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Abstract

The search for alternative energy resources began early in this century after
the discovery of crude oil, but in 1973, when crude oil prices dramatically
increased, the search for new energy sources intensified. The conservation of oil
consumption, mainly in industrial countnes has been more strictly applied, due
to the imited quantities of fossil fuels, especially crude oil which is expected to
be depleted within the next few decades. Moreover, the increasing level of air
pollution and its severe consequences on human, animal, and plant life and

climate, has forced the world to try to reduce air pollution emissions in the short-

run, and to search for more reliable, renewal energy resources

Amongst renewable energy resources, solar energy has attracted much
attention due to 1ts unique charactenstics, including its wide availability in huge
quantities, particularly at the middle latitudes, its relatively simple harnessing

compared with nuclear energy, and most importantly, its clean source which

does not discharge any pollution emission.

The intensity of solar radiation in Saudi Arabia reaches an average of 290
wm-2, one of the highest insolation values in the world. Here attention has been
focused on solar energy as the main alternative source of power. However,
there is a great variation in the distribution of incoming solar radiation within

Saudi Arabia. This variation is attributed mainly to six major factors. They

include the following

1. Sunshine duration
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Insolation index
Alutude of the stauon
Specific humdity

Cloud cover, and

o L K~ ¥

Dust storms

In order to measure the effect of each factor mentioned above on the
variation of incoming solar radiation, a multiple linear regression model is

developed and used. This 1s the most appropnate method to explain the

interrelationships between the determinants and their dependent variable.

In addition to the physical factors, the human factor is considered in this

thesis as a result of the crucial effect of the perspectives and attitudes of people
upon solar energy development. Therefore, a questionnaire was conducted at Al-

Uyaynah Village, northwest of Riyadh, which has a solar-generated electricity in
Saudi Arabia.

Location of future solar energy facilities is a very important issue for
decision-makers as a result df the great variation of incoming solar radiation, not |
only from one site to another, but also from time to time. Appropriate locations
should consider all six factors mentioned above in order to find the optimum

Intensity of solar radiation.
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CHAPTER ONE

INTRODUCTION

1.1 The Energv Dilemma

The development of alternative energy resources gained a high momentum
In the 1907s, particularly since 1973, following the dramatic increases in crude
oll prices from $1.77 per barrel in September, 1973, t0 $ 5.17 in November of
the same year. As a result of the increase in oil prices, many industrial

countries, 1n North America and Western Europe, followed an energy
conservation policy to reduce their heavy dependence on imported oil.

Conservation policies led to a substantial decrease in oil consumption and an

increase efficiency, particularly in vehicle engines.

Moreover, the instability in crude oil production, especially from OAPEC
members as a result of regional conflicts, such as the Iraq-Irani war (1979-1989)

and the Gulf Cnsis in 1990-1991, has forced major industrial countries to

expand the pace for alternative energy development.

The increasing level of air pollution, which is clearly noticed in cities with
high population density such as New Y ork, London, and Cairo, has led many
countnes to reduce the quantities of poliuting emissions from industry, power
plants, and vehicles, the major sources of air pollution. During the Gulf crisis
more than 600 o1l wells 1n Kuwait were burning, causing massive damage to
human, animal, and plant life, not only in the Gulf region but also 1n areas
located at more than 500 KM away. As a result of these pollution problems the

search for alternative energy resources has became a dominant concern in many



countries especially 1n oil importing countnes.

Amongst energy alternatives, solar power has attracted much attention due
to 1ts unique features such as its clean source, widespread availability, and
particularly, its undepletable source of energy. Therefore, research and
experiments have focussed on the development of this source to make it
economically competitive with other fossil fuels. These efforts resulted 1n a
remarkable decrease in solar energy. Over the past two decades, the cost of
photovoltaic electricity has fallen from US $ 30 per kilowatt / hour to just US $

0.30 ( Flavin and Lenssen, 1991). Nevertheless, the cost of solar energy

production is still five to ten times more expensive than fossil fuel which makes

It uncompetitive.

Like the other alternative energy sources, solar energy development is
taking a long time to become technically viable and economically competitive
with conventional energy sources. For each new source, the energy supplying
capabilities must first be recognised, then the technologies developed and tested
to transform the energy into usable forms, and finally the technologies must be
made available to the users. For example, oil and natural gas only gradually
achieved their major role i1n the energy market over a long period after their
discovery even though these fuels were attractive from the beginning, due to
their cost advantages, flexibility of use and convenience in transportation,
storage and combustion (IEA, 1987). However, this thesis does not investigate
the economic viabihity of solar energy versus crude oil. The production cost of

solar energy will be discussed to some extent in Chapter Eight.

Due to the high intensity of solar radiation in Saudi Arabia, solar energy

has become the main alternative source that has been promoted for development



by universities and research institutes in the country since the 1970s. Despite its

high intensity, the distnbution of solar radiation over Saudi Arabia is not stable
either in time or from one station to another. The variation of solar radiation in
Saudi Arabia 1s a result of many {actors that either increase its intensity, such as
sunshine duration, altitude, and insolation index, or decrease it, such as specific
humidity, cloud cover, and dust storms through scattering, reflection and

absorption processes that attenuate the total amount of incoming solar radiation at

the earth’s surface. Therefore, the vanation of incoming solar radiation over

Saudi Arabia will be investigated based on these main six factors in Chapters Six

and Seven.

The characteristics of the appropnate locations of solar energy plants need 1o
be investigated since solar radiation is widely distributed over relatively large
areas in Saudi Arabia. In addition to population density, many other important
factors should be considered when choosing solar energy plants location such
as, the intensity of solar radiation, cloud cover, dust storms, and humidity due to

their influence on solar energy production. The location problem of solar energy

plants 1s discussed {ully in Chapter Eight.

In addition, human factors play a crucial role in solar energy development.
The human perspective and attitude must be considered before introducing solar
energy system, especially at remote villages where the education level is low
compared with urban population. Thus, one of the main objectives of this thesis
was to conduct a questionnaire at Al-Uvavnah Village, that had a solar powered

generation, 1n addition to Al-Jubailah and Al-Hegrah villages, to investigate the

perspectives and attitudes of people towards solar energy development.



1.2 Thesis Objectives

Solar energy development in Saudi Arabia has two dimensions, physical
and human. The physical dimension involves the main meteorological factors
affecting the intensity of incoming solar radiation and its spatial and temporal
vanations. The human dimension 1ncludes the economic factors influencing the
appropriate location of solar energy plants in Saudi Arabia, and the awareness of
the respondents about the potential of solar energy and their attitudes towards
solar energy development. Due to their crucial role and influence on energy-
policy makers, public attitudes should be considered when introducing a new
source of energy to tackle any problem that may arise and to make a smooth
transition to the new energy source. Therefore, particular attention has been
given to the effect of age, education level, and the place of origin of the

respondents on their attitudes to solar energy development, as the key factors

shaping an individual’s attitudes.

