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Abstract

Problems related to an ambiguous situation regarding water resources have been accepted as the priority direction for the
implementation of the circular economy (CE) in developing countries like Kazakhstan. The process may hit obstacles, which
should be identified. As the initial step, it is important to understand the state-of-the-art perception of key stakeholders to
such changes. The aim of this work is to assess the water management system in a Kazakhstani industrial region and identify
existing imperfections and potentials for sustainable and circular water use. For this purpose, interviews were conducted
with representatives from local industries, governmental bodies, water supply utilities, and academia to understand the
willingness of stakeholders to accept and implement the CE principles. The results of the interviews were examined using
the SWOT approach. The associated Likert and analytic hierarchy process (AHP) analyses were used for prioritizing barriers
and opportunities towards reduction of freshwater withdrawal and water contamination in the region. The following factors
were recognized as the most critical: conditions of existing water infrastructure and associated cost for renovation projects,
low water tariffs, and the impact of the governmental regulation. The particular focus should be placed on the willingness
of stakeholders to eliminate corruption-related risks in the water sector, to control existing shortcomings in the legislation,
to invest in water infrastructure despite associated costs, and to enhance environmental awareness at all business levels.

Keywords Circular economy - Industrial water use - Kazakhstan - SWOT—AHP - Water management

Introduction

The global shortage of available freshwater resources has
become increasingly alarming, with escalating risks of water
scarcity in the near future (Jia et al. 2020). While the total
population growth is projected to reach 8.6 billion by 2030
and 9.8 billion by 2050, the global water demand is pro-
jected to increase by 55% between 2000 and 2050 (Salem
et al. 2022). The water scarcity risks are also accelerated by
various “nature-managed” and “human-managed” issues,
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such as climate change, natural disasters, overuse and wast-
age of water, degradation of water quality, etc. (Bashe et al.
2022). In response to these pressing issues, the concept of
sustainable water use (SWU) has emerged as a potential
solution (Radelyuk et al. 2023). The SWU entails balancing
three factors of sustainability in managing water resources:
(i) environmental factors, which means a maximal reduc-
tion of water withdrawal and water pollution; (ii) economic
factors, which means ensuring access to water for a wide
audience while yielding economic benefits through cost sav-
ings; and (iii) social factors, which are associated with the
equal and responsible access to safe and available water. It
is important to find and promote the balance between envi-
ronmental resilience and socio-economic activities (Tan
and Yao 2023). However, limited research has been done
dedicated to a comprehensive approach applied in this area.
According to Xenarios et al. (2021), environmental dimen-
sion has been prioritized by researchers, whereas water pro-
fessionals have ranked the economic dimension as the most
crucial factor of water security.
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The implementation of circular economy (CE) principles
in the water sector can be an adequate response for achiev-
ing sustainable water use (SWU). The CE is a concept that
involves shifting from a linear model of resource use to a
circular model with the rooted “4Rs” of reduction, reuse,
recycling, and recovery. Water, as one of the most limited
resources worldwide, is also under special consideration of
the CE principles (Morseletto et al. 2022). The expected out-
comes of the implementation include: firstly, alleviation of
the stress on freshwater supply by increasing water reuse and
adaptation of water-saving technologies; secondly, reducing
associated water and energy losses due to ineffective water
delivery systems; thirdly, the potential for resource recovery,
and decreasing pressure on the extraction of new resources
(Zarei 2020); and finally, extra attention being paid to the
safe utilization of potentially toxic substances without their
direct release into the environment (Voulvoulis 2018). The
estimation of annually generated wastewater is 380 billion
m?® worldwide, which is the potentially available resource for
reuse. The volume is expected to increase by 24% by 2030
and 51% by 2050. The full nutrient recovery from such vol-
ume of wastewater would offset 13.4% of the global demand
for these nutrients in agriculture, including 16.6 Tg (Tg—
million metric ton) of nitrogen, 3.0 Tg of phosphorus, and
6.3 Tg of potassium. At the energy front, the energy embed-
ded in wastewater would be enough to provide electricity to
158 million households (Qadir et al. 2020).

The successful implementation of the CE approach
requires feasible innovative technologies and infrastructure
that match the respective and efficient legislation and
standards. The efficiency of the approach may decrease
if there is a lack of planning and design of methodology
for both individual and regional cases, as seen in the case
of the EU Water Framework Directive and the failure of
some of its initial directives (Voulvoulis et al. 2017). Thus,
the implementation should be based on a systematic view
and respective investigations (Biswas and Tortajada 2010).
It is recommended to investigate the potential for water
circularity on a regional scale (Jia et al. 2020), rather than
on fragmented sectoral evaluations, which can provide
the wrong picture of water resource use and their natural
capacity (Nika et al. 2020).

Kazakhstan is a country in Central Asia, which
experiences threatening situation in water resources.
Kazakhstan exhibits moderate water stress (Wang et al. 2022)
and faces known mismanagement problems in the water
sector. According to Karatayev et al. (2017), Kazakhstan
faces the risk of water scarcity in the future, significant water
losses due to obsolete infrastructure of water facilities, and
damaging pollution of natural water sources. Moreover, the
impact of climate change, increasing water demand, weak
institutional approaches, and uncontrolled use of water
resources by upstream neighbourhoods only exacerbate the
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situation. Kazakhstan shows a low score for environmental
water security index, indicating a dangerous level of water
quality in natural bodies. In 2013, Kazakhstan accepted
the national programme for transitioning towards a “Green
Economy” with the adaptation of CE principles (President
2013). Water issues have been accepted as one of the priority
direction in the implementation of CE in the respected
national programme (Kazakhstan 2020).

Industries are significant water consumers and are under
special consideration for adoption of the SWU and the
CE principles (Kleme§ 2012). They are responsible for
implementing adaptation measures for concerns related
to water availability, quality, access, increased regulation
regarding water use, and rising water prices (Lambooy
2011). However, in Kazakhstan, research in this direction
has been rare. A search in the Scopus database using the
keywords TITLE-ABS-KEY (sustainable AND water
AND use AND Kazakhstan AND industry) showed that no
research has been carried out covering the entire concept
of “Sustainability” and considering all three dimensions of
it. Fragmented studies have been conducted in this context,
such as the description of water pollution issues caused by
industries (Alimbaev et al. 2021), the impact of climate
change scenarios on water demand and supply with a focus
on basin management (Saimova et al. 2020), the conditions
of urban water infrastructure (Zhalmurziyeva et al. 2021),
the readiness of the government to develop the water sector
as a separate direction (Yessymkhanova et al. 2021), etc. It
is particularly interesting to note that there is no study on
process integration (especially water integration) in water
use issues in Kazakhstan, which is an efficient tool for
implementing the CE principles into industrial processes
(Klemes et al. 2018).

The implementation of the CE and establishing the goal
to achieve the SWU seems to be an emerging initiative.
However, this transition faces many issues, such as the
readiness of the stakeholders to adapt new technologies
and practices, driven by increasingly stringent regulations,
informed by breakthrough science, compelled to respond
to climate change impacts and urbanization, and opaque
market conditions (IWA 2016). To understand how to apply
and adopt roadmaps of the circular economy in the water
sector, there is a need to assess the perspectives and potential
obstacles in the water sector under the particular conditions
of a particular region. The SWOT analysis is a commonly
used tool to perform such investigations. It allows for an audit
and analysis of the overall strategic position of a business
and its environment by identifying its strengths, weaknesses,
opportunities, and threats (Xiao et al. 2020). “Strengths”
can be defined as characteristics that give advantages to
achieve established targets over others, while “Weaknesses”
are qualities that hinder it from achieving its full potential.
“Opportunities” suggest elements in the environment that
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the project could exploit to its advantage, while “Threats”
refer to elements in the environment that could cause trouble
for the successful implementation. Initially applied to
economic research, the SWOT analysis has been extended
to various research fields, including holistic assessment of
the CE in the water sector. For example, it has been applied
to studies on the willingness of residents to participate in the
circular economy (Hao et al. 2020); the readiness of water
utilities for transition towards the CE (Dimova et al. 2022);
the analysis of barriers and opportunities for reclaimed
wastewater use in agriculture (Mesa-Pérez and Berbel 2020);
the development and selection of sustainable water use and
water resources sustainable utilization strategies (Gao et al.
2017); and the involvement of the scientific community in
the potential application of constructed wetlands within the
CE paradigm (Masi et al. 2018).

