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ABSTRACT 

Water and Energy Consumption of the King Abdullah University of Science and 

Technology 

Pia Alexandra Wiche Latorre 

Saudi Arabia is the greatest exporter of oil in the world and also the country with 

greatest desalination capacity. It is considered a rich country but not a developed 

one. Because water is scarce while energy is abundant, it becomes important to 

evaluate the environmental performance of populations in Saudi Arabia with 

regards to these two aspects. King Abdullah University of Science and Technology 

(KAUST) is a gated community in Saudi Arabia with high living standards where 

water and energy are free of cost (no constraint over use). Four environmental 

sustainability indicators were used to determine the environmental performance of 

KAUST in comparison to other countries. It was found that per capita, KAUST is 

between the five greatest water and energy consumers in the world. Important 

factors to this result are the fact that KAUST is still under construction, that the peak 

capacity for permanent residents has not yet been reached and that there is little 

control over the water and energy systems at KAUST. It was concluded that KAUST 

should reduce its water and energy consumption per capita. To this means, some 

proposed solutions were to have wide-spread awareness-raising campaigns to all 

people working and living in KAUST, and to improve control over air conditioning 

control systems.  
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 Chapter 1. Introduction 

“Sustainable development is development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs” 

(Brundtland, 1987). 

Sustainable development indicators (SDI), are statistical values that quantify the 

sustainable development of nations or regions (NASA, 2001). SDI give information about 

resource demand, but can also be used to estimate impacts over the environment, when the 

appropriate impact assessment methods are available. 

When analysing processes, as in the consumption of products, a SDI can focus on any or all 

of the four stages in the life cycle of a product, as is presented in Figure 1.1. 

 

Figure 1.1. Life cycle of a product. 

The life cycle of a product (depicted in Figure 1.1) is defined as the “consecutive and 

interlinked stages of a product system, from raw material acquisition or generation from 

natural resources to final disposal” (ISO, 2006). These are the collection of activities that 

take place from the first withdrawal of materials from the environment until all products 

Extraction from 
the environment 

Disposal 
Use 

Production 

Recycling 
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and sub-products of the processes have been disposed of, or reintegrated into the 

environment. 

Depending on the methodology, the analysis will be based on a subset of the processes 

involved in the production of a particular product or service. For simplicity, this subset will 

be referred to as “system” in this work. 

As well, sustainability metrics can focus on one or more materials that participate of the 

system being analysed. Some examples are: 

 Life cycle assessment: tends to focus on the full life cycle and all components. This is 

usually impracticable, but at least several stages of the life cycle and several 

components are included in the study. 

 Carbon footprint: focuses only in greenhouse gas emissions (such as carbon dioxide 

or methane) from one or more stages of the life cycle. 

 Water footprint: focuses only in the use of freshwater resources over the 

production, distribution and or use of a particular product. 

When a system is too extensive, or it includes many parts of a life cycle of a product, 

databases and special software are used to facilitate the data collection and reduce costs 

and time. For smaller systems or those that only include a few materials, calculations can be 

carried out using general software (such as office suites).  

Sustainability metrics and studies have proliferated specially since the publication of the 

Brundtland Commission Report (Brundtland, 1987), and interest was reinforced by the 

Earth Summit (UNESCO, 1992) and the Kyoto Protocol (United Nations, 1998). New policies 

and environmental laws in several countries together with social interest, have also been 
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powerful drivers in the development of the area. Some examples of publicly discussed 

topics are global warming and the depletion of the ozone layer. 

Several types of certification have stemmed out of particular sustainability metrics, while 

others have been included in national policies, such as the PAS 2050, a British policy on GHG 

emissions. 

These certifications have attracted the attention of countries like Saudi Arabia, that has 

complied to them in some of its latest construction works, such as the COWI building at Al-

Khobar (Fussing, 2012), Green Park in Riyadh – a residential development (Green 

Technologies, 2009), and King Abdullah University of Science and Technology (a whole 

town). Being a country rich in fossil energy but very poor in water, Saudi Arabia is rapidly 

modernizing its systems and policies to increase access to water and renewable energy, 

while reducing the overall internal consumption of water and fossil energy. 

King Abdullah University of Science and Technology (KAUST) is a remarkable construction 

in Saudi Arabia that was designed and built with sustainability in mind, holding a LEED 

Platinum certification. Additionally, it has a good and reliable water production and 

distribution system, and a portion of its energy comes from renewable sources. It is 

interesting to study the consumption pattern of water and energy and estimate the 

potential impacts of this university and its inhabitants over the environment. Lessons 

learned from this model town may help Saudi Arabia to prevent problems as it moves onto 

more modern systems. 

1.1 Saudi Arabia 

Saudi Arabia is the largest country on the Arabian Peninsula and in 2011 had a population 

of 27,448,086 people, with an 83.6% of them living in urban areas (The World Bank, 2011). 
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Although there are big urban centres, such as Riyadh or Jeddah, 30% of the population 

resides in urban settlements of less than 30,000 inhabitants1. Saudi Arabia is in critical 

position with respect to water. It has an average annual rainfall of approximately 115 mm, a 

high variability in precipitation and no perennial rivers, making it a hyper-arid area (FAO, 

2008; The World Bank, 2007). Water is found in underground freshwater aquifers, and 

occasional surface accumulations, with a renewable volume of 4.6 million m3/yr (Pinsent 

Masons LLP, 2011). Freshwater available per capita has constantly decreased over the last 

two decades, as can be seen in Table 1.1 (FAO, 2012). 

Table 1.1. Per capita freshwater resources in Saudi Arabia. 

Period 1988-1992 1993-1997 1998-2002 2003-2007 2008-2012

Reference year 1992 1997 2002 2007 2009

Volume [m3/cap/yr] 139.6 126.2 111.8 94.1 89.52  

Population increase is one of the factors participating of the decrease in per capita water 

resources in Saudi Arabia. Consumption is four times greater than available renewable 

water, rising to 16.2 million m3/yr. To satisfy demand, Saudi Arabia is using its water 

reserves at a higher rate than their rate of natural recharge. In consequence, ground water 

is expected to last for only another 15 or 20 years (Pinsent Masons LLP, 2011). On the other 

hand, 70% of the water used in urban areas of Saudi Arabia comes not from the freshwater 

aquifers, but from the sea. This water is desalinated (at a high energetic cost) to supply 

cities, industries, and agriculture. Wastewater reuse has been identified as a viable source of 

water from some uses, so the Saudi government has set a target of making treated 

wastewater reuse account for 11% of its total water use (Q. J. M., 2011) 

                                                             
1 Mohammed M. Alqadi, technical advisor to CEO, National Water Company, Saudi Arabia. Personal 
communication (March 12th, 2012). 
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In 2006, Saudi Arabia extracted 9.5 times more water than its renewable resources allowed, 

being agriculture responsible for 92% of withdrawals (FAO, 2012). Until 2009, agriculture 

was responsible for an 88% of the total water consumption in Saudi Arabia, domestic use 

for 9%, and industrial use for 3% (The World Bank, 2011). The high water demand coupled 

to the scarcity of the resource, have caused important policy changes in the last 5 years. One 

example is the elimination of the governmental subsidy to wheat production in 2009, that 

caused a decrease of 66% in wheat cultivation in the country during the first year alone. 

However, it is possible that crop changes have not improved the situation, as some farmers 

have switched to other water intensive crops, such as alfalfa. 

Additionally, there has been an overall reduction in desalinated water production in the 

country, as can be seen from Table 1.2 (Saline Water Conversion Corporation, 2010). 

Table 1.2. Annual change in the desalinated water production of Saudi Arabia. 

Year
Annual Water Production

[106 m3]

Change

[%]

2005 1025.05 -

2006 1034.13 0.89

2007 1092.94 5.69

2008 1096.7 0.34

2009 1014.21 -7.52

2010 883.8 -12.86  

Accordingly, it is possible that in the future the contribution of domestic water use to the 

overall Saudi Arabian water consumption will be much greater than the previous 9%. Four 

major Saudi cities (Mecca, Medina, Jeddah and Riyadh) have been pointed between the five 

cities with greater ecological footprints based on their population, water consumption, and 

availability of freshwater (Darrel Jenerette and Larsen, 2006). Medina and Mecca were 

between the 10 cities most sensitive to water scarcity due to population changes (Darrel 

Jenerette and Larsen, 2006), but none was in the most sensitive to climate change 
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predictions. All these cities have a secure source of freshwater through desalination plants 

and distribution networks. Usually methodologies used for the assessment of water 

resources do not include seawater as a water source, neither consider the transport of water 

through great distances as a viable alternative (both taking place in Saudi Arabia), hence 

they are not suitable for analysing these types of situations. 

In parallel, Saudi Arabia is investing in the improvement of its urban water infrastructure, 

both to avoid future weather-caused tragedies and to improve the general sanitation 

system. There are over 8,300 million USD in on-going work and planned works for the 

water sector (NWC, 2011). Part of this investment is dedicated to the construction of six 

thematic, brand-new cities (SAGIA, 2004) that will probably have living standards similar to 

King Abdullah University of Science and Technology (KAUST). 

Saudi Arabia is also the greatest supplier of oil in the world, with 10.52 million bbl/d of 

production, and 17.8% of proven reserves (CIA, 2011). The Saudi economy relies on oil for 

the maintenance of a set of subsidies that improve living standards in the harsh Arabian 

weather. The country was ranked as 13th in the world for highest energy consumption per 

capita and 12th in CO2 emissions for 2010 (The World Bank, 2011), but it is starting to 

change its energy source from oil to renewables. The levels of radiation and the availability 

of land make solar energy an excellent option for the Kingdom. One example of such 

investment is the construction of solar power plants in isolated agricultural regions for the 

pumping of water. These places get oil by truck periodically, but transportation is expensive 

and time consuming. The national oil company (Saudi Aramco) has built mixed systems that 

include oil-fed generators and solar energy to power the pumps that supply water for 

irrigation of the productive land. This reduces the consumption of oil (that can be up to 3 

trucks of oil a month during the summer months for one central-pivot irrigated farm) and 
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gives more energy independence to the farmers, as well as reducing the overall CO2 

emissions of Saudi Arabia. More projects like this are on the way, to meet the goal declared 

by the Petroleum and Mineral Resources Minister, Ali Al-Naimi, to “generate solar electricity 

equalling the amount of [Saudi Arabia’s] energy from crude exports” 

(renewableenergyworld.com, 2012). 

The water and energy sectors are rapidly changing in the Kingdom to meet global 

certification standards, such as LEED, and to increase the quality and access of water and 

energy for its inhabitants. One recent massive work done in this style was the King Abdullah 

University of Science and Technology that has a platinum LEED certification, a full cycle of 

water production to treatment and renewable energy production. 

1.1.1 King Abdullah University of Science and Technology 

King Abdullah University of Science and Technology (KAUST) is a graduate university inside 

a massive gated community or compound located near Thuwal, 80 km north of Jeddah, in 

Saudi Arabia. It consists of three distinct areas: the university campus, the living commons 

or community, and a services area. All of its inhabitants have their primary occupation 

within the limits of the gates. All buildings are designed to allow for comfort and a high 

standard of living that is distant from the reality of the average Saudi Arabia. It was built 

between 2007 and 2009, and its architecture includes a number of features oriented to 

maximize comfort while reducing water and energy consumption. These features are 

reflected in the LEED certification obtained for the campus area. This small University-town 

also includes schools and neighbourhoods, a commercial district, police station, sports club, 

a dedicated desalination plant, water treatment plant, chilled water plant (for air 

conditioning) and energy substations in the services area, between other facilities. A 

satellite picture of KAUST, with relevant areas highlighted, can be seen in Figure 1.2. 
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Figure 1.2.  Aereal view of KAUST with highlighted areas. 

The closed character of the KAUST compound gives an invaluable opportunity for assessing 

the water and energy impacts of this community by its own, to later compare it with the 

average Saudi water and energy consumption. As well, KAUST also constitutes an excellent 

model to study water use in urban areas in the Kingdom, because its structure and 

organization is similar to that of the new cities under construction by the government 

expected to host millions by 2020 (SAGIA, 2004). Any lessons learnt from the KAUST 

compound may aid to improve the design and operation of new cities and water systems in 

Saudi Arabia, reducing the time to achieve optimal operation and accelerating the reduction 

of water consumption on a national scale. 

As has been seen in this section, critical features in Saudi Arabia are the use of water and 

energy, so these two variables will be analysed throughout this study. One or more methods 

should be chosen that can relate the use of water and energy to environmental impacts. 

Community 

Campus 

Services 
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Results should then orient the discussion on to what is the extent of the impacts and how 

the environmental performance of the institution could be improved. 

For a country like Saudi Arabia, where there is physical scarcity of water resources and 

abundant energy, it becomes very important and interesting to observe how freshwater and 

energy are used in small, rich communities. This is especially important when most of the 

water used for domestic purposes is desalinated, and where weather obliges the use of 

controlled atmospheres, both of which are very energy-intensive to obtain. New 

infrastructure is being built to increase access to potable water in cities in Saudi Arabia, 

which will probably result in an increase in demand. On the other hand, solar power is 

being introduced in the country, which should increase consumption of renewable energies 

and reduce dependence on oil. Lessons learnt from a small community like KAUST may help 

to develop strategies to reduce per capita consumption of water and energy on the long run.  

1.2 Energy and Climate Change 

Energy, as the electrical power that moves motors, is unquestionably a necessary input for 

the growth of societies, as can be seen in the positive trend observed when the per capita 

energy use is plotted against the GDP of nations (The World Bank, 2011). The countries 

with the highest energy use per capita are found in places with extreme weathers and high 

GDP, such as Iceland and Qatar, as is shown in Table 1.3. This emphasizes the importance of 

energy for survival and adaptation to these environments. 
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Table 1.3. 10 countries with highest energy use per capita world wide for year 2010 (The World Bank, 
2011). 