Thus, the following are the main integrated objectives of this thesis :

1. Saudi Arabia receives a very high amount of solar radiation that is capable to
meet the energy requirement when fully developed not onlv in Saudi Arabia
but also 1n other countnes within the middle latitudes. Therefore, the first
objective is to examine the potential role that solar energy may play in future
energy development 1n Saudi Arabia. This will be discussed in Chapters

Two and Three.

o

Despite the high intensity of solar radiation in Saudi Arabia, there is a

noticable temporal and spatial variation, particularly in the central and

northern regions of the country. Thus, the second objective is to determine



the temporal and spatial characteristics of the pattern of solar radiation
distnbution 1n Saudi Arabia based on the available meteorological data such
as sunshine duration, altitude, insolation index, specific humidity, cloud
cover, and dust storms, and by using a modified regression model of solar

radiation. These will be discussed 1n Chapters Six and Seven.

Although the southwestern part of Saudi Arabia is the most appropriate
location for solar energy development, there are some other locations that
have high potential for solar energy development in this counrty,
paruculariy in the western and central parts. Therefore, the third objective of
this thesis 1s to examine the appropriate locations for solar energyv plants in

Saudi Arabia based on the available physical and human factors, particularly

solar radiation intensity and population density. This will be discussed in

Chapter Eight.

Solar energy development, as a new source of power, depends, to some
extent, on the public perspectives and reaction. The satisfaction of the

customers 1s very crucial for solar energy development, particualrly for
private commercial sector. Therefore, the fourth objective is to investigate
the human dimension of solar energy development through the people's

attitudes towards solar energy development in Saudi Arabia. This will be

discussed in Chapters Nine, Ten, and Eleven.

1.3 Study_ Scope

This thesis is divided into three main parts, as follows:

1. The first part focusses on the potential of solar energy in the light of



the current energy situation in Saudi Arabia, mainly crude oil and
natural gas, and discusses the production, consumption, exXports,
and the life-span of these two sources of energy. It also examines

the air pollution problem, caused by the emissions generated by

fossil fuel consumption, and the need for an alternative clean source

of energy.

2. The second part of this thesis investigates the temporal and spatial
variations of incoming solar radiation in Saudi Arabia and

determines the major factors influencing the intensity of incoming
solar radiation 1n Saudi Arabia and their effect on the distribution
and vanation of incoming solar radiation over this country. A
multiple linear regression 1s applied to estimate the effect of these

major factors upon this variation. The spatial and temporal

distribution patterns of incoming solar radiation are examined fully

in this part.

3. The final part discusses the appropriate location of solar energy
plants, and the effect of the meteorological and socio-economic
factors that play a significant role in the final location decision with
emphasis on the relationship between incoming solar radiation
intensity and population density. It also evaluates some solar energy
applications that are already in use in Saudi Arabia. This part also
investigates the human dimension of solar energy development. This
includes a survey which aims at analysing perspectives and attitudes
of people at Al-Uyaynah Village. Public awareness of the potential
of solar_ energy as a major alternative source of power in Saudi

Arabia should be the cornerstone of its development. The public



v

must be convinced and satisfied before large-scale production of
solar energy is intended, to make sure that there 1s a high demand
for production. Therefore, this survey was conducted to measure

the degree of their awareness, satisfaction, and attitude towards

solar energy development.

1.4 Study Area

1.4.1 Location

Although the Al-Saud House has ruled most of the Arabian Peninsula,
particularly the central part, for more than 300 vears, the foundation of Saudi
Arabia as a modern state began in 1932 when King Abdulaziz declared the
unification of this country. The Kingdom of Saudi Arabia occupies most of the
Arabian Peninsula. It1is bounded in the north by Kuwait, Iraq, and Jordan, to
the south and south-east by Yemen and Oman, to the west by the Red Sea, and
to the east by the Arabian Gulf, Qatar, and United Arab Emirates. Saudi Arabia
lies between 16© and 32° 12” north of the equator and 349 36’ and 56° east of
Greenwich. Thus, Saudi Arabia 1s located at the middle latitudes with a very

high average of solar radiation. The total area of Saudi Arabia is about 2.225

dir o duv diw

million km=.

1.4.2 Climate of Saudi Arabia

The climate of Saudi Arabia is characterised by hot, dry and dusty summers

with a noticeable increase of humidity in the coastal areas, and cold winters with



small amounts of rain except in the south-western area, where rain tends to
increase due to the higher altitude of this part. This is a distinctive Kind of
climatic feature which has a significant influence on the amount of incoming
solar radiation 1n Saudi Arabia. Although the average intensity of solar radiation
in this country is very high, there is a noticable temporal and spatial vanation in
the 1ntensity of solar radiation. This variation is attributed mainly to the
attenuating factors, particularly dust storms which reach as high as 13 days a

month in the central region. Chapter Four discusses the climate and the physical

characteristics of Saudi Arabia in some detail.

1.4.3 Population and Regional Elements

According to Al-Shareef (1987), the population of Saudi Arabia increased
from 3.3 million inhabitants in 1962 t0 6.7 million inhabitants in 1974. This
figure did not include Saudi citizens who were out of the country at the time of
the census. The latest census in 1992 indicated that the total population increased
to 16.9 milhon 1nhabitants (Al-Eqtisadiah, 1992). In 1962, 76 per cent of the
population were in the rural areas, while in 1974, it was 62 per cent. In the late
1970s, the percentage of rural population decreased to 40 per cent, due to urban
migration. Although the population density increased from 1.5 per cent in 1961

to 3 per cent in 1974 (Al-Shareef, 1987), this is still a very low value due to the

large area of Saudi Arabia.

Moreover, most of the population in the rural areas is widely distributed in
1solated villages particularly in the southwestern part of Saudi Arabia. The
connection of these isolated villages to the national electricity grid is very

expensive particularly for villages located at a higher altitude. These remote



villagaes can be served by isolated networks based on diesel generators, but
finding staff to operate and maintain such systems and the regular supplies of
fuel can often present real difficulties for the power utility. Therefore, solar

energy offers a number of attractive advantages, in that it is modular, need no

fuel, and the maintenance requirements are slight.

1.4.4 Economy

Like the Arabian Gulf States, the economy of Saudi Arabia depends highly
on o1l and natural gas revenues. According to Saud1 Arabian Monetary A gency
(1989), oil and natural gas revenues represented 70 per cent of the total budget in
1988 / 1989. In 1990 it increased to 73 per cent. This was due 10 the increase In
oil prices as a result of the Gulf Crisis, when prices reached as much as $ 40 per
barrel, compared with only $17 per barrel before the Gulf Crisis. Due to the
instability of oil prices, the Government of Saudi Arabia decided in the mid
1970s to diversify its income revenues by encouraging the establishment of oil-
related industrnies such as petrochemicals. In addition, the agricultural sector has

significantly expanded helped by government loans with a high discount of up to

50 per cent to farmers.

