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ABSTRACT

Strategic decision-making is very difficult, particularly when multicriteria are
involved. Multi-Criteria Decision Analysis (MCDA) method is an important approach
that is applied to many complex decisions-makings. MCDA has been combined with
Geographical Information System (GIS) to tackle spatial decision-making problems.
One of the hardest spatial decision-making problems is the Nuclear Power Plant sites
selection (NPP siting). This study has developed hybrid GIS and MCDA models to
conduct NPP siting. Saudi Arabia was chosen to be the case study for this research.
The identification of NPP siting area was divided into two phases. Phase | was a survey
of all potential suitable areas for siting NPPs in the country. Phase 1l was a suggestion
and ranking of the preferable suitable NPPs sites. The spatial analysis software ArcGIS
10.6 was utilized throughout this study. Thirteen significant criteria were applied to
screen out unsuitable areas for siting NPPs. The results of phase | revealed that a
scarcity of water in Saudi Arabia was the major reason to discard 96% of the possible
sites. Furthermore, the overlaying process of all these criteria could dispose of nearly
98% of the contiguous Saudi lands. The remaining 2% land area was discerned to be
suitable for positioning NPPs, which covered an area of 21473 km? and 13395 km?
on the western and eastern coast, respectively. Meanwhile, the survey revealed that
sea-level rise sensitivity must be considered on the eastern coast for the safe operation
of NPPs. Further analyses disclosed that a sea-level rise of 2 meters could reduce the
possible land areas by 20% and 13% in the eastern and western coastal areas
correspondingly. The net feasible areas were inversely proportional to the aggregation
of suitable lands into specific NPP footprint. It was concluded that the proposed
assembly strategy could reduce the net effective area on the western coast for siting
NPPs such as SMR350 (small reactor), AP1000 (moderate reactor) and EPR1600
(large reactor) by almost 22%, 37%, and 47%, respectively. The results of phase Il
(identification and ranking process) revealed that there are many locations available
for siting NPPs in Saudi Arabia. Since the first-option areas, whose suitability scored
9/10, would be more than enough for proposing reasonable number of NPP sites on
both coastal areas, the other options of ranked areas 2, 3, 4 and 5 (whose suitability
were 8, 7, 6 and 5 respectively) were ignored for this time. There were 20 proposed
NPP sites; 11 of which were on the western, and the other 9 on the eastern coast. Both
coasts were sensitive for change of the criteria’s weights, particularly the eastern coast
that expressed significant response.



ABSTRAK

Strategi untuk membuat keputusan didapati sangat sukar, terutamanya
apabila melibatkan berbilang kriteria. Kaedah Analisis Keputusan Kriteria Berbilang
(MCDA) adalah pendekatan penting yang digunakan untuk membuat banyak
keputusan yang rumit. MCDA telah digabungkan dengan Sistem Maklumat Geografi
(GIS) untuk menangani masalah membuat keputusan berkaitan ruang. Salah satu
masalah membuat keputusan berkaitan ruang paling sukar ialah pemilihan tapak Loji
Tenaga Nuklear (penempatan LTN). Kajian ini telah membangunkan model GIS dan
model MCDA hibrid untuk menempatkan LTN. Arab Saudi telah dipilih sebagai
kajian kes untuk penyelidikan ini. Pengenalpastian kawasan penempatan LTN
terbahagi kepada dua fasa. Fasa | adalah satu tinjauan ke atas semua kawasan yang
sesuai untuk penempatan LTN di negara tersebut. Fasa Il adalah cadangan dan
kedudukan tapak LTN yang sesuai. Perisian analisis ruang ArcGIS 10.6 telah
digunakan sepanjang kajian ini. Tiga belas kriteria penting telah digunapakai untuk
menyaring kawasan yang tidak sesuai untuk menempatkan LTN. Dapatan fasa I
mendedahkan bahawa kekurangan air di Arab Saudi adalah alasan utama untuk
membuang 96% daripada kemungkinan tapak LTN. Tambahan pula, proses
pertindanan kesemua kriteria ini membolehkan hampir 98% daripada tanah berdekatan
di Arab Saudi turut dibuang. Baki 2% kawasan tanah yang tinggal dilihat bersesuaian
untuk menempatkan LTN, yang merangkumi kawasan seluas 21473 km? dan 13395
km? di pantai barat dan pantai timur. Sementara itu, tinjauan mendedahkan bahawa
kenaikan aras laut mesti dipertimbangkan di kawasan pantai timur bagi operasi NPP
yang selamat. Analisis lanjutan mendedahkan bahawa kenaikan aras laut sebanyak 2
meter masing-masing dapat mengurangkan kawasan tanah sebanyak 20% dan 13% di
pantai timur dan pantai barat. Kawasan-kawasan yang tersaur bersih ini adalah
berkadar songsang dengan pengagregatan tanah yang sesuai dengan jejak kaki LTN
yang khusus. Adalah disimpulkan bahawa strategi pemasangan yang dicadangkan
dapat mengurangkan kawasan bersih berkesan di kawasan pantai barat untuk
menempatkan LTN seperti SMR350 (reaktor kecil), AP1000 (reaktor sederhana) dan
EPR1600 (reaktor besar) masing-masing hampir 22%, 37% dan 47%. Dapatan fasa Il
(proses pengecaman dan proses ranking) menunjukkan terdapat banyak lokasi yang
tersedia untuk menempatkan LTN di Arab Saudi. Sejak kawasan yang menjadi pilihan
pertama, di mana kesesuaiannya memberikan skor 9/10, adalah lebih daripada
mencukupi untuk mencadangkan bilangan LTN yang munasabah di kedua-dua
kawasan pesisiran pantai, pilihan kawasan lain di kedudukan 2, 3, 4 dan 5 (di mana
kesesuaiannya adalah 8, 7, 6 dan 5) telah diabaikan buat kali ini. Terdapat 20 cadangan
tapak LTN; 11 daripadanya berada di pantai barat manakala 9 lagi di pantai timur.
Kedua-dua kawasan pesisiran pantai menunjukkan kepekaan terhadap perubahan
pemberat Kkriteria, terutamanya kawasan pantai timur yang menunjukkan sambutan
tindak balas yang penting.

Vi
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CHAPTER 1

INTRODUCTION

1.1  Background

Electricity is one of the vital driving forces of economic development of all
nations. Both developed and developing countries face the constant challenge of
generating electricity and meeting growing demand, which exerts tremendous pressure

on the energy infrastructure (Kaundinya, Balachandra and Ravindranath, 2009).

As a fast-growing developing country, Saudi Arabia has been confronting a
vast increase in demand for electricity. Figure 1.1 shows electricity consumption in
Saudi Arabia surged from 70 Terawatt-hour (TWh) in 1990 to approaching 330 TWh
in 2015. Power generation has grown almost five-fold within 27 years.
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Figure 1.1 The electricity consumption in Saudi Arabia from 1990 to 2015 (British
Petroleum, 2017).



