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Abstract

A large number of state-owned companies were privatized in the Czech Republic after
the end of the communist regime, mostly through their transformation into joint-stock
companies. The water management sector was no exception from this process. The own-
ership of infrastructure networks was transferred to individual municipalities, which are
legally obliged to provide their inhabitants with water supply and sewerage disposal.
Subsequently, the municipalities joined together in joint-stock companies to enhance their
capacity to provide sufficient financial resources for the rehabilitation and development
of water infrastructure and also to enable the implementation of sustainable water man-
agement strategies, which are key to environmental protection. Assets contributed to
joint-stock companies in the form of non-monetary contributions serve as a basis for a
proportionate allocation of shares, representing the shareholder’s share of participation
in the company’s management. An analysis of the asset performance within these com-
panies indicates the necessity of developing an optimized methodology for determining
the number of shares allocated for such non-monetary contributions. This need arises
from significant disparities in both profitability and cost-efficiency among municipalities,
depending on factors such as population size (revenues) and the length and technical
characteristics of the infrastructure networks (costs) contributed to the joint-stock compa-
nies. The authors of the article present the research project results, aimed at developing a
methodological procedure for determining the price (value) of municipal infrastructure
assets contributed as non-monetary capital to a joint-stock company that owns and operates
water management networks, from which the secondary objective of determining the fair
value of a municipality’s water management infrastructure assets based on the developed
methodology is derived. The proposed methodological procedure is primarily based on
establishing the ratio between the fixed and variable costs of the municipality.

Keywords: water management company; valuation of assets; fixed costs; variable costs

1. Introduction
Following 1989, state-owned companies responsible for the operation of infrastructure

networks in the Czech Republic were privatized. This privatization involved a funda-
mental transformation of companies from state ownership to shareholder ownership. The
municipalities themselves (towns and cities), foreign companies, and companies operating
in the Czech Republic were among these shareholders.

The majority of joint-stock companies that both own and operate infrastructure assets
are municipally owned. In 2023, there were 8423 owners of infrastructure networks and
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3176 operators registered in the Czech Republic, according to the Blue Reports published
annually by the Ministry of Agriculture [1]. These data indicate a significant fragmentation
of infrastructure assets into small water management companies. Individual owners hold
infrastructure networks (assets) valued at CZK 1447 billion (approximately EUR 58 billion).
The Ministry of Justice annually publishes a list of the 25 largest owners of infrastructure
networks, who, together, own nearly 50% of the total value of infrastructure assets in
the Czech Republic [2]. Over 70% of these 25 largest owners are joint-stock companies.
The remaining ownership is represented by associations of municipalities, municipal
unions, and statutory cities. Joint-stock companies are 90% municipally owned. A financial
analysis of the balance sheets of the 25 largest owners of infrastructure assets, covering
the period 2003–2022, indicates that the median proportion of long-term tangible assets
representing infrastructure networks within these companies amounts to 99% of total
long-term assets [3]. This extensive analysis demonstrates that infrastructure networks
constitute a dominant component of the companies’ asset base and involve substantial
financial volumes, highlighting the importance of their careful management.

The management of long-term or fixed assets in water management companies has
been addressed by numerous authors worldwide. In their paper, the authors Yazdani
and Jeffrey focused on complex network analysis of water distribution systems. This
paper explored a variety of strategies for understanding the formation, structure, efficiency,
and vulnerability of water distribution networks. Water supply systems were studied as
spatially organized networks for which the practical applications of abstract evaluation
methods were critically evaluated. Their observations provided a framework for the study
of water distribution systems and the level of similarity or difference between water distri-
bution networks and other types of (spatial) network. Using mainly topological network
techniques and measurements presented answers to several basic questions [4]. Vilarinho,
Dinverno, Nóvoa, and Camanho focused on assessing the performance of asset manage-
ment of water management companies, examining managerial practices and the state of
infrastructure. Their case study was based on nationwide data from the Portuguese regula-
tory authority for water and sewerage services [5]. They examined the overall competitive
conditions in global value chain networks. The authors Angelidis, Ioannidis, Makris, Anto-
niou, and Varsakelis investigated competitive conditions in global value chains (GVCs) for
a period of fifteen years (2000–2014), focusing on sector structure, countries’ dominance,
and diversification. Their research showed that countries wishing to enter or increase
their participation in global trade should implement more concentrated trade policies in
less centralized sectoral networks. A dominant country is not necessarily diversified, and
developing economies should adopt diversification strategies to improve their market
situation [6].

Cao, Deng, and Shao, in their article, focused on the relationship between the man-
agement of fixed assets (i.e., long-term tangible assets) and increased pollution costs,
examining a sample of 201,926 manufacturing companies in China [7]. The impact of
leasing financing of long-term assets on the circular economy was investigated by Bocok,
Hinke, and Abrham in their study [8]. The concept of sustainable development, in terms
of analyzing expenditures on long-term assets for environmental protection depending
on the type of investment, was addressed by Tabor [9]. Her study found that investment-
related expenditures are primarily dominated by water protection, with these expenditures
increasing annually. Further research by Beuken, Eijkman, Savic, Hummelen, and Blokker
from the Netherlands, conducted over a 20-year period, focused on asset management,
concentrating on five phases that illustrate the transition from questions about how asset
management concepts can support better planning of distribution network replacement to
integrated decision-making regarding the asset system as a whole. Their study employed
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various models and scenarios within asset management, with particular emphasis on the
quality of input data [10]. Shah, Lai, Shad, Hamad, and Ellili focused on exploring the effect
of enterprise risk management for ESG risks on green growth. This study explored risk
management and its impact on green growth. It is evident from the study that organizations
tend to emphasize ERM (enterprise risk management) to mitigate ESG risks and foster
GG [11].

