IRSTI 87.35.91
Section: Ecology
Review

Sustainable development of the Esil river basin: an intersectoral approach and

scenario analysis

Tomaz Dentinho?, Gulnur Saspugayeva?, Assel Zhaken?*

Citation: Dentinho, T,
Saspugayeva, G., Zhaken, A.
(2025). Sustainable development
of the Esil River Basin: an
intersectoral ~ approach  and
scenario analysis. Bulletin of the
L.N. Gumilyov ENU. Chemistry.
Geography. Ecology  Series,
151(2), 237-254.
https://doi.org/10.32523/2616-
6771-2025-151-2-237-254

Academic Editor:
Zh.G. Berdenov

Received: 05.02.2025
Revised: 26.05.2025

Accepted: 02.06.2025
Published: 30.06.2025

Copyright: © 2025 by the
authors. Submitted for possible
open access publication under the
terms and conditions of the
Creative Commons Attribution
(cc BY NC) license
(https://creativecommons.org/lic

enses/by-nc/4.0/).

1University of Azores, Angra do Heroismo, Portugal;
tomas.lc.dentinho@uac.pt

2Eurasian National University, Astana, Kazakhstan;
gulnur_erzhanovna@mail.ru, zhaken.asel@gmail.com
*Correspondence: zhaken.asel@gmail.com

Abstract: The Esil River Basin, located in northern and central
Kazakhstan is a key industrial-agricultural region where agriculture
dominates. The basin is characterized by high variability in annual runoff
and uneven intra-annual water distribution, making water a critical factor
for sustainable development. The region is facing some challenges that
could potentially jeopardize its socio-economic and environmental
stability, including increasing water scarcity, pollution, inefficient water
management, and a growing demand, particularly from the capital city of
Astana. This study presents the first integrated scenario analysis for the
basin, combining inter-basin water transfer from the Irtysh River, the
development of the Buzuluk Reservoir, the expansion of irrigated
agriculture for high-value durum wheat, and small-scale hydropower
generation. These measures are framed within an eco-engineering
approach to enhance the region’s sustainability and resilience.

Findings indicate that transferring up to 1.5 km?® of water annually from
the Irtysh River, supported by improved storage and renewable energy
generation, could significantly strengthen water, food, and energy
security while contributing to Kazakhstan’s decarbonization goals. The
proposed interventions demonstrate the practical application of the water-
energy-food-ecosystem (WEFE) nexus and eco-engineering principles,
providing policymakers with evidence-based strategies to enhance
resilience against environmental and economic challenges.

Future research should incorporate environmental impact assessments,
socio-economic feasibility studies, and participatory approaches to ensure
the effective and sustainable implementation of these strategies.

Keywords: sustainable development; water resources management;
territorial redistribution of water resources; sustainable agriculture; small
hydro

1. Introduction

The Esil River Basin, situated in the northern and central parts of
Kazakhstan, is a critical industrial and agricultural region, with
agriculture being the predominant sector. Water availability plays a
pivotal role in sustaining the region’s economic activities, yet the basin
experiences high variability in annual runoff and extreme irregularity in
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intra-annual water distribution (Kazhydromet, 2023). Such hydrological instability is further
exacerbated by climate change impacts, which lead to prolonged droughts and pose serious threats to
water security (Kakabayev et al., 2023).

Previous studies have addressed various aspects of water management and climate vulnerability
in Northern Kazakhstan (Yessenzholov et al., 2024; Makhmudova et al., 2023). However, there
remains a significant gap in integrated scenario-based assessments that combine water, energy, and
food security strategies, particularly incorporating eco-engineering practices (Zeng et al., 2024). The
relevance of applying water-energy-food nexus approaches in transboundary and arid regions has
been well documented in the global literature (Ali & Acquaye, 2024; Bazilian et al., 2011),
highlighting the need for holistic frameworks to address sectoral interdependencies.

At the same time, eco-engineering methods have shown promise in mitigating environmental
degradation and enhancing sustainability in river basin management (Skoulikaris & Zafirakou, 2019).
In Kazakhstan, water resource management remains fragmented, and the lack of comprehensive
approaches integrating inter-basin water transfer, renewable energy development, and sustainable
agriculture limits the region’s capacity to adapt to emerging challenges (Ramazanova et al., 2019).

In this context, this study aims to provide the first integrated scenario analysis for the Esil River
Basin, combining inter-basin water transfer from the Irtysh River, the construction of the Buzuluk
Reservoir, the expansion of irrigated agriculture for high-value durum wheat production, and the
development of small-scale hydropower facilities. The research applies eco-engineering principles
and the water-energy-food-ecosystem (WEFE) nexus framework (Saidmamatov et al., 2023;
Decoppet et al., 2023) to assess the potential of these measures to enhance regional resilience and
support Kazakhstan’s sustainability and decarbonization goals.

2. Materials and Methods
2.1. Materials

The materials used in this article included historical data on precipitation, air temperature, water
use of the Esil River, hydrological maps of the region, data on soil cover and the proportion of
irrigated land, as well as irrigation standards and gross yield of durum wheat. The economic data
included market prices for wheat. The infrastructure data covered the existing water management
infrastructure and plans for the construction of new water management facilities and an inter-basin
water transfer project.