1.1.1 Electricity Demand Trend and its Impacts

One of indicators of electricity consumption is the consumed power in a
particular year in relation to the population in the same year. Figure 1.2 represents
electricity consumption per capita for different countries. The Saudi Arabian curve
continues to increase from 2010 to 2015 (International Energy Agency, 2018) hitting
10 MWh per capita in 2015. The peak load capacity leaped by 15 GW within only five
years; it was 45 GW in 2010 and 62 GW in 2015 (ECRA, 2015, 2017). Accordingly,
peak load capacity of Saudi Arabia is forecasted to reach 120 GW by 2032 (Ouda et
al., 2016). On the other hand, the other countries shown on Figure 1.2 managed to

render their curves flattened or even have been decreasing since 2010, such as Japan.
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Figure 1.2 Electricity consumption per capita for some countries (International
Energy Agency, 2018)

One of the most negative impacts of such increasing demand for electricity is
its associated carbon dioxide (CO,) emissions. Generating one gigawatt-hour (GWh)
of electricity using oil and natural gas emits 733 and 499 tons of CO, respectively,
while CO, emissions due to nuclear power are only 29 tons per GWh (World Nuclear
Association, 2018). Saudi Arabia uses only fossil fuels (oil and gas) to generate its
need of electricity. Figure 1.3 shows that 43% of electricity was generated by natural

gas and the other 47% generated by oil and its derivatives in 2015. In this year, the



country consumed 328 GWh (see Figure 1.1) and emitted 531 million tons of CO, as
a result.
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Figure 1.3 Annual fuel consumption for the generation of electricity in Saudi
Arabia for 2015 (ECRA, 2015).

Figure 1.4 shows that countries like Japan, France, Singapore, Greece and
Malaysia have managed to reduce their carbon dioxide contributions through utilizing
renewable and nuclear energy. Since the Saudi Arabian energy mix does not
incorporate these alternatives, Saudi Arabia’s curve was still rising to approach 17 tone

per capita in 2015.
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Figure 1.4 Annual carbon dioxide emissions for some countries (International
Energy Agency, 2018).



According to the International Energy Agency (IEA), electricity and heat
generation is the first reason behind carbon dioxide emissions. Figure 1.5 indicates
that 41% of carbon dioxide emissions come from the generation of electricity and heat,
while the industry sector releases only 19% of carbon dioxide emissions (International

Energy Agency, 2017).

Looking at the current statistics regarding meeting new power demands,
expansion may generate further CO, worsening conditions as air pollution would be
affected in major cities worldwide and not just limited to India and China. Out of all
factors influencing the increment of greenhouse gases emissions, 40% is produced
from the power generation sector. However, during 2017, 25% of electricity was
generated by renewables showing a significant growth over the past years. Therefore,
the power sector still needs to play a major role in transiting to clean energy and

decarbonizing the sector.
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Figure 1.5 World carbon dioxide emission by economic sector (International
Energy Agency, 2017).

We live in a new era, where societies and modern economies are heavily

dependent on electricity, where it is almost impossible to find technology and



advancement that does not require electricity. The supply of electricity from any type
of energy generation, including coal, renewables, natural gas and nuclear, as well as
many of the energy technologies is driven by the power sector, putting it in a powerful
and critical position in the global energy system. Thereby, creating a hospitable
environment for investors in the electricity sectors making a new milestone where it
took the lead against gas and oil combined. During the period from 1990 to 2016, the
demand for electricity doubled globally, outgrowing other energy sources. Studies
predict that within the next 25 years energy demand would double as well as the growth

of electricity energy sector (Environmental Protection Agency, 2018).

1.1.2 Nuclear Power Alternatives

To achieve sustainable development there are many factors that need to be
considered and one requirement that stands out to be the most important one is having
fully sustainable energy resources (Dincer, 2000). In addition, since fossil fuels are
depleting and people are starting to become more aware of the environment and saving
it from greenhouse gases emissions, alternative energy resources that are renewable
have been receiving a large boost in priority during the current century (Hepbasli and
Alsuhaibani, 2011).

All nations are doing their best to adopt and develop this kind of energy. Two
large events advancing renewable energy were held during 2015: the G7 (the seven
largest advanced economies in the world) and the G20 (twenty countries that account
for 85% of the gross world product; Saudi Arabia is one of them), where high-profile
agreements were made. These agreements help governments to move towards advance
energy efficiency and accelerate access to renewable energy (Sawin, Seyboth and
Sverrisson, 2016).

Since the 1950s nuclear energy has been used in many countries, especially by
developed countries such as The United States, Japan, Korea and Russia, as part of
their energy mix. The only form of energy generation that could replace fossil fuels
energy sources was thought to be nuclear energy. Now about 30 countries, mostly

industrialized ones, rely on nuclear energy, and others are taking steps to open their



first NPPs. As of December 31, 2014, 438 nuclear power plants were operating around
the world, with an installed capacity of 376.216 GW(e) (IAEA, 2015a).

Under normal operation conditions for NPPs, even with the best shielding
materials and design methods, small amounts of radiation will be released into the
environment around the NPP due to the random nature of the interaction between
radiation and matter. However, the doses delivered to the general population from
radioactive emissions resulting from nuclear power reactor operations are
insignificant. Although research has shown that population doses due to NPP
emissions are low, choosing a suitable site for NPP installations is vital for public and
environmental safety. Moreover, choosing a suitable site can serve as mitigation to

minimize accidental uncontrolled release of radiation (European Commission, 2002).

1.1.3 Defense in Depth Philosophy

The Defense in Depth (DID) is a safety philosophy that guides the design,
construction, inspection, operation, and regulation of all nuclear facilities. The central
tenet of DID is to protect the health and safety of the public and workers. Other
objectives include protecting the environment and ensuring the operational readiness
of the facility. Successful DID requires creating, maintaining, and updating multiple
independent and redundant layers of protection to compensate for potential human and
mechanical failures so that no single layer, no matter how robust, is exclusively relied
upon (IAEA, 1999).

DID is implemented through a number of measures, including robust physical
barriers, redundant and diverse safety systems, strong physical security, and
emergency response readiness. Figure 1.6 illustrates the different five levels of DID.
The NPP siting considerations start from the first level (Prevention of abnormal
operation and failures) to the fifth level (Off-site emergency response) (International
Nuclear Safety Advisory Group, 1996). Thereby, NPP siting plays very serious role in
safety.
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Figure 1.6

The five levels of Defense in Depth philosophy.

1.1.4 Nuclear Power Plant (NPP) Siting

There are important issues concerning the readiness of Saudi Arabia to launch

a nuclear power programme. The first significant issue is selecting a suitable site to

host the power plant(s). According to IAEA publication SSG-16, “Site approval is

likely to be the first license for a nuclear power plant to be issued by the new entrant

regulator” (IAEA, 2011b). Figure 1.7 shows that the siting process must be conducted

earlier than other activities. Siting studies should be initiated as soon as possible after

taking the decision to launch a nuclear programme. This because of some of the critical

activities depend on the determination of the NPP site, such as the environmental

impact assessment (Figure 1.7).




1.1.4.1 NPP Siting Phases

The siting process is projected to choose suitable sites for the prospective
NPP(s). The location’s characteristics must be well-suited to withstand all types of
external event hazards induced by human beings or naturally. This can be achieved by
applying existing engineering protective actions, from which the required level of
safety can be realised.
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Figure 1.7 The first three phases of a nuclear power programme. Siting is
prominently listed as the first step for launching a nuclear power programme (IAEA,
2011b).

Due to the safety issues of NPPs some places would be considered unsuitable
locations. By applying several screening criteria successively and systematically this
decision can be given according to the application of a series of actions that are linked

to the main objective of picking a favourable location for the new NPP.