Laucelli, Enriquez, Ariza, Ciliberti, and Berardi focused on the digitalization of water
management companies with the aim of enhancing asset management efficiency in real-
world systems. They applied comprehensive digital water management strategies to
two actual case studies using data provided by the Italian water management company
Acquedotto Pugliese [12]. Masyita and Susanti examined the analysis of a risk-based asset
management plan to improve the performance of a local water management company. Their
study aimed to develop a risk-based asset management planning concept in accordance
with governmental regulations and international asset management standards, with the
objective of enhancing the performance of the Regional Water Management Company
(PDAM) in Aceh Province. The plan contained asset acquisition plans, operational asset
plans, maintenance plans, and asset lubrication [13]. Tscheikner-Gratl, Caradot, Cherqui,
et al. addressed the management of sewerage assets. They described the current state
of sewerage asset management across its diverse aspects, highlighting existing research
gaps and providing insights into future development and research directions [14]. Asset
management strategies from the perspectives of modeling, integrated planning, and long-
term sustainability assessment have been addressed by numerous authors, including
Caradot, Sonnenberg, Kropp, Ringe, Denhez, Hartmann, and Rouault [15], Kleidorfer,
Möderl, Tscheikner-Gratl, Hammerer, Kinzel, and Rauch [16], and Bruaset, Rygg, and
Sægrov [17].

For determining the value of assets to be contributed to a joint-stock company, it is
essential to consider the valuation perspective of these assets. There are specific legislative
regulations in the Czech Republic governing the valuation of all types of assets, namely Act
No. 151/1997 Coll., on Asset Valuation and Amendments to Certain Acts [18]; Decree No.
441/2013 Coll., implementing the Act on Asset Valuation [19]; and Act No. 526/1990 Coll.,
on Prices [20]. Abroad, the issue of long-term asset valuation is approached primarily from
a corporate perspective, focusing on the methods and techniques of asset valuation applied
in different countries [21–25]. Some authors also explore the incorporation of digitalization
and the application of artificial intelligence in the valuation of long-term assets [26]. The
processes and step-by-step procedures involved in valuation were examined in detail in
the research conducted by Setijono and Čibera [27,28].

The basis for determining the value of long-term assets in relation to non-monetary
contributions lies in the division of total costs associated with these assets into fixed and
variable components. In economic theory, a fixed cost is understood as a cost that is not
directly related to the production process. This cost is necessary to cover regardless of
production performance. In contrast, a variable cost is linked to the production process and
is directly dependent on its performance. Fülöp addressed the identification of fixed and
variable costs in his study, applying mathematical methods to determine these costs in water
management companies [29]. The issue of project planning and project cash flow in relation
to fixed and variable costs was examined by Correia and Lee [30,31]. Only a limited number
of studies have been found within the context of identifying, managing, and planning fixed
and variable costs in water management companies. However, numerous authors have
addressed the issue of cost allocation in connection with other sectors, including Tabush,
Parmacli, Machka, Ryan, Spencer, Dyakova, and Oktavia [32–38].
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From the above literature review, it follows that the authors focus on specific areas
that are related to the topic of our research. The contribution of our research lies in setting a
clear methodology for valuing assets (infrastructure assets) as a non-monetary contribution
to a joint-stock company.

The research team addressed its research objective—to determine the fair value of a
municipality’s water management infrastructure assets based on a detailed analysis of the
asset performance structure of the water management joint-stock company (WMC) and
numerous international findings described above. This value represents the amount of
the municipality’s non-monetary contribution (as a new shareholder) to the WMC and
determines the number of shares acquired, thereby defining the share of the municipality’s
participation in the company’s management. The aim of associating municipalities into
larger units (joint-stock companies) is to provide comprehensive optimization of water man-
agement in the region and the possibility of large-scale infrastructure investments aimed at
saving water, improving its quality, and minimizing negative impacts on the environment.

2. Material and Methods
The methods used for the case study are based on basic mathematical principles used

in different sectors and countries. This is mainly the principle of costing, the breakdown of
costs according to different aspects, and their relationship with units of measurement such
as quantity and length. Costing in the sense of fixed and variable costs and their determina-
tion in a unit of measurement are described in many studies, e.g., Synek [39], Máče [40], and
Irwin [41], and also many papers, e.g., Machka, Beran [34], Dyakova [37], Jegers, Buts, and
Van Puyvelde [42].

