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Abstract  10 

Water treatment is a strategic solution to resolve the water shortage in agricultural and 11 

industrial sectors in Saudi Arabia. Rainfall, which is not a reliable water source varies from 50 12 

mm in most of the country to 500 mm per year in the southwest region. Lack of incentive and 13 

poor water treatment levels are the main challenges in the water treatment industry. Water 14 

consumption in 2018 (around 3360 million m3) was almost 70% higher than it was in 2007. 15 

Similarly, the total volume of municipal wastewater increased steadily and is predicted to rise 16 

dramatically between 2025 and 2050 to reach 5090 million m3. Treated water volumes rose by 17 

nearly 200 % between 2007 and 2018 and is expected to grow annually by 4% between 2025 18 

to 2050. 19 

 20 

1. Introduction 21 

Saudi Arabia does not have any permanent water resources such as rivers or water bodies. As 22 

a result, transient surface water, groundwater and desalinated water are the only water 23 

resources that supply the country's needs. Water shortage with limited water resources in an 24 

arid climate is a serious problem. The population increased from 25 million in 2007 to about 25 

33 million in 2018 with an average growth rate of 3 % per year. Additionally, fresh water 26 

demand over the past 20 years has risen dramatically.  As a consequence, reclaimed 27 

wastewater and water conservation should be considered as strategic solutions for arid and 28 

semi-arid countries such as Saudi Arabia. Water treatment and reuse has many advantages, 29 

such as minimizing environmental pollution and groundwater demand. It is predicted that the 30 

total sewage effluent by the end of 2019 would exceed 830 million m3/day. Nationally, 31 

several new wastewater treatment plants will be established to take their total number to 32 
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about 95 by 2019. These treatment plants will be able to treat about 2.8 billion m3/year of 33 

sewage. For instance, Riyadh city has six centralized treatment plants and more than 77 34 

decentralized wastewater treatment plants [1]. A decentralized system is an onsite wastewater 35 

system that is used to treat and dispose of relatively small volumes of wastewater. Also, 36 

about 200,000 m3/d of the treated water in Riyadh city is employed for landscaping and 37 

irrigation. Industry sectors exploit about 20,000 m3/d and the remainder is discharged into 38 

groundwater recharge [1].  39 

Due to the lack of incentives and poor levels of treatment, in the 1990s, wastewater could not 40 

be used as an alternative to natural water. Also, the infrastructure of the wastewater treatment 41 

system was inadequate to cover all needs. As a result, the reuse of treated wastewater was 42 

relatively unpopular in Saudi Arabia.  Chowdhury and Al-Zahrani [2] reported that, about 40 43 

% of wastewater was discharged into the environment without treatment. In addition, 44 

Secondary treatment technology was the most commonly used in Saudi Arabia at that time 45 

[3]. 46 

Tertiary treatment is currently applied for all types of wastewater, such as domestic, 47 

industrial and agricultural wastewaters. Several methods for water treatment are utilized to 48 

treat water. For instance, activated sludge, trickling filters, and rotating biological contactors, 49 

followed by sand filters are used to achieve tertiary treatment. Furthermore, media filtration 50 

and disinfection by chlorination have been utilized widely in tertiary treatment technology. 51 

Reverse Osmosis (RO) is also used for advanced wastewater treatment. Recently, Yaser and 52 

Shafie [4] reported that, cost-effective bioaugmentation with microalgae would be a 53 

promising technology in the future. 54 

 The wastewater treated by tertiary technology is suitable for various reclamation 55 

applications. Treated wastewater has been successfully used in agriculture, landscaping 56 

activities, industrial and commercial enterprises and groundwater recharge. The length of the 57 

wastewater network and the number of regulation reservoirs play a considerable role to the 58 

quality of treated wastewater [1]. 59 

This paper attempts to address the wastewater problem and industrial water demand in Saudi 60 

Arabia. In addition, the water resources and trends of consumption are discussed. This paper 61 

also analyses and forecasts fresh water consumption, treated water and industrial water 62 

demand until 2050. 63 

2. Methodology 64 
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Forecasting is a planning process, in which historical and present information are collected 65 

and analysed to predict the direction of future trends using one or more forecast techniques. 66 