The Esil River basin is distinguished by a sharply continental and arid climate. During the warm
months, the region experiences high temperatures, low precipitation, and significant air dryness.
Precipitation distribution within the basin is strongly influenced by orographic features and altitude
(Duskayev et al., 2021). The annual precipitation difference across various Esil stations can reach up
to 75 mm (351 mm at the Petropavlovsk meteorological station, 276 mm at the Esil meteorological
station). The primary water source for the basin’s rivers is the seasonal precipitation, with 60-75%
occurring in the warm months and 25-40% during the cold months (CAWater-Info, 2025). In this arid
climate, a considerable portion of precipitation (300 to 325 mm) evaporates from the land surface

The Esil River originates on the northern edge of the Kazakh lowlands and discharges into the
Irtysh River in the neighboring territory of the Russian Federation. The total length of the river is
2,450 km, and the catchment area is 155,000 km2 (Kazgiprovodkhoz Institute, 2006).

The primary tributaries of the Esil River, Kalkutan, Zhabai, and Terysakkan, originate in the
Akmola region, which is also the river’s primary feeding area. The Akkanburlyk and Imanburlyk
tributaries in the North Kazakhstan region also have an impact on the river’s path. The river runs west
into the Siberian lowlands below the Imanburlyk confluence. No more tributaries enter the river until
it reaches the lower sections after the point where it joins the Imanburlyk. The Esil River above the
Astana reservoir experiences drought throughout the summer, but the river below the reservoir flows
continuously.

The location map of the Esil water management basin is shown in Figure 1.
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Figure 1. The Esil water management basin location (Source: compiled by the author based on basin
boundary and hydrological data)

On the territory of the Republic of Kazakhstan, the Esil River traverses a valley that ranges in
width from 2 to 12 kilometers. The river has a distinct floodplain that increases mostly downstream
for almost its whole course. The water regime of rivers in the Esil River basin is characterized by a
high degree of variability in annual runoff. The highest average annual discharge exceeds the average
perennial discharge by a considerable margin, with extreme irregularity in the intra-annual
distribution of runoff (85-98% of the annual runoff occurring in the spring). In the steppe part of the
basin, very low minimum water discharges are observed, with river drying being a common
phenomenon.

One of the peculiarities of the multi-year flow of the Esil River and its tributaries is the tendency
to grouping of high-water and low-water years (Mustafaev et.al., 2023), which complicates its use in
economic sectors. According to available data, the duration of low-water years can be up to eight
years.

Total surface water resources in the Esil River basin amount to 2.46 km3 and decrease in low-
water years with a frequency of once in 4 years (P=75%) to 1.16 km3, with a frequency of once in 20
years (P=95%), to 0.49 km3 (Kazhydromet, 2023).

The main water sources in the basin are the surface runoff of the Esil River and its tributaries.
Underground waters of fresh and slightly brackish deposits are used mainly for domestic and drinking
water supply, sometimes for irrigation and industrial and technical purposes, but they are
characterized by relatively small operational reserves. Re-used treated wastewater is practically not
involved in covering the needs of the economy due to the lack of necessary legislative,
methodological, and technical tools (Bekniyazov, 2019).

At the same time, in the Esil water basin, there is a high pressure on local water resources, 96%
of which are used for domestic needs.

The water supply of the city of Astana, the capital of Kazakhstan, is an acute problem due to
the pressure on water quality (Sataeva et al., 2022; Makhmudova et al., 2023), but also the constant
growth of the population, which increases water consumption. Until 2020, the water consumption of
the capital’s residents was 269 thousand m3 per day, and in 2022, 311 thousand m3 per day.
According to forecasts, due to the active development of the city with residential neighborhoods,
water consumption will reach 340 thousand m3 per day by 2026.

The natural and climatic peculiarities of the zone determine its grain and cattle breeding
specialization. However, given that the moisture regime is very severe, the sustainability of grain crop
yields depends on the observance of agrotechnical practices aimed at accumulating and conserving
soil moisture. The zone has high potential for the production of durum wheat varieties.
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The following adverse climatic conditions have been identified as collectively affecting crop
growth: inadequate precipitation, extremely low relative humidity, late spring and early autumn
frosts, low winter temperatures accompanied by strong winds, and limited snow cover. These factors
contribute to droughts, freezing, and crop destruction, all of which hinder crop development. As a
result, agriculture in the region can only be viable with the implementation of irrigation systems.

Within the basin, the total area of irrigated land amounts to 116.11 thousand hectares, including
54.7 thousand hectares of land under regular irrigation and 61.41 thousand hectares with first
irrigation. The proportion of irrigated land constitutes 0.55% of the total agricultural land, with
irrigated arable land covering 0.27% of the total arable area. It is worth noting that, as depicted in the
map below (Figure 2) (Ministry of Ecology and Natural Resources of the Republic of Kazakhstan,
2021), these figures are among the lowest in comparison to other regions of the country.
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Figure 2. The share of irrigated land by region of their total area (Source: Ministry of Agriculture of
the Republic of Kazakhstan (2023)

In the river basin, cereal crops predominate, occupying 86.58% of the cropped area structure,
followed by forage crops (11.96%), industrial crops (0.69%), and potatoes, vegetables, and melons
(0.77%). On irrigated lands, the main part of the cultivated area is occupied by forage crops (68.28%),
while on irregularly irrigated plots potatoes, vegetables and melons account for 31.72%, according to
the Bureau of National Statistics of the Agency for Strategic Planning and Reforms of the Republic
of Kazakhstan (Bureau of National Statistics of the Agency for Strategic Planning and Reforms of
the Republic of Kazakhstan, 2023).

The territory under consideration is considered one of the leading industrial-agricultural regions
of the republic, where agriculture is the dominant branch of the economy, being a large consumer of
water resources (Mustafaev et al., 2023).

