elements
of sustainable development — economy, environment, energy efficiency, and
society [6].

Methods and techniques supporting decision-making processes fall into
two classes: multi-criteria analysis and optimization (MCA and MCO) and
social choice theory (SCT) [7]. The first class includes methods and algo-
rithms that address problems with multiple criteria and alternatives, with
decision-making processes conducted individually, in subgroups, or as a
collective group. Depending on the problem setup and especially the def-
inition of the global objective, there are simpler solution methods known
as non-compensatory (e.g., domination, max—min, max—-max, conjunctive,
and disjunctive) and more complex ones, known as compensatory methods
(e.g., utility, consensus, compromise). When decisions are made in a group,
individual decisions can be mathematically aggregated in various ways. In
the SCT class, decision-making models employ voting techniques typical of
electoral processes with many participants, e.g., in irrigation system user
associations, river basin committees, farmers’ associations, etc. There are
preferential and non-preferential choice models, which share the character-
istic that in the context of systems analysis, multiple criteria are synthesized
a priori so that the decision-maker (voter) does not explicitly express the
weights of individual criteria (as in MCA and MCO models). SCT models are
increasingly applied in water management and agricultural decision-making,
both individually and in combination.

The use of multi-criteria decision-making methods aims to assist
decision-makers when there is a large set of alternatives for the problem at
hand. The process of selecting the optimal solution during energy facility
design is inherently multi-criteria, requiring consideration of multiple factors
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and interests of various social groups (often conflicting), with the involvement
of multiple stakeholders in the decision-making process [8]. The challenge is
how to reconcile all these criteria, given different preferences and frequently
conflicting interests. In the selection of alternative solutions for energy facil-
ities, the ideal scenario would classify all criteria into two categories: a profit
category, where criteria are maximized (though not necessarily financial
profit), and a cost category, where criteria are minimized. The ideal solution
would maximize all profit criteria and minimize all cost criteria, which is
rarely achievable in practice. Since an ideal solution is generally unattainable,
one seeks so-called non-dominated solutions (a solution is dominated if
there exists another solution that is better in at least one attribute and at
least equal in all others). A third category consists of satisfactory solu-
tions, which form a reduced subset of possible solutions. Finally, desirable
solutions are non-dominated solutions that best meet the decision-maker’s
expectations. In principle, two groups of methods are distinguished: simple
non-compensatory methods for simpler decisions and more precise compen-
satory methods for complex decisions. Based on the three most common
types of multi-criteria problems, one can distinguish multi-criteria optimiza-
tion (single solution), multi-criteria ranking (ranked multiple solutions), and
multi-criteria sorting (separating good from poor solutions into a subset for
further problem-solving) [9]. In practice, a finite set of alternatives (decisions,
actions, potential solutions) is considered — usually not exceeding four —
where each alternative is described by multiple criteria (attributes, indicators).
In the specific case of the main pipeline route selection, alternatives and cri-
teria are organized in a matrix form. Each criterion is either of maximization
(max) or minimization (min) type, with x;; representing the value of the i-th
alternative according to the j-th criterion, and W; representing the weight of
the criterion (its importance) [10].

The selection of an appropriate pipeline route and its main parameters
represents a key element of any conventional natural gas exploration and
transport operation. An incorrect route choice can result in pipe failures,
gas leakage, accidents, and environmental hazards. Complex terrain requires
identifying feasible route alternatives that minimize installation and material
costs. Over the past few decades, numerous pipeline optimization techniques
have been developed. The objective of system optimization is to select the
best alternative from a range of possible or favourable alternatives based
on adopted criteria and constraints. This alternative is called the optimal
solution to the optimization problem and represents a compromise between
desired outcomes (criteria) and feasible conditions (constraints). The criterion
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is typically expressed as an objective function, which for the best alternative
should reach a global extremum, considering constraints that affect the possi-
bility of achieving the optimization goal. Various methods are used for system
optimization depending on the type of relationships in the objective function
and constraints in the mathematical model. To simplify problems, the quantity
to be optimized is usually represented as a linear function of other variables,
assuming that the constraints are also linear functions.

Optimization methods can be categorized according to different aspects.
From the perspective of constraints, there are unconstrained optimization
methods and constrained optimization methods. Additionally, optimization
techniques are distinguished as classical (deterministic) and stochastic (evo-
lutionary), as shown in Figure 2.

In deterministic optimization, it is assumed that the data for a given
problem are precisely known. However, for many real-world problems, the
data cannot be known exactly for several reasons. The first reason is simple
measurement error. The second and more fundamental reason is that some
data represent information about the future (e.g., product demand or future
prices) and cannot be known with certainty. In stochastic optimization, uncer-
tainty is incorporated into the model. Robust optimization techniques can be
used when parameters are only known within certain bounds, with the goal
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of finding a solution that is feasible for all data and optimal in some sense.
Stochastic programming models acknowledge that the distributions of values
governing the data are either known or can be estimated, and the objective is
to find a policy that is feasible for all (or nearly all) possible data instances
while optimizing the expected performance of the model.

In cases where important decisions are being considered, multi-criteria
optimization (MCO) problems are characterized by a relatively large number
of criteria. The greater the number of criteria, the more complex and chal-
lenging the analysis tasks become. A larger number of individuals or groups
participate in the decision-making process, each favouring their own value
systems or criteria that best reflect the interests of the group to which they
belong. For more efficient decision analysis and identification of a suitable
solution, criteria are often grouped.

The task of MCO is to assist the decision-maker in selecting the solution
they consider best for the given problem. Therefore, efforts to solve the posed
multi-criteria problem are often referred to as multi-criteria analysis.

Table 1 provides an overview of references with brief descriptions that
address specific issues related to the application of multi-criteria optimization
in linear infrastructure projects.

4 Requirements Related to the Construction of Gas
Pipeline Systems

A natural gas distribution network is a network of pipelines with a working
pressure of less than 6 bar. A part of the distribution network may also include
pipelines with a working pressure between 6 and 16 bar. The distribution
system operator is obliged, with the consent of the Regulatory Commission,
to adopt the rules for the operation of the natural gas distribution network,
which specifically include: rules on access to and use of the natural gas distri-
bution network; rules on connection to the natural gas distribution network;
methods for resolving disputes regarding congestion of distribution capac-
ities; procedures in cases of regular and emergency network maintenance;
conditions for suspension, limitation, and interruption of natural gas supply
in case of accidents; methods for providing auxiliary services; handling of
improper execution or non-performance of contractual obligations by the
customer; functional requirements and accuracy class of measuring devices;
and methods for measuring natural gas.
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Table 1 Overview of references with brief descriptions addressing specific issues in the use
of multi-criteria optimization for linear infrastructure projects

Author (Year of
Publication)

Reference

Short Description

D. De Wolf (1992)

1. Hot (2014)

LJ. Kuzovi¢ et al. (2015)

S. Opricovi¢ (1998)

T. Zelenovié Vasiljevi¢
(2011)

T. Poletan (2005)

[11]

(5]

[12]

[13]

[14]

[15]

One of the first works on natural gas network optimization
(the objective to be minimized was the sum of investment
and operating costs).

In this paper a complex model that characterizes multi-actor
and multi-criteria approach based on the evaluation criteria
grouped in a proper hierarchy whose relevance was verified
by scientific methods. Valuation method chosen is an
intelligent approach using the decision tree. The model
predicts, and a sensitivity analysis of the selected optimal
solution to weight change some (or all) of evaluation
criteria.

When analysing the suitability of applying multi-criteria
ranking of project variants of roads, emphasis is placed on
the risk that the action of subjective factors, when
determining the relevant criteria and their relative weights,
can manipulate the ranking result.

It provides an extensive overview of the application of
multi-criteria methods in the selection of the optimal
system solution in construction. Purposeful decomposition
can be applied to a multipurpose system when one or
several purposes are considered separately. In the
engineering practice of system planning, the approach of
“discrete models” is used when, instead of creating a
comprehensive mathematical model, variant solutions are
designed. The optimization model helps the
decision-making process by enabling the analyst to connect
all data and relationships in a given situation, and the result
should enable the choice of the best (optimal) alternative,
overcoming all the complexities of the task.

It provides a complex model of Geographic Information
System (GIS) application in combination with MCO
methods. Many complex models of application of MCO
methods have been developed in the world.

A multi-criteria analysis model of the competitiveness of
the Pan-European Corridor of the UK was developed,
taking into account the supply conditions (competitiveness
of transport and traffic services), demand conditions
(comprehensiveness of service user requirements), and
environmental conditions (presence of market competition
of alternative transport routes).

(Continued)
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Table 1 Continued

Author (Year of

Publication) Reference Short Description

Murat, Y. S. Murat, [16] When choosing a road route, they state the importance of the

0. Kulak (2005) Axiom of Sufficient Information, as another axiom of designing
using axiomatic principles.

N. Tunalioglu, T. [17] In three-dimensional modelling and evaluation of road corridor

Ocalan (2007) variants, genetic algorithms were used.

F. Yakar (2011) [18] In his doctoral dissertation, the author provides a complex model
for the selection of road corridors with the help of GIS and the
AHP method, which also gives importance to ecological
evaluation criteria.

S. Demircan (2009) [19] Various models are given based on the application of many
existing methods of multi-criteria selection and evaluation of
variant spatial solutions of infrastructural facilities, whether it is
about roads, water supply or power networks.

M. Kosijer, M. Ivié, [20]

M. Markovié, I.

Belosevic¢ (2012)

M. V. Lisboa, J. [21]

Waisman (2006)

A. Puska (2011) [22]

D. Toraman (2009) [23]

D. Mihajlov (2016) [24] The contribution of research results in the doctoral dissertation is
reflected in a new approach to determining the annual values of
noise indicators in the environment using multi-criteria
decision-making for the selection of a measurement strategy, with
the possibility of application at the national and European level.
Detailed calculations are carried out using the PROMETHEE
measurement strategy selection optimization algorithm, and the
obtained results are checked and confirmed using the “Visual
PROMETHEE” software package in the case of all measurement
sites.

Z. Milovanovié [8] This paper provides a brief description of the more important

et al. (2021)

methods, along with an analysis of their advantages and
disadvantages, as well as the possibility of applying them to solve
the specific problem of choosing a micro location for TPP.
Starting from the application of the modified multi criteria
method for determining the priorities between individual
alternatives for ranking and selecting the optimal micro location
within a certain macro location within a predetermined
framework, in a decision situation involving a number of decision
makers of different specialty, examples of micro location
selection for new thermal power facilities of TPP Stanari are
given, TPP Gacko 2 and TPP Ugljevik 3, with preliminary
definition of elimination criteria and criteria for comparison of
locations of given TPPs.

(Continued)
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Table 1 Continued

Author (Year of
Publication) Reference Short Description

Z. Milovanovié [25] Article considers usage of optimization method regarding the

etal. (2011) selection of optimal concept of facilities of SHPP (Small Hydro
Power Plants) from the point of view of selection of options
within already defined space. For selected qualitative and
quantitative characteristics relative ponder (weighted)
coefficients are set through the mixture of AHP (Analytical
Hierarchical Process), Saaty- scale and primary defined
parameters. Within specified problem we deal with alternatives
which are defined through qualitative criteria, without precise
parameters which gives an impression that existing multi criteria
method should be adjusted for solving such problems of ranking
alternative solutions by gradual reduction of prior starting multi
criteria. Described optimization method is applied on selection of
system of Small Hydro Power Plants on Suceska River as part of
Drina River that was later designed, constructed and initiated into
regular exploitation. The second part considers the problem of
determining the micro-locations Small Hydro Power Plants
(SHPP) Suceska installed power 2 x 1, 015 MW.

Z. Milovanovié [26] The comparative analysis was carried out by comparing

etal. (2011) pre-defined indicators, where topographical conditions, required
space and occupation of space, seismicity, coal delivery
conditions, ash and slag shipping and depositing conditions,
water supply conditions, power grid connection conditions, road
connection conditions, environmental criteria, economic
conditions and general social justification and development were
considered, with the assumption that the most favourable
technical-technological option was chosen for each specific
micro location. solution. For selected qualitative and quantitative
characteristics, relative weight coefficients are determined by a
combination of analytical hierarchical process, Saaty’s scale and
primarily defined values. In the specific problem, we work with
three alternatives, which are defined by qualitative criteria, with
imprecise values, which leads to the idea that the existing
multi-criteria methods should be adapted to solving such
problems of ranking alternative solutions in the sense of
gradually reducing the initial multiple criteria.

Z. Milovanovié [27] The comparative analysis was carried out by comparing

et al. (2011) pre-defined indicators, where topographical conditions, required
space and occupation of space, seismicity, coal delivery
conditions, ash and slag shipping and depositing conditions,
water supply conditions, power grid connection conditions, road
connection conditions, environmental criteria, economic
conditions and general social justification and development were
considered, with the assumption that the most favourable
technical-technological option was chosen for each specific

(Continued)
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Table 1 Continued

Author (Year of
Publication)

Reference

Short Description

Z. Milovanovi¢
et al. (2024)

Z. Milovanovié, S.
Dumonjié-
Milovanovic¢ (2015)

[10]

[9]

micro location. solution. For selected qualitative and quantitative
characteristics, relative weight coefficients are determined by a
combination of analytical hierarchical process, Saaty’s scale and
primarily defined values. In the specific problem, we work with
three alternatives, which are defined by qualitative criteria, with
imprecise values, which leads to the idea that the existing
multi-criteria methods should be adapted to solving such
problems of ranking alternative solutions in the sense of
gradually reducing the initial multiple criteria.

Within this paper, an example of the analysis of the Trusina wind
park, located on the mountain ridge of the same name on the
border of the local communities of Nevesinjeand Berkovi ici,
Republic of Srpska — Bosnia and Herzegovina, is given. Theme
amusement campaign and a more detailed analysis of the
collected data from all measurement stations in Bosnia and
Herzegovina will be of great importance and will serve in
determining the most favourable locations for the installation of
production capacities based on wind energy. The conducted
analysis of wind potential on the example of the Trusina
mountain ridge represents a small contribution to solving this
issue.

