Renewalble Energy Feasibility Study for e City of Jeddah in
the Kingdom of Saudi Arabia

I. Introduction

The notion of developing sustainable communities is bemerapteds away to reducthe

negative environmental impacts associated with humadesaterease the health of citizens, and
increase the economic vitality of communities within a coimtryder to develop sustainable
communities within the Middle Easignificant attention is beiplgced on designiadfernative

and renewable ergytechnologies, such as photovoltaic (solar) and grey water recycling system to
reducgl)fossil fuel baseshergy consumptiof)water consumption, aij@l) climate changing
greenhouse gas (GHG) emissions associateopaggbnic activitie§,p, 3]. Most notably, the

United Arab Emiratéssa pi t al city of Adu Dhabi has create
Arabic for sustainabilitys part of iteverall urbanelelopment plan to address transportation,
power, and water consumption neptl. However, the solutions and roadmaps being created by
other countries within the Middle East not designed ftre uniquecultural, politicalndustrial,
environmentaknd economicharacteristias the Kingdom of Saudi Arapibereforethese

solutions and roadmaps aot appropriate for thikingdom of Saudi Arabi@his paper seeks to
understand the Kingdommf S a u d (KSA)defmition af Sustainability both cultural and
environmental termend identify whagustainabilitgnd renewable energy technology trajectories

are ratvant and appropriate for the Kingdom of Saudi Arabia and the city ofid@daitdtular.

ll. Background

The Kingdom of Saudi Aral{iaSA)is an Arab country located in the Middle@ast Ar abi an
PeninsulaThe countrjhas a total area of ~2,150,80kmwhich makes it the largest coumtry

the Middle East on a per area bale governmerdf theKingdom of Saudi Arabis a

monarchy and its current ruler is@hestodian of the Two Holy Mosques King Abdullah bin

Abdulaziz The constitution of th€ingdom of Saudi Arabia based upon the principals found

within the holy book f t h e Qu r 6 a rBhaa'ahdlslamic iayd]cThepity df Riyadhfis

the capital and largest city of kiiegdom of Saudi Arabidts metropolitan area is 6&0mi and

its urban area is 3884 mies. The RedSea coastal city of Jeddah is the second largest city in the
Kingdom of Saudi Arabi&he city of Jeddah's metropolitan area is 1,158.3 sq mi and its urban area
is 509.7 sq eis. The population of the city &iyadh is ~4.Gillion people, and the poptibn of

the city of Jeddahk ~ 3.4million people[7,9] T h e ¢ ototaipopulgtidrsis estimated to be

~28.7 million people. Of the ~28.7 million people living in the country, ~23.1 anélioationals

and ~5.6 million are nemationalsflQAp pr oxi mately, 82% of the cour
within the city limits.



Geography and Gmate

In comparison to the United States of America, the KingdSiewuoi Arabia occupies an area that

is slightly more than 1/5 the size of tbatinentalnited States of America. Thgain of the
Kingdom of Saudi Arabia consists of mostly de
southwest. Asaresult,lessan 2% of the countryds total ar e:
population lives along the eastern and western[d@hstach of the desert regions are largely

uninhabited expect for a dwindling collection of Beadommunities.

The climate of the Kingdom of Saudi Arabia is arid with extreme temperatures over 110 degree
Fahrenheit midday in the dé$eym the month of June through the month of August. Along the
coastal regions, humidity values have been receomadlzng 100 perceit. The capital city of
Riyadh experiences its coldest montlégteefahrenhejtduring January and experiences its
hottest month (118 degrdeshrenhejtduring JulyRiyadhhas its rainy seasduring the spring
monthsof March, April, and Mandduring the winter months of December, January, and
February. During the time period of 23682, the city of Riyadh received an average of 82.2 mm
of rain. 8] The city ofleddalexperiences its coldest monthd8@ree&ahrenhejtduring January

and experiences its hottest month (117 degmbesnhejtduring JuneThe average annual rainfall

of the city of Jeddah is 67 ma#®] [

Economy

Theeconomy of the Kingdoof Saudi Arabies currently geared towards the produetiah

exportatiorof petroleum productsTheKingdomof Saudi Arabin s t h dargesproducdrd s

and exporter gbetroleum liquids andti he wor | d & s sal predocdr[ld The gest cr
countryds GDP is estimate at $USD 576.8 billi
Kingdomof Saudi Arabipossesses nethan 20% of the world's knopetroleum reserviesnd

the petroleum sectmf its economyccounts for roughly 80% of budget revenues, 45% of GDP,

and 90% of export earning)

Electricity Resources

The Kingdom of Saudi Arabia (K§#dduced 179.1 billion kwWh of electricity in 2007 and it
consuned156.8 billion kWh of electricityin2006] The countryds el ectrici
capita was,215 kWh/capita in 20061 comparison, th&nited Statesf America produced 4.167

trillion KWh of electricity in 20@nd it consumed 3.892 trillion kWh of electricity in 2007. The

electricity consumption per capita of the United States of America was 12,669 kWh/capita in 2007.
[11. Figures 1 and 2 show the growth in the Kingdom of Saaloita&lectricity consumption and

electricity consumption per capita from 2000 to 2006.