Surface water resources serve as the main water supply for various economic sectors.
Approximately 45% of the total water consumed is allocated for agricultural needs, around 30-35%
is used by public utilities, and about 20% is directed towards industrial use. As shown in Table 1
below, agriculture is a sector that shows a growing trend in water consumption.

Table 1. Summary of water consumption in the Esil River basin for the period 2020-2025*

Types of water consumption Total water withdrawal, min m?
2020 2025
Utilities 151.399 199.854
Industry 86.344 103.389
Agriculture, including: 193.692 242.372
regular irrigation 71.300 90.0
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limanic irrigation 60.740 87.0

agricultural water supply 49.85 52.750

pasture watering 11.802 12.622
Fishery 3.60 4.500
Recreation and other needs 3.99 4.460
Total 439.025 554.575

*Source: Developed by the author based on data from the Bureau of National Statistics, Agency for
Strategic Planning and Reforms of the Republic of Kazakhstan

In this context, it is important to recognize that restricted access to water resources limits the
economic development potential of the region, affecting sectors such as agriculture, utilities, and
industry. At the same time, energy stability is crucial to ensuring the region’s sustainability, even
when water resources are adequate.

The energy sector in the study region is based on hydrocarbon fuels, particularly natural coal
combustion. The energy sector in the study region is primarily reliant on hydrocarbon fuels, with
natural coal combustion representing the predominant energy source (Huang et al., 2025).

In parallel, Kazakhstan is implementing a decarbonization strategy in alignment with the Paris
Agreement. Kazakhstan has declared its objective of achieving zero CO. emissions by 2060.
Nevertheless, the country continues to face significant challenges in reducing CO2 emissions, with
levels remaining high and reaching 271 Mt CO2 in 2022. This places Kazakhstan in 24" place in the
ranking of CO2 emitting countries, according to the Global Carbon Atlas (n.d.). The goal of achieving
carbon neutrality will be accomplished through the incorporation of alternative energy sources;
nevertheless, the necessity for significant financial investments and the relatively short payback
period have resulted in a relatively slow rate of implementation.

2.2. Methods

This study applied an integrative approach combining scenario analysis, engineering
calculations, and eco-engineering principles to evaluate water, food, and energy security strategies
for the Esil River Basin. The methodological approach incorporates eco-engineering techniques, such
as optimizing water redistribution systems to minimize environmental impacts, enhancing local
biodiversity through sustainable irrigation practices, and integrating small-scale hydropower
solutions to support green infrastructure. This study will concentrate on the relationship between food,
energy, and water security to thoroughly examine the sustainable development of the Esil River
Basin. In order to achieve sustainable development in the most significant economic sectors in the
region, an integrated strategy that transcends sectoral borders is required. Statistical processing of
data (means, standard deviations, and errors) was not applied in this study, as the research relies
primarily on official statistical reports, engineering calculations, and projected estimates, which do
not involve variability from sampling or experimental uncertainty. This study did not involve
experimental sampling or modeling uncertainties, as the analysis was based on engineering
calculations and secondary data from official sources. This article does not take into account thorough
modeling of inter-basin water transfer because it is a component of a broader study. Subject to the
water transfer project’s successful completion and the potential for local energy production, the
primary focus is on the potential for developing sustainable irrigated lands.

Scenario analysis was used to assess potential interventions, including the inter-basin water
transfer from the Irtysh River, the construction of the Buzuluk Reservoir, and the installation of a
small hydropower plant at the Astana Reservoir. These scenarios were evaluated in terms of their
contribution to regional sustainability, water security improvement, agricultural productivity
enhancement, and energy diversification.

The hydropower potential was calculated using standard hydrological and energy conversion
equations proposed by Subbotin and Khaustov (2012), considering available reservoir data (storage
volume, discharge rates, head height). Estimates of irrigated land expansion and potential grain
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production were based on irrigation norms and durum wheat yield benchmarks derived from national
and international sources.

This article provides an overview of the proposed measures using statistical analysis and
forecasting methods, as well as a diagram of the transfer channel, aggregated calculations on gross
wheat production, and the estimated potential of a small hydroelectric power plant in the region under
study.

3. Results
3.1. Water security

In areas experiencing a deficit of water resources, it becomes necessary to employ a range of
water management measures. The sequence of implementation of these measures is determined,
firstly, by economic indicators, and secondly, by their environmental friendliness — that is to say, by
the degree to which they result in adverse effects on the environment.

The study will explore the method of territorial redistribution of river flow as a strategy to
ensure a sufficient water supply for water-scarce regions. This approach is also comprehensive and
interconnected, transcending sectoral boundaries to foster the sustainable development of the region’s
key economic sectors (Ali et al., 2024; Bazilian et al., 2011). The comprehensive nature of the study
emphasizes the interconnections and complementarities that exist between the different aspects of
sustainable development in the Esil River Basin.

The Irtysh Donor River, which forms up to 33% of Kazakhstan’s total surface runoff, is the
only source that may expand the water supply of the Esil basin on its territory.

According to the United Nations Economic Commission for Europe’s Committee on Water
Problems’ recommendations, water use intensity of less than 10% of river runoff is deemed
satisfactory; if it exceeds 20%, water use must be limited and flow-regulating measures must be put
in place; and if it exceeds 20%, the water body will not be able to support the socioeconomic
development of the region.

With equal water allocation of this runoff with the Russian Federation, it is possible to take
water from the Irtysh River for transfer to the central region of the country up to 4.5 km?, which is
less than 15% of the runoff.

