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Kuwait is an arid country with one of the world’s highest consumption rates per

capita. It suffers from severe water scarcity. Annual national expenditure on

direct water supply and distribution in Kuwait is substantial, which is a burden on

the country’s economy. The nation’s dependency on imported food due to

water scarcity is also considered a primary political and security concern. These

conditions call for much more efficient use and management of water in

Kuwait. This study aims to undertake an extensive analysis of the country’s

water resources and review current management strategies for better planning

and management. The main sources of freshwater in Kuwait are seawater

desalination, brackish groundwater, and recycling wastewater. Seawater

desalination is the primary source that produces 61% of freshwater for

drinking, agriculture, and other water-dependent industries. Other water

management measures related to rainfall drainage systems and water supply

networks are also employed to better utilize scarce water. Multiple government

organizations that enforce several legal frameworks oversee long-term and

acute water-related issues. Regional neighbors also face similar climatic

conditions to Kuwait and suffer from water scarcity and associated food

shortages. Water conservation and cultivating water-efficient crops have

been identified as effective measures to overcome this issue. However, due

to the small size and dry arid climate in Kuwait, its future is challenging. It must

invest in modern, innovative, and effective solutions to preserve the

sustainability of its freshwater resources.
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1 Introduction

Kuwait is a developed country in western Asia, located on the

northern side of the Arabian Gulf with a latitude and longitude of

29° 30′ N and 45° 45′ E, respectively, as shown in Figure 1. The

country has an area of approximately 18,000 km2 consisting of

sandy and gravel deserts and accommodates a population of

4.5 million residents (World Bank, 2022). The topography of

Kuwait is typically flat, busted only by intermittent low hills and

shallow depressions. Kuwait is an arid region where rainfall is scarce

and inconsistent, with a mean of 115 mm/year and an extremely

high probable evaporation of 2,608 mm/year (Al-Qallaf et al., 2020).

As a result, the country’s potable water supply heavily relies on

seawater conversion due to its arid climate, limited freshwater

resources, and low annual rainfall. It is considered a water-scarce

country (Viswanathan and Al-Senafy, 2020).

Kuwait has a severe water problem due to its location in an

arid part of the Middle East and North Africa and the

unavailability of readily available surface water. Only a low

threshold of fresh groundwater exists in the north of Kuwait,

where the water is brackish to salty. The country had just 4.8 m3/

year/capita of renewable water resources in 2018. Kuwait’s

renewable water resources per capita fell gradually from

17.3 m3/year in 1977 to 4.8 m3/year in 2018 (World Bank,

2022). Therefore, the country relies heavily on desalination

plants to satisfy its freshwater demand. As a result, the

desalinated water and the brackish groundwater extracted

from the soil in Kuwait’s central and southwest areas are

FIGURE 1
Location, map, and governates of Kuwait.
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combined to produce irrigation water (Viswanathan and Al-

Senafy, 2020), (Mukhopadhyay and Akber, 2018). Even with

these current approaches, the demand for safe potable water is

inclining, requiring a rapid growth of the country’s desalination

capacity due to population growth and industrial and

commercial developments (Mukhopadhyay and Akber, 2018),

(Alfalah, 2021). Besides, the per capita water utilization has, for

the most part, tended to extend instead of decrease. However, this

may be considered a work of life fashion and populace thickness

(Alfalah, 2021), (Alsulaili et al., 2022). Additionally, brackish

water wells are in danger due to the absence of natural

replenishment. Hence, the challenge for Kuwait at present is

to utilize the existing scarce water resources optimally to satisfy

the demand (Akber and Mukhopadhyay, 2021), (Aleisa and

Alshayji, 2019). The existing water resources in Kuwait are

presented in Table 1 with their respective contributions.

Kuwait is among the 10 poorest countries in terms of water

resources per capita. In contrast, its water consumption is among

the highest in the world, with per capita consumption averaging

at 447 L/day (World Bank, 2022). According to Darwish and Al

Awadhi (2009), the good extraction in Kuwait is about 307 m3/

year/capita, whereas only 63 m3/year/capita is recycled to be used

as potable water. This groundwater altogether supplies 92% of

domestic and industrial water demand and accounts for 60% of

the total water supply in the country (Prajapati et al., 2022).

Figure 2 represents the annual gross production and

consumption of freshwater from 2010 to 2020 (World Bank,

2022). Accordingly, it can be observed that the gross water

consumption is slightly more than the gross water production

of the country, signaling that in the future, Kuwait will need more

robust and direct strategies to fulfill its water demand.

The natural resources of Kuwait have been extracted at

significantly higher rates in the past (Aliewi et al., 2020; Al-

Anzi et al., 2012) to satisfy the freshwater demand of the growing

population. The annual population growth rate was observed at

1.35% in 2021, and the 25-year average population growth rate is

estimated as 3.81% per annum (Aleisa and Alshayji, 2019).

However, in recent years, efforts have been taken to reduce

the extractions to conserve the limited available resources

(Akber and Mukhopadhyay, 2021).

The region receives approximately 75% of its annual

precipitation from November to February. Rainfall also varies

with geographical locations. Rather than rivers and lakes, Wadis

(an Arabic term that means the lower plain that is covered by

mountains) are generated in the desert environment’s shallow

depressions. Large depressions may experience surface runoff

during the rainy season, which runs fromNovember to April (Al-

Qallaf et al., 2020). Flash floods may last from a few hours to a few

days, but no permanent stream-gauging station records this

information. Because of the significant evaporation losses and

significantly lower soil moisture levels, only a tiny quantity of

precipitation reaches the groundwater. The runoff ratio is also

lower in this region (Aldosari et al., 2020). Therefore, rainfall is

FIGURE 2
Gross production and consumption of freshwater in Kuwait (World Bank, 2022).

TABLE 1 Water resources distribution in Kuwait (World Bank, 2022).

Type
of water resource(s)

Distribution in percentages
(%)

Desalination 61

Treated wastewater 20

Groundwater 19
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not a source of groundwater recharge in Kuwait, and water

management has been a critical aspect of residents’ lives (Al-

Qallaf et al., 2020; Mukhopadhyay and Akber, 2018).

People in Kuwait managed water in the past using infiltrated

rainwater that was available in the narrow hand-dug wells. The

former high-yield groundwater well was revealed in 1906. Until

1925, when dhow was used to ingress freshwater from Shatt Al-

Arab, the primary potable water resource was the narrow artesian

wells (Mukhopadhyay and Akber, 2018), (Al-Murad et al., 2018).

Kuwait started importing freshwater from Iraq, which is roughly

100 km northwest. At the height of the oil boom in 1946, a daily

flow of 0.30 m3 of water was conveyed from Shatt Al Arab (Al-

Sulaimi et al., 1996). After rapid development in the 1950s, water

shortage became a significant obstacle to economic expansion.