Industrial and agncultural development depend largely on crude oil as the
main source of fuel. However, the crude oil reserve is limited, despite its large
quantity, and expected to be depleted within the next five to six decades.
Therefore, it is urgent to consider the development of solar energy as the main
alternative source of power as soon as possible especially with the current

adequate finance of Saudi.Arabia which enable it to support the research and

development of solar energy.
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In summary, the central research question is to investigate the potential role
of solar radiation to meet the energy requirement in Saudi Arabia when fully
developed, and to discusse the temporal and spatial vanation of this resource as
well as the appropriate locations for solar energy development and the physical
and human factors affecting this potential. This investigation will be based on the
availabe meteorological data influencing the intensity of solar radiation in Saudi
Arabia, such as sunshine duration, insolation index, altitude, specific humidity,
cloud cover, and dust storms. Furthermore, a questionnaire was conducted at
Al-Uyaynah Village to see the attitudes and reaction of the respondents towards

solar energy development in Saudi Arabia.
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CHAPTER TWO

IMPLICATION OF RECENT TRENDS IN ENERGY USE
IN SAUDI ARABIA

2.1 INTRODUCTION

The necessity of developing an alternative source or sources of energy
stems {rom the fact that the fossil fuel reserves, mainly crude oil and natural gas,
are limited and expected to be depleted over a relatively short time scale, despite
their current large reserves. Moreover, the world's population, particularly 1n
the third world, is steadily increasing and the per capita demand for energy 1s
Increasing substantially, especially in the transportation and electricity generation
sectors. The majority of world population is now living in developing countnes.
In these countries, the level of energy demand tends to increase as the level of
development increases and growth rates may be rapid. Fortunately, there are
good opportunities for development of alternative sources of energy that can
substitute for fossil fuels. Present reserves and rates of use of fossil fuels can

supply the world with its energy requirements over the time needed to bring an
alternative energy source on stream. lnvestment in renewable energy resources
will allow the pace of the development to reach a stage when renewable energy

resources can supply a large proportion of the world energy demand. This can

occur before {ossil fuels are exhausted.

Quraeshi (1984), addressed some basic questions in order to find an exit

from the energy dilemma. He said....
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" 1n order to resolve this energy dilemma , all nations
must address the same basic questions, which are:
How can one increase the reliability of energy
supply, ensure the gradual replacement of
hvdrocarbons, utilize the natural energy resources
within one's own national boundaries to provide
better protection of consumer, and to provide
acceptable forms of energy to preserve the
environment form pollution. "

Quraeshi, 1984. p. 25.

The answer to these questions lies in increasing the pace of developing
renewable energy resources, particularly solar energy, and decreasing the heavy
dependence on conventional energy resources, such as crude oil, natural gas,
and coal, the main sources of air pollution that have resulted in severe
consequences to human, animal, and plant life. In other words, there must be a
continuing shift from conventional energy resources towards renewable energy
resources. Amongst renewable energy resources, solar energy is the main
séurce that has the potential to supply energy needs, particularly for countries
located in the middle latitudes where the intensity of solar radiation received at

the earth's surface 1s high. Moreover, the technology of hamessing solar energy

is relatively simple. This makes it more attractive to develop.

Thus, there are four reasons for doing this research. First, crude oil and

natural gas reserves in Saudi Arabia are limited in quantity, despite the recent
discoveries of additional o1l reserves, and expected to be depleted within
approximately the next five to six decades, particularly when crude oil reserves
in some Western countries are depleted by the turn of this century, as predicted.
Second, there is a worldwide concemn abdut the increasing level of air pollution

especially in the last few years which has resulted in remarkable changes in the
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climate system, due to the accumulation of fossil fuel emissions, which are
clearly noticed at the beginning of the 1990s, though it is 100 early to say wether

these changes are permanent or temporary. Third, there is a very high potential
for solar energy development in Saudi Arabia due the high intensity of solar
radiation and the low population density. Moreover, Solar energy 1s a clean
source, widely distributed, and best of all it 1s a renewable energy. So, 1t1s very
important to expand the development of solar energy now, since it takes
relatively a long time to be technically viable and econocially competitive with
fossil fuels. Fourth, Saudi Arabia now has the oil income which enables her to
finance the research and get solar energy started. Also, there is a logical

continuity in this because Saudi Arabia 1s already energy porducer, and might try

1o continue to be so over time, SO as to conserve her position.

Given that 1t 1s agreed there i1s a need for an alternative source of energy In
Saud: Arabia, this requires an analytical review of the current energy resoureces.
In particular, their reserves and the period that these reserves will meet the
expected increase in energy demand. As the life-span of these reserves
decreases, the necessity for an alternative energy source increases. Therefore, it

1§ necessary to review the production and consumption patterns of current
energy resources in Saudi Arabia to determine their reserves' life-span and the

need for an alternative energy source.

2.2 THE PATTERNS OF CURRENT ENERGY USE

IN SAUDI ARABIA

2.2.1 INTRODUCTION

In order to evaluate the potential for solar energy in Saudi Arabia, it is
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Important to 1nvestigate its current situation of crude oil and natural gas. In
Saudi Arabia, there 1s a large quantitiy of crude o1l and natural gas reserves, and
also a very high intesity of solar radiation received over its land. This may lead
one to say that there is no great need to develop solar energy in Saudi Arabia at
this time. Therefore, it is necessary to investigate this issue at the beginning of
this thesis 1o justify the urgent need {for solar energy development not only 1n

Saudi Arabia but also in many countries that have high intensity of solar

radiation.

2.2.2 CRUDE OIL AND NATURAL GAS PRODUCTION

Saud: Arabia was the third ranked oil producing country in the world in
1991, following the former Soviet Union and the United States, respectively.
Duning that year, Saudi crude oil production averaged 8.580 million barrels a
day, as seen in Table (2.1). According 1o Saudi Aramco (Undated), the number
of commercial o1l fields at the end of 1990 was 60. 14 of them offshore in the
Arabian Gulf, 43 onshore and 3 (Berri, Qatif, and, Manifa ) extending under
both land and sea water, as shown in Fig. (2.1). The Ghawar oil field, 241
kilometres long and 40 kilometres at its greatest width, is the largest onshore
field in the world. In fact, 50% of Saudi annual production comes from this field

alone. Safaniya, which was the first offshore oil field discovered by Aramco, is
the world's largest offshore oil field. According to Aramco (1989), the total

number of oil producing wells in Saudi Arabia at the end of 1989 was 567.

A quick look at Fig. (2.2) reveals that there is a fluctuation in crude oil
production {rom one year to another especially in the 1980s. Crude oil
production has decreased by as much as 34% from the production of the

proceeding year, as in 1982, and has increased by as much as 53% from the

production of the proceeding year, as in 1986. This fluctuation in the crude oil
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production in Saudi Arabia is attributed to 1ts distinctive role as a so called
"swing producer" to prevent the world energy market from sudden disruptions

in the crude oil pnices which may damage the world economy.