In this sense, the maximum volume of withdrawal concept was used to evaluate the volume of
transfers in this study, taking into consideration the economic, political, and environmental elements
of water consumption. In this sense, the annual amount of water that can be drawn from the Irtysh
River to serve Northern and Central Kazakhstan can range from 1 to 1.5 km?®, however, the amount
of water that can be irrevocably taken out of the river cannot be greater than 10% allowed. The level
of water use intensity will be categorized as moderate.

The proposed canal will draw water from the Shulba Hydroelectric Power Station (hereinafter
referred to as the HPP). With a usable reservoir capacity of 7.5 km3, the second stage of the Shulba
HPP will raise the normal retention level mark to 252.5 meters. The Kazakh shallow-slope, which is
defined by the overall elevation of the region with a range of altitudes from 200 to 1500 meters, is
where the proposed canal to serve the Esil River basin can be built. Figure 3 depicts the proposed
canal’s layout.
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Figure 3. Scheme of the projected canal (Source: compiled by the author)

Water transfer schemes, when designed effectively, are widely recognized as beneficial from
environmental, economic, social, and political perspectives. By adhering to established principles,
correct methodologies, and efficient processes, major economic, ecological, social, cultural, and
political concerns can be properly addressed. Water transfer planning should be guided by acceptable
hydrologic, ecological, fiscal, and social values, most of which are already incorporated into water
supply planning and management. Case studies highlight the importance of considering all principles,
particularly the principles of solidarity and precaution. As a result, applying the right methods and
approaches can lead to further improvements in the preparation of appropriate water transfers. These
case studies illustrate how the meaning of water transfer evolves over time. Initially, the shift from
unilateral to cooperative efforts presents both opportunities and challenges within changing political,
governance, and trade environments. The transition from water sharing to hydro-solidarity, optimal
joint use, and profit sharing is providing a new momentum for cooperative initiatives. Furthermore,
land use intensification, such as runoff management and small dams, leads to increased
evapotranspiration and groundwater recharge, unintentionally resulting in water transfers. There is
also a growing recognition of the potential for areas facing water scarcity to adopt demand
management strategies rather than relying on inter- or intra-basin water transfers. The demand for
water transfers will fluctuate based on the import and export of water between basins and the impact
of virtual water transfer on water demand.

Currently, there are two multi-year regulation reservoirs on the Esil River within Kazakhstan:
the Astana and Sergeev reservoirs. Additionally, the Petropavlovsk water-engineering system
includes a small reservoir that provides seasonal flow regulation. The Astana reservoir, situated in
the upper reaches of the Esil River, has a total capacity of 419.4 million m?, with an annual effective
yield of 95 percent, equating to 72.0 million m*® of water availability. The Sergeev and Petropavl
reservoirs form a single water management complex, which has a total volume of 712.2 million m?
and an annual useful yield of 95% of security equal to 290.0 million m?. Thus, the total annual useful
yield (95% availability) of these reservoirs is 362,0 million m? of water per year.

In recent years, there have been cases of severe floods and droughts (Makhmudova et al., 2023),
the trend of growing water shortage in the region, even for the municipal and drinking needs of the
region and the capital. In this regard, the Government of the Republic of Kazakhstan (2024a, 2024b,
2024c, 2024d) is planning a set of measures aimed at increasing water availability in the region
through additional regulation of the flow of the Esil River, in particular, the construction of the
Buzuluk reservoir. The location of the proposed Buzuluk reservoir is shown on the map below (Figure
4).

The Buzuluk reservoir construction project on the Esil River allows solving the problem of
using the basin’s own resources by regulating and accumulating part of the flood flow, as well as
ensuring the safe passage in the lower reaches of the Esil River and the stable operation of the

243



A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. Ieozpagus. Dxorozus cepuscol, 2025, 151(2)

downstream Sergeev and Petropavl reservoirs. The Government of the Republic of Kazakhstan
planned to develop a project for the construction of the Buzuluk reservoir with expected
commissioning by 2027 (Year results: Development of water infrastructure, 2024).

e

" Tengiz Lake

Figure 4. Map-scheme of the Buzuluk reservoir location (Source: adapted from Wikipedia with
author modifications)

Meanwhile, it is planned that the reservoir be filled by drawing water from side streams on the
Esil river — Akkanburlyk and Imanburlyk rivers, which do not provide guaranteed filling to cover all
necessary water demands, especially in low-water years.

In this regard, within the framework of this article it is proposed to transfer part of the flow
from the Irtysh River basin to the Esil River basin through part of the existing structures of the Kanysh
Satpayev Canal from the water intake structure to the Hydrosystem No. 8, further — through the
proposed new canal to the Astana Reservoir. At present, the capacity of the Kanysh Satpayev Canal
is used not more than 40% of the design capacity, i.e., 0.7 km?® per year on average.

3.2 Food security

The region of Central Kazakhstan boasts favorable agro-climatic conditions for the cultivation
of hard wheat (durum), which has a higher market price than soft wheat on the global market. Durum
wheat is characterized by resistance to drought and high temperatures, and also has resistance to
diseases such as rust and hard heading. In addition, grain losses during cultivation are low compared
to soft wheat.

International experience shows that the productivity of durum wheat in the zone of risky
farming can be increased 5-6 times by irrigation and competent agrotechnology (Amanov et al., 2019;
Golubova et al., 2022). Comparison shows that durum wheat yield on irrigated lands is significantly
higher both in Kazakhstan and globally (Lobell et al., 2011; Karimov et al., 2014). In Kazakhstan,
the difference in durum wheat yield between irrigated and rainfed lands can be up to 3 times, while
globally this difference can be 2-3 times. In the region under study, irrigated farming for growing
durum wheat varieties will be the most profitable.