This study focuses on conducting tailor-made research
on the circular economy in the water sector in developing
countries like Kazakhstan. The focus is paid to a specific
industrial region of Kazakhstan, with a particular emphasis
on potential implementation of the sustainable water use
in the industries in this area. The objective is to analyse
the current state of the water management system employed
by different water users in the Pavlodar region and to
identify the primary factors that positively or negatively
impact the system in the context of the circular economy.
The research aims to identify these factors and to provide a
comprehensive analysis for decision-making in adopting the
CE in the studied region.

Methodology
Research flow and methods

This work was performed following five stages: (i)
identifying stakeholders in a selected region for interviewing
and developing questionnaires for participants; (ii) field and
business visits and semi-structured interviewing “on place”
with the selected stakeholders; (iii) extraction and arranging
of the SWOT factors based on the carried-out interviews;
(iv) distributing the questionnaire with the identified SWOT
factors among the stakeholders for quantitative evaluation
using a Likert scale and the pairwise comparison between
factors inside each group; and (v) analysis of the obtained
results by the descriptive statistics and the analytic hierarchy
process (AHP) tools.

The subjects for interviewing and dissemination of the
developed questionnaire were: (i) key engineers responsible
for water supply and water use at the industries; (ii)
representatives of the government, including municipality
employee; (iii) representatives from water supply and water
disposal operating companies; and (iv) representatives

from academia who provide training for the employee
in the water use sector in industries and researchers in the
related academic field. A plan to perform the unstructured
interviews in an in-depth way was to identify the weaknesses
and opportunities in the sectoral water management systems,
to understand the willingness of stakeholders to accept and
implement the principles of the rational and sustainable water
use. Examples of the questions for interviewing included, but
not limited to: conditions of infrastructure such as the pipelines
and treatment units, statistics of water losses due to damages,
opinions about water tariffs, access to efficient water-saving
techniques, evaluation of the staff competencies, the existence
of water-saving potential in the selected sectors, perspectives
towards implementation of nature-based solutions and the CE
principles, drawbacks and advantages of the current water
institutes, etc.

Both the interviews and the questionnaires conformed to
the principles of privacy and integrity. The respondents were
guaranteed confidentiality of their names and positions. Any
obtained information was supposed to be used for analytical
and research purposes only and did not aim to compromise any
organizations or individuals (Lancaster 2017).

After identification of the SWOT factors, the
stakeholders were suggested to assess the compliance of
suggested indicators to selected criteria using a Likert scale
(Zhalmurziyeva et al. 2021). This assessment aimed to evaluate
the state-of-the-art of the influence of the factors on the water
management systems. The evaluation process was based on
a 5-point scale (1—not significant, 5—highly significant) in
which the experts were able to give weight to the indicators
based on their level of conformity to the targeted requests.

AHP was initially introduced by Saaty (1987) and has
been widely applied for providing information about the
relative importance of the identified factors including water
management (e.g., Dhakal et al. 2021; Ruiz-Villaverde et al.
2013; Chitsaz and Azarnivand 2017; Pagano et al. 2021; Goyal
and Kumar 2021). The pairwise comparison and building the
respective matrices before applying the AHP were carried out
in pairs for each criterion and alternative to assess a nine-point
scale for expressing opinions as shown in Table 1 (Razak et al.
2022).

The resulting ranking can be shown in the form of a matrix
of weights, where the designated relative weight is keyed
into the matrix as an element a; (element of row #, column j),
and its reciprocal (1/ay) is then designated as element a;;. All
values for a;; where i=j are 1:

1 wi/wy owi [ w,
wy /w 1 oWy /w,
A=(ay)= 2070 . (M
Wn/wl Wn/WZ e 1
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Table 1 Scale for pairwise comparison

Score value Definition

Two elements are equally important

3 One element is slightly more important than the
other

One element is more important than the other
One element is more essential than the other

One element is more important than the other
elements

2,4,6,8
1/3,1/5, 1/7, 1/9

A value between adjacent considerations
Reciprocal for inverse comparison

Here, rows specify weight ratios of individual factors,
and all a;> 0. Multiplying matrix A by the transpose of the
vector of weights (say matrix W) gives:

AW =NW = AW, )

where N is the number of rows and columns, W=(WI, W2,...,
Wn), and 4,,,, is the largest eigenfactor. A consistency test
is then conducted, whereby if the matrix is consistent, then
Amax=N. However, if the responses are inconsistent, then
Amax®N. Thus, matrix A must be examined for consistency
using:

cr = M) @)
N-1
CR = 100(%). )

To arrive at index values which are independent of matrix
size, CI values need to be converted into CR values. This is
done by making use of the average consistency index (ACI)
of randomly generated comparisons (Karatayev et al. 2016).

Study area

This study focuses on the Pavlodar region, which is one of
the largest industrial centres in Kazakhstan. Metallurgical,
chemical, and petrochemical industrial activities remain a
major impact on water resources in the region (Radelyuk
et al. 2021a). Therefore, special attention should be paid
to the water use processes by huge industrial clusters.
According to national statistics (Bulletin of National
Statistics 2022), over 53.5 million m? of water has been
supplied to industry in the main city, out of a total of 78.5
million m>. At the same time, a 15.7% water loss has been
registered. The manufacturing, energy, and agricultural
sectors have been listed as top water consumers. Also,
around 31 million m*® wastewater has been received by
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wastewater treatment stations from the whole city and
almost all of it has been released into nature after treatment.

The region heavily relies on the Irtysh River as the
major water source. The largest river in Kazakhstan, it
plays a significant role in social, economic, industrial,
energy generation, and irrigation activities. The state of the
hydrological budget of the river can be classified as stable in
the medium-term period, while contrary processes exist in
the basin, such as a projected increase in water consumption
in upstream and a higher rate of evapotranspiration,
and slowly, but permanently, increased snowmelt and
precipitation rate (Radelyuk et al. 2022).

Spatial boundaries of the project were defined by the
main water users connected to the centralized systems of
water supply and/or wastewater discharge. The following
key stakeholders for providing the first-hand information and
data were selected: municipalities, water utility companies,
oil and gas refining companies (including one of three oil
refineries in Kazakhstan), energy utility companies, metal-
lurgy enterprises (including the only aluminium smelter in
Kazakhstan and the only enterprise in Kazakhstan to pro-
duce alumina and bauxite), and relevant governmental repre-
sentatives. In total, 16 relevant stakeholders were identified,
of which 15 participated in the study. Figure 1 represents
the schematic location of all the selected and participating
stakeholders responsible for water supply, use, distribution,
and disposal. The first part of the interview was conducted
during September and December 2022, and the second part
of the questionnaire distribution and filling was performed
from January to March 2023. Table 2 lists all the stakehold-
ers available in the region.

Results and discussion
Identification of the SWOT factors

The identification of the relevant SWOT factors was
based on the detailed semi-structure long interviews with
seven stakeholders: five from industry, one from a water
supply company, and one from a governmental body.
Also, preliminary literature review, official documentation
survey, and discussion with the colleagues contributed to the
identification of the SWOT factors and development of the
questionnaire was carried out.

