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Abstract

The demand for electricity is increasing daily due to technological advancement, and
luxurious lifestyles. Increasing utilization of electricity means the depletion of fossil fuel
reserves. Thus, governments around the world arangeakernative and sustainable
sources of energy such as the solar powered system. The main purpose of this research is
to develop a knowledge base on residential electric generation from the grid and solar
energy. This paper exaned the economic feaslity of using gridtied residential
photovoltaic (GRPV)system in Saudi Arabia with thelOMER software. Models
forecasting the price of oil barrels through artificial neural networks (ANN) were also
employed in the analysi§he study shows that an-oith country like SaudArabiahas
potential to utilize the GRPV system as an alternative source of energy. This study
provides a discussion of the potential for applying sptavered and an assessment of

the performance of existing systems based on caipatitput data

xviii



1 Chapter 1: Introduction

1.1 Overview

In today's clmate of growing energy needs amcreasing environmental concern
alternatives to the use of noenewable and polluting fossil fuels have to be
investigated. One such alternative is solagrgy.Solar-poweredsystens arethe fastest
growing renewable energy sousc&here are two types of thesolarenergy systems
standalone PV(photovoltaic)system anda grid-conneted photovoltaic system (GPV).
The former is widly usal in rural area andin developing countries. The latter is
common in suburban areas and it hasomewidespread around the world comphte
the stanehlone systemA GPV system operates in two waysy. supplyng electricity to
residential homeand transferringpowerto the grid. In othewords, utility companies
pay to GPV system owners for every kilowatt transfer to the grid syst#moughthe
paymentsdepend on the country and the sellback rate from the utility compéueye
are two methods to conduct GPV systeeadibility study:a PV handbook [1]or
independensoftware such as, RETscreen [2], PV WATT [3], HOMER,[andETAP

[5].

In this work, both the PV handbook for econoraitalysisand the HOMER software
have beerapplied to study the feasibility of grite (or grid connected) residential
photovoltaic system (GRPV) in Saudi Arabia (SA)Hybrid Optimisation Model for
Electric Renewables (HOMER) software as optimization toolused to evaluate the
feasibility of renewable energy systemepending on theost. It deals with standlone
renewable energy, hybrid models aadombiration of renewable and nerenewable
sources. In addition, HOMER provides three models: simulation, optimization and

sensitivity analysis modgl

Beside the necessity of utilizingmewable energy, there is the issue of the fossil fuel
deterioration. Fossil fuel is usedeavily in daily life such asin transportation,
productionof goodsand for electricity. Thus, if theprice of an oil barrel increases

subsequenthiving expensesncrease and vice versa. In addition, oil utilizatios

1



increasing with population growth. Hence, fossil fselirces areapidly depleting This

is also causing theil barrel priceto increaseIn order to show ik increag in oil

production costsan oil barrel price (OBP) forecast is provideding artificial neural
networls (ANN).

Artificial neural networls (ANN) are mathematical modslthat containintelligent
neuronswhich canemulatethe function of thdhuman brain. ANN modsican learn the
relaionships between input(s) and output($also called targetdata whether the
relationship is linear or nelnear. However it is typically usedo analysenonlinear
relationship between input(s) and target(s). Neural netwarde different techniquee
approach the relationship between input(s) and output(s), such as radial basis function
(RBF) and multilayer perceptron (MLRn this work a multilayer feeeforward neural
network with backpropagation (MFFNNBP)s used The neural network model for
predictionwas createdn MATLAB (R2011a) environmea version 7.12the GRPV
modelwasrun usng HOMER software version 2.81, and the economic calculation was

run using Microsoft Excel 2010.

1.2 Research Motivation

Since Saudi Arabia is an oil rich countilyis a challengéor this nationto switch from
traditional sourcgeto renewable sources. The main motivatfon this researchs to

study solatpowered systens in order to highlight thémportance of utilising renewable
energy sources as an alternatieeconventional sources, such as fossil $ueid coal.

The research and development of efficient alternative energy sources is essential for the
progress towamsla sustainable energy economy. Teeminclude an array of renewable
energy generation tecblogies, including hydroelectric, wind, biomass, geothermal,
tidal, and solar powers. One of the leading candidates for-¢aae efficient renewable
energy production is solar power using photovoltaic systems which convert energy from
the sun directlynto electricity.The objective here i® investigate ifrenewable energy
sources can be utilized in Saudi Arahiad the requirements for their implementation in

that context



1.3 Thesis Objectives andChallenges:

The objective of this research is to stutlg effect of usin@ solar powered system
residential areas, particularly in the city of Riyatite capital of Saudi Arabia. There are
different types of this system that can be used in housing zones. This research studies the
grid tie residential phowoltaic (GRPV) system in Saudi Arabia. Saudi Arabia is one of
the biggest exporters of petrole@nd ithas bigoil reserves. Thus, the energy produced
from burning fossil fuels is considered cheaper than if produced from other renewable
energy resourcegurthermore, due to its geographical location, the Kingdom of Saudi
Arabia (KSA) has an abundant intensity of solar radiation and long duration of daylight
hours. Hence, KSA is a good candidate for solar system applications. This research
discusses the slacles that the GRPV systemdaclt also includes a feasibility study,
different scenarios and recommendations deercoming thosehallenges. The study

used HOMER software, MATLAB program and Microsoft Excel for analysis.
1.4 Thesis Qutline:

There aresix chapters in this thesis. Chapter Onéntroduction - providesgeneral
information about renewable energy sources and the methods of analysis used in this

paper, i.e. the artificial neural network prediction techniques.

Chapter 2includes five sections The first provides an introduction of soliggowered
systems and the factors that mbst consideredin order for them to be employed as
renewable energy sources. Section two consists a summary of all types of materials that
can generate electricitydm sunlight.Solar radiation and the fac®that affect it are
discussed insection three. Section four provides details of the componsetsin solar

energy technologie&inally, solar panels and solar cells are explained in section five.

Chapter 3 pvidesa literature review focused on solar energy technglagydcontains
three sections. The first two sections preseséarch omsolar system utilization around
the world and residential PV system economic studies respectiViéy.third part

summaizes the use ofsolarpowered systems in Saudi Arahiaits potential and



challenges but also synthesizes information orStnedi Arabia context in general.

Chapter 4 consists da description ofthe three methodsised in this researchhe
HOMER softwae model, economic calculation, atie artificial neural networKANN)

model.Their applications are discussed as well.

Chapter Spresents the results and analy3ise chapter consists of three sections. The
first is composed othe resultdrom both tre PV handbook and HOMER softwaiEhe
second section ihie¢ ANN sectiorwhich shows the training algorithm and the proposed
method. Finally, the third section provides the reasonsisingthe HOMER software

and artificial neural network (ANN)

Chapter oresents the conclusiodsrived from thigesearch andecommendatiosifor
the SaudiArabiangovernmenin terms of GRPV systen®sn appendixesanda list of

referencess also given.



2 Chapter 2. Solar Powered System

In 1839, A. E.Becquereldiscoveredhat voltageis producedn photovoltaic cef when

it is hit by direct light. Since that time, several studies have been conducted to investigate
the effect of solar radiation on photovoltaic cedlad the wagto improve its efficiency

[6]. This chaptereviews all types of solanergy technologiesd the rationale for their

use.
2.1 Introduction

The world needslean energy. The utilization of the renewable energy (RE) sources
such as solar, biomass, wind and waiethe solution for a pollutiofiree eavironment.
Solar cells which convert sunlight to electricityare one of the possible choic8he

solar cellsj.e. photovoltaic, are expected to be more than a niche supplier of electricity
[7]. Utilizing solarenergyhas many advantages is free ofcharge and provides clean

energy wherghe environmental impact is negligible.

There are factors thahake renewable energy sources import&intst, approximately

one third of the totadjlobal population mainly those living in rural areas of developing
countries has no access to electricifjhe other factors include the increasing obgl
population and load demanbh addition, die to the impact of global warming thiat
causingclimate changeand increase in heathere is an increase in energy @emh
throughout theworld [8]. Hence, many scholars have dedicated their research to the

study of renewable energy sources.

Among other renewable energy sources, solar energy is the only renewable energy
source that can be utilized in a populated areaeiQ#mewable energy sources, such as

wind and biomass, need a lamgapty spacand could not be used in the sulmirb
2.2 Solar Cells:

Silicon is the main substance of the majority of PV panels that have been used for solar

energy system Quartz sand (als&known as silicon dioxide) is a pollutidree



substancelt is one of themajorc o mponent s of the earthos
silicon is 14, which means thatfourteen electrons orbitits nucleus. The last four
electrons in the fourth vecelevel areessentiato the design of the solar cells. Pristine
silicon is neitheaninsulator nora conductor. Howeverat low temperaturg, the silicon

can act as an insulator due to the strong bond between the eledfiguse 2.19.
However,direct light tavards the siliconi.e. at high temperaturesiould cause a free

electron to be released and the silican act as aonductor [9].

When sunlights oriented at a silicon crystal lattice, it causes the release of free electrons
with negative charges atelaves behind a broken bond with positive charges. This state
calledelectronhole pairsis shownin Figure2.1b. The conductivity fahesilicon lattice
increases athe amount of free electrons increases. The free tremsmovan different
directiors and no current flows produced.Thus, there is a need for a chemical
mechanism that forces the free pairs (electrons & holes) to move in one direction in

order to produce current flowhis chemical mechanisis called the gn junction.

ot be
9 1010202

R S
S s
I.’ ." - *.1 '1 1' + + + + L Free electron
855(14) 550 *O*O*0O*
I‘~~ I@:% J/ Hole — &~ § O 9 O M O *
i T
Silicon 030207
1t 44 4

Figure 2.1 Silicon crystal (a) insulator[] (b) Conductor 11]

When an n-type materigl e.g. oron, comes into contact with atype material e.g.
phosphorus, this forma pn junction. Thus,doping two layers of dicon with
phosphorus and boron, creates a mechanism thatftiredree electroimole pairs to
move in one direction, andhus current flow (power) is produced. Free electrons are
foundin the ntype substanceand the holes agtuatedin the ptype material Electrons

move toward the qype materialand the holes move towarthe ntype in the contact

c
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area. This movement creates an electric field. At equilibrium when there is no more
variation between electron and holes, a depletion region is foifhesldepletion region
has the characteristicd a diodewhere currenis forced to flow in one direction [9].

Hence, the solar celigsork in a similar way as diode, as shown iRigures 2.2a & 2.2b.

type semiconducior

(a) (b)
Figure 2.2 Silicon Characteristic (a) depletion region [12] (b) Biasing [10]

Figure 2.3 shows an equivalent circuit of solar cells, wh&ehe diode currently,
represents thaacoming currenfrom sunlight, and is the current that fles to the load.

The solar cell characteristics of the current and voltage are the same as the\diode |
characteristics. Hencat dawn when sufficient sunlighis directedat the PV panel, the
currentl flows to loadwhile at nightO “O. The operabn of the solar celis expressed
mathematicdy in equationg2-1, 22, & 2-3,) whereq is the charge on the electrdnis

t he Bol t z ma nisitlesempecature in Ealvin,,arffdis the value of the diode

reverse current at negative bj8k

00 O (2-1)
0 0QomH- O (2-2)
0 0QOH- O O (2-3)
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Figure 2.3 Solar cell equivant circuit [13]

The output current from the PV panelsrégerred to aslirect current (DC). The watt
peakW, is the solar cell power unit. Oftemanufacturers provide the PV panel output
under standard test conditions (STC). Standard test conditio§ ¥Ee 1000W/ni and
where air mass equal to 1.5. AM,e. Air Mass is the pathlength of the sunlight
spectrum that penetrates the atmospherae@acheghe earth. The number 1.5 refers to
the inverse cosine law of the sun pl&thgth angle, 48 whee it hits the PV pane[9].
The majority of researchexhoose arair mass equal to 1.5. However, other sunlight
angles could be considereebr instance AM 2 represents the sunlight position at 60

degrees. In this work, we @&M 1.5.