Governmental institutes use forecasting to allocate their plans and make correct decisions, 67 

which are typically based on the estimated future demand. Several issues, such as historical 68 

data reliability, the period to be forecasted, and accuracy affect forecasting method selection.  69 

The quantitative category is a major forecasting approach. It is divided into two main 70 

categories which are: time series methods and explanatory methods. Explanatory methods 71 

seek to identify the pattern of the past then applying those relations to the future. On the other 72 

hand, time is used as a reference to identify the historical relationships in time series methods 73 

[5-7]. The Exponential smoothing method is one of the time series methods. Regression 74 

method is widely preferred to find out the relationship between the variables for prediction 75 

purposes, is considered as a type of Explanatory forecasting methods.  76 

Exponential Smoothing can be estimated by [5, 6]: 77 

𝐹𝑡+1 = 𝐹𝑡 + 𝛼(𝑥𝑡 − 𝐹𝑡) 78 

Where xt , Ft and α are actual value, forecast value and constant respectively. 79 

The value of α varies between 0 and 1 and has been estimated to be 0.5 based on the actual 80 

values between 2007- 2017. 81 

For the regression method, it is assumed to be a linear relationship which indicates the pattern 82 

changes of Y (forecasted value) when X (time) changes. 83 

𝑌 = 𝑎 + 𝑏𝑋    84 

The Exponential Smoothing method and the Linear Regression method have been used in this 85 

study to predict the treated and industrial water demand between 2007-2017 (known values). 86 

Linear Regression reflects excellent prediction results to the actual values between 2007- 87 

2017 for both treated and industrial water. Also, the Exponential Smoothing method showed 88 

good performance in predicting industrial water demand for the same period. 89 

Absolute Percentage Error (APE) and Mean Absolute Percentage Error (MAPE) for treated 90 

and industrial water are calculated and shown in table 1. MAPE for treated and industrial 91 

water were 2.4 and 1.7 respectively. As a result, Linear Regression is used in this study to 92 

predict the fresh water consumption and treated water until 2050. The yearly increases in the 93 
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population and the new plants that will be established are considered in this study. The 94 

demand of industrial water was predicted until 2050 via the Exponential Smoothing method.  95 

 96 

APE and MAPE can be calculated by [6, 7]: 97 

𝐴𝑃𝐸 =  |
𝑥𝑡 − 𝐹𝑡 

𝑥𝑡
| 𝑋100 98 

 99 

𝑀𝐴𝑃𝐸 =
∑ 𝐴𝑃𝐸𝑖

𝑛
𝑖=1

𝑛
 100 

Where n is the time periods. 101 

 102 

Table 1: Absolute Percentage Error (APE) and Mean Absolute Percentage Error (MAPE) for treated and 103 
industrial water 104 

 Treated water Industrial demand 

year APE for Smoothing APE for Regression APE for Smoothing APE for Regression 

2007 
3.525 0.002 0.704 3.139 

2008 
1.801 0.000 1.688 1.018 

2009 
2.120 0.009 2.384 5.017 

2010 
2.840 3.710 5.516 2.587 

2011 
9.244 1.455 3.328 0.004 

2012 
15.777 3.936 0.001 3.544 

2013 
6.939 3.596 0.006 3.529 

2014 
17.475 5.842 3.741 0.418 

2015 
8.302 0.226 3.247 0.005 

2016 
12.278 3.129 3.152 0.008 

2017 
3.181 5.228 3.068 0.001 

MAPE 
7.589 2.467 2.440 1.752 

 105 

 106 

3. Standards and policies for treated water 107 

In general, industrial wastewater has organic and inorganic compounds due to increased 108 

industrialization. There are several styles of industries, accordingly, the type of pollutants and 109 
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their concentrations vary for each corresponding type of waste. For example, textile waste 110 

contains mainly dyes. Leather industry wastewater contains zinc, copper, lead and arsenic. 111 

These pollutants exceeded the limits allowable by the government. Moreover, the average 112 

industrial wastewater temperature, salinity, turbidity and pH are also high. Therefore, onsite 113 

treatment for industrial influent, such as filtration or neutralization, is essential before 114 

discharge to the wastewater network. 115 

 116 

Table2:  Maximum allowable contaminant levels for irrigation and industrial water [modified] [8].     117 

Standards of sewage entering  

treatment plants 

Standards of treated water (Tertiary) 