This resulted in the development of alternative approaches to

create non-traditional sources of water. Importing water from

neighboring Iraq or Turkey, using groundwater, and desalinating

salt water were the sole options for a while (Abdallah El Naka and

Abdelrazek, 2022; Amery, 2012). Because the first option was not

politically viable, the second was confined. However, when water

was more widely utilized, the third approach was adopted

(Viswanathan and Al-Senafy, 2020), (Aliewi et al., 2017).

Many techniques and strategies have been used to fulfill the

demand for potable water in Kuwait, mainly incorporating

seawater and brackish water desalination, recycling renovated

wastewater, utilizing groundwater revitalization schemes, and

instigating water conservation measures (Mukhopadhyay and

Akber, 2018). Even with the established strategies to acquire

potable water, evaluating and predicting water demand are

necessary for successful water management. The projected

freshwater demand in Kuwait in 2025 is in the range of

722–3,036 million m3/year, and to fulfill such a demand, the

capacities of non-traditional water sources should increase

exponentially (Alfalah, 2021; Ibrahim et al., 2020).

1.1 Existing studies on water resource
management in Kuwait

Sufficient scientific literature is currently available on

different aspects of Kuwait’s water resources and

management. These studies cover a range of knowledge areas,

including but not limited to water supply, water quality, water

scarcity, water resources, water economy, water governance, and

the desalination potential of Kuwait. This study reviewed the

most recent publications (since 2015) to understand the present

situation in the country. Mukhopadhyay and Akber (2018)

reviewed the status of water demand and supply in Kuwait

and identified that “at the current rate of increase in demand

for freshwater, large investment is necessary at close intervals to

augment the desalination capacity of the country.” Theyalso

proposed correctional measures to overcome the recognized

issues of water supply and management. Aljamal et al. (2020a)

used an institutional analysis and development (IAD) framework

to examine water resource-related issues in Kuwait and other arid

Gulf countries. It exhibits how the implementation of alternative

institutional arrangements could assist in addressing issues

related to water. Ben Hassen and El Bilali (2022) investigated

the governance and political economy of water in six states in the

Gulf Cooperation Council (GCC), including Kuwait, and

proposed water solutions and policies to overcome identified

challenges. Aljamal et al. (2020b) investigated the reasons for

public resistance to reducing water subsidies in Kuwait and

demonstrated that the resistance primarily stems from

perceptions about government responsibility, equality and

equity, and poor awareness of environmental issues related to

water. Aliewi et al. (2017) investigated the alternative

management options and policies on water resources in

Kuwait and described how to evaluate them on a strategic

level that can lead to better and more sustainable future water

resource management. When evaluated against a set of

economic, social, and environmental parameters, desalination

enabled by renewable energy technologies has been ranked highly

despite its economic costs. Al-Rashed and Aliewi (2017)

proposed a water resources sustainability plan for Kuwait,

considering its social, economic, and environmental

conditions to achieve UN sustainable development goals.

Mabrok et al. (2022). developed an EPANET-based model to

evaluate water quality in Kuwait. Aleisa et al. (2019) conducted a

general review of treatment and reuse practices of domestic

wastewater in Kuwait at present; discussed future plans,

challenges, costs, and tariffs; and proposed recommendations

for better utilization of treated effluent in the future.

Several studies have investigated the current strategies used

for water resource management in Kuwait and identified the

importance of taking proactive measures to conserve and better

manage the limited and scarce water resources. Therefore, the

following section demonstrates the aim and objectives of this

study and the methods used.

1.2 Research aim, objectives, and methods

Kuwait has one of the highest water consumption per capita

in the world, with 165 m3/capita/year. Many research studies

have investigated the significance of water resource management

in Kuwait, as discussed in the previous section, and emphasized

the necessity and urgency of developing more effective and

efficient water management strategies. Despite conducting

many studies on this specific research area, it is imperative to

conduct further research to evaluate the status of water resources

and management to better understand the issues, inefficiencies,

and problems associated. Therefore, this study covers various

aspects of water resources and management along with a

literature review of existing studies to evaluate the current

status. It aims to investigate the water resource management
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in Kuwait, and the objectives are formulated as follows: 1) to

identify primary freshwater resources, 2) to assess water

consumption and management systems, 3) to evaluate the

water economy, 4) to review governance framework, and

finally, 5) to compare with countries with similar conditions.

The study follows a review of existing published data as a research

method to achieve the established objectives.

The following sections present the review of each aspect listed

under research objectives.

2 Primary water resources and
management

The main water resource management in Kuwait is instigated

by analyzing the primary water resources, water consumption

areas, and effective techniques and processes utilized to acquire

non-traditional water sources.

2.1 Main sources

The total renewable water resources in Kuwait as of 2021 is

stated as 0 billion m3/year, making water dependency 100%

(World Bank, 2022). Hence, the main water sources in Kuwait

can be listed as 1) desalination of seawater, 2) brackish

groundwater, and 3) treated wastewater. The following

sections describe in detail each different source.

2.1.1 Desalination of seawater
For the last 33 years, Kuwait has been fully dependent for its

potable water resource on the seawater desalination plants using

steam boiler turbine generators (SBTG) and multi-stage flash

(MSF) saltwater desalination systems. The desalination

technologies mainly comprise MSF, multi-effect distillation

(MED), vapor compression distillation (VCD), electrodialysis,

and reverse osmosis (RO) (Mukhopadhyay and Akber, 2018;

Akber and Mukhopadhyay, 2021; Amery, 2012). By utilizing the

process of MSF distillation, approximately 90% of potable water

demand is fulfilled (Aljuwaisseri et al., 2022a; Feria-Díaz et al.,

2021). The initial desalination water plant was installed in 1951,

which was replaced in 1960 by the primary MSF desalination

plant with a mounted capacity of 4,546 m3/day, providing 92% of

water for domestic and industrial requirements and about 60% of

total water resource in the country (Mukhopadhyay and Akber,

2018; Feria-Díaz et al., 2021). Eight desalination plants in Kuwait

are positioned beside the coast, with a total mounted capacity of

3.11 million m3/day (World Bank, 2022). Table 2 and Figure 4

represent the details of these plants.

As a result of the effective desalination plants, there has not been

enough effort made to put in place policies that encourage

conservation and limit the exploitation of natural resources, nor

are there any prudent decisions by the authorities. However, it is

becoming harder to ignore global climate change and pollution due

to excessive anthropogenic emissions (Aljuwaisseri et al., 2022b; Al-

Shayji and Aleisa, 2018). The Ministry of Electricity and Water

(MEW) has already started upgrading its technical infrastructure for

the transmission of power and water. Since 2005, large-scale power-

generating facilities have relied on open and closed-cycle gas

turbines. Currently, a seawater RO plant is under construction,

facilitating more efficient water management. Future mega-capacity

power and water desalination plants that use more contemporary

and efficient technology to reduce carbon emissions are continually

emerging (Ahmed et al., 2020).