Inside this paper the algorithm of phase method for coal burning
TEP location selection is described. Through fulfillment of the
first phase, the eliminating criteria for selection are being
determined. Those criteria are result of legal legislative, of
implementation of domestic and global practice, and so of
technical and technological demands of specific energetic facility.
Therein locations which do not meet any of eliminating criteria
are being rejected. The rest of potential locations in wider region
are further being evaluated and compared between themselves.
Rules for evaluating potential micro locations, which should be
previously defined, represent criteria for comparison and are
usually given in form of demand for achieving previously defined
goal. Since different criteria can collide with each other, a
method for their simultaneous processing should also be
available. Process of engineering optimization represent
systematic seek for optimal solution for the given engineering
problem with respect to defined criteria for optimal solution and
given limits. The optimum solution must be energy efficient.

(Continued)
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Table 1 Continued

Author (Year of
Publication)

Reference

Short Description

G. Pejieic, M.
Vrbanac, M.
Vukadinovié¢

Z. Milovanovi¢
et al. (2015)

R. V. Rao (2007)

R. V. Rao, V.
Patel (2013)
N. Begieevic¢
(2008)

[29]

(10]

[30]

[31]

[32]

Considering energy efficiency and sustainable development on one side
and economy aspects on the other, optimal building design has to meet
two confronted demands: to minimize total cost of the construction and
to minimize energy consumption, which is usually obtained by
implementation of expensive insulation and equipment. This paper
presents solving methodology using evolutionary algorithm improved by
introducing the tabu search module and combined with Energy Plus
software. The results are demonstrated on the example of optimization of
insulation materials and orientation angle of a given building, confirming
that proposed methodology successfully meets design demands.

The main goal of the work was to analyse the possibilities and develop a
mathematical model of the application of a modified multi-criteria
method for determining priorities between individual alternatives for the
realization of the choice of an optimal micro location within the already
given framework (defined macro location), in a decision-making
situation where a large number of decision-makers of different
specialties participate. The procedure for selecting a TEP location, up to
the inclusion of preferred locations in the spatial plan of a country or e.g.
entities in BiH, consists of two phases: the phase of global evaluation of
the state/entity territory according to the elimination criteria and the
phase of mutual comparison of potential areas determined in this way
with the aim of their additional evaluation and final selection.

A more precise terminology and classification related to decision-making
that uses multiple attributes (Multiple Attribute Decision Making —
MADM) is given, and if the attributes are criteria (Multi-Criteria
Decision Making — MCDM). MCDM enables the selection of the
appropriate alternative from the final set of alternatives, respecting the
values of the criteria attributes, i.e., enables the decision-making process
in the presence of multiple, generally conflicting criteria. Depending on
the domain of alternatives, MCDM is divided into multi-objective
decision making (MODM) and multi-attribute decision making
(MADM).

Given an analysis of the advantages (better and better decisions than an
individual because he possesses “multidimensional thinking”, includes
decision-makers with different knowledge and skills, who are motivated
by a common interest, greater willingness of the group to make riskier
decisions because the risk is shared among all members, easier
implementation because it is accepted by all or most of the
decision-makers of the group decision-making process, a larger number
of people democratizes decision-making) and disadvantages (slower and
often more expensive decision-making, and there is a danger of imposing
the opinion of an authoritative group member) related to group
multi-criteria decision-making.

(Continued)
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Table 1 Continued

Author (Year of

Publication) Reference Short Description

J. Lu, D. Ruan [33]

(2007)

A.J. Osiadacz [34] Presented a dynamic optimization of high-pressure gas networks

(1987) using hierarchical system theory

M. Mohitpour et al. [35] Used a dynamic simulation approach for the design and

(1996) optimization of pipeline transmission systems

W. Sung et al. (1998) [36] Have based their modelling approach on a hybrid network using
minimum cost spanning tree

C. K. Sun et al. [37] Used a software support system, called the Gas Pipeline Operation

(1999) Advisor for minimizing the overall operating costs, subject to a set
of constraints such as the horsepower requirement, availability of
individual compressors, types of compressors and the cycling of
each compressor

R. Z. Rios-Mercado [38] A reduction technique for natural gas transmission network

et al. (2002) optimization problems was implemented

D. Cobos-Zaleta, R. [39] Implemented a Mixed Integer Non-Linear Programming (MINLP)

Z. Rios-Mercado model for the problem of minimizing the fuel consumption in a

(2002) pipeline network

T. Mora, M. Ulieru [40] Determined the pipeline operation configurations requiring the

(2005) minimum amount of energy (e.g., fuel, power) needed to operate the
equipment at compressor stations for given transportation
requirements

C. Chauvelier-Alario [41] Developed CARPATHE, a simulation package (GdF-Suez) for

et al. (2006) representing the behaviour of multi-pressure networks and including
functionalities for both network design and network operation.

J. André et al. (2006) [42] Used optimization methods for planning reinforcement on gas
transportation networks and for minimizing the investment cost of
an existing gas transmission network.

J. André (2009) [43]

M. Abbaspour et al. [44] As the problem was formulated in a convex form, convex solvers

(2005) presented by were used.

I. E. Grossman [45] Complete reviews are proposed in literature for both classes (first

(2002) scalarization approaches, second genetic and evolutionary methods).

1. E. Grossmann [46]

et al. (2004)

J. K. Hao et al. [47]

(1999)

A. Ponsich (2005) [48] A thorough analysis of both classes was previously studied by with
the support of batch plant design problems.

D. H. Wolpert, W. G. [49] Besides, the efficiency of a given method for a particular example is

Macready (1997)

hardly predictable, and the only certainty we have is expressed by
the No Free Lunch (NFL) Theory: there is no method that outdoes
all the other ones for any considered problem. This feature
generates a common lack of explanation concerning the use of a
method for the solution of a parti- cular example.

(Continued)
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Author (Year of

Publication) Reference Short Description

A. Kumar Arya [50] A critical review on optimization parameters and techniques for gas

(2022) pipeline operation profitability.

H. Meisingset et al. [51] Developed an optimization tool that helped find the possible pipeline

(2004) route on the seabed. A free-spanning pipe- line can lead to vibration,
eventually leading to catastrophic failures. The pipeline cost and the
number of free spins were reduced by finding the optimal route
length.

A. L. Balogun et al. [52] Developed a spatial hybrid decision support system that used fuzzy

(2017) logic and GIS integration to find the optimal route on the sea bed. A
case study in Malaysia was used to test the effective implementation
of the support system. The present section discussed a vast number of
param- eters that the researchers have optimized to maximize the
benefits of pipeline transportation. The following section discusses
some prevalent techniques used to optimize these parameters.

A. Jamshidifar et al. [53] Dynamical programming, gen- realized gradient, and linear

(2009) programming techniques are the classical techniques that have been
popular in pipeline optimisation.

R. G. Carter (1998) [54]

E. Elbeltagi et al. [55] Stochastic methods are concerned with biological entities’ formation

(2005) and social behaviour.

Aydun, C. C. e al. [56] It combines GIS Least-Cost Path Analysis with multi-criteria

(2019) evaluation for automatic pipeline route selection. It also introduces
the algorithm of cartographic simplification of the line to improve the
spatial efficiency of the route.

Yildirim, V. et al. [57] A spatial MCDM model was developed for gas pipeline routing,

(2017) integrated in GIS. It includes factors: terrain slope, settlements, soil,
rivers, roads and environmental protection. Validated through expert
criteria weights (AHP method).

Makrakis, N. et al. [58] It proposes a new decision tool that combines MCDM and seismic

(2024) vulnerability analysis to select the optimal pipeline route in
seismically active areas.

Abudu, D., [59] It uses GIS and cost raster analysis to identify the most favourable

Williams, M. (2015) route, with criteria: costs, topography, land and environment.

Farizal, F. et al. [60] It introduces new criteria: cultural heritage and catastrophic risks

(2021) (earthquake, flood) in the optimization of the city’s gas network.

Kabir, G. et al. [61] Overview of MCDM methods (AHP, TOPSIS, VIKOR,

(2014) PROMETHEE) and their application in infrastructure and risk
management.

Mardani, A. et al. [62] A systematic review of 320 MCDM applications in the energy sector,

(2017) with a focus on technology selection, location and risk management.

Zavadskas, E. K. [63] It introduces hybrid MCDM methods (eg AHP-VIKOR,

et al. (2016)

AHP-TOPSIS, COPRAS-G) that combine the advantages of multiple
algorithms.

(Continued)
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Author (Year of

Publication) Reference Short Description

Penadés-Pla, V., [64] A systematic review of MCDM methods in sustainable building

et al. (2016) design, with an emphasis on the balance of economic and
environmental criteria.

Bohra, S. S., et al. [65] Overview of the application of MCDM in energy projects, including

(2022) spatial decisions, network optimization and risks.

Management of the transport, distribution, and storage system for natural
gas may be performed by a single operator, acting as a combined system
operator. In that case, the energy entity is obliged, when managing the
transport, distribution, and storage system, to comply with the provisions of
the law relating to the transport and distribution system operators.

A transmission (main) gas pipeline, as an infrastructure system, serves for
the production, transport, and/or distribution of natural gas from one location
to another. Consequently, the system extends over large distances, giving the
infrastructure objects significantly greater lengths compared to their other two
dimensions (they acquire the characteristics of a linear object that extends
through space along a precisely defined route). Accordingly, the selection
of the optimal land corridor for linear infrastructure objects becomes a pri-
mary issue during the preparation of project documentation for infrastructure
systems (especially at the level of the Pre-feasibility and Feasibility Study,
Conceptual and Main Design, and Construction Project), which is required
by the legislation of the Republic of Srpska for new infrastructure projects.

The need for constructing gas pipeline systems arises from the develop-
ment concept of the observed area, defined in spatial planning documents and
energy-economic bases or plans covering the analysed area. Depending on
the level of detail in these documents, the need for constructing gas pipeline
systems is defined. The initial data used include: the planned area targeted
for gasification, projected gas demand, quantities of gas to be delivered to
end consumers, sources of gas supply, type of pipeline network, and similar.

The first step in planning the construction of gas pipeline systems is
recognizing the need for such a system or the interest of people/areas in
improving living standards in the analysed regions (identification of the
problem). An important task for planners is to timely identify future problems
and needs related to gas pipeline construction so that all preparatory planning
measures are completed before an actual problem arises. This approach
enables faster and more efficient problem-solving.
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Management of the gas pipeline network in the Republic of Srpska, as
an entity within Bosnia and Herzegovina, is conducted on a planning basis,
relying on:
* The Proposal for Amendments and Supplements to the Spatial Plan of
the Republic of Srpska until 2025,

* The Energy Development Strategy of the Republic of Srpska until 2035,

* Urban and regulatory plans of local communities covered by this project
(expansion of the distribution network in the municipalities of Istoeno
Novo Sarajevo and Istoena IlidZa, and the gasification of the municipal-
ities of Pale — Trnovo, the Olympic Center Jahorina, the municipality
of Sekoviéi, the municipality of Vlasenica, the ski center Igriita, the
municipality of Mili¢i, and the municipality of Han Pijesak, including
reconstruction of the district heating plant — Toplana INS a.d. Istoéno
Novo Sarajevo).

The development of the energy sector of the Republic of Srpska is
primarily based on the implementation of the Energy Development Strategy
of the Republic of Srpska until 2030, as well as the implementation of the
Treaty establishing the Energy Community, signed by Bosnia and Herze-
govina in 2006. By signing this treaty, Bosnia and Herzegovina undertook
obligations based on the principles of efficient regulation and liberalization of
the energy sector, free competition, secure energy supply, and environmental
protection, thus requiring the Republic of Srpska to implement the legal
framework of the European Union. Economic development of the Republic
of Srpska is planned based on the utilization of natural potentials, with
the gasification process considered a transitional solution. The gas pipeline
system of the Republic of Srpska consists of a 400 mm diameter main gas
pipeline, designed for a pressure of 50 bar, crossing the border at Sepak,
then passing through the route Zvornik — Kladanj — Sarajevo. It is designed
for a capacity of 1 billion Nm?/year, while the actual capacity is 0.7 billion
Nm?/year. Operational objectives in the gas sector include: implementation of
the Gas Project for the construction of the “South Stream” gas pipeline branch
in the Republic of Srpska; construction of distribution systems in cities;
construction of new gas interconnections for diversifying natural gas supply
sources, including the possibility of two-way interconnections with Croa-
tia; and technical-technological revitalization and modernization of existing
energy infrastructure systems.

The framework energy strategy of Bosnia and Herzegovina until 2035
was adopted on 29 August 2018, at the 152nd session of the Council of
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Ministers of Bosnia and Herzegovina, upon the proposal of the Ministry
of Foreign Trade and Economic Relations, creating conditions for the with-
drawal of IPA and WBIF funds for energy projects in BiH and attracting other
investors to the energy sector.

According to the Energy Law (“Official Gazette of the Republic of Srp-
ska”, No. 49/09), the energy development strategy is adopted by the National
Assembly of the Republic of Srpska upon the proposal of the Government of
the Republic of Srpska and must be harmonized with the Spatial Plan of the
Republic of Srpska and the economic-development plans of the Republic of
Srpska. The National Assembly adopted the Energy Development Strategy
of the Republic of Srpska until 2030 in 2012. Since several years have
passed since adopting the current Energy Development Strategy until 2030,
and in the meantime amendments to the Spatial Plan of the Republic of
Srpska and certain changes in EU sectoral policies were adopted through
amendments to the Treaty establishing the Energy Community of Southeast
Europe, it became necessary to modernize, adapt, and update the strategic
energy document according to the new circumstances.

Because it was technically unfeasible to amend the existing strategic
document, and such amendments are not standard practice in the legal system
of the Republic of Srpska, a new strategic document was prepared under the
title: “Energy Development Strategy of the Republic of Srpska until 20357,
which essentially represents an updated version of the existing strategy. This
Strategy comprises a set of objectives and measures to implement the energy
policy of the Government of the Republic of Srpska, expressed through strate-
gic sector-level goals and specific goals for individual energy subsectors.