Chemical & Physical Parameters 

 
Chemical & Physical Parameters 

Floatable materials Absent Turbidity - NTU 5 

Biochemical oxygen 

demand (BOD) -  ppm 

500 Biochemical oxygen 

demand (BOD) -  ppm 

10 

Chemical oxygen demand 

(COD) -  ppm 

1000 Chemical oxygen demand 

(COD) -  ppm 

20 

Total suspended solids 

 (TSS) -  ppm 

600 Total suspended solids 

 (TSS) -  ppm 

40 

Oil and grease-  ppm 100 Oil and grease-  ppm Absent 

pH 6-9 pH 6-8 

Total organic carbon (TOC) 

-  ppm 

400 Total dissolved salt 

(TDS) - ppm 

2500 

NH3-N - ppm 80 Floatable materials Absent 

PO4-  ppm 25 NO3-N -  ppm 10 

Pesticides Absent NH3-N-  ppm 5 

Detergents-  ppm 15 Phenol-  ppm 0.002 

Heavy metals Heavy metals 
    Arsenic (As) -  ppm 0.1     Arsenic (As) -  ppm 0.1 

    Lead (Pb) -  ppm 1     Lead (Pb) -  ppm 0.1 

    Mercury (Hg) -  ppm 0.05     Mercury (Hg) -  ppm 0.001 

    Zinc (Zn) -  ppm 2.6     Zinc (Zn) -  ppm 0.2 

    Aluminum (Al) -  ppm -     Aluminum (Al) -  ppm 4 

     Iron (Fe) -  ppm -      Iron (Fe) -  ppm 5 

    Silver (Ag) -  ppm -     Silver (Ag) -  ppm 0.2 

    Copper (Cu) -  ppm 1.2     Copper (Cu) -  ppm 0.4 
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    Chromium (Cr) -  ppm 1.2     Chromium (Cr) -  ppm 0.1 

 118 

The Ministry of Municipal and Rural Affairs issued the first standards and policies of 119 

wastewater treatment and reuse in 2001 and which was amended by The Ministry of Water 120 

and Electricity (MWE) in 2006 (Table 2). In addition, treated water standards for irrigation in 121 

Gulf Cooperation Council (GCC) are illustrated in table 3. 122 

Generally, biochemical oxygen demand (BOD), chemical oxygen demand (COD), total 123 

suspended solids (TSS), total dissolved solids (TDS), total nitrogen (TN) and nitrates (NO3–124 

N) are important parameters which should be monitored regularly. 125 

 126 

Table 3:  Treated water standard for irrigation in Gulf Cooperation Council [modified] [9].     127 

GCC 

Country 

BOD 

(ppm) 

COD 

(ppm) 

TSS 

(ppm) 

NH4-

(ppm) 

NO3-

(ppm) 

PO4 

(ppm) 

TDS 

(ppm) 

pH 

Kuwait  20 100 15 15 - 30 1500 6.5-8.5 

Oman  15 150 15 5 50 30 1500 6-9 

UAE (Abu 

Dhabi)  

10 150 10 - - - 2000 6-8 

Bahrain  10 40 10 1 10 1 - 6.5-9 

Qatar  5 50 50 1 - 2 2000 6-9 

 128 

GWI [9] reported that, the actual water consumption amount for the agricultural, domestic 129 

and industrial sectors in 2010 were 15040, 2063 and 800 m3 respectively. They also expect 130 

9% reduction in agricultural demand and about 27% and 20% growth in domestic and 131 

industrial demand in 2020.  132 

4. Wastewater and Treated Water 133 

Municipal wastewater treatment is vital because it is considered as a renewable water 134 

resource and it is increasing as the population increases. General wastewater processing flow 135 

diagram in Saudi Arabia is presented in Fig. 1. 136 

Municipal wastewater is expected to pass 2.7 km3 in 2035. Fig.2 shows the changes in the 137 

wastewater effluent and treated water over an eleven year period, with values projected to  138 