However, MEW’s public campaign to promote and stimulate

energy and water conservation has taken place over the last few

years to establish an environment where consumers may work

together to save money and resources. To combat the detrimental

consequences of the present situation, MEW must modernize and

better use its existing power and water desalination facilities. The

TABLE 2 Desalination plants with mounted capacities (Statistical Yearbook Water In Kuwait, 2019).

Plant References Technology Commissioning year Installed capacity in
million m3/day

Net production of
desalinated water million
m3/year

Shuwaikh MSF and RO 1982 0.22 48.13

Shuaiba North MSF 2011 0.21 38.04

Shuaiba South MSF 1971 0.14 36.71

Doha East MSF 1978 0.19 56.04

Doha West MSF and RO 1983 0.78 129.91

Zour South MSF and RO 1988 0.64 101.79

Zour North MSF and RO 2016 0.49 30.97

Sabiya MED 2006 0.46 116.93

Total capacity 3.11 717.90

Bold values indicates total capacity of all plants.
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MEW and the Kuwait Institute for Scientific Research (KISR) have

begun a joint investigation on the country’s present power

generation and desalination infrastructure. This review focuses

on reliability and efficiency, identifying future operational and

economic improvements and rating them appropriately (Aliewi

et al., 2017; Hindelang, 2021). They looked at SBTG and MSF

facilities for their specificity in the investigation.

Many issues plague desalination plants, the most serious of

which is the use of unsuitable fuel, which causes considerable

damage to different plant components and, consequently,

reduces the plant’s ability to generate electricity. Another issue

is that the MSF plant’s maximum operating temperature and

production capacity are limited due to poor weld quality and low-

grade materials used in construction. A third issue is that an

incorrect water intake design and location leads to

sedimentation, erosion, and excessive use of chemicals

(Hassan et al., 2019; Alomirah et al., 2020; Zhang and Liu, 2021).

Total production expenses are higher than usual because of the

high fuel cost. Equipment that is outdated or worn out needs to be

replaced more frequently. Knowing which plants demand the most

attention and which require the least is important. Corrosion is

taking its toll on the MSF facility, which is suffering the

consequences of its age. A well-maintained MSF might stay in

use for an extended period without needing costly repairs if it is

regularly maintained. Flue gas ducts and other components are

damaged and corroded by high Sulphur content in certain plants’

heavy fuel oil (Kotwicki et al., 2014; Abdel-Basset et al., 2019). The

cost of desalinated water is USD 1.04, USD 0.95, and USD 0.82 for

MSF,MED, and RO, respectively, assuming a fuel cost of USD 1.50/

GJ (Ahmed et al., 2020). The most common technology used in

desalination plants is the MSF; therefore, many studies and analyses

have focused on that technology, as discussed above.

2.1.2 Brackish groundwater
Brackish water occurs in a natural environment with more

salinity than freshwater but not as much as seawater. Brackish

groundwater is groundwater with a total dissolved solids

content of 1,000–10,000 parts per million (Water and Board,

2017). One of the main natural sources of water available in

Kuwait is the brackish groundwater located in Sulaibiya,

Shigaya, and Umm Gudair fields. The rest of the

groundwater is mainly saline.

Brackish underground water is extracted using a regional

system consisting of two aquifers: the Kuwait group and the

Dammam Formation. The Kuwait group is the upper aquifer

composed of layers of sediment and clastic rocks saturated with

water. The total dissolved salts (TDS) in this aquifer are

approximately 4,000–9,000 particles per million. The lower

aquifer, referred to as the Dammam Formation, contains

layers of consolidated limestone and groundwater moving

continuously with the slope direction. TDS in this aquifer is

3,000–6,000 particles per million in the south and west of Kuwait

(Aliewi et al., 2020; Al-Murad et al., 2018).

Over the years, prolonged groundwater abstraction, which

exceeded the renewable volume, caused the depletion of aquifer

storage and resulted in a decline in groundwater levels and an

increase in the water’s salinity. The groundwater abstraction during

1900–2020 is shown in Figure 3.

Currently, the total output of groundwater wells is around

0.55 million m3/day, whereas the maximum daily consumption

in summer could reach up to 0.23 million m3. Approximately

10%–13% of Kuwait’s total groundwater production is blended

with desalinated distilled water to make it potable. Groundwater

is used for various purposes in Kuwait, including irrigation,

gardening, construction, and even animal watering (Al-Murad

et al., 2017). Currently, this water system satisfies the demand for

water for more than 75,000 consumers at a considerably lower

price. Other proposals are being evaluated to set up production

facilities through new fields in the Northwest and the Northeast.

2.1.3 Wastewater recycling
Water recycling is considered a crucial non-conventional

water source in Kuwait due to the high cost of seawater

desalination. According to Aleisa and Alshayji (2019), the

wastewater generation in Kuwait is 154.6 m3/capita/year.

Approximately 75% of this wastewater is treated, and 58%

becomes available for reuse (77% treatment efficiency).

FIGURE 3
Groundwater abstraction in Kuwait during 1990–2020.

TABLE 3 Details of wastewater treatment plants in Kuwait
(Al-Shammari, 2018; Abusam et al., 2012; MEED, 2022).

Treatment plants Year opened Capacity in m3/day

Al Jahra 1983 86,000

Riqqa 1982 180,000

Kabd, Sulaybia 2005 600,000

Umm Al Hayman 2001 700,000
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Municipal wastewater in Kuwait is treated at four treatment

plants in Jahra, Riqqa, Sulaibiya, and Umm Al Hayman by

utilizing distinctive techniques, including ultrafiltration, sand

filtration, and chlorination (Abusam and Shahalam, 2013).

Details of the four plants are presented in Table 3, and their

locations are shown in Figure 4.

Among the four plants, the Sulaibiya water treatment plant is

the only one that produces potable water according to WHO

Standards (Cotruvo and Marcus, 2017), and its capacity is

approximately 600,000 m3/day (Water Technology, 2022).

Wastewater treatment plants in Umm Al Hayman started

operation in 2001 with an initial capacity of 500,000 m3/day

and have been increasing their capacity throughout the years,

reaching an ultimate of 700,000 m3/day. All these treatment

plants are improved to increase their capacity by establishing

and enforcing legislative frameworks and government aid.

Most people in Kuwait are aware of the importance of

reusing treated wastewater. Recycled water is more

affordable than desalinated water in Kuwait. It costs

around $0.78 to produce a thousand liters of recycled

water, whereas it costs around $3.13 for desalinated water

(Darwish et al., 2011; Jasem and Madzikanda, 2012; Ali

et al., 2015). Regardless, most people of Kuwait (77.91%)

disapprove of the use of treated wastewater for drinking

water. Citizens of Kuwait have various reasons for their

disapproval, such as health reasons (69%), psychological

reasons (54%), and religious beliefs (29%). They do not trust

the workmanship at the plant (25%), fear mechanical

breakdowns (19%), and reject it for other reasons (7%).