According to this Strategy, the primary development for the Republic of
Srpska is the connection of a new interconnection to the Serbian gas pipeline
system and the construction of a main gas pipeline toward Banja Luka
(and beyond) over the next 10-15 years. Considering geopolitical changes,
project statuses may shift. Although the South Stream was cancelled in 2014,
negotiations on its construction resumed in 2017. Besides this primary route
for the Republic of Srpska, the Adriatic-Ionian Pipeline (IAP) and the LNG
regasification terminal in Croatia represent cross-border projects relevant for
Bosnia and Herzegovina, and potentially for the Republic of Srpska, but with
lower development priority. The launch of the LNG terminal in Croatia and
construction of evacuation pipelines is expected in the near term. The IAP
project, as a planned branch of the Trans-Adriatic Pipeline (TAP), represents
a promising gasification option for Albania, Montenegro, Croatia, and Bosnia
and Herzegovina (primarily the Federation of BiH).
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Figure 3 Planned Gasification Route of Gornje Podrinje [3].

With the planned main gas pipeline of the Republic of Srpska with
Serbia, these cross-border projects would allow the Republic of Srpska access
to gas from multiple directions to meet future demand and ensure supply
security. Understanding options for gas supply diversification and potential
implementation of such projects is important for negotiating positions and
achieving cost competitiveness for both households and industry, Figure 3.
Possible interconnections with Croatia should be considered bidirectional,
not exclusively import-oriented. In the short term, the main focus for the
Republic of Srpska is connecting the Bijeljina distribution system with the
ongoing gas transport system (completion planned for the following year),
extending the pipeline toward Breko and Ugljevik. In the medium and long
term, the new interconnection project with Serbia would link Banja Luka and
Brod, connecting other areas along the main gas pipeline route, with branches
toward Doboj and Zenica. A lower priority is the option of connection with
Croatia (cities of Gradiska and Brod).

For the southern part of the Republic of Srpska, there is a potential option
for gasification of the city of Trebinje, provided there is market justification
following the implementation of the IAP project, which would also bring gas
to the southern territories of the Republic of Srpska. In the upcoming period,
the Republic of Srpska also plans gas pipeline routes for the Upper Drina
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region (the planned length of the pipelines is approximately 150 km with
various diameters). When planning new pipeline routes, amendments to the
Spatial Plan of the Republic of Srpska until 2025 are required, or the adoption
of a new plan for the period up to 2030, which is a more realistic option.

5 Concept of Gas Pipeline System Planning

5.1 Technical Documentation

The planning of all linear energy infrastructure objects, including gas pipeline
systems, is carried out in the following stages: a preliminary study or feasi-
bility study with a conceptual solution, conceptual design, detailed design,
and, as the final stage, the documentation for execution — the implementation
design.

At the level of conceptual studies or solutions, it is necessary to analyse all
possible variants for addressing the gasification issues in the considered areas
of the eastern part of the Republic of Srpska and to select the most optimal
routes for the main gas pipelines. Among these, one variant must be chosen
as the best solution. The selected variant is later developed in more detail
in the conceptual and detailed design stages and constructed based on the
implementation project. The phase of preparing conceptual solutions in the
planning of main gas pipeline systems is very important because it involves
developing different solutions in terms of: defining the areas to be covered
by the planned gas pipeline systems, identifying users in the selected areas,
designing corridors with possible alternative routes (developing solutions),
and defining and analysing the advantages and disadvantages of each variant
(variant evaluation), etc.

5.2 Application of Systems Analysis in Planning Gas Pipeline
Systems in the Considered Area

For the effective resolution of gasification issues in a given region, as well
as for selecting the best variant of a gas pipeline system, it is advisable to
apply the procedure of systems analysis [66]. In the literature, other terms
are often used instead of “systems analysis,” such as: systems engineering,
systematic approach, operations research, operational analysis, management
sciences, etc. Systems analysis represents a rational decision-making process
regarding a system, based on a comprehensive and efficient organization and
analysis of the available information. This analysis is often accompanied by
optimization aimed at selecting the best variant solution in relation to the
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predefined objectives that the project must achieve after its implementation.
A systematic approach for solving problems related to the management of
linear infrastructure systems is illustrated in the algorithm in Figure 4 and
consists of the following steps:

(1) Problem identification — For gas pipeline systems, this involves plan-
ning capacities, reserving land areas, designing implementation plans,
preliminarily considering possible funding sources, preparing documen-
tation, and reserving the necessary time for planning, designing, and
executing such systems.

(2) Orientation — In this step, the knowledge required to solve the problem
(problem orientation) and the knowledge currently available (personal
orientation) are analysed. A knowledge assessment is conducted, which
often reveals deficiencies, requiring knowledge expansion. A team of
experts is formed, allowing interaction among members with diverse
knowledge to ensure a comprehensive and holistic problem analysis and
resolution.

(3) Problem definition: objectives, criteria, measures, boundaries, and work
plan — This involves determining the primary (problem-solving) and sec-
ondary (incidental) objectives to be achieved through the construction of
the gas pipeline system, defining the criteria and measures for evaluating
solutions, setting the boundaries of observation and problem-solving,
and designing a work plan.

(4) Assessment of the current state of the problem — Examining the
real-world situation, collecting existing data, and conducting surveys,
measurements, and research to obtain new data.

(5) Study of the problem state — Processing all available data into a usable
form, considering the problem as both a complete system and as individ-
ual system components, classifying and analysing their interrelations,
synthesizing all parts, and again examining the problem holistically
from a broader perspective with knowledge of individual elements.

(6) Generation of alternatives and selection of the most favourable variant —
Developing alternative solutions, evaluating the fulfilment of individual
objectives based on criteria and measures, striving to achieve multiple
objectives simultaneously, and selecting the solution that maximally
satisfies all goals.

(7) Solution formulation — Preparing the detailed design and, after obtaining
all necessary permits, the implementation design.

(8) Solution execution — Proceeding with construction.
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Figure 4 Problem-solving algorithm for selecting the optimal variant.

(9) Improvement of problem-solving procedures — Optimizing the algo-
rithm of procedures from Figure 3 based on gained experience.

Among the procedures that can serve as a supportive tool in the decision-
making process is multi-criteria optimization.
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6 Design Process of Infrastructural Linear Objects Within
the Gasification Project of the Eastern Part of the
Republic of Srpska

6.1 Design Process of Infrastructural Linear Objects

The design process of infrastructural linear objects consists of successive
research and the selection of the optimal corridor (study-level analysis), as
well as determining the optimal alignment for its spatial extension (Concep-
tual Design and Main Design). In practice, the procedure involves developing
alternative solutions, evaluating them, and making a decision on the most
favourable solution, which is essentially similar to the multi-criteria optimiza-
tion (MCO) process for discrete systems [3]. A schematic overview of the
selection of the land corridor for the linear infrastructural object, depending
on the design phase, is presented in Figure 5.
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Figure 5 Selection of the location of linear objects depending on the design phase.
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Developing alternative solutions in the design of infrastructural linear
objects requires the designer’s creativity, while meeting the required criteria
set by the investor, as well as ensuring the functionality and technical usability
of the object during its primary and, if applicable, extended service life [6].
For these reasons, study-level analyses include corridor alternatives, and
based on the evaluation of their parameters according to specific criteria, the
optimal route of the object is selected.

Before the actual construction and installation phase, it is necessary
through study analyses to objectively assess the most significant impacts
the object may have (environmental pollution, safety and reliability, service
level, throughput capacity, system-environment interaction, route aesthetics,
required financial resources, static and dynamic indicators of the investment’s
economic-financial analysis, broader social benefits, etc.), in order to ensure
the required quality level at the lowest possible construction and operational
costs [7]. It is important to note that the ability to influence quality and cost
is greatest during the early planning stages of linear objects (study analyses
and conceptual design) and significantly decreases once the construction or
operational phases begin. Managing the design process of infrastructural
objects represents a highly complex task, the main goal of which is the
successful completion of all activities — from study-level analyses to the
selection of the most favourable contractor for construction and signing the
works contract. The management process itself can be considered from both
the investor’s and designer’s perspectives. Although these represent different
levels of rights and responsibilities, the fact remains that a well-defined and
efficient management system for the development of design documentation
is in the mutual interest of both parties.

The process of determining the optimal spatial solution for a linear infras-
tructure facility, which takes place after the research has been conducted,
includes [5, 8]:

(a) determining the type and category (rank) of the infrastructure linear
facility,

(b) identifying alternative corridors with alternative routes for linear objects,

(c) evaluating alternative solutions and identifying suitable options for
potential application,

(d) assessing the socio-economic impacts and environmental impacts of all
applicable solutions,

(e) selecting the optimal variant for which the process of preparing detailed
design documentation will continue.
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The process of determining alternative corridors is based on the demand
for the services provided by a specific infrastructure system, the existing
network to which the particular facility will belong, topographical condi-
tions, land acquisition and use costs, construction and installation costs,
environmental impacts, socio-economic impacts on the surroundings, and
other social benefits [8]. The decision-making process related to determining
the optimal route of an infrastructure linear facility implies a synergy of
human factors, the application of mathematical methods, and the use of
computer tools. Alternatives represent different choices of actions available
to the decision-maker. The set of alternatives usually refers to a limited set,
ranging from a few to several dozen for energy infrastructure facilities. It is
assumed that alternatives have been verified, prioritized, and possibly ranked.

Every multi-criterion decision-making problem is associated with mul-
tiple attributes. Attributes are also referred to as goals or decision-making
criteria. Attributes represent different dimensions from which alternatives
can be observed. In cases where the number of criteria is large, they can
be organized hierarchically. This means that some criteria are more impor-
tant than others, i.e., there is a main criterion. Each main criterion can be
associated with several sub-criteria [8]. Similarly, each sub-criterion can be
associated with several lower-level sub-criteria, and so on. Although some
multi-criteria decision-making methods may require a hierarchical structure
among decision-making criteria, most assume only one level of criteria (no
hierarchy). Since different criteria represent different dimensions of alterna-
tives, they may be in conflict with each other. Different criteria may also be
expressed in different units of measurement, which further complicates the
resolution of the multi-criteria decision-making problem.

A commonly applied multi-criteria decision-making method requires
assigning weights to criteria according to their importance. Typically, these
weights are normalized so that their sum equals one (1). On the other hand,
the multi-criteria decision-making problem can also be represented in matrix
form. The decision matrix is an (m X n) matrix in which the element a;;
represents the characteristics of alternative A;(¢ = 1,2,...,m) when it is
evaluated according to the decision-making criterion C;(j = 1,2,...,n). It
is also assumed that the decision-maker has determined the weights of the
relative characteristics of the decision-making criteria w;(j = 1,2,...,n).
Determining the set of alternatives is usually the initial step in multi-criteria
decision-making [5].

The set of alternatives A is the basic set of selected routes for the main gas
pipeline studied during the decision-making process. Typically, it is defined
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by listing all the elements of set A (in cases when A is a finite set with
sufficiently few elements) or by specifying one or more properties satisfied by
all elements of set A (in cases when A is infinite or finite but too large to list).
Depending on the complexity of the multi-criteria decision-making problem,
it is often not possible to define set A in advance. It may happen that this set
is defined gradually during the decision-making process itself, which is why
sets of alternatives are divided into stable (predefined and closed to changes
during the decision-making process) and variable (with the possibility of
modification during the decision-making process due to intermediate results
obtained during the process). Sometimes, several different sets of alternatives
may be used in the decision-making process, and the nature of each (stable
or variable) depends on the chosen approach. Since some definitions can
lead to simpler preference structures, there are multiple good ways to define
set A [67]. At the same time, this can lead to very complex applications of
decision-making methods. Other definitions may have opposite characteris-
tics. Therefore, defining set A depends not only on the problem being solved
and the factors involved in the decision-making process but also on defining
the goal, preference structure, problem identification, and the choice of an
appropriate multi-criteria decision-making method [28].

Great assistance in defining criteria is provided by so-called goal analysis,
i.e., the analysis of objectives to be achieved by solving the defined problem.
It is important in goal analysis to distinguish between the levels to which
the model applies, especially because at a higher (strategic) level, some
goals originate from the external environment. Achieving the set goals is
the basic assumption of any decision-making process, and the procedure for
determining goals is often arduous because decision-makers may believe their
goals are entirely clear or are under pressure to make predefined, recognizable
decisions. Generally, there is a lack of structured approaches that would allow
for efficient and rapid systemic analysis of goals, making experience and
teamwork, along with methodology, the best guarantee of success.

In practice, goal conflicts at the strategic level are common, and it often
happens that goals originating from the external environment conflict with
those generated within the system [68]. This contradiction carries over to
the criteria, which are often in conflicting positions. Such contradictions are
due to a poorly structured problem. This contradiction justifies the use of
multi-criteria analysis methods because classical methods cannot determine
the optimal solution to the problem. In this way, a certain number of criteria
are identified, forming elements of a preliminary set of criteria. Another
part of this preliminary set is identified based on experiences from similar



Multi-Criteria Optimization of Main Gas Pipeline Routing 129

projects and conducted scientific or practical research. A third part of the
preliminary set of criteria originates from the physical, functional, and other
characteristics of the system being considered. A fourth part of the criteria
is formulated as a reflection of the requirements, needs, expectations, and
interests of stakeholders (participants) in the project.

There is no clearly defined rule regarding the number of criteria in the
preliminary set. Efforts should be made to keep it as small as possible.
This number largely depends on the analyst’s preferences, the problem being
solved, and the decision support system used.

A financially significant or otherwise important decision, especially in
systems with complex technical characteristics, may involve up to a hundred
criteria. However, for making quality decisions, the optimal number of crite-
ria is considered to be in the range of 5 to 20. When determining the set of
criteria for a given goal, the properties of measurability (the criterion must be
practically understandable to determine its value on a certain measurement
scale for a given alternative) and clarity (the value of the criterion must
sufficiently indicate the degree to which the goal has been achieved) should
be satisfied.