2050.  As can be seen, there were different trends for wastewater and treated water between 139 

2007-2018. The total municipal wastewater increased steadily between 2007 and 2018, from 140 

about 2125 to 2884 million m3 and it’s predicted to rise dramatically between 2025 and 2050 141 

to reach 5090 million m3 due to increases in population. Similarly, treated water volume rose 142 

by nearly  200% between 2007 and 2018; from 811 to 1710 million m3. Although, the growth 143 
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of treated water is estimated to be annually about 4% between 2025 and 2050, the total 144 

effluent of wastewater still higher by average of 28% in the same period. The major 145 

wastewater plants in Saudi Arabia are presented in table 4. 146 

 147 

 148 

Fig. 1: General wastewater processing flow diagram in Saudi Arabia 149 

 150 

 151 

Fig. 2: Changes in the wastewater effluent and treated water to 2050. 152 

 153 

Table 4: Major wastewater plants in Saudi Arabia 154 
Ref. Wastewater 

plant 

technology Design capacity 

(m3/day) 

Treatment 

type 

Purpose 

[9] Manfouha- 

Riyadh  

Tricking filter 

Activated sludge 

North        200,000 

South        200,000 

East         200,000 

 

 

Tertiary 

 

Agriculture 
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[9] Heet- 

Alkharj 

Activated sludge Phase I           100,000 

Phase II          100,000 

Phase  III (Under  

Construction) 200,000 

 

Tertiary 

Irrigation 

Groundwater 

recharge 

[2, 9] Al-Hayer- 

Riyadh 

Activated sludge Phase I           400,000 

 

 

Tertiary 

Irrigation 

Groundwater 

recharge 

[2] Refinery- 

Riyadh 

Clarification & 

filtration 

20,000 Tertiary Agriculture 

Irrigation 

[9] Dammam Activated sludge 215000 Tertiary Landscape  

irrigation 

[9] Medinah Media Filtration 460,000 Tertiary Agriculture 

irrigation 

[2, 9] Taif Activated sludge 190,000 Tertiary / 

Secondary 

Landscape  

irrigation 

[2] Makkah Tricking filter/ 

Activated sludge 

Phase I  24000 

Phase II  50,000 

Tertiary Irrigation 

Industrial     

[2] Qatif Oxidation ditch 210,000 Tertiary Landscape  

 

[2] Al-Khobar Oxidation ditch 133,000 Tertiary Landscape  

 

[10] Yanbu Tertiary treatment 130,000 Tertiary Industrial    

[10] Jubail Tertiary treatment 115,000 Tertiary Industrial    

 

 

[2] 

 

 

Jeddah 

Tricking filter 

Tricking filter& 

filtration 

Al-Khomra I   36,000 

Al-Khomra II   30,000 

Plant A            32,000 

Plant C            40,000 

  

 

Secondary 

Tertiary 

 

Unknown 

Landscape  

Landscape  

Landscape  

 

[2] Buraidah- I Facultative 11,000 unknown To sand dunes 

 

Wastewater Plants Under Construction [11] 

 

Wastewater plant Design capacity 

(m3/day) 

Treatment type Commercial 

Operation Date 

Jeddah Airport-II 500,000 Tertiary 2021 

Madinah- III 375,000 Tertiary 2023 

Dammam- West 350,000 Tertiary 2022 

Taif- North 270,000 Tertiary 2022 

Buraidah- II 150,000 Tertiary 2022 

Riyadh- East   100,000 Tertiary 2023    

Tabuk- 2 90,000 Tertiary 2023 

 155 

 156 

For example, in 2018 agricultural irrigation followed by landscape irrigation represent about 157 

two thirds of treated water reuse. The industrial water volume is equivalent to 13% of total 158 

water reuse, as shown in fig.3.  159 

 160 
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 161 

Fig.3. Water reuse sectors in Saudi Arabia for 2018. 162 

 163 

Wadi Hanifa in Riyadh, which is considered as a natural landmark, has become a recycled 164 

water site. The discharged rate of treated sewage is about 450,000 m3/day. Al Hamid et al. 165 

[12] pointed out that, the water quality of the groundwater sample was better than the surface 166 

water due to the natural filtration. They also noticed that, the water quality became better as 167 

the water travels along the Wadi. 168 

The overall cost of 1m3 of desalted water is about $ 6.0, while, the total cost of reused treated 169 

wastewater is less than $ 3.0. Therefore, water reclamation can be implemented to cover the 170 

water demand especially in agriculture and industrial sectors [13]. Several studies have 171 

illustrated that the cost of water treatment in Saudi Arabia varies with the type of technology, 172 

from US$ 0.34–0.75 per m3 for secondary treatment and US$ 1.19–2.03 per m3 for tertiary 173 

treatment. 174 

Reclaimed water is suggested to be a potential solution to address the water shortages in 175 

