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Abstract – The quality of life and safeness of the present 

and future generations are strongly intertwined with the 

availability of energy sources and the sustainability of the 

energy infrastructure. Energy is then, the most important 

resource for the development of a country and its utilisation 

per capita is increasing tremendously. The world’s energy 

consumption today is estimated to 40 billion kWh per year, 

about 10 billion metric tons carbon equivalent of greenhouse 

gas emission are released in the atmosphere to meet this 

energy demand. Approximately 80% is due to carbon 

emissions from the combustion of energy fuels. At the current 

rate of usage, taking into consideration population increases 

(2% per year) and higher consumption of energy by 

developing countries (2-3.5% per year), oil resources, natural 

gas and uranium will be depleted within a few decades. 

Estimates of oil and natural gas reserves world wide vary 

quite dramatically depending on the source. Gulf countries, 

including the Sultanate of Oman, are seeking for alternatives, 

renewable sources of energy. Global reserves of gas imply a 

lifetime of 61.9 years. As for the oil, the expected lifetime is 

around 40 years and coal; it may take two centuries or so. 

World Energy Council (WEC) study found that without any 

change in our current practice, the world energy demand 

expectation in 2020 would be 53 billion kWh or 50 to 80% 

higher than 1990 levels with a carbon emissions expected to 

increase by 54% above 1990 levels by 2020 making the earth 

likely to warm 1.7-4.9 °C over the period 1990-2100. The ever 

increasing demand of energy could place significant strain on 

the current energy infrastructure and potentially damage 

world environmental health by CO, CO2, SO2, NOX effluent 

gas emissions, acid rain, stratospheric ozone depletion and 

global warming. Recently environmental concern has 

extended to the control of micro or hazardous air pollutants, 

which are usually toxic chemical substances and harmful in 

small doses (1,000,000 deaths resulting each year, according 

to the World Bank). Most scientists now agree that human-

induced global climate change poses a serious threat to both 

society and the Earth's ecosystems. One must therefore 

endeavour to take precautions today for a viable world for 

coming generations. Therefore, one of the fundamental 

priorities for our planet is to find several renewable energy 

sources and environmentally friendly energy conversion 

technologies. Solar photovoltaic will play a dominant role in 

this scenario and will represent the main energy conversion 

device. Oman enjoys a very high level of sunshine during the 

year, therefore it is economically feasible to research and use 

this endless resource. On the other hand, the Sultanate of 

Oman is too much concerned with pollution and other 

environmental issues. Hence, officials are giving a lot of care 

to this topic, and consequently, several studies are conducted 

in Oman nowadays to introduce this kind of clean energy in 

wide range. This paper reviews the current level of fossil fuel 

energy consumption worldwide and the consequent 

environmental impacts are comprehensively discussed. This 

paper also discusses the potential of photovoltaics in the 

stationary and portable power market in response to the 

critical need for a cleaner energy technology especially in 

Gulf countries, including the Sultanate of Oman. Anticipated 

patterns of future solar energy use are also presented. This 

paper demonstrates the current situation of solar energy in 

the Sultanate of Oman, and proposed some recommendations 

and suggestion to enhance the usage of this kind of energy in 

the country. Throughout the paper several issues relating to 

photovoltaics, environment and sustainable development are 

examined from both current and future perspectives.  
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Environment. 

 

I. INTRODUCTION 
 

According to the latest OPEC Annual Report, oil is 

produced at the level of more than 25 billion barrels per 

year with a world proven crude oil reserve of about 1,140 

billion barrels. This means that consuming oil at the 

current level will last for about another 40 years. 

Comparing the level of current consumption of natural gas 

with its proven reserve of 150.19 1012 m3, a figure of 60 

years for the remaining life of the world natural gas is 

expected. As world populations grow, many faster than the 

average 2% (12 billions in 2050), the need for more and 

more energy is exacerbated as seen in Fig. 1 and Table 1 

which shows the primary production and consumption in 

Algeria and the Arab region [1]. By having a quick look at 

the level of production and consumption of fossil fuel 

energy sources compared with the amount of world proven 

reserves of these sources, it is observed that these sources 

will be available in the future only for a short period of 

time as shown in  Fig. 2 showing the supply challenges till 

2040. Enhanced lifestyle and energy demand rise together 

and the wealthy industrialised economies which contain 

25% of the world's population consume 75% of the 

world's energy supply. In 2020 energy demands will be 

50-80% above 1990 levels (World Energy Council) [2]. 