Multi-objective decision-making is applied in so-called well-structured
problems where the set of conditions U can be appropriately described
mathematically (with real functions of n real variables), which is generally
not always the case. Therefore, multi-criteria decision-making problems
are divided into well-structured and poorly structured, and multi-criteria
decision-making itself into multi-objective (used for solving well-structured
problems) and multi-attribute (used for solving poorly structured prob-
lems) [5]. In multi-objective decision-making, the term objective function
is often used instead of the criterion function (hence the name of this type
of decision-making). In the case of multi-attribute decision-making, the term
attribute is used instead of the term criterion (hence the name of this type of
decision-making).

Multi-attribute decision-making is applied when solving poorly struc-
tured problems, when the set of conditions U cannot be conveniently (or
sufficiently well) mathematically described (by real functions of n real
variables).

It may happen that, during the decision-making process, the problem of
choosing one of several (at least two) efficient alternatives arises. In such
cases, the corresponding model is first reduced by eliminating all inefficient
alternatives from set A, and then the remaining ones are grouped into classes
of equivalent alternatives. According to the axiom of choice in set theory,
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only one representative from each class can be selected, and a new set of
alternatives is formed from these representatives.

Since the solution to the multi-attribute decision-making problem is the
set of all efficient alternatives, which (except in the case of model reduction)
is equal to the initial set of alternatives A, three basic principles of solving this
problem can be distinguished [69]. Computer programs designed to solve
multi-attribute decision-making models are based on these principles [70].
These principles are:

* ranking (ordering alternatives from best to worst),

* selecting only one alternative (choosing the best alternative),

* selecting multiple alternatives (choosing a predetermined number of
alternatives starting from the best or selecting alternatives that meet
some additional conditions that are not part of the multi-attribute
decision-making model).

6.2 Basis for Applying Multi-Criteria Optimization in Gas
Pipeline System Planning

The fundamental bases required for developing solutions for gas pipeline
systems are: meteorological and hydrological data, geological and seismo-
logical data, pedological data, geodetic data, determining the necessity of
applying gasification based on balance studies, conducting field and labora-
tory research, development of elements of the gas pipeline systems, defining
natural gas supply sources in the required quantities, taking into account
consumption growth due to potential regional development, defining natural
gas quality, selection of the method, approach, and gasification system,
processing other elements required for designing the gas pipeline system [55].
All data must be presented on appropriate topographic and geodetic bases
(topographic plans and maps), the scale of which depends on the level of tech-
nical documentation and the size of the area considered for the gas pipeline
system construction. Today, a practical overview of data is inconceivable
without the application of GIS technology, which integrates maps and data.

6.2.1 Preparation of bases for the application of multi-criteria
optimization

At the conceptual study level, it is necessary to establish a value system

composed of criteria and measures based on which the evaluation of solutions

is carried out and the most favourable solution is selected. In this context,

a criterion represents the standpoint from which the solutions are assessed,
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while measures quantify the degree to which the criterion is satisfied. Apart
from being used for evaluating and selecting solutions, criteria and measures
can also be applied for assessing the performance of existing gas pipeline
systems.

In the process of generating alternative solutions, all solutions should
be analysed in terms of functionality, technical and technological feasibility,
constraints (spatial, environmental, and social), and acceptable economic and
financial costs. The generated alternatives must achieve the objectives for
which they were planned [71]. By introducing criteria, an assessment is made
of the extent to which each alternative satisfies them. The shortlist of potential
alternatives includes those that meet all aspects. In the next step, multi-criteria
optimization is used to select the one alternative that represents the best
solution, while the others that do not meet the requirements are eliminated
from further consideration.

In addition to the criteria used to assess the fulfilment of primary objec-
tives (in terms of ensuring the required quantities of natural gas of a specified
quality) and secondary objectives (those achieved incidentally and not neces-
sarily related to the primary objectives), solutions in the area of gas pipeline
systems can be considered from three additional standpoints or criteria:

e Economic criterion,
e Social criterion,
* Criterion of impact on the environment (ecological criterion).

Each of these criteria can be broken down into simpler sub-criteria, which
enables easier evaluation of solutions [72]. Such an analysis of criteria should
be approached cautiously to avoid losing the integrity of the problem-solving
process. Until about 40 years ago, there was a tendency to give absolute
priority to the economic criterion in the decision-making process (choosing
the most economical solution). Such solutions, in most cases, had negative
social and ecological impacts. With the growing awareness of the “true”
value of water as a resource that is increasingly subjected to declining quality
and quantity, as well as the importance of using resources in line with sus-
tainable development, social and ecological criteria have gained significant
importance in the decision-making process [55]. Today, all the mentioned
criteria are used to select the best solution (in addition to those arising from
the primary objectives). There are two most commonly used approaches to
selecting the best solution while considering all criteria:

1. The first approach involves achieving the primary objectives and evalu-
ating solutions based on the economic criterion, along with preparing
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studies on social impacts and environmental impacts. These studies
determine the positive and negative effects of individual alternatives on
the population and the environment, based on which an alternative is
accepted or rejected.

2. The second approach involves using various decision-making meth-
ods for selecting the most favourable solution, including multi-criteria
optimization [8]. By applying multi-criteria optimization methods, the
selection of the optimal solution is carried out considering all criteria.

6.2.2 Criteria for evaluating the fulfilment of objectives

All infrastructure facilities, including gas pipeline systems, are built to meet
human needs. These needs represent the primary objectives that gas pipeline
systems must fulfil, such as:

* the supply of natural gas as an energy source for settlements and
industry,

* control of environmental pollution,

* protection of plant and animal life,

* positive social impact,

* district heating for urban areas,

* conditions for cogeneration and trigeneration plants based on natural gas
as an energy source,

« diversification, etc.

Therefore, the solutions to the problem related to selecting the opti-
mal variant should be considered from the standpoint of satisfying objec-
tives/needs associated with natural gas as a new energy source, i.e., the
criteria used to assess the fulfilment of these needs. The generated variants
must achieve the objectives related to natural gas as an energy source for
which they were planned, as well as some secondary objectives, but it is also
necessary to determine the extent to which each variant achieves them.

The fulfilment of these objectives can be evaluated in monetary units or
in another unit (e.g., by the agricultural area affected, the quantity of natural
gas provided by each variant, the level of protection of agricultural land, etc.).

6.2.2.1 Selection of criteria for decision-making when choosing
the onshore route of a main gas pipeline

Defining a model for selecting infrastructure facilities involves criteria and

sub-criteria for evaluation. The aim of this work is to establish criteria

for selecting alternative routes for the main gas pipeline, and to evaluate,
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compare, and assess them in order to select the most optimal route in relation
to the defined objectives. The very choice of decision-making criteria for
selecting the optimal gas pipeline route is a complex and sensitive process
since the final decision depends on the purpose and feasibility of evalu-
ating the plan. Since all output values must be converted into a common
measurement unit, the process of determining value measures (quantitative
or qualitative) requires special attention. The decision-making process for
selecting the onshore pipeline route is influenced by numerous criteria,
whose importance varies. Some of them are measurable with known data
for evaluation, while others are more difficult to “measure,” which further
complicates the process of obtaining appropriate values. In the past, the
analysis of selecting the optimal gas pipeline route was based on the tendency
to give absolute priority to the economic criterion in the process of trans-
portation planning and decision-making. Typically, such solutions resulted in
neglecting other equally important criteria, some of which were included in
the economic category (e.g., transportation service cost), but some were not.
Thus, common practices included cost-benefit analysis of building specific
gas pipeline infrastructure, analysis of transportation service costs, review
of past investment expenditures, plans and projections of future investments
in gas pipeline infrastructure, etc. In the process of preparing technical doc-
umentation, special studies were also conducted in which certain solutions
were evaluated according to various other criteria, such as qualitative criteria
(environmental impact studies, geo-seismic studies, etc.), social criteria, and
others [28].

To achieve comprehensive evaluation of individual solutions, an approach
that considers the simultaneous influence of multiple different criteria for
selecting the optimal route is required (multi-criteria ranking of alterna-
tive solutions). It is important to emphasize that, in line with increasing
demands from transport service users, certain qualitative criteria have gained
an increasingly significant role in the process of infrastructure planning and
decision-making. On the other hand, by adopting various international and
internal standards, other criteria have also gained importance and are increas-
ingly implemented through various standards and community requirements
(environmental criteria, sustainable development criteria, energy efficiency,
safety and reliability, quality of delivered gas, etc.). For the purpose of
selecting the main gas pipeline route and applying the multi-criteria analysis
method, a set of criteria and sub-criteria has been chosen based on informa-
tion obtained from experts in the field of infrastructure planning and design of
energy-process facilities, as well as research from domestic and international
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scientific literature, which are highlighted as the most important in selecting
the optimal onshore gas pipeline route (case studies).

The criteria for evaluating an onshore gas pipeline route can be classified
in several different ways. The most significant approach is the one that
distinguishes between evaluation criteria variants, according to which two
groups of criteria differ:

* a group of criteria evaluated based on specific, exact, and quantitatively
expressed data, and

* a group of criteria evaluated according to the subjective assessment of
researchers who are assumed and required to have sufficient knowledge
of the issues and criteria they will evaluate.

Below is a brief overview of the most important groups of criteria
for evaluating gas pipeline routes as infrastructure facilities of special
significance.

Economic-Financial Criterion — Previously, the choice of the best variant
for planning and designing gas pipeline systems was exclusively dominated
by the economic criterion (the selected solution was also the most economical
solution). However, since the benefits of infrastructure systems in general,
including gas pipeline systems (revenue from the sale of natural gas, useful
forms of final energy, etc.), as well as construction costs of these systems, are
not the same under current availability conditions and availability in the near
or distant future, the principle of discounting is used to obtain present values
of costs and benefits (or profit). Discounting assumes the use of weighting
coefficients that increase or decrease costs and benefits depending on whether
these values need to be converted from the past or from the future to the
present value. To obtain the present value of construction costs for a gas
pipeline system in the past Tsv, the following expression is used:

To =Y Ti-(1+p), (D
=0

where 7i is the cost in year i (i = 0,...n), and p is the discount rate.
To obtain the present value of the net benefit Dsv that will be realized in
the future, the following expression is used:

Dy =) (K~ 1) )
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where Ki is the benefit, 7i the costin year i (i = 0, ...n), and p is the discount
rate.

Variants can be compared and ranked based on net benefits according to
expression (2), but it is also useful to compare them by rates of return on
invested funds in order to select the most productive variants (two indices
are used: profitability, which represents the ratio of benefits to costs, K/T,
and the internal rate of return for which the net benefit equals zero, i.e.,
profitability equals 1). The discount rate should be determined at the state
level by government and financial institutions, usually ranging from 6% to
9% per year.

It should also be noted that comparisons can be made based on the
planned unit price of 1 Nm? of natural gas, which results from the funds
invested in constructing the gas pipeline system. For study considerations, it
is assumed that future demand is known, which is rarely the case. Uncertainty
regarding natural gas demand is usually the main source of project evaluation
uncertainty. Therefore, it is advisable to consider risk factors (sensitivity
analysis of key input and output parameters is mandatory in study analyses).

Environmental Criterion — Environmental degradation (pollution of water,
air, and soil, and radioactive contamination) directly affects human health,
plants, and animal species. Environmental impacts that occur during opera-
tion are a consequence of the existence and use of the gas pipeline system
in a given area. These impacts are generally permanent, with a tendency to
increase spatially and temporally, so it is necessary to detect their presence
and nature in time. Conducting an environmental impact analysis aims to
direct negative environmental impacts positively and predispose potential
negative effects. The area of direct impact is the space occupied by the
gas system facilities and associated infrastructure. Construction works are
carried out in this space, occupying and altering the habitats of humans,
plants, and animals. The direct impact area of the gas system is mostly within
the immediate footprint. The indirect impact area is the space where the
facility is not constructed, but the impact is felt as a result of the construction
of the object. The planned gasification system for the eastern part of the
Republic of Srpska is designed to be safe from an environmental protection
standpoint, ensuring that within the affected area, proper arrangement of
pollutant sources, adequate landscaping, construction of protective barriers,
etc., provides conditions that do not significantly affect the quality of life and
environmental values of the area. It is also necessary to strictly implement
planned environmental protection measures to mitigate negative impacts,
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reducing them to the minimum. In developing countries (such as BiH, and
thus the Republic of Srpska as its constituent entity), ensuring technological
development requires additional funds and supplementary activities to pre-
serve the natural environment from further depletion and degradation, or even
contribute to its revitalization to some extent. Given this, it is essential for
projects of broader societal interest, which may be potential environmental
pollutants, to apply a model of integrated techno-economic and ecological
analyses to assess the acceptability of their construction.

Since certain gasification solutions in the eastern part of the Republic of
Srpska can cause both positive and negative occasional (construction period)
and permanent changes (operation period) in the environment of a given
area, it is important, if a solution is adopted, to mitigate negative impacts
and enhance positive effects. Sometimes negative impacts are so significant
that they can lead to the rejection of certain project variants. Project impacts
on the environment should also be analysed from an aesthetic (landscape)
perspective.

Changes in the environment arise from specific sources, are transmit-
ted through environmental media, and affect receivers (animal, plant, and
human species). Since the environment consists of components and cate-
gories (Table 2), when evaluating solutions, the impact of the solution on
environmental elements should be analysed (Table 3).