Saudi Arabia. Reliable, efficient and cost effective water treatment processes are important to 176 

capitalize in the agriculture and industrial sectors. The demand management, monitoring and 177 

updating regulations are the main challenges phasing the water treatment industry. 178 

It is worth noting that there are no health or environmental studies that have investigated the 179 

potential influence of using recycled water in the future. Moreover, there are insufficient 180 

economic and water management studies for wastewater treatment. 181 

 182 

 183 
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 184 

5. Industrial Water Demand 185 

Water is a significant requirement for industry. Usually, water is utilized in industry for three 186 

main purposes: cooling, manufacturing process, and steam generation (feed for boiler 187 

system). Water quality control is essential to prevent scaling, corrosion, and microbial 188 

formation.  189 

In general, industrial wastewater contains both organic and inorganic compounds. As a result, 190 

onsite treatment for the industrial influent is essential before discharge to the main 191 

wastewater line.        192 

According to the ministry of Economy and Planning (MOEP), the industrial water demand is 193 

less than half of the domestic water demand. The industrial water demand has been 194 

increasing since 1980 to reach 56 million m3. In addition, the treated water demands for 195 

industrial sector were 550, 710, 713 and 900 million m3 in 2000, 2006, 2009 and 2014 196 

respectively. The MOEP stated that the industrial water demand had grown by 2.2% per year 197 

between 2004- 2009 and about 5% per year between 2009 and 2014. MOEP also revealed 198 

that, the demand of industrial water is expected to exceed 1000 million m3 in 2020 [2].   199 

Fig.4 indicates the increase of industrial water demand over a forty-year period from 2010 to 200 

2050. For the period between 2010 and 2018, the industrial water demand improved annually 201 

by 3%. On the other hand, the industrial water demand is expected to increase by 5 % per 202 

year due to the growth of industrial sector. 203 

 204 
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 205 

Fig. 4: Industrial water demand over a forty-year period 206 

 207 

The water treatment cost differs by the type of technology, from US$ 0.34–0.75/m3 for 208 

secondary treatment and US$ 1.19–2.03/m3 for tertiary treatment. In addition, the total cost 209 

including treated water production and transportation of industrial water is estimated to be 210 

about $ 3.0. Therefore, treated water can be applied to cover the water demand industrial 211 

sector. 212 

Industrial water management is a critical issue to minimize water use. Identifying water 213 

quality and water recycle is considered as a cost-effective method for the industrial site. 214 

 215 

6. Renewable Water Sources    216 

Drewes and Amy pointed out that only 2.2 km3 of surface water is available to use. Inland 217 

water bodies, such as lakes, reservoirs and wadis, represent about 0.7% of the country’s total.    218 

Shallow aquifers are used to a limited extent due to the importance of water recharge to 219 

prevent resource depletion or water quality changes. Fossil water which, considered as non-220 

renewable groundwater source is reserved in five main aquifers at depth of 150- 1500 m. In a 221 

study conducted by Drewes and Amy [14], it was reported that, 250 - 870 km3 of non-222 

renewable groundwater could be economically obtained from total groundwater resources 223 

available which are around 2,185–2,269 km3. Both renewable and non-renewable 224 

groundwater is used primarily in the agricultural sector which is about 85% of total water 225 
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withdrawal. The consumption rate of groundwater resources in 1990, 1992 and 1997 was 226 

24.5, 28.6 and 15.4 billion m3, respectively. Therefore, the productivity of groundwater will 227 

not survive for 50 years [14].   228 

Additionally, climate change which is strongly related with the increase of temperature 229 

(Global Warming), has a negative effect on water resources and soil moisture in Saudi 230 

Arabia. Chowdhury and Al- Zahrani [15] reported that, the average predicted increase in 231 

temperature between 2011-2050 will be in the range of 1.8-4.1ᵒC. Consequently, the amount 232 

of water lost from surface water and dam reservoirs during the evaporation process will 233 

increase. For instance, the water surface of dam reservoir in the southwestern region is 234 

declining by 5 m per year [16]. Moreover, ground water recharge could be reduced by 91.4 235 

million m3 per year due to the raise in temperature by 5ᵒC. On the other hand, the agricultural 236 

water demand will increase by around 10 % in the summer and 18% in winter [15, 17]. Water 237 

quality indicators such as: salinity, pH, dissolved oxygen and microorganisms will be 238 

affected due to climate change, therefore water treatment costs could be raised.   239 