In the agro-climatic conditions of the study region, under inconstant humidification, autumn
irrigations for the accumulation of moisture in the soil are considered to be of higher priority, while
vegetative irrigations are prescribed as necessary as additional measures. Moisture-charge irrigation
rates for durum wheat varieties can vary between 600-1500 m3/ha, irrigation rates can range from 600
to 800 m/ha, which is much less than required compared to other crops.

According to aggregated calculations, at the useful volume of the Buzuluk reservoir of 0.8 km?®
taking into account the attracted additional volume, which increases the guaranteed return of the
reservoir, it is possible to irrigate about 200-330 thousand hectares of irrigated land, which at the
projected yield per year of 4.8 t/ha gives a gross yield of wheat up to 1 million tons worth about
250 million USD.
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3.3 Energy security

One of the most effective methods of utilizing small local energy resources of renewable energy
sources in Kazakhstan is the use of energy from small watercourses, which have significant potential
and can be used with comparative simplicity through the construction of small hydropower plants
(hereinafter referred to as HPP). It should be noted that the economic potential of small hydropower
exceeds the economic potential of such renewable energy sources as wind, solar, and biomass
combined (Purwanto, A. et al, 2021; Rivotti, P. et al, 2019). The value of hydropower plants is that
they utilize renewable natural resources to produce electricity. Because there is no need for additional
fuel for hydropower, the final cost of the electricity generated is significantly lower than with other
types of power plants.

As an example, we can consider the project of a small hydropower plant on the Astana reservoir
and calculate its capacity, having the data of the reservoir.

Astana reservoir is one of the reservoirs of the Esil River basin, located in the Akmola region.
Its length is 11 km and its width is 10 km.

The reservoir was built in the upper reaches of the Esil River in 1969. The area — 61 km?,
volume — 0.411 km?. It carries out perennial flow regulation and is used for energy and irrigation. In
2002, a water pipeline from the Irtysh-Karaganda canal, which was built in 1968 to supply water to
industrial areas and agriculture in Central Kazakhstan, was laid to the reservoir to supply water to the
capital of the country. Figure 5 below shows the dam on the Astana reservoir.

Figure 5. Spillway dam on the Astana reservoir

Having established the water head at the Astana reservoir by means of the level difference of
the reservoir embankment (H), as well as the data of the average water discharge (Q), the calculations
of the potential capacity of the proposed small HPP can be made. Using general formulas by A.
Subbotin and V. Khaustov, “Hydraulic engineering and land reclamation” textbook (Subbotin et al.,
2012), the aggregated potential capacity of the HPP can be calculated as follows: Eq. (1), (2):

Nupp = 9,81-Q-H-neng, 1)
where,
Nnpp — the generation capacity (kW);

Q — flow rate (m®/s);
H — effective head (m);
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Nt — turbine efficiency;

ng — generator efficiency.

Then,

Nhpp = 9.81-24.32-18-0.75 = 3320.8 kW

The annual energy production (AEP) will be equal to:

AEP = (Whpp-Hnpp ntmg)/367,2 2)

where,
Whep — flow volume;
Hupp — actual power with which the HPP operates in the time interval AT.
Then,
AEP = (767 000 000-18-0.88-0.95)/367.2 = 31 431 960.8 kW/h

The construction of small hydropower plants holds significant potential for development in
various regions of the world with transboundary river basins. Small hydropower plants are free from
many of the disadvantages of large HPPs and are considered one of the most cost-effective and
environmentally friendly methods of generating electricity, especially when utilizing small
watercourses.

The proposed inter-basin water transfer scheme and small-scale hydropower projects contribute
directly to reducing regional CO: emissions, promoting ecological stability, and improving ecosystem
health, demonstrating the practical application of eco-engineering principles.

4. Discussion
4.1. Water security

Growing water deficit, surface and groundwater pollution, excessive water losses in water
management systems, escalating issues with providing the population with clean drinking water, and
interstate water distribution issues all impede the development of economic sectors in the studied
region.

The vulnerability of Astana, the capital of Kazakhstan, and the Esil River basin as a whole has
also been identified. In this regard, attention should be paid to the ecological condition of the Esil
River, the hydrological regime of which was changed as a result of the construction of the Astana
reservoir. In fact, as part of the capital’s territory improvement, a dam was built and the riverbed was
significantly widened. At the same time, to maintain the water level, the river was divided into
sections separated by a number of spillway-type dams, which significantly reduced the speed of water
movement and, consequently, worsened the ecological condition of the Esil River.

Thus, at present, there are real threats to the sustainable development and environmental
sustainability of the territory of the study region.

There are also problems with water supply to the residents of the capital city due to the increase
in water consumption associated with population growth. Today water supply of the capital is carried
out from the only source — Astana water reservoir, built in 1969 and designed for 500 thousand people.
Due to the growth of the city’s population (1.3 million people), the need to create a reserve source of
drinking water for the city of Astana is becoming more acute. Therefore, to achieve sustainable
development of the region, the priority task of the study is to develop recommendations to reduce
water deficit in the Esil River basin.

Water resources redistribution can be defined as the complex of hydraulic and other structures
that provide water withdrawal from regions with excessive water supply and its delivery through the
watershed to low-water or remote catchments. The tasks of redistribution are associated with the
solution of a wide range of environmental problems relevant for both the source and receiving areas
(Zeng et al., 2024).
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The classification of transfer systems depends on the geographical characteristics of the area
and the distances over which water is transported. Inter-basin, which connects river basins with
independent outlets to the sea, ocean, or inland water body; intra-basin (local), where the transfer
system stays within the basin of a river with an independent outlet to the sea, ocean, or inland water
body; and interregional (or interzonal), which connects river systems across different physiographic
regions, are the three main categories.