In order to develop a methodology for the valuation of assets as non-monetary contri-
butions to a water management company, it was necessary to specify the relevant corporate
areas associated with this issue and through which the required input data were obtained.
These include the following:

• Asset records—the company’s asset management department.
• Records of fixed and variable costs related to assets—accounting department.
• Records of fixed and variable costs of municipal units related to assets—internal

accounting department.
• Records of water supply and sewerage quantities within the company’s water and

sewerage services—operational department.
• Records of water supply and sewerage quantities within the municipal units of the

company—internal operational department.
• Determination of the number of shares issued for contributed assets in relation to the

determined value of the assets—strategic department.

Since water management companies are structured as joint-stock companies and the
shareholders are individual municipalities contributing their assets to the company, it is
necessary to maintain thorough internal records within the company. Within the company’s
property management department, all assets are recorded together with information on
which municipality contributed the respective asset to the company and at what value.
This value is determined based on an expert valuation report developed in compliance
with the legal regulations governing asset valuation.

Infrastructure assets are associated with costs that must be covered by revenues from
water supply and sewerage charges. These costs are of both fixed and variable nature.
The company’s accounting department records all expenses related to the ownership and
operation of these assets. The expenses are classified into fixed and variable costs, including
those within the company’s internal records (by individual municipalities records).
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The aforementioned fixed and variable costs associated with the company’s assets can
be allocated to a cost unit, specifically to one cubic meter (m3) of water supplied or sewage
treated. This information is provided by the company’s operational department. In the
same manner, but with reference to individual municipalities (operational units), the assets
contributed by the company can be recalculated per cost unit—m3—of water supplied or
sewage treated in relation to the respective municipality. This approach also ensures the
assessment of each municipality’s performance, i.e., the number of consumers served by
that municipality.

When the value of the assets contributed by a municipality to the company and the
related cost structure of those assets are known, it is possible to determine the number of
shares that the given municipality will receive in exchange for its asset contribution to the
company. This information is provided by the company’s strategic department. It follows
that the following methods and approaches were applied in developing a methodology for
the valuation of assets considering infrastructure networks as a non-monetary contribution
to a water management company, see Figure 1.

 

Scientific literature 
review 

Analysis of opera-
tional units 

Synthesis 

Induction 

Basic economic 
equations 

Figure 1. General procedure for developing the dividend policy methodology [own processing].

A thorough international literature review on the researched topic was carried out. The
review revealed that existing authors focus primarily on fixed and variable costs in relation
to determining the price of water supply and sewerage services; however, they do not use
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this information for determining the ownership shares (number of shares) of shareholders.
This finding identifies a research gap, indicating the need for scientific investigation with
subsequent potential for practical application. Subsequently, an analysis of the economic
data collection within a WMC was performed. The findings and their interrelations were
synthesized and used to establish the individual steps of the methodology. The specific
characteristics of individual companies were generalized through induction so that the
methodology could be applied universally to joint-stock companies dealing with similar
issues. Basic economic equations related to the determination of full costs were employed
for the actual calculations.

3. Results
Within the research team’s focus on the issue of dividend policy in municipally owned

water management companies, a methodology based on the above-stated general proce-
dure and individual methodological steps leading to the determination of the number of
shares for an individual municipality that wants to contribute its infrastructure assets to a
water management company—a joint-stock company—was proposed. The relevant areas,
including explanations which are essential for the calculation itself, are defined below to
facilitate understanding of the methodology.

The long-term tangible assets in the form of infrastructure owned by municipalities
which want to become shareholders of a joint-stock company operating water supply
and sewerage systems and which should be provided as a non-monetary contribution to
the company primarily consist of water mains, sewers, sewerage lines, aboveground and
underground hydrants, pressure pipelines, gravity pipelines, pumping stations, sludge
pumps, etc.

The economic result arising from the assets contributed by municipalities in relation
to the calculation of water supply or sewerage charges by the joint-stock company basically
consists of the following two components:

• Revenues (from sales),
• Individual types of costs (excluding depreciation).

Revenues are generated as the product of the volume of water supplied/sewerage
collected by households and other entities in cubic meters (m3) and the unit selling price
for the current period. Costs are composed of individual cost items according to the
calculation formula.

The individual types of costs are determined by legal regulations, which precisely
stipulate which costs may be incurred within the calculation of water supply and sewerage
charges. These primarily include costs for materials, services, personnel, other operating
expenses, and additional items.

The economic result is calculated as the difference between revenues and costs. Indi-
vidual municipalities may show profitability or losses within this economic result.

The valuation of assets as a non-monetary contribution to a WMC is performed for
the current year of contribution. It consists of the following two main parts:

• Determination of the value of the assets contributed by the municipality,
• Determination of the value of the assets contributed by the municipality as a non-

monetary contribution to the WMC.

The following Figure 2 illustrates the methodological procedure for valuating a mu-
nicipality’s assets as a non-monetary contribution to a WMC, which was established,
tested, and verified by the research team on several samples within the water management
joint-stock company.
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Figure 2. Diagram of sequential methodological steps for determining the value of a non-monetary
contribution (source and processing: own).

The individual steps of the methodological procedure are presented and described
step by step in the following subsections.