In general, solar ceallare classified infour categories arranged below from the most

efficient type to the leagfficient based on their primary component, silicon
2.2.1  Monocrystalline Silicon

Often, monocrystalline silicorhas a silver colour ands cut in pseudequars and
hexagonal shageMonocrystallinecellsaremade from uncontaminated liquefied silicon
usinga doping process. It is considered the most effective type of PV system and has an
expensive manufactumg processEfficiency of monocrystalline silicon celis around
12-16% with a total area of seven square meters per kilowatt peak, [9] as shown in

Figure2.4a.



2.2.2  Multi -crystalline Silicon or Poly-crystalline Silicon

Poly-crystallinesilicon (Figure2.4b)has two advantages over tim@no-crystalline type

it has bwer manufacturing cost and low feed stock tolerance. Thmoly-crystalline
cells utilize the moulding process. Another advantageas itk square or rectangular
shapemakes iteasyto instal and utiliz [1]. However, the mulkcrystalline silicon has
less efficiency(at ~ 11-15%) than the monarystalline silicon.Poly-crystalline cells
often havea blue colour and a shynappearance. The required area to produce one
kilowatt is 8nf[9].

2.2.3  Amorphous Silicon (aSi)

Amorphous silicon (i) is a thin filmtechnology (Figure 2.4c) which has beemnused
since 1980s in calculators and watches. Howewessently a high energy output PV
systemusesamorphous silicon. The-&i has a nortomplicated manufactung process
and low costThe main drawback is its adlvely low efficiency, whichis around €8%.
Amorphous silicon needs an area Sikteen square meter§l6nt) to produce one

kilowatt peaklts practicality is demonstrable building frontage. [9]
2.2.4  Other Materials:

Beside silicon, there are other typdsemiconductor materials that can convert sunlight
into electricity. These types represent a significant advancement in thin film technology.
The process involves doping a variety of substrates on an-thilbralayer of
semicomluctor material. Copper Inium Diselenide (CIS) and Cadmium Telluride
(CdTe) are two welknown materials in PV module production that can produce current

from sunlight Figure2.4d).
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Figure 2.4 (a) Monocrystalline silicon cell [17] (b) Multicrystalline silicon cell [18] (c)

Amorphous [19] (d) Copper Indium gallium selenide CIGS [15]
2.3 Solar Radiation

Solar irradiation is the amount of sunlight (photon) energy risaches an area for an
hour. It is expressed wvatt-hour per squareneter(Wh/nf). The power from the sun is
approximately175,000terra watt (TW) [14]. Hence, solar radiation data is a crucial
factor for successful planning and implementation of PMesys Furthermore,the
degree of solar irradiation affects the voltage output of the PV modutrefdre,
significant consideration should be given to the orientation and inclination of the PV

array during the installation afrooftop PV system.

There a@e three approaches to find the solar radiation data namely: meteorological

statiors, satellites, and a combination of meteorological and satedliterceg14].
2.4 Types of Solar §stem

In general, there are two macategories of photovoltaic systems: gcimhnected (also

known as giretied) systems, and staiadone PV systems9]
2.4.1 Stand-Alone PV System

Standalone PV system, shown irigure 2.5, suppks the astaner load only during
daylight. Since the solar system warlonly during daylight, hencestandalone PV

systens need storage basko store electricity and use @t night. The standalone PV
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system is not able to supply the load for the whole day. Hence it usually comes in a
hybrid system model whera PV system is combined with other renewablenon

renewable sources of energy such as, wind, or diesel generators.

The parts of the starmlone PV system are PV cellspattery, mounting, and wiring.

The majority ofstandalond®V system applicationsreusedin rural areas in developing
countries, wikre people neegowerfor living neaessites such as, lighting, heatingnd
cooking. Itis also used where the grid extension considered inefficient and not cost

effective[9].

e —
=,

s 5 i

Figure 2.5 PV Standalore System [15]
2.4.2 Grid connected PV §stem

Grid cannected residential photovoltaiGRPV) systems are nowommonin suburban
regions.Due togovermment incentive program&RPV system utilizatiorhas increased
For instanceGermany,Spain and tle United Statgs have become leaders in providing

incentive programmfor grid-tied PV system.

PV gridconnected(also known aautility-interactive or gridtied) systems,shownin
Figure 2.6, aredesigned to operate in parallel with the electric ut{lgsid.) This meas
thatwhen there is an extra outpoft powerwhich isnot used by the house,i#t sentto
the grid. Conversely, whehe demandof a housas higher than the P¥ poweroutput,

11



or it is nightime and thePV system is off electricityis imported from tle grid. Hence,
the grid and the PgystemarecomplementaryThe size of this typef systemcan range
from 1kWp to several\Wp. [14]

In addition to GRPV systerg grid tie PV systentan be used im larger area. For
instance PV power plants, where thessgms range between 1IMVOMW0p. Here, the
PV systemimplemented in remote areas, where thieneo limitation of landscape and

nothing prevergthe sunshine, such as, shedding, ancgitree

Residential Grid Connected PV System

zﬂu
i

Solar
Panels

Home Power/
Appliances

03520701

Figure 2.6 Grid connected PV system [16]
As shown inFigure2.6,a Grid connected PV systemrsistsof [9]:
8d8PRWBal -AO0I AO

It is the main component in any PV systemigh each module consisig of a numberof
solar cells that convert sunlight into electricity. Assacel is madefrom a thin layer of
semiconductor.

2.4.2.2 PV Junction Box:

This junction box gathered the wires from all the PV panels.
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2.4.2.3 Inverter:

The inverter converts DG.e. direct currenproduced from PV array to A(alternate
current) and makes sure that thgansmitted power to therig matches theyrid

properties. This mearbkatthe transmitted power has the same voltage, and frequency.
2.4.2.4  Digital NetMeter:

A PV digital meteris usedto provide details of the amount ehergytransferred tdhe

load or to tle grid.Net metering is used for selling extra electricity to the grid. Thus, it
helps to reduce the network peak load. In addition, it aids to reduce the cost of the GRPV
systemHence, a digital net meter coutelpto make the utilization of the GRPVsgm

feasible.
2.4.2.5  System Protection:

A PV system needs a protection systenmstdatethe panels and the Inverteom the
networkin case of short circuit. In fact, this is an essential part of any PV system to

prevent damage to the PV array.
2.4.2.6  Mounting Tool:

The solar home system (SHS)abvays connected to the roof of the house. Hence,

mounting toolsareusedto prevent PV panels from falling.

2.5 Solar Panels

Solar cells need to be protected and covered to be able to operate for thifeofire
projectwithout defects In other words, solar cells need to be encapsulated to survive
handling, installing, and weather chasgSolar panel contain a number of solar cells
connected togetheand surrounded by an aluminium frame and covered with glass on
the top. A group of solar panels connected together is called an array. Encapsulating

solar cellss reliable and efficienbecause it protects the ceig.
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3 Chapter 3: Literature Review

Like all other renewable energy (RE) sourcedarpowered technolags areexpensive.

The implementation of any solanergy systemeither in residential, industrial or rural

areas, requires a financial assessment. This assessment should consider all the factors
that affect the systensuch assolar radiation intensitysunlight duration, government

rebate progras) total coss and electricity tariff. Future solar home systeniSHS

owners can thenmake their decisi® depending on the assessment. This chapter
synthesizes reviewbased on current research residentialsolarenergy technologies

in regards to theiapplications and econamcosts It also includes #teraturereview of

the application of the sol@nergy technologies Saudi Arabia.

The chapter consists of three sections:

1. Studies orResidential SolaPowveredSystens in Different Countries
2. Economic Studies in Solar Home System (SHS)
3. Solarenergy usén Saudi Arabia.

3.1 Studies on Solar Energy Systems in Different Countries

The rapid depleton of reserves of traditional sources of energy and the over
dependenceon limited fossil fuels for electricity generation have increased intenest
solar powered systems apotentialsourceof energy Hence, governmesiaround the
world has started to consider PV installation to generate electricity in differeast. ar

Table 3.1 shows the top five countriesngphotovoltaic installation.
3.1.1 Germany

Germany has become the leader in PV installation due to the high rate of energy tariff
and the desire to decreastependence on oil importation. Thus, the parliament in
Germany has required dh utility power providersshould buy electricity from the
GRPV system owners above the market rates. Theifetdliff in Germany for GRPV
system owners is between 0.5 to $/6Wh [20].
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Table 3.1 Ranked countries in PV installatioR®l]

Rank Country Total PV installation (MW)
1 Germany 17200
2 Spain 3800
3 Japan 3600
4 Italy 3500
5 Unite States 2500
3.1.2 lIreland

Zhe Li et al. (2011) [9] examiwethe economic reliability of using PVystem in
residential areas in Ireland. The article provides an accurate method to study the
economic viability of residential solar systemsing the HOMER software program and
Microsoft Excel.Their research includegight samples of solar PV system different

areas of Ireland. The article conclddbat the solar home system (SHS) is not a reliable
solution to the current situation in Ireland because of the high capital cost. Also, it
emphasized the need of government support and low rate bankingidhe success of

solar home systems.
3.1.3 United Statesof America

In the U.S.A, 25 states have renewabl sstahgams t f ol i
are meanto assign a percentage of renewable energy penettatsupply electricity

and replacethe traditional sourceFor example,20% PV penetration by 2020 in
California and 25% PV penetration in New York by 204 2xpectedMoreover, other

states offer incentisg such as cash back or relmt®r solar home system (SHS) owners

[20].

Sedghisigarchet al (2009)[22] examinel two aspects of residential PV system the
United Stateshamely the technical, and the economic factors. e one hand the
technical factors such as tilt angle, geographical locatioaed shading, have a

significant impacbon theelectricity generated frorsolar cells. To clarify, countries that
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areneaer to the equator receive highsolar radiation than countries located far from the
equator. PV modules are sensitive to shadi@g. the otherhand PVs incentive
programstax paymerg and income have an essential influeocecustomers whare
interested in utilizing solar home systerior instance, the policied the state of New
York and Arizona preedto be profitable while the West Virginia PV polieppears not

to have succeeded.

G.E. Palomino et al. (2002) [3], investigatéhe performance of several residential
power systems in new hosideingconstruced in the United States. The study shows
that the failure of any part of the solar home systeoth asan inverte, has an
enormous impact on the system performance. Hedesign redundancy angood

installation and maintenance are required.

