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Abstract

Industrial development poses significant challenges to water resource management, both
in terms of quality and quantity. In response to these challenges, the concept of sustainable
water use has been proposed as a means of addressing these issues. However, this concept
is not yet widely adopted in developing countries, particularly in Kazakhstan. This paper
examines the extent to which water use is sustainable on the example of the oil refinery
sector in Kazakhstan. The investigation revealed a two-fold problem: the discharge of con-
taminated wastewater into the environment, which poses a risk of contamination transport,
and the irrational use of water within the refinery. These issues are rooted in low water
fees, low penalties for pollution and the gaps in legislation that allow for high maximum
allowable concentrations of pollutants in discharges. As a result, toxic contaminants, such
as petroleum hydrocarbons, are present in high concentrations exceeding permissible lim-
its in groundwater up to 6 km away from the point of wastewater discharge. Based on the
findings of the environmental impact assessments carried out in the sector, the authors
propose a response that involves revising and implementing suitable legislative standards
with requirements for transparent practices for environmental impact assessment and new
efficient environmental monitoring programs to prevent water pollution. These measures
have been adopted in the new Ecological Code and require proper control to ensure their
effective implementation. However, the perspective of implementing efficient water-saving
techniques and water integration is not yet widely visible and needs to be considered in
order to achieve the sustainable water use in the industry.
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Introduction

Sustainable development, defined as ‘allowing people to live in a healthy environment
and improve social, economic and environmental conditions’ [1], is an extremely impor-
tant paradigm for humanity today. The establishment of such coherent reference point is
essential in promoting responsible utilization of resources while simultaneously improv-
ing global living standards. With industrial sectors being the most prominent consumers
of resources and leading sources of environmental pollution, a special emphasis must be
placed on the harmonization of resource usage and economic growth in developing nations
[2]. Water is considered by the United Nations (UN) to be a crucial component of sustain-
able development, playing a critical role in promoting socio-economic advancement, main-
taining healthy ecosystems and enabling human survival [3]. Industrial development poses
significant challenges to water resource management, both in terms of quality and quantity
[4]. In response to these challenges, the concept of ‘sustainable water use’ (SWU) has been
proposed as a means of addressing these issues [5]. The concept aims to assure three pil-
lars of sustainability related to the water sector: social, environmental and economic. One
of the first known definitions of the SWU was ‘the use of water that supports the ability of
human society to endure and flourish into the indefinite future without undermining the
integrity of the hydrological cycle or the ecological systems that depend on it’ [6]. Since
then, particular focus has been paid to the importance of such aspects of the SWU as the
volume of water consumption with the associated predictions of water scarcity [7], water
pollution and its environmental consequences [8], technological aspects for providing
available and safe water [9], corporate social responsibility [10] and water economy and its
impact on water use [11]. Combination of such aspects for the application of the concept in
the industry can be framed by the following factors (Fig. 1). Social factors include, firstly,
public safety by consumption of available and safe drinking water and, secondly, relevant
regulation assuring this right. Environmental factors consider the good ecological status of
water bodies, where the water is supplied from and discharged to, including by industrial
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activities. Economic factors include efficient and fair pricing for water use, which considers
the cost to obtain water, treat it and discharge or reuse it in a respective manner [12].

There is a lack of research on sustainable water management in industrial sectors in
developing countries such as Kazakhstan, despite the increasing challenges in this field.
For example, the search in the Scopus database using keywords ‘TITLE-ABS-KEY (water
AND circular AND economy AND Kazakhstan)’ shows only one research paper written by
the authors. Other relevant literature surveys have shown a limited focus on a maximum of
two factors, which may hinder researchers and decision-makers from achieving the holistic
and systematic approach to sustainable development [13, 14]. It is essential to address the
challenges of ensuring viable, bearable and equitable water under conditions when most
industrial enterprises do not have wastewater treatment facilities on their premises or do
not carry out preliminary treatment with the direct discharge into rivers or urban sewerage
systems [15]. These facts indicate that the principles of the SWU in industry are barely vis-
ible in Kazakhstan.