Ranking Country 
Energy Use

[kg oil eq./cap·yr]

1 Iceland 16,404.69

2 Trinidad and Tobago 15,158.19

3 Qatar 14,911.15

4 Kuwait 11,402.06

5 United Arab Emirates 8,587.96

6 Bahrain 8,096.25

7 Brunei Darussalam 7,971.32

8 Luxembourg 7,934.07

9 Canada 7,531.73

10 United States 7,045.17  

Although healthy for the economy, energy generation may cause serious impacts on the 

environment, depending on the sources of the energy used. One such impact is climate 

change. Climate change is caused by the increase in concentration of greenhouse gases 

(GHG) in the atmosphere and the natural variation of solar radiation. Although climate 

change is a natural process, in the latest years the possibility of a relationship between 

climate change and anthropogenic GHG emissions has been accepted by the United Nations. 

The anthropogenic emission of GHG is dominated by CO2, as can be seen in Figure 1.3 (IPCC, 

2007). 
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Figure 1.3. GHG emissions for year 2004, by type of gas, in CO2 equivalents. 

In Figure 1.3 all values are shown as CO2 equivalents because greenhouse gases have 

different global warming potentials, so the warming potential of CO2 is used as standard.  

As can be seen from Figure 1.3, most of the emissions of greenhouse gases are in fact CO2 

emissions. Then again, most CO2 emissions stem from the use of fossil fuels, which are 

directly related to the production of energy. This explains why the international efforts to 

reduce greenhouse gas (GHG) emissions have focused mainly on reducing the release of 

CO2. 

Table 1.4. World consumption of  energy by source for year 2010 (BP, 2011). 

Energy source
Consumption

[Mtoe]

Percentage

[%]

Oil 4,028.09 33.56

Natural gas 2,858.11 23.81

Coal 3,555.77 29.63

Nuclear 626.15 5.22

Hydro 775.61 6.46

Other renewables 158.62 1.32

Total 12,002.35 100.00  

Because most of the world’s energy comes from fossil sources (e.g. oil and coal) the impacts 

of energy use are generally measured in terms of CO2 emissions, or in terms of depletion of 

F-gases, 
1.1 

N2O, 
7.9 

CH4, 14.3 
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(biomass), 

17.3 
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natural resources. In order to reduce GHG emissions and maintain the energy supply, many 

countries are changing their energy mix to include other types of energy that are less GHG 

intensive, such as solar or wind energy. The reduction of GHG emissions by these energy 

sources is measured over their entire life cycle, as can be seen from Figure 1.4 (Evans et al., 

2009). 

It has been reported that cities are responsible for over 70% of the worldwide carbon 

dioxide emissions related to energy consumption (IEA, 2008). 

 

Figure 1.4. CO2 emissions per kWh of produced energy over entire life cycle. PV: photovoltaics, Hydro: 
Hydroelectricity, Geo: Geothermal (Evans et al., 2009). 

A standardized method for accounting greenhouse gas emissions from different types of 

activities has been available since the first edition of the guidelines from the International 

Panel on Climate Change (IPCC, 2006a). These guidelines include conversion factors 

between different types of fuel and GHG emissions. When calculating carbon emissions, a 

direct study can be made over the power plant, or these factors can be used for estimating 

emissions. 

As has been seen, most of the GHG emissions are linked to energy use, of which cities are 

responsible for 70%. This is why observing the energy consumption of a city is vital to 

estimate its GHG emissions. 
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Saudi Arabia ranked 12th in the world for GHG emissions per capita (in CO2 eq.) for year 

2008 with 16.6 ton CO2 eq./cap (The World Bank, 2011). During the past 30 years it has 

multiplied its per capita emissions by a factor of 32, as can be seen in Figure 1.5. 
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Figure 1.5. Per capita carbon dioxide emission for Saudi Arabia for the period 1960 – 2008 (The World 
Bank, 2011). 

There are four key regulatory documents for the estimation of carbon footprints: the IPCC 

guidelines, that provide the scientific basis for nearly all work done in the area; the PAS 

2050, a British standard that took global character; the GHG protocol; and the ISO 14067. All 

of them will be commented in the next section. 

1.2.1 IPCC carbon balances 

The International Panel on Climate Change (IPCC) was the first institution to attempt the 

measurement or estimation of greenhouse gas (GHG) emissions of nations. The first 

guidelines were published in 1996, and an update was released in 2006 (IPCC, 2006b). The 

guidelines provide emission factors for several activities and types of GHG. Most work on 

carbon footprint is based on the guidelines, including PAS 2050, the GHG Protocol, and ISO 

14067. 
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In the guidelines, the GHG emission balances consider all activities taking place inside of a 

country, including the fuel sold in the territory (IPCC, 2006c). Activities are separated in 

categories, and inventories are built by year. A key category is a category of activity that has 

an important influence on the total emissions of the country, and should become a strategic 

concern in the national actions. As well, a collection of year inventories is called a time 

series (IPCC, 2006c). 

The effect of the emission of GHG is measured through “Global warming potentials” (GWP). 

GWP are a comparison of the radiative force of a GHG to the radiative force of CO2 for a time 

period (IPCC, 2006c), that can be 25, 50 or 100 years. It is usual to assess potential damage 

on the 100 year GWP, called GWP 100. 

The total emissions for a national inventory are calculated as the sum of the emissions for 

each category. Each emission can be determined using an emission factor (EF), which 

relates the activity to the emissions of GHG (IPCC, 2006c). 

The accuracy of a study is usually described by a Tier. There are three tiers in the IPCC 

guidelines, being tier 1 the most basic, that deals with nationally available data and 

emission factors, and does not consider plant growth as an important carbon sink under the 

assumption that it remains constant. Tiers 2 and 3 require more detailed data, specific for 

the activity or directly measured from the emission point (IPCC, 2006c). 

1.2.2 Carbon footprint standards 

Carbon footprints of products are based on life cycle assessments, so they consider all the 

life cycle of the product under study. This includes emissions as well as fixation of GHG 

(usually in the form of CO2). For instance, the CO2 released when burning wood and the CO2 

fixed as trees grow. 
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This section will comment on two of the three available carbon footprint standards: PAS 

2050 (BSi), and GHG protocol. These standards are freely available, while the ISO 14067 

standard is paid for. The three standards differ to the IPCC guidelines in their scopes of 

action. PAS 2050 and ISO 14067 focus on products, while the GHG protocol has variations 

for products and cities. 

The PAS 2050 focuses mainly on internal carbon footprinting or business to business 

communication of the carbon footprint of products. Although not intended to, it can be used 

to communicate carbon footprint results to customers. Results of  PAS 2050 assessment can 

be used to find hotspots, points of inefficiency in production processes, or aid in the choice 

of suppliers or materials (ERM, 2011).  

On the other hand, the GHG protocol has recently released (March 2012) the “Global 

Protocol for Community-Scale Greenhouse Gas Emissions” (GPC), a protocol in line with 

previous work in city-scale, and coherent with the data aggregation scheme of the IPCC 

guidelines for national scale GHG inventories. It is aimed directly at local authorities, and is 

expected to support the development of GHG emission policies in cities, as well as 

communication of results. As the IPCC national inventories, the protocol is designed to 

measure emissions from one calendar year, and with consistent use, time series should be 

built as years pass. There are three different scopes in GPC assessments: 

 Scope 1: direct emissions within the boundaries of the community 

 Scope 2: indirect, energy-related emissions of activities in the community 

 Scope 3: all other indirect emissions 
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In general, the aim of inventories is not to determine impacts over the environment, or in 

this case, over global warming, but to identify and quantify the relevant sources of 

emissions, to design a plan to reduce or offset them. 

1.3 Water and environmental impacts 

Water is vital for life, and also a necessary input to economic and social growth (Grey and 

Sadoff, 2006). It is used for drinking, sanitation, agriculture, and industrial production, 

between other activities. Water accounting is the act of quantifying water fluxes through the 

boundaries of a system or within it. It helps when looking for water-intensive activities, or 

when trying to assess the potential impacts of the use or pollution of water over the 

environment, society, or the economy. Water accounting and sustainability assessment are 

topics still in development, and there are many different approaches to them. Water 

accounting becomes specially hard to do in large systems that have either many parts or 

where the parts are linked to different water sources (Morrison et al., 2010). 

Some of the methodologies that determine impacts stemming from water use or its 

pollution are: 

 Water footprint (Water Footprint Network): only considers freshwater resources, 

and divides them into blue, green or grey flows of water for the determination of 

impacts. Polluted water (grey water) impacts are calculated with respect to a 

legislation benchmark without which calculation is not possible. The methodology 

does not account for non-conventional water sources such as desalination. 

 Life cycle assessment (LCA): better oriented to assessing impacts related to the 

whole life cycle of products. It has several impact assessment methods that vary in 

their detail and depth. 
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o Water Stress Index (Pfister et al., 2009): it is an LCA-tailored method to 

assess the impacts of water withdrawals to human health, resource 

availability, and the environment. It uses desalination as a benchmark for 

calculating the energy that would be necessary to produce water (in the 

category of resource availability). 

 WBCSD global water tool: online tool developed for businesses, aimed at the 

assessment of water used over several countries or regions. 

 GEMI Water Sustainability Planner/Tool: it is also an online tool oriented to 

businesses, to analyse systems with parts over several regions. 

 ISO water footprint (to be delivered in late 2012/early 2013) 

Besides those, some countries have developed their own accounting methodologies, such as 

the Netherlands(Schenau and Ham, 2005) while others are developing their own water 

accounting standards, such as Australia (Bureau of Meteorology, 2011). 

For smaller systems, water accounting is easier, since water sources and users are less. 

An important factor in water sustainability is the determination of impacts. In general, 

impacts from polluted water are evaluated in their relation to available legislation (water 

footprint), or maximum emissions, as determined in some LCA impact assessment methods. 

In terms of the amount of water withdrawn from nature, assessment of potential damage is 

done with respect to the total available water (with or without consideration of the water 

necessary for the environment). 

The Kingdom of Saudi Arabia is starting to develop strategies to reduce water use. Saudi 

Arabia is an interesting case to be studied because of its unique characteristics, such as 

having the greatest desalination capacity in the world, presenting only a few surface 
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freshwater sources, most of them seasonal, having more than 80% of its population in 

urban settlements (The World Bank, 2011), and having almost no incentives for saving 

water, given that water consumption at houses is seldom measured and the price of water is 

highly subsidized. 

King Abdullah University of Science and Technology is a new, gated urban settlement in 

Saudi Arabia that has a complete, in-house water production, distribution and treatment 

system, which puts it at an advantage with respect to other urban areas in the country. 

Large investments in infrastructure look forward to raise the level of the sanitation systems 

in Saudi Arabia, moving closer to the standard available at KAUST. It is interesting then to 

study water use in the compound, as it may serve as a benchmark for future water use in 

other cities. 

1.3.1 Arid regions 

Arid regions are geographical areas that have low rainfall. Currently, over two billion people 

live in desert or desert-like areas, in developing countries with high rates of population 

growth. In these places where water is scarce, domestic, industrial and agricultural 

activities compete for the use of water, which can hinder the economic growth and social 

development of the country. It has been suggested (FAO, 2007) that the minimum access to 

water should be of 20 L/capita·day (direct water use). WHO has established 55 m3/cap·yr 

as a minimum domestic water use for healthy living (Reed, 2011). Many countries in arid 

regions do not reach this level, as some of the ones included in Table 1.5.  



31 
 

Table 1.5. Comparison of total and municipal water withdrawals per capita for selected arid countries. K: 
calculated data; E: external data (FAO, 2012). 

Countries
Total

[m3/cap/yr]

Municipal

[m3/cap/yr]

Type

of data

Reference

year

Eritrea 121.3 6.46 K 2004

Israel 282.4 102.9 K 2004

Jordan 166 51.4 K 2005

Lebanon 316.8 91.9 K 2005

Oman 515.8 52.32 K 2003

Saudi Arabia 928.1 83.52 E 2006

United Arab Emirates 739.5 114.1 K 2005

Yemen 162.4 12.07 K 2005  

The countries included in Table 1.5 are all in or around deserts, either in Africa or the 

Middle East. They have been chosen by their proximity to Saudi Arabia and the availability 

of information about their water use. As can be inferred from the table above, municipal 

(also domestic) use of water constitutes only a small fraction of the overall water 

withdrawals in arid countries. It is interesting to see that Saudi Arabia has the greatest 

water withdrawals between the countries in the table. It is also striking that it has the 

largest ratio of municipal to total water withdrawals. The water is then being invested in 

agriculture and industry. 

All the countries listed in the table have virtual or physical water scarcity problems, and the 

greatest consumption is usually linked to the agricultural sector. In general, countries in 

arid regions have become great producers of wheat and other crops by tapping onto fossil 

water reserves (Iran, Afghanistan, Saudi Arabia). Some of them have opted to ban the 

irrigation of wheat (Israel) and others (Jordan) have had to implement emergency actions 

during droughts to ensure water supply for the population (IRIN, 2009). As a consequence, 

the dependency of these countries on grain and food trade has increased. These “virtual 

water imports” are usually in the form of agricultural goods, natural fibers or biofuels 

(Hoekstra et al., 2011). In this way, countries become net importers of water, as can be seen 
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in Table 1.6. In consequence, the needs of the population are met by redirecting the 

available water resources and avoiding unnecessary water waste (economy allowing). 

Table 1.6. Net virtual water imports for selected arid countries (period 1997-2001)(Hoekstra and 
Chapagain, 2008; The World Bank, 2011). 

Countries
Net virtual-water import

[m3/cap/yr]

Eritrea 677.60

Israel 10,058.71

Jordan 9,606.85

Lebanon 11,398.09

Oman 12,610.12

Saudi Arabia 6,722.25

United Arab Emirates -12,206.62

Yemen 2,123.83  

Table 1.6 shows that many arid zone countries have net imports of water. When compared 

to Table 1.5, it is also apparent that the extent of the water imports largely overpasses the 

overall per capita withdrawal of freshwater from each country. Only the United Arab 

Emirates show a large net export of water that can be explained by its large exports of 

wheat (that started in 1998) and its very small average population for that period (2.9 

million). 