The SWOT-Likert and the SWOT-AHP analyses were
based on the responses from 15 stakeholders: 3 from aca-
demia, 6 from industries, 3 from water supply companies,
and 3 from the governmental bodies. The factors identified
and extracted during the interviews were grouped in the
respective SWOT factors, which can be found in Table 3.
The average value of consistency ratio in the SWOT-AHP
analysis was 0.14, which was close to the recommended
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Table 2 The list of stakeholders
# Name Sector
Industries
1 “UPNK-PV” LLP Petrochemical
2 “Caustic” JSC Chemical
3 “Neftekhim LTD” LLP Petrochemical
4 “POCR” LLP Oil refining
5 CHP-3 (on behalf of “PAVLODARENERGO” JSC) Thermal power plant
13 “Aluminium of Kazakhstan” JSC Metallurgy
15 “Kazakhstan Aluminium Smelter” JSC Metallurgy
16 Aksu Ferroalloys Plant (on behalf of JSC TNC “Kazchrome™) Metallurgy
Water utilities
6 LLP “Pavlodar-Vodokanal Severnyj” Water treatment and supply
11 RSE “Kazvodkhoz” of the Committee on Water Resources of the Ministry Water treatment and supply
of Ecology, Geology and Natural Resources of the Republic of Kazakhstan
(Pavlodar branch)
12 LLP “Pavlodar Vodokanal” Water treatment, supply, and disposal
Governmental bodies
7 Committee for Environmental Regulation and Control of the Ministry of Ecology, Ministries
Geology and Natural Resources of the Republic of Kazakhstan (Pavlodar
branch)
9 Department of Subsoil Use, Environment and Water Resources of Pavlodar Municipality
Region
10 Department of Energy and Housing and Utilities of Pavlodar region Municipality
Academy
8 NGO Ecom Non-governmental
12 Toraighyrov University Educational
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Table 3 Identified SWOT factors (alphabetically)
Strengths
S1H Availability of water infrastructure
(S2) Auvailability of water resources in the region
(S3) Existence of flowmeter networks for efficient water consumption metering
(S4) Existence of regulatory standards and legislative framework
(S5) Influence of government policies on the transition to water-saving technologies and emissions reduction
(S6) Presence of the circulating water supply systems
Weaknesses
(W1) Impact of the COVID-19 pandemic
(W2) Lack of research-based solutions\research in the water use sectors
(W3) Lack of competencies with employee on places\lack of employee
(W4) Poor\obsolete conditions of the water infrastructure
(W5) Significant water losses
(W6) The current tariffs of water use
Opportunities
o1 Enterprises’ plans for transition to advanced methods waste-\reused waters
02) Implementation of infrastructure projects (major repairs of existing and building of new infrastructure)
(03) Large volume of generated treated wastewater, which are potentially eligible for reuse
(04) Opportunities for regeneration of associated resources from wastewater (energy, phosphorus, etc.)
(05) Potential for expanding of water saving by development and implementation of water reuse schemes
Threats
(T1) Climate change
(T2) Contamination of water resources
(T3) Corruption
(T4) Increase in water consumption
(T5) Influence of associated costs on modernization
(T6) Influence of external political factors and force majeure
(T7) Lack of environmental awareness and related specific knowledge

value of 0.1 (Finan and Hurley 1997). However, the rel-
evance of this parameter has been argued because the pair-
wise comparisons are based on subjective opinions of the
respondents (Gémez-Limén and Atance 2004).

The association of the identified factors with the sustain-
ability dimensions has shown following interconnections
(Fig. 2). The “Strengths” have been distributed along all
dimensions, which is a positive sign for meeting the criteria
of sustainability. Specifically, half of the strengths (S1, S3,
S6) were related to economic factors, indicating ongoing
processes towards water-saving actions by the stakehold-
ers. All three factors focused on the technological aspects
and readiness of enterprises to enhance perspectives of
water reuse and decreased water withdrawal. However, the
even distribution of “Weaknesses” among the social and
economic dimensions considered that this transition has
reached its capacity. This group of economic factors (W4,
W5, W6) has highlighted the disadvantages of the system,
which creates obstacles to developing the steps needed to
achieve the goals established by the government. Social
weaknesses (W1, W2, W3) depended mainly on external
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factors rather than on the industries themselves, but still
require attention to be addressed. The factors from the
“Opportunities” group have been disseminated among the
environmental and economic dimensions. The economic
factors (O1, O2) reflected the existing weaknesses and
proposed ways to cope with them. In case the opportuni-
ties are taken seriously and applied intensively, they will
directly reflect a decrease in environmental burdens, as
reflected in the environmental factors (O3, O4, O5). The
existing and potential “Threats” occurred at all levels, with
varying scores of importance, indicating the complexity
of the situation in its current conditions. The threats were
independent of each other, making it difficult to mitigate
them and increasing the number of stakeholders involved
in achieving the established goals.

SWOT-Likert and SWOT-AHP analyses

This section presents the outcomes of the responses to the
questionnaire, which was distributed among stakeholders
and consisted of two parts. The first part of the questionnaire
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Fig.2 The association of the identified SWOT factors with the sustainability dimensions

was designed to assess the state of the art of the identified
SWOT factors using Likert scale. The second part was to
understand the priorities of the factors according to the
stakeholders’ opinion in the context of their consideration
of circular economy.

Strengths

The respondents were requested to respond to the following
instruction: “In your opinion, evaluate the level of
implementation of the following factors from the “Strengths”
group in the water management system in your organization
or in the industrial sector in the region nowadays (on a scale
from 1 to 5, where 1—*“absolutely not implemented” and
5—*“in active use”).”

The results of this evaluation are presented in Fig. 3. The
overall average scores reflected relatively good status of
implementation of all the factors (approximately 4.1). The
distribution of the scores among stakeholders showed that
the industries positively self-evaluate themselves, which is
reflected in their high scores. Water suppliers responded
with below average scores, with the lowest scores for all the
factors compared to other stakeholders, and reported that
some of the factors were not implemented in their water
management systems. The factor S1 “Availability of water
infrastructure” gained the highest average score (4.6), which
was evaluated equally high among the representatives from
the industries, water suppliers, and governmental bodies.
The factor S2 “Availability of water resources in the region”
(average score 4.3) received equally high scores among the
representatives of the industry and academia. However,
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Fig.3 The level of implementa-
tion of the “Strengths” factors
according to Likert scale 5

S1 S2

water suppliers and the governmental organizations did not
rank this factor with the top scores. The factors S4 “Exist-
ence of regulatory standards and legislative framework”
and S6 “Presence of the circulating water supply systems”
received equal average scores (4.0). S4 was equally distrib-
uted among all stakeholders, which reflects the common
opinion about the efficiency of the existing water legisla-
tive regulation with its advantages and disadvantages. S6
was positively rated by the industries with the highest pos-
sible scores, as they are the target group to evaluate such
factor. The factor S5 “Influence of government policies on
the transition to water-saving technologies and emissions
reduction” gained an average score of 3.9. The high level of
implementation of this factor according to the industries can
be explained by forthcoming changes in the governmental
policy, which aims to encourage the transition towards the
environmental resilience of the industries as the first priority.
The factor S3 gained the lowest score (3.6), as it has been
accepted by all the respondents that so far the industries are
poorly equipped with water consumption measuring facili-
ties, mainly at the inlet and outlet points. This creates obsta-
cles for monitoring the water use processes and associated
water losses, and seeking suitable water-saving solutions.
The respondents were requested to respond to the fol-
lowing instruction in the second part of the questionnaire:
“Please, compare in pairs the importance of the factors from
the “Strengths” group in the context of implementation of
the principles of water conservation and the "Circular Econ-
omy" in your organization or in the industrial sector in the
region”. The average scores of the parameters among all
stakeholders were evenly distributed, but specific groups of
respondents prioritized different factors (Fig. 4). Interview-
ees from the industries evaluated the factor S3 “Existence of
flowmeter networks for efficient water consumption meter-
ing”, as the most important for implementation, despite
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being considered the weakest factor in the previous part of
the questionnaire. Only a few enterprises have installed com-
prehensive water flowmeter systems to monitor and identify
water losses.