This paper represents the first known attempt to investigate water usage in the industry
from the perspective of sustainable water use (SWU) in Kazakhstan. The study encom-
passes the technological, environmental, socio-economic and political aspects of the cur-
rent industrial water use system, with the oil refinery sector being used as a case study. The
general aim of this case study was to understand to what extent water use in the oil refin-
ery industry in Kazakhstan is sustainable. Respectively, three objectives related to interac-
tions between dimensions of the SWU were identified for related investigation: Objective
A aimed to investigate water and wastewater management practices at oil refinery factories
in Kazakhstan in accordance with respective national and international legislation. Objec-
tive B aimed to assess groundwater safety affected by the current system of wastewater
treatment in one of the refineries and its impact on environment and society. Objective C
aimed to define possible solutions for industrial water and wastewater management system
in Kazakhstan to ensure the SWU principles are met.

Case Study

While Kazakhstan is a water-rich country, there are known mismanagement problems in
the water sector. The country already faces risks of water scarcity in future, experiences
significant water losses due to the obsolete infrastructure of water facilities and faces dam-
aging pollution of natural water sources [16]. Moreover, the impact of climate change,
increase in water demand, weakness of institutional approach and uncontrolled use of
water resources by upstream neighbourhoods only jeopardize the situation. It has been
estimated that the mismanagement of freshwater resources would lead to a national water
deficit by 2030 [16]. Kazakhstan accepted the national program for a transition towards
a ‘green economy’ with the adaptation of the circular economy (CE) principles in 2013
[17]. Water issues have been accepted as the priority direction in the implementation of
the CE in the respective national program [18]. The expected outcomes of implementation
include, firstly, alleviation of the stress on freshwater supply by water reuse and adapta-
tion of water-saving technologies and, secondly, elimination of associated water and energy
losses due to ineffective water delivery systems [19].

Refining enterprises give a significant contribution to the structure of industrial devel-
opment. The petroleum industry is the major actor and accounted for about 10% of the
GDP in the country [20]. The sector is represented by three large enterprises and associated
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clusters in the north-east, south and west regions of the country. The refinery throughput
in Kazakhstan is 339 thousand barrels daily, a number that is growing by 4.6% every year.
The refinery capacity is estimated to be 350,000 barrels daily [21].

Water is a very important reagent in petroleum and petrochemical production processes.
Distillation, extraction, preparation of solutions, cooling systems and washing processes
are some examples of industrial water use, leading to large consumption in the current fuel
and electricity production [22]. The total water consumption for those purposes is pro-
jected to increase by 55% between 2000 and 2055 globally [23].

The oil refinery industry in Kazakhstan consumed 77.8 mln m® of water in 2016, while
only 3.5 mIn m® of it has been re-used, and the rest has been discharged into the environ-
ment. According to the Environmental Performance Review for Kazakhstan [15], three oil
refinery factories in Kazakhstan are one of the biggest sources of water contamination,
despite attempts to control the pollution by both the government and the industry. Mitigat-
ing such risks is a challenge, which requires not only optimization during the treatment, but
a research-based approach for the whole system of water and wastewater management in
the industry [24, 25].

Methods

The investigation of the case study used the DPSIR (Drivers-Pressures-State-Impact-
Response) framework to investigate existing pressure on water resources by the oil refinery
sector in Kazakhstan [26]. The hypothesis was that the pressure is caused by improper
wastewater treatment. Thus, legislation in this sphere, the treatment methods, the discharge
process and the effect on the environment were evaluated following international and
national regulations [27]. The related second step was to evaluate the resulting state, as an
indicator of the pressure, by assessing the quantitative and qualitative parameters of the
contaminated wastewater discharged by the oil refinery sector.