The demand for energy services is proportional to the 

world’s wealth, which, as monitored for the past 1000 

years, still increases exponentially (average of 2%).  

Global demand for energy services is expected to increase 

by as much as an order of magnitude by 2050, while 

primary-energy demands are expected to increase by 1.5 to 

3 times above 1998 levels (WEC) [2]. Worldwide 

electricity demand is generally projected to grow at 2.3% 

to 3.4% annually in the coming decade. The Arab region 

represents about 15% of the world’s total primary 

production. Energy consumption within the region has 

more than doubled during the period 1980-1999, from 

6.27 quadrillion btu to 15.59 quadrillion btu [3]. Over the 

next several decades, the oil and gas industry faces 

challenges as well as opportunities. If every person on  
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Fig.1. Actual and estimated world population and energy demand (*Millions of Barrels per Day of Oil Equivalent,) 

 

Table 1: Primary production and consumption in Algeria and the Arab region(* 1015British thermal unit) 

 Energy production* Energy consumption* 

Year 1980 2004 1980 2004 

Algeria 2.8 16.06 0.8 6.31 

Arab region 46.82 105.57 6.27 65.59 

 

 
Fig.2. World oil production in the next 32 years and volume of oil discovered world wide 

 

earth could access 2 kW of electricity, the peak demand 

for electric power could increase from its current level of 4 

TW to 18.4 TW. Everyday some 250,000 global citizens 

are born; each is requiring clean and affordable energy to 

provide the basics of life (14 TW total primary energy in 

2006 and 10-15 TW additional in 2010).Admittedly, the 

future might not see the same degree of dependence on oil 

and gas as alternative and renewable energy sources 

become more practical and widely applicable. Research 

into future alternatives has been and still being conducted 

aiming to solve the complex problems of this recent time - 

e.g. rising energy requirements of a rapidly and constantly 

growing world population and global environmental 

pollution. Therefore, options for a long-term and 

environmentally friendly energy supply have to be 

developed leading to the use of renewable sources such as 

solar photovoltaics. 

 

II. ENVIRONMENTAL PROBLEMS 
 

Technological progress has dramatically changed the 

world in a variety of ways. It has, however, also led to 

developments of environmental problems which threaten 

man and nature. During the past two decades the risk and 
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reality of environmental degradation have become more 

apparent. Growing evidence of environmental problems is 

due to a combination of several factors since the 

environmental impact of human activities has grown 

dramatically because of the sheer increase of world 

population, consumption, industrial activity, etc. 

Throughout the 1970s most environmental analysis and 

legal control instruments concentrated on conventional 

effluent gas pollutants such as SO2, NOX, CO2, 

particulates, and CO. Recently environmental concern has 

extended to the control of micro or hazardous air 

pollutants, which are usually toxic chemical substances 

and harmful in small doses, as well as to that of globally 

significant pollutants such as CO2.  

Aside from advances in environmental science, 

developments in industrial processes and structures have 

led to new environmental problems. For example, in the 

energy sector, major shifts to the road transport of 

industrial goods and to individual travel by cars has led to 

an increase in road traffic and hence a shift in attention 

paid to the effects and sources of NOx and volatile organic 

compound (VOC) emissions. Environmental problems 

span a continuously growing range of pollutants, hazards 

and ecosystem degradation over wider areas.  

The main areas of environmental problems are:  major 

environmental accidents, water pollution, maritime 

pollution, land use and siting impact, radiation and 

radioactivity, solid waste disposal, hazardous air 

pollutants, ambient air quality, acid rain, stratospheric 

ozone depletion, and global warming. Problems with 

energy supply and use are related not only to global 

warming that is taking place, due to effluent gas emission 

mainly CO2, but also to such environmental concerns as 

air pollution, acid precipitation, ozone depletion, forest 

destruction, and emission of radioactive substances. These 

issues must be taken into consideration simultaneously if 

humanity is to achieve a bright energy future with minimal 

environmental impacts. Much evidence exists, which 

suggests that the future will be negatively impacted if 

humans keep degrading the environment (Table 2, 3 and 

Fig. 3).  