3.1. Determination of the Value of the Municipality’s Contributed Assets

The value of the total assets contributed by a municipality to the WMC is determined
as the sum of the individual items of the contributed assets, divided into water supply
network assets and sewerage network assets. The determination of this value is, in the
Czech Republic, for example, regulated by legislation [17].
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3.2. Determination of the Asset Operation Cost Coefficient

The cost coefficient Cc expresses the difference in operational costs between the assets
contributed by the municipality and the operational costs of the WMC’s assets.

It is determined as the ratio of the municipality’s unit costs of water supply or sewerage
services in CZK/m3 to the unit costs of the WMC in CZK/m3. The water and sewerage costs
are derived from the WMC calculation formula, which includes the following cost items:

• Direct material,
• Direct wages,
• Other direct costs,
• Indirect costs (production overhead, administrative overhead, depreciation, and the

amount of rent for leased assets),
• Other costs.

The individual cost items in the water or sewerage calculation formula are divided
into fixed and variable costs for the purposes of this methodology. Both cost categories
together constitute the full production costs of water supply or sewerage services in the
WMC’s calculation formula.

Fixed costs are independent of production volume and are primarily associated with
asset management. Fixed costs in the WMC’s calculation formula include operating costs,
other depreciation, financial costs, financial revenues, production overhead, and adminis-
trative overhead.

Variable costs vary with production volume. Variable costs in the WMC’s calculation
formula include costs for materials, energy, wages, and other direct costs (excluding other
depreciation, which is included in fixed costs).

However, when determining the municipality’s unit costs of water supply or sewerage
services, future depreciation resulting from the registration of assets in the WMC is taken
into account, which increases costs in the company’s water or sewerage calculation formula.

Procedure for determining the cost coefficient:

(a) Division of the total production costs in the WMC’s water/sewerage calculation
formula into fixed and variable costs.

• Fixed costs include other depreciation, operating costs, production overhead, and
administrative overhead.

• Variable costs include materials, energy, wages, and other direct costs, excluding
other depreciation.

FOC = FC + VC

FOC = M + E + W + ODC + OC + FiC − FiR + POH + AOH

FC = OD + OC + POH + AOH

VC = M + E + W + (ODC − OD)

where

FOC: Full own costs.
FC: Fixed costs.
VC: Variable costs.
M: Material.
E: Energy.
W: Wages.
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ODC: Other direct costs (including other depreciation, wastewater treatment plant
depreciation, infrastructure asset repairs, infrastructure asset rent, infrastructure asset
renewal funds).
OD: Other depreciation.
OC: Operating costs.
FiC: Financial Costs.
FiR: Financial Revenues.
POH: Production overhead.
AOH: Administrative overhead.

(b) Determination of unit fixed costs of water supply/sewerage in CZK/lm for the WMC.

The unit fixed costs of the WMC are calculated as the ratio of the difference between
the sum of fixed costs identified in step (a) and the other depreciation costs associated with
the WMC to the total length of water supply or sewerage network managed by the WMC,
as follows:

FCu =
FC − OD

L
where

FCu: Unit fixed costs of the WMC.
FC: Fixed costs of the WMC.
OD: Other depreciation costs of the WMC.
L: Length of the WMC’s network in linear meters.

(c) Determination of unit variable costs of water/sewerage in CZK/m3 for the WMC:

The unit variable costs of the WMC are calculated as the ratio of the sum of variable
costs identified in step (a) to the volume of billed drinking, sewerage, and stormwater,
as follows:

VCu =
VC
V

where

VCu: Unit variable costs of the WMC.
VC: Variable costs of the WMC.
V: Volume of billed water of the WMC in m3.

(d) Determination of total fixed costs of water/sewerage for the municipality in CZK.

The municipality’s fixed costs are determined as the sum of the product of the unit
fixed costs of water/sewerage of the WMC (calculated in step (b)) and the length of the
water supply or sewerage network representing the municipality’s contributed assets, plus
the value of depreciation of the municipality’s assets being contributed to the WMC.

FCm = (FCu × Lm) + ODm

where

FCm: Full fixed costs of the municipality.
FCu: Unit fixed costs of the WMC.
Lm: Length of the municipality’s contributed water/sewerage network in lm.
ODm: Depreciation of the municipality’s contributed assets.

(e) Determination of the amount of variable costs of water/sewerage services for the
municipality in CZK:
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The amount of variable costs for the municipality is determined by multiplying the
unit variable costs of the WMC, determined in point (c), by the volume of water consumed
in m3 (drinking or sewage) by the given municipality.

VCm = VCu × Vm

where

VCm: Variable cost of the municipality.
VCu: Unit variable cost of the WMC.
Vm: Volume of water consumed by the municipality in m3.

(f) Determination of the full own costs of water/sewerage services for the municipality
in CZK.

The total own costs of the municipality are determined as the sum of the fixed costs
of the municipality determined in point (d) and the variable costs of the municipality
determined in point (e).

FOCm = FCm + VCm

where

FOCm: Full own costs of the municipality.
FCm: Fixed costs of the municipality.
VCm: Variable costs of the municipality.

(g) Determination of the unit costs of water/sewerage services for the municipality (UCm)
in CZK/m3.