The next step was to evaluate potential impact, which may differ, including deteriorated
or destroyed ecosystems, unsafe drinking water or the waste of water in the regions where
water scarcity exists. Multivariate statistical technique is a widely used approach, which
supported in the assessment of the behaviour of contamination from point sources [28].
For the particular case study, the potentially affected territories by the spreading of the con-
tamination plume in space were identified based on historical observations. Furthermore,
the assessment of the potential hazard from spreading the contamination under potential
scenarios of varying loading of the contaminants was done. For this purpose, a two-step
modelling procedure was developed and used [29]. The first step included the numerical
groundwater model using MODFLOW to define the groundwater flow direction, as it is a
necessary prerequisite to any contaminant transport modelling undertaken as part of the
analysis of the pollution pressures on that body. In the second step, a semi-analytical con-
tamination transport model was applied for the general investigation of plume development
in the aquifer. As a result, the potential fate of contaminants can be assessed under the con-
sideration of different scenarios, depending on local conditions [30].

As a final step of the DPSIR, the related response might be proposed to mitigate identified
challenges. The main criteria for the response should be the efficiency of proposed solutions
to handle roots of the problem, which lay in industrial water and wastewater management
systems [31]. Figure 2 represents the structure of this study under the DPSIR framework.
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Results

The results addressed the established objectives, as follows:

Objective A

This study identified the imperfections of the existing framework for water use in the sec-
tor in Kazakhstan. It was found that there is no incentive by current law in Kazakhstan to
shift towards the SWU, as there is in developed countries where enforcement of legisla-
tion was the first step towards the SWU. Formally, environmental regulation in Kazakhstan
promotes the polluter pays principle and follows the World Health Organization (WHO)
recommendations for ensuring drinking water quality, including groundwater. Simultane-
ously, the weakness of legislation was identified by lacking unified and transparent stand-
ards for treatment processes and wastewater quality [32]. Additionally, corruption might
decrease the stringency of environmental regulations and might accordingly lead to higher
emission levels according to Nugumanova and Frey [33]. Loopholes in the local law have
allowed the discharge of improperly treated industrial wastewater into artificial or natural
ponds, which potentially causes fate for the environment and society. One example is that
permission has been based on the requirement that the initial concentration of pollutants
in a recipient of wastewater is exceeded. Historically, there has been a time gap between
when the discharge started and when the monitoring of the recipient started. Thus, the
industry receives a legal permit for environmental pollution and does not have any moti-
vation to invest in the improvement of treatment approaches or in the modernization of
already obsolete treatment equipment [27]. Low water fees, low penalties for pollution and
the possibility to establish maximum allowable concentrations (MAC) of the pollutants in
wastewater equal to the background concentration of the pollutant in an already polluted
recipient allow the situation to remain unchanged. Thus, Kazakhstani standards are not suf-
ficiently adapted for international guidelines, which causes the release of potentially toxic
substances together with wastewater into environmental media, where those substances
migrate into another, e.g. groundwater [34], with the following threats for public health
and connected ecosystems. It can be clearly seen from Table 1, where the MACs and the
real concentrations of the contaminants in wastewater from one particular oil refinery and

Table 1 Content of wastewater released into the environment by the studied refinery in Kazakhstan
(adapted from Radelyuk et al. [27])