The water suppliers preferred factor S6 “Presence of the
circulating water supply systems”, as the most important.
It can be explained by their role and possibilities to
measure the amount of supplied water, which is under the
opportunities of potential saving. Surprisingly, this factor
has the lowest score in the responses from the industries. It
can be partly explained by the fact that several enterprises
have reported that up to 60% of processed water had already
been reused after the preliminary treatment. However,
almost all the reused water had been sent to cooling towers
and released via evaporation.

Academia and non-governmental organizations rated the
factor S5 “Influence of government policies on the transition
to water-saving technologies and emissions reduction” as
the most important. The government has made efforts to
establish policies and legal frameworks for the transition
to a green economy, but currently lacks mechanisms like
financial incentives or promotional tools to facilitate the
introduction of green technologies in all industry branches
(UNECE 2019). The most recent priority document in
this factor is the newly updated version of the Ecological
Code, which claims and promotes the use of Best Available
Techniques (BAT) as the core driver to improve the
environmental conditions in the mid-term perspective and
shift towards the resources use optimization in the long term
(Kazakhstan 2021a). The version of the Code states that new
rules will be put in place in 2025 to give the enterprises
time to adopt new requirements. Most of the interviewed
industries are listed in the list of TOP-50 polluters among
Kazakhstan and obliged to implement BAT in the forefront
(Government 2022). The idea to base the main regulatory
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Fig.4 The distribution of the
importance of the “Strengths”
factors according to AHP
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decisions on the usage of the BAT raises two types of
concerns in the Kazakhstani context. Firstly, there is a
questionable decision that the enterprises implemented BAT
will be exempt from any environmental-related payments
(Kazakhstan 2021b). Secondly, new BAT Guidelines will
be developed for every sector of the industry in Kazakhstan.
The developers should ensure that the Guidelines contain the
list of the most advanced treatment techniques, which will be
efficiently implemented (Radelyuk et al. 2023).

Despite the fact that the region is located near the
largest river in Kazakhstan, the factor S2 “Availability of
water resources in the region” has been ranked with lower
importance by all stakeholders, except governmental bodies,
under the context of the transition to the circular economy
in water sectors. This may indicate that stakeholders
understand that water availability is not as crucial as its
efficient usage under the CE principles.

The remaining factors S4 “Existence of regulatory
standards and legislative framework™ and S1 “Availability of
water infrastructure” have been mentioned and highlighted
during the interviews. S4 has been reflected by the fact
that industrial enterprises already have strong management
system, and special attention should be paid to the
implementation of the undeveloped factors. This framework
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regulates water use processes for each unit including water
supply and water discharge. These established standards
are regularly reviewed, typically every 5 years, and revised
according to the updated technical conditions of the
enterprises and government requirements.

Weaknesses

The interviewees were asked to respond to the following
instruction in the first part of the questionnaire: “In your
opinion, evaluate the level of influence of the following
factors from the “Weaknesses” group in the water
management system in your organization or in the industrial
sector in the region nowadays (on a scale from 1 to 5,
where 1—"“does not have any impact” and 5—*"“has a direct
influence”).”

The results in Fig. 5 show that water suppliers and gov-
ernmental bodies consider the identified weaknesses to have
a higher impact compared to the opinions from the indus-
tries. The representatives from academia tend to give higher
scores to the identified “Weaknesses” compared to other
stakeholders. The factor W6 “The current tariffs of water
use” received the highest average score (3.5), indicating the
highest impact on the water management system. The water

@ Springer
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Fig.5 The level of implementa-
tion of the “Weaknesses” factors
according to Likert scale

4,5
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suppliers assigned the highest score to this factor comparing
with other stakeholders, reflecting the significant impact of
water prices on their operation. The factors W2, W3, W5,
and W4 were graded with approximately the same score
(3.0), reflecting their not critical influence on the water man-
agement in the region. However, the distribution of answers
differs among stakeholders. There is no unified opinion for
the score for factor W2 “Lack of research-based solutions/
research in the water use sectors” among stakeholders. The
water suppliers are united in the opinion that this factor is
lacking in their field and highly demanded implementation.
The representatives from the industries scored this factor
between 1 and 3, which reflects low interest in this direc-
tion. The factor W3 “Lack of competencies with employee
on places/Lack of employee” showed the same tendency as
W2. The governmental bodies unanimously agreed that the
factor W4 “Poor/obsolete conditions of the water infrastruc-
ture” has the highest influence on the water management in
the region, while the industries graded the parameter with
the broad variety of scores from 1 to 4 with an average score
of 2.0. The factors W2 and W5 “Significant water losses”
are the most critical parameters according to the opinions
of academia with an average score of 4.0. The lowest grade
was given to the factor W1 “Impact of the COVID-19 pan-
demic” (1.9) with the lowest score from the representatives
from industries (1.0).

The following was asked in the questionnaire: “Please
compare in pairs the degree of influence of the factors from
the “Weaknesses” group in the context of (potential) imple-
mentation of the principles of water conservation and the
"Circular Economy" in your organization or in the industrial
sector in the region”. The results are presented in Fig. 6.
The factor W4 “Poor/obsolete conditions of the water infra-
structure” was evaluated as the most influential factor in the
industrial water management systems of the region, with the
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highest rating from academia and government. This factor
can be considered as the weakest factor and the primary
obstacle to the CE in the water sector. Representatives from
large industries expressed their concern on the conditions
of the water infrastructure, particularly pipelines built dur-
ing the Soviet Era (in 1960s—1970s) requiring renovation
which can be a costly procedure and slowly, but permanently
replaced. Additionally, tough climatic conditions and the
impact of groundwater can also affect the infrastructure and
increase corrosion, which leads to frequent incidents and
damage to the pipelines. Representatives from the industry
also reported that their capacity to reuse wastewater was lim-
ited by the feasibility of treating them to certain usable qual-
ity with the existing conditions of treatment units. The main
complication arises from the presence of salts (represented
as total dissolved solids) in even the treated wastewater,
which can cause corrosion in the pipelines and inhibit the
removal of heavily degradable pollutants from wastewater
during the treatment process (Bruno et al. 2020).
Representatives from the industries highlighted W6 as the
most influential parameter. Respondents admitted to very
low tariffication for the water supplied for processing needs
(around 0.04-0.10 USD per m3), which is near the lowest
level known worldwide (Vasquez-Lavin et al. 2020). This
factor does not act as the driving force for industries towards
the CE concept in water sector. The industries do not see
profits from the implementation of additional water saving
and enhanced water reuse while neglecting environmental
awareness. The major investments for improving the water
distribution network also come from the governmental
subsidies. Therefore, some industries disagree with even
these low tariffs and the methodology of their establishing.
The UN World Water Development Report on “Valuing
Water” has blamed governments worldwide for their failure
to establish a clear value on water (UN 2021), as there are
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Fig.6 The distribution of the
importance of the “Weak-

nesses” factors according to
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cases of inefficient water use due to slow implementation
of water-saving technologies affected by weak tariffication
systems (Wan Rosely and Voulvoulis 2022). It has been
generally admitted that clean fresh water that can be used
without additional cost for treatment is at high risk of
shortage. Recent studies have shown that volumetric variable
pricing mechanisms are most effective at maximizing water
use efficiency (Babamiri et al. 2020) and implementation of
the CE approach (Mbavarira and Grimm 2021). Even the
announcement of increasing tariffs may have a greater effect
on reducing water consumption than the implementation of
price increases (Agarwal et al. 2023).

The factor W3 “Lack of competencies with employee
on places\Lack of employee” has been emphasized by
both water supply companies and governmental bodies. To
manage the water network as a complex system, the region
should be considered a unified entity when it comes to water
sources assessment and water distribution planning. This
approach requires highly qualified staff. A lack of capacity
building for university faculty, outdated curriculum, limited
internship opportunities, and the salaries for water engineers
and hydrologists remain low, which causes lack of competent
staff (Assaubayeva 2023). This factor is closely followed by
the factor W2 “Lack of research-based solutions\research

in the water use sectors”. Both factors can be considered
crucial in terms of institutional transition to the circular
economy in the water sector. The lack of an institutional
approach and fragmentation in the sector due to multiple
government agencies regulating water use at different levels
creates obstacles in establishing limits for emissions into
the environment or maintaining tariffs for water supply
(Karatayev et al. 2017). Researchers have expressed their
concerns about the barriers to providing necessary data for
suggesting potential solutions, low interest in the research
direction in general, and the major focus on daily tasks.
For example, a local water supply company showed low
interest and declined to participate in the interview, despite
participating in filling out the questionnaire.