Scientists around the world are using computer models 

to try to predict how global climate is likely to be affected 

by this enhanced greenhouse effect in the years ahead. An 

important part of their work is producing scenarios of what 

the future climate may look like, based on a combination 

of past and current observations, and predicted levels of 

future emissions.  During the past century, global surface 

temperatures have increased at a rate near 0.6 °C/century 

[4] and the average temperature of the Atlantic, Pacific 

and Indian Oceans (covering 72% of the earth surface) has 

risen by 0.06 °C since 1995. Global temperatures in 2001 

were 0.52 °C above the long-term 1880-2000 average (the 

1880-2000 annually averaged combined land and ocean 

temperature is 13.9 °C). Also, according to the U.S. 

Department of Energy (DoE), world emissions of carbon 

are expected to increase by 54 % above 1990 levels by 

2015 making the earth likely to warm 1.7-4.9 °C over the 

period 1990-2100 [4]. This is just one of many energy use 

environmental impacts. Such observation and others 

demonstrate that interest will likely increase regarding 

energy related environment concerns and that energy is 

one of the main factors that must be considered in 

discussions of sustainable development.  

According to  the Special Report on Emission Scenarios 

issued by the Intergovernmental Panel on Climate Change 

(IPCC) under the auspices of the United Nations (UN), by 

the end of the 21st century, nations could expect to see 

carbon dioxide concentrations of anywhere from 490 to 

1260 ppmv (75-350% above the pre-industrial 

concentration). The IPCC projects a global temperature 

increase of anywhere from 1.7 - 4.9°C from 1990-2100.  

 

Table 2: Global emissions of fifteen nations by total CO2 volume (2006) 

Rank Nation *CO2 Rank Nation *CO2 Rank Nation **CO2 

1 U.S.A 1.96 6 India 0.79 1 Saudi Arabia 88.93 

2 China 1.38 7 U.K. 0.46 2 Egypt 48.49 

3 Russia 1.09 8 Canada 0.31 3 UAE 45.19 

4 Japan 0.90 9 Italy 0.27 4 Algeria 43.42 

5 Germany 0.87 10 France 0.20 5 Iraq 38.26 

* Billions of tonnes, ** Millions of tonnes 

 

Table 3: Pollutant emission factors for the total portion of the fuel cycle 

Energy 

Source 

SOx 

(gSOx /kWh) 

NOx 

(gNOx /kWh) 

C in CO2 

(gC /kWh) 

C in CO 

(gC/kWh) 

Particles 

Coal 3.400 1.8 322.8 40.0 0.00020 

Oil 1.700 0.88 258.5 40.0 0.00015 

Natural Gas 0.001 0.9 178.0 20.0 0.00002 

Nuclear 0.030 0.003 7.8 7.8 0.00005 

Photovoltaics 0.020 0.007 5.3 1.3 0 

 



 

 

 

 

 

Copyright © 2015 IJEIR, All right reserved 

401 

 International Journal of Engineering Innovation & Research  

Volume 4, Issue 3, ISSN: 2277 – 5668 

 
Fig.3. Emissions of CO2 by source worldwide (in Giga grams) 

 

However, this global average will integrate widely varying 

regional responses, such as the likelihood that land areas 

will warm much faster than ocean temperatures, 

particularly those land areas in northern high latitudes (and 

mostly in the cold season). Precipitation is also expected 

to increase over the 21st century, particularly at northern 

mid-high latitudes, though the trends may be more 

variable in the tropics. Snow extent and sea-ice are also 

projected to decrease further in the northern hemisphere, 

and glaciers and ice-caps are expected to continue to 

retreat. 

 

III. PHOTOVOLTAICS 
 

Efficiency improvement, cost reduction and high 

reliability have contributed to the expansion of solar-

depending systems globally. Solar energy is cost-effective 

in terms of fuel (because no fuel is required) and its price 

would not be affected by the supply and demand of fuels. 