The unit costs of the municipality are determined as the ratio of the full own costs of
the municipality determined in point (f) to the volume of drinking or sewage consumed.

UCm =
FOCm

Vm

where

UCm: Unit cost of water/sewerage services for the municipality.
FOCm: Full own costs of the municipality.
Vm: Volume of water consumed by the municipality in m3.

(h) Determination of the unit costs of the WMC (UCWMC) in CZK/m3.

The unit costs of water and/or sewerage services of the WMC (UCWMC) are determined
as the ratio of the full own costs of water and/or sewerage services (including the existing
“other depreciation” of the WMC) to the volume of water supplied or discharged by
the WMC.

UCWMC =
FOC

V
where

UCWMC: Unit cost of water/sewerage services of the WMC.
FOC: Full own costs of water/sewerage services of the WMC.
V: Volume of water supplied or discharged by water supply and sewerage network of the
WMC in m3.

(i) Determination of the asset cost coefficient of the municipality.

The asset cost coefficient of the municipality is determined using the following formula:

ACc =
UCm

UCWMC
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where

ACC: Asset cost coefficient.
UCm: Unit costs of the municipality in CZK/m3.
UCWMC: Unit costs of the WMC in CZK/m3.

3.3. Determination of the Conversion Coefficient for the Value of Contributed Assets

The conversion coefficient for the value of contributed assets (COc) expresses the
change in the operating costs of the water supply and sewerage network joint-stock com-
pany as a result of receiving the municipality’s contributed assets. If a municipality has
a high cost coefficient COc (the fact that the total costs include a high proportion of fixed
costs, mostly the length of networks), and, thus, significantly burdens the costs of the entire
company, this fact must also be taken into account when assigning a share of the potential
positive economic result.

The conversion coefficient can be expressed by the following formula:

COc = 1 − (ACc − 1)

where

COc: Conversion coefficient.
ACc: Asset cost coefficient determined in point (i).

If COc ≥ 1, this means that the municipality has a cost per unit of m.j. identical to or
lower than the cost of the entire water management company and does not affect the total
cost of the company in any way, or only slightly.

If COc < 0, this means that the cost of the municipality is high (high share of fixed costs),
and, thus, burdens the economic results of the entire company; therefore, it is necessary to
make a proportional reduction in the share of the economic result.

The conversion coefficient was chosen according to the following values, which more
fairly balance the ratio between the costs and potential revenues of municipalities and
water management companies, i.e., the existing owners, arising from the entry of another
municipality into the joint-stock company.

The conversion coefficient COc is applied as follows:
If:

COc < 0.000 K: The value of the contributed assets will always be multiplied by a conversion
coefficient of 0.3.
0.000 ≤ COc < 0.500: The value of the contributed assets will always be multiplied by a
conversion coefficient of 0.5.
0.500 ≤ COc < 1.000: The value of the contributed assets will always be multiplied by the
calculated conversion coefficient.
COc ≥ 1.000: The value of the contributed assets will always be multiplied by a conversion
coefficient of 1.0.

3.4. Determination of the Value of the Municipality’s Non-Monetary Contribution

The value of the municipality’s contributed assets as a non-monetary contribution
is determined as the product of the value of the assets contributed by the municipality,
which is determined in the first step of this methodology, and the conversion coefficient
(see step 3.3 of this methodology).

VNCm = VACm × COc

where
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VNCm: Value of the non-monetary contribution of the municipality.
VACm: Value of the assets contributed by the municipality.
COc: Conversion coefficient.

3.5. Determination of the Value of the Share Capital and Share Premium

The value of the share capital is equal to the value of the municipality’s non-monetary
contribution to the WMC. The total share capital of the WMC will be increased by
this amount.

SC = VNCm

where

SC: Share capital of the WMC.
VNCm: Value of the non-monetary contribution of the municipality.

The value of the share premium is determined as the difference between the value of
the assets contributed by the municipality and the value of the municipality’s non-monetary
contribution to the WMC.

SP = VACm − SC

where

SP: Share premium.
VACm: Value of the assets contributed by the municipality.
SC: Share capital of the WMC.

3.6. Determination of the Number of Issued Shares

The number of issued shares is determined as the ratio of the share capital of the WMC
to 1000 (the nominal value of the shares). The number of shares is always rounded down.

4. Case Study
The case study shows the specific outputs of the methodology used on real data. It

was carried out for the WMC, in which eleven municipalities intended to contribute their
infrastructural assets to the company. These municipalities are represented numerically as
1–11 in the case study. It was necessary to divide the assets into water supply infrastructure
assets and sewerage infrastructure assets for each municipality. Furthermore, the study
separately determined the water supply charge and the sewerage network charge applicable
to each municipality. The following Table 1 presents the municipalities intending to
contribute their infrastructural assets, broken down into water supply and sewerage
infrastructure (network).

Table 1. Input data—Characteristics of infrastructural assets for calculating the non-monetary
contribution of individual municipalities (source and processing: own).

Municipality Type of Intended Contributed Infrastructural Asset

1 Water supply infrastructure assets
2 Water supply infrastructure assets
3 Sewerage infrastructure assets
4 Water supply infrastructure assets
5 Sewerage and water supply infrastructure assets
6 Water supply infrastructure assets
7 Sewerage and water supply infrastructure assets
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Table 1. Cont.