For each infrastructure system, it is necessary to define the positive and
negative environmental characteristics that are affected by the project. It
is also important to address the impact of irreversible changes that may
occur (such as the extinction of a plant or animal species, or the destruction
of unique natural beauty), as well as the steps that can be economically
undertaken to mitigate negative environmental impacts. Taking into account
modern environmental protection regulations, which are part of the current
legislation of Republika Srpska as well as the European Union, the tech-
nical solutions included in the project design for this gas pipeline system
incorporate all necessary protection measures, ensuring that the facility is
acceptable from both economic and ecological standpoints. Furthermore,
the assessments of the gas pipeline system’s impact on the surrounding
environment, conducted based on realistic assumptions available at this
time, indicate that the expected contributions of the gas pipeline system are
practically at the level of existing pollution and will not cause changes in
environmental quality. With the implementation of the planned mitigation
measures for negative impacts and environmental protection (water, soil, air,
climate, population, flora, fauna, material assets, landscape), the impacts
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Table 2 Components and categories of the environment

Components Rating and evaluation categories
Areas of natural beauty and human Open space and green belt
recreation and enjoyment River flows and systems

Lakes and reservoirs, coasts and beaches
Mountainous, wild, primitive and
natural environment

Estuaries and floodplains

Other areas of natural beauty

Archaeological, historical and cultural Archaeological resources
areas Historical resources

Cultural resources
Biological, geological Biological resources (flora and fauna)
and environmental component Geological resources

Ecological resources
Quality Water quality

Air quality

Soil quality

Aesthetic (landscape) quality or scenery
Observations related to all groups of Resource Uniqueness Considerations
components Considerations of irreversible changes

will be acceptable. Considering that this project is a continuation of the
Republika Srpska gasification program, the state of the environment will not
be significantly affected, and impacts on environmental quality will be under
continuous monitoring.

Some environmental impacts can be measured quantitatively in cer-
tain physical and ecological units, while for those impacts that cannot be
measured directly, qualitative (descriptive) methods are used. Some envi-
ronmental qualities may depend on other indicators and therefore require
combined evaluation. For a successful assessment of variant solutions, it is
important to involve the public.

Environmental descriptions should be prepared for both situations (with
and without the project, using the recorded baseline environmental condi-
tion). All changes in the environment are evaluated, and the optimal solution
is chosen accordingly. Often, several criteria are highlighted for evaluating
environmental changes [73]:

* Physical criterion — defines critical values of certain environmental
variables above/below which problems occur (e.g., water or soil acidity,
nitrogen levels in water and soil, etc.),
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Table 3 Parameters to include in the evaluation of different project variants

Components Rating and evaluation categories

1. Water quality Dissolved oxygen, biochemical oxygen demand, total
organic carbon, biomass, phosphates, nitrates, salinity,
specific pollutants, temperature, pH, bacteria, viruses and

parasites

2. Amount of water Flow-water level, seasonal variations, flooding

3. Recreation Clean water, turbulence, color, smell, phenomena on the
water surface (waste, oil stains) and water quality
parameters

4. Soil quality Soil erosion, protection of beaches, removal of solid waste,

bare unimproved land, soil acidity

5. Air quality Sulfur oxides, nitrogen oxides, greenhouse gases, other
pollutants, particles

6. Aquatic ecosystems Breeding, migrations, maintenance of natural and genetic
heritage (especially for rare species)

7. Ecosystems on Earth Breeding, migrations, maintenance of natural and genetic

heritage (especially for rare species), vegetation and
vegetation systems

8. Undesirable and/or Salinity, poisoning, eutrophication.

irreversible changes

9. Exposure to natural Earthquakes, flood waves, hurricanes, geological anomalies
disasters

10. Aesthetic parameters Loss of a specific and rare scene, historical, cultural and

archaeological locations

11. Microclimate Reduction of frost/ice, appearance of fog, reduction of
temperature differences

12. Noise Construction activity, industry, power plants, traffic

* Life structure criterion — includes the (non)existence of mixed aquatic
and terrestrial life forms, which depend on water, air, or soil quality,

* Environmental standards — mandatory in most countries, and the variants
must comply with these standards,

* Regional environmental balance concept — related to the uniqueness of
resources affected by the project.

During the planning phase, the impact of infrastructure systems (includ-
ing gas pipelines) on the environment cannot be directly determined and
thus relies on various simulation and optimization models: hydrological,
hydraulic, water, soil, and air quality models, analog models, ecological
models, etc. [74].
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Social criterion — All energy systems and facilities, including gas pipeline
systems, should also be evaluated from a social perspective, assessing the
impact on human life and health. Traditional approaches to energy planning
assumed that society would adapt to the project over time, and sociological
studies were used only to address issues that might arise post-construction
(during the operational phase). Consequently, social considerations were not
part of the planning and execution process, and post-construction problems
could not be anticipated or mitigated in time. Gas pipelines during operation
do not generally pose hazards, except in cases of accidents. Fortunately,
the frequency and severity of natural gas accidents are significantly lower
compared to incidents involving, for example, liquid petroleum gas or urban
natural gas distribution pipelines, which are often caused by poor main-
tenance or damage from other activities. Landowners along the pipeline
route are entitled to compensation for lost value or restricted use of their
land. Distinctions are made between easement rights for buried pipelines
and full expropriation for aboveground structures, such as block stations,
MRS facilities, or access roads. If the pipeline crosses arable land, easement
agreements allow pipeline burial, and the land is restored after construction.
If crop areas are affected during construction, additional compensation may
apply. Agricultural land quality must be restored.

For permanent structures where the construction corridor matches the
operational corridor width (e.g., block stations, access roads), full expropria-
tion is necessary, as the land cannot return to its previous use.

Large technical interventions, especially involving aboveground struc-
tures, can create additional problems, such as population displacement,
leading to psychological issues, practical challenges in temporary and perma-
nent housing, organization of new residential areas, workplaces, and health
problems due to microclimate changes.

The procedure for evaluating technical solutions from a social perspective
can also be viewed in terms of the expected positive or negative welfare of
individuals (quality of life, i.e., fulfilment of their biological and derived
needs), as well as the welfare of society (population standards, the ability
of various subsystems and institutions to meet basic human needs, and the
social system as a whole).

A solution can be evaluated at different levels:

* Individual level — considers the welfare of an individual or their family,
i.e., quality of life. This is difficult to measure in concrete units; usually,
the unit of analysis is the individual and/or family. The impact of the
solution is assessed as favourable or unfavourable to their welfare.
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* Group level — also referred to as the quality-of-life level. This considers
the impact of the solution on the overall population of a specific area,
evaluating the number of positive and negative social impacts and their
distribution among the population. One way to evaluate this criterion is
to determine the range of satisfaction of basic needs across categories
such as nutrition, health, clothing, housing, education, income, etc.,
subdivide each category into levels, and determine the percentage of the
population at each level.

* Societal level — includes the level of subsystems and institutions, assess-
ing the impact of the solution on their functioning and on the social
system as a whole. The evaluation considers how the solution affects the
growth and development of the social system and other societal needs,
including self-awareness (ability to set and achieve goals), citizen partic-
ipation in decision-making, stability (resistance to change), legitimacy
(ensuring loyalty and motivation), and competence (efficiency).

There are multiple subsystems to consider: demographics, education,
government services, housing, legislation, social services, religion, recre-
ation, employment, income, communications, transport, etc.

Table 4 presents one possible structure for evaluating a variant from a
social perspective.

A prerequisite for applying multi-criteria analysis procedures is the deter-
mination of the combinations of selected criteria, weighting coefficients
(importance of the criteria), and the criteria function, whose variations allow
the observation of their impact on the selection of the optimal variant. When
establishing the importance of criteria, i.e., preferences, the desires and
intentions of the decision-maker are taken into account.

6.2.2.2 Forming a table for applying multi-criteria optimization
After analysing the variants according to the selected criteria, it is necessary
to create a table listing all variants and their evaluations according to all
chosen criteria/sub criteria, as shown in Table 5.

To enable a more effective approach to the multi-criteria ranking of
variants, as well as the possibility to analyse results and draw conclusions on
specific indicators in the evaluation of individual variant routes, the criteria
are divided into sub criteria. For complex criteria that can be evaluated from
multiple aspects, dividing them into sub criteria significantly facilitates the
evaluation of variants.

In parallel with Table 5, a table of criteria weights must also be created
(Table 6). The weight of a criterion represents the importance of that specific
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Table 4 Evaluation of a variant from a social aspect

Individual Well-being Welfare of Society

Individual and family Subsystem and institution level Level of social system

level

1. Nutrition 1. Demographic characteristics 1. System development
and growth

2. Health 2. Education 2. System awareness

(O8]

3. Clothing and housing . State management and services 3. Participation in

decision-making

4. Security 4. Housing 4. Stability

5. Socio-economic status 5. Law and justice 5. Legitimacy

6. Education 6. Community/welfare services 6. Competencies
7. Income 7. Religion

8. Employment 8. Culture

9. Preferences and 9. Recreation

interactions

10. Communication and 10. Informal groups

transportation

11. Personal satisfaction 11. Employment

12. Real income

13. Social security and cash
benefits

14. Communications
15. Transport / traffic
16. Economic basis

criterion. The final selection of the optimal variant route depends on the
accurate determination of the weighting coefficients of the criteria.

It is also important to note that there are several ways to determine the
weight of a criterion:

* Criterion weights can be described using ratings within a chosen scale
(e.g., 1 to5or1 to 10, where 1 represents the least important criterion,
and 5 or 10 represents the most important criterion);

* A relative relationship can be introduced (the least significant criterion
is assigned a weight of 1, and other criteria can have the same weight,
indicating equal importance, or the weight can be doubled to 2, meaning
the criterion is twice as important as the least significant one; the
procedure can continue with tripling the weight, and so on);

* Relative criterion weights can sometimes be expressed linguistically
(e.g., a criterion is described as very important, moderately important,
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Table 5 The form of the table showing the result of evaluating the variants according to the

selected criteria

Criteria for Evaluating

Variant Solutions

Sub-criteria
(Unit of Measure)

n—1 n

Criterion of
assessment
of goal
satisfaction

Economic
and financial
criteria

Ecological
criterion

CAGS

EF

EC

Route length
(km)

Altitude /
slopes (m/rad)
Geological-
seismic risk
Technical
compatibility
Availability of
service roads
Estimated
construction
cost
(EUR/km)
Land
expropriation
costs (EUR)
Maintenance
and
accessibility
costs
(EUR/Year)
Economic
multiplier
effects
Project
realization
time (Year)
Distance from
protected
areas (km)
Impact on
waterways and
groundwater
Impact on
agricultural
land

CAGS,

CAGS;

CAGS3

CAGS4

CAGSs5

EF,;

EF2

EF3

EF,4

EF5

EC

EC2

EC3

(Continued)
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Table 5 Continued
Criteria for Evaluating Sub-criteria Variant

Variant Solutions (Unit of Measure) 1 2 ... 7 ... n—1 n

Emissions and ECy4
noise during
construction
Possibility of ECs
rehabilitation

Social SC Number of SCy

criterion settlements in
the 0-500 m
zone
Number of SC,
affected
plots/owners
Compliance SCs
with spatial
and regulatory
plans
Social accept- SCy
ability/public
support
Cultural and SCs
historical
heritage

or slightly important, etc., or subjective opinions on the importance
of criteria can be simultaneously expressed in statements such as: “all
criteria are equally important, except the criterion that is twice as impor-
tant as the others,” or the importance can be expressed linguistically by
comparing pairs of criteria: “criteria A and B are equally important,” or
“criterion A is absolutely more important than criterion B”), etc.

Linguistic statements about the importance of criteria should be converted
into numerical values using simple standardized scales, or fuzzy numbers
(defined on standardized domains and with standardized membership func-
tions) as a way to express the inherent uncertainty associated with these
problem parameters.

The generally accepted scale for converting linguistic statements about
the importance of criteria into numerical values, or for quantifying the
pairwise relationships between criteria, is the scale introduced by Saaty,
defined on the interval {9,1/9} and based on a fundamental scale. Saaty
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Table 6 The form of the table showing the weight of the criteria adopted

Criterion Sub Criterion  Criteria Weight ~ Sub-criteria Weight
Criterion of assessment of CAGS, 0.30 0.25
goal satisfaction CAGS: 0.20
CAGS3 0.20
CAGS4 0.15
CAGSs5 0.20
Economic and financial criteria EF: 0.35 0.35
EF. 0.15
EF3 0.15
EF4 0.10
EFs 0.25
Ecological criterion EK; 0.20 0.25
EKo> 0.25
EKj3 0.20
EK4 0.15
EKj5 0.15
Social criterion SCy 0.15 0.25
SCa 0.20
SCs 0.25
SCy 0.15
SCs 0.15

explains the choice of this interval and why it is neither larger nor smaller
using a psychological theory related to the stimulus of measurable quantities,
proposed by Weber in 1846. According to this theory, humans cannot make
distinctions from an unlimited set of data — they lack the “instrument” to
differentiate between two very close values. This means the value s must be
increased by a minimal amount As to reach a point where human senses can
distinguish between s and s + As. Based on a mathematical model derived
from this theory, Saaty formulated a scale of five values and four intermediate
values, with nine (9) as the upper limit and one (1) as the lower limit. The set
of values {9, 1/9} represents the reciprocal values of the interval {9,1/9}.
The relative weights of criteria play a decisive role in decision-making
and in selecting the optimal solution. The methods most commonly used to
determine the weight of each criterion are survey-based, with the Delphi
method being the most widely used and developed. The Delphi method,
developed in the early 1960s at the RAND Corporation (Santa Monica,
California), is one of the basic forecasting methods and the best-known
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approach for obtaining expert evaluations, significantly improving classical
forecasting by jointly consulting a group of specialists on the problem under
study. In essence, it is a methodologically organized use of expert knowledge
to predict future conditions [75].

When evaluating weight values, it is necessary to ensure that the total
sum of weights equals 1. If a particular goal/criterion is deemed irrelevant to
the selection of an alternative, it is assigned a weight of 0. Each evaluator
is autonomous in assessing the weight of goals/criteria. Another way to
determine the relative weights of criteria is based on the opinion and decision
of the analyst [76].

The importance (weight coefficients) of sub criteria within a thematic
group of criteria is compared and normalized so that the total possible sum
within each group equals 100%. Similarly, the importance of individual
thematic groups of criteria is normalized so that their sum equals 100%.