Yet another example of water scarcity and dependency on virtual water can be found in the 

water footprint of Palestinians in the West Bank (Nazer et al., 2008). Similar to Saudi 

Arabia, the West Bank does not have access to surface water (Jordan river), but does have 

groundwater and rain harvesting (precipitation over 500 mm a year). The consumption of 

groundwater for domestic and industrial purposes was accounted as 16 m3/cap/yr, which 

is below the minimum defined by WHO for healthy living (55 m3/cap/yr). Most of the water 

available was used for agriculture (548 m3/cap/yr, 90% of available resources). On the 

other hand, the net virtual water imports reached 578 m3/cap/yr. The study commented 
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pollution issues, such as emission of untreated effluents to wadis and infiltration into 

groundwater sources, but did not quantify the volume discharged due to lack of reliable 

data. 

Water footprints are useful in detecting water scarcity issues, finding overuse of water in 

particular activities and quantifying dependency on external sources of (virtual) water. 

Some international agencies such as the FAO, have started using water footprints to detect 

and quantify these issues, and companies all over the world are using them to improve 

efficiency and transmit information to clients. However, the water footprint is not a valid 

assessment for the case under study (KAUST) since it does not consider the use of seawater. 

1.4 The Water-Energy Nexus 

As previously stated, Saudi Arabia is the biggest supplier of oil, and also has the greatest 

desalination capacity. Desalination is a very energy-intensive process, so much that it is 

usually coupled to energy producing processes, such as in the case of MSF. Other countries 

in the area such as Qatar and the United Arab Emirates are in the same situation, with very 

little water resources and very low energy efficiencies (production of GDP per ton of oil 

equivalent). This contributes to their ranking between the top 20 emitters of GHG per capita 

of the world. 

At KAUST, water and energy are linked through two main activities: production of drinking 

water by desalination and supply of chilled water for air conditioning. 

For all the above, the aim of this thesis will be to evaluate the environmental sustainability 

of a gated community in Saudi Arabia (KAUST) through four ESDI (total and domestic water 

consumption per capita, energy consumption per capita and CO2 emissions per capita) that 
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can be followed and compared over time. This information will be used to find hotspots and 

propose alternatives for improvement of the environmental indicators calculated. 

Results of this research may help to avoid similar issues in future cities in Saudi Arabia. 

Consequently, the research questions of this thesis are: 

RQ1: what is the internal water and energy consumption of KAUST? 

RQ2: what is the value of the four ESDI of KAUST? 

RQ3: how do they compare to similar ESDI of Saudi Arabia and other countries of the 

world? 
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 Chapter 2. Methods 

The use of water and energy in King Abdullah University of Science and Technology 

(KAUST) will be assessed in this study. This is, only water and energy used inside the 

compound will be quantified, and impacts will be determined from those numbers.  

The compound will be divided into two areas, as shown in Figure 1.2: 

i. Campus: place of academic activity. 

ii. Community (includes Services): living, commercial and services areas. 

The use of water will be segregated by area and use when possible. The three main uses will 

be domestic consumption, irrigation and cooling. Potential impacts of liquid emissions on 

the Red Sea will be commented. Energy consumption will be separated by satellite energy 

station, dedicated to different areas in the campus and community units. Impacts will be 

assessed as GHG emissions. Results of the environmental assessment will be used to 

compose the response formulation section. 

Impact assessment will be made using four environmental sustainable development 

indicators (ESDI): 

i. Total water consumption per capita [m3/cap·yr]: all water used in the year 

ii. Domestic water consumption per capita [m3/cap·yr]: only domestic water used in 

the year 

iii. Energy consumption per capita [kg oil equivalents/cap·yr] 

iv. Carbon emissions per capita [ton CO2 eq/cap·yr] 
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2.1 Water accounting 

Water accounting has been based on the information managed by the seawater desalination 

plant, the wastewater treatment plant, and the horticulture teams of campus and 

community. 

Water use in KAUST will be divided in three uses: irrigation (of green areas), domestic and 

cooling (for air conditioning). Use of water for irrigation will be divided in campus and 

community, while domestic and cooling will be kept together, due to lack of reliable 

information. However, it must be kept in mind that the majority of the domestic water 

comes from the community section and the majority of the cooling water is attributed to the 

campus (only a very small part of the community uses the chilled water system that 

supplies air conditioning to the campus area). 

Table 2.1 shows a summary of information sources and qualities. 

Table 2.1. Information sources for the calculation of critical variables in water use of KAUST for year 
2011. 

Variable Source of Information Calculated as 
Total production of water 

from KAUST 
- 

Addition of irrigation, 
domestic and cooling water 

Water for irrigation in 
community 

Community horticulture 
team 

Best estimation available 

Water for irrigation in 
campus 

Campus horticulture team Water meter 

Domestic water 
consumption KAUST 

Estimated as equal to flow 
entering the WWTP 

Best estimation, water meter 

Water for cooling of campus 
Estimated as average of 

three measurements 

Best estimation with 
recently installed water 

meter 

 

Many of the water flows used for this study (in particular, those for irrigation of the green 

areas in the community zone) had to be estimated, because of the shorthand of water 



37 
 

meters in KAUST. Probably the best measured flows are those for irrigation of the campus 

area, since there are eight water meters only for this.  

In the water production facility, flows are generally calculated by multiplying the nominal 

capacity of the pump by the time it was used. This can have differences of 20% with the 

actual flows. Additionally, the irrigation system of the community is interconnected with the 

drinking water supply for households, so there would be no practical way of separating 

both flows.  

On the other hand, only domestic water and the occasional rain form part of the flow 

entering the wastewater treatment plant (WWTP). Because rain is very sparse (happening 

only through January) the flow of water entering the WWTP was considered equal to the 

domestic consumption of water at KAUST. The only exception to this was the month of 

January, when the domestic consumption was considered equal to the one reported for 

February. This results from the presence of rainfall in the flow entering the WWTP during 

January. 

Finally, a water meter was installed for four days in the inlet for make-up water in the 

cooling towers, that provide cooling for campus and a part of the community (included in 

the chilled water closed loop). From the three available measurements (in March 2012), the 

average of 3,200 m3/d was calculated, estimated as valid, and used for all days of the year. 

2.2 Water Impact Assessment 

Impacts will be determined in two ways: 

1. Comparing the per capita consumption of water at KAUST with other countries of 

the world, both for total and domestic water consumption. Data for comparison will 
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be taken from the accounting section of this work and publicly available sources, 

such as the World Bank and the AQUASTAT database of the FAO. 

2. Comparing exit concentration of chemicals in the discharge pipe to the ocean to the 

raw seawater conditions and legislation benchmarks. 

a. A radius of impact will be calculated to estimate the space of greater 

potential impact around the discharge pipe end. This space will be calculated 

as a semi-sphere, and a radius for this semi-sphere will be reported. 

2.3 Energy accounting 

All accounting information for energy comes from primary sources, mainly the management 

teams for KAUST. There are five satellite energy stations inside KAUST that feed different 

parts of the compound. Information will be divided according to this five satellite energy 

substations (SS) plus the services area and the solar power plant. A description of the 

energy use from each SS follows: 

1. CHP: the CHP (chilled water plant) produces the cold water that feeds the air 

conditioning system of campus and part of the community. It has a dedicated 

satellite station identified as CHP. 

2. SWRO plant and WWTP: the water production plant (SWRO) and the wastewater 

treatment plant (WWTP) are fed with one satellite station identified as SWRO and 

WWTP. 

3. SS 1: the campus area requires an exclusive satellite energy station (SS 1), to feed all 

the administrative and laboratory buildings. 

4. SS 2: provides electricity to the majority of the occupied residential units. 

5. SS 3: provides electricity to the rest of the residential units. 
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6. Services area: the worker’s diner, the central operations unit, greenhouse and other 

buildings required to give maintenance and make KAUST operative are found in this 

area. The services area gets electricity directly from the grid, so it does not have a 

special satellite energy substation.  

7. Solar: there is a 2 MW solar power plant on the roofs of two of the buildings in the 

KAUST campus. The energy harvested here is used in the campus area. 

This allows a separation between fossil-based (grid) and renewable (solar) electricity, a 

partial differentiation for energy for cooling purposes (many of the houses have 

independent cooling systems), differentiating energy used for water production and 

treatment and separating energy for the residents of KAUST from energy used by the 

workers in KAUST. 

The total energy consumption of KAUST will be calculated as the sum of all energies spent 

in this territory, whether they have been produced inside or outside of KAUST. This is 

because all energy sources are external. Ultimately, it could be considered that the sunlight 

that bounces on the solar panels is external to the KAUST territory, just as the water that is 

extracted from the Red Sea. 

The total energy consumption per capita in KAUST will be calculated by dividing the total 

energy consumption of KAUST by the number of permanent residents of KAUST. Only the 

permanent residents of KAUST will be considered in the per capita number because a) the 

consumption of the services area is very small compared to the consumption in other areas 

and b) the whole of KAUST is there only because of its permanent residents (students, 

scientists, staff). 
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2.4 Energy impact assessment 

The energy use and CO2 emissions per capita will be used to calculate impacts, comparing 

the local values to those of a benchmark. Both will be compared to the average values of 

Saudi Arabia and other Gulf countries, as well as world maximums. 

2.4.1 Assumptions 

 It will be assumed that fixation of carbon by vegetation is negligible (Tier 1, IPCC). 

 Only indirect emissions stemming from grid-electricity consumption will be 

considered, because there are no productive activities on campus that release great 

amounts of GHG. 
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 Chapter 3. Internal Water and Energy 
Consumption at KAUST 

3.1 Goal and Scope 

The goal of this study is to analyse the water and energy consumption at King Abdullah 

University of Science and Technology (KAUST) for year 2011, aiming at identifying hotspots 

and possibilities of improvement of the environmental sustainable development indicators 

(ESDI) in the compound. The ESDI considered in this work are: 

i. Total water consumption per capita in [m3/cap·yr] 

ii. Domestic water consumption per capita in [m3/cap·yr] 

iii. Energy consumption per capita in [kg oil equivalents/cap·yr] 

iv. Carbon emissions per capita in [ton CO2 eq/cap·yr] 

KAUST will be taken as unit of study, considering the spatial limits of KAUST as the limits of 

the system (see Figure 1.2, page 20). Because KAUST was opened only in September 2009 

and is still in start-up phase, monthly averages of the latest year (2011) will be used as basis 

for the assessment. Because the time frame for this study is year 2011, only operative 

variables (such as water and energy) will be considered. 

Water use will be differentiated by activity and place in the KAUST territory. Only monthly 

averages of flows for year 2011 will be taken into consideration. Sustainability will be 

assessed in terms of quantity of water extracted from the environment, and potential 

impacts over marine life of wastewater and brine discharged to the Red Sea. 

Energy use will be divided by place in KAUST, defining seven “energy sections”, according to 

the areas that each satellite energy station feeds. Total energy consumption per capita and 
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carbon emissions derived from it will be used as ESDI in the sustainability assessment 

section. 

KAUST is divided into two administrative units for management means: 

iii. Campus: place of academic activity. 

iv. Community (includes Services): living, commercial and services areas. 

In these administrative units, water is used for three main activities: 

i. Domestic and recreation (drinking and sanitation) 

ii. Irrigation 

iii. Air conditioning (cooling) 

A simple outline of KAUST including the most relevant water-related facilities can be seen in 

Figure 3.1. 

KAUST

Community

CampusServices

SWRO

WWTP

Buildings Green areas

Housing and 
facilities

Green areas

Red Sea

Outside 
buyers

Chilled water 
plant

 

Figure 3.1. Schematic diagram of the water flow through the zones in KAUST. WWTP: wastewater 
treatment plant; SWRO: reverse osmosis. Thick lines: input to system; Broken lines: outputs from 

system. 

As can be seen from Figure 3.1, water used inside of the KAUST premises is extracted from 

the Red Sea. After desalination, it is distributed to each unit (campus, community, services) 

for use in buildings and houses (somestic and recreational), green areas (irrigation) and the 
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chilled water plant (CHP), that provides cooling to the campus and part of the community 

(cooling). Wastewater stemming from domestic and recreational water use returns to the 

in-house wastewater treatment plant (WWTP). Treated wastewater exiting the WWTP has 

three possible destinies: watering of green areas in the community area (golf course), 

discharged to the Red Sea, or bought by an outside company. Water used for irrigation is 

taken up by the vegetation, evaporated, or lost by infiltration into the sand. 

On the other hand, energy is used for different applications in each area of KAUST (areas in 

parenthesis) 

i. Industry: water production (SWRO), water treatment (WWTP), air conditioning 

(CHP) 

ii. Domestic: cooking, lighting and other uses (community and services) 

iii. Academic: supercomputers and analytical equipment, lighting, and other general 

purposes (campus) 

The comfort and luxury of KAUST are also supported by a strong network that supplies 

energy to living and working areas. The area of the compound (approximately 36 km2) and 

the variety of energy qualities needed justify the existence of five satellite energy stations to 

distribute and provide energy to different areas, as depicted in Figure 3.2. The energy used 

at KAUST comes from the national electricity grid (fossil-fuel based energy), and a smaller 

fraction comes from an in-house 2 MW solar power plant in campus that delivers renewable 

energy (to campus only).  
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Figure 3.2. Energy grid of KAUST. In bright red, the national grid and solar power plant. In pink, five 
satellite energy stations (SS). 

Figure 3.2 depicts the main power lines that cross KAUST. Electricity from the national grid 

is distributed to five satellite energy stations, and fed directly to the services area. The solar 

power plant supplies renewable energy to the campus buildings, complemented with power 

from the Saudi national power grid. It is interesting to notice that the chilled water plant 

(CHP) has a dedicated satellite station, highlighting the importance of air conditioning in 

KAUST. 

