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The Kingdom of Saudi Arabia (KSA) generates between 1.4–1.75 kg/person/day of Municipal Solid Waste (MSW) 
that accounts for over 16 million tons of MSW/year. The solid waste collected from different sources is dumped in 
landfi lls, thereby creating environmental concerns. In this paper, the potential of solid waste as an energy source 
(Waste to Energy (WTE)) for Reverse Osmosis (RO) water purifi cation was evaluated. The KSA is known for 
its acute fresh water shortages and uses desalination technology in meeting its daily water requirements; a process 
that is energy intensive. The evaluation of the energy content of MSW shows a potential to produce about 927 
MW in 2015, based on a total mass burn, and about 1,692 MW in 2032. The MSW-WTE plants can produce 
about 1.5% of the targeted 120 GW of energy for 2032. For the R.O system, it will give approximately 16.8% of 
the daily fresh water needed for total mass burn and 2.4% with the recycling option.
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INTRODUCTION

MSW is an inevitable by-product of human activities, 
especially in urban communities with high income. Rapid 
rural-urban migration coupled with industrial growth has 
swiftly amplifi ed the diversity and volume of Municipal 
waste. The KSA’s vast crude oil reserve (wealth) is a pri-
mary driver of its rapid industrialization, high income 
earning and fast urbanization that has resulted in high 
air pollution and the municipal solid waste rate. With 
a population of about 30 million1, the KSA generates 
more than 16 million tons of solid waste per year. The 
MSW, contingent upon the moisture and energy content 
of the waste materials, is a good fuel source that can 
replace coal or fossil fuel in some applications. Every 
ton of MSW, if processed in a WTE facility, can save 
a one-quarter (1/4) ton of coal2, 3. The thermal treatment 
of MSW results in the generation of 500–600 KWh of 
electricity per ton of MSW combusted2, 3. This renewable 
energy source is untapped in the KSA, where population 
increase, high income, and urbanization are fueling the 
MSW generation at an exponential rate (Fig. 1). Figure 
1 shows the trend of population, urban population and 

gross domestic product (GDP) per capita (current US$) 
from 1960 to 2013 in the KSA. These parameters are 
believed to fuel cities’ solid waste.

According to the US Energy Information Admini-
stration (EIA, 2014)5, oil and natural gas are the main 
sources of energy in the KSA for transportation, electricity 
and water purifi cation processes. The country consumed 
about 2.9 million barrels of oil per day (bbl/d) in 2013. 
This amount was almost double the consumption in 
2000, an average production of about 11.6 million bbl/
day, of which 9.6 million bbl/d was crude oil produc-
tion and 2 million bbl/d was non-crude liquids5. The 
local daily consumption of 25% of the total production 
is high and needs to decrease signifi cantly to increase 
the KSA’s crude oil exportation share, especially with 
the low price of crude petroleum and the availability 
of renewable energy resources that can complement 
it. Furthermore, the instabilities in oil prices and envi-
ronmental issues associated with greenhouse gas (e.g., 
carbon dioxide) emissions have forced researchers to 
focus on other renewable sources such as solar, wind 
and MSW6. MSW is generated in homes, commercial 
outlets and other sources whose activities are similar to 
those of households and business offi ces. For example, 
waste from offi ces, hotels, supermarkets, shops, schools, 
institutions, and from municipal services such as street 
cleaning and maintenance of recreational areas6, 7. The 
primary composition of waste is waste wood, plastics, 
papers and cartons, metals, glass, construction and de-
molition waste, green waste, tires, household solid waste 
and street cleaning waste. Riyadh, the capital of the KSA 
with a population of 6 million, has a long-term average 
population growth of about 2.95%. The production 
rate of MSW in the KSA is about 1.4–1.75 kg/person/
day8, 9, 10. According to Khan and Kaneesamkandi (2013), 
the solid waste generation rate per capita in the KSA 
increased from 1.4 in the year 2007 to 1.75 by the year 
20129. Increasing solid waste production in the KSA has 
increased the problem of waste disposal without affec-
ting the environment and human health. In the KSA, 
most of the MSW is disposed directly into landfi ll, as 