3.1.4 Argentina

Robinson Alazrakiet al (2007) [29], examinedthe impact of the Renewable Energy
Project for the Rural Electricity Btket (PERMER) which utiliz¢ smaltscale PV
systems in homes, schools and public buildings in Argentina. The @rggecta i ms wer e
replace traditional energy sourcesuch as candles and kerosene lampih PV
electrical systems to provide a better kifeality and reduce the indoor air pollution in
rural areas. Howevethey found that technicddarriershad to be overcomeefore the
projectwas implementedThdar studyproved thatit is ableto change peoples' lifestyle in
rural areas, improve the perfnance of students and teachers, create new educational
activities, increase social life, and redube need of traditional sources. Thetreors
recommendedhat the government of Argentina should extend the project to other rural
areas in the countrjt also showed thatrpject finance isn important barriethat need

to beresolved before the project start

3.1.5 MENA Countries

Antonis Tsikalakiset al(2011) [24], reviewd the utilization of solar poweredsystems
in the Middle East and North African @®NA) countries. The studgemonstratedhe

potential of solaenergysystems in Morocco, Algeria, Egypt, Palestine, and Lebanon.
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Additionally, it showed the contribution of each country towards the utilization of

renewable energgnd protecting thenvirorment.
3.1.5.1 Morocco

Under the supervision of the Ministry of Energy and Mines in Morocco, the CDER
(Cente de Developpement des Energies Renouvelables) is responsible for renewable
energy programs. Since 1978, the CDER has initiated three programs for rural area
electrification using solaenergy systens. the PNER (National Program for Rural
Electrification) from 1978 to 1991, the pilot program of ruralelectrification program
(PPER) in 1995 and the PERG (Global Rural Electrification Prograrfihe
electrificaion of rural areas using solpoweredsystem hd a massive impacbn

p e o pllvesdtshanged their lifestyle as watching television increaseehte jobs,
improvel students' performanda schoo] improvel farming usingthe solar pump and

helped peple communicate using mobile phones [24].
3.1.5.2 Algeria

The Ministry of Energy and Miningeals withenergy trade policiewhile the Ministry

of Environmentdeals with sustainable development & environmental protection
policies. In 1988, the Renewable EnergwBlepment Centre (CDER) was established
specializng in R&D in renewable energyince then, a program for the electrification of
rural areas has been initiated. Tevernment aims tobtain5 % of their total energy

from solarpowered systemend othehybrid system by 2015 [24].
3.1.5.3 Egypt

The New and Renewable Energy Authority (NERA) is responsible for introducing
renewable energy technologies in Egypt. There are seven photovoltaic companies in
Egypt. Solar Water Heaters (SWH) syssaaremost commoly used for solar energy in
Egypt. Around 500,000 frof SWH has been installed in a commercial até@mwvever,
renewable energy utilization in Egypt is slower thanMorocco and Algeria. Egypt

plars to have 20% of the total electricity generation from renebla energy sources
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[24].

3.1.54 Palestine

The Palestinian Energy and Environment Research Centre (PEC) and the Energy
Research Centre (ERC) are responsible for research and development (R&D) of
conventional and renewable ener@ie electrification of 90 housés a rural area using

a solar home system (SHSia two projectswas a significant stepAnother current
project focuses on street lightimgcommunity sites using solar panels [24].

3.1.55 Lebanon

The exploitation of the solar system in Lebanon is considerée tine lowest among
MENA countries. Since Lebanbns  @var,¢thierehasnot beena ministry responsible

for energy policies. The onlselevant departmerihat exists is the Ministry of Energy

and Water (MoEW)since the 1970sThe National Council of Sentific Research
(CNRS) is responsible for R&D in all sectors. Hence, Lebanon still has a long way to
invest in RE [24] There are factors limiting the use of the solar system in MENA
countries.These includdahe lack of government support and the competiprice of
electricity from conventional sources. Meanwhile, MENA countries are endeavouring to
utilize solar energy systems with some countries creating milestones for obtaining a

certain proportion of their energy from renewable sources within thdinextears

3.1.6 European Countries

The European Photovoltaic Industry Association (EPIA) report has predicted three
scenarios for the development of PV systems in Europe [25]. The firat4%
penetration with no change in the electricity system,tlistrequiresa PV industry to

work on reducing the cost of PV systems. The second sceisaao GAccelerated
growthd t avithga 6% penetrationwhich will include asmall change in the electrical
system. ThePadnmnadi gimaelRW pdndratiaand a wider change of
state in the market strategidaurthermore, lte objective of the Kyoto Protogalvhich

many European countries have signisdto reduce the emission of greenhouse gases
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from industrialized nations [25]. Hence, countries under they#to Protocol are
requested to enforce emission reduction prejéatensurethat they will read the

required target.
3.1.7 Malaysia

Ahmed [26] discusskthe design of solar energy schemes for electricity production in
Malaysia. The paper providea residentibload profile by calculating the total load of
the appliances in one house. It also disadifise designing steps of solar home system

such as choosing an adequate battery size and cost estimation
3.1.8 India

Bansal et al. (2000) [27] discusksthe consolidatbn of PV technology ira cafeteria
building in New Delhi. The ideavas to design a life model in order to show the
advantage of using a solar energy systerand to educate the publi@he paper
conclude that the implementation of PV systeafects the ewironment, building
skyline, and, the ability of PV panels to be integrated in building de$igsn.model is
considered the first of it is kind in India

3.2 Residential PV System & Economic Studies

Solar renewable energy has two drawbads;intermittent rature and the high initial
cost. This section discusses a background of work done in residential solar system

economic studies.

Vigneswaran Applasamy [2] calculates the life cycle cost (LCCa aftandalone
residential PV system in Malaysia. Thattzors focuse on the cost effectiveness of three
types of solar cells namely: Mosaystalline, Polycrystalline, and thifilm. The
analysis was applied to a family of fommembers RETscreen(Renewable Energy
Technology) program has been used to calculatedbieat the stan@lone PV system,
and then the cost per kilowdtour fora period of 25 years has been derived. Finally, the

article shows that the price per kWh for the statahe PV system is five times higher
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than the price of electricity supplied fnoconventional sources in Malaysia.

In the same issu®huiyanet al. [28] examine the feasibility of using a statone PV

system in rural areas in Bangladesh and compare it with aememable energy
sources. The method of economic calculaioncludes net present value (NPV)
analysis, system cost, capital costs, maintenance costs, replacement costs, and economic
factors. The study concludes that tifie cycle cost,(LCC) of PV systems is lower than

the LCC cost of gasoline and diesel generator irgBatesh.

Lazou et al. [29], consider the economic feasibility of stalothe residential PV system
supplying electricity for a house of four members in European and Mediterranean cities.
A load profile has been assumed, and therotitenal sizes of systencomponentsare
calculated. It concludes that a solar home system lattery storage in high solar
radiation cities carmeeta house electricity demand without the need of a -ogck
generator. In addition, cities with lower solar radiation should considgbrid system

as an economical solution.

Simburger [30] compare the financial performance of investing in a solar home system
and investing in stockand bond in the Unital States It shows that not only the GRPV
system will save the homeowner monay the electric bill but also it can provide a

modest income to the homeowner. Hence it is a profitable investment.

Corrigan [31], use linear programming to calculate the optimal dispatch strategy for a
standalonePV systemAn average household daily logdofile is divided up into 24
intervals to represent each hour of the day. The energy system comprises of PV panels to
supply house demand during sunlight, and a storage system (battery) to supply load
demand at night. Three different examples are shovtin their saving. Hence, the
proposed control strategy of residential solar system with storage has proven it is

possible to reduce the electricity bill.

Cucchiella et al. [25], investigate the optimization of economics and environment factors
for a GRPVsystem in Italy. Three scenarios have been analysed econonmaaiily

seltfinancing, full amount bank loan, and partial amount bank loan. The internal rate of

20



return (IRR), were found to be 8%, 10%, and 8% respectively. In addition, 51% of the
incoming moneyis from exporting electricity to the grid, 27 % electricity bill reduction,

and 18% of tax deduction. Hence, for the three scenarios, utilizing a grid connected solar
home system is profitable. What 6s niar e, PV

the whole project life.
3.3 Solar System Applications in Saudi Arabia:

The Kingdom of Saudi Arabia (KSA)s fortunate to havea high intensity of solar
radiation.Thus, Saudi Arabias a promisingcandidateor the utilization ofphotovoltaic
systens in both small and largscale applications. This section reveeWaudi Arabié s

historical and present policies well aguture applications of soldromesystens.
3.3.1 Kingdom of Saudi Arabia

Saudi Arabia(SA) is located between latitudes 3 and 17.8 N ard longitudes 50E
and 36.8 E [32]. The RedSea and the Arabian Gu#urround SA from West and East
respectively. Saudi Arabia has 14 provinces distributed in five disttlots Central
region, the Eastern region, Western region, Northern region, anBotitdern region.
The population of Saudi Arabia is 26,136,977 with asgodmmestic product (GDP) of
6.77% [33]. Saudi Arabia is tHargestcountry in the Middle East with a total area of
2,149,690 krf[34]. Since the discovgrof oil, Saudi Arabiehas lecomewell knownfor
this desired resourc&hus, itis one of thdargest oil producerand owrs one fifth ofall

knownoil reservein the world.

The Saudi Electricity Company (SEGupplieselectricity to 80% of theKingdom.
However, there arstill remote areaghat have notreceivedelectrcity. Using the grid
system to supply remote areasst reasonable. Hence,ishis a potential areavhere
solar technologycould work, butthis is not the onlyplace Saudi Arabiaintends that
solar system utilizgon will also contribute to the national grid to meet Saudi Ai@atsa

peak demand [36
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3.3.2 History of Solar Powerin Saudi Arabia

The Kingdomof Saudi Arabia s one of the worl ddés most pr
some of the highest summer temperatures ex@srded on earthiThe Saudi Arabia
government h& declaredthat it wants to become a major solar producer, but its
investments amount to much less thanMb@gawattswhereasseveral countries have
added thousands dflegawatts a yeato the generation opower from solar energy

Saudi Arabia has been interested in solar applications since 1960. Table 3.2 shows a
brief history of projects and applications of sgdawerin Saudi Arabia. In 1980, Saudi
Arabia and the United States initiated the Saudi Arabiaied States Program for
cooperation in the Field of Solar Energy (SOLERAS). This program's goal was to
conduct a researcin order to make anyillage independent of the central system of
power productionTherefore Saudi Arabia s the first countryni theMiddle East that
conducedthis kind of research [32]

Table 3.2 A brief history of solar application in SA [B2

Year Applications

1960 PV beacon by French company in AMadinah AFMunnawar@ airport

1969 Begiming of research in a university project

1977 Energy Research Ingtie (ERI) for R&D of solar technology in KACST,

19771997 A first cooperation project program between SA and US dame
SOLERAS

1980 Two projects conduetdby SOLERAS in two villages: Alubaila and Al
Uyaina

19861991 GermanySA cooperative program f&D&D of solar hydrogempower

HYSOLAR

19871990 | 2kwh PV system in the solar village

1996 4kwh PV system for agriculture use in Muzahmia village

19942000 | The Saudi Atlas project for solar radiation measurement

2010 Firstsolar powered water desalinatipfant in SA
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Solar technology needs accurate measuresredrgolar radiationln 1994 Saudi Arabia
initiated the Saudi Atlas Project (S#tlas) with the Energy Research Institute at King
Abdulaziz City for Science and Technology (ERACST) and the Natinal Research
Energy Laboratory (NERL) in the United States. Twelve stations have been built in
different locations around the countrgs shown in Figure 3.1. At these locations,
different measuremesare takensuch as global horizon irradiance (GHI)edit normal
irradiance (DNI), diffuse horizontal irradiance, air temperature, and humidity. All data
aresert to a central station in Riyadh known as the solar village. In addition, since 1970
therehave beerl0 stations around the kingdom where glob#rsadiation (GSR) and

sunshine duration are recorded.
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Figure 3.1 Locations ofSolar Villagesn SA[37]
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3.3.3 Solar Potential in Saudi Arabia

There areseveralfactorswhich encourage the use sblar powerin the Kingdom of
Saudi Arabia(KSA). KSA receives enormous irradiation around 124g&rawatthour

(TWh) of electricity thatis enough to supply electricitptthe kingdom for 72 years [38]
There is a large space availabeSA to harvest the sunliglas well All of these factors

gualify SA as acandidate to harvest the sunlight usgadar systemHowever,until now
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the utilization of the solar systelnas beemefficient.
3.3.4 ObstaclesSolar Powerto Saudi Arabia

Sincethe discovery ofoil , Saudi Arabia has becon®erich nation Although oil is
consideed beneficial it has also been haful. One of the essential problems that solar
technology faces is the cheap price of oil in Saudi Arabraather barrier ighat the

tariff of supplying electricity from conventional sources is lower than the charge of
supplying electricity from renewébsources. Moreover, dust has a large effect on solar
cells' performance. It can reduce solar energy bg. Finally, the Saudi government
provides funding programs for oil products and electricity lmitfor renewable energy

sources
3.3.5 Solar Application in Saudi Arabia

Rehman et al. [8] anducted areconomic analysis of utilizing a 5SMW grid connected
solar power plant in 41 locations around Saudi AraRIT screersoftwarewasused to

obtain the total energy produced from the model and for the econmsis The
economic analysishowedthat the price of energy produced from the solar system
ranged between 20 to 30 cents. It is worth mentioning that the informatiomasat
entered into the RETscreen software asslithe efficiencyto be around 28.3% ah
18.7%. 28.3% is considered to be high since the maximum efficiency achieved so far is
around 20%.