According to the IAEA (IAEA, 2015b), the siting process has to undergo three
different steps:



a) Regional analysis: During this first step an analysis is run on different

regions that are of interest, to choose and identify initial potential sites.
Some sites may not be identified as potential sites. However, unless
there is a reasonable justification a site can join the list that will go to
the next step, which is screening. All potential sites in a region should
be taken to the next step (screening) unless their exclusion can be

appropriately justified.

b) Screening: The main objective of the second step is to filter the results
we obtained so far by screening the candidate potential sites so that
unfavourable sites are excluded based on both safety related criteria
(population density and seismicity) and non-safety-related factors

(proximity to grid and seaports).

c) Evaluation, comparison and ranking: There are two main goals from

this step:

i.  To ensure the construction and installation the NPP can proceed with
no obstacles on site or in the surrounding area of operation that would

delay or obstruct the workflow; and

ii.  Torank each one of the candidate sites to evaluate them over each other
for the advantages and disadvantages of constructing and installing the
NPP at each site.

1.1.4.2 Geographical Information System (GIS)

The Environmental Systems Research Institute (ESRI), based in the United
States, developed software that allows the gathering, storage, analysis and presentation
of spatial data. This group of software is called Geographic Information Systems

(GIS). One application of GIS is ArcGIS. ArcGIS gives the user the ability to analyse



spatial information, create interactive queries, edit data in maps and present these

operation results (Environmental Systems Research Institute, 2018a).

1.2 Problem Statement

Saudi Arabia has recently considered nuclear power to conserve traditional
energy sources, decrease environmental pollution (Wang, Su and Nguyen, 2018). In
July 2018, the IAEA Integrated Nuclear Infrastructure Review (INIR) team of experts
concluded a twelve-day mission to Saudi Arabia to review its development of
infrastructure for a nuclear power programme. The INIR mission reviewed the status
of nuclear infrastructure development using the Phase 2 criteria of the IAEA's
Milestones Approach; which provides detailed guidance across three phases (consider,
prepare, construct) (IAEA, 2018). The IAEA considers the siting of a NPP as a very
crucial process. It can significantly affect the cost, public acceptance and safety of the
plant over its operating lifetime. NPP siting must be performed early in the nuclear
power programme process (IAEA, 2012c, 2015b).

The Multi-criteria Decision Analysis methods are used widely to help in
making decisions; particularly, when many conflicting criteria involved. NPP siting is
including very conflicting criteria. Some of MCDA methods have been utilized to
conduct NPP siting such as AHP, FAHP and TOPSIS (Abdul-Fattah and Abulfaraj,
1982; Wang, Su and Nguyen, 2018). Recently, the MCDA have been combined with
the Geological Information System (GIS) making the siting process more reliable and
accurate (Abudeif et al., 2015; Baskurt and Aydin, 2018a; Omitaomu et al., 2012).

This study has designed hybrid GIS and MCDA models to make the NPP siting
reliable and capable to be conducted for a whole country instead of specific sites. This
study applied these models for Saudi Arabia as a case study. This goal was achieved
through two stages (phases). The first stage was a general survey of all potential
suitable areas to site NPPs, (phase I). The second stage was an identification process

of those suitable preferable (ranking) areas to be selected as the first option to host
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NPP(s), (phase II). These two stages were conducted by utilizing a GIS-based Multi-

Criteria Decision Analysis approach and ArcGIS software.

1.3  Objectives of the Research

The main aim of this study is to propose some potential suitable NPP sites in
Saudi Arabia. This goal will be achieved through realizing the following objectives:

1- To quantify the negative impact of each exclusionary criterion on siting of
NPPs in Saudi Arabia.

2- To identify potential suitable areas for NPP sites in Saudi Arabia.

3- To identify the potential NPP sites and rank them according to their
attractiveness as NPP sites.

1.4 Scope of the Research

This study utilized the MCDA method to tackle the NPP sites selection. It
developed hybrid GIS and MCDA models to help in NPP siting process. There were
two phases (stages): the first was to survey the suitable areas for NPP siting; the second
was to identify and rank the preferable suitable areas and sites. Three types of NPP
were addressed: the European pressurized reactor 1600 MW (EPR1600); AP1000
reactor; and Small Modular Reactor (SMR350). The cooling tower reactor type was
not considered in this study. Saudi Arabia was chosen as a case study. Depending on
the exclusionary criteria, the surveillance was conducted to primary recognise the
feasible land of the country for NPP siting (first stage). The next stage was to
differentiate these areas based on suitability criteria. There were four models to
conduct this level of the study: demographic; external hazards; economic suitability;
and the fourth was built to overlay the previous three models based on their weights

that calculated via AHP method. Since the all potential NPP siting lands found to be
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on coastal areas, this study conducted sea-level rise sensitivity analysis. There was no

site visit in this study.

1.5  Significance of the Research

This study has proposed several hybrid GIS and MCDA models for successive
NPP siting process steps. These models could help in making the NPP siting process
more reliable and accurate; because the errors due to human factor would be only
concentrated in inserting data. The suggested models were: 1) survey the suitable areas
for NPP siting; 2) suitability based on demographic issue; 3) suitability based on
external hazards issue; 4) suitability based on economic issue; 5) and the final, total
suitability based on the previous models.

These models were applied for Saudi Arabia as a case study. It is the first study
ever that covered the whole Saudi Arabia. moreover, its results can be reliable due to
the hybrid of GIS and MCDA. The previous studies addressed the NPP siting in Saudi
Arabia have two shortcomings. Firstly, they focused on specific sites to compare
between them. Secondly, they did not combine the GIS with the MCDA methods;
which was utilized (Abdul-Fattah and Abulfaraj, 1982; Hussein et al., 1987). The
results of NPP siting of Saudi Arabi in this study could be used as a guideline for NPP

licensing.

The unavailability of some specific data, missing attribute data, lack of
metadata, and data traceability issues were the main obstacles of this study. For
example, ownership data could not be provided because data is classified, so the
impact of land ownership and expropriation could not be covered by this study.
Likewise, because spatial data for military zones and cultural conservation areas are
not available, the possible effects of these data on screening could not be evaluated.

Also, sandstorm data was one of this unavailable important information.
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1.6 Thesis Organization

This thesis contains six chapters. Chapter one is an introduction. It casts light
on the background of this research problem, addressing the Saudi Arabia’s electricity
consumption trend and its negative effects. It also includes the problem statement; the
objectives, the scope, and the significance of the study were addressed.

The second chapter deals with the literature review of the study. The chapter
contains details of: the study area (Saudi Arabia), general information, electricity
future demand, electricity new policy; NPP siting criteria types; NPP siting

procedures; ArcGIS software and its applications.

Chapter 3 presents the methodology that was followed to conduct this research.
This chapter addresses: data collection; procedures (step by step details); the software

used in the study and its tools; analysis methods.

The results and their relative discussions are presented in Chapter 4. The results
of phase I (survey of suitable NPP sites) and includes the discussion relating to these
results. In this chapter the suitable safe areas that can accommodate NPP(s) are
depicted. Moreover, many more analyses pertaining to phase I are illustrated therein.
Chapter 5 demonstrates the results and discussion pertaining to phase Il (ranking the
NPP suitable sites) of this study. In this chapter the identification of preferable suitable
NPP(s) sites across the nation and related discussions are showed. Finally, Chapter 5

addresses the conclusion of this research.

13



REFERENCES

Abdul-Fattah, A.-R. F. and Abulfaraj, W. H. (1982) “Siting of nuclear power plants in
Saudi Arabia using fuzzy decision analysis’, Nuclear Technology, 58.
Abudeif, A. M., Abdel Moneim, A. A. and Farrag, A. F. (2015) ‘Multicriteria decision
analysis based on analytic hierarchy process in GIS environment for siting
nuclear power plant in Egypt’, Annals of Nuclear Energy, 75, pp. 682-692.

doi: 10.1016/j.anucene.2014.09.024.