Municipality Type of Intended Contributed Infrastructural Asset

8 Sewerage infrastructure assets
9 Water supply infrastructure assets

10 Sewerage infrastructure assets
11 Sewerage and water supply infrastructure assets

The calculations were carried out according to the individual steps of the proposed
methodology. Due to the excessive volume of data, the steps are illustrated using Munici-
pality No. 10, which was used as a test sample for the proposed methodology.

The resulting values for all municipalities are presented at the end of this chapter, with
the aim of determining the number of shares for each municipality in relation to the assets
they contribute. These calculations serve as a verification, confirming the correctness of
each step within the proposed methodology.

4.1. Determination of the Value of Assets Contributed by Individual Municipalities

The value of assets contributed by the individual municipalities was determined by an
expert institute based on a developed expert opinion. The value of Municipality No. 10 was
determined at CZK 5,790,840.00. It should be noted that the value of the assets determined
in this way differs from the acquisition cost, which reflects the expenses associated with
acquiring the assets at their historical cost.

4.2. Determination of the Cost Coefficient

The unit cost for the WMC was determined as the ratio of the company’s sewerage
full own costs to the total volume of sewerage discharged to the WMC and was calculated
at CZK 35.10/m3.

The unit cost of Municipality No. 10 was determined as the ratio of the municipality’s
sewerage full own costs (the sum of fixed and variable costs of the municipality) to the
municipality’s total sewerage volume and was calculated at CZK 144.23/m3.

The cost coefficient was determined as the ratio of the municipality’s unit cost to the
unit cost of the WMC, amounting to 4.11.

Cc =
CZK/m3 144.23
CZK/m3 35.10

= 4.11

4.3. Determination of the Conversion Coefficient

The conversion coefficient depends on the value of the cost coefficient determined
in Section 4.2. According to the formula provided in the methodology in Section 3.3, it
amounts to −2.11.

COc = 1 − (4.11 − 1) = −2.11

According to the methodology in Section 3.3, in cases where the conversion coefficient
is negative (Cc < 0.000), it is set to a value of 0.3.

4.4. Determination of the Value of Municipal Non-Monetary Contributions

The value of a municipality’s non-monetary contribution is, according to the method-
ology in Section 3.4, calculated as the product of the value of the contributed assets (as
determined in Section 4.1) and the conversion coefficient, taking into account the recom-
mended limits (COc value determined in Section 4.3).

The value of the non-monetary contribution for Municipality No. 10 was determined
to be CZK 1,737,252.



Sustainability 2025, 17, 11171 14 of 20

VNCm = CZK 5,790,840.00 ∗ 0.3 = CZK 1,737,252

4.5. Determination of Share Capital and Share Premium Values

The value of the share capital, according to the methodology in Section 3.5, is equal to
the value of the municipality’s non-monetary contribution. Thus, the share capital value
was determined at CZK 1,737,252.

VNCm = CZK 1,737,252

The value of the share premium, according to the methodology in Section 3.5, is
calculated as the difference between the value of the contributed assets and the value of the
municipality’s non-monetary contribution.

The share premium was determined at CZK 4,053,588.

SP = CZK 5,790,840.00 − CZK 1,737,252 = CZK 4,053,588

4.6. Determination of the Number of Issued Shares

The number of issued shares, according to the methodology in Section 3.6, is calculated
as the ratio of the share capital to 1000 (the nominal value of one share).

For Municipality No. 10, the number of issued shares was determined to be
1737 shares = CZK 1,737,252/CZK 1000.

The calculations show that, although this municipality contributes infrastructural
assets to the water management company (joint-stock company) worth approximately
CZK 5.8 million, its high cost structure reduces the number of issued shares to 30% of the
nominal value.

This approach was applied to verify the methodology by determining the number of
issued shares for the contributed assets of the remaining ten municipalities.

The table below presents the output values for all 11 municipalities (including the
1 used as a test sample) that intended to contribute infrastructural assets to the WMC. The
objective of the methodology is to accurately determine the number of shares issued based
on the contribution of infrastructural assets by the municipalities to the WMC.

The number of shares was determined with reference to the following criteria:

• The value of the infrastructural assets, related to the relevant location and time, based
on market value;

• The cost structure of the assets contributed by the municipalities, represented by fixed
and variable costs;

• The performance of the contributed assets by the municipalities, represented by water
consumption and sewerage discharge.

The number of shares must reflect both the municipality’s performance (in terms
of revenue from water supply and sewerage services, as well as costs associated with
operating and maintaining the municipality’s infrastructure) and the efficiency of the WMC
in accepting the infrastructural assets from the municipality.

It follows from the above-stated facts that the proposed methodology is functional.
The individual steps of the methodology were first tested on Municipality No. 10 and
subsequently verified on ten additional samples within the testing process, see Table 2.
and Table 3. Although the proposed methodology involves various steps concerning asset
management, it has been properly designed to accurately represent the ratio between the
value of the contributed assets and their associated cost intensity for the water management
joint-stock company.
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Table 2. Output values from the individual steps of the proposed methodology—Part 1 of verification:
Samples 1–6 (source and processing: own).