Table (2.1)
TOP TEN PRODUCING COUNTRIES IN 1991

(in thousand barrels per day )

COUNTRY CRUDE OIL PRODUCTION

EX=l) S S R | rerersersosermsessnsusaransesssnsncassssesrnsnesesesnsnsansasensasees 10430
L. S. A, | ceemmrmrsmsenseensensnseessecsssnsnnessssesessensssssssenssasssssenes 9025
GQAUDI A, | cerrmereeressseneenstssisnsenssssessnencssasansessssssnssasassesens 8580
IRAN | ceeermsemnmmssennsnsssmsssensesscsssrssessenssnsssesssssssssassens 3260
MEXICO | rereermmnmennniennennnesnssnaereressssssssnsrsssssssssensaessonees 2970
CHINA | seerecimnmnnnmnmnennsinsesssassessaene: 2810
VENEZUELA | cereerrrevsrcnsnmesnsmsesesnnsesasusnssscusasesesessssassssssssnaesass 2645
ABU DHABI | ceeerertecsensunnssacssscssensnenssnssassessssesssansnasesnssossassesas 2130
CANADA | crrennenesimssnsnssssssacssnssessassnsessseses 1975
NI La T T R ———. evesnersnns 1905
Total WOorld | eerrrrcnmrnsnccnnsissnssncssnssessasassesesesssasassesenseaes 64230

Source : BP Statistical Review of World Energy, June 1992.
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Fig. (2.2)
Crude Oil Production in Saudi Arabia
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Data Sources: Ministry of Petroleum and Mineral Resources (1983, 1989).
BP Statistical Review of World Energy,1992.

Therefore, whenever there is a shortage in world crude oil supplies, Saudi
Arabia increases 1ts o1l production to meet world oil demand and to prevent oil
prices from increasing sharply. So, Saudi Arabia tends to increase its
production not to take advantage of the profit but to prevent oil prices from sharp
increases. Likewise, whenever there is an increase in world oil supplies, Saud:
Arabia decreases its oil prodﬁction to the level of the world demand, and hence
prevents a decline in o1l prices. The Saudi oil policy towards stabilizing world
oll prnices operates the same way as the world oil market. The oil market has a
natural stabilization becuase as oil prices increase then production expands, and

as o1l prices decrease then oil production constracts and oil prices recover.
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The producuion of natural gas in Saudi Arabia has been steadily increased
since 1973 as the production of natural gas became economic due to the increase

In energy prices in general and natural gas in particular. Also,the expansion of
both the local consumption and the world demand for natural gas played a
significant role in its gradual increase. However, as the real prices of crude oil
and natural gas continued to increase to a high level in late 1970s and early
15980s, the demand for natural gas decreased as a result of conservation policies
In the industrialised countries in particular. For example, the production of
natural gas in Saudi Arabia in 1983 was only 124.57 thousand barrels a day
compared with 159.73 thousand barrels a day in 1982, a decrease of 22 percent.

Nevertheless, increase in production has resumed since 1989 and reached its

highest level in 1991 with 171.06 thousand barrels a day.

2.2.3 CONSUMPTION OF REFINED PRODUCTS AND NATURAL GAS

Despite the large quantities of crude oil and natural gas production in Saudi
Arabia, local consumption of refined products and natural gas represents a small
fraction of the total production (approximately 8 per cent in 1989). However, the
percentage of consumption 1s locally subject to change from year to year
because of the significant variation in the total annual production. In fact, the

local consumption of refined products and natural gas has increased since 1967

in both the domestic and industrial sectors, as a result of increase of the
population, the number of housing units, vehicles, and the expansion of the
industrial and commercial sectors. However, since 1984, local consumption of
refined products has decreased slightly reaching 256.011 thousand barrels a day
In 1989 c'ompared with 301.355 thousand barrels a day in 1984, as a result of
government policy. This has been aimed at conservation of energy consumption

by raising the local prices of refined products. Unlike refined products,
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consumption of natural gas has been steadily increased reaching 156.016

thousand barrels a day in 1989 compared with 63.889 thousand barrels a day 1n
1980.

According to Elshayal and Al-Zakn (1981) the major consumers of refined

products 1n Saudi Arabia are the transportation and utilities sectors with 32% and
29% of the total consumption in Saudi Arabia respectively. The oil industry and

construction sectors come next with 15% and 14% of the total consumption in

Saudi Arabia respectively.

The population growth rate has a lesser effect on the demand for crude oil,
particularly in large population areas such as China and India, because the
population growth rate has to be associated with a high level of economic activity
to influence the level of energy demand. Most of the oil exporting countries are
considered to be developing countries with a distinctively high population
growth rate typically between 3-3.1 per cent. This is a function of decreasing
death rate due to the improvement in the health conditions (United Nations,

1991). The increasing rate of population in the OPEC countries is reflected in
the growing level of local consumption of energy, particularly natural gas, as a
result of the high economic growth rate in these countries especially in Saudi
Arabia. Cohsurnption of refined products in OPEC members, which are the
major SUpﬁliers of crude oil in the world, has been steadily increasing since
1967. The total consumption of refined products in OPEC members rose from
2.430 milhion barrels per day in 1980 to 3.219 million barrels per day in 1987,
an 1ncrease of 32.5 per cent from 1980 consumption, OPEC (1988). Between
now and the year 2000, the number of people aged twenty to forty will increase
at about 2.6 percent a year in the developing countries (The World Bank, 1986).
Based on this prediction, consumption of energy is also expected 1o increase in

developing countries if the economic growth continues at its high level of 3-4 per
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cent.

The consumption of crude oil in the major OECD industrial nations
decreased by over 15 per cent between 1973-1986 as a result of the gradual
increases of crude oil prices especially after the so-called 'second o1l shock’ 1n
1978/79 (McCann, 1988). Moreover, economic recession has been an important
factor in the depressed levels of world oil consumption in the early 1980s and
1990s in particular. World oil consumption was stagnant in 1991. Strong
growth in the LDCs and moderate growth in the EC and Japan was largely offset

by the lower demand in a recession that hit the industrialised countnes in the

early 1990s, (BP, 1992).

According to the Third Five-Year Plan, 1980-1985 of the Ministry of
Planning (1980), total energy consumption in Saudi Arabia, mainly refined
products and natural gas, 1s expected to reach 2.3 million barrels a day in the
year 2000. Of this total consumption, the utilities sector consumption 1s
estimated to increase to 38% by the year 2000. Moreover, according to OAPEC
(1979), the total Arab crude oil consumption would reach 10 million barrels per
day by the end of this century. This is equal to S8 per cent of the total Arab oil

production in 1987. However, if this prediction is going to happend it would

increase air pollution problems, particularly in the main urban areas, and also it
would reduce the life-span of crude oil reserves in OAPEC members,
particularly Saudi Arabia. In order to prevent this situation from being achieved,
certian factors must be considered. First, energy conservation should be stnctly
implemented. Second, high standard of fuel efficiency should be regulated,
especially in utility and transportation sectors. Third, alternative energy
resources, particularly solar energy, must be taking more seriously and the

development pace should be further accelerated. Fortunately, the expected high
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revenues of oil sales can be used partly to finance solar energy research and

development especially in the utilities sector which requires high demand of

fuels.

224 EXPORTS OF CRUDE OIL, REFINED PRODUCTS

AND NATURAL GAS

Saudi Arabia is the leading exporter of crude oil in the world. In 1980, for
example, total exports of crude oil were 9.790 million barrels a day. Since
1980, exports have followed a steady decline reaching as low as 2.150 million
barrels a day in 1985. The cut in exports was to maintain the level of crude oil

prices which had fallen as a result of the conservation policies of the major

industrialised countries and the conflicts among OPEC members with respect to

the ceiling production. By 1989, crude oil exports reached 3.22 million barrels a
day.