Ahmed, I., Nazzal, Y. and Zaidi, F. (2018) ‘Groundwater pollution risk mapping using
modified DRASTIC model in parts of hail region of Saudi Arabia’,
Environmental Engineering Research, 23(1), pp. 84-91. doi:
10.4491/eer.2017.072.

Al-Othmany, D. S., Hussain, A. and Banogitah, E. (2015) ‘High-Level Radioactive
Waste Storage Feasibility for the Kingdom of Saudi Arabia’, Arabian Journal
for Science and Engineering, 40(1), pp. 195-203. doi: 10.1007/s13369-014-
1503-y.

Aljohani, M. S., Abdul-Fattah, A. F. and Almarshad, A. I. (2005) ‘Siting of nuclear
desalination plants in Saudi Arabia: a seismic study’, Int. Nuclear
Desalination, 1(4), pp. 383-395.

Aljohani, M. S. and Almarshad, A. I. (2002) ‘Reactor selection for dual-purpose
desalination plants in Saudi Arabia’, 2(December).

Alkhathlan, K. and Javid, M. (2015) “‘Carbon emissions and oil consumption in Saudi
Arabia’, Renewable and Sustainable Energy Reviews. Elsevier, 48, pp. 105-
111. doi: 10.1016/j.rser.2015.03.072.

Aruldoss, M., Lakshmi, T. M. and Venkatesan, V. P. (2013) ‘A Survey on Multi
Criteria Decision Making Methods and Its Applications’, 1(1), pp. 31-43. doi:
10.12691/ajis-1-1-5.

Baskurt, Z. M. and Aydin, C. C. (2018a) ‘Nuclear power plant site selection by
Weighted Linear Combination in GIS environment, Edirne, Turkey’, Progress
in  Nuclear Energy. Elsevier Ltd, 104, pp. 85-101. doi:
10.1016/j.pnucene.2017.09.004.

153



Baskurt, Z. M. and Aydin, C. C. (2018b) ‘Progress in Nuclear Energy Nuclear power
plant site selection by Weighted Linear Combination in’, Progress in Nuclear
Energy. Elsevier Ltd, 104, pp. 85-101. doi: 10.1016/j.pnucene.2017.09.004.

Basri, N. A. and Ramli, A. T. (2012) “Selection of Possible Candidate Area for Nuclear
Power Plant In Johor, Malaysia’, Journal of Nuclear and Related
Technologies, 9(1), pp. 56-63.

Bayazit, Y., Bakis, R. and Kog, C. (2017) An investigation of small scale hydropower
plants using the geographic information system’, Renewable and Sustainable
Energy Reviews, 67, pp. 289-294. doi: 10.1016/j.rser.2016.09.062.

Beccali, M.. (2009) ‘Assessment of bioenergy potential in Sicily: A GIS-based support
methodology’, Biomass and Bioenergy, 33(1), pp. 79-87. doi:
10.1016/j.biombioe.2008.04.019.

Belles, R. J. (2011) Application of Spatial Data Modeling and Geographical
Information Systems ( GIS ) for Identification of Potential Siting Options for
Various Electrical Generation Sources, Energy Source.

Bosello, F. and De Cian, E. (2014) ‘Climate change, sea level rise, and coastal
disasters. A review of modeling practices’, Energy Economics. Elsevier B.V.,
46, pp. 593-605. doi: 10.1016/j.eneco.2013.09.002.

British Petroleum (2015) BP Statistical Review of World Energy. Available at:
http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:BP+Statisti
cal+Review+of+World+Energy#0 (Accessed: 11 May 2015).

British Petroleum (2016) BP Statistical Review of World Energy. Available at:
https://www.bp.com/content/dam/bp/pdf/energy-economics/statistical-
review-2016/bp-statistical-review-of-world-energy-2016-full-report.pdf.

British Petroleum (2017) Statistical Review of World Energy 2017, British Petroleum.
Available at: https://www.bp.com/content/dam/bp/en/corporate/pdf/energy-
economics/statistical-review-2017/bp-statistical-review-of-world-energy-
2017-full-report.pdf (Accessed: 7 January 2018).

Cazenave, A.. (2018) “‘Global sea-level budget 1993-present’, Earth System Science
Data, 10(3), pp. 1551-1590. doi: 10.5194/essd-10-1551-2018.

CGIAR-CSI (2018) SRTM 90m Digital Elevation Database v4.1, Consortium for
Spatial Information. Available at: http://www.cgiar-csi.org/data/srtm-90m-
digital-elevation-database-v4-1 (Accessed: 22 March 2018).

154



Charabi, Y. and Gastli, A. (2011) ‘PV site suitability analysis using GIS-based spatial
fuzzy multi-criteria evaluation’, Renewable Energy. Elsevier Ltd, 36(9), pp.
2554-2561. doi: 10.1016/j.renene.2010.10.037.

Clarke, K. (1986) GEOGRAPHIC INFORMATION SYSTEMS, Computers,
Environment and Urban Systems.

Cowen, D. J. (1988) ‘GIS versus CAD versus DBMS : What Are the Differences ?’,
Photogrammetric Engineering And Remote Sensing, 54(11), pp. 1551-1555.
doi: 10.1201/B12579-11.

Daaou Nedjari, H. (2018) “‘Optimal windy sites in Algeria: Potential and perspectives’,
Energy. Elsevier Ltd, 147, pp. 1240-1255. doi: 10.1016/j.energy.2017.12.046.

Van Dael, M. (2012) ‘Determining potential locations for biomass valorization using
a macro screening approach’, Biomass and Bioenergy. Elsevier Ltd, 45(0), pp.
175-186. doi: 10.1016/j.biombioe.2012.06.001.

Damoom, M. M. (2018) ‘Potential safe areas for nuclear power plant siting in Saudi
Arabia’, in The 7th International Graduate Conference on Engineering,
Science & Humanities. Universiti Teknologi Malaysia, pp. 497-499.

Damoom, M. M. (2019) ‘Potential areas for nuclear power plants siting in Saudi
Arabia: GIS-based multi-criteria decision making analysis’, Progress in
Nuclear Energy. Elsevier, 110(May 2018), pp. 110-120. doi:
10.1016/j.pnucene.2018.09.018.

Diamond, J. T. and Wright, J. R. (1988) ‘Design of an Integrated Spatial Information
System for Multiobjective Land-Use Planning’, Environment and Planning B:
Planning and Design, 15(2), pp. 205-214. doi: 10.1068/b150205.

Dincer, 1. (2000) ‘Renewable energy and sustainable development: a crucial review’,
Renewable and Sustainable Energy Reviews, 4(2), pp. 157-175. doi:
10.1016/S1364-0321(99)00011-8.

Douglas, B. C. (1997) ‘Global Sea Rise: A Redetermination’, Surveys in Geophysics,
18(2), pp. 279-292. doi: 10.1023/A:1006544227856.

Dvorak, M. J., Archer, C. L. and Jacobson, M. Z. (2010) *California offshore wind
energy potential’, Renewable Energy. Elsevier Ltd, 35(6), pp. 1244-1254. doi:
10.1016/j.renene.2009.11.022.

ECRA, E. & C. R. A. (2015) Industries Desalination Seawater And Electricity For
Booklet Statistical A. Available at: file:///C:/Users/ASUS/Downloads/true
(1).pdf.

155



ECRA, E. & C. R. A. (2017) Electricity Historical Data. Available at:
http://ecra.gov.sa/en-
us/DataAndStatistics/NationalRecord/HistoricalData/Pages/Home.aspx
(Accessed: 7 March 2018).

Eid, A. (2016) The Importance of Restoring Historical Monuments. Available at:
http://www.ierek.com/news/index.php/2016/10/09/importance-restoring-
historical-monuments/ (Accessed: 21 May 2016).