Reclaimed water is a vital resource that can be used in the

agriculture and industrial sectors, and 75.28% of Kuwait

agrees (Jasem and Madzikanda, 2012). Several studies have

examined the link between the socio-demographic

characteristics of individuals and recycled water (Marks

et al., 2006; Menegaki et al., 2007; Dolnicar et al., 2011;

Ansorge and Dlabal, 2017). The most common factor that

has been identified as related to the level of acceptance of

recycled water is the education level of the individuals.

Other factors such as age, gender, and income also have

been linked to the acceptance of recycled water. Based on

the findings of these studies, Dolnicar and Schäfer (2006)

proposed the introduction of high-status recycled water in

the market. They suggested that the introduction of high-

status recycled water should be carried out through a

behavioral modification approach. Po et al. (2007) stated

that effective methods to assure public acceptance include

community involvement, accurate information policies, and

empowerment of the people (Po et al., 2007).

FIGURE 4
Locations of groundwater fields, water treatment plants, and desalination plants in Kuwait.
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2.2 Water demand and consumption

There are typically three main sectors that heavily rely on

water resources, including 1) the municipal sector, 2) the

agricultural industry, and 3) the industrial or economic sector.

Kuwait’s water consumption is among the highest in the world,

with per capita consumption averaging 447 L per day (Almottiri

and Wegian, 2021; Alsumaiei, 2021). Approximately 44% of the

total water produced is utilized for municipal purposes, whereas

54% and 2% are allocated for agriculture and industrial purposes,

respectively (World Bank, 2022). Potable water quality is

controlled by managing the blending ratio between the

distilled water and brackish groundwater (Shafiullah and Al-

Ruwaih, 2020).

The agricultural areas are in three significant directions and

have approximately 2,880 farms with 141 million m2. However,

90% of Kuwait’s land is considered unsuitable for agricultural

purposes, where main crop productions include vegetables,

potatoes, and grains (Al-Murad et al., 2017). There are three

main sources of water in Kuwait for agricultural utilization:

brackish groundwater, treated wastewater, and desalinated

water. Approximately 54% of groundwater and 19% of treated

wastewater are used for agricultural sector applications (Aleisa

and Alshayji, 2019). Kuwait’s agricultural sector experiences a

small role in the nation’s economy due to extremely high

temperatures during the summer season and poor quality of

groundwater (Al-Murad et al., 2018; Al-Murad et al., 2017).

Water is crucial in agriculture for the production and

maintenance of food security. However, the crop water

efficiency in Kuwait is highly affected by the lack of a proper

drainage system, the calcareous nature of the soil, and high

evaporation rates from the soil surface (Al-Menaie et al., 2021).

Power/energy generation and food are the main industries

dependent on water. Apart from water, food, and energy,

sustainability is also crucial for the development of any

country. Kuwait is highly prone to food insecurity. According

to the global food security index (Hameed et al., 2019; Abbas

et al., 2020), Kuwait is ranked 30th. Food security using food

supply in Kuwait can be maintained by developing and

improving the agriculture sector, farming practices, crop

selection, dominating aquaculture in terms of giving

importance to seafood as a component of the food supply

mix, and food import strategy (Siderius et al., 2019). In short,

water security, food security, and energy security are linked

together, known as the water energy and food security nexus,

which is also observed in other countries (Hameed et al., 2019;

Siderius et al., 2019).

The average cost of food products imported into Kuwait in

2019 is almost $2 billion, and its import product share is about

6% of total import products. AHS weighted average, which is the

effectively applied weighted average percentage tariff (tax), is

about 32%. It is the average of tariffs (tax on exported things)

weighted by their corresponding trade value (World Bank, 2022).

The average cost of food products exported is about USD

278 million, and the volume of exported product share of

food products out of all other exported products is 0.4%. The

food products that Kuwait export include meat and edible meat

offal, tobacco, animal and vegetable oils and fats, oil seeds, oil

nuts, and oil kernels, and imported food products mainly

comprised of edible fruits, nuts, peel of citrus fruit, cereal,

flour, starch, and milk products.

2.3 Water management systems

Water resource management incorporates the actions of

preparing, emerging, allocating, and managing the finest use

of water resources. For sustainable development and water use in

agriculture, renewable technologies are ranked higher owing to

positive economic and environmental effects (Viswanathan and

Al-Senafy, 2020; Mukhopadhyay and Akber, 2018). The main

techniques and processes of water management in Kuwait

incorporate rainwater drainage and water supply systems,

which are explained in the following sections.

2.3.1 Rainwater drainage system
In the past, Kuwait mainly depended on rainwater, and the

rainfall season typically starts in October and ends in May. The

minimum rainfall recorded in Kuwait was 30 mm in 1960

(Zaghloul and Al-Mutairi, 2010). The rainwater or stormwater

runoff is gathered in open inlets from streets and open areas, and

the surface runoff is routed through pipes and box culverts to

various outfall locations on the gulf. One of the rainwater/

stormwater drainage systems is located in the south Al-Doha

area, 26 km west of the city, typically comprised of circular

concrete pipes using which water flows exclusively by gravity

to the outlet (Al-Hurban et al., 2021; Chkhvimiani et al., 2021).

Due to the exceptionally low rainfall and very high evaporation

rates, the runoff occasionally happens as a result of rare heavy

rains. The retention of this water is not economically viable.

Figure 5 represents the data and the graph showing the annual

rainfall in Kuwait from 2005 to 2020.

2.3.2 Water supply network
The water supply in Kuwait mainly consists of two water

supply networks: freshwater and brackish water (Mabrok et al.,

2022; Alhumoud and Almashan, 2020). Each network comprises

underground reservoirs, pumping stations, and pre-eminent

towers. The brackish water is utilized for irrigation and

agricultural land, public parks, and domestic use, whereas

freshwater is produced from desalination plants pumped to

underground reservoirs and distribution networks (Statistical

Yearbook Water In Kuwait, 2019). The network or number of

connections to significant buildings, mainly comprising private,

commercial, and industrial buildings, was about 185,151 for

freshwater and 76,488 for brackish water, and the distribution
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rate of these stations is in the range of 10%–12% of the general

consumption. Figure 6 represents the schematic diagram of

Kuwait’s typical residential water supply network (AlMayyas

and Leeb, 2015).

2.3.3 Possible conventional solutions
Due to the lack of natural sources to fully satisfy the water

demands, some indigenous solutions and steps are required to

overcome the challenges of water management as follows

(Viswanathan and Al-Senafy, 2020; Al-Otaibi and

Mukhopadhyay, 2005):

1) Decreasing subsidies to reduce water traffic.

2) Controlling immigration which occurs due to the economic

attraction of foreigners.

3) Using reclaimed wastewater for gardening and non-potable

needs.

4) Utilizing the water produced by dewatering wells to reduce

groundwater usage.

5) Artificial recharge of the aquifer for vindicating the variability

in water demand and water accessibility.

6) Allowing sharing of water linkage between Gulf Cooperation

Council (GCC) countries.

7) Executing conservational measures to defend the available

water resources from environmental dilapidation.

8) Minimizing the loss of water from pipe

leakage through significant maintenance of the water

network.