Researchers and non-governmental organizations are
highly concerned about factor W5 “Significant water
losses™, as unbiased assessors of the system of water use.
The factor W1 “Impact of the COVID-19 pandemic” has
been included in the list as it caused delays in implementing
some projects for building and development of water
infrastructure, leading to increased costs and waste of time.
Such limitations in mobility and industrial activities were
not unique to Kazakhstan. The situation worldwide has led
to changes in the industrial development patterns, requiring
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further adaptation and updates to the current water networks
(Jia et al. 2021).

Opportunities

The interviewees were requested to respond to the following
instruction: “In your opinion, evaluate the perspectives of
implementation of the following factors from the “Oppor-
tunities” group in the water management system in your
organization or in the industrial sector in the region nowa-
days (on a scale from 1 to 5, where 1—*“does not have any
perspectives” and 5S—*“planned to be implemented soon’)”.
The “Opportunities” group was identified as the most under-
estimated group, and all the identified factors received rela-
tively low average scores, indicating that they are not cur-
rently prioritized (Fig. 7). It can be seen from the graph
that the water supplier representatives are highly negative
about any opportunities except for the most ranked factor
02 “Implementation of infrastructure projects (major repairs
of existing and building of new infrastructure)”. This factor
has been rated as the most promising for implementation in
the region by all stakeholders with the average score 3.5. It
addresses the urgent need to restore infrastructure and pre-
vent unnecessary water and energy losses, especially accord-
ing to the opinions from the industries and the governmen-
tal bodies. The average score for factors O5 “Potential for
expanding of water saving by development and implemen-
tation of water reuse schemes”, O1 “Enterprises’ plans for
transition to advanced methods waste-\reused- waters”, and
03 “Large volume of generated treated wastewater, which
are potentially eligible for reuse” is the same at 3.0, but the
perception of the stakeholders differs. Governmental bod-
ies are more positive for the factors O5 and Ol, as it was
reported that the enterprises have been planning to imple-
ment such tools to reduce freshwater withdrawal, and also

Fig.7 The level of implementa-
tion of the “Opportunities” fac-
tors according to Likert scale 5

B Academy

0,5

02

@ Springer

due to the acceptance of respective national programmes.
For example, the national programme “Green Kazakhstan”
prescribes reducing the intake of fresh water in the republic
by 24% from 5.8 to 4.4 km> by 2025 (Government 2021).
The representatives from the academia are confident that
there is potential for the implementation of the factor O3.
However, the strategy for its implementation appears to be
challenging and requires specific competencies and technical
possibilities. The average score for the lowest-ranked factor
04 “Opportunities for regeneration of associated resources
from wastewater (energy, phosphorus, etc.)” is 2.4. Surpris-
ingly, the water supplier representatives have evaluated this
factor as not promising, despite the fact that they are opera-
tors of wastewater treatment plants and targeted companies
for the implementation of such incentives.

The following was asked for filling the questionnaire in
the second part: “Please compare in pairs the importance of
the factors from the “Opportunities” group in the context
of implementation of the principles of water conservation
and the "Circular Economy" in your organization or in the
industrial sector in the region”. The factors were evenly dis-
tributed in most responses (Fig. 8). However, the factor O2
“Implementation of infrastructure projects (major repairs
of existing and building of new infrastructure)” received
the highest score among the five factors. Renovation and
maintenance of networks was rated as the highest impact
factor in the context of water demand policies, which indi-
cates the high importance of this parameter (Stavenhagen
et al. 2018). This issue has been recognized as a challenge
even in developed countries to meet the requirements for a
sustainable status according to the respective benchmarks
(Najar and Persson 2023). During the interviews, most of
the industrial enterprises have reported plans to repair pipe-
lines, pumps, and already existing infrastructure, empha-
sizing the importance of enhancing the efficiency of the

8 Industry O Water supply H Government B Average
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Fig.8 The distribution of the
importance of the “Opportuni-
ties” factors according to AHP

Academy

Water suppliers

existing infrastructure for water saving. This factor is fol-
lowed by O1 “Enterprises’ plans for transition to advanced
methods waste-\reused waters” with the particular plans to
shift towards advanced wastewater treatment techniques with
the specified goal to increase water reuse. An interesting
situation has arisen in the context of the factors O3 and O5.
Some enterprises have reported that they have reused all
possible treated wastewater from technological units within
the plant and still have capacity to reuse more. Conversely,
other factories generate large volumes of cleaned wastewater
that are ready for reuse, but do not have such high demand
for water consumption. The factor O4 is barely visible to
industries and governmental bodies and has only been rated
as important for future potential implementation by water
supply companies.

Threats

The first part of the questionnaire dedicated to the group
of “Threats” contained the following instruction: “In your
opinion, evaluate the potential and or existing level of influ-
ence of the following factors from the “Threats” group in
the water management system in your organization or in the
industrial sector in the region nowadays (on a scale from

Government

mOl
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Industries

1 to 5, where 1—*“does not have any impact” and 5—*“has
a direct influence”)”. Representatives from academia and
the government tended to assign higher scores compared to
industries and water suppliers (Fig. 9). The most influen-
tial factor was the factor T5 “Influence of associated costs
on modernization”. This factor is followed by the factor T4
“Increase in water consumption”, which is a forecasted threat
to water resource management in the region. It is worth men-
tioning that there was a wide variation in the obtained scores
for factors T7 “Lack of environmental awareness and related
specific knowledge” (average score 3.5) and T3 “Corrup-
tion” (average score 2.8). The least impactful identified
factors were T6 “Influence of external political factors and
force majeure” and T1 “Climate change” (average scores
2.5). These factors have not been considered crucial in the
context of sustainable water use in the region.

The respondents were suggested to respond to the instruc-
tion in the second part of the questionnaire: “Please com-
pare in pairs the degree of influence of the factors from the
“Threats” group in the context of (potential) implementa-
tion of the principles of water conservation and the "Cir-
cular Economy" in your organization or in the industrial
sector in the region”. The results are shown in Fig. 10.
The factors T2 and T5 were ranked as the most influential
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Fig.9 The level of implementa- B Academy E Industry [0 Water supply H Government B Average

tion of the “Threats” factors
according to Likert scale 5
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Fig. 10 The distribution of the
importance of the “Threats” fac-
tors according to AHP
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parameters in the group. The factor T2 “Contamination of
water resources” was accepted as one of the most influential
by almost all of the respondents, including the industries.
Environmental threats by industries in Kazakhstan have
already been presented in detail in Radelyuk et al. (2021b).
The government only plans to ask industries to implement
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automated systems for monitoring emissions into the envi-
ronment during industrial environmental control. However,
even the updated version of the law has shortcomings.
According to it, if an industrial enterprise discharges waste-
water into evaporation ponds, they are exempt from such
requirements (Minister of Ecology, Geology and Natural
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Resources 2021). This situation creates possibilities for
continuation of environmental pollution.

The problems caused can be fixed by installing modern
equipment, while the cost for the installation is usually
very high, which is reflected by the significance of the
factor TS5 “Influence of associated costs on moderniza-
tion”. The factors T3 and T4 were also rated with high
significance. The importance of T4 “Increase in water
consumption” can be explained by the forecasted popu-
lation increase in the Irtysh River basin and associated
pressure on the water resources of the region. The threat
of the factor T3 “Corruption” has been claimed by both
internal and external assessors. High economic growth in
Kazakhstan has come with a considerable environmen-
tal cost, as corruption has been widely prevalent with
the influence of big companies on environmental poli-
cies and following environmental damage (Nugumanova
et al. 2017).