Solar energy is also pollution free. In addition, as solar 

energy does not use fuel, it also eliminates the problems 

that arise during the recovery, transportation and storage 

of fuels.  Some 1.7-2 billion people in the world, mostly in 

rural areas, have no access to electricity; a further more 2 

billion are severely undersupplied. One third of the world 

relies on traditional fuel-wood, dung and agricultural 

residues to meet their daily and cooking needs. The 

world’s billion poorest people use only 0.2 tonnes of oil 

equivalent energy per capita annually, while the billion 

richest-those earning over 20000 Euros a year use nearly 

25 times as much.   

The International Energy Agency (IEA) projects that 

3000 GW of new capacity will be required globally by 

2020, valued at around 3 trillion Euro; IEA also projects 

that the fastest growing sources of energy will be supplied 

by solar energy [5]. Much of this capacity will be installed 

in developing nations where solar-electric power is already 

competitive (see Fig. 4).  Clearly, the nation that can 

capture a leadership position has potential for substantial 

economic returns.  We note that the production of energy 

worldwide is about 12 TW/year and the earth receives 

from the sun an equivalent energy of 12 TW x 10,000/year 

or 970 trillion of kWh/day. As also shown in Figure 5, 

solar cell technologies are dominated by bulk mono and 

multi-crystalline silicon (c-Si) solar cells, which accounted 

for 90.9 % of the total production [6]. As  the  c-Si solar 

cells,  which represent  the first  generation solar cells for  

terrestrial applications, have  matured, the  cost  of these  

solar  cells has  become  dominated by  material costs,  

namely  those  of  the  silicon  wafer,  the  glass  cover  

plate,  and  the  encapsulants. Depending on the location 

where the modules generate electricity, the price of the 

electricity that c-Si  solar  cells  generate  is  still  

approximately  three  to  five  times  higher,  than  the 

electricity from the traditional sources. 

The use of solar energy or photovoltaics for the 

everyday electricity needs has distinct advantages: avoid 

consuming resources and degrading the environment 

through polluting emissions, oil spills, and toxic by-

products. A one kilowatt PV system producing 150 kWh 

each month prevents 75 kg of fossil fuel from being 

mined, 150 kg of CO2 from entering the atmosphere, and 

keeps 473 litre of water from being consumed.  Table 4 

compares the present status of the solar cell major 

technologies [7]. Of the more than 2 GW of the PV 

commercial shipments in 2006, more than 90% continues 

to be single-crystal, multicrystalline, ribbon, and sheet 

silicon. 

 

IV. SOLAR PHOTOVOLTAICS IN THE 

SULTANATE OF OMAN 
 

Oman has a dry tropical climatic zone characterized by 

extreme heat in the summer around June and coolness in 

the winter around January. Oman enjoys a high degree of 

solar radiation throughout the year and high sunshine 

hours. Table 5 displays the monthly radiation level and 

sunshine hours for 1987-1992 [8]. The monthly averages 
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of solar radiation are significantly different, with May 

having the highest levels of radiation and December 

having the lowest. The average solar radiation for May is 

268 W/m2.  

In Oman, the applications of solar photovoltaic energy 

have been limited to following areas: 

 Water pumping and water desalination; 

 Lighting for security, highway signs, streets andparking 

lots, pathways, recreational vehicles, remotevillages and 

schools, and marine navigational buoys; 

 Communications by remote relay stations,emergency 

radios, and cellular telephones; 

 Refrigeration for medical and recreational uses; and 

 Corrosion protection for pipelines and docks,petroleum 

and water wells. 

It worthy to mention, that solar PV is not dispatchable in 

a traditional sense. Infact, the PV output cannot 

becontrolled and scheduled inresponse to fluctuating 

consumer demand for electricity.It does, however, provide 

output that has considerablecoincidence with natural 

electricity demand, in particularin the summer when a 

large amount of power isconsumed by air conditioning 

units, as is the case inOman. In fact, PV power will have 

the potential ofreducing both thermal generation and load 

shedding 

 

V. PHOTOVOLTAICS, THE DEVELOPMENT 
 

Increasing efficiency and lowering costs are being  

made by developing new materials and processes to 

improve adhesion, light collection, electronic properties 

and help reduce the cost of solar electric systems by some 

ten-fold.  The energy conversion efficiency of molecular 

photovoltaic devices based upon organic materials is quite 

promising.  The flexibility of a-Si:H solar cell technology 

to deliver modules for a large variety of applications is its 

most important asset.  