Aljarboua [38 discussd Saudi Arabié spossible strateges towards increasing
renewable energy sources. The reliability and future of renewable emertgrms of
solar, wind, hydro, and biomag&sel, wereinvestigated. Itvas foundhat solar and wind
could be utilized in the energy production in Saudi Arabia if the Saudi government
increased the charge of conventional electricity by 756% and 287% tresfyec
Moreover, due to the high initial cost of renewable energy and their low efficigncy,
was suggested th&audi Arabia should not move towards renewable enéigy article

did not discuss the reduction of pollution from utilizing renewable enevgythe

preservation ofossil fuek for the next generation.
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Almogren et al. [43fxamined a hybrignodel of solathydrogen energy to be used in
Saudi Arabia. It concludkthat Saudi Arabia should exploit renewable engog\els, it

would face an oil d&it in the future

Shawl et al. (2009) [5] stued the effect of 90 W grid-connected PV systenmn the
voltage profile in the distribution network. The studss conducted using PVSYS
software and ETAP software. The study faisn the effect of powegenerated from a
rooftop solar system in the low voltage distribution netwdrkshowed that using a
rooftop PV system not only heddto improve the voltage profile but also redddke
peak load demand from 13kW to 12kW. In addition, thveasno limit to the number of

houses which used to instadloftop PV system.

An economic studyanalyzinga hybrid PV system in Dahran (Eastern District of SA)
wasconducted byShaahidet al. [40]. The authsrused theHOMER software to obtain

the optimal solutionsThe article showd that combining renewable (solar) and fnon
renewable(diesel generator and battersgurces providedhe user with benefits from

both sourcesThis includedreducel maintenancdor the diesel generators, high load
from PV generation, anchinimal number of working hour$or the diesel generators.

The main objective of this article was to emphasize the effect of PV system penetration
in residential load demand. However, using a diesel generator in residentiat@riehs

cause noise and gollution.
3.3.6  Future Projects in Saudi Arabia

The investment in solar energy has reached & &dlion dollars in 2011 with a total

production of 65 gig watts of electricity. The production of PV panels, although it
increased by 2 percent every yegarconsdered small compared withthewd d 6 s need ¢
for electricity. [64]. According to [65] Saudi Arabias planning to invest US$109 billion

in solar energy.

The Minister of Saudi Arabiapetroleum and MineraResourcesoil Mr. Al-Naimi
suggestedo a French awgaperin 2008 that Saudi Arabiwas planninga strategy to

increasesolar technology andventuallybecome a solar power exporter. Moreover, in
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June 2011Mr. Al-Naimi reinforced this statemenby declaring that SA is planning to
producean amount of edctricity from solar energyhatis equivalent to the amount of
electricity generated by crude oil. Below is a description of the ongoing mojesaudi

Arabia. Detailed information on all the projeet®shown in appendix C.

1. In 2010, King Abdullah Uniersity of Science and Technology (KAUST)
implemented a twdlegawatt hour rooftop solar system, with a total 3332
MWh/year.

2. Saudi Aramco North Park project has 10 MWh of solar modules covering an area of
4,450 parking spaces. The proje@sexpectedd becomplete in 2011.

3. In January 2012, King Abdullah Financial District (KAFDyas planring to
implement 200 kW rooftop solar systems. KABessustainable architecture and

aims to obtain the LEED Gold which is an ecertificate.
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4 Chapter 4: Solution Methods
4.1 Hybrid Optimization Model for Electric Renewables (HOMER)

4.1.1 Introduction

HOMER is a simulation and optimization software tool. It isigstsof renewable
energy technology models that evaluate renewable technologies based on cost and
availability resources. It isa tool which simplifies the task of evaluating design option

for both onthegrid and offgrid-connected systems. It consists of three different
modules simulation module, optimization module, and sensitivity analysis mottule.

this secton, a description ofhe process for creatirg HOMER model and a discussion

of the HOMER software features are provided.

4.1.2 Process

The HOMER softwarecan examindifferent types of renewable energy, such as wind,
biomass, solar, and hydro. Thikesis focuses onlyon solar energy This section
describes the procedure of using HOMER softwar@niyse the hypothetical effects of
implementinga grid-tie PV (GPV) system model ithe residential areasf Riyadh city,

the capital of Saudi Arabia.

4121 Create the P\Wodule

The first step inapplying HOMER software is to determine the parts of the model. In
chapter two, we have shown the composefta grid-connected PV systeriowever

not all of the components are usadHOMER. The components of the system thadt
usedconsist ofPV panels, invertsr grids andthe primary load as shown iRigure4.1.
Once the selection of the modelasmplete the parts need to be definexs shown in

Figure4.2. Subsequentlythe characteristics of each component must be define
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Figure 4.1 Selecting PV system component [41]
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Figure 4.2 Grid Connected PV model in the HOMER window [41]
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4.3.5.1. Defining the PV features.

This part is related to the PV panels. As shawirigure 4.2, none of the components
have beenconnected to the systeBus bar except the grid For the PV panelswe
choose the model number NUR45P1 solar panel from Sha@ompany Details of the
panels are shown in appendix There are fivdundameral factors that must be entered
namely the price per kilowatt pea$/kW,), the sizes of the system ik the project
life in years, the temperature effech the percentage and the panel efficiencin

percentageas appeain Figure4.3.

[Enter at least one zize and capital cost value in the Costs table. Include all costs azzociated with the P
[[phatovoltaic] system, including modules, mounting hardware, and installation. Az it searches for the optimal spstem,
iHEIMEFI conziders each P4 array capacity in the Sizes to Conzider table.

Mate that by default; HOMER sets the slope value equal to the latitude from the Solar Resource [nputs window,

iHu:qu:I the pointer over-an element ar click Help for mare information.

Coztz Sizez to conzider —
: - : : : Cost Curve
Size (k] | Capital ($] | Replacement (§] | D&M [$41] Size [Kin] & &0 5

_______________ (T EI oo | 5% —
2,000 S
30007 =i

£ G| 4.000. Sl
5,000 i
Fropertiez 000 ] 5 10 15 20
Lozt it

Cutput current AL &7 DC B'DDD.L' = Capital Ii[ﬂepllacement

Lifetime [yearz) I a0 {0 ! A anced

Dierating factar [£] | 80 {} I Tracking syzstemn lNu:u Tracking ;I

Slope [degrees] m ii W Conzider effect of temperature

azimuth [degrees ' of 5] I_-':'. _{__}__! Temperature coeff. of power [#/°7) rwj _{L‘

Graund reflectance [ I_EI:I _{__}_! Marninal operating cell temp. [°C) m _‘{_}_1
Efficiency at std. test conditions [£] |—15 ‘i!

Help I LCancel | k. |

Figure 4.3 PV panel features [41]
4.1.2.2  Defining the Load

The primary load herespresents the residential load. HOMER software can generate a
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load profile of 8760 hours (one year), if it is provided with anyh@dr systen load
demand. However, in thisase a residential load profile has been calculated using load
demand provided by the Saudi Electric Company (SEC). Details on how the load
calculatedare describedn the economig section. he load profile is then uploaded

the HOMER system as shownFkigure4.4.

Primary Load Inputs’
File Edit Help
[Chioose & load type [AE or DL, enter 24 hourly values in the load table, and enter a scaled annual average. Each of the 24 values in the load table iz the
|average electric demand for & single hour of the day. HOMER replicates this profile throughout the vear unless pou define different load profiles for different
imaonths or day types. For calculations, HOMER uses scaled data: bazeling data scaled up or down tothe scaled annual average walue.
[Hald the pointer over an element or click Help for mare information.
Label |@"ﬁ&’@wﬁ Load type: & 4C (D Data source: 7 Enter daily profile{s] ° Import time series data fiI
: : T ——
Baseline data [from Fes Load k'Wwh: csw]
1t I-Jar:u-‘:ly ¥ I Daily Profile fell
% 140
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R andam varability —— Bazeline | Scaled | Efficienzy Inputs. .. |

Day-to-day | 36 ¢ dwerage [Kiwhed) | 185 185
: o : ] Fal

Time-step-to-time-ste| l 289 4 Awerage (k]

P b Feak (ki) 136 135 Plot. | _Ewpot. |
Scaled annual average [KedhAd) I 185 {1} | Load factar 0567 0.567 | Help | Cancel I ak. I

Figure 4.4 Importing Residential Load Profile [41]
4.1.2.3 Defining the Solar Radiation

Solar radiation datare essential elements in PV calculation. The accuracy of the
radiation data helps to provide accurate resulhere are two sooces where solar
radiation data can be obtained: meteorological centre of the country, and websites that
provide satellitedata [56, 57] In this study, King Abdulaziz City of Science &
Technology (KACST) have provided the solar radiation data. Henceolgeradiation

data file is imported to the HOMER software agigure4.5.
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‘Solar Resource Inputs
File Edit Help
@ HOMER uzes the saolar resource inputs to caloulate the P array power for each hour of the pear, Enter the latitude, and
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|
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Latitude | 24 = I 53 4 Noth € South Time zone
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Figure 4.5 Solar Radiation Date of Riyadh [41]

4.1.2.4  Defining Grid Features

The Saudi Eleticity Company (SEC) hasight tier rate schedule where the cost per
kilowatt-hour increases as the total amounsabply energyincreases. Tablé.1 shows

the eighttiersof SEC for residential areas in Saudi Arabia.

This feature could not be implemented direatip HOMER. A modification has been
used to imitate the SEC bilFigure4.6). In this part also, the price of energy transfer to

the gid, the sell back price, is included.
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Table 4.1 Saudi Electric Company Tariff [37]

Tier No. KWh usage Rates SR
1 1-2000 0.05
2 2002:4000 0.10
3 40016000 0.12
4 60017000 0.15
5 70018000 0.20
6 80019000 0.22
7 900110000 0.24
8 10000 and up 0.26

¢ [Click £dd to add as many rates as necessary. Select a rate and click on the diagram to indicate when each rate applies.
?Hold the pointer aver an element or click Help far mare infarmation.