The obtained ratings of individual sub criteria via the survey question-
naire are then entered into the formula for calculating the importance of

criteria: n
’ Z;n:1 > k1 Wik
from which it follows: ok
J
W) = =, “)
’ Z;ﬂzl Pik

where:

* n is the total number of experts,

* m is the total number of sub criteria within a thematic group of criteria
or the total number of thematic groups of criteria,

* pjk is the score of the k-th expert for the j-th criterion,

* wjy, is the importance calculated for the j-th sub criterion (or thematic
group of criteria) by the k-th expert,

* wj is the importance calculated for the j-th criterion (or thematic group
of criteria).

When entering the weight coefficients of individual sub criteria and
thematic groups of criteria into computer programs for multi-criteria ranking
of variants, their values are normalized. For instance, if the scores are entered
on a scale from 1 to 10, normalization converts these scores into values whose
sum within each group equals 100.

Tables 5 and 6 provide the basic data required to apply any multi-criteria
optimization procedure.
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7 Results and Discussion of the Results

7.1 Planned Effects of Implementation

The construction of distribution gas pipelines with accompanying above-
ground infrastructure represents a capital investment and one of the largest
in this part of the Republic of Srpska. The main objectives of implementing
the gasification of the eastern part of the Republic of Srpska and some of its
characteristics can be described as follows:

A. The implementation of gasification in this part of the Republic of Srpska
will provide a new primary energy source (natural gas), which further
enables the optimization of selecting the most economical form for the
use of primary energy for households, industrial consumers, and general
consumption.

B. The analysis of natural gas reserves and the growth of its utilization in
the region, along with other conditions, justify the construction of this
gas pipeline system.

C. The construction of new gas pipeline routes will meet public interest and
broader social needs of the local communities covered by the project,
as well as ensure continuity in the operation of industrial facilities, the
development of tourism, and the further development of agricultural
activities in the area.

D. The construction of new gas pipelines should enable increased direct
employment (19 workers), and the implementation of such facilities
involves the engagement of various economic entities from the surround-
ing area, especially during the construction phase.

E. The implementation of gasification in the eastern part of the Republic
of Srpska will have a positive impact on its economy and finances more
broadly, through contributions to budgetary and extra-budgetary funds.

The implementation of this project will also have a positive impact on:

(a) the development of local communities included in the project (munici-
palities: Istoéno Novo Sarajevo, Istoéna IlidZa, Pale, Trnovo — Republic
of Srpska, §ekoviéi, Vlasenica, Han Pijesak, and Miliéi, as well as two
tourist centres: OC Jahorina and Ski Center Igrista);

(b) an increase in the number of jobs (this project envisions the employment
of 19 workers on a permanent basis, with occasional engagement of
additional personnel);

(c) engagement of local workforce and economic entities, contractors (for
construction, mechanical, and other works, the Investor primarily plans
to engage domestic companies);
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(d) through socially responsible business practices, the Investor will provide
assistance to socially vulnerable categories of the population in the local
community and will also offer scholarships and further employment for
a certain number of professionals;

(e) from an environmental perspective, this facility will not have a signif-
icant impact on the environment during either the construction phase
or the operational phase, as all phases of design, construction, and
operation will fully comply with environmental protection regulations
of the Republic of Srpska, as well as EU standards wherever possible;

(f) modern technologies will be applied, ensuring maximum utilization and
efficiency, which will positively contribute to the technological develop-
ment of the Republic of Srpska (implementation of cogeneration and/or
trigeneration energy systems instead of conventional district heating
plants, implementation of hybrid systems based on the participation of
natural gas and other forms of renewable energy sources, etc.).

7.2 Hierarchical Structure of Objectives

7.2.1 Group of sub-objectives: social benefit

For the purpose of rational and functional organization of life in the munic-
ipalities covered by the Project Assignment for the development of the
Gasification Study of the eastern part of the Republic of Srpska, it is neces-
sary to ensure a balanced development, distribution, and structure of central
functions, which include social activities and service functions. This group
includes the following sub-objectives:

* Construction of the facility with consideration for the end user;

* Selection of the most suitable location, taking into account spatial
constraints and adopted strategic development documents of local com-
munities;

 Taking into account the area surrounding the facility, which inevitably
forms an integral part of the infrastructure itself.

7.2.2 Group of sub-objectives: functionality
The sub-objectives within this group primarily refer to compliance with
construction standards:

* Ensure the functionality of the gas pipeline system;

* Within the project, design connections to the urban road network and
position the facility in such a way as to avoid as many conflict points as
possible when entering/exiting the roadway.
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7.2.3 Group of sub-objectives: economic and financial
feasibility

Economic and financial analysis assesses the contribution of an investment
project to the overall economic development of a given area and beyond, as
well as to the quality of life of a region or an entire country. It is conducted
on behalf of society, not just the investor, as is the case with financial
analysis. It includes both benefits and social costs that are not accounted
for in the financial analysis. This also incorporates external factors that lead
to benefits and social costs omitted from the financial analysis, as they do
not generate actual monetary expenditures or revenues, such as environ-
mental impacts. This is why such analyses are essential for infrastructure
projects.

The purpose of infrastructure projects and public utility construction
projects, unlike commercial projects whose sole goal is to increase the value
of invested capital, is to support the development level of the economy in
a community, an underdeveloped region (such as the eastern part of the
Republic of Srpska), or the entire country, to provide public services, or to
achieve another general purpose. From the perspective of the Republic of
Srpska, the purpose is justified if the total benefit from constructing such
facilities exceeds the resources invested.

7.2.4 Group of sub-goals: minimal spatial integrity

disruption
Sub-goals in this group primarily relate to the interaction between the facility
and its surroundings:

» Take into account the development and load coefficients of locations
for distribution routes and above-ground facilities, both due to legal
regulations and to better integrate the facility into the surrounding area
within the overall urban planning framework;

* Implement construction in a manner that correlates with the climatic
regions where the routes are being built;

* Strive to minimize disruption to the natural state of the environment
during construction.

7.3 Selection of Criteria and Assignment of Criteria Weights for
Analysis

The problem under consideration is the selection of optimal routes for dis-
tribution gas pipelines along with their above-ground infrastructure. Special
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conditions for choosing gas pipeline routes are defined in the applicable
regulations for the implementation of high-, medium-, and low-pressure gas
pipelines. Setting goals is one of the skills used both in project definition
and in everyday personal life. One of the most well-known and probably
most successful approaches to goal setting is called SMART (an acronym
formed from several English adjectives, meaning the goal should be: Specific,
Measurable, Achievable/Attainable, Realistic/Relevant, and Time-bound).
Regarding the gasification of Toplane — INS a.d. Istoeno Novo Sarajevo
and the expansion of the PET distribution network in the area of Istoena
IlidZa, in addition to the environmental objectives achieved by switching to
a new energy source — natural gas — one of the goals is also to increase
energy efficiency, through savings in electricity for heating, cooling, and
air conditioning, as well as other energy sources previously used (wood,
etc.). As for the ranking of alternative solutions related to the scope of
reconstruction and expansion of the gas network, along with the gasification
of Toplane — INS a.d. Istoeno Novo Sarajevo, in the municipalities of Istoeno
Novo Sarajevo and Istoena IlidZa, the locations have already been defined
based on the location of the plant itself and the already constructed parts
of the existing gas network. Therefore, there is no need for the analysis of
additional alternative solutions.

7.3.1 Selection of criteria for analysis

The selection of criteria is a fundamental task in the analysis process, and
the quality of future decisions will depend on this choice. In order to rank
a proposed solution variant, it is necessary to define the criteria according
to which the options will be optimally classified. In most engineering tasks
related to infrastructure projects, it is not possible to define a single dominant
criterion. This often leads to the use of multi-criteria analysis. The process of
selecting criteria is the most important step when applying ranking methods.
There is no universal classification of criteria; for each specific problem, it
is necessary to choose criteria that highlight the most important aspects of
the objective optimum. At this stage, it is important to consider how the
details under analysis influence the choice of criteria. The criteria chosen
should ideally be measurable. The basic principle when selecting criteria
is that they can be quantified, meaning that available data about locations
can be evaluated based on them. However, there is also a set of criteria
that are not directly measurable, whose effects on the micro-location cannot
be exactly quantified, but can only be assessed through certain indirect
indicators.
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The fundamental criteria and conditions applied in the process of com-
paring and selecting micro-locations for gas pipeline routes within a selected
macro-location are as follows:

* Space (route) required for accommodation of facilities and equipment
of distribution gas pipelines — To place a facility in a given area, it is
necessary to define the size of that area based on the known dimensions
of individual equipment and structures, as well as their interconnections.
For a gas pipeline system, a corridor of 30 m width and an area of
30 x 50 m is required for aboveground GMRS and MROS facilities.

* Occupation of the micro-location — This criterion considers whether
the micro-location is occupied by industrial or other structures, mineral
resource deposits, settlements, national parks, archaeological sites, etc.
Such areas are usually excluded from consideration as potential block
locations after assessing the feasibility and consequences of relocation,
especially in the case of populated areas.

* Topographical conditions — Facilities of this type, due to the size of
their plateau and the requirements for foundation, should not be located
on slopes greater than 5%, in dry riverbeds, cuts, passes, or elevated
plateaus relative to the surroundings.

* Seismic conditions and engineering-geological characteristics of soil —
Poor seismic conditions or unsuitable engineering-geological character-
istics disqualify certain locations. It is recommended to perform seismic
micro regionalization to obtain accurate insights into seismic character-
istics. Locations in high-risk seismic zones, on known active faults, or
with landslide-prone soil are excluded.

* Conditions for transport and delivery of materials and equipment —
Transporting large quantities of equipment (steel pipes and other metal
or construction materials) over long distances is economically and
operationally unfavourable. Locations with longer transport routes are
ranked lower. The cost and complexity of transportation also influence
location selection.

» Water supply conditions and availability — Certain amounts of water are
required for operation and maintenance. Micro-locations are evaluated
based on hydrological characteristics and water resource plans. Loca-
tions with poor water availability are disqualified compared to locations
with favourable water supply.

» Connection to the electricity network — Locations with more complex
or expensive connections to the transmission or distribution network are
less favourable.
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* Connection to public transportation infrastructure — The complexity and
length of access roads or rail connections influence investment and
operational costs. Locations with longer or more complex connections
are ranked lower.

* Ecological conditions — Differences between micro-locations are
assessed in terms of proximity to other pollution sources, prevail-
ing wind directions, meteorological conditions, and the presence of
protected areas, national parks, or reserves. Locations where the gas
pipeline system would have a higher environmental impact are rated
lower. In any case, new distribution pipelines must not significantly alter
ecological conditions and must remain within legally permitted limits.

» Economic conditions — Micro-locations are ranked based on differences
in investment and other costs arising from the specific characteristics of
each location.

* Social justification, population, and development — The impact of the
thermal energy facility on the broader community must be assessed,
including local economic development, employment effects, and overall
improvement of social standards.

7.3.2 Assignment of weights and standardization of criteria

The importance of each criterion is assessed to determine which are more or
less significant, and based on this assessment, a score or weight is assigned.
Weights are particularly used for non-measurable criteria. Standardization of
criteria involves ranking factors on a common scale so that similar criteria
can be compared. For the problem of selecting gas pipeline route locations,
criteria are grouped into four categories: social, technical-technological,
economic-financial, and ecological. Assigning a type of preference formal-
izes the decision-maker’s behaviour, allowing entry of appropriate absolute
values that are otherwise not directly comparable.

According to the adopted criteria and conditions for selecting micro-
locations for distribution gas pipeline facilities, it is necessary to choose areas
from within the outlined macro-location that meet the required criteria and
conditions, i.e., areas suitable for accommodating pipeline system facilities.
Within these areas, specific potential micro-locations are selected, which
are then compared and ranked through further analysis to identify the most
favourable site.

In the evaluation process, two variants were considered:

* Variant I — routes previously defined by the Investor’s presentation
(Figures 6 and 8),
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Figure 6 Layout plan for Variant I: Distribution gas pipeline from P.P. valve to MROS
Jahorina (L = 11,121 m).

* Variant II — routes based on initial paths from the presentation while
considering limiting criteria (Figures 7 and 9)

Notable deviations include the location for GMRS Vlasenica, as well as
route adjustments due to overlap with 110 kV transmission lines and higher
voltage lines. Spatial occupation of the previously mentioned locations was
also a limiting factor.

An important step in the analysis of possible micro-locations is defining
the conditions for evaluating the impact of the facility on the environment,
collectively referred to as ecological criteria. In this phase, ecological criteria
are used to compare and rank potential micro-locations in terms of environ-
mental impact. When combined with other location parameters, this provides
the final result.

Ecological conditions are understood as a set of parameters defining the
interactions between the facility and its surroundings. These include:

* Necessary criteria for defining technical solutions for gas pipeline
systems.

* Permissible levels of changes in environmental media (air, water, soil,
living organisms, and material assets).

Through the appropriate selection of technical solutions, it is sometimes
possible to equalize the total environmental impacts of different locations,
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Figure 7 Layout plan for Variant II: Distribution gas pipeline from P.P. valve to MROS
Jahorina (L = 11,500 m).

allowing them to be ranked by the scope of interventions and required
investments. However, in certain situations, due to existing conditions, it
may be impossible to fit the proposed facility into the site without exceeding
acceptable levels of environmental impact.

Key parameters included under ecological criteria are:

* Ecological capacity of the site — assesses the ability to accommodate a
potential polluting facility in the area, practically defining the maximum
permissible level of pollution.

 Natural characteristics of the area — considers terrain, climate, and other
environmental features relevant to location suitability.

* Characteristics of the built environment — existing infrastructure and
land use that may affect or constrain facility placement.

Ecological capacity is determined either through:

* A cadastre of polluters in the area, used to calculate the background
pollution level, or

* Analysis of measured pollution levels for specific pollutants at estab-
lished monitoring points over a sufficiently long period.