 

 
Fig.4. World PV production (Achieved in MW) 

 

 
Figure 5: World production of solar modules per technology 
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Table 4: Performance status of the major solar cell technologies 

 Thin-film solar cells Bulk c-Si solar cells 

Technology TF Si CIGS CdTe DSC c-Si HIT cell* 

Efficiency % 

(Record cell) 

9.3  single 

12.4 tandem 

13.0 triple 

18.9 16.5 11.0 24.7 mono 

19.8 multi 

21.0 

Efficiency % 

(Record module) 

10.4 12.1 10.7 4.7 22.7 mono 

15.3 multi 

 

Efficiency % 

(Commercial module) 

5-9 9-11 6-7 --- 12-17 16-17 

* Heterojunction with intrinsic thin layer (CuInGaSe2=CIGS, dye-sensitized solar cell=DSC, thin film= TF) 

 

Table 5 Average sunshine hours and solar radiation: Oman for 1987 through 1992 

Month                  Jan      Feb    Mar    April    May    June   July     Aug    Sep     Oct      Nov     Dec  Average 

Sunshine Hours    8.7      8.7    9.1     10.1     11.2      10.4    8.9       8.5     9.3     10.2      9.8      9.1       9.5 

Solar Radiation    4.1       4.7    5.4      6.0        6.4       6.1     5.4       5.4     5.4     5.2        4.5      3.9       5.2 

(kWh/m2/day)    

Solar Radiation    173     195   225     252      268      253    223      225     227    215      185     164      217 

(W/m2)  

 

The technology has a strong potential to produce 

modules with an attractive cost-to-performance ratio 

generating electricity with a price competitive to that of 

conventional electricity. The cost reduction of a-Si:H 

modules will be determined by the scaling rate of the 

production capacity, which does not rise as quickly as in 

case of the crystalline silicon solar cell technology. 

Further development of thin-film silicon solar cell 

technology in general requires an increase in the 

performance of a-Si:H solar cells. One has to realize that 

two thirds of the power generated by a promising 

micromorph tandem (a-Si:H/ µc-Si:H) solar cell comes 

from the a-Si:H top cell. In the near future, attention will 

be paid to enhancing light trapping inside the cells. At the 

same time, research will continue on a-Si:H based 

materials, which has recently resulted in a completely new 

class of nano-structured silicon films with a microstructure 

that exhibits crystalline domains imbedded in an 

amorphous network. 

The first progress was the introduction of the 

“micromorph” solar cell, a combined a-Si:H/µc-Si:H into 

a stacked structure. The micromorph concept has 

progressed to commercial reality.  Kaneka offers a number 

of products, ranging from rooftop to semitransparent 

designs for building integration.  Recently, they have 

reported cells in the 13% range and a module with an 

11.8% stabilized (aperture-area) efficiency. Interest in the 

Cu-ternary semiconductors began in the early 1970s for 

non-linear optics.  The bandgaps of several members 

(including CuInX2, with X=S, Se, and Te) of this 

chalcopyrite family exhibited properties well suited for PV 

consideration. These were typically direct bandgap 

semiconductors, capable of either p- or n-type conduction, 

having high optical absorption, stable electro-optical 

properties, and bandgaps matched to the solar spectrum.  

Initially, the emphasis was on the heterostructure 

CdS/CuInSe2 (CIS), which was first demonstrated with 

efficiencies at 12% for single crystals and at 6% for thin 

films in the 1974-76 timeframe.  The device evolved into a 

alloy cousin, “Cu(In,Ga)Se2 (or “CIGS”) and 

“Cu(In,Ga)(Se,S)2, which have slightly higher bandgaps 

(to about 1.2 eV for usual cell compositions compared to 

1.04 eV for CIS) for better voltage output for this 

“heterojunction” solar cell. Work on other Cu-ternaries 

continues, with periodic reports of research progress on 

CuGaSe2, CuGaS2, and CuInS2.   

These have some additional importance for new 

polycrystalline device directions—multijunction solar 

cells.Since the 1960s, CdTe has been a candidate PV 

material. The best confirmed research-cell efficiency is 

16.5%, a record for electricity produced by solar cells 

made from CdTe. 