Figure 1. Total Population, Urban Population and GDP per 
capita of the KSA1, 4
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against the practices in other countries such as the EU 
countries and China. Figure 2 shows the differences in 
waste treatments in the KSA, China and the EU. In 
the KSA, each municipal government is responsible for 
the collection of waste, whereby the MSW is collected 
from houses or communal bins by trucks and disposed 
of in landfi lls or dumpsites8, 9. The EU countries utilize 
waste separation at source (homes and commercial sites), 
a crucial factor to its high percentages in recycling and 
composting. The source separation allows the sorting of 
the waste into major components, which greatly assists 
in improving recycling and composting options. 

and Al-Zahrani14, the non-renewable groundwater rese-
rves are estimated to be between 259.1–760.6 BCM and 
the total internal renewable water estimated to be 2.4 
BCM/year. The demand for domestic water increased 
astronomically from about 200 MCM in 1970 to 2475 
MCM in 2012. This increment is attributed to the wide-
-range of developments in the socioeconomic progress of 
the country fueled by the high price of oil before 2014. 
Population, high income and the “welfare economy” 
practice in the KSA are responsible for the high rise in 
domestic water demand. Figure 3 shows the trend in the 
domestic water demand from 1970 to 2012. 

Figure 2. Differences in waste treatment in the EU, China 
and the KSA11, 12, 13

Figure 3. Growth of domestic water demands in the KSA in 
MCM/year15

The pressure on water demand in the KSA is linked 
to increasing population growth rate and low recharge of 
the underground aquifers due to low yearly precipitation. 
The country is situated in the Arabian Peninsula, known 
for its arid climatic condition. According to Chowdhury 

The domestic water requirements are met through two 
sources, namely, ground water aquifers and seawater 
desalination. Seawater desalination offsets more than 
60% of the domestic water demand. According SWCC, 
desalination production increased from 200 million m3/
year in 1980 to 1495 million m3/year in 201216. Using 
the Ouda (2014)17 methodology, the water demand fo-
recast was predicted using three scenarios. The fi rst was 
the optimistic scenario using the government‘s plan for 
water sector development as seen in the KSA’s Ninth 
Development Plant18. The plan assumes domestic, in-
dustrial and agricultural water demand grows at 2.1%, 
5.5% and –3.7%, respectively. This case is said to be 
optimistic because, in fact, the average growth rate for 
the past two decades has been 6%, 7.5% and –1.05%, 
respectively, for the domestic, industrial and agricultural 
water demand. The second will be the moving average 
of the optimistic and pessimistic scenarios. The third 
scenario is the pessimistic demand growth rate of the 
last two-decade’s average growth rate of 6%, 7.5% and 
–1.05% for domestic, industrial and agricultural water 
demand, respectively.    

Table 1 shows the growth rate of the three scenarios 
for sectoral water demand in the KSA. The domestic and 
industrial water demand is supplied mainly from desali-
nation and groundwater sources, while the agricultural 
water demand is mostly from groundwater sources. The 
fast depletion of non-renewable groundwater resources 
and the deterioration of the water quality are due to 
water withdrawal exceeding natural replenishment. The 
decrease in the demand for agricultural water was due 
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to government policies of minimizing farming activities 
in the KSA and importing most of its agricultural prod-
ucts from abroad to lessen the use of non-renewable 
groundwater resources (fossil water), thereby preventing 
seawater encroachment and high salinity in the aquifers. 
Furthermore, the growth of industries in the KSA can 
be seen in the increasing industrial water demand over 
the years. Table 2 shows the increasing contribution of 
desalinated water in meeting the domestic water need of 
the KSA, which invariably increases its domestic crude 
oil consumption. 