The abbreviations included in Figure 3.2 will be used in the rest of the document. A short 

description of each “energy section” in the figure is detailed below (a longer description is 

available in the Methods section). 

i. CHP: electricity for the chilled water plant (CHP) that provides air conditioning  

ii. SWRO and WWTP: electricity for water production and wastewater treatment.  

iii. SS 1: electricity for campus. 

iv. SS 2: electricity to majority of the residential units. 
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v. SS 3: electricity to the rest of the residential units. 

vi. Services area: the services area gets electricity directly from the grid.  

vii. Solar: the solar power produced is used only for the campus buildings. 

A more detailed description of the parts of the water and energy system of KAUST is 

included ahead. In KAUST water is also a function of energy, so it is important to know the 

relation between the parts before moving into the accounting section. 

Because of the distance that separates KAUST from the main urban centres of Saudi Arabia, 

there is a seawater reverse osmosis (SWRO) plant that produces clean water for KAUST. 

The SWRO plant provides all drinking water to the city. Drinking water is used for 

irrigation, domestic, and cooling purposes. After use, domestic water is directed to the 

WWTP that treats all domestic water from KAUST. The water obtained at the end of the 

treatment process is used for irrigation of the golf course, some is given away for irrigation 

outside of KAUST, and the rest is discharged to the Red Sea together with the brine from the 

SWRO (through the same line). The advantage of emitting brine and treated wastewater 

together is that there can be a small dilution effect of the salt in the brine. Both the SWRO 

and WWTP have been designed for reduced energy consumption, and depend on the same 

satellite energy station. There is primary information available about the functioning of 

both plants in this document. This information is the main basis for the water consumption 

part of this study. 

As mentioned before, some water is used for cooling. Life and research in the desert would 

not be possible without good air conditioning. There are two main types of air conditioning 

systems in KAUST. The first and most important is air conditioning using water. The chilled 

water plant (CHP) feeds cold water into a closed loop that provides cooling by heat 
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exchange with air. This system supplies air conditioning to the entire campus area and part 

of the community. The second system, which is used in most of the community area, is 

individual air compressors. Water and energy use for the CHP will be accounted separately 

throughout this work, but will be attributed to campus, since most of the use takes place 

there. In the case of individual air compressors, energy use will be included in the total 

energy consumption of the community administrative unit. 

The KAUST campus is the main centre of activity of the compound. All academic and most 

administrative activities take place here. As with the rest of KAUST, potable water comes 

from the SWRO plant and goes to the WWTP after use. Irrigation of green areas in the 

campus is done through an independent irrigation system that is different to the one found 

in the rest of the compound; with more technology and greater control of the water use 

than the irrigation systems in the community area. Information available on water 

consumption for irrigation in campus is very reliable, water-meter based, primary data. As 

mentioned before, cooling in the campus depends on the closed loop chilled water line 

coming from CHP. Energy in campus is used for lighting, operating buildings, and powering 

delicate and powerful laboratory instruments, between other uses. The varied research 

equipment, supercomputers, and laboratories require special qualities of energy that are 

supplied by a separate satellite energy station (SS 1) and a 2 MW solar power plant on the 

roof of two of the campus buildings. The energy use for campus will be separated in the 

accounting section between that coming from the Saudi national grid, and that coming from 

the solar power plant. 

The KAUST community includes a clinic, fire station, three neighbourhoods, four mosques, 

two supermarkets, commercial districts, parks, a golf course, a stadium, two sports centres, 

and housing for all KAUST employees and students, between other buildings.  All of them 
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are supplied with water from the SWRO for irrigation and domestic purposes. Cooling takes 

place mainly with individual compressors installed in each house or unit, and in a small part 

with chilled water from the CHP. Only the energy for the compressors will be attributed to 

the community and will be aggregated in the total energy consumption. Energy 

consumption in the community comes fully from the grid, and is divided in two satellite 

energy stations (SS 2 and SS 3). In irrigation, there are two totally different situations in 

community: in contrast to all other green areas in KAUST, the golf course is irrigated with 

treated wastewater from the WWTP, while the rest of the green areas are irrigated with 

desalinated, drinking quality water. 

There is a special neighbourhood in the community administrative unit: the “services” area. 

This is where the SWRO, WWTP and CHP are, as well as facilities for workers and other 

management buildings. As with other areas, water for domestic purposes and irrigation 

comes from the SWRO. Domestic water is treated in the WWTP after use. Energy is obtained 

directly from the grid, so there is no satellite energy station in this area. 

3.2 Accounting 

3.2.1 Water use 

Water in KAUST is used for three activities: air conditioning of closed spaces, irrigating 

green areas, and domestic and recreational uses. In the following sections, the amount of 

water for these three uses will be specified by administrative unit of KAUST, on the 

exception of domestic water that will be accounted for the entire town. 

3.2.1.1 Water Production 

The seawater reverse osmosis plant (SWRO plant) is located in the services area of KAUST, 

in the community administrative unit. It was designed for a peak capacity of 27.000 m3/d. 
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Desalination is divided into two stages, in four trains. Special power-saving pumps are used. 

Consumption of chemicals is reduced by use of UV light as disinfectant. One of the chemicals 

used is produced “in-house” using seawater electrolysis. 

Water produced in the SWRO plant is used for domestic purposes, irrigation and operation 

of the air conditioning system that cools all buildings in the campus. Water for domestic and 

irrigation purposes flows through the same line, but the chilled water goes through a 

separate, closed loop line. This closed loop reduces the use of water for cooling purposes, as 

water is only used to “top-up” the system (due to evaporation or minor losses in the loop). 

The total water consumption has been calculated as the sum of the water used for irrigation 

(not considering the golf course irrigation water), cooling (CHP) and domestic use. The total 

consumption of potable water for year 2011 can be seen in Table 3.1. 

Table 3.1. Total desalinated (potable) water consumption in KAUST for year 2011. 

Date

Water 

production

[m3/month]

January 574,927.21

February 533,015.39

March 576,014.21

April 573,024.27

May 627,374.83

June 754,783.01

July 788,129.04

August 730,262.89

September 618,278.49

October 607,987.21

November 557,243.27

December 565,672.21  
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3.2.1.2 Air conditioning 

Part of the water from the SWRO is used as “make up” water for the closed-loop chilled 

water system that provides air conditioning to the campus administrative unit and part of 

the apartments in the community area. 

The make-up water flow has been estimated as 3,200 m3/d. The flows by month for 2011 

can be seen in Table 3.2. 

Table 3.2. Make-up water flow to the cooling towers for year 2011. 

Date

Make-up water 

flow

[m3/month]

January 99,200

February 89,600

March 99,200

April 96,000

May 99,200

June 96,000

July 99,200

August 99,200

September 96,000

October 99,200

November 96,000

December 99,200  

3.2.1.3 Irrigation 

Vegetation is a very important part of the KAUST landscape. Evapotranspiration (ET) is 

used for calculating or estimating the amount of water necessary for irrigation. ET is the 

sum of plant transpiration (through the leaves) and evaporation of water from the soil in a 

given day, and it is measured in mm of water per day. It varies significantly depending on 

atmospheric conditions (temperature, humidity) and type of flora. ET can be used as an 

indicator of the volume of water that will be required by vegetation to grow. In days with 
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higher ET, plants will need more water and vice versa. KAUST has ET data available from a 

private source, and some parts of the compound have automatic irrigation systems that will 

vary the amount of water delivered to the plants according to the ET of the day. An example 

of ET variation throughout the year can be seen in Figure 3.3. 
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Figure 3.3. Variation of evapotranspiration for selected cities in Saudi Arabia. Green: Jeddah; Cyan: 
Riyadh; Red: Dhahran; Purple: Yanbu; Black: Medina (Rain Bird company). 

As seen in Figure 3.3, evapotranspiration can vary more than 100% between winter and 

summer months in Saudi Arabia. Regions with more extreme weathers, such as Dhahran, 

will have bigger fluctuations in ET, while places with milder weathers, such as the Western 

Region, will have smaller ET changes throughout the year. This has an effect on the amount 

of water used for irrigation throughout the year. 

The KAUST green areas are divided in three, according to their location and the type of 

water used for irrigation. 
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i. Campus green areas: irrigated with desalinated water, controlled by an automatic 

system based on measurement of atmospheric conditions and calculation of ET. 

ii. Community green areas: irrigated with desalinated water. The irrigation system 

works on a time basis that is changed manually according to observations of plant 

health. ET is only used by the horticulture management team as an indicator of 

when irrigation time should be increased. 

iii. Golf course: irrigated with treated wastewater. The irrigation system is 

automatically controlled by a system based on measurement of atmospheric 

conditions and calculation of ET. 

Technology is not the only difference between the irrigation systems in campus and 

community. The amount of water fed by type of plant also varies, as can be seen in Table 

3.3. 

Table 3.3. Daily water requirements for plants found in community and campus (Horticulture teams of 
community and campus, KAUST). 

Community Campus

Date Palms 15 125

Exotic Palms 2 125

Trees 2 75

Shrubs, Succulents and Vines 2 8-14

Ground covers 4 4-14

Lawn 10 12

[L/d]
Type of Plant

 

The large differences seen in the water requirement for similar plants in different 

administrative units of KAUST respond to the structure of the landscape areas, the different 

irrigation strategies and the technology available in each sector. In particular, for larger 

vegetation (such as palms and trees), the community unit takes advantage of the mixed 
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landscape to reduce direct irrigation on trees, while still using run-off from lawn and other 

vegetation. As well, micro-irrigation is used to feed very small amounts of water to trees. 

Differences in irrigation flows rise as important when the total number and area of different 

types of plants present in KAUST is seen. As seen from Table 3.3, different plants have 

different water requirements that will affect the total water use for irrigation in KAUST. Just 

as an example, there are over 11,000 palm trees in KAUST – enough to have date 

production. The total inventory is detailed in Table 3.4. 

Table 3.4. Number and area of plants in KAUST by administrative unit. 

Flora Unit Community Campus Total

Date Palms units 10,700 670 11,370

Exotic Palms units 5,342 978 6,320

Trees units 16,198 1,406 17,604

Shrubs, Succulents and Vines m2 758,706 15,084 773,790

Ground covers m2 1,107,686 12,661 1,120,347

Lawn m2 722,552 61,428 783,980  

As is clear from the table, shrubs, ground covers, and lawn make the bulk of plants available 

in KAUST. From these, the largest water consumer is lawn, consuming 2 and 2.5 times more 

water per m2 than shrubs and ground covers respectively. The information from Table 3.3 

and Table 3.4 can be used to calculate the daily water use for winter irrigation in KAUST by 

administrative unit, as is shown in Table 3.5. 
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Table 3.5. Approximate daily water consumption per plant type per administrative unit in winter. 

Community Campus Total

Date Palms 161 84 244

Exotic Palms 11 122 133

Trees 32 105 138

Shrubs, Succulents and Vines 1,328 166 1,494

Ground covers 4,431 114 4,545

Lawn 4,867 737 5,604

Total 10,829 1,328 12,157

Water consumption [m3/unit·d]
Type of Plant

 

From the results, it is clear that lawn (grass) is the biggest water consumer in the green 

areas of KAUST (42.1%). The second greatest consumption comes from ground covers 

(34.2%).  

Because grass accounts for the majority of the water consumption, it is interesting to know 

how it is distributed around KAUST. It’s distribution is detailed in Table 3.6.  

Table 3.6. Area of grass by sector. 

Type of Area
Area of grass

[m2]

Percentage of total

[%]

Golf course 235,880 30.09

Buildings and roads 56,089 7.15

Parks and Stadium 265,693 33.89

Residential 164,890 21.03

Campus 61,428 7.84

Total 783,980 100  

As can be seen, over 60% of all grass found in KAUST is in the community parks and the golf 

course. The golf course is irrigated with treated wastewater, so it does not impact the water 

consumption ESDI. Also, use of treated wastewater is positive not just because the soil gets 

nutrients and organic matter with the water, but also because it avoids a fraction of the 

treated wastewater emissions into the Red Sea. On the other hand, all other lawn areas are 
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irrigated with desalinated water. This imposes a direct water and energy expense over the 

KAUST system, since large volumes of water are invested daily into maintaining these areas. 

Precisely these areas should be the ones redesigned to be less water consuming. 

As mentioned before, campus and the golf course have well-established, water-meter based 

systems for irrigation. This is high quality, primary data. However, the community green 

areas (on the exception of the golf course) do not have water meters. Monthly irrigation 

flows have been estimated using: 

i. Estimates of water consumption per plant for winter months. 

ii. Information on number and area of plants in community areas. 

iii. Time used for irrigation in the community areas during summer, including 

information on a daily summer “shower”. Irrigation in warmer months varies from a 

20% to a 50% increase in reference to winter months. 

iv. Expert advice (Community horticulture management team). 

The total monthly consumption of water for irrigation by administrative unit can be seen in 

Table 3.7.  
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Table 3.7. Monthly water consumption for irrigation by administrative unit. 

Community Campus Golf Course Total

January 344,408.21 35,537.00 40,345.00 420,290.21

February 311,078.39 36,555.00 37,043.00 384,676.39

March 344,408.21 34,193.00 59,001.00 437,602.21

April 333,298.27 57,269.00 68,560.00 459,127.27

May 396,016.83 41,107.00 69,034.00 506,157.83

June 524,281.01 37,552.00 75,128.00 636,961.01

July 541,757.04 41,305.00 80,346.00 663,408.04

August 480,788.89 42,501.00 81,590.00 604,879.89

September 372,214.49 36,728.00 72,750.00 481,692.49

October 344,408.21 34,972.00 56,810.00 436,190.21

November 333,298.27 27,990.00 53,340.00 414,628.27

December 344,408.21 25,507.00 47,030.00 416,945.21

Total 4,670,366.04 451,216.00 740,977.00 5,862,559.04

Water use for irrigation

[m3/month]Date

 

Table 3.7 includes golf course and community irrigation water separately because the golf 

course is watered with treated wastewater from the WWTP. It can be seen that there is a 

seasonal variation in irrigation for all three zones, as seen for the increase with peak in July 

– August. It is also vital to notice the order of magnitude of results. Irrigation in community 

accounts for a 79.7% of all water used for irrigation in KAUST. This amount is ten times 

larger than in the campus. On the other hand, the treated wastewater used for the golf 

course, saved an equivalent to 12,6% of the actual desalinated water used for irrigation 

during 2011. 