Legally accepted norms, defining maximum permissible concentrations
of pollutants in air, water, and soil, also play a crucial role in establishing
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Figure 8 Layout plan for Variant I (combined): Distribution gas pipelines: Sekoviéi —
Vlasenica — Mili¢i (L = 12,580 m) and Vlasenica — Igriste (L = 5,869 m), IgriSte — Han
Pijesak (L = 8,273 m).

ecological capacity. Existing sources of pollution in the area contribute to
the background pollution level, which is considered when assessing potential
environmental impacts.

Within the framework of ecological conditions, the natural characteristics
of the area of interest, or the natural characteristics of specific locations, are
analysed at all stages of site selection. During the macro-location identifi-
cation phase, areas under nature protection (national parks, etc.) or in their
immediate vicinity, as well as recreational areas, are eliminated. Areas prone
to extreme meteorological events are also excluded.

In the comparison and ranking phase of potential locations, the following
parameters are analysed within the ecological criteria:

» Meteorological parameters that define the dispersion of gaseous efflu-
ents in the atmosphere (primarily the distribution of wind direction and
speed, atmospheric stability, and temperature inversions);

» Topographical conditions that influence the dispersion of gaseous efflu-
ents in the atmosphere;

» Hydrological parameters that define the dispersion of liquid pollutants
and waste heat in surface waters;
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Figure 9 Layout plan for Variant II (combined): Distribution gas pipelines: Sekoviéi —
Vlasenica — Mili¢i (L = 12,932 m) and Vlasenica — Igriste (L = 4,864 m), IgriSte — Han
Pijesak (L = 8,393 m).

* Hydrogeological parameters that define the dispersion of pollutants in
groundwater (primarily groundwater levels and their usage, as well as
characteristics of the aquifer layer with respect to pollutant migration);

* General characteristics of flora and fauna in the area affected by the
facility.

Within the characteristics of the built environment, or the characteristics
of the surrounding area, the following parameters are analysed:

* Population density around the location: This identifies the proximity
of settlements and the density of population in specific directions; the
relationship between sectors with the highest population density and the
prevailing wind direction is analysed.

* Land use in the vicinity of the facility: This is analysed through the
following parameters:

o Proximity to other industrial facilities,

o Proximity to the road network,

o Use of land for agricultural purposes,

o Proximity to hospitals, schools, and other specific facilities,
o Use of surface waters (fishing, recreation, drinking water),
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o Use of groundwater for water supply,
o Proximity to cultural facilities (cultural-historical monuments,
etc.).

Social justification, settlement, and development. Within these analyses,
the potential development of the area, population trends, qualification struc-
ture of the population, housing conditions and residential buildings, social
infrastructure facilities, and similar aspects are considered. Factors such as
the proximity and characteristics of the nearest settlements, as well as the
state and development of economic activities, are taken into account. In the
immediate vicinity of the pipeline routes, with the exception of GMRS and
MROS facility sites, there are no major industrial facilities. The population
is primarily engaged in agricultural activities. The qualification structure of
the population is inadequate for the needs of the gas pipeline system facil-
ities. Since social infrastructure facilities are underdeveloped and attracting
qualified personnel is difficult due to the lack of built facilities that could
draw skilled workers, securing the necessary professional staff would require
sourcing from more developed and larger urban industrial centres. This,
in turn, would involve increased migration of the population and higher
investments in social infrastructure. On the other hand, the construction of
such a facility would significantly stimulate economic development in the
area, as well as support the supply of the commercial network and the
growth of small businesses. Based on previous analyses, it is assessed that the
construction of such a gas pipeline complex would have a significant impact
on economic development, so the effects on the overall economic and socio-
economic development of the area are also notable, especially considering the
changes that have occurred since 1990. Regarding these criteria, based on all
the aforementioned points, it can be concluded that the locations are roughly
equivalent due to the relatively small area of interest.

7.4 Analysis of Variant Solutions for High-Pressure Gas Pipeline
Routes (Vlasenica, Mili¢i, IgrisSta, and Han Pijesak)

7.4.1 Presentation of Variant |

The initially proposed gas pipeline route, based on the preliminary presenta-
tion “Gasification of the Eastern Part of the Republic of Srpska,” consists of
sections (Variant I), shown in Figure 7: the route from the BS connection
to the main gas pipeline — GMRS Vlasenica, the route from the GMRS
Vlasenica branch — GMRS Miliéi, the route GMRS Vlasenica — MROS
Igriste, and the route MROS Igriste — MROS Han Pijesak.
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Figure 11 Issues on the pipeline segment from Vlasenica to Ski Center IgriSte.

The drawbacks related to this variant solution, which concern existing or
planned land use based on the submitted spatial-planning documentation for
each municipality, are:

* The planned position for GMRS Vlasenica is within the RP Industrial
Zone Kula Zeban; three pipeline sections diverge from the proposed
GMRS, see Figure 10.

* On the planned route from Vlasenica to IgriSte, there are several
buildings, 4-5 of which are directly on the pipeline route, see Figure 11.

* On one short section, the pipeline passes between two sacred sites,
which could be identified as a single cemetery parcel, see Figure 11.

7.4.2 Presentation of Variant Il
The proposed gas pipeline route consists of sections (Variant II), Fig-
ure 9: route — BS connection to the main gas pipeline — GMRS Vlasenica,
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Figure 12 Planned location for GMRS Vlasenica, as well as the pipeline sections towards
IgriSte and Mili¢i, according to Variant II.

route — Branch to GMRS Vlasenica — GMRS Mili¢i, route — GMRS
Vlasenica — MROS Igriste, and route — MROS Igriste — MROS Han Pijesak.

Characteristics and some potential drawbacks related to this variant solu-
tion refer to the option of changing the originally analysed location of GMRS
Vlasenica:

* The planned position for GMRS Vlasenica, according to Variant II,
as well as the pipeline sections towards IgriSte and Miliéi, are placed
outside areas with a high built-up coefficient (Figure 12);

* To avoid the area covered by RP Kula Zeban, the Vlasenica-Miliéi
section partially passes through a plot that can be identified as an old
cemetery, while the majority of that site is bypassed;

* Any potential impossibility of constructing the pipeline along the men-
tioned section could be overcome by modifying the regulatory plan to
provide a corridor for the pipeline (Figure 13).

7.4.3 Comparative analysis of Variant | and Variant Il
The lengths of individual sections and other characteristics are provided in
Table 7.

The comparative layout of the selected routes according to Variant I and
Variant II is shown in Figure 14.

The deviations in the spatial arrangement of individual sections are
related to the following (Figure 15).
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Figure 13 Contested section of the Vlasenica — Mili¢i pipeline route.

Table 7 Presentation of lengths of individual sections of gas distribution pipelines and other

characteristics

Variant I Variant IT
Section (Route) of the Gas Horizontal =~ Actual length, Horizontal Actual length,
Distribution Pipeline length, m approx. m length, m approx. m
Blockade station — 12,580 13,000 11,766 12,300
connection to the main gas
pipeline — GMRS Vlasenica
Separation for GMRS 11,121 11,500 12,932 13,200
Vlasenica — GMRS Miliéi
GMRS Vlasenica — MROS 5,869 6,000 4,864 5,100
Igriste
MROS Igriste —- MROS Han 8,273 8,500 8,393 8,600

Pijesak

The proposed sections Vlasenica — IgriSte differ in their initial alignment:

* The exact location of MROS Igriste needs to be coordinated in accor-
dance with spatial planning documentation.
* In Variant II, MROS Igriste is positioned outside the platform assumed
to accommodate other facilities.
* In Variant II, the final part of the section towards Miliéi is positioned
closer to the main traffic routes. Both sections are applicable in Variant

I and Variant II.
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Figure 14 Comparative layout of the gas pipeline routes according to Variant I and Variant
II.

7.4.4 Vertical profiles of the pipeline sections (Google Earth Pro)
Figure 16 shows the vertical profiles of the pipeline sections.

It should be noted that, due to difficulties in obtaining appropriately scaled
maps from the Investor, the pipeline route analysis was carried out using the
Google Earth Pro environment.

7.4.5 Analysis of high-pressure gas pipeline route alternatives
(Pale—Jahorina)

7.4.5.1 Route according to Variant |

The originally proposed route consists of the section MRS KPG/GMRS

Pale — MROS Jahorina, shown in Figure 6.

A potential drawback of this alternative solution relates to the pipeline
section in the area of the Vlahoviéi settlement and Jahorinska DvoriSta,
shown in Figure 16. Due to the high density of existing development in this
area, the pipeline route cannot follow a continuous alignment without passing
in close proximity to or directly over existing structures.

7.4.5.2 Route according to Variant Il
The proposed gas pipeline route consists of the sections MRS-KPG/GMRS
Pale — MROS Jahorina, shown in Figure 17.
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Figure 15 Deviations in the spatial arrangement of individual sections for Variants I and II.

7.4.5.3 Comparative analysis of Variant | and Variant Il

The lengths of the sections and other characteristics are presented in Table 8.
The comparative layout of the Pale — Jahorina routes is shown in Fig-

ure 18. The deviations in spatial arrangement between the two variants are as

follows (Figure 19):

* In Variant II, the route is significantly shifted to bypass structures in the
settlement of Vlahovic¢i and the entire settlement of Jahorinska Dvorista.
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Figure 17 Potential Drawback on the Pale — Jahorina Route According to Variant I.

* In the section of the pipeline running through the urban part of Pale, both
variants face certain difficulties in properly situating the pipeline route,
as 3—4 commercial buildings are located directly on or near the path.

* Additionally, this route passes through plots that are not public areas,
which will require property-related resolutions.
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Table 8 Overview of the Pale — Jahorina distribution pipeline section length and other
characteristics

Variant I Variant I1
Section (Route) of the Gas Horizontal =~ Actual length, Horizontal =~ Actual length,
Distribution Pipeline length, m approx. m length, m approx. m
MRS KPG/GMRS Pale — 9,226 9,600 9,333 9,900

MROS Jahorina

Figure 18 Comparative Layout of the Pale — Jahorina Gas Pipeline Routes According to
Variant I and Variant 1T

7.4.5.4 Vertical profiles of the Pale-Jahorina section (Google
Earth Pro)

Similar to the notes provided for Figure 16, Figure 20 shows the vertical

profile of the Pale—Jahorina pipeline section for Variant [ and Variant II.

7.5 Ranking and Selection of Potential Micro locations from the
Perspective of Selected Pipeline Implementation Scenarios

The construction of a concrete analytical model for solving problems in con-
struction begins with defining the level to which the model applies. That is,
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Figure 19 Illustration of Issues Along the Defined Pale — Jahorina Routes According to
Variant I and Variant II.

Route Variant I: MRS
KPG/GMRS Pale —
MROS Jahorina

Route Variant Il: MRS
KPG/GMRS Pale —
MROS Jahorina

Figure 20 Vertical profiles of the Pale—Jahorina section (Google Earth Pro).

for the strategic decision-making level, the set of criteria and the generation
of actions (alternatives) will certainly follow a different procedure compared
to lower decision-making levels. If the division into strategic and tactical
levels is accepted (where the tactical level is not considered in this context
because a positive stance on gasification is already reflected in strategic and
planning documents, as previously noted), then the strategic decision-making
level can adopt a macro-territorial approach in defining actions, as well as
a time horizon of 3 to 5 years. For lower decision-making levels, a meso-
and micro-territorial approach is characteristic, specifically concerning the
territory of a regional unit (the eastern part of the Republic of Srpska) or a
part of it (municipalities of the eastern part of the Republic of Srpska included
in the project assignment for the Gasification Study of the eastern part of
the Republic of Srpska, and individual municipalities or parts thereof), with
timeframes shorter than 3 years, down to several months.
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In addition to “territory” and “time period,” a number of other param-
eters can be used at the tactical and operational decision-making levels
to generate actions (e.g., construction execution technology, prefabrication
works, specific parts of the gasification project not covered by this Study
but of high importance, such as the implementation of municipal distribution
networks, companies assigned to perform specific tasks, expected economic
and financial outcomes, etc.).

In defining criteria, the so-called “target analysis” is highly useful, i.e., the
analysis of objectives that are intended to be achieved by solving the defined
problem. Naturally, even in target analysis, it is necessary to select the level
to which the model applies, especially because, at a higher level, some objec-
tives are introduced (come) from the external environment. Achieving the set
objectives is a basic prerequisite of any decision-making process. However,
the process of defining objectives is often arduous because decision-makers
may believe their objectives are entirely clear, or they may be under pressure
to make pre-recognized decisions. In general, there is a lack of a structured
approach that would enable efficient and rapid systemic analysis of objec-
tives, making experience and teamwork, alongside methodology, the best
guarantee of success.

A common situation in practice is the occurrence of goal conflicts at
the strategic level. It often happens that objectives coming from the exter-
nal environment conflict with objectives generated within the system. This
conflict further extends to criteria, which are often in conflicting positions.
The conflicting nature of criteria is caused by the “poorly structured” nature
of the problem, and it can be concluded that a fundamental characteristic
of “normal” (everyday) problems is the conflict of dominant criteria (for
example, if a product is high-quality, it is usually expensive; or if a product
is technologically sophisticated, its maintenance is more demanding and
complex, etc.). The very presence of conflicting criteria justifies the use
of ranking methods or multi-criteria analysis methods, because “classical”
methods, including intuitive decision-making, cannot determine the optimal
solution to the problem. As already noted, criteria comprehensively model the
characteristics of the problem, and by assigning appropriate weights, the pref-
erences of decision-makers can also be expressed numerically. Criteria also
represent a measure of system characteristics, such as economy, effectiveness
and efficiency, full employment, functionality, etc., which are intended to be
optimized in order to satisfy the set objectives related to the gasification
of this part of the Republic of Srpska. Most authors who have studied
the application of multi-criteria analysis for the evaluation of investment
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projects — similar to its use in the TE Stanari project for multi-criteria
micro location selection — typically classify criteria into four or five groups:
economic-financial criteria, technical-technological criteria, socio-political
criteria, and ecological criteria, or alternatively with a separate category for
safety criteria (which are particularly important for pipeline routes). Equal or
different sums of weights are usually assigned to these groups of criteria, and
within each group, the distribution of weights to individual criteria is most
often determined through expert team surveys or based on experience with
similar facilities or equipment. Some authors applied ranking methods and
emphasized the need to assign greater weights to the ecological criteria and
to criteria related to legislation and legal regulation. In order for all criteria
to be measurable and treated equally, they need to be incorporated into the
evaluation process (not all criteria are directly quantitatively measurable).
For this reason, such problems are best solved using multi-criteria methods,
which fully satisfy these requirements.