Rates iEmissions1 Advanced | Forecasting

¢ Scheduled rates
" Real time prices

Rate scheduls - Rate Schedule

Step 1: Define and select a rate 00:00 ] : i | . EsH

Rate Frice | Sellback Demand |§A' . - . g}g'ﬁ
. | Bkwh] (/R T3 0_].i i — |E1sH
i oy M 1 11 ki i ] — |20 Ha
10H o027 003 0.000 I:Igi
12H 0032 0ma Qoo 225
15H 0040 0013 0.000 [»|

add | Remove | Edt. | g

[ Wweekends

Step 2 Select a time period

E- Alweek  Weekdaps | Weekends

Step 3 Click on the chart to indicate when
the zelected rate applies.

v Met metering
% Met purchazes calculated monthly

" Met purchases calculated annually 2
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Help i Lancel _l 1] _I

Figure 4.6 Grid features [41]
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4.1.2.5 Inverter Features

There are four important datar the inverter: the pricper kilowatt $/kW, the efficiency
(%), the lifetime (years) and the size of the inverter that need to besrtakinder
considerationfFigure4.7. In this study, the Sunny Boy grid tie inverters have been used

in system calculation. Details of the inverter gireenin appendix A.

'r'-‘a converter is required for syztems in which DC components serve an AC load or vice-versa. & converter can be an
iirverter [DC to AC); rectfier [AC ta DC), or bath.

Enter at leazt ohe zize and capital cost value in the Cozts table Include all costz azsociated with the comverter, zuch az
[hardware and labor. Az it searches for the optimal zpztem, HOMER considers each converter capacity in the Sizes o
Conzider table. Mote that-all references o converter size or capacity refer to inverter capacity.

iHold the pointer over an element of click Help for more information,

Costs Sizes to consider —
; - i L 1 Cost Curve
Size [kKw] | Capital [$] | Replacemient ({enter enough information o define the converter cost curve {at least one size and its
............... 1.000; 800 | 800 | 8 0.000 Z1z
2000 §
3.000 =
£ | Crra | | 4.000 8 a4
5.000 0
Inverter inputs E.000 0° e M0 CMsE 20
7000 + Size [k
Lifetime [pearz) | 27 L ...l = Capital == Replacemnert
E fficiency [£] 9 [

W Irwerter can Dperéte zimultaneouszly with an AC generator

R ectifier inputs

Capacity relative to inverter [#] 100 {..}l
Efficieniy [£] i | i

Help I Cancel l aF. |

Figure 4.7 Inverter featuref41]

4.1.2.6 Other Factors

The other information that needs to be provided for the HOMER softwarehare:

economicconditions system control, temperature, and constrains.

The economic parts deal witproject life years(25 years), fixed cost, and annual real
interest rate. There are two types of system fixed nastely fixed capital cost, and

fixed operation and maintenance cost (O&M). The former is mandatory cost paid no
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matter the size of the project, such as, paper works, and permission to install PV system.
The latter is dealingvith any mandatoryttargeof O&M, such as, the money charged by

the Saudi Electric Compan{SEQ for supplying electricity. Last yet importantly,eth
annual real interest rate the real interest rate aftercinding thenominal inteest rate

and the inflation rate.

In the system control partthe simulation time and the dispatch strategy must be
specified. The HOMER software has tdspatch strategy: load following strategy, and
cycle charging strategy. The former is used to olpitmum solution when the system
has a combination of renewable energy sources. The lagtarsed when system has

one/nonrrenewable energy.

The temperatures of Riyadh have been gathered from the Jeddah Regional Climate
Center (JRCC) [42]. Then the temarre data importeithito HOMER software.

Finally, the constraits deal with the minimum rate of renewable energy penetration of
the system. Thus, the minimum penetration of renewable energy was set to 0%, 4%, 5%,
10%, 15%20%, 25% and @%.

4127 Simulate the D&ned Model

After feeding all the above information to HOMER softwatiee modelis readyfor
simulation HOMER software provides three modedsnulation modelthe optimization

mode| and sensitivity model.
4.1.2.8 Simulation Model

The load profile contains thiead demand for each hour in the yeas, 8760 hours.
Thus, HOMER starts to simulate the system through calculating the flow of energy to
and from each compent of the systemi.e. HOMER performs an energy balance
calculation for each hour in the yearddor each system size. Then it stipulates whether
the proposed model meets the load demand or nohdfarore, HOMER approximates

the operatimg cost, instatition cost and maintenance cosf the systenfor the entire
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lifetime of the projecti.e. 25 years)[41].
4.1.29  Optimization Model

The next step after model simulation isaichievethe optinal solution. Thus, HOMER
presents a list of constellations that show the net present value and the life cycle cost of

each system size [41].
4.1.2.10 Sensitivity Model

Each @rt of the grid connected PV system described here, has a sensitivity option;
where a range ohformationcan be used-igure4.8 shows the sensitive variabkgsthe

PV panelghat can be changed in order to investigate their influence to the system. For
instance, the tilted angle of the PV array (24.9883n be examined to @gmire the

effect of the angle change in the total power produced by the PV array. Hence, HOMER
simulates system configuration for the range of tilted angle that provided byse¢he u
[41].

P¥ Inputs
Fil= Edit Help

Ertter at least one size and capital cost value in the Costs table. Include all costs associabed with the Pt
[photavoltaic] system, including modules. maounting hardware, and installation. Az it searches far the ophimal spstemn,
HOMER considers each PV array capacity in the Sizes to Conzider table.

Mote that by default, HOMER zets the slope value equal to the latitude from the Solar Resource [nputs window.

Haold the painter over an element or click Help for more information.

Costs - Sizes to consider
: . : Cost Curve
‘) | Capital [$] | Replacement (] | D&M [$/v1] Sizefkw] 15 T
T 2969 2969 17 0.000 s
2.000 2
4.000 22
[ | L | e ] ] 5.000 S 4
. o ! !
Froperties ‘ o] 1 2 3 4 5
Size (k)
Olutput current AL e DC Sensitivity Yariahles == Capital == Replacement
Lifetime [wears] 25| {.} Adwanced
Drerating factor [#] 800 £} Tracking system |N0 Tracking ﬂ
Slope [degrees) |24.9833 | {1} ¥ Consider effect of temperature
Azimuth [degrees W of 5) ol {3 Tempsrature cosif. of power (£7C] | -0.485| {.}
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Efficiency at zhd. test conditions [#] 5 L]
Help | Lancel | ak I

Figure 4.8 Sensitivity Analysis [41]
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4.1.3 Calculation

Details in the entire calculation that done by HOMER are explained in the manual [41].

However necessargalculations are provided here.

4.1.3.1 PV Chaacteristic

There is important information regarding the PV panels needed to calculate the number
of PV arrays, the efficiency, and the output power under standard test condition (STC).
In theabovecalculation we used the sharp PV array NL245P1. Thalata sheet ohis

panel provides thmformation illustratedn table 4.2appendix A):

Table 4.2 Sharp Soar Panels Parameters (Appendix A)

Max. Power 245 W

Open circuit voltage (Voo 37.3V

Short Circuit Current 8.7A

Max. Power voltage (Mnp) 30.4

Max. Power current (I mp) 8.08

Module efficiency 15%

Dimension 994X1640mm
Nominal temperature 25

NOCT (Nominal operating cell temperature) | 47.5

Temperature coefficient (Voc) -0.485%°C

The efficiency of the cell can be exemplified 8f [

000 Eadd (4-1)
¢z¢ B

The number of paneldlpy can be found using the following equati@j

6 @ — (4-2)
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The NOCT.,i.e. nominal operating cell temperatuaad the temperature coefficiaates

are used to calculate the maximwnutput power under high (low) temperature in
summer (witer). For instance-0.485%?C means that when the temperature increase
above the NOCT (47% the maximum power voltage will be decreased by 0.485% for
each degree. Thus, if the temperature of the PV modules reaches U} tioeithe
maximum power vodgeV mp, Will be decreased K9]

[ W W 235 YQaN Qi ODEIaWMO DGR QI ®O06i Q

€ a
- (4-3)
o P& i @-""Fya Om QB

On the contrary if the array emperature reduced in winter 4o Celsius the maximum

voltage will be increased to rea8B.6V.

The fill factor (FF) is a measure used to emphasize the cell performance, which reflect

thesolarcell quality.[9]

00 (4-4)

The ideal cell gets unity, where the current held up right up to the short circuit value then

reduced suddenly to zero at maximum power point (MZP)

4.1.3.2 PV Output

Photovoltaicoutput powe calculated using the following expressidi]f

0 ®» O

€ | Y Y (4-5)
Where:
® Qo 0QE® o ME® QD a 0 '@ﬁ)ﬁédﬁ(ﬁ"ﬁ@'@ "QQUOQQE O

"0 =the duation factor for the PV system,
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"O = the solar radiation in kW/frdepending on the latitude and longitude
‘Or, =the solar radiatio under standard test condition,

| =the temperature coefficienf powerinbj o ,

“Y; the solar cell temperature under STC.

"Y = the cell temperature each hour of simulatiodinandit is calculated using the

following formula:

¢ R
% h h h €
Y : (4-6)
€ h h ; B
Where:
“Y = the ambient temperature,
“Yh = the nomnal operating cell temperature (NOCT),
“Yh =293K,
@ = the solar radiation at NOCT always around 0.8 k¥y/m

— =PV module efficiency,

| =the temperature coefficient of powiarvj 6 |,

T = the solar transmittece of any cover of the PV array in %.

4.1.3.3  Electricity Cost

The energy charge calculated using the following equdibhn

6 B B''O .z6 B B*'O .26 (4-7)

h h
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Where

O . =the energy grid purchase (supplied) from the grid to load at npamith the hour

i,

6 .=the price of electricity at the time

O . =the energyransfer that amourtitack to the grid anonthj and rate,
6 . =the cost of sellback power thieratei.

4.1.3.4  System Cost Summger

HOMER applies economic analysis for each system size to obtaoptimeal solution.

All the economic calculations are described in the economic anabgdisn.
4.2 Economic Analysis

In order to start theeconomiccalculation, the residential load profile needs to be

stipulated.
4.2.1 Generating a Residential Load Profile

At the beginning the load demand of Riyadh for the year 2011, has been gathered from
the Swudi Electricity company (SEC)Next, the total load for the whole year was
calculated. Then we find the percentage of each month compared with the total load. The

result is shown in table .

Table 4.3 Riyadh MonthlyLoad Rates

Month Riyadh load MW/Month Percentage (%)

January 4.208,134 5.69
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Month

Riyadh load MW/Month

Percentage (%)

February 3,567,643 4.82
March 3,998,574 541
April 5,290,141 7.15
May 6,411,274 8.67
June 8,656,646 11.71
July 8,372,391 1132
August 9,574,560 12.95

September 8,276,328 11.19

October 6,655,142 9.00

November 4,140,882 5.60

December 4,800,606 6.49
Total 73,952,321.00 100.00
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The dlowed maximum loadf the residential areas approximatedising the breaker
sizesprovided by the Saudi Electric Company (SE@AppendixB]. This helps to give

us the maximum load per hour for the entire house. This load is assumed to be maximum
where all the appliances and equipment at the house are working.4ableows the
maximum conneted load allowed and the breaker sizes depending on the house size in
square meters (fn In this thesis, the sizes of the houses that are considered are between
300 to 700 rh Thus, the average sizes and the average maximum allowedhdoad

been calculed from the table. After that, the maximum load converted from volt amber
hour (VAh) to kilowatthour (kwWh) by multiplying VAh with the power factor 0.85.

Another modification has been applied to the result by multiplying the maximum load




with 1.5, becase most ofthe housesn Riyadh consist of two storewnd the result is
only for one floor. Multiplying the maximum load by 2 provides a hitgtteicity load,
and unpracticalelectricity bill. This electricity bill does not match electricity bills that
have been used to test the system. Hence, multiplying by 1.5 was thgdmegtall the

calculated data, we can now find the load profile for a residential area table 4.5.