3.2.1.4 Domestic and Recreation 

Water use for domestic and recreational purposes has been assumed equal to the 

wastewater collected for treatment. Differentiation between campus and community has 

not been possible due to lack of reliable data. The total flow of water corresponding to 

domestic and recreational uses can be seen in Table 3.8. 
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Table 3.8. Total domestic water consumption in KAUST for year 2011. 

Month

Domestic water 

consumption

[m3/month]

January 95,782

February 95,782

March 98,213

April 86,457

May 91,051

June 96,950

July 105,867

August 107,773

September 113,336

October 129,407

November 99,955

December 96,557  

The only flow that is not equal to the total treated water by the WWTP is the January one. 

This domestic water consumption was estimated equal to the one recorded in February, 

because there was rain during January that could have increased the flow entering the 

WWTP (information included in the next section). 

3.2.1.5 Water treatment and reuse 

KAUST has a wastewater treatment plant that treats all domestic wastewater from the 

KAUST compound (community and campus). Some run-off from occasional rains was added 

to the wastewater stream in the case of flooding during year 2011. Table 3.9 shows the 

monthly production of treated wastewater for this year. 
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Table 3.9. WWTP treated wastewater production for year 2011. 

Date

Total treated 

water prod. 

[m3/month]

Average 

treated 

water prod. 

[m3/d]

Standard 

deviation 

[m3/d]

SD as % of 

average daily 

prod.

January 110,959.00 3,579.32 493.35 8.84

February 95,782.00 3,420.79 591.84 8.44

March 98,213.00 3,168.16 501.60 7.82

April 86,457.00 2,881.90 401.14 7.11

May 91,051.00 2,937.13 141.64 7.25

June 96,950.00 3,231.67 497.32 7.98

July 105,867.00 3,415.06 396.80 8.43

August 107,773.00 3,476.55 423.29 8.58

September 113,336.00 3,777.87 460.69 9.33

October 129,407.00 4,174.42 351.81 10.30

November 99,955.00 3,331.83 407.68 8.22

December 96,557.00 3,114.74 359.79 7.69  

As mentioned before, rain water was added to the normal wastewater flow, which explains 

the sudden increase in the total grey water production of January (the month with highest 

precipitation of the year). On the other hand, the increase in October can be explained by an 

increase in the domestic water consumption of KAUST. 

Precipitation on KAUST as measured by the meteorological station is presented in Figure 

3.4. 
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Figure 3.4. Precipitation over KAUST for year 2011. 

The volume of water treated per day stays relatively constant throughout the month. As can 

be seen from Table 3.9, the standard deviation related to the daily production of treated 

wastewater from the WWTP is less than 10% for most months. Yearly, the standard 

deviation is only 15%. 

The treated wastewater produced by the WWTP is divided for three different uses: 

i. Irrigation of golf course. 

ii. Sold for irrigation to an outside party. 

iii. Effluent into the Red Sea together with the brine from the SWRO plant. 

Table 3.10 shows the flow for each use during year 2011. 
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Table 3.10. Distribution of monthly flows of treated wastewater for year 2011. 

Date
Total production 

[m3/month]

Irrigation 

[m3/month] 

Red Sea 

[m3/month]

Outside buyer 

[m3/month]

January 110,959.00 45,830.00 60,841.00 4,288.00

February 95,782.00 49,640.00 41,269.00 4,873.00

March 98,213.00 47,030.00 48,143.00 3,040.00

April 86,457.00 53,340.00 30,073.00 3,044.00

May 91,051.00 56,810.00 29,553.00 4,688.00

June 96,950.00 72,750.00 20,305.00 3,895.00

July 105,867.00 81,590.00 21,972.00 2,305.00

August 107,773.00 80,346.00 26,040.00 1,387.00

September 113,336.00 75,128.00 36,349.00 1,859.00

October 129,407.00 69,034.00 56,888.00 3,485.00

November 99,955.00 68,560.00 30,212.00 1,183.00

December 96,557.00 59,001.00 34,512.00 3,044.00  

Table 3.10 has a mix of data, with different sources and qualities. The “total production” and 

“outside buyer” data come from the WWTP plant, “irrigation” comes from the golf course 

and “Red Sea” is calculated as a difference of “total production” with “irrigation” and 

“outside buyer”. This was done because the golf course has a water meter with which the 

exact flow of water for irrigation is determined. On the other hand, the total production and 

the water taken by the outside buyer are measured rather reliably because one is a process 

variable and the other corresponds to the volume of the cistern truck that takes the water. 

In the case of the water going into the Red Sea, there is no water meter to measure it. This 

flow is estimated multiplying the nominal flow of the pump by the time it was working. The 

subtraction was made to conciliate the results shown in the table and to avoid having a 

virtual “over flux”, in which the addition of the flows would be bigger than the total 

reported. 

In real terms, the water sent to the golf course might be different than the one shown in the 

table, because the golf course has a 35,000 m3 lagoon to accumulate treated wastewater. 
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The change was made because the annual figures reported by the WWTP were not coherent 

with the real situation neither were they water-meter based. 

From the information available in Table 3.10, it is possible to conclude that approximately 

60% of the grey water produced in campus is used for irrigation, with most of the 

remainder (36.8%) emitted to the Red Sea. A minor proportion (3%) is sold to a third party. 

3.2.1.6 Water emissions from KAUST 

Water emissions from the SWRO plant and WWTP at KAUST go together through one pipe 

into the Red Sea. The mix helps to reduce the salinity of the brine discarded from the SWRO 

on the one side, and on the other, it dilutes the organic matter present in the treated 

wastewater from the WWTP. 

In order to calculate impacts, it is necessary to know the flows of water into KAUST and out 

of KAUST. This is, the uptake of water from the SWRO plant (for production of drinking 

water), the discharge of brine from the SWRO plant (after desalination) and the discharge of 

treated wastewater from the WWTP must be known. All of them are shown in Table 3.11. 
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Table 3.11. Monthly flows in and out of the water system of KAUST for year 2011. 

Month
Uptake of seawater

[m3/month]

Discharge of brine

[m3/month]

Discharge of treated 

wastewater

[m3/month]

January 1,497,373.05 922,445.84 60,841.00

February 1,360,394.13 827,378.74 41,269.00

March 1,470,479.81 894,465.59 48,143.00

April 1,434,130.00 861,105.73 30,073.00

May 1,603,824.16 976,449.33 29,553.00

June 2,012,284.95 1,257,501.95 20,305.00

July 2,287,289.36 1,499,160.32 21,972.00

August 1,948,019.02 1,217,756.13 26,040.00

September 1,498,701.62 880,423.14 36,349.00

October 1,241,382.59 633,395.37 56,888.00

November 1,159,655.52 602,412.25 30,212.00

December 1,351,358.34 785,686.13 34,512.00  

Using the flows in Table 3.11 and the compositions of the flows in Table 3.12, Table 3.13, 

and Table 3.14, the total emission of chemicals into the Red Sea was calculated. It must be 

noted that the column “Year Average” does not correspond to the average of values 

presented in the same table for each month, but to the average of the available compositions 

for that particular type of water. Because of the variety of chemicals measured and the 

emission limits established in the Saudi emission legislation (Table 3.15), only some of 

these substances have been used to calculate the composition of the wastewater discharged 

to the Red sea from KAUST during year 2011. The characterization of the emission can be 

found in Table 3.15, compared to a benchmark that serves as a point of comparison with the 

emission. In the table, the benchmark is marked as “raw” or “leg” depending on whether it 

comes from the annual average of raw seawater for that substance or the maximum 

emission specified in the legislation, respectively. It can be seen that all the legislated 

emission limits are respected. 



62 
 

Table 3.12. Chemical characterization of treated wastewater (average of two measurements for year 
2011). 

Parameter Unit Year Average

pH - 7.61

Conductivity (µS/cm) 2,075.00

TDS mg/l 1,511.50

TSS mg/l 2.00

COD mg/l 6.05

TKN mg/l 0.00

NH3-N mg/l 0.00

NO3-N mg/l 18.35

FOG mg/l 7.15

Calcium Hardness mg/l 78.00

Magnesium Hardness mg/l 170.00

Phosphate mg/l 5.35

Chloride mg/l 504.20

Total Alkalinity mg/l 58.00

Turbidity NTU 0.55

Free Chlorine mg/l 0.41

Boron mg/l 1.65  
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Table 3.13. Chemical characterization of raw seawater. 

Property Unit January February March April May June July August September October November December Year Average

Appearance - Clear Clear Clear Clear Clear Clear Clear Clear Clear Clear Clear Clear Clear

Temperature ºC 24.50 25.25 25.25 26.00 28.29 30.58 32.38 32.70 32.60 32.43 26.63 24.25 29.95

Turbidity before SMF NTU - 2.06 2.06 2.06 2.54 3.02 2.28 1.94 2.62 4.14 1.25 1.52 2.50

Turbidity after SMF NTU 0.23 0.19 0.19 0.15 0.26 0.36 0.26 0.26 0.25 0.24 0.24 0.18 0.25

pH - 8.04 8.15 8.15 8.25 8.14 8.04 8.08 8.08 8.12 8.07 8.04 8.02 8.07

Conductivity μS/cm 62,080.00 61,665.00 61,665.00 61,250.00 61,629.83 62,009.67 61,060.00 61,148.25 61,131.25 61,453.67 61,159.50 61,220.50 61,379.95

TDS mg/l 40,870.00 40,601.50 40,601.50 40,333.00 40,591.83 40,850.67 40,228.67 40,283.25 40,274.75 40,492.33 40,289.50 40,329.50 40,435.37

Chlorine, free mg/l 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.02 0.01 0.01

P. Alkalinity mg/l as CaCO3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

M. Alkalinity mg/l as CaCO3 120.00 127.50 127.50 135.00 117.50 100.00 111.67 111.25 112.50 115.00 111.25 115.00 112.37

Total hardness mg/l as CaCO3 7,400.00 7,600.00 7,600.00 7,800.00 7,600.00 7,400.00 7,233.33 7,300.00 7,300.00 7,133.33 7,300.00 7,300.00 7,310.53

Calcium hardness mg/l as CaCO3 1,400.00 1,400.00 1,400.00 1,400.00 1,300.00 1,200.00 1,166.67 1,175.00 1,150.00 1,100.00 1,075.00 1,125.00 1,171.05

Magnesium hardness mg/l as CaCO3 6,000.00 6,200.00 6,200.00 6,400.00 6,300.00 6,200.00 6,066.67 6,125.00 6,150.00 6,200.00 6,225.00 6,175.00 6,165.79

Iron, total mg/l 0.02 0.02 0.02 0.01 0.02 0.03 0.04 0.02 0.03 0.02 0.02 0.06 0.03

Calcium mg/l 560.56 560.56 560.56 560.56 520.52 480.48 467.13 470.46 460.45 440.44 430.43 450.45 468.89

Magnesium mg/l 1,456.80 1,505.35 1,505.35 1,553.90 1,529.64 1,505.38 1,468.95 1,487.18 1,493.23 1,505.35 1,511.43 1,499.30 2,186.53

Sodium mg/l 12,589.10 12,430.95 12,430.95 12,272.80 12,441.81 12,610.82 12,398.45 12,438.23 12,463.08 12,533.13 12,473.18 12,432.65 12,479.12

Boron mg/l 5.10 5.35 5.35 5.60 5.65 5.70 5.68 5.58 5.60 5.38 5.18 5.25 5.48

Potassium mg/l 450.00 425.00 425.00 400.00 417.71 435.42 429.17 431.25 375.00 404.17 390.63 462.50 419.74

Carbonate mg/l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Chloride mg/l 23,012.00 22,919.00 22,919.00 22,826.00 22,945.50 23,065.00 22,651.67 22,790.00 22,748.75 22,828.00 22,763.75 22,789.00 22,823.95

Bicarbonate mg/l 146.40 155.55 155.55 164.70 143.35 122.00 136.23 135.73 137.25 142.33 134.20 140.30 137.25

Silica mg/l 0.16 0.14 0.14 0.11 0.11 0.11 0.11 0.17 0.13 0.13 0.09 0.16 0.13

Sulfate mg/l 2,650.00 2,600.00 2,600.00 2,550.00 2,587.50 2,625.00 2,566.67 2,525.00 2,562.50 2,633.33 2,612.50 2,550.00 2,588.16
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Table 3.14. Chemical characterization of brine. 