It is also feasible to classify flow transfer systems according to the size of the water resources
involved, in addition to geographical categorization. The average yearly volume of the transferred
flow is the most important factor in this case. Systems that move less than 1 km? per year are roughly
classified as small, those that transfer between 1 and 5 km? as medium, and those that transport more
than 5 km? as large. Usually, the river that receives the runoff is referred to as the recipient, while the
watercourse from which the runoff is redirected is called the donor.

Large-scale transfers are not always warranted, according to global experience, for a variety of
reasons, such as substantial environmental effects, geopolitics, and expensive project implementation.
However, a significant number of water transfers have been planned, built, and run globally. They
have an annual worldwide volume of roughly 400 km?*. They solve issues with energy, transportation,
irrigation, recreation, and employment while serving vast areas in conjunction with flow regulation.
One of the most urgent problems in water management is the design and administration of such
systems.

As practice shows, the most feasible projects are an inter-basin transfer of part of the runoff,
which involves relatively small volumes of water intake. Many projects were not supported due to
significant volumes of transfer, for example, the turn of the Siberian rivers to Central Asia and
Kazakhstan.

The Kanysh Satpayev Canal, also known as the Irtysh-Karaganda Canal, is a prime example of
how the territorial redistribution of river flow has been successfully implemented. By the end of 1940,
Central Kazakhstan was experiencing an increasing number of water scarcity issues. Only 5.5 percent
of Kazakhstan’s 2174 rivers — including the Irtysh, Syr Darya, Ili, Ural, Esil, and others — flow through
the country’s central region. The canal’s construction took place during a ten-year period, from 1962
to 1974. The city of Karaganda’s water shortage issue was promptly resolved, and irrigated
agriculture, mining, the chemical industry, heating, and power all started to grow quickly. Half of
Kazakhstan’s electricity is produced by the Ekibastuz State District Power Plants 1 and 2, which use
the canal’s water. Additionally, it is exported to Russia and supplies several other industrial firms as
well as the nation’s largest metallurgical complex in Temirtau. These two instances show that it has
been beneficial to shift a portion of the Irtysh River flow to the Nura-Sarysu and Esil river basins.

The development and building of new manufacturing facilities were made possible by the
Kanysh Satpayev Canal, which emerged as a crucial strategic water management facility. The canal
is 458 km long in total, with 272 km going through the Pavlodar district and 186 km via the Karaganda
region. The canal contains 34 sections, 14 reservoirs and 22 pumping stations (Interstate Coordinating
Water Management Commission of Central Asia, 2016). Moreover, the canal has water outlets,
duckers, storm pipes, spillways, bridges and blocking structures. Currently, the canal is expected to
supply 1200 million cubic meters of water annually. The Irtysh-Karaganda canal’s construction
preserved nearby water supplies while promoting the active growth of metallurgical production. The
development of ferrous metallurgy in Karaganda and coal mining and energy in Ekibastuz would not
be feasible without the canal.

The canal route will primarily follow the western section of the Kazakh plateau, which features
two low-lying massifs: the Kokshetau Upland (947 m) and Ulytau (1133 m), separated by the
expansive Tengiz-Kurgaljin depression, characterized by a flat plain relief. The route is designed to
use gravity transport for most of its length and to minimise the elevation of the pumping stations.
This approach will undoubtedly increase construction costs, as it will require the construction of
additional gravity transport structures (aqueducts, tunnels, and culverts). On the other hand, it will

247



A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. Ieozpagus. Dxorozus cepuscol, 2025, 151(2)

reduce the construction costs of the pumping stations and, most importantly, the operating costs of
the mechanical lift.

More than half of the cost of water supplied by the Kanysh Satpayev Canal accounts for the
payment of electricity consumed by pumping stations for lifting water. Tariffs for the payment of
water supply services do not contribute to the use of it for the needs of irrigated agriculture, the profit
is minimal, and it often brings losses. In this regard, at present, the Kanysh Satpayev Canal capacity
IS used by 30-40%, and only about 30-40% of the design capacity is provided. The irrigated area in
agriculture decreased in the same way.

Furthermore, high energy costs contradict the green economy and low-carbon growth concepts.
In this regard, the methods of gravity transfer and maximum use of the terrain were used when
determining the canal’s route.

An additional volume of 1 km3 proposed to be accumulated in the Buzuluk reservoir is
expedient to be used for the creation of an irrigated array in the studied region. Also, in the ongoing
study, the proposed reservoir is considered as a counter-regulator of the Sergeev reservoir. In this
case, it is possible to ensure the long-term sustainable operation of the planned Buzuluk complex
reservoir.

The inter-basin water transfer project and optimization of the Buzuluk reservoir resource use
proposed in this article can become key tools for local executive bodies and farmers in planning and
developing the agricultural sector in the region.

These measures will enable more efficient water management, which is critical for sustainable
farming. The implementation of these projects will help improve irrigation infrastructure, increase
crop yields and ensure a stable water supply, which ultimately contributes to economic growth and
food security in the region.