Table 4.4 Breaker Sizes with respect to house size (Appendix B)

Residential Residential
] House Size Breaker size ) House Size Breaker size
maximum maximum
. (m? (Amber) _ (m?) (Amber)
load in VAh load in VAh
46000 300 100 73000 500
47000 301 75000 534
50000 325 76000 525
53000 350 80000 550
N
o
56000 375 83000 575 ©
=
al
60000 400 © 86000 600
63000 425 90000 625
66000 450 91000 630
68000 465 93000 631
69000 466 96000 650 8
200 ©
70000 475 100000 700
Average per hou 72772.727 Avg in Wh 92785.22
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Table 4.5 Residential Monthly load Profile

Months Residential Total Load per Month
Wh/month
January 3,928,163
February 3,007,999
March 3,732,545
April 4,778,887
May 5,984,726
June 7,820,044
July 7,815,369
August 8,937,556
September 7,476,481
October 6,011,971
November 3,740,696
December 4,336,662

Total (Wh/year) 67,571,098.82

Next, the cost of electricity charged by the SiECalculated using the defined tariff in
SEC websitg51]. Table 4.6showsthe monthly usage alectricity of 20,000kWh. The
prices are shown in Saudi Riyal (SR) and US dollar, wh&fe51$=3.75 SR. There is a
meter service charged by SEC every month equal to 21 SR (5.6 H&®)e, we use
equation 48 to find the charge for electricity consutiom (A kwWh/month) by SEC.
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Table 4.6 SEC Electricity Charge for a 20,000k Wh/month

Price
KWh usage | 20,000 | Rates| Calculate | Tier No. (SR) Price $
1-2000 2,000.00( 0.05 | 18,000.00 1 100.00 36.36
20014000 1,99900| 0.10 | 16,001.00 2 199.90 72.69
40016000 | 1,999.00( 0.12 | 14,002.00 3 239.88 | 87.23
60017000 999.00 | 0.15 | 13,003.00 4 149.85 54.49
70018000 999.00 | 0.20 | 12,004.00 5 199.80 | 72.65
80019000 999.00 | 0.22 | 11,005.00 6 219.78 | 79.92
9001210000 | 999.00 | 0.24 | 10,00.00 7 239.76 87.19
10k and up 0.26 | 10,006.00 8 2,601.56| 946.02
Total 20,000 3,950.53| 1,436.56
Meter Service 21.00 5.60
Total 3,971.53| 1,442.16
0¢ 00 NnadaanadGacé NnaddE 0 nNaaa
00 "'YAO'@t+ 0¢ O
00 "B® a
o 00¢ ¢€ecececee@edn €cea@a)Q 06 €¢€¢c¢
00 "YOZ®O &+ 0n 06¢
00 "™q «a
Ofi 00N ¢é¢ccecececeecdi €cec@iOQOnN €ccc¢
00 "YA@BHOat+ oi 6n
QAYBI a
00 OO0 e€ecec cecedl ecc OB O6i €c¢c¢
00 "YA@BDOdat+ o0 o
00 "0 «a
oa 000 e€ec¢€ e ba €€ OO 60 €c¢€¢
00 "'YA&OOdt 6a 60
00 "va a
OB O0a e€ec€c e OB €¢c OB 60 €c¢€¢
00 "Y&®Od+ 0B 6a
QAYBBR a
oy O0B at oy oOp
00 "B «a
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3% &SEBNAODOT 1T £1 @O (4-9)
&EBFANAOO A OBHO BEADCA (4-10)
201 TEIT GO &dda ! 7ad ! izéd a ! Fad ! cdadn ! Fagp (4-11)

4.2.2 Economic Calculation

Now we are ready to start the economic calculation of the solar home system (SHS).
Below are the procedures td@aate the SHS cost and profie. income caslilow and

outcome cash flow
4221 Future Worth (F)

Future worth represents the sum of money obtained or spends after n years. It is

expressed mathematically as [1]:

0 b é O (4-12)
Where

F= the future worth,

P=the present worth,

i = is the real discount rate

4.2.2.2 Present Worth of Future Sum (P)

The present worth of a future sum corresponds toptiesentvalue of the money

spentreceiveovern years. It islemonstratedy [1]:

0 &¢ E (4-13)
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4223 Present Worth of Uniform Series

The present worth of a uniform series of money (Ann) represents the value of the annual
amount that received/spend, such as annual maintenaperating,and replacement

cost It is exemplified by [1]:

Ca
—_
-~

(4-14)

4224 Discount Rate

There are two types of interest rai@mely nominal interest rate, and real interest rate.
The nonmnal interest rate is the rate for borrowing money from the bank. On the other
hand the discount rate (i.eeal interest rate) is the rate where inflation rate has been

included inthe calculation. The real interest ratesisownin equation 415:

0 (4-15)

Where:

in= thenominal interest rate,
ir = the real interest rate,

f = the inflation rate.

The real interest rate of Saudi Arabia is given by the Saudi Arabiantdfgn&gency
(SAMA). SAMA is the central bank of Saudi Arabia and responsible for national
currency {.e. Saudi Riyal), government expenses, and rate exchange. Hence, according
to SAMA the real interest rate in Saudi Arabia is 2% [59].

4.2.2.5 Life Cycle Cost (LC¢

The life cycle cost (LCY; i.e. levelized energy cost (LEG)orresponds to the cost per

kWh for the entire projedife. It is exemplified by [1]:
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000 — (4-16)

Where:
NPW = the net present wortbf the entire project,
E =is the total energy in kWh for the total period of the project whe@biyears,
CRF = the capital recovery factolt is expressed mathematically as [1]:
¢

0 '00 —— (4-17)

€ €
Wherem is mathematically equivalent to the real discount irate

The net present worth of the project (NPis exemplified as:

.07 )#- AET2ADP30OC (4-18)
) # 06 #%l8 )igh "/ 3 (4-19)
Where

IC = the initial cost(capital cost)of the sysem. The capital coshcludes the PV array
cost (PVC), the engineering cost (Eng. C), the inverter cost (Inv. C), and the baflance
the (.e. BOS) system cosfThe BOSis the fees of interconnection, mounting structures,

and wiring

Main = the maintenance cosf the solar system.

Rep=the replacement cost of any parts of the system suitivaxgers and batteries. In

thisthesisthe inverter doesat need to be changed during the life of the project.

Svg=the salvage cost of tts®lar system at the end of the project life.
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4.2.2.6  System Parameters

Table 47 demonstratethe values of the parameters that have been used in the economic

calculation of the GRV system module.

Table 4.7 PV sysem Parameters [29]

Engineering cost (EngC) 10%* IC
BOS costs ($/Wp) 0.2

Maintenance cost 1%*I1C
Installation Cost 13%* IC
Salvage Cost (SvQ) 109%IC

In order to show the benefit of using a PV system, the saving in oil fuel barrel has been
calculdged. Furtermore, the reduction in the G{QCarbon dioxide) emissions is
exploited to indicate the benefit for the environment. TalBeshows the parameter of

the oil barrel consumption and g@duction:

Table 4.8 Other Parameter [25]

One barrel of oil produces ( kWH 1628

1KWH produce Kg 0.56

4.3 Artificial Neural Network (ANN)
4.3.1 Introduction

An artificial neural network is a processing program thmatatesthe human brain using
interrelated artificial neurons to find a relationship between input and output véetors

the main process of thartificial neural network is to map the nonlinear (or linear)
relationship between the input(s) and output(s) vectors. The ANN has addptityes

that change the network structure each time a new input flows through the network. The

output and input could be one vector each or multiptors[43]
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In this thesis, ANNs weraised to predict the value of oil basgbrices (OBP).

Consequenyl, different variables werased to findanaccurate model for OBP.
Thedesign of neural network has sestaps:

Gathering the data.
Creating the network.
Configuring the network
Training the network.
Validating the network

Simulating the network.

N o g M wDd e

Usingthe network.
Description of these stepsshown in the next sections.
4.3.2 Neural Network Structure

Neuronsare the basic unit in the artificial neural network (ANN). Each neuron is
considered a computation unit that produces its output by using a tramsfieoriucalled

the activity function. InFigure 4.9, a typical sample of an artificiakeuron is shown
Each input (p is multipliedby a weight (w). Weightsare the strengths of the connection
between inputs and neurons and between neurons in differgerts! Next, all the
weighted inputs are summed together. After that, a (bjps added to the sum of the
weighted inputd 0 1 . The transfer functioff) is then applied to the result to produce
the outputa). [43]

Input  General Neumn

= JWp +b)

Figure 4.9 Simple Artificial Neuron43].
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The output of each neuron as a function of the inputadsgs exemplified as:
® ,Bon ® (4-20)

Where:,, i s the activity function, which coul
nonlinear functiorsuch as logistic, hyperbolic, or tangent functibigure 4.10, shows

three typesof transfer functions that can be used by the neurons to map the output. In
thesemodels, the tangent function (talgmoid), the logistic function (legigmoid), and

the linear function (purelin) werased in the simulation.

Figure 4.10 Examples of Activity lenction, purelin (left), log sigmoid (middle) , tan
sigmoid (left) [43]

Figure 4.11, showstwo equivalenttwo-layer neural netwosk In both Figures, R
represents the number of elements in thetimpatrix sized R X 1. S is the number of

neurondn the hidden layers aralis the output vectof43]

Input  Layer of Neurons

[ nput Layer of Meurons
N\ N
P a
g \“ n 5;1.
Exk L
j RS
1— b
A
GRN S )
a=f(Wp+h)

a=f(Wp +h)

Figure 4.11 Two layer Neural Network Architecture [43]
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There are many types of artificial neuraltwerks (ANN) for linear and notinear
problems. For example, ANNsan be feed forward neural networks, radial basis
function (RBF) networks, Kohonen salfganizing networks, recurrent networks, simple
recurrent networks, Hopfield networks, the Echo stat@wvorks, the long short term
memory networks, stochastic neural networks, Boltzmann machine, assocainat n
network (ASNN), holographic associative memory, instantaneously trained networks,
spiking neural networks and netittezzy networks. We focusnothe multilayer feed
forward neural network with back propagation (MFFNNBIR, multilayer perceptron
(MLP) with backpropagation algorithnm¥4]

The function between the input and output can be writt¢h3s

W QP » U, 0 ¢ 0 5 8 0038 (4-21)
Where:

y = the output matrix,

x =the input vector

w =the matrix containing the neuron weight.

4.3.3 Neural Network Rules (Algorithm)

The main objective of any neural network is taprthe relationship between the input
and output using the computed unibeurons. A neural network algorithm has three

steps:

1. Creating the neural network.
2. Training Stage.
3. Simulating Stage.
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4.3.3.1 Creating the network

Neural networks depend on the type of dmta thedesired goalin this casea feed
forward neural networkvas createdising the commandewff This command creates
feedforward network and initializes the weights and biases of the network. Before using
the data, the aretwo stepsto be dongnamely: data processing and data division. In
data processing, the datarisrmalizel to be in a rangéetween-1 and 1 using the

following equation:

o — (4-21)

Where:

(= the normalized data

@ =the input data before normalize.

@ = the minimum number in the input/output vector.
@ = the maximum number in the input/output vector.