Electric Power Research Institute (2002) Site Selection and Evaluation Criteria for an
Early Site Permit Application. Available at:
http://www.epri.com/search/Pages/results.aspx?k=Site Selection and
Evaluation Criteria for an Early Site Permit Application (Accessed: 2 July
2016).

Electricity & Cogeneration Regulatory Authority (2014) Annual Statistical Booklet
For Electricity and Sea Water Desalination Industries. doi: 10.1007/s13398-
014-0173-7.2.

Electricity & Cogeneration Regulatory Authority (2015) Annual Report. Available at:
http://www.ecra.gov.sa/en-
us/MediaCenter/DocLib2/Lists/SubCategory_Library/ECRA Annual Report
2014 En.pdf#search=annual.

Electricity & Cogeneration Regulatory Authority (2017a) Data and Statistics.
Available at: http://www.ecra.gov.sa/en-
us/dataandstatistics/pages/DataAndStatistics.aspx (Accessed: 7 December
2017).

Electricity & Cogeneration Regulatory Authority (2017b) Statistical Booklet 2017.
Available at: http://www.ecra.gov.sa/en-
us/dataandstatistics/pages/DataAndStatistics (Accessed: 7 March 2017).

Ennison, 1. (2012) ‘Determination of Suitable Sites for Nuclear Power Plants in
Ghana : -The Issues Involved’, 4(4), pp. 30-38.

Environmental Protection Agency (2018) Global Greenhouse Gas Emissions Data,
Greenhouse Gas (GHG) Emissions. Available at:
https://www.epa.gov/ghgemissions/global-greenhouse-gas-emissions-data
(Accessed: 15 June 2018).

Environmental Systems Research Institute (2018a) ArcGIS Desktop: Release 10.6.
Redlands, CA: Environmental Systems Research Institute.

156



Environmental Systems Research Institute (2018b) Geographic Information System
Mapping Technology, Environmental Systems Research Institute (ESRI)
Website. doi: 10.1371/journal.pgen.1005518.

Environmental Systems Research Institute (2018c) Overlay analysis, ESRI. Available
at: http://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-
toolbox/overlay-analysis-approaches.htm (Accessed: 25 November 2018).

Environmental Systems Research Institute (2018d) Raster Calculator, ESRI.
Available at: http://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-
toolbox/raster-calculator.htm (Accessed: 28 November 2018).

Erdolan, M. and Kaya, I. (2016) ‘A combined fuzzy approach to determine the best
region for a nuclear power plant in Turkey’, Applied Soft Computing Journal,
39, pp. 84-93. doi: 10.1016/j.as0c.2015.11.013.

Erol, 1., Ozmen, A. and Searcy, C. (2014) ‘Fuzzy MCDM framework for locating a
nuclear power plant in Turkey’, 67(2014), pp. 186-197. doi:
10.1016/j.enpol.2013.11.056.

European Commission (2002) Radiation protection 128 Assessment of the
radiological impact on the population of the European Union from European
Union nuclear sites between.

Feick, R. D. and Hall, G. B. (2004) ‘A method for examining the spatial dimension of
multi-criteria weight sensitivity’, International Journal of Geographical
Information Science, 18(8), pp. 815-840. doi:
10.1080/13658810412331280185.

Garegnani, G. (2018) “GIS-based approach for assessing the energy potential and the
financial feasibility of run-off-river hydro-power in Alpine valleys’, Applied
Energy. Elsevier, 216(February), pp. 709-723. doi:
10.1016/j.apenergy.2018.02.043.

Al Garni, H. Z. and Awasthi, A. (2017) ‘Solar PV power plant site selection using a
GIS-AHP based approach with application in Saudi Arabia’, Applied Energy.
Elsevier, 206(October), pp. 1225-1240. doi: 10.1016/j.apenergy.2017.10.024.

General Authority for Civil aviation (2018) Saudi airports. Available at:
https://gaca.gov.sa/web/en-gb/page/home (Accessed: 3 December 2018).

General Authority for Statistic of Saudi Arabia (2010) Population of Saudi Arabia
2010 - 2025. Available at:

157



https://www.stats.gov.sa/sites/default/files/PopulationEstimates2010-
2025.pdf (Accessed: 3 June 2017).

General Authority for Statistic of Saudi Arabia (2017) ‘Household Energy Survey
20177, pp. 1-288.

General Authority for Statistics (2018a) Population centers, Statistical Yearbook of
2018. Available at: https://www.stats.gov.sa/ar/43 (Accessed: 29 November
2018).

General Authority for Statistics (2018b) Population Estimates. Available at:
https://www.stats.gov.sa/en/43 (Accessed: 29 November 2018).

Giardini, D. (1999) ‘“The GSHAP Global Seismic Hazard Map’, Annali di Geofisica,
42(6), pp. 1225-1228.

GIS Geography (2017) The Difference Between GIS Spatial Data Types, GIS
Geography. Available at: https://gisgeography.com/spatial-data-types-vector-
raster/ (Accessed: 7 October 2017).

GIS Geography (2018) What is Geographic Information Systems (GIS)? Available at:
http://gisgeography.com/what-gis-geographic-information-systems/
(Accessed: 10 January 2018).

Goodchild, M. F. (2010) *“Twenty years of progress: GIScience in 2010°, Journal of
Spatial Information Science, 1(1), pp. 3-20. doi: 10.5311/J0SIS.2010.1.2.

Hepbasli, A. and Alsuhaibani, Z. (2011) ‘A key review on present status and future
directions of solar energy studies and applications in Saudi Arabia’, Renewable
and Sustainable Energy Reviews. Elsevier Ltd, 15(9), pp. 5021-5050. doi:
10.1016/j.rser.2011.07.052.

Hussein, F. M., Obeid, M. A. and EL-Malahy, K. S. (1987) ‘Site selection of a dual
purpose nuclear power plant in Saudi Arabia’, Nuclear Technology, 79, pp.
311-321.

Hussein, Fahmy M., Obeid, M. A. and EL-Malahy, K. S. (1987) *Site selection of a
dual purpose nuclear power plant in Saudi Arabia’, Nuclear Technology, 79,
pp. 311-321.

IAEA (1999) Basic Safety Principles for Nuclear Power Plants. Available at:
https://www.iaea.org/publications (Accessed: 13 January 2016).

IAEA (2003) Site Evaluation for Nuclear Installations, Safety Requirements, Safety
Standards  Series  No. NS-R-3.  Available at:  http://www-

158



pub.iaea.org/MTCD/publications/PDF/Pub1177_web.pdf  (Accessed: 13
January 2017).

IAEA (2004) Geotechnical Aspects of Site Evaluation and Foundations for Nuclear
Power Plants. Available at: http://www-ns.iaea.org/Publications/index.html
(Accessed: 13 January 2016).

IAEA (2006) Fundamental Safety Principles. First ed. IAEA. Available at:
http://www-ns.iaea.org/standards/documents/default.asp?sub=100.

IAEA (2007a) Considerations to Launch a Nuclear Power Programme. First ed.
International Atomic Energy Agency. Available at:
https://www.iaea.org/publications.

IAEA (2007b) Managing the First Nuclear Power Plant Projec. Available at:
https://www.iaea.org/publications (Accessed: 13 January 2016).

IAEA (2009a) Evaluation of Seismic Safety for Existing Nuclear Installations, IAEA
Safety Standards. Available at: https://www.iaea.org/publications (Accessed:
30 November 2017).