9) Undertaking institutional measures to overcome the

ambiguity related to water resource management.

FIGURE 5
Annual rainfall in Kuwait in mm (World Bank, 2022).

FIGURE 6
A typical schematic diagram of the residential water supply system in Kuwait (AlMayyas and Leeb, 2015).
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2.3.4 Modern technology-based solutions
The implementation of other new techniques apart from RO

for the improvement mainly incorporates the applicability of the

Soil Aquifer Treatment (SAT) technique in the renovation of

wastewater and nano-filtration as a preprocessing method that

makes the high-temperature MSF distillation possible, resulting

in higher production of water (Ahmed et al., 2020; Zhang and

Liu, 2021).

In addition to the utilization of MSF for desalination, a new

technique for desalination is also now undertaken as an

alternative due to the inefficiency, high cost, and energy

requirement of the existing systems. The new system or

technique is referred to as the SWRO system, which saves up

to 75% of the fuel energy used for desalination (Darwish and Al

Awadhi, 2009; Ahmed et al., 2020). The advanced renovation

technique for municipal wastewater treatment as an alternative

to RO developed water with high quality and lower cost, saving

approximately 50% of the distillate cost generated by MSF plants.

This treatment technology has been integrated into a reclamation

plant in Sulaibiya to generate high-quality water (Al-Shayji and

Aleisa, 2018; Darwish et al., 2011).

Another advanced technique for the sustainable

management of water resources is the remote sensing

technology for estimating the recharge potential and

precipitation of shallow freshwater aquifers (Ud Din et al., 2007).

3 Water economy

Kuwait has a mixed economic system, and due to the scarcity

of water, it is considered a valuable commodity and mainly

utilized for agriculture, industry, and households. Water

consumption in different sectors in Kuwait is shown in

Figure 7. The cost of water is small compared to the average

household income. Kuwait’s economy is heavily dependent on oil

export revenues, and the requirements and demands for fossil

fuels by CPDPs [co-generation power desalting plants (CPDP)]

to generate power and desalt seawater is growing annually

(Alhajeri et al., 2018).

3.1 Direct costs of domestic uses

Global statistics (Saleh, 2022) show potable water

consumption from 2005 to 2020 and indicate that the net

consumption volume of potable water in Kuwait is

approximately 589 billion liters, as represented in Figure 8.

The total freshwater consumption for households and the

residential sector has increased from 150 billion liters in 2001 to

634 billion liters in 2020 (Alsumaiei, 2021). To produce 1 m3 of

water, the ministry of energy costs USD 2.42, but the customer is

charged USD 2.72. According to water Action Hub, the annual

cost of water for sanitation is 28% of the total annual estimated

cost, accounting for $96,985,552 and the cost for industrial

pollution and agricultural pollution is $16,711,435 and $2,145

(Al-Ballam et al., 2018; Al-Fadhli et al., 2020). According to the

KISR, the current cost of providing a reliable source of fresh

water in Kuwait (principally through desalination plants) exceeds

USD 1.2 billion annually (Alhajeri et al., 2018).

3.2 Indirect costs of water

This section represents the details of Kuwait’s expenditure on

food per capita that represent the indirect cost of water impact on

food. Water consumption and water importance have to be

FIGURE 7
Water consumption in different sectors in Kuwait (World
Bank, 2022).

FIGURE 8
Potable water consumption in Kuwait in billion liters per year
(World Bank, 2022).
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explained in all fields. It has been stated that Kuwait’s

expenditure on food per capita was at a level of $1,910 in

2018, up from $1,841 the previous year, a change of 3.76%,

and the percentage change of expenditure on food is about

19.22% (World Bank, 2022).

Figure 9 represents the data and the graph showing the cost

of food from 2010 to 2020 in Kuwait.

3.3 Water subsidies

Subsidies are financial assistance given by the government

to reach a specific policy goal, such as water security, generally

used for promoting water efficiency by households, farmers,

and companies. Kuwait subsidizes about 92% of production

costs, making water prices among the lowest in the world, but

Kuwait has one of the highest per capita consumption rates

(Ibrahim et al., 2020; Almottiri and Wegian, 2021). Water and

sanitation can consume a significant amount of a country’s

scarce public resources because these subsidies cover

operations expenditures, mainly staffing costs, maintaining

existing structures, and infrastructure rehabilitation (World

Bank, 2022).

FIGURE 9
Food expenditure per capita in US dollars in Kuwait.

FIGURE 10
Water management governance framework of Kuwait.
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4 Challenges and issues of water

Some countries face serious challenges in securing their water

resources, which are diminishing due to droughts, low rainfall,

and ubiquitous climate. Mostly these countries are gulf countries,

including Kuwait. These challenges comprise increasing water

demand, falling per capita water availability, high dependency on

desalination, inefficient water use and water leakage in supply

networks, exploitation of groundwater aquifers, limited water

treatment capacities, greater water subsidies, and ineffective

legislative frameworks (Aleisa and Alshayji, 2019; Amery,

2012). Kuwait’s water security issues can be controlled by

taking some actions, mainly comprising reducing water

subsidies, reusing treated wastewater on a large scale,

investigating and exploring new non-conventional water

resources, enforcing measures to converse and protect water

and reducing the political water issues, and reducing network loss

(Zúñiga-Estrada et al., 2022), (Alazmi, 2022).

Water has always been considered of political importance,

particularly in arid regions of the world. Kuwait is also

considered an arid country and scarce in water, and its water

scarcity leads to political or violent conflict or hydro politics

(Aljamal et al., 2022). This is mainly due to a lack of action to

ensure sustainable, equitable water access. By undertaking hydro

politics, Kuwaiti authorities are affected by the historical

narrative and context of their relationship with Iran, as

Kuwait imported water from Iran in the past, leading to

potential instability and conflicts (Aljamal et al., 2020b; Loftus

et al., 2019). Kuwait took actions beyond its national boundaries

to boost its water resources. In 2001, the government improved

the water tariff. Water is a highly charged political resource, and

the process of political and socio-cultural needs to lead the

techno-engineering struggles that gradually construct an

atmosphere of regional reliance and cooperation (Aljamal

et al., 2022; Loftus et al., 2019).

5 Water governance framework

Water management or governance in Kuwait is liable for the

strategy and assessment of farm irrigation systems, analysis of irrigation

equipment, exploration of crop water, observation of groundwater

prominence and capacity, and water resources planning. To manage

water availability and water demand in Kuwait, MEWwas established

in 1952. In 1964, water management implemented a certain policy and

an11-article-based law related to the prohibition of pollutedwater areas

and inlandwaters, also knownas LawNo. 12/1964.During 1995–1996,

themain concern of thewatermanagement authoritieswasmonitoring

water quality, environmental balance, and biodiversity protection. In

2019, specific policies and techniques were enforced targeting

protecting marine life. Apart from these strategies, the establishment

of the KISR in 1967 and KISR’s Water Research Centre (WRC) in

1973 demonstrated significant multidisciplinary methods to discourse

Kuwait’s defies in water resources management and cultivated

pioneering desalination technologies (Aljamal et al., 2020b; Hameed

et al., 2019; Aliewi and Al-Rashed, 2022).Water resourcemanagement

in Kuwait can typically be divided into three components: 1)

institutional setup, 2) legal framework, and 3) water resource

development. The flowchart representing the three components

with their sub-categories is shown in Figure 10.