In data division, the data @ivided into three setdraining sets, testing sets and error

sesto avoid overfitting [43].
4.3.3.2  Training Stage:

A neural network usgtraining sets taelatethe behaviour of the input(s) and output(s).
A set of data (usuallynput and output or input onhgre introduced to the network.
Then, the network assigns a weight for each input and a bias for each layer. The input
multiplied by its weigh as itenters the neuron. After that, the neuron uses the transfer
function to fnd the best fitfor that weightedinput. Once this process is applied to the
entire input data, one iteration (epoch has been completed@his process is repeated
until the best fit is obtained or the maximum number of epaieseachedAt the end

of each epoch, the learning rule (LR) is used to modify the weight and bias of the
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network sahebest fit can b@btained This modification anbe supervised, where each
input has its target (output), or unsupervised, where weights and biases are niodified
response to the new input. The change in weights and basesbe expressed

mathematically as [45
x@ ¢ x@ nrszth@z4 (4-23)
Ag ¢ A@ nzszA@ (4-24)

Wheresg is the learning rate. The best learning rate can be calculated as follows [45]:

s : (4-25)

4.3.3.3  Simulation Stage:

After using thetraining data and achieving the requiredrfdt the network is tested to

testthe validity of the model. Hence, the data simulated

4.3.4 Multi -Layers Feedforward Neural Network with Back propagation
(MFFNNBP)

Figure4.12 shows a three layer neural network. The first layer consists of four inputs.
The hidden layer (secdnlayer) contains the neuroriBhe hidden layer in the system
often has a nonlinear transfer function, suchhadog-sigmoid orthe tansigmoid. The
output layer (the third layer) contains the output vector. The output layer hasaa |
transfer function (purelin) to providewiderange of solutions. The following command

wasused to create this network:

£§'QOEQLAME G e & ©QOIREE "© 6 0 oood &R P61 & 'Q  (4-26)
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Inputs

Hulden Laver

Figure 4.12 Two-layer feedforward Network Architecture [46]

The backpropagation (BP) is a learning algorithm. The main ideaisftéchnique is to

reduce the error of the network throughanging the weights and biases. The BP
technique is supported by the gradient descent rule. Hence, the weights are moved in the
opposite directionof the gradient. This is the simplest form of the BP technique.
However, there are otherore complicatedechniques that have utilized BP to proviale

more accurate resul43]

The BP algorithm uses a different optimization technique to change the weights and
reduce the error. For example, there can be variable learning rates, resilient BP,
conjugate gradignalgorithms, line search routines, Qul&wton algorithms and
LevenbergMarquardt methods. Details about these algorithmsyeen in the neural
network toolbox manugl3]. In this stug, the data were stored amded repeatedly

until an optimum solutin wasobtained
4.3.5 Training Algorithms

In this work, there are three training algorithms used in forecasting
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4.35.1 Levenberg Marquardttfainim)

The LevenbergMarquardt algorithmhasa f ast er training approac

without calculating the Hessian ma. This method is implemented MATLAB as
trainim [43].

4.3.5.2 Bayesian Framework (trainbr)

The Bayesian framework function used to determine the optimal regularization
parameters automatically. This function is implemented in the neural toolbdraasba
[43].

4.3.5.3 BFGS QuasiNewton Algorithm

Thi s met hod i s based on Newt onos met hod

calculating the second derivative.
Details about those training algorithms are explained in the next chapter.
4.3.6 Error Function

The main objectie of using a supervised neural network is to minimize the error
between theactualtarget and th@eural network outpuiThe mean square error (MSE) is
the parametethat must baninimized. The WidrowHoff method, which also known as
the least mean squaegror (LME), is adjust the weights and biases of the network to
minimize the mean square error (MSE). The m&an square (equation2¥) of the net

error is considered as the typical performance function that is used for data training. [45]

In equation 426, g is the error between thactualtarget4zand theneural network

output0g andN is the number of data samplé$].

~

0YOEB Qo' B Yo O @ (4-27)

Another measure that has been used regularly to measure the performance of the
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prediction model is the root mean square error (RMSE). RMSE describes how closely
the model fit the data. Moreover, it measures the mismatch between each pbet in

model The RMSE expressed mathematically as [45]:

YO YO (B wd o (4-28)

Wherew 0 is the predicted valuap 0 is the actual value, and N is the number of

prediction data.
4.3.7 Avoid Over-Fitting

Over fitting or over training is one of the neural network drawbacks. During training

the error between the output and target becemealler. hen when new datare
introduced to the system the error becomes largeery small This leadsto an over-

fitting situation. To avoid thathere are three methodsedto avoid oveffitting namely
modifying the mean square error performance function, using automated regularization,
andusing early stopping. The first methdshsed orintroducinga new elerant to the

mean square error. This element includes the sum of squares error of the net weights and
biases in the network. This element is usenfarove the generalizationt is calledthe

msereg The MSE regularizatiomethod isexemplifiedin equatias 4-29 & 4-30[43].

Gi Qi TRGi Q€& [ zai 0 (4-29)
ai 0 B ;0 (4-30)
Where:

m = the error between thectualtarget4zand the network outpulls
N = the number of data samples,
[ =the performance ratio.

The second method is using automated regularization usinlylAié.AB command
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trainbr. The trainbr is using a Bayesian framekvprocess that gives random values for
the weights and biase$hese random values hagevariance distributiorthat aid to
avoid overfitting[43].

Early stopping method aims to divide the data into three sets: training set, validation set,
and test setDuring the training process, the error on the training set is decreasing
causinga decrease in the error of the validation set. Those two errors are compared with
each otheevery epochOnce the error on the training set starts to increase above the
errar in the validation set with a certain limthe training stopThis happens to prevent
dataoveffitting. The test set is used in the comparison between diff@igotithms

Hence, it is not used during the trainjd@]
4.3.8 Neural Network Review

The artificial neural networANN) hasa significantamount ofliteraturefocused on its
forecasting applicationsn a population predictiorstudy, Chen Harlan et al. [43] used

a logistic equation andhe back propagation (BP) neural network to obtain the
populaton forecast for the next 30 years. The article conadutiat usng the logistic
function in neural network led to an accurate result of the training data with a remarkably
low error. However the prediction datavere not accurate as the trainimgta The
logistic equatiorwasusedfor a 30 year forecast, anthen the BP neural networkvas

used to obtain a curve fitting. In addition,h e s t u d yconsidees populatios i s

development as a problem of chaos.

Bong et al. (2008) [47] applied a comzam between two methods long term
electricity demand forecasting.he two methodsvere the linear regression analysis
method (RA) and artificial neural network (ANNSs). The ANNSs algorithms wgsrd the
multilayer perceptron (MLP) with bagkopagationBP). Besida the electricity demand
input factors whichwere used in the system forecasting, economic and social factors
were also addetb investigate their effesion the output. The article concludithat the
regression analysis method nedd largeamountof data to obtain an accurate reslit.

contrast, the MLP algorithm provided an accurate result watlvariablesize of data (15,
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20 & 25 years). In addition, iy economic and social as input factors in the MLP

networkwere reported to hawetrivial effect on the result.

Haidar et al. [49] implemented a three layer fémuvard neural network model with

BP algorithm to predict the crude oil spot priering theshort term. Two groups of
input datawere used crude oil future price and iri@arket data. The study amd to

find the optimal model thatozld provide an accurate data for risk management analysis.
The paper concludethat using heating oil spot price in forecasting help to provide a

multistep prediction.

Zimberg[50] proposed an ANIS (Adaptive Neurg-uzzy Inference System) model to
predict the price of crude oil. West Taxes Intermediate (WTI) and Brent crude oil spot
price were utilized in the ANFIS program. The proposed model used the component
needed fowil production as the maimput to the systentiowever,the article @ not

offer any detailson these inputs. The article conclutithat the ANFIS module has a
low error distribution and providea compelling forecast. Thengere some missing
details in this article, such as anfmation about the fuzzy mode&ype of neural network

and tables for the membership function.

Zalloi [44] investigated a fuzzbased model combidewith ANN to forecast the Sidi

Kerir Iran Light Spot price. ThR&ANN wasused to help minimize the error. Theodel

inputs include several factors that have a significant impact on the price of crude oil in
Iran. For instance, war, OPEC policy, economic disaster, earthquakes, volcanoes, and
terrorist attackwere addedto obtain an accurate prediction. Root me&agare error
(RMSE), directional statistics (&) and goodnesef-fit (R?) are used aan evaluatiorof

the error mode The model provided accurate results amdwed alow RMSE and

directional static above 80%hey concludel that the model is valid.

Yu et al. (2008) [45] introducka new concept for crude oil price forecasting. iThe
model utilized t h dividdand conques pr i nci p | sthewrbde cillpricelina i d e
finite number of small taskendthen conquerthese tasks to obtain a genemhiula

for the oil price data. Thiproposed modelvas called empirical mode decomposition
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(EMD) -based neural network ensemble learning. Since the crude oil price has
nonlinearity andnon-stationarycharacteristics, the EMD technique decomposed these
chamcteristis into a finite number of intrinsic mode functions (IMFs). Thére feed
forward neural network (FFNNyas used to map each function. Finally, an adaptive
learning neural network (ALNNWwas used to gather the output of each FFNN and
predict thecrude oil price.An ARIMA model was used for comparison. The results
showedthat the proposed modeksproven to be better than the ARIMA modielcause

the proposed model hadawv RMSE and high B

Kooros et al. $5] studiedthe impact of oil on emplyment. The artie showed that oil

price have a significant effect on the unemployment rate, GDP, and inflation rate. In
other word, an increase in oil prices means forcing consumers to spend more money on
oil and less money on other things, and it caasescrease in the unemployment rate.

This causes a reduction in economic activities and disbursing money.
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5 Chapter 5: Results and Discussion

This chapter shows resultdtained from thedOMER software, economic calculatgn

and artificial neural netw& (ANN) modelling This section is divided into three
sulsections. The first combines the results from HOMER software and the economic
calculationto show the reliability of solar home system. The followisgisection
focuses on thé&NN results and modelalidation. Finally,the last subsectiodiscusss

all resultsobtainedfrom all methods

5.1 HOMER and Economic Results

5.1.1 Introduction

The economic calculationsarried outin HOMER software are differerftom those
discussed in section 4.2.Plowever both mehods have the same objective that is to
study the systemeliability. In other words, both methogwovide details of the cash
expenditure and earning fromstalling a GRPV system. This helps PV future owner to
make the decision of purchasing GRPV sysm@mmot. Hence, the results from both

methods arshownin this chapter

Two scenariosare presented here.deéhscenario presentbe simulation, the optimum,

and the sensitivity results. The system masishown inFigure5.1.

— 2|

Houze Load
] 185 kivw/'hAd
-1:-14—? 14 k! peak <—|E

Carverter

&k BB

Figure 5.1 Solar Home SystelfEHS)
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5.1.2 First Scenario

5.1.2.1  Defining the SHS components:

The first scenario focuses on the present price of the PV panel. The cost per watt peak of
the Sharp NUU245P1 is 2.15%. The price does not includesiltesion, engineering, and
wiring costs Thus, we use3.028 $/W as theprice which include all these cost
componentsHOMER requiresthe capital and replacementiqgar of one kilowatt The

same price wasgsedin bothcasesAlso, the maintenanckee wasentered to HOMER as
23%/KW,.

The first component of the solar home system is thar®dulesizes of eachmodule.
The available space in any house rooftop in Saudi Arabia is between 80 to 150 square
meters with an average of 12.nOne PV panel size is 98¥n width by 1640mm
length witha total area of 1.63 fnThus, a 120 fis enough to fit 73 PV panels with a
total system output of 18 kilowatt. Hence, the sizes of the systatnetitered in
HOMER software werdetween 2 to 18 kW afiewn inFigure5.2 Futhermore, solar
panel efficiency, tempature, and tilt angle weentered.
PV Inputs

File  Edit  Help

[Enter at leazt one size and capital cost valus in the Costs table, [nclude sl oosks sssociated with the Y
[phatersaltai:] wystam, including modules, maudntiog baichsans, and installation, & it ssarches (o the oplimsl seelam,
HOMER considers sach P artay capacity in the Sizes to Consider tabls,

Mote that by default, HOMER zets the slopes valus soual to the latitude from the Solar Resoures Inputs window,

IHald the poindar over an slemsnt or cliok Help for more information.