IAEA (2009b) Integrated Nuclear Infrastructure Review Missions. Available at:
https://www.iaea.org/publications (Accessed: 4 July 2016).

IAEA (2011a) Economic evaluation of bids for nuclear power plants. Available at:
https://www-pub.iaea.org/MTCD/Publications/PDF/TRS396 _scr.pdf
(Accessed: 1 April 2019).

IAEA (2011b) Establishing the Safety Infrastructure for a Nuclear Power Programme.
International Atomic Energy Agency. Available at:
https://www.iaea.org/publications (Accessed: 19 March 2017).

IAEA (2011c) Meteorological and Hydrological Hazards in Site Evaluation for
Nuclear Installations. Available at: https://www.iaea.org/publications
(Accessed: 13 January 2016).

IAEA (2012a) Licensing the First Nuclear Power Plant. International Atomic Energy
Agency. Auvailable at: https://www.iaea.org/publications (Accessed: 23
January 206AD).

IAEA (2012b) Managing siting activities for nuclear power plants. Available at:
https://www.iaea.org/publications (Accessed: 17 July 2016).

IAEA (2012c) Managing Siting Activities for Nuclear Power Plants. International
Atomic Energy Agency.

159



IAEA (2012d) Neutron Generators for Analytical Purposes, IAEA Radiation
Technology Reports Series. Available at: https://www-
pub.iaea.org/MTCD/Publications/PDF/P1535 web.pdf%0Ahttp://books.goog
le.com/books?id=kT6DMAEACAAJ&amp;dg=intitle:Neutron+Generators+f
or+Analytical+Purposes&amp;hl=&amp;cd=1&amp;source=gbs_api
(Accessed: 5 August 2018).

IAEA (2012¢) Safety of nuclear power plants . Design, Specific Safety Requirements.
Available at: https://www.iaea.org/publications (Accessed: 13 January 2016).

IAEA (2015a) Nuclear power reactors in the world. Available at:
https://www.iaea.org/publications (Accessed: 27 November 2016).

IAEA (2015b) Site Survey and Site Selection for Nuclear Installations. International
Atomic Energy Agency. Available at: https://www.iaea.org/publications
(Accessed: 24 October 2016).

IAEA (2016) Advances in Small Modular Reactor Technology Developments.
Available at: https://www.iaea.org/newscenter/pressreleases/iaea-reviews-

saudi-arabias-nuclear-power-infrastructure-development (Accessed: 7 June

2017).
IAEA (2018) IAEA Reviews Saudi Arabia’s Nuclear Power Infrastructure
Development. Available at:

https://www.iaea.org/newscenter/pressreleases/iaea-reviews-saudi-arabias-
nuclear-power-infrastructure-development (Accessed: 12 April 2019).

International Energy Agency (2015) IEA - Report. Available at:
http://www.iea.org/statistics/statisticssearch/report/?country=ALGERIA&pro
duct=Balances&year=2012 (Accessed: 17 October 2016).

International Energy Agency (2016a) Saudi Arabia: Balances. Available at:
https://www.eia.gov/beta/international/country.cfm?iso=SAU (Accessed: 25
January 2016).

International Energy Agency (2016b) Saudi Arabia: Electricity. Available at:
https://www.iea.org/statistics/statisticssearch/report/?country=SAUDIARABI
&product=ElectricityandHeat&year=2014 (Accessed: 19 July 2016).

International Energy Agency (2017) CO2 Emissions from Fuel Combustion 2017 -
Highlights, International Energy Agency. doi: 10.1787/co2_fuel-2017-en.

160



International Energy Agency (2018) Statistics for electricity, International Energy
Agency. Available at: http://www.iea.org/stats/index.asp (Accessed: 2 July
2018).

International Nuclear Safety Advisory Group (1996) Defence in Depth in Nuclear
Safety. doi: INSAG-10.

Janke, J. R. (2010) “‘Multicriteria GIS modeling of wind and solar farms in Colorado’,
Renewable Energy. Elsevier Ltd, 35(10), pp. 2228-2234. doi:
10.1016/j.renene.2010.03.014.

Jevrejeva, S. (2016) “Coastal sea level rise with warming above 2 °C’, Proceedings of
the National Academy of Sciences, 113(47), pp. 13342-13347. doi:
10.1073/pnas.1605312113.

Kaundinya, D. P., Balachandra, P. and Ravindranath, N. H. (2009) ‘Grid-connected
versus stand-alone energy systems for decentralized power-A review of
literature’, Renewable and Sustainable Energy Reviews, 13(8), pp. 2041-2050.
doi: 10.1016/j.rser.2009.02.002.

Krej¢i, J. (2018) ‘Fuzzy set theory’, in Studies in Fuzziness and Soft Computing, pp.
57-84. doi: 10.1007/978-3-319-77715-3_3.

Kurt, U. (2014) ‘The fuzzy TOPSIS and generalized Choquet fuzzy integral algorithm
for nuclear power plant site selection — a case study from Turkey’, Journal of
Nuclear Science and Technology. Taylor & Francis, 51(10), pp. 1241-1255.
doi: 10.1080/00223131.2014.918524.

Kusre, B. C. (2010) *Assessment of hydropower potential using GIS and hydrological
modeling technique in Kopili River basin in Assam (India)’, Applied Energy.
Elsevier Ltd, 87(1), pp. 298-309. doi: 10.1016/j.apenergy.2009.07.019.

Laaribi, A., Chevallier, J. J. and Martel, J. M. (1996) ‘A spatial decision aid: A
multicriterion evaluation approach’, Computers, Environment and Urban
Systems, 20(6), pp. 351-366. doi: 10.1016/S0198-9715(97)00002-1.

Ledraa, T. A. (2018) ‘A Review of Flood Hazard Planning , Management and Mapping
within the Context of Saudi Arabia A Review of Flood Hazard Planning ,
Management and Mapping within the Context of Saudi Arabia’, (March), pp.
0-10.

Leverenz, R., Gerhard, L. and Gdbel, A. (2004) ‘Nuclear Energy for New Europe 2004
The European Pressurized Water Reactor : A Safe and Competitive Solution

for Future Energy Needs’, Proceedings of the International Conference

161



Nuclear Energy for New Europe, Portoroz, Slovenia, Sept. 6-9, 2004,

1(October 2000), pp. 1-7. Available at:
http://www.iaea.org/inis/collection/NCLCollectionStore/ Public/37/086/3708
6871.pdf.

Majrashi, K. and Borsci, S. (2018) ‘User need and experience of Hajj mobile and
ubiquitous systems: Designing for the largest religious annual gathering’,
Cogent Engineering. Cogent, 5(1), pp. 1-26. doi:
10.1080/23311916.2018.1480303.

Malczewski, J. (2006) ‘GIS-based multicriteria decision analysis: A survey of the
literature’, International Journal of Geographical Information Science, 20(7),
pp. 703-726. doi: 10.1080/13658810600661508.

Martin, N. J., St Onge, B. and Waaub, J. P. (1999) ‘An integrated decision aid system
for the development of Saint Charles River alluvial plain, Quebec, Canada’,
International Journal of Environment and Pollution, 12(2-3), pp. 264-279.
doi: 10.1504/1JEP.1999.002296.

Marttunen, M. (2018) Description of Multi-Criteria Decision Analysis (MCDA),
Finnish Environment Institute. doi: 10.1039/c0ib00055h.

Masciopinto, C. and Liso, I. S. (2016) ‘Assessment of the impact of sea-level rise due
to climate change on coastal groundwater discharge’, Science of the Total
Environment.  Elsevier B.V., 569-570, pp. 672-680. doi:
10.1016/j.scitotenv.2016.06.183.