Type of Infrastructure
Network

Water
Supply

Water
Supply

Sewerage
Network

Water
Supply

Sewerage
Network

Water
Supply

Water
Supply

Item VaK 1 2 3 4 5 6

A.—thous. m3 of water
supplied

7033.00

B.—thous m3 of sewerage
discharged

7680.00

C.—Full own
costs—WATER SUPPLY

CHARGES
207,142.00

D.—Total own
costs—SEWERAGE

DISCHARGE CHARGES
269,549.00

Average Cost—Water
Supply charges (C/A) 29.45 55.57 310.13 22.03 131.93 22.96

Average Cost—Sewerage
charges (D/B) 35.10 232.19 35.76

Selling price by
WMC—water supply

charges
30.61

Selling Price by
WMC—sewerage
discharge charges

38.96

Municipality cost
coefficient 1.89 10.53 6.62 0.75 1.02 4.48 0.78

Increase in municipality
price compared to WMC

(%)
88.67% 952.96% 561.56% −25.19% 1.88% 347.95% −22.06%

Conversion coefficient 0.11 −8.53 −4.62 1.25 0.98 −2.48 1.22

Input value of
municipality assets 992,000 4,999,586 1,368,504 489,940 3,644,628 382,024 5,823,092

Municipal assets
contributed 968.90 1407.50 159.00 309.40 867.80 175.40 1104.30

Value of municipal
non-monetary
contribution

496,000 1,499,876 410,551 489,940 3,575,968 114,607 5,823,092

Share capital value 496,000 1,499,876 410,551 489,940 3,575,968 114,607 5,823,092

Share premium value 496,000 3,499,710 957,953 0 68,660 267,417 0

Number of shares 496 1500 411 490 3 576 115 5823

% of municipality
non-monetary

contribution relative to
input asset value

50.00% 30.00% 30.00% 100.00% 98.12% 30.00% 100.00%



Sustainability 2025, 17, 11171 16 of 20

Table 3. Output values from the individual steps of the proposed methodology—Part 2 of verification:
Samples 7–10 (source and processing: own).

Type of Infrastructure
Network

Water
Supply

Sewerage
Network

Sewerage
Network

Sewerage
Network

Water
Supply

Sewerage
Network

Water
Supply

Sewerage
Network

Item VaK 7 8 9 10 11

A.—thous. m3 of water
supplied

7033.00

B.—thous m3 of sewerage
discharged

7680.00

C.—Full own
costs—WATER SUPPLY

CHARGES
207,142.00

D.—Total own
costs—SEWERAGE

DISCHARGE CHARGES
269,549.00

Average Cost—Water
Supply charges (C/A) 29.45 303.41 109.04 88.45

Average Cost—Sewerage
charges (D/B) 35.10 281.50 206.54 136.79 144.23 206.06

Selling price by
WMC—water supply

charges
30.61

Selling Price by
WMC—sewerage
discharge charges

38.96

Municipality cost
coefficient 10.30 8.02 5.88 3.90 3.70 4.11 3.00 5.87

Increase in municipality
price compared to WMC

(%)
930.17% 702.05% 488.47% 289.74% 270.21% 310.95% 200.30% 487.10%

Conversion coefficient −8.30 −6.02 −3.88 −1.90 −1.70 −2.11 −1.00 −3.87

Input value of
municipality assets 652,434 900,000 40,409,347 3,140,500 3,264,500 5,790,840 1,736,041 77,962

Municipal assets
contributed 276.00 464.80 6078.40 553.90 580.80 3549.30 1402.00 22.80

Value of municipal
non-monetary
contribution

195,730 270,000 12,122,804 942,150 979,350 1,737,252 520,812 23,389

Share capital value 195,730 270,000 12,122,804 942,150 979,350 1,737,252 520,812 23,389

Share premium value 456,704 630,000 28,286,543 2,198,350 2,285,150 4,053,588 1,215,229 54,573

Number of shares 196 270 12,123 942 979 1737 521 23

% of municipality
non-monetary

contribution relative to
input asset value

30.00% 30.00% 30.00% 30.00% 30.00% 30.00% 30.00% 30.00%

A sensitivity analysis was performed on the input data, namely the amount of assets
(asset valuation) and the average costs of water and sewage of the given company. The
sensitivity analysis was performed by increasing the above-mentioned values by +10%. If
the value of assets entering the joint-stock company was increased by 10%, there was no
impact on the output in terms of the number of shares. If the average costs of the water
and sewage company were increased by +10%, the impact on the number of shares was
recorded only for municipality No. 5—sewerage, from the initial resulting value of 98.12%
to the resulting value of 100%. It follows that if the cost coefficient of the municipality
approached the value of 1.00, then the sensitivity change would be reflected in the result. A
sensitivity analysis of the mentioned items by −10% was also performed. The impact on the
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output was similar for municipality No. 2, where the cost coefficient approached 2.00 and
the output changed from the initial resulting value of 50% to the resulting value of 30%. The
other municipalities in the case study were not affected by the ±10% sensitivity change.