Parameter Unit MACreﬁnery MAC o mestic Caverage Cedian
Ammonia (NH,%) mg/L 55.18 2.00 49.26 52.36
Total petroleum hydrocarbons (TPH) mg/L 3.02 0.10 1.30 1.23
Biochemical oxygen demand (BOD) mgO,/L 17.8 3.0 10.6 10.6
Sulphates (SO,*7) mg/L 643.0 500.0 449.0 469.5
Chlorides (CI7) mg/L 169.8 350.0 82.5 70.6
Nitrates (NO5™) mg/L 19.2 45.0 12.5 13.2
Nitrites (NO, ™) mg/L 7.7 3.0 0.1 0.4
Phenol’s index mg/L 0.25 0.25 0.02 0.02
Suspended solids mg/L 20.98 25.00 7.29 7.69
Surfactants mg/L 0.52 0.50 0.34 0.36
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domestic wastewater plant are presented and compared. The maximal allowable concen-
trations of total petroleum hydrocarbons are 30 times higher, ammonia 25 times higher,
and BOD are 6 times higher than those in the domestic wastewater. Also, the observations
show that the industry prefers to keep the concentrations near the top possible level, as it
is officially permitted. The situation remains similar for all refineries in Kazakhstan [27].

Thus, the investigation of the studied refinery has identified a two-fold problem: consist-
ing of the discharge of contaminated wastewater into the environment, which poses a risk
of contamination transport, and the irrational use of water within the refinery. It is likely
that other oil refineries and industries in Kazakhstan face a similar situation.

Objective B

This study identified that groundwater surrounding the wastewater recipient pond had been
affected and contained a high level of some chemicals, such as total petroleum hydrocar-
bons, total hardness, total dissolved solids and sodium. These pollutants are likely spread-
ing towards areas with substantial groundwater use [35]. Multivariate statistical analysis
showed that there is the two-fold origin of pollution in the studied area: anthropogenic and
natural [36]. Even though anthropogenic load might be controlled by a respective decrease
of contamination via effective wastewater treatment, this study showed that man-made
chemicals with a high level of toxicity, such as TPH, exist in concentrations exceeding
permissible limits on the significant distance (1 km) from the recipient pond. This fact may
reflect the quasi-steady-state conditions of the plume in the aquifer due to exposure of pol-
lution for a long period of time [37]. The development of groundwater flow and contami-
nation transport models is a viable part of the assessment of the pollution pressures on
that body. This study focused on the potential impact of groundwater contamination by
total petroleum hydrocarbons (TPH), as an indicative contaminant of the case study. The
semi-analytical contamination transport model was developed to investigate the behaviour
of the plume of TPH inside the aquifer and to give respective recommendations for envi-
ronmental managers and local habitats [29]. The results, based on retrospective observa-
tions, showed that the risks for residents in the potentially affected rural area of Kazakhstan
could be avoided, as the plume has not reached the villages considered to be within the risk
zone. However, agricultural areas at 2—-6 km downstream the source of pollution could be
affected by contaminated water (Fig. 3). Moreover, future growth of the industrial capacity
in the region, with an expected increase in industrial pollution, does not promise improve-
ment of the groundwater status. As it is shown, the increase in initial concentration of TPH,
caused by the high loading of TPH from the industry, significantly extends the affected
area. Thus, the adverse effect of the possible contamination in connection with the poor
monitoring system of such contamination might consider the careful usage of groundwater
from the shallow aquifer for irrigation purposes in this area.

Objective C

In order to achieve the SWU, the system of industrial water and wastewater man-
agement relies on legislative and normative standards. In Kazakhstan, the system is
weakened not only by gaps in legislation, but also by the absence of appropriate envi-
ronmental tools (such as operational monitoring and environmental assessment). The
defined criteria to ensure equitable access of different water users and viable mecha-
nisms to achieve water safety include (1) implementation of the concept of circular
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economy (CE), via implementation of best available techniques (BAT) and water inte-
gration; (2) improvement of the current system of environmental impact assessment;
and (3) improvement of the existing scheme of operational monitoring for wastewater
quality. The suggested potential solutions should follow the requirement to control the
amount of contamination inside the technological processes before final discharge. The
performed investigations showed that decision-makers in Kazakhstan, unlike devel-
oped countries, do not follow scientifically approved techniques and mechanisms to
prevent pollution, which guarantee a ‘good’ status of receiving water bodies [5]. The
current trend is a transition towards ‘closed-loop’ systems—choosing sufficient treat-
ment methods specifically for each factory, considering environmental conditions,
facility size, age of facility, equipment etc. [38]. Refineries in Kazakhstan do not strive
to reuse water despite the risk of water scarcity in the region. It is recommended to use
an ‘in-plant control’ technique, i.e. installation of extra regeneration units for process-
ing water before the final (or ‘end-of-pipe’) treatment system to supply regenerated
water for secondary use within industrial processes. The results are two-fold: decreas-
ing freshwater consumption and enhancing the efficiency of the final treatment. It was
also found that the current wastewater treatment scheme at oil refineries does not use
efficient advanced techniques at each step, including pre-, secondary and post- (or pol-
ishing) treatment. Thus, it is highly emphasized to improve the wastewater treatment
systems via the implementation of the BAT.