6.1  Rainfall and Surface Water 240 

Rainfall, surface water and shallow groundwater, which are limited, represent the main 241 

resources of natural renewable water. Currently, the natural renewable resources are 242 

approximately three times lower than the water demand and expected to increase by 56% in 243 

2035. For most regions, rainfall is not a reliable water source because it is irregular and 244 

temporary. The weather condition in Saudi Arabia is dry most of the time. The southwest 245 

region has the highest amount of rainfall rate, followed by the western region. For example, it 246 

varies from 50 mm in most of the country to 500 mm per year in the Assir region. Saudi 247 

Geographical Survey (SGS) reported that, the average annual rainfall is approximately 100 248 

mm [18]. In contrast, the evaporation rate per year across the country varies from 2,700 up to 249 

4,200 mm [14]. 250 

Currently, there are 508 dams operating in 13 regions with total capacity of 2.25 billion m3  251 

[19] in Saudi Arabia, with data presented in Table 5. Each dam can be classified intot he 252 

following categories based on their purpose: Ground water recharge, Water supply, Irrigation 253 

and Flood control. MEWA have indicated that, the total numbers of Ground water recharge, 254 

Water supply, Irrigation and Flood control dams are 344, 63, 2 and 99 respectively. 255 

 256 

Table 5: Major dams in Saudi Arabia   [2, 19] 257 
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Name of dam Completed  Dam height 

(m) 

Reservoir capacity 

(million m3) 

purpose 

King Fahd 1998 103 325 Ground water recharge 

Wadi Abha 1974 33 213 Water supply 

Wadi Jazan 1970 35 51 Irrigation 

Wadi najran 1980 73 86 Flood control 

Qaa hathutha-Madinah 2001 7 40 Ground water recharge 

Wadi Alaquiqu- Baha 1988 31 22.5 Water supply 

Tarba- Tayif 1984 15 21.8 Water supply 

Arda- Tayif 1984 24 21 Water supply 

Tarabah- Tayif 1981 21 20 unknown 

Fareah- Madinah 1982 13.5 20 Flood control 

Wadi Alfaraah- Madinah 1982 13.5 20 Flood control 

 258 

 259 

Fig. 5: The population and water consumption in the Kingdom of Saudi Arabia between 2007 to 2050 260 

 261 

Fig.5 shows the increase in population and water consumption in the Kingdom of Saudi 262 

Arabia, between 2007 to 2050. It is noteworthy that 70% of the total population is 263 

concentrated in six major cities, which are: Riyadh, Jeddah, Dammam, Makkah, Taif, and 264 

Madinah. Table 6 demonstrates the total drinking water quantity distributed in 2016 through 265 

the country. The population rose by nearly 30% between 2007 and 2018: from 25.2 to just 266 

under 33.5 million. Likewise, the drinking water consumption in 2018, around 3360 million 267 

m3, was almost 70% higher than it was in 2007. Although the water consumption between 268 

0

1000

2000

3000

4000

5000

6000

7000

8000

0

20,000,000

40,000,000

60,000,000

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

2
0

1
5

2
0

1
6

2
0

1
7

2
0

1
8

2
0

2
0

2
0

2
5

2
0

3
0

2
0

3
5

2
0

4
0

2
0

4
5

2
0

5
0

W
a

te
r
 C

o
n

su
m

p
ti

o
n

 (
M

 m
3
) 

T
h

e 
p

o
p

u
la

ti
o

n
 (

M
)

Years

Population (M) Water Consumption (M m3)



14 
 

2007 and 2018 was large, it is expected to increase sharply in the following thirty years, 269 

rising from about 3600 million m3 in 2020 to more than 7600 million m3 in 2050. 270 