Mele, R. and Poli, G. (2017) ‘The Effectiveness of Geographical Data in Multi-Criteria
Evaluation of Landscape Services +t’, Data, 2(1), p. 9. doi:
10.3390/data2010009.

Menashe, E. (2004) Relationship between degrees , percent slope , and ratio to express
slope gradient, Shoreline management and stabilisation using vegetation.
Available at: http://www.greenbeltconsulting.com/articles/relationships.html
(Accessed: 23 December 2018).

Mengel, M. (2016) ‘Future sea level rise constrained by observations and long-term
commitment’, Proceedings of the National Academy of Sciences, 113(10), pp.
2597-2602. doi: 10.1073/pnas.1500515113.

Ministry of Haj-KSA (2018) Media Center _ Ministry of Haj and Umra. Available at:
http://www.haj.gov.sa/English/mediacenter/pages/allannouncements.aspx
(Accessed: 9 December 2018).

162



Montibeller, G. and Franco, A. (2010) Multi-Criteria Decision Analysis for Strategic
Decision Making. doi: 10.1007/978-3-540-92828-7.

Moore, J. M. (1979) Primary and secondary faulting in the najd fault system, kingdom
of saudi arabia.

Munir, S. (2013) ‘Modeling Particulate Matter Concentrations in Makkah , Applying
a Statistical Modeling Approach’, pp. 901-910. doi:
10.4209/aaqr.2012.11.0314.

Nemeth, B. (2019) ‘Comparison of weighting methods used in multicriteria decision
analysis frameworks in healthcare with focus on low- and middle-income
countries’, 8, pp. 195-204.

Nolan, T. (2012) The importance of ports, British Chambers of Commerce. Available
at: http://www.britishchambers.org.uk/policy-maker/blog/the-importance-of-
ports.html (Accessed: 24 March 2018).

NRC (2004) Nuclear Power Plant Licensing Process. U.S Nuclear Regulatory
Commission.

NRC (2014) Regulatory Guide 4.7, General Site Suitability Criteria for Nuclear
Power Stations. U.S Nuclear Regulatory Commission.

NRC (2018) Palo Verde Nuclear Generating Station. Awvailable at:
https://www.nrc.gov/info-finder/reactors/palol.html (Accessed: 29 December
2018).

Omitaomu, Olufemi A. (2012) *Adapting a GIS-based multicriteria decision analysis
approach for evaluating new power generating sites’, Applied Energy, 96, pp.
292-301. doi: 10.1016/j.apenergy.2011.11.087.

Omitaomu, Olufemi A. (2012) ‘Adapting a GIS-based multicriteria decision analysis
approach for evaluating new power generating sites’, 96, pp. 292-301. doi:
10.1016/j.apenergy.2011.11.087.

Ouda, O. K. M. (2013) “Saudi Arabia Water Resources, Water Shortage, Public
Awareness, Water Pricing System’, Resources and Environment, 3(1), pp. 10-
13. doi: 10.5923/j.re.20130301.02.

Ouda, O. K. M. (2016) “‘Waste to energy potential: A case study of Saudi Arabia’,
Renewable and Sustainable Energy Reviews. Elsevier, 61, pp. 328-340. doi:
10.1016/j.rser.2016.04.005.

Powers, R. W. (1966) ‘Geology of the Arabian Peninsula Sedimentary Geology of
Saudi Arabia’, U.S. Geological Survey Professional Paper, 560-D, p. 154.

163



Rahman, M. T. (2016) ‘Vulnerability of flash flooding in Riyadh, Saudi Arabia’,
Natural Hazards. Springer Netherlands, 84(3), pp. 1807-1830. doi:
10.1007/s11069-016-2521-8.

Saaty, R. W. (1987) “The analytic hierarchy process-what and how it is used’’, Math.
Modelling, 9(3), pp. 161-176.

Saaty, T. L. (2008) ‘Decision making with the analytic hierarchy process’,
International Journal of Services Sciences, 1(1), pp. 107-121.

Sahoo, K. (2016) ‘GIS-based biomass assessment and supply logistics system for a
sustainable biorefinery: A case study with cotton stalks in the Southeastern
US’, Applied Energy. Elsevier Ltd, 182, pp. 260-273. doi:
10.1016/j.apenergy.2016.08.114.

Sanchez-Lozano, J. M., Garcia-Cascales, M. S. and Lamata, M. T. (2016) ‘GIS-based
onshore wind farm site selection using Fuzzy Multi-Criteria Decision Making
methods. Evaluating the case of Southeastern Spain’, Applied Energy, 171, pp.
86-102. doi: 10.1016/j.apenergy.2016.03.030.

Saudi Commission for Tourism and National Heritage (2018) Historical sites.
Available at: https://scth.gov.sa/en/Pages/default.aspx#4 (Accessed: 29
November 2018).

Saudi Geological Survey (2017) Seismicity in Saudi Arabia. Available at:
https://www.sgs.org.sa/English/NaturalHazards/Pages/Earthquakes.aspx
(Accessed: 20 September 2017).

Saudi Geological Survey (2018a) Geology of Saudi Arabia. Saudi Geological Survey.
Available at: http://www.sgs.org.sa/English/Pages/default.aspx. (Accessed: 28
February 2016).

Saudi Geological Survey (2018b) Tectonic & Structure of Saudi Arabia. Available at:
https://www.sgs.org.sa/English/Geology/Pages/TectonicStructure.aspx
(Accessed: 22 March 2018).

Saudi Geological Survey (2018c) Volcanism in Saudi Arabia. Available at:
https://www.sgs.org.sa/English/NaturalHazards/Pages/Volcanoes.aspx
(Accessed: 2 December 2018).

Saudi Ports Authority (2018) Saudi Ports. Available at: https://mawani.gov.sa/ar-
sa/Pages/default.aspx (Accessed: 3 December 2018).

164



Saudi  Wildlife Authority (2018) Protected areas map. Available at:
https://www.swa.gov.sa/en/protected-areas/protected-areas-map. (Accessed: 4
August 2018).

Sawin, J. L., Seyboth, K. and Sverrisson, F. (2016) Renewables 2016 global status
report. Available at: http://www.ren21.net/resources/publications/ (Accessed:
7 June 2017).

Shearer, P. M. (2009) Inroduction to Seismology. Second Edi. Cambridge University
Press.

Sweet, W. V. (2017) Global and regional sea level rise scenarios for the united states.
Available at:
https://tidesandcurrents.noaa.gov/publications/techrpt83_Global_and_Region
al_SLR_Scenarios_for_the US final.pdf.

Tarawneh, Q. and Chowdhury, S. (2018) “Trends of Climate Change in Saudi Arabia:
Implications on Water Resources’, Climate, 6(1), p. 8. doi:
10.3390/cli6010008.

The Public Transport Authority (2018) [JRoads. Available at: https://mot.gov.sa/en-
us/TKingdom/Pages/PublicTransport.aspx (Accessed: 12 March 2018).
UNESCO (2018) ‘Rijal Almaa Heritage Village in Assir’. Available at:
https://whc.unesco.org/en/tentativelists/6030/ (Accessed: 16 December 2018).

united Nations (2018) Intergovernmental Panel on Climate Change, Cambridge
University Press. Available at:
http://www.ipcc.ch/publications_and_data/publications_ipcc_first_assessmen
t 1990 wgl.shtml (Accessed: 18 December 2018).

USGS (2018) What Is a fault, USGS. doi: 10.1021/n1403158x.

Vidal, J. (2018) “What Are Coastal Nuclear Power Plants Doing To Address Climate
Threats ?°, pp. 1-10.