Figure 5 shows the KSA’s crude oil production and 
domestic crude oil consumptions. The government is 
putting strategies and robust policies in place to reduce 
its heavy reliance on crude oil for future desalination 
and electricity plants. These government policies have 
seen the establishment KACARE, a government agency 
responsible for renewable energy research, policies and 
deployment. KACARE is targeting about 54GW from 
renewable energy sources like solar PV, solar CSP and 
municipal solid waste, for desalination and electricity 
generation21 (see Table 3). One practical and easy way to 
achieve this target is to utilize the abundance of MSW. 
MSW is a renewable energy and it is abundantly available 
on a daily basis in the landfi lls. The use of municipal solid 
waste for direct desalination or electricity generation for 
desalination will increase the effi ciency of waste collec-
tion and management, which will, in turn, save the cities 
from waste pollution. The technology to process MSW 
has been established for years; it started with the use of 
incinerators, which solely burn the waste into gases and 
leave ash as a deposit. As interest in alternative energy 
has grown, advanced technology has progressed from the 
simple incinerators to WTE plants using non-recyclable, 
or a combination with recyclable, MSW as the fuel 
source. The heat from the combustion is used to turn 
water into steam in a boiler. The generated steam can 
directly be used to heat homes or combine with a steam 
turbine for producing electricity22, 23. However, the in-
cineration process is perceived to be unfriendly to the 
environment due to the CO2 emissions24, 25. Reducing the 
CO2 emissions has led to the development of new facili-
ties for MSW processes integrated with CO2 capturing 
mechanisms. The new technologies for MSW processes 
are pyrolysis, conventional gasifi cation and plasma arc 
gasifi cation with potentials for CO2 netting accessories. 

There is only one MSW landfi ll located in the southeast 
area and this is almost 25 km away from Riyadh city. 
The overall total area is around 8 million m2. This sta-
tion daily receives in the range of two thousand vehicles 
transporting several thousand tons per day of various 
types of MSW. Table 4 shows the component of the 
solid waste and Table 5 depicts the energy content of 
different types of waste. The daily waste is sorted with 

Table 1. Demand growth rate scenarios18

Table 2. Water supply in the KSA through desalination and wells19

Figure 4. Projected domestic water demand based on three 
scenarios using data from19

Water demand forecast based on the three scenarios 
shows increments, with the optimistic showing a linear 
trend while the moving average and pessimistic show an 
exponential increase from 2012 to 2032. In the year 2032, 
the KSA’s water demand may rise by 52% in the optimistic 
scenario. The moving average and pessimistic scenarios 
forecasted increments ranging from 119%–221% of the 
2012 demand (see Fig. 4). The increasing demand for 
domestic water means that desalination facilities need 
to be expanded to meet future demand. The KSA uses 
approximately 1.5 million barrels of crude oil equivalent 
per day for desalination and electricity generation20. 

Table 3. Target Renewable Capacity by 203221
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construction of the largest solar-powered RO system, 
located in Al Khafji, KSA. 

The energy requirement for these RO plants can be 
generated from the MSW, which is abundant and rene-
wable. The production of MSW depends on population, 
and the population of the KSA is expected to grow at 
2.95% per year, as projected by the Saudi Central De-
partment of Statistics and Information1. 

an operational capacity of 300 tons/day, which gives 
a 1.87% of total received waste free of hazardous and 
prohibited substances. The recycling activities in the 
landfi ll facility are mostly manual and labor intensive.

The aim of this work is to assess the contribution of 
MSW (as input to the WTE plants) from Riyadh landfi ll 
to water supply through desalination.

METHODOLOGY

The potential of the MSW will be evaluated for electric-
ity production (for use in RO application). Two scenarios 
will be considered for the MSW, namely, Mass Burn, 
Mass-Burn with recycling, and direct conversion of tons 
of MSW to oil equivalent. The mass burn scenario entails 
the use of all the daily MSW as collected from the fi eld 
for WTE purposes. Mass burn with a recycling scenario 
allows the removal of all recyclable constituents of the 
MSW before using the rest as input for the WTE. The 
two scenarios will be used to forecast the total electricity 
or thermal energy potential of MSW of Riyadh landfi ll 
up to the year 2032. The year 2014 was chosen as the 
base year for the estimate, and the MSW production rate 
used for Riyadh is 1.4 kg/capita/day8, 28, 29. The caloric 
energy contents of the MSW, listed in Table 528–31, were 
used for the energy contents of Riyadh landfi ll MSW 
for scenario’s I and II. The combustion effi ciencies of 
these incinerators are up to 30%. For the purpose of 
this work, a combustion effi ciency of 25% will be used, 
as recommended by Ouda et al. (2013)28.