The current scheme of environmental impact assessment in Kazakhstan is weak-
ened due to a legislative loophole [15]. The adjusted new unconditional requirements
for effluent safety assessment, such as a detailed investigation of effluent characteris-
tics using, e.g. parameter-specific approach, whole effluent toxicity (WET) approach or
bioassessment approach toxicity tests, have shown high efficiency worldwide [39]. The
ban on potential transfer of toxic substances from one environmental media to another
(for example, from surface water to groundwater) in many countries has contributed to
environmental improvements and promoted both the governments and the industries to
follow the SWU [40].

Kazakhstani oil refineries monitor only the sum of TPH, without detailed investiga-
tion of the resulting effect on the environment, while the developed countries identified
certain indicators and a detailed list of pollutants, including toxic ones such as PAHs (in
total and individual compounds), benzene, toluene, ethylbenzene, xylenes (BTEX) and
PFAS, for better estimation of the toxic effect of their existence in wastewater. Still, the
mentioned petroleum compounds are not degradable, which might cause risks even at
low concentrations. Continuous update of the list of substances for operational control
during wastewater treatment and environmental monitoring in many countries ensures
environmental safety and follows the sustainable development principles positively
affecting the monitoring system. Unconditional requirements for effluent safety, contin-
uous update of the list of the potential pollutants and implementing BAT are the current
requirements for the industrial management to follow the SWU.

Figure 4 represents the existing scheme of water use in the oil refinery sector in
Kazakhstan and proposed by the authors’ available mechanisms to achieve the SWU,
based on the results above.

Based on the investigated case study, the authors suggested the following actions to
decrease environmental pollution, to assure a healthy and productive environment and,
consequently, to achieve the SWU:
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a) This study identified a severe status of the contaminated recipient pond for wastewater
from the studied refinery and related extended groundwater pollution, which likely will
exist for decades and spread out on a kilometre scale. The main action from the govern-
ment should be to acknowledge the problem and take necessary actions to address it.

b) Legislative loopholes in the methodology for establishing the requirements for effluents
from the refineries are one of the major contributors to the resulting pollution. The
government should take a leading role in the development of sufficient requirements
for industrial wastewater treatment and disposal systems. The core action is the devel-
opment of unified, transparent and fair regulatory standards for the procedure of the
environmental impact assessment.

¢) The lack of integration of a science-based approach weakens water management prac-
tices both at the governmental and industry levels. Detailed investigation of wastewater
characteristics, and the application of new tools for environmental monitoring, such as
developing groundwater and contamination transport models, will assist the environ-
mental agencies in assessing and controlling industrial impact and related risks.

d) The implementation of the principles of circular economy, particularly ‘water integra-
tion’ (WI) and ‘best available techniques’, can contribute to preventive activities and
reduce the risks for the environment and society.