Other parameters have also been pointed out by
respondents and accepted for their presence, but
were not considered by all the interviewees. Some
respondents raised concern about the factor T7 “Lack of
environmental awareness and related specific knowledge”
due to consumer culture in Kazakhstani society and the
insufficient environmental education on all business
levels (Kumar 2022). Respondents have also admitted the
impact of the COVID-19 pandemic, lockdown, and the
Russian invasion in Ukraine, which affected the existing
supply chains and resulted in sanctions. Interestingly, the
factor of climate change is barely considered as a driving
force towards transitioning to the circular economy in
industrial water use in the region.

To face and mitigate such potential challenges and
threats, the identified factors can be divided into three
categories based on temporal distribution, namely short-
term, long-term, and unpredictable threats. The responses
to these factors depend on various circumstances, includ-
ing willingness of stakeholders to eliminate corruption
risks in the water sector, invest in water infrastructure
despite associated costs, and enhance environmental
awareness at all business levels (Perron et al. 2006). Miti-
gating long-term threats, such as climate change, risks of
shortage in water availability, and expected increases in
water consumption, rely heavily on stakeholders’ under-
standing of these risks and should be based on reliable
trends assessments (Xiao et al. 2021). The third group of
unpredictable risks depends on the government’s integrity
and is beyond the scope of this paper.

Policy implications of the most rated SWOT factors

Table 4 summarizes all the opinions of the stakeholders
in terms of the high importance of the factors. Nowadays,

almost all stakeholders rely on the availability of water
resources of the region, considering it as the most
developed and important strength among others, which
can be explained by endowment of the region with the
resources. However, these resources are undervalued
which is reflected by the respectively low tariffs.
Governmental bodies tend to continue relying on such
wealth of water in future, despite the clarified movement
towards the CE.

While most actors accept the inappropriacy of the
current tariffs, only the representatives from the industry
put this factor to the top as the most impacting weakness
towards the CE. The poor conditions of the infrastructure
also raise awareness in both currently and for future
implementation. Another issue is the prediction for
lacking experts and staff in the water sector, which may
affect the efficiency of maintenance and operation of the
infrastructure.

Building capacity of the infrastructure by its repair and
upgrade (with the special emphasis by the industries for
implementation of advanced treatment techniques) is rated
as the top opportunity for both the present and further
plans.

Major identified threats are T4 “Increase in water
consumption” (according to the industries) and TS5
“Influence of the cost on the modernization and realization
of the projects” (according to other stakeholders). These
factors are already experienced and expected to grow in
future. Most stakeholders showed their concern that these
factors coupled to high level of corruption risks would
cause increasing rate of contamination of water resources,
also as a significant threat.

Table 5 aims to link the identified top factors to the
respective legislative documents, and to show their
positive or negative influence on achievement of their
aims. All respondents noted that the respective legislative
changes positively impact the transition towards the
green economy, which is reflected in the presence of the
circulating water supply systems and flowmeter networks
or plans to implement them (which is reflected in the
respective O-factors). Nevertheless, prioritization of the
factors using the AHP analysis highlighted weak points
in the associated shortcomings in legislation. These may
lead to several hazards associated with the high level of
water losses and severe water resources pollution, which
were reflected in the respective W- and T- factors. This
fact may indicate failure of the updated legislation and
the silent sabotage by the industries towards active water-
saving actions.
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Conclusions

This research reveals different opinions of the stakeholders
in their perception of changes needed to reach the overall
implementation of the circular economy in the industrial
water sector in developing countries like Kazakhstan.
Various water actors in the Pavlodar region identified
primary factors that positively or negatively impact the
industrial water use. Establishing the common aim: to
reduce water intake and to restore the local ecosystems,
there is no unified opinion on how to achieve this aim.
Existing water infrastructure was recognized by all
stakeholders as the major strength nowadays, and one
of the most important factors for the implementation
the CE in future. Industries wish to improve their
monitoring system and put this factor as a priority of the
“Strengths” group, while its implementation nowadays
was ranked as the weakest factor among all stakeholders.
In the “Weaknesses” group, the industries tended to
underestimate the identified factors, which was reflected
in the significantly low scores given to the factors of that
group comparing with other stakeholders. The current
water tariffs are significantly low and do not reflect the
fair value of water. Thus, there is no incentive drive to
shift to advanced water-saving techniques. Poor and
obsolete conditions of the water infrastructure have been
recognized as the most influential factors in the industrial
water management systems of the region in the long term,
which is closely related with the potential investment,
considering the reasonable water prices. Opportunities
to implement the CE principles were barely visible.
Stakeholders are mainly focused on the solid plans
to repair the existing water infrastructure, rather than
adopting advanced ways to reuse water and decrease
freshwater withdrawal. Mitigation of existing and potential
threats demands political will and respective governmental
management in the water sector. Main challenges are to
eliminate corruption risks in the water sector, invest in
water infrastructure despite the associated costs, and
enhance environmental awareness at all business levels.
This research sheds light on the processes lying beyond
the visible aspects of water management and identifies the
possible ways to overcome the obstacles towards the CE
and the SWU in the Pavlodar region in Kazakhstan. Based
on the retrospective and cultural context, this research can
be extrapolated to the whole country. It is worth men-
tioning that this research is based on the subjective opin-
ions from water professionals of the region, which can
be biased. Therefore, these opinions were confirmed and
supported by multiple official reports and generally shared
opinions by different representatives in each group of the
stakeholders. Further research should be carried out to

investigate the possibility of implementing advanced and
efficient water-saving techniques into the regional water
management system considering the local social and polit-
ical condition.

Acknowledgements The whole research is dedicated to the memory
of Prof Jifi Jaromir Klemes—the Head of Sustainable Process Integra-
tion Laboratory—SPIL, who was the leading researcher in the area of
process integration. He passed away in January 2023.

Author contributions 1. R.: conceptualization, methodology, investi-
gation, formal analysis, writing—original draft, writing—review and
editing. X. J.: conceptualization, formal analysis, writing—review and
editing. M. Y.: conceptualization, data curation, resources, writing—
review and editing. D. A.: conceptualization, investigation, writing—
review and editing.

Funding This research was funded by the Science Committee of
the Ministry of Science and Higher Education of the Republic of
Kazakhstan (Grant No. AP14972725).

Data and materials availability Data sets generated during the current
study are available from the corresponding author on reasonable
request due to the principles of privacy and integrity of the interviewed
stakeholders.

Declarations

Conflict of interest No potential conflict of interest was reported by
the authors. The authors have no relevant financial or non-financial
interests to disclose.

Ethical approval and consent to participate Not applicable.

Consent to publish All authors have consented to publish this manu-
script.

References

Agarwal S, Araral E, Fan M, Qin Y, Zheng H (2023) The effects of
policy announcement, prices and subsidies on water consump-
tion. Nature Water 1(2):176-186. https://doi.org/10.1038/
$44221-023-00028-1

Alimbaev T, Omarova B, Tuleubayeva S, Kamzayev B, Aipov N,
Mazhitova Z (2021) Ecological problems of water resources in
Kazakhstan. E3S Web Conf 244:01004. https://doi.org/10.1051/
e3sconf/202124401004

Assubayeva A (2023) Review of uncertainties in water security
decision-making in Central Asia. OSCE Academy, Bishkek,
Kyrgyzstan

Babamiri AS, Pishvaee MS, Mirzamohammadi S (2020) The analysis
of financially sustainable management strategies of urban water
distribution network under increasing block tariff structure: a sys-
tem dynamics approach. Sustain Cities Soc 60:102193. https://doi.
org/10.1016/j.5¢s.2020.102193

Bashe T, Alamirew T, Dejen ZA (2022) Estimating the economic value
and economic return of irrigation water as a sustainable water
resource management mechanism. Sustain Water Resour Manag
8:175. https://doi.org/10.1007/s40899-022-00764-4