RESULTS AND DISCUSSION 

The water demand forecast (Fig. 4) shows that the 
current water processing facilities will soon be inade-
quate in meeting the water needs of the KSA. In the 
year 2032, the KSA’s water demand will increase by 52% 
using the optimistic scenario, while the moving average 
and pessimistic scenarios forecast increments of 119% 
and 221%, respectively. The growing demand for water 
means that desalination facilities need to be expanded to 
meet future demand. These new desalination plants can 
utilize the MSW as an energy source for the process of 
water purifi cation. MSF and MED are the main desali-
nation technologies employed in the KSA for seawater 
purifi cation due to the high salinity of the seawater. 
The recent technological advances in RO, especially 
its low energy consumption, improved membrane and 
effi cient ways of handling bio-fouling, are opening up 
competition in the desalination market. The KSA is now 
making a massive investment in RO systems to replace 
its aging MSF/MED plants. This is evident in the recent 

Table 4. Components of solid waste27

Figure 5. KSA Crude Oil production and Local Consumption26

Figure 6. The forecasted population for Riyadh and the KSA

The projected population of the KSA and the capital 
(Riyadh) up to the year 2032 is presented in Figure 6. 
The continuous population growth, as seen in Figure 
6, will ensure a constant increase in the daily MSW for 
energy generation. The forecast for the year 2032 shows 
almost 70% increase in population from 2014, which will 
translate to a rise in the MSW generated for the year. The 
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energy production. This means the MSW is not sorted 
for potential recycle of valued waste like paper, plastic, 
etc., and the energy content of the dry weight of the 
MSW is estimated at 10159.2 kJ/kg. On the other hand, 
the mass burn with recycling option setup involves the 
separation of the valuable products of paper, plastic, 
textiles and glass from the total MSW collected, the rest, 
after moisture removal, is used in energy production. The 
energy content for the mass burn with recycling setup is 
estimated at 3225.4kJ/kg, which is far less when compared 
to the mass burn setup, because the materials removed 
from the MSW for recycling are high in energy content 
and economic value. The energy potentials (MW) for the 
KSA and Riyadh were estimated using population and 
the forecasted MSW. Figures 8 and 9 show the potential 
of the MSW-fueled WTE power plant in the KSA and 
Riyadh, the capital city, using the mass burn and mass 
burn with recycling option. In Figure 8, the total mass 
burn of all the MSW generated will have a capacity 

daily generated MSW for the KSA and the capital city 
(Riyadh) is shown in Figure 7. The daily MSW generated 
in 2014 was about 43,347,767 kg, and this is predicted 
to reach about 73,154,500kg by 2032. This quantity of 
waste per day requires effi cient management to avoid 
environmental disaster and health risk. This waste can be 
engaged for energy production, or can be sorted/separa-
ted into its components for identifying valuable products 
like paper, plastic and textiles for recycling. Figures 8 
and 9 show the energy potential of the MSW from the 
whole country and Riyadh, the capital city. Each of the 
compositions of MSW has a particular heating value in 
its dry form, as shown in Table 6. By using the average 
heating values of each structure, the fi nal calorifi c value 
of MSW was calculated. The energy potential for KSA 
and Riyadh MSW were estimated for two set-ups: Mass 
Burn and Mass Burn with recycling option.

The mass burn setup involves the total consumption of 
MSW collected, after moisture removal (dry weight), for 

Figure 7. Daily waste generation in the KSA and Riyadh city
Figure 8. Mass Burn Energy Potential projection for Riyadh 

and the KSA
Table 5. Energy content of different types of solid waste28–31

Table 6. RO plants in the KSA with energy consumption per m3 16
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of around 927 MW in 2015 and around 1,692 MW in 
2032. The MSW-WTE plants can produce about 1.5% of 
the targeted 120 GW of energy for 2032. The recycling 
option to the MSW reduces the energy capacity of the 
MSW-WTE plants, 131 MW for 2015 and 231 MW for 
2032 (see Fig. 9), but has socioeconomic benefi ts such 
as job creation, fi nancial benefi t derived from the sales 
of recycled products, reduction in raw materials con-
sumption (especially raw materials for plastic and paper) 
and reduction in environmental-ecological imbalances. 
Figures 10 and 11 show the MSW recycling potential for 
the KSA and Riyadh. The main recycled components 
are paper, plastic, textiles and glass. Although glass does 

The SWCC, the government agency responsible for 
desalination in the country, produced 1.1 billion cubic 
meters of desalinated water in 2014, an increase of 10% 
from the previous year, from its 26 desalination plants 
through a network of 21 pipelines with a total length 
of 5,684 km.