Metering Unit January February March April May June July August September October November

Appearance - Clear Clear Clear Clear Clear Clear Clear Clear Clear Clear Clear

Temperature ºC 30.45 30.45 30.45 30.45 30.45 30.60 32.75 33.15 32.50 32.60 26.80

Turbidity before SMF NTU 0.60 0.60 0.60 0.60 0.60 0.78 0.80 0.54 0.40 0.45 0.49

pH - 7.94 7.94 7.94 7.94 7.94 8.03 7.89 7.98 8.02 7.91 7.92

Conductivity μS/cm 102,170.93 102,170.93 102,170.93 102,170.93 102,170.93 98,943.67 93,663.00 93,306.50 101,386.00 114,718.50 113,411.00

TDS mg/l 67,805.60 67,805.60 67,805.60 67,805.60 67,805.60 65,562.00 62,028.50 62,204.00 67,590.50 76,479.00 74,711.00

P. Alkalinity mg/l as CaCO3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

M. Alkalinity mg/l as CaCO3 340.33 340.33 340.33 340.33 340.33 158.33 215.00 212.50 200.00 205.00 180.00

Total Hardness mg/l as CaCO3 11,653.33 11,653.33 11,653.33 11,653.33 11,653.33 12,200.00 11,750.00 10,750.00 11,500.00 11,900.00 11,750.00

Calcium Hardness mg/l as CaCO3 1,693.33 1,693.33 1,693.33 1,693.33 1,693.33 1,700.00 1,800.00 1,700.00 1,350.00 1,750.00 1,800.00

Magnesium Hardness mg/l as CaCO3 9,960.00 9,960.00 9,960.00 9,960.00 9,960.00 10,500.00 9,950.00 9,050.00 10,150.00 10,150.00 9,950.00

Iron, Total mg/l 0.11 0.11 0.11 0.11 0.11 0.11 0.15 0.09 0.07 0.10 0.11

Calcium mg/l 678.01 678.01 678.01 678.01 678.01 680.68 720.72 680.68 540.54 700.70 720.72

Magnesium mg/l 2,418.30 2,418.30 2,418.30 2,418.30 2,418.30 2,549.40 2,415.90 2,197.30 2,464.45 2,464.45 2,415.85

Sodium mg/l 20,415.47 20,415.47 20,415.47 20,415.47 20,415.47 20,162.97 18,896.70 19,875.70 21,190.85 24,528.25 23,977.50

Boron mg/l 8.62 8.62 8.62 8.62 8.62 8.60 8.55 8.50 8.80 8.20 8.55

Potassium mg/l 644.50 644.50 644.50 644.50 644.50 675.00 662.50 650.00 675.00 640.00 600.00

Carbonate mg/l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Chloride mg/l 38,831.20 38,831.20 38,831.20 38,831.20 38,831.20 37,192.33 34,612.00 36,956.50 37,942.00 43,237.00 42,671.00

Bicarbonate mg/l 239.53 239.53 239.53 239.53 239.53 193.17 262.30 259.25 268.40 250.10 219.60

Silica mg/l 0.11 0.11 0.11 0.11 0.11 0.16 0.10 0.13 0.05 0.13 0.08

Sulfate mg/l 4,273.33 4,273.33 4,273.33 4,273.33 4,273.33 4,100.00 4,450.00 4,350.00 4,500.00 4,625.00 4,100.00  
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Table 3.15. Chemical characterization of total emission for each month of year 2011 including benchmark. 

Substance Units January February March April May June July August September October November December Benchmark Origin

Chorine, free mg/l 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.03 0.02 0.02 0.50 leg

M. Alkalinity mg/l as CaCO3 322.86 326.92 325.91 330.81 332.04 156.74 212.73 209.27 194.37 192.89 174.17 196.42 112.37 raw

Total Hardness mg/l as CaCO3 10,932.28 11,099.69 11,058.15 11,260.09 11,311.00 12,006.14 11,580.28 10,524.94 11,044.04 10,919.29 11,188.86 10,968.21 7,310.53 raw

Calcium Hardness mg/l as CaCO3 1,593.38 1,616.59 1,610.83 1,638.82 1,645.88 1,674.23 1,775.13 1,666.04 1,299.57 1,612.21 1,717.76 1,679.65 1,171.05 raw

Magnesium Hardness mg/l as CaCO3 9,354.24 9,494.88 9,459.98 9,629.63 9,672.40 10,335.85 9,808.73 8,864.09 9,754.30 9,327.52 9,482.94 9,299.00 6,165.79 raw

Iron, Total mg/l 0.10 0.10 0.10 0.11 0.11 0.10 0.15 0.08 0.06 0.09 0.10 0.15 5.00 leg

Calcium mg/l 636.06 645.80 643.38 655.13 658.09 669.86 710.31 666.43 519.11 642.95 686.30 671.22 468.89 raw

Magnesium mg/l 2,268.67 2,303.41 2,294.79 2,336.69 2,347.26 2,508.89 2,381.00 2,151.30 2,366.74 2,261.35 2,300.48 2,256.10 2,186.53 raw

Sodium mg/l 19,152.26 19,445.54 19,372.76 19,726.54 19,815.73 19,842.57 18,623.75 19,459.58 20,350.66 22,506.81 22,832.42 20,459.64 12,479.12 raw

Boron mg/l 8.19 8.29 8.26 8.38 8.42 8.49 8.45 8.36 8.52 7.66 8.22 8.83 5.48 raw

Potassium mg/l 604.62 613.88 611.58 622.75 625.57 664.27 652.93 636.39 648.24 587.26 571.35 568.77 419.74 raw

Carbonate mg/l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 raw

Chloride mg/l 36,459.71 37,010.30 36,873.68 37,537.85 37,705.28 36,609.34 34,119.33 36,193.34 36,457.63 39,715.28 40,657.26 38,363.97 22,823.95 raw

Bicarbonate mg/l 224.71 228.15 227.29 231.44 232.49 190.10 258.51 253.82 257.76 229.49 209.11 236.65 137.25 raw

Fluoride mg/l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 15.00 leg

Silica mg/l 0.10 0.10 0.10 0.11 0.11 0.15 0.09 0.12 0.05 0.11 0.08 0.11 0.13 raw

Sulfate mg/l 4,008.92 4,070.31 4,055.08 4,129.13 4,147.80 4,034.85 4,385.72 4,258.93 4,321.58 4,243.84 3,904.20 3,711.95 2,588.16 raw

TSS mg/l 0.12 0.10 0.10 0.07 0.06 0.03 0.03 0.04 0.08 0.16 0.10 0.08 25.00 leg

COD mg/l 0.37 0.29 0.31 0.20 0.18 0.10 0.09 0.13 0.24 0.50 0.29 0.25 75.00 leg

TKN mg/l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 leg

NH3-N mg/l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 leg  
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3.2.2 Energy Use 

KAUST has two sources of electricity: the Saudi national electricity grid and a solar power 

plant. As was previously explained (see Figure 3.2, Section 3.2), the electricity grid of KAUST 

consists of five satellite stations, one solar power plant and a zone that feeds directly from 

the national grid. 

The energy consumption by energy section, including solar and national grid energy can be 

seen in Figure 3.5. 
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Figure 3.5. Monthly energy consumption by sector in KAUST. Blue diamonds: CHP; Red squares: SS 1 
(campus – includes solar); Purple crosses: SS 3 (community); Cyan asterisks: SWRO and WWTP; Green 

triangles: SS 2 (community); Orange circles: services area. 

The bell-like shape of the curves may imply that energy consumption is linked to seasonal 

variations. This is probably the case for the largest energy consumptions, in the CHP and SS 

3. Demand for air conditioning increases during the summer months (May – October), when 
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temperatures and humidity require a tighter control of air quality inside of buildings. 

During the winter humidity and temperature decrease, reducing the demand over air 

conditioning. This is necessary not only for comfort, but also to protect the integrity of 

experimental results and to avoid condensation that could lead to the growth of mold inside 

buildings. It must be recalled that the CHP does not provide air conditioning to the entirety 

of the community, and it focuses mainly on campus. This is probably why a similar seasonal 

variation is observed in the community lines (SS 2 and SS 3). 

The consumption pattern observed, where the largest consumers of energy are the CHP, 

campus and part of the community, is in accordance to the objective of KAUST. This is a 

compound built around a University, where every permanent resident is linked directly to 

the University (either as student, staff or family member).  

In order to gain more insight, the variation of energy consumption and the percentage of 

contribution of each energy section is detailed in Table 3.16.  

Table 3.16. Average contribution of each energy section to the total energy consumption of KAUST. 

Consumption

[MWh/yr]

Variation

[%]

Contribution

[%]

Chiller 120,002.19 23.52 27.81

SS 1 (campus) 116,081.00 7.15 26.90

Solar (campus) 3,588.64 14.57 0.83

SS 2 (comm.) 24,367.00 37.59 5.65

SS 3 (comm.) 112,089.00 14.60 25.97

SWRO & WWTP 41,166.00 10.23 9.54

Services 14,247.60 8.42 3.30

Total 431,541.43 - 100.00  

It can be seen from the table that more than a 99% of the total energy used is supplied 

through the Saudi national grid. It can also be seen that CHP, campus and community have a 

similar contribution, between a 27% and 30%. Against what could be thought, both water 
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production and treatment, that supply enormous amounts of water to KAUST, only 

contribute with a smaller portion of the energy consumption. 

The participation of each line is very stable throughout the year, as can be seen from the 

standard deviations calculated for energy consumptions for each energy section. 

3.2.2.1 Energy consumption 

The overall energy consumption of KAUST was 431,541.43 MWh for 2011, with a 0,83% 

coming from a renewable source. The total consumption per month can be seen in Figure 

3.6. 
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Figure 3.6. Total energy consumption in KAUST by month for year 2011. In red, the total energy 
consumption. In blue the contribution of the Saudi national grid. 

The total per capita consumption for year 2011 was 156.7 MWh/cap·yr. 
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3.3 Sustainability assessment 

The results of the ESDI measured for this work can be found in Table 3.17, together with the 

world average for that ESDI and the world ranking that KAUST would occupy when 

compared to all countries in the world for which there is a record of that particular ESDI. 

Table 3.17. Comparison of KAUST 2011 results to world ranking and average for selected ESDI. Years for 
comparison: Domestic water per capita (2003-2007), Total water per capita (1998-2002), Energy use 

per capita (2009), CO2 emissions per capita (2008). 

Saudi Arabia is also on the top of the charts, but is below KAUST. For total water 

consumption, there is no information for Saudi Arabia in the time range considered in this 

work, but it ranked 49th in domestic water consumption per capita. For energy consumption 

per capita, it ranked 13th, and for CO2 emissions per capita it ranked 12th. 

3.3.1 Water 

Background seawater concentrations, discharge composition and the location of the 

discharge, depicted in Figure 3.7, are important to estimate the potential impacts that could 

stem from KAUST’s liquid emissions. Most of the corals in the Red Sea are close to the shore 

either as fringing, platform or barrier reefs (Burke et al., 2011), which could put them under 

additional risk in front of new human settlements. 

ESDI Consumption 
World average 

(similar to) 
Place in world 

(similar to) 

Total water consumption per 
capita [m3/cap·yr] 

2,740.3 532.61 (Mali) 
2nd  

(Iraq) 

Domestic water consumption 
per capita [m3/cap·yr] 

443.1 77.62 (Bolivia) 
1st (Brunei 

Darussalam) 

Energy consumption per capita 
[kg oil equivalents/cap·yr] 

13,480.26 2,489.11 (Hungary) 
4th  

(Qatar) 

Carbon emissions per capita 
[ton CO2 eq/cap·yr] 

101.65 5.08 (Barbados) 
1st  

(double Qatar) 
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Figure 3.7. Position of intake mouth of the SWRO plant (blue pin) and discharge pipe end for the joint 
WWTP/SWRO liquid emissions at KAUST (pink pin) (Google Earth, 2009). 

As can be seen from the picture, the discharge pipe end is in the midst of sand banks and 

coral reefs, approximately at 1.5 km from the nearest point of the KAUST coast. 

The liquid emissions of KAUST comply with the Saudi legislation for all regulated 

substances. However, there are substances in the emission (not measured in the legislation) 

that largely overpass the raw seawater concentration (the secondary benchmark) and may 

pose a threat to marine life over a radius around the discharge, until sufficiently diluted. 

Moreover, there is the possibility of emission of non-measured chemicals that could pose 

unexpected risks to marine life. 

Of the chemical characterization available from the laboratories at the SWRO and WWTP of 

KAUST, the four components that had greater differences to the raw seawater benchmark 

were: 

i. M. Alkalinity (Total alkalinity) 

ii. Hardness: total, magnesium and calcium hardness 

iii. Concentration of cations: calcium, magnesium, sodium, boron, potassium 
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iv. Concentration of anions: chloride, bicarbonate and sulphate. 

It has been seen that the concentration increase of carbonate salts (hardness) in seawater 

has a nonlinear effect over calcification in corals up to a saturating limit where no increase 

in calcification is perceived with increases in concentration of carbonate salts. However, 

decrease of this concentration, decreases the rate of calcification in corals (Gattuso et al., 

1998). 

Changes in salinity have been seen to affect seagrasses when salinity was 150% of the raw 

seawater. A stress of three days could quench the photosynthetic capacity of the grass 

(Ralph, 1998). Figure 3.8 shows the salinity of the aqueous discharge from KAUST and the 

Red sea raw water. 
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Figure 3.8. Salinity of the raw Red sea water and discharge water. 

As can be seen from Figure 3.8, the salinity of the discharge at the pipe end  was 160% that 

of raw sea water. This could pose a threat to the sensitive marine life around the area. 
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Assuming that the dilution of the discharged water in the sea responds to a static model and 

that no currents go through the place, a semi sphere of dilution could be calculated 

considering the salinity of the discharge and that of the receiving body. Table 3.18 shows 

the radius of the concentric semi spheres at different tolerance levels. 

Table 3.18. Radius of a semi sphere with increased salinity, depending on tolerance. 

Tolerance

[%]

Radius

[m]

1 445.96

5 258.9

10 203.57

15 176.13

20 158.45  

One important potential impact arises from the coastal structure in front of KAUST. There 

are plenty sand banks and coral reefs very close to the shore, and some of them are also 

very close to the discharge pipe end shown in Figure 3.7. There, it can be seen that there are 

several coral reefs and sand banks at less than 450 m from the discharge pipe end (some of 

them at less than 200 m). The composition of the mixed water coming from KAUST 

(containing brine from the SWRO plant and treated wastewater from the WWTP) may pose 

a threat to these forms of life. 

The values in Table 3.18 were calculated assuming different permissible salinities over the 

raw seawater average for each month of the year (see Table 3.13). There will be a radius 

around the discharge pipe that will have a gradient of concentrations from the effluent 

values in the discharge point, to the tolerance levels defined. For different tolerance levels, 

the volume around the discharge point that will be theoretically affected by these greater 

concentrations varies. This volume was assumed to be a semi sphere, but in real terms may 
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look more like a paraboloid, or an ellipsoid, depending on the flow characteristics in the 

zone and the density of the discharge. 

Additional direct impacts can stem from the removal of mangroves, building work in 

general, and tourism (diving, snorkelling, boats, others). In particular, liquid emissions with 

large amounts of nutrients can allow for overgrowth of photosynthetic bacteria (blooms). 