Biswas AK, Tortajada C (2010) Future water governance: problems
and perspectives. Int ] Water Resour Dev 26(2):129-139. https://
doi.org/10.1080/07900627.2010.488853

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



79 Page 20 of 21

Sustainable Water Resources Management (2024) 10:79

Bruno P, Campo R, Giustra MG, De Marchis M, Di Bella G (2020)
Bench scale continuous coagulation-flocculation of saline indus-
trial wastewater contaminated by hydrocarbons. J Water Process
Eng. https://doi.org/10.1016/j.jwpe.2020.101156

Bulletin of National Statistics (2022) About water supply and water dis-
charge infrastructure in the Pavlodar region (in Russian). https://
stat.gov.kz/region/263009/statistical_information/industry/55157.
Accessed 11 Jan 2023

Chitsaz N, Azarnivand A (2017) Water scarcity management in
arid regions based on an extended multiple criteria technique.
Water Resour Manag 31(1):233-250. https://doi.org/10.1007/
s11269-016-1521-5

Dhakal S, Karki P, Shrestha S (2021) Cross-border electricity trade for
Nepal: a SWOT-AHP analysis of barriers and opportunities based
on stakeholders’ perception. Int J Water Resour Dev 37(3):559—
580. https://doi.org/10.1080/07900627.2019.1648240

Dimova G, Dimitrova S, Kostova I, Lazarova S, Ribarova I, Stoyanov
D et al (2022) The readiness of the water utilities in Bulgaria
for transition toward a circular economy. Processes 10(6):1156.
https://doi.org/10.3390/pr10061156

Finan JS, Hurley WJ (1997) The analytic hierarchy process: does
adjusting a pairwise comparison matrix to improve the consist-
ency ratio help? Comput Oper Res 24(8):749-755. https://doi.org/
10.1016/S0305-0548(96)00090-1

Gao X, Chen L, Sun B, Liu Y (2017) Employing SWOT analysis and
normal cloud model for water resource sustainable utilization
assessment and strategy development. Sustainability 9(8):1439.
https://doi.org/10.3390/su9081439

Goémez-Limén JA, Atance 1 (2004) Identification of public objectives
related to agricultural sector support. J Policy Model 26(8):1045—
1071. https://doi.org/10.1016/j.jpolmod.2004.07.005

Government (2021) On approval of the national project “Green
Kazakhstan” (in Russian). Decree Ne 731 dated October 12,
2021. https://adilet.zan.kz/rus/docs/P2100000731. Accessed 04
Aug 2023

Government (2022) On approval of the List of TOP-50 largest emitters
as of January 1, 2021 (in Russian). Decree Ne 187 dated April 1,
2022. https://adilet.zan.kz/rus/docs/P2200000187. Accessed 04
Aug 2023

Goyal K, Kumar A (2021) Multi-criteria analysis to identify the factors
affecting water reuse scheme in India. Water Environ J 35(2):451—
462. https://doi.org/10.1111/wej.12642

Hao Y, Wang Y, Wu Q, Sun S, Wang W, Cui M (2020) What affects
residents’ participation in the circular economy for sustainable
development? Evidence China Sustain Dev 28(5):1251-1268.
https://doi.org/10.1002/sd.2074

IWA (2016) Water utility pathways in a circular economy. IWA pub-
lishing, London

Jia X, Klemes JJ, Wan Alwi SR, Varbanov PS (2020) Regional water
resources assessment using water scarcity pinch analysis. Resour
Conserv Recycl. https://doi.org/10.1016/j.resconrec.2020.104749

Jia X, Varbanov PS, Klemes JJ, Jia X (2021) The impact of COVID-19
on the water sector: a review. Chem Eng Trans 88:67-72. https://
doi.org/10.3303/CET2188011

Karatayev M, Hall S, Kalyuzhnova Y, Clarke ML (2016) Renewable
energy technology uptake in Kazakhstan: policy drivers and
barriers in a transitional economy. Renew Sustain Energy Rev
66:120-136. https://doi.org/10.1016/j.rser.2016.07.057

Karatayev M, Kapsalyamova Z, Spankulova L, Skakova A, Movke-
bayeva G, Kongyrbay A (2017) Priorities and challenges for a
sustainable management of water resources in Kazakhstan. Sus-
tain Water Qual Ecol 9-10:115-135. https://doi.org/10.1016/j.
swaqe.2017.09.002

Kazakhstan (2020) On approval of the Action Plan for the imple-
mentation of the Concept for the transition of the Republic of
Kazakhstan to a "green economy" for 2021 — 2030 (in Russian).

@ Springer

Resolution Ne 479 of the Government of the Republic of
Kazakhstan dated July 29, 2020. https://adilet.zan.kz/rus/docs/
P2000000479. Accessed 12 Jan 2023

Kazakhstan (2021a) Ecological Code of the Republic of Kazakh-
stan (in Russian). https://adilet.zan.kz/rus/docs/K2100000400#
z4470. Accessed 11 Jan 2023

Kazakhstan (2021b) On amendments and additions to the Tax Code
of the Republic of Kazakhstan and the Law of the Republic of
Kazakhstan “On the entry into force of the Tax Code of the
Republic of Kazakhstan on environmental issues” (in Russian).
Law of the Republic of Kazakhstan Ne 402-VI ZRK dated Janu-
ary 2, 2021. https://adilet.zan.kz/rus/docs/Z2100000402#z44.
Accessed 04 August 2023

Klemes JJ (2012) Industrial water recycle/reuse. Curr Opin Chem
Eng 1(3):238-245. https://doi.org/10.1016/j.coche.2012.03.010

Klemes JJ, Varbanov PS, Walmsley TG, Jia XX (2018) New direc-
tions in the implementation of pinch methodology (PM). Renew
Sustain Energy Rev 98:439-468. https://doi.org/10.1016/j.rser.
2018.09.030

Kumar YA (2022) Analysis of new state documents on environmen-
tal awareness aspects in Kazakhstan. Eurasian J Ecol. https://
doi.org/10.26577/EJE.2022.v72.i3.01

Lambooy T (2011) Corporate social responsibility: sustainable water
use. J Clean Prod 19(8):852-866. https://doi.org/10.1016/j.jclep
r0.2010.09.009

Lancaster K (2017) Confidentiality, anonymity and power relations
in elite interviewing: conducting qualitative policy research in
a politicised domain. Int J Soc Res Methodol 20(1):93-103.
https://doi.org/10.1080/13645579.2015.1123555

Masi F, Rizzo A, Regelsberger M (2018) The role of constructed
wetlands in a new circular economy, resource oriented, and
ecosystem services paradigm. J Environ Manag 216:275-284.
https://doi.org/10.1016/j.jenvman.2017.11.086

Mbavarira TM, Grimm C (2021) A systemic view on circular econ-
omy in the water industry: learnings from a Belgian and Dutch
case. Sustainability 13:3313. https://doi.org/10.3390/sul30
63313

Mesa-Pérez E, Berbel J (2020) Analysis of barriers and opportunities
for reclaimed wastewater use for agriculture in Europe. Water
12:2308. https://doi.org/10.3390/w12082308

Minister of Ecology, Geology and Natural Resources (2021) On
approval of the Requirements for maintaining an automated
system for monitoring emissions into the environment dur-
ing industrial environmental control (in Russian). Order Ne
208 dated June 22, 2021. https://adilet.zan.kz/rus/docs/V2100
023659. Accessed 04 Aug 2023

Morseletto P, Mooren CE, Munaretto S (2022) Circular economy of
water: definition, strategies and challenges. Circ Econ Sustain
2:1463-1477. https://doi.org/10.1007/s43615-022-00165-x

Najar N, Persson KM (2023) Status improvement in water and
wastewater fixed facilities: success and challenges of 11 Swed-
ish water utilities as case studies. Water Policy 25(7):656-679.
https://doi.org/10.2166/wp.2023.263

Nika CE, Vasilaki V, Exposito A, Katsou E (2020) Water cycle and
circular economy: developing a circularity assessment frame-
work for complex water systems. Water Res. https://doi.org/10.
1016/j.watres.2020.116423