 Higher-cost semiconductors, such as GaAs, GaAlAs, 

GaInAsP, InSb, and InP have been receiving attention as 

PV converters because they have exceptional performance 

demonstrations that have the potential to convert more 

than a third of the sun’s terrestrial power into 

electricity.Single-junction GaAs cells have been measured 

at 28% at 1000x concentration.   

The economics of these approaches have been argued 

for decades but it has been the leveraging of the multiple-

junction III-V cell technologies for space applications that 

have brought renewed interest and investment into the 

terrestrial concentrator system. 

 

VI. PHOTOVOLTAICS, THE FUTURE 
 

The first laboratory demonstrations of greater than 30% 

efficiency terrestrial multiple-junction devices were 

actually reported at the beginning of the 1990s.  Various 2-

, 3-, and 4-terminal configurations have been investigated 

over this last 20 years.  These cells attain “beyond the 

conventional” efficiencies because they use multiple 
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devices in the same area, each tuned to a different portion 

of the solar spectrum (e.g., the top cell tuned to the red and 

the bottom cell to the blue).   

Thus, the total device is more effective in utilizing the 

total frequencies of the sunlight that intercepts its surface. 

The best terrestrial triple-junction monolithic cell has been 

confirmed at 40.7% under 360 x concentrations 

(Spectrolab/Boeing), the highest efficiency attained to date 

for any solar-cell technology. The use of a number of 

junctions, each tuned to a specific energy of the solar 

spectrum, has a limiting efficiency for an infinite number 

of such junctions at about 87%.  An infinite number of 

stacked cells may not be practical, but concepts of 4 to 6 

junctions are in the research stage. (see Fig. 6 for a triple 

junction cell configuration). 

 
Fig.6. InGaP/InGaAs/Ge triple junction cell 

 

VI. CONCLUSION 
 

Energy is linked with practically all aspects of 

development and is an engine for growth and poverty 

reduction, and therefore it should be accorded high priority 

and reflected in policies, programmes and partnerships at 

national and international levels. The future is very bright 

and promising for solar energy. This will provide a more 

stable energy environment; lessen the pressure on energy 

rates and supply, making sure the lights will stay on 

ensuring that all the earth’s inhabitants enjoy life, with no 

more conflicts for us and the incoming generations. The 

world systems are responsible for more than half the 

greenhouse gas emission due to human activities; most of 

these emissions are due to fossil fuel use.  

Oman has a dry tropical climatic zone characterized by 

extreme heat in the summer around June and coolness 

inthe winter around January. Oman enjoys a high degree 

ofsolar radiation throughout the year and high sunshine 

hours, with  average solar radiation for Mayis 268 W/m2. 

Remembering this, it is clearly feasible to invest in Solar 

Energy in such countries like the Sultanate of Oman. 

Currently, photovoltaics as a technology and a business 

is composed a complex network of co-dependent and 

intimately related tipping points [9].  First, it is a real 

business that has reached $20B levels: it is clearly the 

fastest growing electricity source over the past year and 

past five years.  But, solar PV needs attention to 

government policy and consumer awareness and 

acceptance to take it to its next levels, those pushes that 

will make it “spread like wildfire” in markets around the 

world, growing the bonfires that have been lit in Japan and 

Germany.  These have shown technology worth, as well as 

economic and employment value.  Policy is important, but 

the wildfire needs additional and new fuels to make it 

endure.  Second, solar PV has to tip to its next stages of 

technology development by the need for R&D to improve 

now and near technologies in crystalline Si and thin films 

and to develop the next generations that will fuel the 

wildfire of business and deployment.  This investment in 

R&D is essential to bringing down costs, as well as to 

ensuring our next generations of consumers have 

technologies ready to meet the mounting demands for 

energy in this 21st century.  Photovoltaics has advanced 

incredibly from its Bell Laboratories beginnings in 1954, 

the next decade will likely produce 50 times more 

technically than that first half century.  It has the potential 

to grow as an energy resource 50 times more.  However, 

this is one of true “intelligent design”.  We have to provide 

the technical expertise, the resources, the creativity and 

innovation, and the belief and solar photovoltaics will be 

significant in our clean energy future. 
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