4.2 Food security

The projected potential for durum wheat production under expanded irrigation in Central
Kazakhstan demonstrates a promising scenario for strengthening both regional food security and
economic diversification. Given the agro-climatic conditions of the region, the shift toward
cultivating high-value, drought-resistant durum wheat varieties are not only agronomically justified
but also economically advantageous. Studies from other semi-arid regions, such as southern Italy and
parts of North Africa, have confirmed that targeted irrigation combined with advanced agronomic
practices can significantly improve durum wheat yields while maintaining resource efficiency (De
Vita et al., 2007; Katerji et al., 2008). Moreover, as global demand for durum wheat remains strong
due to its use in pasta and premium semolina products, Kazakhstan’s positioning as a net exporter of
this crop aligns well with international market trends. However, the viability of this strategy depends
on the timely implementation of water infrastructure projects such as the Buzuluk reservoir and the
optimization of water use. The scenario analysis suggests that if irrigation development is scaled
efficiently, the region could reduce its vulnerability to climatic fluctuations and stabilize grain output
in the long term. Nevertheless, careful water budgeting, supportive policy mechanisms, and farmer
training programs will be essential to ensure that increased irrigation does not compromise
environmental sustainability. Therefore, the proposed expansion of irrigated durum wheat cultivation
can be considered a robust element within the broader pathway toward sustainable development of
the Esil River Basin.

4.3 Energy security

One of the key advantages of small HPPs is their contribution to reducing CO2 emissions,
which helps mitigate the environmental impacts of global climate change. These stations require
minimal flooding and development of surrounding areas, which significantly reduces their impact on
the environment. They also contribute to local and regional development by creating jobs and
improving infrastructure in rural areas. Additionally, small HPPs help in maintaining the health of
river basins, which includes regulating water resources and improving water quality.
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Another important aspect is the role of small HPPs in rural electrification, providing a stable
and affordable power supply. During their construction and operation, the natural landscape is
preserved, and the strain on ecosystems is minimal. Compared to coal and gas power plants, small
HPPs have low electricity production costs and low operational expenses, as well as relatively
inexpensive equipment replacement and longer service lives (40-50 years). Furthermore, these
stations allow for the integrated use of water resources for multiple purposes, including power
generation, water supply, irrigation, water protection, and fisheries. The disadvantages of small HPPs
include slow return on investment, which is at the level of 5-10 years. For comparison, cogeneration
plants and mini-TPPs built on their basis currently have a payback period of 2 to 4 years (depending
on regional tariffs for electricity and heat, as well as gas prices).

The projected small HPP with a capacity of 3320.8 kW at the Astana reservoir will provide
electricity generation of 31,431,960.8 kW/h for the neighboring settlements, which contributes to the
regional development of green infrastructure. Moreover, the development of small hydropower plants
contributes to Kazakhstan’s commitments under the Paris Agreement and the national strategy for
carbon neutrality by 2060. By providing decentralized, clean energy, small HPPs support the
diversification of the energy mix and facilitate the integration of low-carbon technologies in rural and
peri-urban areas. Despite the slower payback period, the adoption of small hydropower aligns with
sustainable energy goals and reduces dependence on fossil fuels, making it a viable alternative for
regional energy security. However, further improvements in technology, financing models, and
integration with other renewable sources are needed to enhance efficiency, reduce costs, and
accelerate adoption.

Integration of eco-engineering approaches in water management practices and renewable
energy development not only mitigates negative environmental impacts but also enhances ecological
resilience, providing multiple benefits for biodiversity conservation, improved ecosystem services,
and overall environmental sustainability.

5. Conclusion

This study assessed integrated strategies to enhance water, food, and energy security in the Esil
River Basin, applying scenario analysis and engineering calculations within the eco-engineering
framework. The proposed combination of inter-basin water transfer from the Irtysh River,
development of the Buzuluk Reservoir, expansion of irrigated agriculture, and small-scale
hydropower generation demonstrates a holistic approach to addressing the basin’s sustainability
challenges.

These interventions, aligned with the water-energy-food-ecosystem (WEFE) nexus and
Kazakhstan’s decarbonization commitments, offer an effective pathway to strengthen regional
resilience, diversify the economy, and reduce environmental pressures. By integrating water resource
management, sustainable agricultural intensification, and renewable energy development, the study
contributes to a comprehensive framework for long-term sustainable development in the Esil River
Basin.

Further research should focus on detailed environmental impact assessments, optimization of
water transfer schemes under climate change scenarios, and socio-economic feasibility studies.
Additionally, participatory planning involving local communities and stakeholders will be essential
to ensure the sustainable and socially acceptable implementation of the proposed measures.
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Ecis 63eHi 0acceiiHiHIH TYPaKThI JaMYbl. CAJIAaPAJIbIK TICLI KIHE CHEeHAPHILIIK
Tajagay

Toma3s [lentunno, I'yinyp Cacnyraesa, 9ceu Kaken

Anparna. Ecin e3eniniH OacceifHi — KazakcTaHHBIH CONTYCTIK JKOHE OPTAJbIK aifMaKTapbIHAAFbI
MaHbI3/[bl ©HEPKACINITIK-arpapiblK OHip, MYH/a aybll IapyalblIblFbl 0ackiM. bacceiinne KbUIAbIK
arbIH Cy KOJIEMiHIH JKOFaphl ©3reprilliTiri jKoHE Cy pecypcTapbIHbIH Oipkenki 6eninbOeyi Oalikanaibl,
Oy cyapl TYpakThl namyablH Oactel ¢aktopsl eremi. Cy TanmIBUIBIFBIHBIH apTyBI, JACTaHY, CY
pecypcTapblH THIMCI3 OacKapy *oHe acipece AcTaHa KaJlachIHJIAFbl Cy TYTBIHYBIH €Cyl aiMaKThIH
QJIEYMETTIK-2KOHOMHKAJIBIK KOHE YKOJOTHSUIBIK TYPAKTHUIBIFBIHA KaTep TOHIIPEI.

byn 3eprrey Ecin e3eniniy OacceifHi yIIiH anFaml peT WHTErpalyusUIlaHFaH CIEHAPUIIIK Talgaybl
ychiHanbl. YCHIHBUIFAH mapanap EpTic eseminen skpimbiHa 1,5 kM® feifiH cy TachIMamiayjsl,
By3buIbIK Cy KOMMAChIH calyfbl, cyapMaslbl €TICTIKTI KEHEMTyIl »oHE IIaFblH Cy 3JEKTP
CTaHUMSUTAPBIH JAMBITYbl KaMTHIBL. byl mmmapanap SKOMHXKEHEPJIK TOCLI HeTi3iHAe eHIpIiH
TYPaKThUIBIFbIH apTThIpYFa OarbITTaJIFaH.