Unlike crude oil, exports of Saudi refined products have steadily increased
since 1983 as a result of the expansion in the number and capacity of crude oil
refinenies. By the end of 1989, there were 7 crude oil refineries in Saudi Arabia

with a total output of 1.459 million barrels a day. Total exports of refined

products reached 1.09 million barrels a day 1n 1989,

Since 1973, natural gas has acquired a considerable importance due to the
increase in energy prices in general which make it of economic value. Most of
the natural gas in Saudi Arabia is no longer burned, but is now gathered for both
local consumption and exports. However, since 1981 there has been a
fluctuation in the exports of Saudi natural gas liquids as a result of instability in

world demand which in turn 1s highly sensitive to energy prices. Total exports
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of natural gas reached 417.2 thousand barrels a day in 1989.

2.2.5 CRUDE OIL AND NATURAL GAS RESERVES

Saudi Arabia is the first ranking country in the world in terms of quantity of
crude oil reserves. Currently total proved crude oil reserves 1n Saudi Arabia 1S
equal to 257.8 bilhon barrels. This represents 25.8 percent of the total crude oil
reserves in the world estimated at 1000.9 billion barrels at the end of 1991.
Moreover, geologists have already identified close to half a trillion barrels of
"oil in place” 1n Saudi Arabia (Mc Hale, 1986). In fact, crude oil reserves have
been steadily increasing since 1938, when oil was first discovered in the
country, despite the large cumulative production of over 57.3 billion barrels
since that time. In the last few years, there has been dramatic increases in crude
oll reserves as a result of the expansion of the search for new fields, especially in
the southeast province of Saudi Arabia. New crude oil fields were discovered in
large quantities 1n late 1988 and early 1989 in Al-Hota and Al-kharj regions,
raising the total crude o1l reserves in Saudi Arabia from 169.5 billion barrels in

1987 to 254.9 billion barrels in 1988 and to 257.8 billion barrels in 1991.

In addition to crude o1l reserves, Saudi Arabia has large natural gas reserves
of 184 trillion cubic feet as of 1991. This quantity represents more than 4.2
percent of the total natural gas reserves in the world which reached 4378.1

tnlhion cubic feet in that year. Saudi Arabia ranks in the {ourth place with respect

{0 natural gas reserves.

An increase in the crude oil reserves obviously plays an important role in

extending the life-span of a nation’s crude oil reserves. However, the keyv factor



23

that, specifically, determines the life-span of the crude oil reserves is the
producuon level. In other words, as the production level increases, the life-span
of the crude o1l reserves decreases at the same rate, assuming other vanables are
constant. This relationship can be expressed by the so called
"Reserve/Production ratio” (R/P) which can be obtained by dividing the total
amount of crude o1l reserves by the annual production of any particular year.

The result 1s the period of time that those remaining reserves would last if the
crude oil production were to continue at this level. For example, in the case of

Saud:i Arabia, if annual production of crude oil were to continue at the 1991 level
(3.132 billion barrels), and there will be no additions to the total proved crude oil

reserves of 1991, the remaining crude oil reserves would last for 82.3 years,

assuming other vanables constant.

By the turn of this century, many oil producing countries in Western Europe
and North America, especially those with relatively small crude oil reserves,
such as the United Kingdom and the United States, will be running out of crude
oil. For example, the United Kingdom is depleting its crude oil reserves of 4.0
billion barrels at a high rate, due to its high level of oil production, 0.692 billion
barrels per year in 1991. If this production level is going to continue, then the
life-span of 1ts current oil reserves will last for only 5.8 years. Therefore, the
United Kingdom will depend heavily on oil imports by the end of this century.
This may motivate OPEC countnies, especially Saudi Arabia, 1o increase their oil

production to meet the expected increase in the world oil demand which in tum
will largely decrease the life-span of their oil reserves. However, such a decision
to increase the oil production is subject to the overall energy policy of the oil
producing countries, which includes considerations such as the capital needs and

the energy needs of future generations, in addition to world oil demand.

As shown in Table (2.2), the life-span of crude oil reserves in Saudi Arabia
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1s highly vanable from one vear to another and depends significantally on
production level, which is subject to change according to its energy pohicy. A
comparison between the life-span of crude oil reserves in 1990 and 1991 reveals
that the life-span could be greatly decreased in a short period of time. Between
1990 and 1991, the life-span decreased by 23 years due to an increase 1n 0il
producton 1in 1991. Therefore, solar energy, the main alternative source of
energy 1n Saudi Arabia, should be further developed and the search for the
different applications of solar energy should be largly financed especially with

the current adequate financial situation due to the high revenues of crude oil,

since 1t 1s proved 10 be economic at remote areas.



Table (2.2)
The Life-Span of Crude Oil Reserves in Saudi Arabia

( 1in Billion Barrels )

SN

164.82
168.32
168.85
171.717
171.50
169.20
169.60
255.00
260.05
257.50
257.80

257.50
257.50

Crude Ol
Reserves

Annual
Production

3.580
2.366
1.657
1.911
1.143
1.752
1.502
1.841

1.849
2.446

3.132

2.920
4.380

Life-Span
(1n years)

46.0
71.1
101.9
113.6
150.0
96.6
112.9

138.5
140.6
105.3

82.3

88.1
58.8

23S

Sources of Data: Ministry of Petroleum and Mineral Resources (1983,1989).
BP Statistical Review of World Energy, 1992.

* Projected.

2.3 ENVIRONMENTAL POLLUT]JON

2.3.1 INTRODUCTION

One of the main reasons behind the search for a clean alternative source of

energy is the increasing problem of air pollution. The severe consequences of air

pollution on human, animal, and plant life, have intensified the pressure to find

an energy source that is a pollution free which can substitue the current
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convetional energy sources. Therefore, the effort has been concentrated on the
renewable energy resouces, particularly solar energy, due to its high potential

which will be discussed later on in this Chapter.

Air pollution is a broad subject. There are a wide range of different causes

and sources that have created and are still increasing pollution problems. Thus
here we will discuss only some problems caused by the emission of polluting
particles generated by the use of fossil fuels, particularly crude oil, coal, and
natural gas. These types are the overwhelming energy sources for vehicles,

power plants and industrial factories. The consequences of the concentration of

these pollution particles is a further dimension of this problem.

At the outset, 1t 1s of importance to define the term " air pollution" in order

to be able to specify the problem. According to Jones, Robertson, Forbes, and

Hollier, 1990, air pollution means :

" Any toxic or radioactive gases and PARTICULATE
MATTER introduced into the atmosphere, principally as a

result of human activity. Air pollution i1s usually associated
with the emissions from car exhausts, power stations,

factories, incineration plants and the domestic burning of
FOSSIL FUELS in urban industnial areas. Pollutants may

also originate in the countryside from pesticide sprays and
the dust generated by mining and agnicultural practices."