Discussion

The most recent research advances highlight different aspects to perform efficient transi-
tion towards the SWU in industry with the number of successful implementations. These
solutions were the responses to the challenges in each particular region. For instance, the
implementation of efficient nature-based treatment techniques for oily wastewater reuse has
been driven by water scarcity in Oman [41]; to conserve water and preserve watersheds
according to corporate sustainability projects by the refinery of Dow Benelux BV company
using advanced wastewater treatment techniques of the industrial and municipal wastewa-
ter with its following ‘triple reuse’—water, associated energy and chemical savings [42];
unnamed industry with the application of advanced wastewater techniques to produce recy-
cled water with the emphasis of cost benefits [43]; efficient management of wastewater
resources with the focus on renewable energy production [44]; quantitative environmental
and cost assessment of benefits for multi-water resources integration into the region’s water
supply to decrease freshwater withdrawal in China [45]; investing in treatment systems to
reduce wastewater pollution to comply with environmental requirements established by
international client companies [46]; high demand of recycled water by various users which
can be covered by local industries [47]; production of regenerated water for its distribu-
tion along eco-industrial parks [48]; and technological possibilities to optimize the water
allocation by water integration approach [49]; etc. Thus, it is important to identify the pros
and cons of the situation in Kazakhstan towards sustainable water use in industry and com-
pare the applicability of the known strategies in the local context or to suggest a unique
approach.

This study has identified the state-of-the-art of industrial water use in Kazakhstan
before the implementation of the new version of the Ecological Code instead of a previous
one dated 2007 [50]. It was found that the current ‘status-quo’ includes formal approval
for polluting activities by the industry, which causes risks to the environment and public
safety. This situation violates the principles of equitability and bearability of the SWU.
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The latest version of the Ecological Code incorporates some of the recommendations
described above. The updated version includes provisions for involving society and sci-
ence in the decision-making process according to the Aarhus Convention during the entire
environmental impact assessment. The previous version of the Law had already included
the ‘polluter pays’ principle. However, it was assumed that only penalties would be charged
to the government revenue if a violation was detected. The current version of the law states
that polluters have two obligations: remediation and prevention. The first obligation is
remediation, which means that polluters must restore the contaminated site to its original
condition before the accident. The initial conditions should be obtained from permanent
monitoring stations, which is also a new part of the Ecological Code. Enterprises are obli-
gated to maintain automated ‘real-time’ monitoring systems for emissions and discharges
of pollutants at the sources of contamination. The data about emissions are supposed to be
recorded and transmitted directly to a governmental regulatory body [51]. This action aims
to minimize the bureaucracy when industrial inspections were supposed to be conducted
once per 6 months with the preliminary notification of at least 30 calendar days before the
inspection [52].

Another function of the revised usage of the ‘polluter pays’ principle is the preventive
function. The idea is to establish extremely high payments for environmental emissions in
case the enterprise does not implement BAT. The core change in the Code is that emission
permits will be based on the possibilities of achieving safe concentrations of contaminants
in discharges using BAT, while the historical background of these concentrations has been
used in the previous version. The new procedure of the environmental impact assessment,
together with obtaining the complex environmental permits, has also been linked to the
existence of BAT in the enterprise. The implementation of the BAT aims to achieve the
CE within a long-term perspective, while the current situation prioritizes urgent solutions
for already existing pollution problems. 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. The idea to
base main regulatory decisions on the usage of the BAT raises two types of concerns in the
Kazakhstani context. Firstly, how the tariffs for environmental emissions will be calculated
and will they be efficient? Secondly, new BAT Guidelines will be developed for every sec-
tor of the industry in Kazakhstan. The developers should ensure that the guidelines will
contain the list of the most advanced treatment techniques. As a result, high standards for
ensuring the safety of discharged wastewater must be followed.