Hotmxenep xepceTkeHel, YCHIHBUIFaH MIapanap Cy, a3bIK-TYJIK JXKOHE JHEpPrus Kayirci3Iirin
HbIFalTaabl koHe KasakcTaHHBIH JekapOOHU3alMsIay MakcaTTapblHa coiikec keneai. bomamrak
3epTTeyJiep SKOJIOTHSUIBIK dcepii Oaranmay/pl, QJIEYMETTIK-9KOHOMHUKAIBIK OPBIHABUIBIKTBI KOHE
MY/I€TI1 TapanTapIblH KaTbICYbIH KAMTYBI THIC.

Tyiiin ce3aep: TypakThl JaMy; Cy pecypcTapblH 0ackapy; cy pecypcTapblH ayMakThIK KaiiTa Oeiy;
TYPAaKThI ayblJl IIapyalIblIbIFbL;, MIAFBIH CY 3JIEKTP CTaHLUAIAPbI

YcroiiuuBoe pasBurue OacceilHa peku Ecmib: MeKCeKTOpabHBIH MOAX0A H
CLHEHAPHBIN aHAIN3

Toma3s [lentunno, I'yinyp Cacnyraesa, Aces JKaken

Annotauus: bacceitn pexu Ecuib, pacronoxkeHHbIN Ha ceBepe u B nieHTpe KazaxcraHa, sBrsercs
B2XHBIM TPOMBINIICHHBIM M CEIhCKOXO3SMCTBEHHBIM PETHOHOM, TJIe JOMHUHHUPYET CEIhCKOe
X03sCTBO. bacceiiH oTnmuaeTcsi BHICOKOW HM3MEHYHMBOCTBIO T'OJIOBOTO CTOKA UM HEPaBHOMEPHBIM
BHYTPHUTOJIOBBIM PACIPE/ICIICHHEM BOJBI, YTO JIeJAaeT BOJHBIE PECYpPChI KIIOYEBBIM (HAaKTOPOM
YCTOMYMBOTO PA3BUTHUS. Y CWIHMBAIOMIMICS JePUIUT BOABI, 3arps3HeHue, HedhdekTuBHOE
yIIpaBJIeHUE BOJHBIMU PECypcaMH M PACTYIIHH CIPOC, OCOOCHHO CO CTOPOHBI CTOJIHMIIBI ACTaHBI,
CO3/IaI0T CePhE3HBIE YTPO3bI COMMATBEHO-YKOHOMHYECKOHN M KOJIOTHYECKON YCTOMUYNBOCTH PETHOHA.
B crathe mpencTaBieHO TeEpBOE KOMIUIEKCHOE CIIEHApHOE MOJINIMPOBaHUe, OO0BEeIUHSIONIEee
MexOacceifHOBYI0 mepeOpoCcKy BOAbI U3 VIpThIlia, CTPOUTENHCTBO BOAOXpaHWIMIA by3ynyk,
pacImpeHre OpoIIaeMoro 3eMJyIeIeus ¥ Pa3BUTHE MaJIOH THIPOIHEPTETHKH B paMKax MOJX0Ja
SKOMHKUHUPHUHTA. Pe3y/bTaThl IOKa3BIBAIOT, 4TO epedpocka 10 1,5 kM BObI B TO/ B COUETAHHH C
yIYYIIEHUEM PETYIUPOBAHUS CTOKA M BO3OOHOBIISIEMON YHEPTETUKU MOKET 3HAYUTEILHO MOBBICUTH
BOJIHYIO, TIPOJIOBOJIBCTBEHHYIO M DJHEPreTHYECKyI0 Oe30MacHOCTh, a TaKXkKe TMOJJIepKaTh IENn
nexapbonuzanuu Kazaxcrana.
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[Ipemnaraembie Mepbl JEMOHCTPUPYIOT MPAKTUUECKOE IPUMEHEHHME IMOJX0Ja BOAA-dHEPrusi-
npogoBoibcTBue-3kocuctema (WEFE) u skoummkunupunra, obecrnieuuBasi pEeKOMEHAALNUU IS
MOBBIIICHHUSI YCTOMYMBOCTH pPETrMOHA. B OymyiemM uccieoBaHUS JOJKHBI OBITH JIOTIOJHEHBI
OLICHKOW 3KOJIOTUYECKUX MOCIEICTBUN, COUAIBHO-DKOHOMUYECKOH I(P(HEKTUBHOCTH U y4acTHEM
3aMHTEPECOBAHHBIX CTOPOH.

KiiroueBble cjioBa: yCTOMYMBOE Pa3BUTHE; YIPABJICHHE BOJHBIMH PECypCaMH; TEPPUTOPUATBHOE

nepepacrnpesielieHie  BOJHBIX ~ PECYpCOB;  YCTOMYMBOE  CENbCKOE  XO3AHCTBO,  MaJble
TUAPOIIEKTPOCTAHIINH.
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