Jones, Robertson, Forbes, and Hollier (1990), p. 15.

Here we will not consider natural sources of air pollution such as dust,
forest fires and volcanic emissions, although they play an imporiant role in
Increasing the air pollution level in the earth's atmosphere. The analysis will

focus on man-caused sources of air pollution and in particular the emissions
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from the burning of fossil fuels.

2.3.2 THE MAJOR CAUSES OF AIR POLLUTION

The air pollution problem is a result of the huge quantities of pollution

emissions generated form the heavy use of fossil fuels especially dunng the past
few decades. The increase of air pollution gases, particularly carbon dioxide,
carbon monoxide, and suphur dioxide, in the earth's atmosphere, has attracted
the attention of many environmetalists. Their goal has been the search for the

causes behind the increase in the intensity of air pollution, and the effects of air

pollution on human, animal, and plant life.

According to Fells (1989), measurements of carbon dioxide concentrations
in bubbles of air trapped i1n the Antarctica ice have shown that for 10 000 vears it
remained constant at 270 ppm. and only started to rise 100 years age. By 1957,
it was 315 ppm. Current atmosphenc carbon dioxide level 1s 365 ppm. which 1s
25 to 28 per cent higher than it was before the industrial revolution, and it is
projected to double in the coming decades. Fossil fuel emissions and the
clearing of forests are responsible for this increase. Ruoghly five billion tons of
carbon dioxide are released into the air every year by the buring of oil, gas, and
coal, (Kahn, 1990). In a study made by Khalil and Rasmussen (1984),
measurements were provided for the past few years at Oregon, USA, which
indicate that the background concentration of carbon monoxide is increasing at a
rate of 6 per cent on the average per year. They also suggest that increased
carbon monoxide may indirectly intensify global warming. By 2050, the carbon
dioxide concentration increases by 37 per cent of the present value ; methane by
55 per cent ; nitrous oxide by 15 per cent ; and CFC by 74 per cenet, Kelly

(1990). The effective carbon dioxide concentration reaches double the pre-

indudstnal baseline duning early 2030s, as shown in Fig. (2.3).
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The concetrations of carbon dioxide and other pollution gases in the earth's

atmosphere. The pre-industrial baseline is indicated by the horizontal bar.
Source: Kelly , M., 1990.

Fig (2.3)
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The use of the fossil fuels as the main energy sources led to other
atmosphenc consequences than the addition of heat: upon combustion, they creat
a vanety of effluents. Principal in their importance for causing atmospheric
alterations are oxides of sulphur (SOx), oxide of nitrogen (NOx). These gases,
through photochemical reactions induced by sunlight, cause the well-known
"smog" (Landsberg, 1983). Figure (2.4) indicates the regions that have high
susceptibility to photochemical smog in the world which include western and
castern United States, eastern Brazil, Argentina, southern Europe, India, China,

south Africa, and southern Australia, as a result of the huge pollution emissions

generated from the buring of fossil fuels, particularly coal, in these countries.

Air pollution 1s, in fact, a major problem that faces not only the advanced
Industrial countries, but also the developing and less developing countries as
well, due to the movements of air pollution gases through the earth's
atmosphere, by winds and production of greenhouse gases by the large
population of some countries such as Eastern United States, China, India, and
Eastern European countries. The issue of the movements of air pollution gases

across the international borders has been raised since 1985 by environmental

groups 1n Western European countries that are affected by the acid rain generated

by United Kingdom power station emissions (Bames, 1986).

The current Saudi Ambient Air Quality Standard (SAAQS ) for carbon
monoxide (CO) is 9 ppm. maximum for 8-hour average exposure, and 35 ppm.
for 1-hour average exposure, which is also an international Satandard, ( Rowe,
Al-Dhowalia, and Mansour, 1989). In an investigation of traffic-generated
carbon monoxide (CO) at heavily travelled arterials in Riyadh, Saudi Arabia,
Koushki (1988) found that the one-hour and eight-hours carbon monoxide

concentration in both 1985 and 1986 highly exceeded the permissible
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Fig. (2.4)

Regions of high susceptibility to photochemical smog.
Source: Krupa, S and Kickert, R. 1989
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international standards of 9 ppm. The one-hour mean CO levels at the centrelines
of traffic lanes ranged from a low of 48 ppm at Al-Madina to a high of 62 ppm at
Al-Matar during 1985. During 1986 concentrations varied from a low of 54.8
ppm at Al-washem to a high of 62 ppm at Al-matar. It was shown that CO
levels increased significantly ( at 0.05 level of significance ) between 1985 and
1986. For example, eight-hours carbon monoxide level were 24 ppm at Al-
Matar, 13 ppm at Al-Washem and 9 ppm at Al-Madina duning 1985. Dunng

1986, these levels were 23, 17, and 11 ppm at Al-Matar, Al-Washem, and Al-
Madina, respectively.

Some of air pollution gases, particularly Carbon dioxide, are dissolved 1n
the oceans, some are taken up by vegetation of all kinds including the biomass of
the sea as well as plants and forests. Moreover, 20 thousand million tonnes of
carbon dioxide produced each year makes its way into the upper atmosphere.
There it traps the infra red radiation which would otherwise escape affecting the
process that keeps the earth 1n equilibrium with the shorter wave length 1ncident

radiation it receives from the sun and causing a gradual global worming, (Fells,

1989).
23.3 THE MAJOR EFFECTS OF AIR POLLUTION

The greenhouse effect, induced in the atmosphere by the increase of air
poliution gases, particularly carbon dioxide (CO2), raises the atmospheric
temperature and consequently leads to a sea level rise as well as a drastic climate
change which affects human activities particualrly agriculatural production and
transportation. Moreover, air pollution increases the amount of acid precipitation

which rises the land acidification and damages forests and kills both land and

water species including fish.
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Global warming is the most serious effect of air poliution gases. According
to Kelly (1990), the concentration of carbon dioxide in the earth's atmosphere, 1s

likely to lead to an increase in the earth's surface temperature of between 1.5

and 3.5° C by the year 2050, as seen in fig. (2.5). The rise in the global mean
temperature will increase the evapotranspiration processes and hence increases
the chances for torrential rainfall in summer and heavy snow in winter.
Moreover, the polar ice caps have started to melt ; their coastlines are shrinking

and the oceans are nising at a rate between 1 to 1.5 cm per vear (Veziroglu,

1984).

Acid rain 1s one of the most pronounced air pollution problems caused by
the emissions of air pollution. Already, thousands of lakes in Canada, Norway,
Sweden, Finland, Japan, and the United States have high levels of acidity from
the fall of acid rains that they are no longer a suitable habitat for fish and aquatic
plants (Veziroglu, 1984). In addition, acid rains are now contaminating drinking
water sources in many parts of the world, particularly in the northern

hemisphere.