Nugumanova L, Yemelina N, Yugay S, Frey M (2017) Environmen-
tal problems and policies in Kazakhstan: Air pollution, waste
and water. IOS Working Papers, Leibniz-Institut fiir Ost- und
Stidosteuropaforschung (I0S), Regensburg

Pagano A, Giordano R, Vurro M (2021) A decision support system
based on AHP for ranking strategies to manage emergencies on
drinking water supply systems. Water Resour Manag 35(2):613—
628. https://doi.org/10.1007/s11269-020-02741-y

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Sustainable Water Resources Management (2024) 10:79

Page210of21 79

Perron GM, C6té RP, Dufty JF (2006) Improving environmental aware-
ness training in business. J Clean Prod 14(6):551-562. https://doi.
org/10.1016/j.jclepro.2005.07.006

President (2013) About the concept for the transition of the Republic
of Kazakhstan to a "green economy" (in Russian). Decree Ne 577
of the President of the Republic of Kazakhstan dated May 30,
2013. https://adilet.zan.kz/rus/docs/U1300000577#z1. Accessed
12 Jan 2023

Qadir M, Drechsel P, Jiménez Cisneros B et al (2020) Global and
regional potential of wastewater as a water, nutrient and energy
source. Nat Resour Forum 44:40-51. https://doi.org/10.1111/
1477-8947.12187

Radelyuk I, Naseri-Rad M, Hashemi H, Persson M, Berndtsson R,
Yelubay M et al (2021a) Assessing data-scarce contaminated
groundwater sites surrounding petrochemical industries. Environ
Earth Sci. https://doi.org/10.1007/s12665-021-09653-z

Radelyuk I, Tussupova K, Klemes JJ, Persson KM (2021b) Oil refinery
and water pollution in the context of sustainable development:
developing and developed countries. J Clean Prod. https://doi.org/
10.1016/j.jclepro.2021.126987

Radelyuk I, Zhang L, Assanov D, Maratova G, Tussupova K (2022)
A state-of-the-art and future perspectives of transboundary rivers
in the cold climate: a systematic review of Irtysh River. J Hydrol:
Reg Stud 42:101173. https://doi.org/10.1016/j.ejrh.2022.101173

Radelyuk I, Klemes JJ, Tussupova K (2023) Sustainable water use in
industry—reasons, challenges, response of Kazakhstan. Circ Econ
Sustain. https://doi.org/10.1007/s43615-023-00269-y

Razak NH, Zulkafli NI, Klemes JJ (2022) Analytical hierarchy process
for automated fertigation blending system in reducing nutrient
and water losses. Chem Eng Trans 97:493-498. https://doi.org/
10.3303/CET2297083

Ruiz-Villaverde A, Gonzélez-Gémez F, Picazo-Tadeo AJ (2013) Pub-
lic choice of urban water service management: a multi-criteria
approach. Int J] Water Resour Dev 29(3):385-399. https://doi.org/
10.1080/07900627.2012.721668

Saaty RW (1987) The analytic hierarchy process—what it is and how it
is used. Math Model 9(3):161-176. https://doi.org/10.1016/0270-
0255(87)90473-8

Saimova S, Makenova G, Skakova A, Moldagaliyeva A, Beisembinova
A, Berdiyarova Z et al (2020) Towards a low-carbon economic
sustainable development: scenarios and policies for Kazakhstan.
IntJ Energy Econ Policy 10(5):638-646. https://doi.org/10.32479/
jjeep.9604

Salem HS, Pudza MY, Yihdego Y (2022) Water strategies and
water—food Nexus: challenges and opportunities towards sus-
tainable development in various regions of the World. Sus-
tain Water Resour Manag 8:114. https://doi.org/10.1007/
$40899-022-00676-3

Stavenhagen M, Buurman J, Tortajada C (2018) Saving water in cities:
assessing policies for residential water demand management in
four cities in Europe. Cities 79:187-195. https://doi.org/10.1016/].
cities.2018.03.008

Tan S, Yao L (2023) Managing and optimizing urban water supply sys-
tem for sustainable development: perspectives from water-energy-
carbon nexus. Sustain Prod Consum 37:39-52. https://doi.org/10.
1016/j.spc.2023.02.004

UN (2021) The United Nations World Water Development Report ‘Val-
uing Water’; United Nations Educational, Scientific and Cultural
Organisation. UNESCO, Paris, France

UNECE (2019) Environmental Performance Review for Kazakhstan.
https://unece.org/environment-policy/publications/3rd-envir
onmental-performance-review-kazakhstan. Accessed 11 Jan 2023

Vasquez-Lavin F, Vargas OL, Hernandez JI, Ponce Oliva RD (2020)
Water demand in the Chilean manufacturing industry: analysis
of the economic value of water and demand elasticities. Water
Resour Econ 32:100159. https://doi.org/10.1016/j.wre.2020.
100159

Voulvoulis N (2018) Water reuse from a circular economy perspec-
tive and potential risks from an unregulated approach. Curr Opin
Environ Sci Health 2:32-45. https://doi.org/10.1016/j.coesh.2018.
01.005

Voulvoulis N, Arpon KD, Giakoumis T (2017) The EU water frame-
work directive: from great expectations to problems with imple-
mentation. Sci Total Environ 575:358-366. https://doi.org/10.
1016/j.scitotenv.2016.09.228

Wan Rosely WIH, Voulvoulis N (2022) Systems thinking for the sus-
tainability transformation of urban water systems. Crit Rev Envi-
ron Sci Technol. https://doi.org/10.1080/10643389.2022.2131338

Wang X, Chen Y, Fang G, Li Z, Liu Y (2022) The growing water
crisis in Central Asia and the driving forces behind it. J Clean
Prod 378:134574. https://doi.org/10.1016/j.jclepro.2022.134574

Xenarios S, Assubayeva A, Xie L, Sehring J, Amirkhanov D, Sultanov
A etal (2021) A bibliometric review of the water security concept
in Central Asia. Environ Res Lett 16(1):013001. https://doi.org/
10.1088/1748-9326/abc717

Xiao H, Li Z, Jia X, Ren J (2020) Chapter 2: Waste to energy in a
circular economy approach for better sustainability: a comprehen-
sive review and SWOT analysis. In: Ren J (ed) Waste-to-energy.
Academic Press. https://doi.org/10.1016/B978-0-12-816394-8.
00002-1

Xiao L, Liu J, Ge J (2021) Dynamic game in agriculture and industry
cross-sectoral water pollution governance in developing countries.
Agric Water Manag 243:106417. https://doi.org/10.1016/j.agwat.
2020.106417

Yessymkhanova Z, Dauletkhanova Z, Suleimenova B, Mussirov G,
Gorda A, Gorda O et al (2021) The potential of the water industry
in the context of sustainable development. IOP Conf Ser: Earth
Environ Sci 937(3):032027. https://doi.org/10.1088/1755-1315/
937/3/032027

Zarei M (2020) Wastewater resources management for energy recovery
from circular economy perspective. Water-Energy Nexus 3:170-
185. https://doi.org/10.1016/j.wen.2020.11.001

Zhalmurziyeva K, Tokbolat S, Durdyev S, Mustafa MY, Karaca F
(2021) Assessment of sustainability indicators for urban water
infrastructure in a developing country. Int J Build Pathol Adapt.
https://doi.org/10.1108/1JBPA-09-2021-0121

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Terms and Conditions

Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature™).

Springer Nature supports a reasonable amount of sharing of research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial.

These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply.

We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy.

While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not:

1. use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access
control;

2. use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is
otherwise unlawful;

3. falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in
writing;

4. use bots or other automated methods to access the content or redirect messages

5. override any security feature or exclusionary protocol; or

6. share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal
content.

In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository.

These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved.

To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose.

Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties.

If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at

onlineservice(@springernature.com



mailto:onlineservice@springernature.com