Kindgom Of Saudi Arabia Electricity Consumption
1.8E+11
1.6E+11
1.4E+11
T 1.2E+11
b=
=
c
o 1E+11 ~
2
£
>
€ 8E+10
(s}
o
Zz
S 6E+10 -
g
@
w
4E+10
2E+10 -
0 = T T T T T T
2000 2001 2002 2003 2004 2005 2006
Year

Figure 1: Kingdom of Saudi Arabia Electricity Consumption
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Figure 2: Kingdom of Saudi Arabia Eleityr Consumption per Capita



Water Resources

The Kingdom oanhnud aatedproduitioranwas estiinat@dsd cubic nters of

drinking water and thveater consuntfmn per capita was estimated to be 10#t6@Dannually or

286 liters dailgy the National Water Companyccording tahe cities of Riyadh and Jeddah

busines uni tds quarterl y uwpplpndhe twp citieshsel, 438w48 cubig e d a i
meter/day and 657,000 cubic meters/day respectivklin 008, he Jeddah City Council of

estimated its resident used ~200 liters of water per capita per day or ~73,000 [i§rs/cap

lll.  Methodology

In order to determine which technology sustainability and renewabléeehaajygy are

appropriatdor the city of Jeddamembers from the University of California, Berkeley abdithe
Al-Hekma Collegdesigned a survey to gather the viewpoints of the students at universities about
sustainabilityThere 82 students frober Al-Hekma Collegend 42 students from University of
California, Berkeley that participated in the surveystudents were asked to resptanquestions
abouthow much they were concerned aleowironmentgpollution in their community using a
Likertscale of 1 (very little) to 10 (very muchaddition to the survey, the Black Cloud air quality
sensor was instdlat both universitige measur€0,, volatile organic compoundights, noise,
temperature, and humidity.

To determine the technolagli¢easibility of implementing renewable energy technology in the city
of Jeddah, thRETScreen Clean Energy analysis software was used to estimate power production,
cost, and GHG emissions of photovoltaic (PV) and wind turbine technologies for aéntral gri
electricity generation in the Jeddah area of Saudi Arabia.

Photovoltaic (PV) System

For the photovoltaic (PV) system analysis, the BP SolaiSmBRo4175 unit was selected. This
unit has a 175 W capacity, 13.9% efficiency and a frame area chrk26etqu

In order to determine the energy production of the PV system, RETScreen calculates:

|. The solar radiation in plane of the PV array as a function of its orientation and monthly mean
daily solar radiation on a horizontal surface

Il. The energy mduction of the PV array given ambient temperature and available solar radiation
lll. The inverter losses incurred when converting from DC to AC power
IV. The absorption rate by the electricity grid

Wind Turbine System

For the wind turbine analysis, theglet GEV HP 62/70 unit was selected. This unit has a 1000
kW capacity, a 70 m hub height, a 62 m rotor diameter, and a swept area of 3,019 square meter.



In order to determine the energy production of the wind turbine system, RETScreen calculates:
|. The wnd turbine's energy curve as function of wind speeds over a range of 3 m/s to 15 m/s

Il. The gross energy production of the wind turbine before any losses as a function of wind speed,
atmospheric pressure and temperature conditions

lll. The energy produicin given losses to airfoil soiling, icing, etc.
IV. The absorption rate by the electricity grid

Financial Analysis

For both renewable energy systems, a 25 year project life was assumed and the inflation rate was
2.0%, the discount rate was 12.0%, anelebgricity export escalation rate was 2l0&also

assumed that 100% of the electricity generated will be sold to the grid. For the PV system, 177,585
MWh will be exported at a rate of SUSD 420.00/MWh. For the wind turbine system, 430 MWh wiill
be exprted at a rate of $USD 100/MWh.

The initial project cost for 333 Vergnet GEV HP 62/70 wind turbine units was estimated to be

USD$ 672, 549,240 0otal annual costs: USD$ 55,189,604. Total annual savings: 14,316,562. The
payback period is greater thay&drs, but it is estimated to be ~63 yddrs.initial project cost

for 603135 BP Solar mese BP 4175 PV units was estimated to be USD$ 841,518,061. Total

annual costs: USD$ 83,869,268. Total annual savings: USD$ 74,585,505. The payback period is ~13
years.

V. Results

Thesurveyresults fothe Dar AlHekma students are shoinrFigures 3 and 4, whilkeetresults for
theUniversity of California, Berkeley students are shown in Figures 5 and 6
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Figure 3: Pollidn Awareness at Dar-Aekma College
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Figure 6: Most Dangerous Pollutandatersity of California, Berkeley

The first charts, Figurd@ Dar Al-Hekma students and Figurto6UC Berkeley students, display

the Although both groups showed a high level of sensitivity to sustainability issues, it is interesting

to note that the Dakl-Hekma students showed higher levels of sensitivity to sustainability issues

than the UC Berkeley students. This may reflect a gender difference as all of-tHekidea Al

students were women and 90% of the UC Berkeley students were men. Or itewight ref

disciplinary (most of the UC Berkeley students were studying engineering, wheretekDar Al

students covered many disciplines), regional or cultural differences. These results do raise interesting
questions for further research.

The second chartsigure 4or Dar Al-Hekma students and Figurlo6UC Berkeley students,

present the data on which pollutant the students consider most dangerous to their community, from
this list: carbon dioxide, VOC, noise, light, dust, andetdmne hydrocarbons.€eTtesults from

both groups were very similar.

The results of the energy production and cost analysis for the wind turbines are shownan Figure 7
8, while the results for the photovoltaic system are shown in Figres 9
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Figure 7:Wind Turbines to Supply Jeddah's Electricity Consumption
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Figure 8Wind Turbine Units Cumulative Cash Flows



Figure 9Photovoltics (Solar) Units to Supply Jeddah's Electricity Consumption
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Figure 10Photovoltic (Solar) Units Cumulative Cash Flows

Given thathe annual wind sepé of Jeddah is 3.6 mtke power generation capaiblites of most
wind turbines are limited given that wind turbine's energy cufwedsamn of wind speed

Futermore, th&®ed Sda s

g e bngts thedpabilities of tidal and wave power sys@miher

other handJeddh annual daily solar radiation of 5.94 kWh/m”2/day afd\esd solar water
heater systems to becoiaeal candates for power geration and heating.