 271 

Table 6: Total drinking water Quantity distributed in 2016 [20] 272 

Region Percentage of 

ground water 

Percentage of 

desalinated water 

Total percentage of 

distributed water 
Riyadh 41% 28% 33% 

Makkah 1% 36% 23% 

Madinah 2% 8% 6% 

Qassim 10% 0% 4% 

East Province 25% 19% 21% 

Asir 1% 5% 3% 

Tabuk 5% 1% 2% 

Hail 5% 0% 2% 

Jazan 1% 3% 2% 

 273 

6.2 Desalination 274 

Desalination is considered to be a strategic solution for the water shortage in the Kingdom. 275 

General process for desalination in Saudi Arabia is shown in fig. 6. In addition, the 276 

desalination technologies and capacity that are utilized in GCC are presented in fig.7.   277 

Saline Water Conversion Corporation (SWCC) is the largest producer of desalinated water. 278 

Thirty desalination plants were created and managed by SWCC with a total of 5.2 million 279 

m3/day of desalted water production in 2018. Moreover, thirty five pump stations and 286 280 

water reservoirs with a total capacity of 16.8 million m3 have also been constructed. SWCC 281 

built 7700 km of pipes which varying in diameters from 200 to 2000 mm to transport the 282 

desalinated water to the inland cities such as Riyadh [21]. Annual desalinated water 283 

(production) and consumption for GCC in 2017 are illustrated in table 7.   284 

 285 

 286 

Fig. 6 General process for desalination in Saudi Arabia 287 
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 288 

Table 7: Annual desalination production and consumption for GCC in 2017 [22] 289 

Country Production (Million m3) Consumption (Million 

m3) 

Bahrain 174.9 174.4 

Kuwait 562.1 533.2 

Oman 228.6 222 

Qatar 495 595 

UAE- Abu Dhabi 1170.5 1154 

UAE- Dubai 404.1 358.6 

UAE- Sharjah 115.3 90.5 

UAE- Other 66.5 90.5 

Total 5486.6 4717.9 

 290 

 291 

Fig. 7: Installed desalination capacity by type for GCC in 2017 [22] 292 

 293 

To date, SWCC annual report indicated that the average cost of desalinated water for long-294 

term is about 0.8 US$/m3. For moderate water consumption, the water tariff that included the 295 

sewage cost represents about 50% of the water production cost. The total Electric Power 296 

Export and Desalinated Water Export in 2016 for Saudi Arabia are presented in fig. 8.  297 

The desalination industry faces two main challenges. The first is the crude oil dependence of 298 

energy. Ouda [23] reported that 1.5 million barrel/day, which is around 12 % of the crude oil 299 

production, is used to power desalination plants. A considerable number of desalination 300 

plants have exceeded their lifetime and need major maintenance to improve the production 301 

efficiency. Therefore, developing desalination plants via private sector participation is 302 

essential. Major desalination plants have been developed by private sectors such as Shuaibah 303 
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3, Shuqaiq Phase II and Marafiq. Additionally, the decision of privatize SWCC has been 304 

taken and approved since 2018. The efficiency (efficient) improvement of the desalination 305 

industry and the reduction of the governmental budget cost for water are the main targets of 306 

privatization. 307 

  308 

 309 

Fig. 8: Total Desalinated Water Export (million m3) and Electric Power Export (million M.W.h) by 310 

SWCC in 2016 [24]. 311 

 312 

7. Conclusions  313 

 314 

Water resources and availability in Saudi Arabia have been explored. An analytical and 315 

forecasting study for the fresh water consumption, wastewater problem and industrial water 316 

demand were also presented. Exponential Smoothing and Linear Regression methods were 317 

used to estimate the future water demands. The major findings can be summarised as follows:  318 

 319 

 The drinking water consumption in 2018 was almost 70% higher than it was in 2007 320 

and expected to increase sharply in the following thirty years due to the growth of 321 

population.  322 

 The total municipal wastewater went up steadily between 2007 and 2018, from about 323 

2125 to 2884 million m3 and expected to increase between 2025 and 2050 to reach 324 

5090 million m3. 325 

 The growth of treated water is estimated to be annually about 4% between 2025 and 326 

2050, while the total effluent of wastewater is still higher by average of 28% in the 327 

same period. 328 
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 In the last ten years, the industrial water demand has increased annually by 3% and 329 

expected to increase to 5 % due to the growth of industrial sector. 330 

 There are currently insufficient economic and water management studies for 331 

wastewater treatment. 332 

 No health or environmental studies investigated the potential influence of using the 333 

water reused in future. 334 

 335 
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