The overgrowth blocks the pass of light, which is necessary for the survival of the corals and 

their associated organisms (Burke et al., 2011). At KAUST, this should not be a problem 

since wastewater is treated before taken back to the sea. However, there could be 

unexpected toxic chemicals leaching into the water from households, parking lots, gardens 

and the golf course (Burke et al., 2011). 

3.3.2 Energy 

The impacts of energy are in general associated to the source and production technology of 

the energy used. In the case of KAUST, less than 1% of its overall energy requirements are 

met with renewable power; the rest is obtained using fossil fuels. Fossil fuels have an effect 

over global warming because of the greenhouse gases generated during their combustion 

for energy generation. This is why energy impacts will be measured in terms of tons of CO2. 

The total CO2 emissions associated to the consumption of national grid energy are detailed 

in Table 3.19. 

Table 3.19 Total yearly CO2 emissions for the five satellite stations and services area of KAUST. 

CHP SS 1 SS 2 SS 3
SWRO & 

WWTP
Services Total

2011 78,481.43 75,916.97 15,936.02 73,306.21 26,922.56 9,317.93 279,881.12

CO2 emissions [ton CO2/yr]
Year
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Considering monthly CO2 emissions and monthly population data, it was calculated that the 

CO2 emissions per capita was: 101.65 ton CO2/cap·yr, with a monthly average of 8.47 ton/ 

cap·yr. 

This total is six times higher than the average CO2 emissions of Saudi Arabia, and is double 

the CO2 emissions of Qatar (The World Bank, 2011), putting KAUST in the first place 

worldwide on CO2 emissions per capita. 

Global warming can also have an effect over marine environments by acidification of the 

water which could, for instance, slow the calcification process of corals (Hoegh-Guldberg et 

al., 2007). 

3.4 Response formulation 

The main objective of this study has been to analyse the water and energy consumption at 

King Abdullah University of Science and Technology (KAUST) for year 2011, aiming at 

identifying hotspots and possibilities of improvement of the environmental sustainable 

development indicators (ESDI) in the compound. It has been found that, per capita, water 

and energy consumption in the compound are among the highest in the world, and that key 

roles are played by use of potable water for irrigation (water consumption) and air 

conditioning (energy consumption). 

In the response formulation, agents must be identified that can address these problems, and 

one or more possible strategies should be proposed. 

The situation will be assessed for water and energy separately, giving joint responses when 

the agent is common, and independent responses when the agents are different. 
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3.4.1 Water 

As was seen from the results, irrigation of green areas is the greatest responsible for water 

use in KAUST, accounting for approximately 68% of total use. A reduction in potable water 

use could have positive impacts not only on the water ESDI, but also in energy consumption 

(and CO2 emissions), since water is produced by desalination. The use of potable water 

should be reduced both for irrigation and for domestic use. Some alternatives to achieve 

this could be: 

 Changes in the irrigation lines, to allow for use of water with lower-than-drinking 

quality. 

 Changes in landscape (irrigated with desalinated water) for plants that require less 

water or other types of landscaping, such as stones, walking paths or bicycle ways. 

 Planting trees that produce more shadow, or plants that minimize 

evapotranspiration, such as cacti (and other C4 plants). In general, reducing 

evaporation of water from the ground. 

 Installation of water meters and valves, in order to control flow to different areas 

and knowing how much water is being used. 

 Having an awareness raising campaign about the overall water consumption of 

KAUST that includes ways to reduce water consumption at home and in the office. 

Reduction of water consumption for irrigation largely depends on the level of control that 

the management has over a specific area. This can be clearly seen on the reduction of water 

consumption for the campus area between the months of January and February of 2011 and 

2012 presented in Table 3.20. 
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Table 3.20. Reduction in water requirements for campus irrigation between years 2011 and 2012. 

2011 2012

January 35,537 21,177 40.41

February 36,555 23,596 35.45

Water requirement

[L/month]
Reduction

[%]
Month

 

For the same months of year 2011 and 2012, reduction varied between a 35% and 40% in 

water consumption. Reduction was achieved by:  

i. Installing water meters in the water network to assess the real consumption of 

water. 

ii. After assessment, it was seen that some water was extracted by maintenance 

personnel from the irrigation water network for cleaning purposes. 

iii. Control was taken over the network and water was solely used for irrigation. 

iv. New technology was brought into the area that now allows to water less each time 

and only once every two days. 

A similar assessment could be done by stages in the irrigation lines of the community area, 

taking into consideration the differences between the two areas (size, characteristics of the 

water distribution network, availability of resources, etc). 

In terms of the discharge, if a relation can be proved between the liquid emissions coming 

out of the discharge pipe and impacts over corals and other non-moving organisms, 

remedial solutions could be studied such as: 

 Changing the location of the discharge pipe end to a place with stronger mixing 

capacity and further away from corals. 

 Planting corals in the affected regions to help in the healing of the area. 
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3.4.2 Energy 

Energy is the most critical problem for KAUST at the moment. In this work, CO2 capture by 

vegetation was not accounted for (Tier 1 approach), but certainly it would not offset the CO2 

emissions associated to energy consumption. 

As seen from the accounting section, there are three great consumers of energy in KAUST: 

the chilled water plant (CHP), the campus (SS1), and the largest part of the community (SS 

2). Because the problem is so large, the solution should attack these three “big consumers” 

in parallel. In both CHP and community there seems to be a seasonal variation, where 

energy consumption was increased in the summer. This variation in the community curve 

could be affected by the air conditioning (compressor) units that each house has. 

As was shown in the accounting section, the production of chilled water for air conditioning 

purposes is the largest energy sink of KAUST. Currently, great efforts are being undertaken 

to change this situation, such as the renewal and improvement of sealing in buildings, or the 

increase in temperature of some buildings. Cooling control is related to several factors such 

as humidity, temperature and the amount of people using the space, between others. KAUST 

is in way to complete its 4th year of operations and is still in a growth process. Buildings 

were designed for a much larger load of people than the current, and systems have a 

minimum work load to achieve. In part, this may be causing that although the set-point in 

buildings is 23.5ºC, temperature actually stays around 21ºC. In order to estimate what 

would be the possible energy savings by an increase in the actual temperature of buildings, 

21ºC was considered the set-point (temperature in a half-used building). Data from October 

to December 2011 was used to carry calculations based on temperature differences 

(outside temperature by hour and set-point) and energy measurements for one of the 
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KAUST buildings (Building 2). It can be seen from Figure 3.9 that energy requirements 

decrease as temperature decreases. 
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Figure 3.9. Energy consumption for air conditioning in Building 2 between October 20th and December 
11th 2011. 

Although the full capacity of the KAUST campus has not yet been reached, systems were 

designed for that capacity and currently have a minimum working load. It was calculated 

that energy used for campus cooling could be reduced by an average 10% if set temperature 

was increased by 1ºC in all buildings, to 20% if temperature was increased by 3ºC. This 

would be translated in 8,500 to 17,100 tons of CO2 less per year, which would reduce the 

overall carbon footprint of permanent residents in KAUST by 3% to 6%. If the scientific 

community agreed, the temperature set-point in buildings could be increased by a few 

degrees. 

As can be seen from these results, better control of the A/C units is a must in the response. 

To 2011, the control system for chilled water was shared by most buildings, which limits 

temperature control. This causes inefficiency in the system that is accompanied by higher 
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energy consumption. Similar to irrigation, more control will probably result in lower 

consumption. 

The campus is designed for energy saving and has sophisticated systems for controlling 

power consumption. In the KAUST plans for construction, cooling, equipment, ventilation 

and lighting were estimated as the greatest energy consumers. Cooling has already been 

commented. As for power for equipment, it would be hard to reduce this contribution 

because equipment stays on for as long as possible (it is inconvenient to turn off laboratory 

equipment). Lighting could present possibilities for change. In general, movement sensors 

control indoor lights. However, an awareness campaign for “turning off the lights” and 

training on how to properly use lights (and switches) in campus could improve the 

situation.  

Finally, there could be an awareness raising campaign dedicated to the community in 

general encouraging energy savings. Several things could be done in this respect: 

 Promote the reduction of air conditioning use in homes: 

o Educating the community on efficient use of air conditioning control 

systems. 

o Conducting a study on whether it is necessary or not to keep the air 

conditioning on to avoid mold growth. Depending on the results (that could 

be different for each house or apartment building), community members 

could be advised to turn off the air conditioning system of the house or 

apartment while out of KAUST. 

 Increase the temperature in the central control systems of buildings with a small 

amount of occupants (sports club, clinic, etc.). 
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 Increase awareness in the population about the energy losses that occur when doors 

of buildings or houses are kept open while the A/C is on. 

 Motivate the KAUST community to save energy by turning off lights when possible, 

and using home appliances conscientiously. 

 Reducing water consumption (especially for irrigation) will also have an effect over 

the total energy consumption of KAUST. At an average energy cost of 4.9 kWh/m3 of 

produced water, saving 1000 m3 of water would reduce energy consumption at 

KAUST by 4.9 MWh/yr and CO2 emissions by 3.2 ton CO2/yr.  
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 Chapter 4. Discussion 

4.1 Remarks on the methodology 

There are several methods available to analyse the environmental sustainability of the 

consumption of water and energy linked to an activity. However, not all are suitable for all 

situations. This is the case with desalination that supplies water to millions of people 

worldwide for varied uses (drinking, industrial and agricultural) and has become the 

greatest source of drinking water for Saudi Arabia2 (70%). KAUST has no natural sources of 

freshwater, and depends entirely on the production of water by the desalination plant. 

These special characteristics make it vital to carefully examine the scope of different 

methodologies. For instance, the Water Footprint Assessment methodology only considers 

use of freshwater. As KAUST uses no freshwater resources, this methodology renders no 

information. To this, it must be added that the use of desalination water is actually relieving 

some stress over the little freshwater resources in Saudi Arabia. Although it is important to 

know how freshwater resources are being consumed, it is also important to understand the 

overall efficiency in the consumption patterns of a group of people. Overall water 

consumption can unveil infrastructural problems in the water supply system, or unexpected 

consumption patterns. A broader method is Life Cycle Assessment (LCA) that considers not 

only water, but also energy and materials and has more developed impact assessment 

methods. 

More information is needed to make a comprehensive environmental analysis of the effects 

of desalination and other effluents discharge to each water body and to the organisms living 

in them. Correctly assessing impacts over the seas and oceans can be advantageous to the 

                                                             
2 Mr. Nabil Nada, personal communication. May 2011. 
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appropriate management of the seawater resources of a country. In particular to this work, 

results of on-going research on the impacts of the discharge pipe over marine life will be 

beneficial to the correct evaluation of the situation. While in this thesis only potential 

impacts have been mentioned, deeper research can identify the actual effects of KAUST’s 

liquid discharges. 

It must also be said that the per capita impacts detailed in this thesis are not exact. Water 

and energy are used by KAUST permanent residents, staff, consulters and workers alike. 

They have been allocated (a very much debated concept, that is in the hands of the analyst) 

to the KAUST permanent residents because they are the reason KAUST exists, they are the 

soul of the community. Without them, there would be no KAUST. Moreover, workers mainly 

use energy and water associated to the Services area, which was seen has the smallest 

impact in energy consumption. 

4.2 Virtual water 

It was seen that the direct water consumption of the people living in KAUST is higher than 

the average Saudi Arabia and similar to direct water consumption in the U.S. This 

information will hopefully aid in making the population aware of their own impacts on the 

environment. This study did not include information on the energy and water used to 

produce and transport the materials used in KAUST, such as laboratory chemicals or food.   

KAUST does not produce any materials, so everything must be brought into the town from 

near and far away locations. This means that the actual water need to sustain life in KAUST 

is much greater than just the production of drinking water from the SWRO. Virtual water, 

the water needed to produce things, is also spent, but outside of KAUST, and even outside of 

Saudi Arabia. The virtual water “imports” into KAUST will surely exceed the direct water 
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consumption, but this would certainly give a more complete overview of the actual impacts 

related to life at KAUST. Depending on where this “virtual water” is coming from, the 

impacts could increase or reduce. Generating this type of information and delivering it to 

consumers would be a good way of allowing for more informed decisions and perhaps 

would reduce the indirect impacts of KAUST. Conscientious consumption and choice of the 

correct suppliers are key to reducing the real impacts of life, either in KAUST, India, or the 

U.S.  

4.3 Green Areas and Irrigation 

From the results it was seen that 68% of all water produced in KAUST was used for 

irrigation during 2011. Partly, this consumption was associated to two external reasons: 

a) The irrigation systems had not been fully commissioned and delivered to the KAUST 

management teams: when commissioning occurs, the management teams can begin 

to optimize the operation and find ways to reduce consumption, as happened with 

the water used for campus irrigation between years 2011 and 2012, shown in Table 

3.20. 

b) There is water consumption associated to the on-going construction work in the 

outer perimeter of KAUST: because the water network is not controlled, there is no 

actual way of limiting or measuring this use of water. 

The impressive change in use of water for campus irrigation was achieved by controlling 

the use of water for other purposes, like cleaning and maintenance. As well, new technology 

has been installed, and new practices are being adopted, for instance, by reducing the time 

and frequency of irrigation.  
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As time passes, the horticulture teams will gain greater control of the water in the irrigation 

lines, which will probably reduce overall consumption of water, as was seen in Table 3.20 

for campus irrigation. 

Additional measures are being taken now, such as changes in landscaping to enhance the 

reduction in water consumption, such as the changes of lawn to walking areas and stone 

landscapes. On the other hand, grey water has replaced the use of potable water for the 

irrigation of the ceremonial stadium, composed mainly of grass. These changes took place in 

the beginning of 2012, so were not included in this study. 

If the four ESDI included in this study were measured over the years, it would be possible to 

follow the performance of KAUST and quantify the effects of investments and changes. 