5. Discussion
Within the academic community, the proposed methodology is recognized as a significant

outcome of applied research with societal impact, as it offers a unique solution to the issue of
non-monetary contributions to water management companies in terms of fair redistribution.
The uniqueness of the proposed methodology lies in its integration of economic analysis, a
regulatory framework, and practical mechanisms for determining the level of non-monetary
contributions to water management joint-stock companies in the form of infrastructural
networks, which inherently involve high cost intensity. The problem that is mainly addressed
in this work concerns the ratio of fixed and variable costs, of which fixed costs represent the
length of infrastructure networks—especially depreciation. The work does not address the
optimization of the length of individual connections; it works with existing assets and, thus,
takes into account the given fact. However, in terms of costs for future network construction,
it points out the necessity of optimizing the length of networks between production and the
final consumer, as discussed in the paper by Yazdani and Jeffrey. They write that, “the analysis
of the shortest distances between all pairs of nodes and the distribution of the path lengths may reveal
important information about the levels of efficiency and accessibility in a network and will be partially
correlated with reliability in terms of meeting the objectives of the system” [4].

In general, these are water management companies whose majority ownership is held
by municipalities. The privatization of water management companies occurred in the
1990s, when they were transformed from state companies into joint-stock companies. This
methodology remains highly relevant in addressing a broad range of related issues. It
should be noted that during privatization, shares were also purchased by foreign companies;
however, the present methodology does not apply to such entities.

Comparable systems of water management companies operate in neighboring coun-
tries such as Slovakia and Austria.

The proposed methodology contains one adjustable aspect, which any given water
management company may modify according to its strategic preferences, namely, the
proposed intervals within the conversion coefficient for the value of contributed assets, as
specified in Section 3.3 of the methodology.

The proposed methodology has several limitations. The first is the internal organi-
zation, which precisely defines the costs for individual municipalities (centers). Another
limitation is the valuation of assets, the output of which is very dependent on the output of
the number of shares. The last limitation can be seen in the setting of the conversion coeffi-
cient. Companies can set this according to their strategies within the shareholders’ share.

6. Conclusions
The article focuses on the development of a methodology for determining the value of

a municipality’s non-monetary contribution as an existing or incoming shareholder in a
WMC. The objective of the methodological approach is to ensure a fair allocation of the
asset value into two key components of share capital—namely, the share premium and
the value (or corresponding number) of issued shares based on their nominal value. The
core of the methodology lies in determining the cost intensity of the existing municipal
water supply and sewerage networks contributing assets in comparison with the current
cost intensity of the networks operated by the WMC. A crucial step in this process is the
separation of costs into fixed and variable costs. An increasing ratio of fixed to variable
costs results in higher water supply and sewerage discharge charges.
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The proposed methodology was initially tested through a step-by-step application
within Municipality No. 10. These outputs are presented in Sections 4.1–4.6 After verifying
the correctness of the proposed steps within the methodology, further testing was carried
out on ten additional samples.

In conclusion, it was determined that the proposed methodology is fully functional
and properly structured, taking into account both the receiving institution, the water
management joint-stock company, and the contributing institutions—the municipalities.

The methodology has been designed in a general way, allowing for its application in
any water management company owned by municipalities. Fair procedures for merging
water and sewerage networks of individual municipalities into larger units (joint-stock
companies) is a necessary prerequisite for possible strategic measures in water management
leading to sustainability in individual regions.
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Abbreviations
The following abbreviations are used in this manuscript:

ACC Asset cost coefficient
ACc Asset cost coefficient determined in point i)
AOH Administrative overhead
COc Conversion coefficient
CZK Czech crown
E Energy
FC Fixed costs
FCm Fixed costs of the municipality
FCu Unit fixed costs of the WMC
FiC Financial Costs
FiR Financial Revenues
FOC Full own costs
FOCm Full own costs of the municipality
L Length of the WMC’s network in linear meters
Lm Length of the municipality’s contributed water/sewerage network in lm
M Material
OC Operating costs
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OD Other depreciation

ODC
Other direct costs (including other depreciation, wastewater treatment plant depreciation,
infrastructure asset repairs, infrastructure asset rent, infrastructure asset renewal funds)

ODm Depreciation of the municipality’s contributed assets
POH Production overhead
SC Share capital of the WMC
SP Share premium
UCm Unit cost of water/sewerage services for the municipality
UCm Unit costs of the municipality in CZK/m3

UCWMC Unit cost of water/sewerage services of the WMC
UCWMC Unit costs of the WMC in CZK/m3

V
Volume of water supplied or discharged by water supply and sewerage network of the
WMC in m3

VACm Value of the assets contributed by the municipality
VC Variable costs
VCm Variable cost of the municipality
VCu Unit variable costs of the WMC
Vm Volume of water consumed by the municipality in m3

VNCm Value of the non-monetary contribution of the municipality
W Wages
WMC Water Management Company
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40. Máče, M. Účetnictví a Finanční Řízení. Grada. 2013. Available online: https://www.bookport.cz/kniha/ucetnictvi-a-financni-
rizeni-2224/ (accessed on 5 May 2025).
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