Sulphur dioxide (SO2) 1s the major air pollutant that is generated from the
coal combustion, electric generation, and industnal heat. Sulphur dioxide (SO2)
causes widespread material damage to buildings and can destroy works of
sculpture made of limestone, marble, or similar matenals, and more important its
sever effect on respiratory irmtation. Moreovere, 1n high concentration, it can
increase acute respiratory ailments and, where local concentrations are very high,
1t can lead to a significant number of deaths, ( Cassedy and Grossman, 1990).
According to Shea (1988), 1n the United States fossil fuel pollutants may cause
as many as 50,000 premature deaths annually. Across the Atlantic, the air

poliution caused by burming these fuels is implicated in damaging 31 million
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hectares of trees in central and northern Europe. Each year fossil fuel

12

combustion emits some 4.8 * 10 kg of carbon.

The increase of air pollution gases, mainly carbon dioxide, in the earth’s
atmosphere has been accompanied by a decrease in the quantity of ozone and,
hence, reduction in the ozone layer of the earth's atmosphere. The ozone layer 1s

an essential element in the earth's atmosphere because ozone absorbs solar
ultraviolet radiation, thus warming the stratosphere and producing a steep

temperature inversion between 15 and 50 km. which acts as a ceiling to vertical
motion in the troposphere, where clouds are formed (Elson, 1987). The
absorption of ozone by carbon dioxide, thus, will weaken the stratospheric
inversion and affect the climate system. Moreover, the reduction of ozone
would cause more ultraviolet visible light and infra-red radiation to reach the
earth's surface not only increasing surface temperature but also endangering the

health of human beings, through exposure of higher levels of u.v. radiation.

The depletion of the atmosphenc ozone layer, caused by CFCs released
during the production of insulation foams and the use of refrigerant fluids
particualrly at the end of the equipment life, could have ternble effects on human
and livestock health and on some life forms at the base of the sea food chain.
According to Corbella (1989), the discovery of a hole in the ozone layer’ above
the Antarctic suggests the possibility of a faster depletion rate than previously
suspected, particularly if the level of thermal comfort in building now standing in
developed countries 1s extended in the near future to developing countnes (
mostly warm and hot counrties ) with the necessity of refrigeration and air

conditioning that could be expanded several times which could lead to a

catastrophic effect on the ozone layer.
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The effect of the concentration of greenhouse gases will be to matenally
alter climate 1n different parts of the world in ways which are as vet

unpredictable. There are already suggestions that the "weather machine" 1s
becoming increasingly unstable and that the desertification of central Afnca is
already a result of the global worming ( Fells, 1989). The intensive use of {ossil
fuels 1n the industrial sector, power stations and transportation has resulted 1n
vast quantities of toxic gases being released 1nto the earth's atmosphere, leading

to dramatic changes in climate.

In the first half of 1992, there were remarkable changes in climatic system
all over the world as a result of the increase in air pollution level, particularly
from o1l fires of the Gulf War that were buming for several months. According
to Elmer-Dewitt (1992), 1n January, 1992, Middie East region experienced its
coldest winter in 40 years with heavy snow that blanketed Amman, Damascus,
and Jerusalem, as shown 1n Fig. (2.6). In February, torrential rain and heavy
snow caused the worst flooding 1n southern California since 1938. In March,
unusually low pressure together with winds from Africa causes the canals of
Venice to overflow where water filled the Piazza San Marco to an ankle depth for
several days. In Apnl, Colorado experienced a dry and hot weather with record
high temperatures. In May, in southern Brazil, for each of five days in May;, it
rained more than it usually rains in a month. Finally, a swath of Africa
stretching from Cairo to Cape Town 1s suffering its worst drought in 50 vears.
These remarkable changes i1n climate that resulted from the concentration of air
pollution gases in the earth's atmosphere will have severe consequences for

irrigation systems, hydro-electric power, drought, structural designs, and

agncultural land use.
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These severe consequences of air pollution emissions are expected to
increase rapidly, unless otherwise restrected measures to reduce the heavy
reliance on fossil fuels and to control pollution emissions have been
implemented. Expanded use of renewable energy resources, particularly solar
energy, and a greater commitment to energy efficiency are the most cost-effective
and environmentally sound approaches to mitigating many pollution problems.
In fact, the most important factor in controlling air pollution problems can be
found in encouraging the use of renewable energy resources, such as solar
energy, wind energy, hydro-power, geothermal, wave energy, and tidal power,

which are environmentally clean, widely available, and best of all,

nondepletable.

24 THE POTENTIAL FOR SOLAR ENERGY IN SAUDI ARABIA

One of the main reasons for conducting this thesis is the high potential for

solar energy to substitue fossil fuels and to meet energy demand when fully

developed. The potential of renewable energy resources in general and for solar
energy in particular has increased worldwide since early 1970s due to the
dramatic increases i1n crude o1l prices and the gradual decline in world crude oil
reserves especially in the industnalized countries. The fear of a shortage in
crude o1l supplies forced the major consuming countnes to search for alternative

sources of energy to substitute for conventional energy resources. Among

renewable energy resources, solar energy got a very large attention worldwide
over the last two decades, due 1o its wide availability and the simple technology

associated with harnessing it. This is especially the case for countries that

receive a high intensity of solar radiation over most of the year.
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Energy resources can be considered as renewable, questionable renewable,
or non renewable. According to Shea (1988), an energy source 1s only
renewable if, with proper management, its sustained use will not deplete
supplies, such as wind, solar radiation, flowing water, plants, and forests.
However, some energy resources, such as solar and wind energy, are always
considered as renewable resources, regardless of the type of management. If

there is an excessive consumption of a renewable source, such as fuelwood, it

can no longer be thought of as renewable, but can be considered as questionable
renewable energy source. The overcutting of the rain forests make 1t difficult to

restore the lost species, the soil characteristics, and so on. Another energy
source that may be considered as renewable and non renewable 1s hydro power.
Water resources for hydro power depend on the amount of rain which 1s highly
variable, particularly in arid and semt arid counrties. Moreover, the dams are
usually affected by the accumulation of silt and sediments, particularly after a
long period of time, which may reduce the capacity of hydro power generation.
Any energy source is considered non-renewable if its sustained use will deplete
its supplies regardless of the proper management, such as crude oil, coal, and

natural gas. Therefore, energy resources can be divided into three main groups:

1- Renewable resources, such as solar energy, wind energy, wave energy,
biomass energy, geothermal energy, and tidal energy.
2- Non-renewable resources, such as crude oil, natural gas, nuclear energy,

and coal.

3- Questionable renewable resources, such as fuelwood and hydro power.

Sayigh (1983), suggested that more intensive and faster recourse (o the use
of non-oil sources of energy with a particular effort being made by the industnal

countries to develop non- oil altermatives as well as intensive search {or new otl
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sources in developed and developing countries, is the way to solve the problem
of depleting oil reserves. What Savigh said with respect to the development of
non-oil alternatives is more important now because these alternatives,
particularly renewable sources, have not been developed quickly enough to meet
the expected increase in energy demand by the turn of this century. However,
the search for new oil reserves is not the right approach to the depletuon of

current oil reserves due to the serious consequences of the pollution emissions
generated from the use of these resources. The search for new o1l reserves
during the past 10 years has resulted in verv minor discovenes, particularly in
Sudan and Yemen, and wasted substantial amount of money that if it was used

to develop non-o1l resources, particularly renewable energies, it would increase

the share of these resources towards total energy supply.