According to the authors’ opinion, the following steps need to be taken for continua-
tion and enhancement of the transition to the SWU. The major goal of the abovementioned
actions is in line with the aim of the respective national program to achieve alleviation
of the stress on freshwater supply and elimination of associated water and energy losses.
The authors believe that this goal might be considered from the perspective of the water-
emissions-energy (WEE) nexus, with reference to the implementation of water integration
(WI) and water footprints (WF). The W1 is a concept that explains how to reduce freshwa-
ter consumption by sending wastewater of reasonable quality produced by one sector into
another [53]. The WF concept represents the extent of water use concerning consumption
and contamination in both monetary and volumetric values. The most recent extended ver-
sions of the WF aim to assess the sustainability of water use in a matter of establishing
the current and future rates of water use on the environment and economic well-being of a
certain area. All the processes in (waste)water management can be associated and assessed
considering energy consumption for water supply and (waste)water treatment [54]. In
the Kazakhstani context, the water supply and wastewater disposal systems for all sec-
tors (residential, industrial, energy and agricultural) are centralized with one main shared
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source of water. The current conditions of the obsolete water network systems cause water
losses, which are reflected in the respective energy losses [55]. There have been registered
15.7% water losses in the studied region in 2021 [56]. The combination of the selected
approaches in the form of Water-Energy Footprint Pinch Analysis (WEFPA) can give a
clear understanding to evaluate perspectives of circular water use and respective environ-
mental and monetary benefits to decision-makers. This approach seems to be a challenge
and an opportunity to fulfil the research gap for the system of water use, especially in the
industry in Kazakhstan. A recently launched project titled ‘Water-Emissions-Energy nexus
— development of a tool to assess perspectives for water circularity in Kazakhstan’ aims to
analyse the ways to obtain the minimal possible water footprint (both qualitative and quan-
titative) by decreasing the emissions into the natural water sources and reducing freshwater
abstraction for the industry in the region. As a novelty of this project, the applicants aim to
develop and apply the assessment tool, which will implement also a parameter of energy
into the WEFPA with the following investigations for reducing associated energy losses in
the water sector [57], which is of the extremal relevance for Kazakhstan.

Conclusions

The findings of this study shed light on weaknesses in the system of industrial water use,
using the oil refinery sector in Kazakhstan as an example. The study proposes ways to
improve the system and highlights the need for the SWU approach to ensure efficiency.
The current industrial water use system is not sustainable, as evidenced by the low rate of
water reuse, poor wastewater treatment efficiency and release of potentially toxic contami-
nants into the environment. These issues violate the principle of equitability for safe water
among different water users and the principle of bearability for people to live in a healthy
environment. These problems stem from the weakness of the existing legislative frame-
work, which lacks unified and transparent standards for treatment processes and wastewater
quality. The following responses have been proposed to achieve sustainability in the sector:
(i) implementation of suitable legislative standards with requirements for efficient water-
saving techniques to promote the circular economy; (ii) transparent practices of the envi-
ronmental impact assessment to evaluate the potential hazard of effluents fairly; and (iii)
new efficient environmental monitoring programs to control and prevent water pollution.
The newly updated version of the Ecological Code has responded to most of the recom-
mendations with the usage of the BAT as the core driver to improve the environmental
conditions in the mid-term perspective and to shift towards the resource use optimization
in the long-term perspective. It is important to closely monitor the development of regula-
tory documents under the Code and ensure that industries are implementing them properly,
as they are supposed to be vital documents in the shift towards the sustainable water use.
While the adaptation of water-saving technologies has been claimed as the priority way to
achieve ‘green economy’ in the country on the governmental level, the water integration
approach is barely visible as the efficient tool to achieve the goal.

This study is subject to a potential limitation due to the choice of a single enterprise
from a specific sector and the generalization of its results to the entire industrial sector of
Kazakhstan. The application of a systemic approach was employed to conduct a compre-
hensive examination of the case study, incorporating a range of analytical instruments. It
should be noted that this type of research is not currently prevalent in Kazakhstan, and con-
sequently, the findings of this study are grounded primarily in available working papers,
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governmental and non-governmental reports. These sources indicate that the issues high-
lighted in this study are prevalent across all industries in Kazakhstan.
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