5.1 Institutional setup

The institutional setup in Kuwait related to the water policies

can be designed and managed by following significant steps. The

steps involved in designing and managing the institutional

framework include collection and storage of all data,

intermittent analysis, and examination of these data and

information by the water authorities of the country, an

adjustment in the water management policy, motivating the

public for the implementation of water conservation measures

through media campaigns and other related techniques (Abbas

et al., 2020; Lambert, 2013).

The critical government and non-key government

organizations handle food and water issues. These

organizations mainly comprise several ministries and

authorities with varying responsibilities as follows:

1) MEW: responsible for securing water demand, rationalizing

water consumption, achieving water security, and

desalination services.

2) Ministry of PublicWorks (MPW): responsible for supervising

infrastructure developments and maintenance works of

pumping.

3) Kuwait Environmental Public Authority (KEPA): a public

authority responsible for developing strategies and action

plans to protect the environment.

4) Public Authority for Agricultural Affairs and Fish Resources

(PAAFR): responsible for the design and evaluation of farm

irrigation systems, crop water requirements, and monitoring

groundwater quality and quantity.

5) KISR: responsible for the development of strategies and

desalination techniques.

Table 4 elaborates the roles and responsibilities of the

institutional setup.

5.2 Legal framework

Water resource policy involving the ocean includes

jurisdiction and regulation issues, pollution regulation and

reduction, overexploitation prevention, and desalination to

make potable water. The main water policies and regulations

in marine are related to the prohibition of polluting marine areas
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and inland waters, industrial wastewater transportation,

environmental protection related to land, water, and air from

pollution, and the execution of a national plan for the marine

environment management (You et al., 2021).

The frameworks with a brief description of the main and

significant policies and laws, decrees, and resolutions related to

water are described in Table 5.

5.3 Water resource development

Water resource development mainly incorporates the multi-

phase progression that initiates from the commencement of

certain water supply projects, irrigation, or basin master plans.

Water resource development in Kuwait is demonstrated by KISR,

which commenced the Water Resource Development and

Management (WRDM) program to recognize means to

sustainably augment the use and control of the country’s

water resources through pragmatic research. The WRDM

program was also intended to maximize water security in

Kuwait. This program incorporated tactical water policies,

management preferences, and action plans to assuage water

problems and maximize socioeconomic progression. These

progressions mainly comprise the following:

• Monitoring water quality since 1995.

TABLE 4 Background information and roles and responsibilities of institutions.

Institution Background information Roles and responsibilities

Ministry of Electricity and
Water (MEW)

It was erected in 1952 for the provision of high-quality
electricity and water in Kuwait

1. Acquiring water demand

2. Vindicating water consumption

3. Accomplishing water security and augmenting water
resources use

4. Transmission and distribution; desalination services

5. Operating and sustaining all of Kuwait’s water systems

Ministry of Public Works (MPW) The Board of Works was erected in 1945 and converted to
MPW in 1962

1. Directing substructure developments, including roads and
sewerage projects

2. Managing operations

3. Conservation works of pumping and water stations, project
management

4. Conservation of public buildings

Kuwait Environmental Public
Authority (KEPA)

A communal authority with a permissible nature and is
committed to the Council of Ministers erected in 1995 and
administered by the Supreme Council for the Environment

1. Carrying out all works and tasks to protect the environment in
the country

2. Instituting and instigating the general policy of the state in the
matter of environmental protection

3. Mounting strategies and action plans for the protection of the
environment

4. Conservation of natural resources, including water and
groundwater resources

Public Authority for Agricultural
Affairs and Fish Resources (PAAFR)

It was erected in 1983 and committed to the Council of
Ministers

1. Management of agricultural development and enhancing food
security

2. Design and assessment of farm irrigation systems

3. Testing irrigation equipment

4. Crop water requirement research

5. Monitoring of groundwater quality and quantity

6. Water resources planning

Kuwait Institute for Scientific Research
(KISR)

It was erected as a sovereign, national institute of scientific
brilliance in 1967. It was rationalized in 1973, when it became
solely responsible to the Council of Ministers

1. KISR’s Water Research Centre (WRC) applies a
multidisciplinary method to discourse Kuwait’s defies in water
resources management and cultivate pioneering desalination
technologies

2. Programmed engrossed on creating revolutions in desalination
technologies to meet the need for potable water while extenuating
the environmental footprint

3. Discourses Kuwait’s need to refill its water reserves and its
emergent solutions for the recuperation of wastewater effluent
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• Assessing hydrocarbon pollution of fresh groundwater

resources in Kuwait.

• Assessing the urbanization on groundwater levels and

quality in Kuwait by minimizing the impact of the

rising water table.

• Designing groundwater utilization schemes for the

Northern Oilfields of Kuwait by sustainably increasing

water production (KISR, 1995).

The main ongoing projects of WRDM encompass assessing

artificial aquifer rejuvenation using RO-treated wastewater by

actively replenishing the Dammam formation, Domestic Water

Consumption and Conservation in Kuwait by identifying

consumption patterns, surveying and desert subsurface

aquifers using radar technology, and utilizing the hi-tech

approach to precarious problems (Abbas et al., 2020; Aliewi

and Alomirah, 2020). Another project related to the supply of

potable water in Kuwait includes the Shuwaikh RO project. The

main purpose of this project was to provide a sustainable water

supply, which has been a major concern and issue for many

countries in this region. Sanitation is one of the issues related to

water management in Kuwait, and the Kuwaiti Ministry of

Public Works has proclaimed strategies to commence new

sanitation projects in the country at the cost of USD

TABLE 5 Legal frameworks and description.