Seawater desalination is an expensive operation that 
requires a huge amount of energy, especially in the KSA 
where the MSF and MED are the engine horses of de-
salination. Moreover, these desalination plants only have 
an operational life in the range of 15–25 years. Thus, 
the KSA will need to replace this technology with desa-
lination technology that requires far less energy relative 
to the MSF and MED. RO systems are seen to employ 
less energy in comparison with MSF, especially the new 
RO systems. Table 6 shows the energy requirement for 
1 m3 of water using RO systems in the KSA with the best 
RO systems using 2.94 KWh/m3. The energy potential 
of MSW-WTE plants, as estimated for Riyadh and the 
KSA, can serve as alternative energy for RO water pu-
rifi cation in the KSA. Using the Jeddah RO3 plants as 
an ideal plant, consuming 5.06 KWh/m3, the projected 
MSW-WTE plants coupled to RO systems using the 
characteristic of Jeddah RO3 will be able to produce 
fresh water, as seen in Figures 12 and 13. 

Figure 9. Mass Burn (with recycle option) Energy Potential 
projection for Riyadh and the KSA

Figure 10. Riyadh’s MSW Recycling Potentials

Figure 11. The KSA’s MSW Recycling Potentials

Figure 12. Potential of RO plant powered by the KSA’s MSW-
-WTE

not have energy content, its economic value is obtained 
in recycling. 

The KSA is poor in respect to fresh water availabi-
lity within its geographical boundaries, its region, the 
Arabian Peninsula, being known for low precipitation 
and a desert climate. The scarcity of fresh water has 
led to the deployment of desalination technologies in 
augmenting its fresh water resources. Desalination ac-
counts for more than 60% of water need in the KSA, 
as at 2011/2012. The growing need of fresh water due to 
increasing population and rise in socioeconomic activities 
is driving the desalination market in the KSA, with the 
government always expanding its desalination facilities. 
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CONCLUSION

The feasibility of MSW as an energy source for water 
purifi cation has been carried out in this work. The inve-
stigation revealed some key points for its development 
into a sustainable energy source for RO plants in the 
KSA. This work presents some key fi ndings as follows:

– The KSA lacks fresh water resources to meet its 
daily need.

– Desalination processes like MSF and MED, as em-
ployed in the KSA, are energy intensive. Desalination 
consumes about 1.5 million barrels of KSA Crude Oil.

– The Municipal Solid Waste generation rate per capita 
in the KSA is between 1.4 to 1.75 kg/per person/day.

– Water demand forecast based on the three scenarios 
shows increments, with the optimistic showing a linear 
trend while the moving average and pessimistic show 
an exponential increase from 2012 to 2032. In the year 
2032, KSA water demand rose by 52% by the optimistic 
scenario. The moving average and pessimistic scenarios 
forecast increments ranging from 119%–221% of the 
2012 demand.

• The energy content of the dry weight of KSA MSW 
is estimated at 10159.2 kJ/kg. On the other hand, the 
mass burn with recycling option, which involves the 

separation of the valuable products of paper, plastic, 
textiles and glass from the total MSW collected, was 
estimated at 3225.4 kJ/kg.

• The total mass burn of all the MSW generated in 
the KSA will produce 927 MW of electricity of the RO 
system in 2015 and 1,692 MW in 2032.

• The recycling option of the MSW reduces the energy 
capacity of the MSW-WTE plants, 131 MW for 2015 
and 231MW for 2032.

• The MSW-WTE plants can produce about 1.5% of 
the KSA’s targeted 120 GW of renewable energy for 2032.

• Using the MSW-WTE to power the RO system, 
it will provide approximately 16.8% of the daily fresh 
water needed for total mass burn and about 2.4% with 
the recycling option.

Figure 14. Proposed MSW-WTE RO plant

Figure 13. Potential of RO plant powered by Riyadh’s MSW-WTE
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NOMENCLATURE

MSW – Municipal solid waste   
WTE  – Waste to energy 
KSA – Kingdom of Saudi Arabia    
RO – Reverse Osmosis
MW – Megawatt     
GDP – Gross domestic product
BCM – Billion cubic meters   
MCM – Million cubic meters
EU – European Union    
SWCC – Saline water conversion corporation
MSF – Multi-stage-fl ash    
MED – Multiple effect distillation
KACARE – King Abdullah City for Atomic and 
   Renewable Energy
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