Wang, C., Su, C. and Nguyen, V. T. (2018) ‘Nuclear Power Plant Location Selection
in Vietnam under Fuzzy Environment Conditions’, pp. 1-16. doi:
10.3390/sym10110548.

Westinghouse Electric Corporation (2018) AP1000 Pressurized Water Reactor |
Westinghouse Nuclear. Available at:
http://www.westinghousenuclear.com/New-Plants/AP1000-PWR (Accessed:
23 August 2018).

165



Wogan, D. and Pradhan, S. (2017) GCC Energy System Overview — 2017. Available
at: file:///C:/Users/Mohammed Damoom/Downloads/KS-2017-MP04-GCC-
Energy-Overview-2017.pdf.

World Nuclear Association (2017) Nuclear Power in Saudi Arabia. Available at:
http://www.world-nuclear.org/information-library/country-profiles/countries-
o0-s/saudi-arabia.aspx (Accessed: 9 October 2017).

World Nuclear Association (2018) Greenhouse gas emissions avoided through use of
nuclear generation - World Nuclear Association. Available at:
http://www.world-nuclear.org/nuclear-basics/greenhouse-gas-emissions-
avoided.aspx (Accessed: 28 September 2018).

Youssef, A. M. and Maerz, N. H. (2013) ‘Overview of some geological hazards in the
Saudi Arabia’, Environmental Earth Sciences, 70(7), pp. 3115-3130. doi:
10.1007/s12665-013-2373-4.

Zobin, V. (2012) Introduction to Volcanic Seismology, Introduction to Volcanic
Seismology. doi: 10.1016/C2011-0-06141-0.

166



LIST OF PUBLICATIONS

Journal with Impact Factor

1- Damoom, M. M., Hashim, S., Aljohani, M. S., Saleh, M. A. and Xoubi, N.
(2019) “Potential areas for nuclear power plants siting in Saudi Arabia: GIS-
based multi-criteria decision making analysis’, Progress in Nuclear Energy.
Elsevier, 110(May 2018), pp. 110-120.

Indexed Journal

1- Damoom, M. M., Hashim, S., Aljohani, M. S. and Saleh, M. A. (2018)
‘Adding sustainable sources to the Saudi Arabian electricity sector’, The
Electricity Journal. Elsevier, 31(66), pp. 20-28.

Conference

1- Damoom, M. M., Hashim, S., Aljohani, M. and Saleh, M. A. (2018)
‘POTENTIAL SAFE AREAS FOR NUCLEAR POWER PLANT SITING IN
SAUDI ARABIA’, in the 7th International Graduate Conference on
Engineering, Science & Humanities. Universiti Teknologi Malaysia, pp. 497—
499,

191



	DECLARATION
	DEDICATION
	ACKNOWLEDGEMENT
	ABSTRACT
	ABSTRAK
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ABBREVIATIONS
	LIST OF SYMBOLS
	LIST OF APPENDICES
	CHAPTER 1    INTRODUCTION
	1.1 Background
	1.1.1 Electricity Demand Trend and its Impacts
	1.1.2 Nuclear Power Alternatives
	1.1.3 Defense in Depth Philosophy
	1.1.4 Nuclear Power Plant (NPP) Siting
	1.1.4.1 NPP Siting Phases
	1.1.4.2 Geographical Information System (GIS)


	1.2 Problem Statement
	1.3 Objectives of the Research
	1.4 Scope of the Research
	1.5 Significance of the Research
	1.6 Thesis Organization

	CHAPTER 2    LITERATURE REVIEW
	2.1 Introduction
	2.2 Study Area
	2.2.1 Electricity Demand
	2.2.2 Energy Mix
	2.2.3 Nuclear Energy

	2.3 NPP Siting
	2.3.1 NPP Siting Process
	2.3.2 NPP Siting Criteria
	2.3.3 NPP siting Criteria

	2.4 Demography Issues
	2.5 Holy and Historical Sites
	2.6 External Hazards
	2.6.1 Seismicity of Saudi Arabia
	2.6.2 Geological Faults
	2.6.3 Volcanic
	2.6.4 Hazardous Facilities
	2.6.5 Slope

	2.7 Economic Factors
	2.7.1 Cooling Water Accessibility
	2.7.2 Load Centres
	2.7.3 Sea Ports

	2.8 Sea-Level Rise (SLR) Impact
	2.9 NPP siting Studies in Saudi Arabia

	CHAPTER 3    RESEARCH METHODOLOGY
	3.1 Introduction
	3.2 NPP Siting Methods
	3.2.1 Multi-Criteria Decision Analysis (MCDA)
	3.2.1.1 Analytical Hierarchy Process (AHP)
	3.2.1.2 Criteria Weighting Methods
	3.2.1.3 Calculation Procedures
	3.2.1.4 Consistency Test
	3.2.1.5 Fuzzy and Suitability index

	3.2.2 Geographical Information System (GIS)
	3.2.3 GIS-based Multi-Criteria Decision Analysis (MCDA) Approach
	3.2.4 ArcGIS Software

	3.3 Data Collection
	3.4 Screening out Unsuitable (Unsafe) Areas
	3.4.1 Digitalizing Collected Data as Vector Maps
	3.4.2 Converting Vector Maps into Raster Maps
	3.4.3 Generation of Exclusionary Dataset Maps

	3.5 Overlay Process
	3.6 Extraction of Eastern and Eastern Coasts
	3.7 Data Aggregation
	3.8 Sea Level Rise (SLR) Sensitivity Analysis
	3.9 Preferable Sites (Phase II)
	3.9.1 Demography Issues Layers
	3.9.1.1 Reclassification of Dataset Layers
	3.9.1.2 Weighted Overlay Process
	3.9.1.3 Reset Procedure

	3.9.2 The External Hazards Issues
	3.9.3 The Economics Issues
	3.9.4 The Final Preferable Siting Areas Layer


	CHAPTER 4    RESULTS AND DISCUSSION
	4.1 Introduction
	4.2 Adopted Criteria
	4.3 Application of NPP Siting criteria
	4.3.1 Demographic Issues
	4.3.1.1 Population Density
	4.3.1.2 Population Centres
	4.3.1.3 Holy and Historical Sites
	4.3.1.4 Demographic Net Suitability

	4.3.2 External Hazards
	4.3.2.1 Seismicity
	4.3.2.2 Slope
	4.3.2.3 Geological Faults
	4.3.2.4 Flood Area (Valleys)
	4.3.2.5 Volcanic Hazard
	4.3.2.6 Hazardous Facilities
	4.3.2.7 The Net External Hazards Suitability

	4.3.3 Economic Issues
	4.3.3.1 Cooling Water Availability and Accessibility
	4.3.3.2 Load centres
	4.3.3.3 National Grid
	4.3.3.4 Main Roads
	4.3.3.5 Seaports
	4.3.3.6 The Net Economic Suitability


	4.4 Potential Suitable Areas for NPP siting
	4.5 Area Suitability Evaluation in the Western and Eastern Coasts
	4.6 Aggregating Spatial Resolution to Real NPP Footprint.
	4.7 Analysis of Sea-Level Rise (SLR) Impact
	4.8 Ranking Potential NPP Siting Areas
	4.9 Sensitivity Analysis
	4.10 Proposed Potential Suitable NPP sites
	4.11 Summary

	CHAPTER 5    CONCLUSION AND RECOMMEDATIONS
	5.1 Conclusion
	5.2 Recommendation

	REFERENCES
	APPENDICES
	LIST OF PUBLICATIONS