Legal framework Description

Law No. 12/1964 on the pollution of water by oil This law is created and compounded of 11 articles targeting the proscription and prevention of
contamination of aquatic areas and inland waters

Law No. 21/1995. Further amended: Law No. 16/1996 This is the foremost ecological law

It recognized Kuwait Environment Public Authority (KEPA) and authorized it with the prerogative and
the supremacies to legalize practices that contaminate the environment

KEPA can estimate the impact of valuation studies of plans, implement the contaminator pays standards,
indorse the finest use of oil possessions, andmandate ingesting diminutions and energy-saving technology
in project design

The Law 16/1996 modification elucidated KEPA’s role in maintenance, fortification, and accountability
perceptions

Decree No. 5/2012 Decree No. 5 dispensed instructions on engineering wastewater transference that intended to inaugurate
an arrangement to regulate the conveyance and dumping of industrial discharges in safe ecological ways

The conventional discharge ways avert destructive influences on communal health, security, and
wellbeing

Create a catalog about eminence, capacity, and foundations of industrial discharge

Law No. 42/2014 on Environmental Protection, amended by Law
No. 99/2015

This law intended to defend and uphold the natural stability of the environment

Contest contamination and its indemnities

Guarantee viable growth and reserve biodiversity

It discourses many conservational concerns, such as the fortification of land, water and air from pollution,
biodiversity, and conservational administration

Articles 88–96 amended for potable water and groundwater eminence

Articles 97–99 amended for the shoreline and aquatic environment fortification

Ministerial Resolution No. 203/2019 The resolution dispensed exclusive guidelines to defend the aquatic environment from pollution

It recognized that KEPA should formulate and follow up on the implementation of a National Plan for
Marine Environment Administration

The Ministry of Transportation is accountable for governance of the Plan to fight against aquatic
contamination through the institution of a distinctive board

TABLE 6 Production and consumption of fresh water in Kuwait.

Period Total production in
million m3/year

Gross consumption in
million m3/year

Per capita consumption
in liters/day

1999 387.40 382.19 485.98

2005 510.89 506.92 464.16

2010 682.60 609.87 466.43

2015 682.60 682.48 440.97

2019 729.33 730.39 419.15
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TABLE 7 Comparison of water management in countries with similar conditions.

Country Water availability Water challenges Water management methods

Other regional water-scarce countries

Qatar Qatar is the most water-scarce and water-stressed
country in the world as of 2020

Relies heavily on seawater desalination as the
primary source of potable water and groundwater
abstraction for agricultural purposes

Green space irrigation and district cooling are
facilitated mainly through treated wastewater
(Ahmad et al., 2020; Qureshi, 1971)

96.18% clean water access Current water demand of 1.4 billion liters/day is
expected to increase by more than 50% to 2.2 billion
liters/day in the next few years (Ahmad et al., 2020)

Plans to generate cost-effective solar desalination
plants, which could deliver water for agriculture
and reduce reliance on its depleting aquifers

Renewable water source for freshwater in Qatar is
approximately 0.06 km3

Bahrain 98.98% clean water access Suffers water crises due to significant water
problems, including groundwater degradation in
quantity and quality from overextraction, seawater
invasion, oil spills, and other industrial discharges

Water challenges could be significantly alleviated if
social change instruments are pragmatic to
encourage a water-oriented society where
conservation, rationalization, and involvement
become a societal standard (Dalton, 2019; Bani,
2020)

Water sources encompass groundwater, surface
water, desalination, and treated municipal
wastewater reuse (Ghanim, 2019)

Saudi
Arabia

97% clean water access Inefficient use of water (high water ingesting rate
and water utilization in agriculture), costs
associated with reliance on desalination, water
losses, wastewater pollution, and privation of policy
development, planning, and management of water
resources (Ghanim, 2019; Procházka et al., 2018)

Executing different programs for water
conservation, including Qatar programs, Saline
Conversion Corporation Reconstructing, and
many more, to avoid significant water-related
challenges (Procházka et al., 2018; Alrwis et al.,
2021)

The four main water sources are surface water,
groundwater (nonrenewable groundwater from
deep fossil aquifers and renewable groundwater
from trivial alluvial), desalinated water, and
cultivated wastewater (treated) (Baig et al., 2020)

Israel 99.32% clean water access Water shortage has reached such extreme
proportions due to drought, overconsumption, and
high pollution growth

Achieved water security and full cost recovery
through tariffs and a series of ambitious reforms,
including large-scale desalination, interception of
surface water, runoff, and promoting crop
selectivity (Slater et al., 2020)

Three main sources of water comprising surface
water, groundwater, and alternative sources
(desalination and wastewater reuse) (Gilmont
et al., 2019; Ellis et al., 2022)

Other small countries

Singapore Restricted natural water resources, such as lakes
and groundwater

Heavily dependent on rainfall due to the lack of
natural water resources

Water is managed by significant authorities, with
water management strategies and research and
development in water technologies (Hu et al., 2019;
Biswas and Tortajada, 2019)

Previously, mainly depended on water imported
from Malaysia and rainwater

Limited land is available for water storage facilities

Consumes about 1.8 million m3 of water per day
from different sources, with the self-sufficiency of
water comprising rainwater collected from local
catchment areas, imported water from Malaysia,
NEWater (high purity reclaimed water), and
desalinated water

Hong
Kong

100% clean water access The main challenge related to water in Hong Kong
is a mismatch in water governance (Faridatul et al.,
2019; Zhang et al., 2022)

The Total Water Management Strategy

Water resources comprise water supplied by
Guangdong province, internal freshwater sources
stored in reservoirs, and seawater used for
flushing toilets

Focuses on two major areas, 1) water demand
management and 2) water supply management

The designed maximum capacity of the supply
system is 1.1 billion m3/year

The major initiatives are enhancing public
education on water conservation, promoting the

(Continued on following page)
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306 million, containing building sewage treatment plants,

mains, and pumping stations.

Table 6 demonstrates the growth in the production and

consumption of fresh water in Kuwait during 1999–2019.

According to the data, an upsurge in gross water production

and consumption has been shown. However, per capita

consumption has been declining over the years with a change

of approximately −9%.

According to Ibrahim et al. (2020), the demand for

freshwater in 2025 is predicted to be between 722 million m3/

year and 3,036 million m3/year. After 2000, an additional

1.2 million m3/d to 9.1 million m3/d of desalination plant

capacity had been accessible. According to statistics until

2019, the desalination capacity had grown and upsurged to

the value of 2.4 million m3/day. Desalination capacity might

be increased further if the country’s population and economy

continue to grow at present. Until recently, no thorough study

has been done on Kuwait’s rising brackish water usage and its

expected future development. Using treated municipal

wastewater for irrigation has reduced the productivity of

brackish water farms since 2006 (Abusam and Shahalam, 2013).

6 Comparison with countries of
similar conditions

Kuwait is a country of the Arabian Peninsula located in

Western Asia with an area of 17,820 km2. Natural water

resources are erratic in this region, combined with negligible

precipitation and great evaporation amounts. These are just some

of the causes of dwindling water resources at alarming stages in

this region. Groundwater is the primary source of freshwater in

Bahrain, Kuwait, Qatar, and Saudi Arabia. At the same time,

surface water is the dominant source of freshwater in Oman and

the United Arab Emirates (UAE) (Al-Farra, 2015). Concerning

the economic aspect, Kuwait is ranked seventh amongst the

14 countries in the Middle East and North Africa region. The

economic freedom score is 6.73, above the regional average but

below the world average (6.14).

Even with a performing economy, Kuwait is confronting

many challenges regarding water resources management. A

regional comparison is presented in Table 7, identifying the

strengths and challenges of countries with similar climate

conditions and geographical positioning.