According to [EA (1987), renewable energy resources are now used in most

of the industrial countries, and in some of them, these sources contribute

significantly to the national energy supply. For example, renewable energy
resources provide between 1 and 5% of the total primary energy requirements in
Australia, Austria, Canada, Denemark, Sweden, and in Switzerland. In
Portugal, biomass resources cover about 7 % of the energy requirements. Wind
energy is expected to contribute between 8 10 10% of the total energy supply in
the year 2000 in Denemark, Netherlands, Great Britain, Greece, and Spain. In
the United States, the energy contribution from renewable energy resources
amounts to about 64 million metric tons of o1l equivalent per vear, which is
roughly equivalent to the total energy requirements of the Netherlands.
However, the development of renewable energy resources is in its early stages
and contributes no more than 10 per cent of the total demand. It is hoped that the

development of the alternative energy resources will continue to solve not only

the expected shortages in the energy supplies but also other problems associated

with fossil fuels, particularly that of air pollution.
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In late 1970s, Saudi Arabia became interested 1n developing solar energy as
the main alternatve source of energy for several reasons. According to Fendley,

(1982), the main reason for developing solar energy in Saudi Arabia is the

necessity to conserve its oil reserves. He also mentioned other reasons which

can be summarised as {ollows:

(1) The yearly average of solar radiation received at the earth's surface in

2

Saudi Arabia 1s 290 WIN™ — one of the highest insolation values in the world

and 1s over twice that received by a European country such as Holland.

(1) Approximately half of the population in Saudi Arabia live in small,
widely separated rural communities and the cost of providing reliable fuel
transport and electric power transmission for these communities is high.
Therefore, localized solar energy insolations tend to become cost-effective.
Moreover, 1t could take up to 10 years for a power grid to reach some of the
more 1naccessible villages, but it is envisaged that complete electrification of
these villages using solar powered generation could be carried out in some three
vears. In addition, 100% use of solar energy in rural communities, particularly
remote villages, 1s the preferred strategy due to the high cost of electricity
transmission, fuel transport, and maintenance of the power plants, while a mix
of conventional and solar energy resources will be the most economic in urban
areas as a result of the vanability of incoming solar radiation, which may not

meet the energy demand, particularly during peak hours.

(111) Solar energy technology is in its early stages of development and is
relatively unsophisticated compared to the other alternatives such as nuclear

power. A country like Saudi Arabia with adequate finance, but lacking large

numbers of technical personnel and a complex industrial base, can make good
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use of solar energy which has already utilised 1n many different applications.

(1v) Solar energy has no military potential and i1s non-polluting, therefore,
its use will not creates a threat, either militarily or environmentally to

neighbouning countnes, (Fendley, 1984, p. 9).

These reasons mentioned by Fendley are actually crucial for solar energy
development in Saudi Arabia. However, he did not mention the purpose of

conserving crude oil reserves, wether it is for a longer porduction period, or as a
raw matenal for petrochemical products. The current crude oil reserves in Saudi
Arabia are large enough to meet energy demand for the next five or six decades
which is a sufficient period to develop solar energy to supply a large proportion
of energy requirements. Moreover, 100% use of solar energy in rural
communities 1S very expensive at the current stage, except at the remote villages
particularly in the southwestern part of Saudi Arabia which is a mountainous
region. The production cost of solar energy is remarkably declining, but takes
sometime to be competitive with fossil fuels, therefore, a gradual increase of
solar energy use may be more plausible. Finally, the type of policy in which
Saudi o1l reserves where use at a puffer to stabilize world oil prices may no
longer be viable in the world in which oil prices are much more floutly and

certainly tend 1o increase over time.

In conclusion, crude oil reserves, the main source of energy, are limited and
expected to be depieted within the next five to six decades. By the turn of this
century, many industrial countries, such as the United States and the United
Kingdom, are expected to depend heavily on OPEC oil, due to the expected

depletion of their oil reserves. This will further decrease the life-span of oil

reserves in OPEC members, due the large consumption level of the industrial
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countries, particularly the United States. Moreover, the accumulation of air
pollution gases in the earth's atmosphere that generated from the burning of

fossil fuels over the last decades has resulted in senous consequences to human,

animal, and vegetatuon cover.

One set of reasons is worldwide there is a world coming shortage of crude
oil that is absolute reasoning, therefore, there must be some other source of

energy. Second, within Saudi Arabia, here is a country which has a very special

interest in energy porduction, therefore, it 1s logical that for Saudi Arabia to

convert that interest to a new energy resouce which is a logical continuation of

interest, plus the physical strength of solar energy.

Therefore, it is very important to find an alternative source of energy before
the depletion of world crude oil reserves, since it takes considerable time and
effort for the new source to be technologically viable and economically
competitive. Amongst the alternatives, solar energy is the most promising and
reliable source to meet the energy demand, particularly 1n Saudi Arabia which

has a high intensity of solar radiation and an adequate financial capabilitiy to

develop this renewable source of energy.
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CHAPTER THREE

LITERATURE REVIEW OF THE POTENTIAL AND MEASUREMENT
OF SOLAR RADIATION

3.1 THE POTENTIAL AND APPLICATIONS OF SOLAR ENERGY

As a result of the gradual depletion of crude oil reserves, the main source of

energy in the world, and the growing problem of air pollution and its severe
consequences, the world has focused the attention on developing clean and

renewable energy resources. Among these sources, solar energy recetved much

attention due to 1ts high potential and wide distribution particularly in the middle

latitudes.

According to Joyce (1984), scientists calculate that the sun radiates a total
equivalent of 38, 000 million million million kilowatts of uninterrupted power in
all directions and that the slender beam of the sun's light that falls upon the earth
generates about 170 milhon million kilowatts of power, thousands of times more
than the world currently consumes. The highest intensity of solar radiation falls
upon Saudi Arabia, as shown 1n Fig (3.1). Moreover, the solar energy that falls

upon the Arabian Peninsula, where Saudi Arabia 1s located, in one year is greater

than twice the world's known oil reserves (Jovce, 1984).

Since 1960s, OPEC members have investigated the possible use of solar
energy as the main alternative source of energy. According to OPEC (1981), the

Interest that solar energy, regardless of its type - photovoltaic or solar thermal -

evokes OPEC members is based on two major factors : first, its abundance of
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supply due to high average levels of solar radiation. Second, its flexibility in
meeting small-scale needs, particularly in certain areas because it is decentralized

in application, it needs little maintenance, and it is modular, and therefore

adaptable 1n size.

Saudi Arabia, like most developing nations, lies in the sun belt area near the
equator and thus, the intensity of solar radiation received is very high, as 1s
shown in Figure (3.2). Therefore, the abundance and the continuous nature of
solar energy makes it most suitable for power supplies for Saudi Arabia as well
as for developing countries in general within the sun belt boundanes. This 1s

particularly the case in the arid or semi-arid regions where the sun is rarely

obscured by cloud, the main reflection factor of solar radiation.
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Fig. (3.2)
Monthly Averages of Solar Radiation at Certain Cities in Saudi Arabia
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