7.5.1 Scenarios, weights, and programmatic solutions
It is always desirable to determine weight values through a systematic anal-
ysis involving a wide circle of experts, direct participants, and all other
interested stakeholders. This also includes an appropriate sensitivity analysis
of the obtained solution. The alignment of weight values for groups of
criteria and individual criteria, as well as the evaluation of potential locations
according to the proposed criteria, was conducted based on the assessment
of a group of experts. For all adopted criteria, it was necessary to define
weight values, where certain criteria were given priority over others. A weight
value can significantly affect the acceptability of a given action, indicating the
extent to which each criterion contributes to determining the priority location.
After determining the weight values for the criteria, the criterion values
for each potential location were assessed. In this example, qualitative evalu-
ation on a scale from 1 to 10 was applied to all numerically non-measurable
criteria. Measurable criteria were taken according to their calculated val-
ues. In the first economic scenario, economic criteria were given priority,
while sociological criteria were secondary and therefore assigned a lower
weight. Conversely, in the second scenario, social (sociological) criteria were
emphasized, while the importance of economic criteria was reduced.

7.5.2 Results of the analysed problem
The assessment of the favourability of a particular micro location in compar-
ison to others, i.e., the ranking of the considered micro locations, is carried
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out based on the comparison of several mutually independent variables or
requirements. These variables often cannot be evaluated using a common
metric, and fulfilling them is in most cases a matter of compromise.

The comparative analysis was conducted by comparing predefined indi-
cators, considering the following factors:

*» Topographic conditions,

* Required space and land occupancy,

* Seismicity,

* Natural gas supply conditions,

* Conditions for transport and storage of equipment,
* Water supply conditions,

* Connection to the power grid,

¢ Road network connections,

* Ecological criteria,

e Economic conditions,

* General social justification and development

This evaluation was made under the assumption that for each specific
micro location, the most favourable technical-technological solution for
the gas pipeline with its associated above-ground facilities and necessary
infrastructure was selected.

The criteria used to assess the degree of fulfilment of these requirements
can be either:

* Quantitative, allowing evaluation and comparison of locations using
economic indicators, e.g., differences in investment costs or operating
expenses, which vary depending on the location of the gas pipeline
facility; or

* Qualitative, where the favourability of the location cannot be directly
expressed in economic terms and is evaluated descriptively.

Due to the different nature and impact of each criterion, a prior compara-
tive analysis covering all influential factors was conducted.

Considering each criterion individually in terms of its evaluation, it is
clear that they are not of equal significance, so it is necessary to determine
the relative importance of each criterion. Based on the overall assessment of
the importance of each individual criterion, ecological criteria were assigned
the highest rank, while economic criteria were already assessed through
conditions for the procurement of natural gas, materials, equipment, and
connection to the power grid within the comparative analysis. The impact
of these criteria is undeniably significant, primarily considering the clear
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Table 9 Summary of location ranking based on partial analyses for the two considered
variants

Add Rank

Parameter Variant I  Variant II
Topographical conditions, required space and occupation of space 2 1
Seismicity, proximity to faults, landslides, etc. 1,2 1,2
Conditions of delivery of materials and equipment 1,2 1,2
Conditions for depositing materials and equipment 2 1
Conditions of water supply — waste water 1,2 1,2
Conditions for connecting to the power grid 1,2 2
Conditions for connection to roads 1,2 1,2
Ecological criteria 1 2
Economic criteria 1 2
Social justification, population, development 1,2 1,2
Final ranking 1,2 1,2

decision not to construct a facility that is not environmentally acceptable or
that incurs higher costs than an alternative.

The second rank of significance was assigned to all other criteria. Within
the comparative analysis, only the qualitative aspects of these criteria were
evaluated, and for this reason, they were placed in the second rank of
importance, as shown in Table 9.

Based on the conducted analyses and their comprehensive consideration,
taking into account the defined criteria and their ranks of importance, it
is not possible to determine with sufficient reliability a scenario for the
implementation of the gas pipeline routes with the necessary above-ground
facilities.

7.5.3 Results of the analysed problem
Variant I and Variant II, with routes that consider the initial alignments from
the presentation and limiting criteria (Figures 5 to 8), providing a combined
overview of the routes for the municipalities of Sekoviéi, Vlasenica with
the IgriSta ski centre, Han Pijesak, and Mili¢i, are proposed as the starting
points for further consideration in the process of preparing project docu-
mentation (Figures 13 and 18). In this evaluation, Variant I is significantly
more favourable in terms of land acquisition, whereas Variant II requires
considerably higher funds as it primarily involves private property. Variant
I also require certain activities related to land-use conversion.

The planned intervention, which is the subject of this Study, involves
the establishment of gas pipeline routes with associated equipment within
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the local self-government units of the municipalities of Pale-Trnovo, which
includes the Jahorina Olympic Center, gekoviéi, Vlasenica, which includes
the Igrista ski center, Mili¢i, and Han Pijesak. During the construction of
this Gas Pipeline System with the associated equipment, no land outside the
immediate area will be temporarily occupied, meaning that the entire con-
struction process will not require the establishment of auxiliary construction
facilities, plants, access roads, or similar infrastructure in the surrounding
area.

7.6 Problems in Using Multi-Criteria Optimization

A significant drawback in applying the theoretical model of multi-criteria
optimization for route selection in practice is the lack of necessary data to
evaluate the variants against all selected criteria. Considering that economic-
financial indicators are always processed at the level of study analysis, it is
simplest to evaluate solutions from an economic-financial standpoint. In order
to even proceed with the construction of a gas pipeline system, it must be
economically viable for each of the considered variants. Problems arise when
evaluating solutions based on ecological and social criteria. For qualitative
assessment of solutions from an ecological perspective, it is necessary to
record the initial baseline state of existing pollution at the location, which
requires monitoring the quality of air, water, and soil for at least 1 to 2 years
(optimally over a period of 5 to 10 years). After obtaining and processing
the results, it is necessary to analyse all influential indicators relevant for
ecological evaluation. Subsequently, for each variant, it must be determined
how it changes the existing state, to what extent, and whether it alters it
positively (improving the existing condition) or negatively (worsening the
existing condition). If the considered variants have an equal impact according
to a particular criterion, it must be determined whether such an impact is
acceptable at all, or whether the criterion can be disregarded. It is important
to note that tolerance limits can be set for some criteria. If a variant exceeds
this limit, it can be eliminated before proceeding to selection based on multi-
criteria optimization. The problem in determining the ecological and social
impact of variant solutions at the level of preparing a study on the economic
feasibility of construction is the generally poor treatment of ecological and
social indicators, which results from insufficient monitoring and analysis of
these indicators. The consequence is an inadequate amount of data or data
with problematic reliability, which are necessary for solutions to be properly
evaluated from ecological and social perspectives.
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7.7 Comparison of the Applied Approach with Similar
Approaches in the Literature

Various approaches to gas pipeline routing that utilize multi-criteria decision-
making (MCDM) methods and GIS technologies have been identified in the
literature. Examples include the study by [57], which employs the AHP/GIS
approach for pipeline routing; [77], who combine LCPA + MCDM for
automated routing; as well as other studies emphasizing risk management
or network optimization. Notably, [78] analysed pipeline routing with an
emphasis on environmental compatibility, an aspect also considered in the
model presented in this paper. Unlike this study, where environmental cri-
teria are prioritized, the referenced model encompasses a broader spectrum
(technical + socioeconomic + environmental) but provides a somewhat less
detailed treatment of individual environmental factors. These criteria will be
further addressed within the framework of the forthcoming Environmental
Impact Assessment Study. In comparison, our approach focuses on the prob-
lem of selecting optimal routes for distribution gas pipelines together with
their above-ground infrastructure. Regarding the gasification of the Heating
Plant INS a.d. East Novo Sarajevo and the expansion of the PET distribution
network in the area of East IlidZa, in addition to the ecological benefits
achieved through the transition to a new energy source — natural gas — one
of the main objectives is to enhance energy efficiency, primarily by reducing
electricity consumption for heating, cooling, and air conditioning, as well
as by decreasing the use of other energy sources such as firewood. In this
context, the locations associated with the reconstruction and expansion of the
gas network, along with the gasification of Heating Plant INS a.d. East Novo
Sarajevo, within the municipalities of East Novo Sarajevo and East IlidZa,
have already been defined by the heating plant’s location and existing pipeline
segments. Therefore, there is no need for an analysis of additional route
alternatives. The presented approach includes the following key elements:

* selection of technical, environmental, and socio-economic criteria and
sub criteria;

* assignment of weights to each criterion and sub criterion;

» comparison and ranking of alternative solutions; and

* selection of the most optimal alternative with a corresponding justifica-
tion.

Compared with procedures available in the literature, the applied method
is similar to that of [57], as it partially integrates GIS + MCDM; and also,
to [77], who employed GIS + “least cost path analysis” (LCPA) combined
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with cartographic simplification for a “156 km pipeline route in Turkey. Their
results demonstrated approximately 20% cost reduction compared with the
traditional route. This example — illustrating the integration of spatial analysis
(GIS), automated routing, and weighted criteria — was also incorporated into
our algorithm. Furthermore, the doctoral dissertation by [79] served as a ref-
erence for integrating the economic and regulatory components. The author
developed a decision-making model for transcontinental pipeline routing that
simultaneously integrates economic, regulatory, and environmental factors
within a GIS-supported multi-criteria framework. The key innovation lies in
linking regulatory constraints (such as concessions, international corridors,
and border zones) with economic indicators of cost and risk, thereby creating
a more realistic optimization space. This approach is particularly useful for
studies such as ours, as it enables quantification of legal and institutional
factors in the early stages of pipeline design. In addition, the study by [80]
highlighted that sensitivity and risk analysis can serve as valuable additions —
elements not fully implemented in our present study.

Some recent analyses (e.g., [81]) suggest that multi-objective models —
those considering multiple goals such as cost minimization and supply secu-
rity maximization — can yield more robust results. The authors developed a
multi-objective mathematical model based on Pareto optimality, enabling the
simultaneous consideration of several objectives. They applied the NSGA-
I (Non-Dominated Sorting Genetic Algorithm) and linear programming
methods for optimizing pressure, flow, and capacity across gas networks. The
model was tested on several pipeline systems of different scales (from local
to national networks). In this regard, our study also accounts for economic
and socio-economic criteria, aligning with the most recent research trends.

As an additional recommendation for the subsequent phases of this study,
it would be beneficial to include:

 automatic generation of alternative routes,

* sensitivity analysis of weights and criteria, and

* scenario analysis, which could further enhance the applicability and
robustness of the obtained results.

7.8 Conclusion

Planning of linear infrastructure systems, such as transmission gas pipelines,
requires the timely identification of construction needs, which involves
forecasting natural gas capacity based on projected consumption, reserving
the necessary land areas, and stimulating new energy consumers. Timely
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planning ensures that all activities related to the design and construction of
the system are completed before an actual demand arises, thereby enabling
the smooth operation and continuous development of the distribution network
for delivering natural gas to end users. This process must be aligned with
existing development plans — namely, the energy strategy, spatial plan, zoning
regulations, and the economic policy of the Government of the Republic of
Srpska.

The key steps in planning transmission gas pipelines include the prepara-
tion of a conceptual economic feasibility study with multiple route variants,
the selection of the optimal solution, and the development of parcellation
plans and project documentation up to the construction phase of the system.
The application of multi-criteria optimization (MCO) enables a structured
and objective selection of optimal solutions by establishing a system of cri-
teria that encompass economic, environmental, and social aspects. However,
practical experience shows that environmental and social criteria are currently
less developed, primarily due to the lack of relevant data and insufficient
monitoring of indicators. Enhancing the quality and availability of these
datasets would allow for more precise evaluation of alternative solutions and
improve the overall efficiency of the multi-criteria decision-making process.
Additionally, the introduction of tolerance thresholds for specific criteria
could accelerate the selection process and eliminate inadequate alternatives
in the early stages of analysis.

The practical application of these principles has been demonstrated
through the example of selecting the optimal route for a transmission gas
pipeline, where site plans and facility layouts were designed while consid-
ering technological functionality, topography, surrounding structures, and
spatial planning constraints. This approach highlights the importance of
system analysis and multi-criteria decision-making in the planning of linear
infrastructure systems.

The scope of future research includes:

1. Improvement of criteria and data collection — developing methodologies
for systematic acquisition, updating, and processing of environmental
and social data to enable higher-quality evaluation of route alternatives;

2. Integration of new technologies in planning — applying GIS systems,
digital twins, and real-time simulations for the optimization of routing
and pipeline corridor design;

3. Risk and resilience assessment — investigating methods for quantifying
technical, economic, and environmental risks for each alternative and
developing system resilience scenarios under crisis conditions;
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4. Social and regulatory aspects — analysing the impact of consumer incen-
tives, public acceptance, and regulatory policies on the selection of
optimal solutions;

5. Extended multi-criteria optimization — exploring new algorithmic
approaches and heuristics that enable simultaneous evaluation of a
large number of criteria and alternatives, including the integration of
economic, environmental, and social factors; and

6. Comparative studies and knowledge transfer — analysing the application
of multi-criteria optimization in other countries and regional contexts,
including the Western Balkans, to adopt best practices and adapt them
to local conditions.

Such a research focus supports the further development of methodologies
for transmission gas pipeline planning, enhances decision-making processes,
and contributes to the sustainable development of infrastructure systems in
accordance with economic, environmental, and social objectives.
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