4.4 Liquid emissions from KAUST 

The structure of the water network at KAUST does not allow for a segregation of domestic 

wastewater from campus and community. Domestic wastewater from campus may contain 

important quantities of heavy metals, biological material and antibiotics, between others, 

that may affect the performance of the WWTP bioreactors or the quality of the treated 

wastewater. The origin of these substances could be the normal work of laboratories, where 

material must be washed (carrying small amounts of chemicals) and disposed of. Because of 

the variety of backgrounds in the scientists, and although there are mandatory laboratory 

training courses, there is still possibility of waste mishandling. For the moment, it is not 

possible to estimate the magnitude of this possibility, since the analytical laboratory that 

analyses water in the WWTP does not include the measurement of heavy metals or other 

toxic substances in routine assays.  
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Perhaps a possibility to assess this type of emissions would be studying the composition of 

corals close to the discharge pipe. Corals have been shown to bio-accumulate metals and to 

have good resistance to them (Hanna and Muir, 1990). Calcium, Boron, Iron and Magnesium 

could be used as indicators of the direction taken by the brine/wastewater mix once it is 

released in the water, and other metals could be used to uncover the uncontrolled emission 

of substances into the domestic water lines. 

4.5 Air conditioning 

The energy demand in KAUST has a seasonal pattern that most likely corresponds to an 

increase in air conditioning requirements during the hottest months of the year (May-

October). This pattern has also been observed in other warm countries in the south of 

Europe, and recently, even in temperate countries, such as the Netherlands (Hekkenberg et 

al., 2009). In all of them, warmer temperatures and the availability of air conditioning 

equipment has been linked to the increase in electricity demand during the summer 

months. 

As has been seen from the results, water cooling for air conditioning supply is the largest 

sink of energy in KAUST. The need to keep conditioned spaces to provide a comfortable 

environment for scientific purposes, work and leisure is a real necessity in the harsh 

environmental conditions of Saudi Arabia. However, this consumption can be decreased 

between 3% and 6% from the 2011 consumption only by increasing the temperature in 

academic buildings by 1ºC to 3ºC (as discussed in the Response Formulation). Currently, the 

KAUST management is undergoing great efforts to reduce losses in the air conditioning 

system by improving the sealing of buildings and increasing the temperature in spaces. 
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Certainly, this type of efforts will be further applied, improving the energy-related ESDI of 

KAUST. 

4.6 Other impacts of KAUST 

It was seen that irrigation is a large water user in KAUST, and that there is more to learn 

about the quality of the treated wastewater emitted to the Red Sea. However, there are also 

positive impacts of the KAUST settlement, some of which will be commented on here.  

Although the large area of parks in KAUST leads to a high water consumption, it must be 

noted that these areas have become home to many types of birds, both migrant and 

resident. An informal record of bird presence has been compiled since 20093. The author 

indicates that with time the types of birds seen in KAUST have changed, although the 

number has possibly remained stable in time. 

Another unexpected impact of KAUST is the creation of new spaces where corals can settle. 

Corals, sea grasses and small fish have found shelter close to the submerged concrete 

structures that support KAUST. Moreover, the discharge pipe has attracted the attention of 

larger fish that dwell close to it. 

On the social arena, KAUST is the first co-ed institution in Saudi Arabia. This stemmed 

strong discussion at first, but slowly it is being more and more accepted by the Saudi 

population. It is also a high-tech academic institution, and productivity is rising. Some 

departments have reached 100 publications already, and others are doing research directly 

related to Saudi Arabia and the Red Sea resources. KAUST provides an open research 

atmosphere in Saudi Arabia, while respecting cultural diversity. 

                                                             
3 Brian James, personal communication. The complete list of birds can be seen in 
http://brianlkaust.blog.com. 

http://brianlkaust.blog.com/
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4.7 Final remarks 

This study does not aim to paint KAUST negatively, but rather to improve the operations 

and overall environmental performance of the institution. The information presented in this 

study responds to the ESDI of KAUST through its start-up phase. With time, as the KAUST 

permanent population increases and construction work finishes, per capita water and 

energy use and their associated impacts will certainly decrease. However, lessons learned 

from the KAUST start-up experience may be used to help other cities in Saudi Arabia to 

avoid these types of problems, and to look out for unexpected issues stemming from design 

and construction of buildings and spaces. 

The energy and water consumption at KAUST seems to be partially due to space design and 

construction: the on-going construction and mistakes during it are causing important 

effects over the environmental performance of KAUST. There is also contribution of the 

system operation, where ignorance and detachment from impact may be playing a role as 

well. Two examples are when people do not turn the lights off because they cannot operate 

the light switches, or when doors or windows are left open while air conditioning is 

working. 

Overall, the solutions proposed here derive from two basic principles: have greater control 

over machines, and give people more information. One example of this is green roofs. 

Gardens are built on the roof of buildings that include storm water collection technologies. 

This water can then be used for car washing, irrigation or other uses. People that prefer 

houses with green roofs can save money in water while avoiding run-off to get to the sewer 

system, which also saves costs to the city (EPA, 2010). These are well controlled systems, 

their users are conscious about their impacts on the environment and are willing to 
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participate of the solution. A committed community with small personal contributions may 

be as much a solution as great actions taken by a few actors, especially when it comes down 

to energy consumption at KAUST. 
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 Chapter 5. Conclusions and future work 

The goal of this study was to analyse the water and energy consumption at King Abdullah 

University of Science and Technology (KAUST) for year 2011, analysing environmental 

performance by four environmental sustainable development indicators (ESDI): 

i. Total water consumption per capita [m3/cap·yr] 

ii. Domestic water consumption per capita [m3/cap·yr] 

iii. Energy consumption per capita [kg oil equivalents/cap·yr] 

iv. Carbon emissions per capita [ton CO2 eq/cap·yr] 

It is concluded that KAUST has to improve significantly to achieve world average values for 

all ESDI measured. Improvement should focus on reducing energy use for air conditioning 

and reducing water consumption for irrigation. 

Some on-going work that will aid in the correct assessment of environmental impacts in 

KAUST are: 

 Flow pattern in the KAUST bay. The objective of the study would be to determine 

whether brackish and treated polluted water are effectively diluting in the Red Sea 

or returning and accumulating in a closed region. 

 Effects of brine discharge over corals near the discharge pipe end outside of the 

KAUST bay. 

Future work that would help in understanding the effects of energy and water consumption 

at KAUST and in Saudi Arabia are: 

 Water and energy use studies of large urban settlements in Saudi Arabia. 

 Water and energy use studies of small urban settlements in Saudi Arabia. 
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 Energy use in houses and apartments of KAUST, to discover what activity is 

responsible for the highest energy consumption. 

 Calculate GHG emissions by waste degradation and or recycling in KAUST. 

 Life cycle assessment of KAUST, including and not the construction phase. 

 Selection of new energetic alternatives for KAUST based on life cycle environmental 

assessment. 

 GHG emissions of water and ground transportation in KAUST. 

 Feasibility of producing compost out of organic waste produced at KAUST, and how 

this impacts the overall life cycle of the University town. 

  



91 
 

REFERENCES 

BP, (2011) BP Statistical Review of World Energy June 2011. In: Energy, B.S.R.o.W. (Ed.). 
British Petroleum, London. 

Brundtland, G.H., (1987) Our Common Future: Report of the World Commission on 
Environment and Development. UN, Oslo. 

Bureau of Meteorology, (2011) The Water Accounting Story. Australian Government. 

Burke, L., Reytar, K., Spalding, M., Perry, A., (2011) Reefs at Risk Revisited. World Resources 
Institute, Washington, DC. 

CIA, (2011) Country Comparison :: Oil - Proved Reserves. The World Factbook. CIA. 

Darrel Jenerette, G., Larsen, L., (2006) A global perspective on changing sustainable urban 
water supplies. Global and Planetary Change 50, 202-211. 

EPA, (2010) Building Green: A Success Story in Philadelphia. 

ERM, (2011) The Guide to PAS 2050:2011. UK. 

Evans, A., Strezov, V., Evans, T.J., (2009) Assessment of sustainability indicators for 
renewable energy technologies. Renewable and Sustainable Energy Reviews 13, 1082-1088. 

FAO, (2008) Saudi Arabia. In: FAO (Ed.), 2008 ed. 

FAO, (2012) AQUASTAT database. 

Fussing, J., (2012) Leed Certified Development at Al Khobar, Saudi Arabia. In: Fusing, J. (Ed.). 

Gattuso, J.P., Frankignoulle, M., Bourge, I., Romaine, S., Buddemeier, R.W., (1998) Effect of 
calcium carbonate saturation of seawater on coral calcification. Global and Planetary 
Change 18, 37-46. 

Green Technologies, (2009) Green Park, Riyadh, Saudi Arabia. 

Grey, D., Sadoff, C., (2006) Water for Growth and Development. Thematic Documents of the 
IV World Water Forum, Mexico City. 

Hanna, R.G., Muir, G.L., (1990) Red Sea corals as biomonitors of trace metal pollution. 
Environmental Monitoring and Assessment 14, 211-222. 



92 
 

Hekkenberg, M., Benders, R.M.J., Moll, H.C., Schoot Uiterkamp, A.J.M., (2009) Indications for 
a changing electricity demand pattern: The temperature dependence of electricity demand 
in the Netherlands. Energy Policy 37, 1542-1551. 

Hoegh-Guldberg, O., Mumby, P.J., Hooten, A.J., Steneck, R.S., Greenfield, P., Gomez, E., Harvell, 
C.D., Sale, P.F., Edwards, A.J., Caldeira, K., Knowlton, N., Eakin, C.M., Iglesias-Prieto, R., 
Muthiga, N., Bradbury, R.H., Dubi, A., Hatziolos, M.E., (2007) Coral Reefs Under Rapid 
Climate Change and Ocean Acidification. Science 318, 1737-1742. 

Hoekstra, A.Y., Chapagain, A.K., (2008) Globalization of water: sharing the planet's 
freshwater resources. Blackwell Publishing, Oxford. 

Hoekstra, A.Y., Chapagain, A.K., Aldaya, M.M., Mekonnen, M.M., (2011) The Water Footprint 
Assessment Manual. Earthscan, London. 

IEA, (2008) World Energy Outlook. OECD, Paris, p. 391. 

IPCC, (2006a) IPCC Guidelines for National Greenhouse Gas Inventories. In: Eggleston H.S., 
Buendia L., Miwa K., Ngara T., K., T. (Eds.). National Greenhouse Gas Inventories 
Programme, IGES, Japan. 

IPCC, (2006b) IPCC Guidelines for National Greenhouse Gas Inventories. In: Eggleston H.S., 
Buendia L., Miwa K., Ngara T., K., T. (Eds.). National Greenhouse Gas Inventories 
Programme, IGES, Japan, pp. 1-12. 

IPCC, (2006c) IPCC Guidelines for National Greenhouse Gas Inventories. In: Eggleston H.S., 
Buendia L., Miwa K., Ngara T., K., T. (Eds.). National Greenhouse Gas Inventories 
Programme, IGES, Japan. 

IPCC, (2007) Climate change 2007: Synthesis Report. In: Abdelkader Allali, Roxana Bojariu, 
Sandra Diaz, Ismail Elgizouli, Dave Griggs, David Hawkins, Olav Hohmeyer, Bubu Pateh 
Jallow, Lucka Kajfez-Bogataj, Neil Leary, Hoesung Lee, Wratt, D. (Eds.). IPCC, Valencia, Spain. 

IRIN, (2009) Jordan: Agriculture threatened by worst rainfall in 50 years. 

ISO, (2006) Environmental management — Life cycle  assessment — Requirements and 
guidelines ISO, Switzerland. 

Morrison, J., Schulte, P., Schenck, R., (2010) Corporate Water Accounting Oakland, USA. 

NASA, (2001) Sustainability Development Indicators. 



93 
 

Nazer, D.W., Siebel, M.A., Van der Zaag, P., Mimi, Z., Gijzen, H.J., (2008) Water Footprint of 
the Palestinians in the West Bank. Journal of the American Water Resources Association 44, 
449-458. 

NWC, (2011) Nwc Capital Investment & Needs Based On The Master Plan. 

Pfister, S., Koehler, A., Hellweg, S., (2009) Assessing the Environmental Impacts of 
Freshwater Consumption in LCA. Environmental Science & Technology 43, 4098-4104. 

Pinsent Masons LLP, (2011) Water Yearbook 2011 - 2012. Pinsent Masons LLP London. 

Q. J. M., (2011) Wastewater reuse gains importance in Kingdom. Saudi Gazette. 

Ralph, P.J., (1998) Photosynthetic responses of Halophila ovalis (R. Br.) Hook. f. to osmotic 
stress. Journal of Experimental Marine Biology and Ecology 227, 203-220. 

Reed, B.J., (2011) How much water is needed in emergencies. In: Reed, R.A. (Ed.), 
WHO/SEARO Technical Notes for Emergencies. WEDC, Water, Engineering and 
Development Centre, Loughborough University, Leicestershire, UK. 

renewableenergyworld.com, (2012) Saudi Arabia: New financial centre going for solar 
"Made in Germany" with Conergy. RenewableEnergyWorld.com. 

SAGIA, (2004) Saudi Arabia's Economic Cities. www.oecd.org. 

Saline Water Conversion Corporation, (2010) Desalinated water and energy production in 
Saudi Arabia. 

Schenau, S., Ham, M.t., (2005) Water Accounts and the Water Framework Directive. In: 
Affairs, D.o.E.a.S. (Ed.), Preliminary Meeting of the UN Committee on Environmental-
Economic Accounting. United Nations, New York. 

The World Bank, (2007) Making the most of scarcity : accountability for better water 
management results in the Middle East and North Africa., Mena Development Report. The 
World Bank, Washington, D.C, USA. 

The World Bank, (2011) World Development Indicators. International Bank for 
Reconstruction and Development, Washington. 

UNESCO, (1992) The Rio Declaration on Environment and Development.  

United Nations, (1998) Kyoto Protocol to te United Nations Framework Convention on 
Climate Change.  

http://www.oecd.org/