Kuwait faces water shortages because of the absence of

natural water resources, poorly developed supply

infrastructure, and the practice of expanding irrigated

agriculture and industrialization (Aliewi et al., 2017). As

per the regional comparison, Kuwait is located between

Qatar and Israel, with a middle level of water availability

and accessibility. When reviewing countries at risk due to

water scarcity, Kuwait is ranked seventh, and Qatar is ranked

first, followed by Israel and Lebanon in second and third

places, respectively.

The main challenge related to water in Hong Kong is a

mismatch in water governance. However, in Kuwait, the main

challenge is the lack of water resources and higher demand

(Faridatul et al., 2019; Zhang et al., 2022). Apart from the

economy and area comparison, in terms of water sources,

Kuwait has a negligible percentage of water, whereas Hong

Kong comprises a high percentage of water than Singapore,

Kuwait, and Malta.

7 Conclusion and recommendations

The substantial reasons for water scarcity and the water

crisis in Kuwait incorporate the lack of freshwater resources,

further worsened by increased water demands. Kuwait has

been able to meet the freshwater requirements by adopting

large-scale seawater desalination. Opting for desalination as

the first choice is supported due to the availability of oils and

direct access to Gulf waters. However, using electricity and

water in this manner is not only wasteful but also

TABLE 7 (Continued) Comparison of water management in countries with similar conditions.

Country Water availability Water challenges Water management methods

use of water-saving devices, enhancing water
leakage control, extending the use of seawater for
toilet flushing, strengthening the protection of
water resources, and actively exploiting new water
resources. [water supplies department HK (Water
Supplies Department, 2022)]

Malta 0.001% fresh water from the total water
production, which is comparatively lower yet
higher when compared to Kuwait (Papadimitriou
et al., 2019; D’agostino et al., 2020)

Also exposed to water crises because of its
geographical position

Water Framework Directive focuses on broadening
the national water supply using non-conventional
water resources

Main source of water is desalinated seawater, as it
is a small country with no rivers, lakes, or
reservoirs
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environmentally irresponsible, particularly with the use of

extensive amounts of fossil fuel-based oils.

The largest consumer of freshwater resources is the domestic

sector (55%), followed by the agricultural (43%) and then

industrial (2%) sectors (Abdullah et al., 2021; Darwish and

Darwish, 2008). Kuwait is among the highest water consumer

in the world despite depending on desalination plants

(Alhumoud, 2008). On that account, in addition to significant

projects and novel methods to increase water consumption, soft

measures could be placed to ensure efficient water consumption,

especially in domestic water consumption. One of the most

important factors that can be considered in Kuwait is the

implementation of education programs and public awareness.

These programs can help the public and private sectors develop

effective reuse strategies. Besides providing useful information,

these programs can also help the consuming households. In

households with water-efficient appliances, installing these can

reduce indoor water consumption by up to 50%. For instance,

replacing old toilets could save up to 50% of household water

consumption (Muthukumaran et al., 2011). According to studies,

the low elasticity of water pricing for indoor use is a major factor

that contributes to the high consumption of water (Zapana-

Churata et al., 2022). This suggests that a large price increase is

required to reduce water consumption (Liu et al., 2003).

Demand-side management (DSM) is designed to reduce water

consumption and can be expected to achieve a 10%–20%

reduction over a decade. The results of the studies suggest

that although various programs can achieve moderate to

slightly moderate reductions in water consumption, they are

likely to require more stringent policies to achieve a larger

reduction. For instance, implementing a price increase of

more than 15% is required to achieve a significant reduction

in demand (Inman and Jeffrey, 2007; Strbac, 2008; Warren,

2014).

Kuwait has successfully developed desalination, treated

wastewater, and water accessibility and reduced groundwater

abstraction. However, it remains insufficient to feed the

present and future requirements because the continuous

withdrawal of brackish groundwater is putting excessive

stress on the aquifers. Water demand is rising rapidly along

with increasing population pressure and a rise in the standard

of living.

Kuwait has a mixed economy where water is considered a

valuable commodity consumed in different domestic,

agricultural, and industrial sectors. The water economy in

Kuwait can be predicted by undertaking the direct estimated

cost of drinking water, cost of water for other urban uses, costs

for food, institutional setup to manage the water availability by

policies and programs executed by different organizations, water

subsidies, and water security with particular challenges and

political importance of water due to scarcity.

The water governance framework in Kuwait mainly monitors

the water quality, environmental balance incorporating the water

resource development, legal framework including significant

laws, decrees, resolutions, and institutional setup with the

governmental and non-governmental organizations including

MEW, MPW, KEPA, PAAFR, and KISR.

Water policies are currently slanted toward supply-side

management and overlook the potential for water conservation,

institutional setup, and organized implementation of various

modern techniques to improve water quality and availability.

However, for future requirements, significant actions are

necessary to be taken as current institutional arrangements of

the water sector are split, which leads to the supremacy of sub-

sectoral water management approaches and obstructs cohesive

management of the water sector. The corresponding planning

between the water sector and other related sectors, particularly

agriculture and energy, is informal and limited. Moreover, much

legislation is outdated or missing.

Compared to other regional, small, and advanced countries,

water resource management in Kuwait has peculiar characteristics.

Kuwait is ranked in the seventh position among the most water-

stressed countries. The country consumes a higher quantity of water

per capita compared to other countries. Different strategies have been

applied to different aquifers for obtaining groundwater to meet the

water demand, including remote sensing techniques in the Raudatain

basin in Kuwait. To meet future needs, substantial investment in

expanding the desalination capacity will be necessary as Kuwait

mainly depends on desalination. Other regional countries have

also shown remarkable improvement by implementing different

strategies and improving their water source techniques. These

mainly encompass acknowledging water balance, water surplus,

and water deficit; managing water demands by utilizing modern

irrigation technologies; and using saline water for irrigation where

possible. Mounting strains of crops that require less water and

modifying crop mix, redistributing water supplies among other

sectors and vindicating water consumption, and promoting water

awareness are also effective strategies practiced in these countries.

The water cost is small compared to the average household

income, and Kuwait’s economy heavily depends on oil export

revenues. The requirements and demands for fossil fuels by

CPDPs to generate power and desalt seawater is growing

annually. Kuwait is one of the water-stressed countries due to

its high dependency on desalination, inefficient water use and

consumption, water network leakage, exploitation of

groundwater aquifers, limited wastewater recycling, and

missing or outdated legislation.

Water consumption can be controlled using a reduction in

water subsidy, immigration control, use of reclaimed wastewater,

use of water produced by dewatering wells, artificial recharge of

aquifers, conservation measures, and reduction of network loss.

Water management is crucial for any country, especially Kuwait,

to utilize advanced techniques for long-term sustainable

development.

To meet future needs, significant investment to increase the

desalination capability will be crucial with undertaking
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significant actions comprising of exploring and emerging non-

conventional water resources, implementing pioneering

technologies for water and wastewater treatment, extenuating

and controlling the pollution of accessible water resources,

plummeting water network losses, and espousing new

technologies for the creation and treatment of water can

boost water security and protect the country’s valuable water

resources.
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