Lozt Sizes to conzider B At Clria
Size (k] | Capital 1$] | Beplacement (3] | D&M [$40r] . Size [Kw] = I T T
1.000 e a02g 24 0.000
<.000
3000
@ | {0 A | 4,000
5000 | | |
Properties £ 000 o] L] 0 185 20
bl st - e Vi 7.000 .:'.'J — Capital EI:L;:\:-:-““\-HI
Lifetimme [psare] | 25 i {_--_}_l T ol
Drarating Tactar (4] | = _1_]__l Tracking syetan |I‘-Jn Tlm.-iunr,| - ]
5 lops [degremss) |""1 9833 L} I ¥ Cansidar affect al termperat o
Azimuth [degress ' of 5] | | Tamperature coeff, of power (4401 | 0485 {1 |
Ground raflschanos (7] ]"__5?'] L) | Famikal aperating cell temp, (fC] | avs L} ]
Eflictimmicy at stel test capditions [£] I 5 _i} ]

Help ] _ﬁanool ] Lk, I

Figure 5.2 PV array information
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The second part of the solar home systethe inwerter sizes whichvere choserno be
between 2 to 18 kW, same as the szeectedor the PV array. The capital prices for
inverters are between @000 dollar per kilowatt, with an average of 800 $/Wgure
5.3

The load profile is another part of solar home systé&mhome load profile was
calculated and entered into the systé&igure5.4 shows the load profile of a twatory

houséold housingbetween 6 to 8 members.

Finally the grid featuressuch as, the size of the grid, teellbackcost per kilowatt
(Figure 55), and emisens wereentered into the system. Rel9 informs that one
kilowatt of electricity is the result of bumg 2.56kWh of fossil fuels andtherefoe, a
0.53kg of CO, isreleased intte airwhichwasused in the emission tablethe HOMER

software.

‘Converter Inputs
File Edit: Help

V 18, carverter is reqdireﬂ"fnr syétems it which DC compnnenis serve an AL load of vice-versa. A converter can be an
A ginverter [DE o AL, rectifier [AC to D), or both.

Enter at least one size and capital cost value in the Costs table, Inciude all costs azsociated with the corverter, such as
hardware and labor. Az it zearches for the optimal spstem, HOMER considers each corverter capacity in the Sizes to
\Conzider table. Mote that all references to comverter size or capacity refer to inverter capacity.

Huold the pointer over an element or click Help for more information.

Cosgts - Sizes to consider

= P = ? - Cost Curve
_Size (ki) | Capital [3) | Replacement (3] | D&M (B | Sizelkw] | i
1.000 00 00 8 0.000 =iz U - i
2.000 =] _ [ {
3.000 % £ Toa®
£ | i [ 4.000 Sl e” | |00
5.000 -
Irewerter inputs . £.000 o 5 1o 15 20
— 7000 = Size [Eu]
Lifetime [years) 25 {__}J = = Capital = Feplacemernt
E fficiercy (4] ! e I ]:J

W Irwerter can operate simultansauzly with an AC generator

Rectifier inputs

Capacity relative ta inverter [£] 1 100 i}
Efficiency [¥] | 95 L

Help | Lancel | Ok |

Figure 5.3 Inverter Features
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Figure 5.5 Grid Rates & Emission

51.2.2 Results
51.2.2.1 Simulation

Once the data of the whole module have been loaded, the module is simulated. During
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simulation, HOMER sftware calculates the energy balance of the system for the 8760
hours of each year of the project life,e. HOMER software calculates the system

feasibility for 25 years. In this case, there are 361 scenarios for HOMER to simulate.
5.1.2.2.2 Optimum Solutions

Oncethe simuétionis complete, two choices wedbtainednamely the overall, and the
categorized. The overaléelection shows all different types othe solar system
combinations with their initiaivalue total cost, operating cost, lewdd cost, and
renavable penetration percentagasshown inFigure5.6. The first choice igo use the
grid only to supply the load demariebllowing this,different sizes combination of the

PV array, inverter, and grigrealso shown.

The categorizeaption shows only theoptimal solution for the system. Thigptimal
resultis consderedthe practicalsolution among other solutiofrigure 5.7 shows two
optimal solutions for the system: omégthout using renewable energy (i.e. only graaid

the other ones with renewablesnergy, in this case here the solar panels. This section,
examina the grid only solution, while thBV solution is discussed in tisibsection on

sensitivity solution.
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Drouble click on a system below for simulation results. £ Categorized & Overal

A FIE o | B | v | oot | Coxti | NPe s kv E‘Z’Eﬂ
e 1000000 40 1,778 $34.705 0026 §7525 0.00
e 2 2 1000000 $ 7,656 1,706 $40959  0.031 4326 0.05
1F 2 3 1000000 $ 8,456 1.712 $41.879  0.032 4326 0.05
1 ¥ 2 4 1000000 $9.255 1,718 $42793 0032 4326 0.05
AMFFE 3 2 1000000 $ 10,684 1,66 $43205 0033 2797 0.07
¥ 2 5 1000000 $ 10,056 1,724 $43719 0033 64326 0.05
1Y 33 1000000 $11.484 1,670 $44086 0033 2727 007
AHFFE 2z 5 1000000 $ 10,856 1,720 $44639 0034 64,326 0.05
1 3 4 1000000 $12,284 1676 $ 45006 0034 2727 0.7
¥ 2 7 1000000 $ 11,656 1,737 $ 45569 0.035 64326 0.05
o 4 2 1000000 $13.712 1,650 $45921  0.035 E2016 .08
1 ¥ 3 5 1000000 $13,084 1,682 $ 45926 0035 2727 0.07
A4FE 4 31000000 $14512 1628 $46.296  0.035 §1132  0.09
A& Z & 1000000 $ 12,456 1,743 $ 46479 0.035 64326 0.05
1 3 6 1000000 $13.884 1,688 $ 46,5946 0036 2727 0.07
A-HFFE 4 4 1000000 $15,312 1,634 $47.213 0036 §1127  0.03
1 ¥ 2 8 1000000 $13,256 1,749 $47.400 0036 64326 0.05
A4 37 1000000 $ 14,684 1,654 $47.766  0L036 2727 0.07
1 4 5 1000000 $16.112 1.640 $48133  0.037 §1127 0.09
s Z 10 1000000 $ 14,056 1,755 $48320 0037 4326 0.05
A4FEF 3 8 1000000 $ 15,484 1,701 $ 480686 0.037 2727 0.07
e § 3 1000000 $17.540 1,598 $ 48736 0037 E9928 0.1
1Y § 2 1000000 $ 16,740 1,645 $ 48855 0.037 F1563 0.09
AHFFE 4 5 1000000 $16,912 1,646 $49053 0037 §1127 0.09

Figure 5.6 Overall Simulation Restd [41]

[rouble click on a syztemn below for simulation results.

= Pt | Conve. Grid [ ritial O perating Tatal COE  |Met Purchazes| Ren.
& { ? [E5aT | [k [kAa] Capital Cost [$4r] HPLC [FAMR] [kwhdor] Frac.
E 1000000 $0 1.778 $34.705 0026 67525 0.00
“F‘*r 2 2 1000000 % 7.BRE 1.706 $40959 0031 B4.326 0.05

Figure 5.7 Categorized Simulation Results [41]

As shown inFigure 5.7, by choosing the grid supplythe operating cost is 1778 $/year

with a levelzed cost of 2.&entsper kilowatt, and a total b of 67,525 dollars for 25
years.Figure 5.8 shows the monthly purchased loads of the house with its cost. Note
that, there is not any sold energy because there is not any other source for supplying
energy rather than the grid. Furthermore, since thérigiég charge rate in Saudi Arabia

is low, the charge on thaergy bill is also low. In other countries, suchMsva Scotia,
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Canada, the charge rate is 13.36 cent/kWhthusgthe electricity bill has a higher cost
than te one in Saudi Arabia. TablelSshows theprice of electricity inNova Scotia-
Canada) for the same load. The annual cost of electricittNoma Scotia is
approximatelys times the annual cost of electricity in SFhe next sectioillustratesa

GRPV system model.

| Energy | Enengy | Met | Pesk | Eneny
k onth F'urn::hased__._ Sald -_ Purchazes | [Dremand | Eha_nrgn_a
CRwh) | (Kwh] | (Kwh) [k] [$] |
dan | 3% 0| 297 7 T
Feb 2,006 0 3,006 E E2
Mar 3,728 0 3,728 g 79
Apr 4,767 0 4,767 a 114
2y 5,976 0 5,976 g 144
Jun 7,800 0 7,500 12 231
Jul 7.808 0 7.808 12 232
Aug 5,920 0 5,920 14 293
Sep 7.481 0 7,421 13 214
Oct £.021 0 £,021 11 152
Nov 3,766 0 3,766 q a0
Dec 4,328 0 4,328 7 54
Annual | B7.525 0 755 14 1778
Follutart | Emissiors [kasur]
 Carbon diowide - 35788

Figure 5.8 Grid Purchase (kWh/month) & Amount of Emission

Table 5.1 Energy Charge in Canada (Halifas)

Month kWh/month Energy Charge $
January 3,924 523.30
February 3,006 400.88
March 3,728 497.17
April 4,767 635.73
May 5,976 796.96
June 7,800 1040.21
July 7,808 1041.27
August 8,920 1189.57
September 7,481 997.67
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Month kWh/month Energy Charge $
October 6,021 802.96
November 3,766 502.23
December 4,328 577.18
Total 9005.13

5.1.2.2.3 Sensitivity Solutions

The sensitivity case in HOMER software provides an option for testing the effeats of
the parameters thats aninfluenceon the solar system, such as the cd#¥bthe tilt
anglethetemperaturethe maintenance costhe replacement costhe renewablesnergy
penetration rateshe maximum grid purchase anide PV panel efficiency.r thisthesis

two sensitivity casesre tested: the maximum grid purchases kWhl/year, trel
minimum renewable energyHence, in each case HOMER runs an energy balance
calaulation to find the optiral solution usingdifferent combinatios of sizes fromPV

panels and inverters.

The maximum grid purchase the sensitivity case heren kWh/year is used to force

the system to use renewable enevgyile grid supply is limited Although, the grid
chargeis lower than the solar ratethe objective wasto observe the solar system
penetration on the load demand and its effect. Since the maximum load for the house is
67,525 kWh/yearthe sensitivity casewere choserto be betweerv0,000 to 4,000

kWh/ year The sensitivity option of the maximum load purchase is showigure5.9.

The minimum renewablenergy penetration rate is uséa,the sensitivity analysigo
observe the effg of using solar source whitee grid source igot restrictedThe rates
used werebetween 3% and0%. This wide range of rates providesvariation of the
solar system sizes and coblence, thishelpsto obtain more optimasolutions under

different condition.

Figure 5.9 shows the sensitivityaseranges for purchasieom the grid and minimum
renewable energy rate. In these two cases, the total simulation is 361 (simulation) X 171

(sensitivity), this gives a 61,731 simulatigmocessesHOMER took 55 minutes to
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complete the simulation.

blan. Met Grid Purchases Minimurm B enewable Fraction
kwihidur :
p Walues: | |
Yakes: T3 [ 70000 o] T
- 12 | 15—
3 BOOOO 12 16
4 55000 14 | 18
5 50000 15 20
5 45000 16 25
7 | 40000 17 o
5 | 35000 | 0
= 19 A0 I
g | 30000 e

Figure 5.9 Sensitivity Analysis [41]

Table 52 shows the optial solution for the entire sensitivity cases that have been
chosen. The maximum grid purchaseadf0,000 KVh/year has been removedcause it

has the ame PV andrivertersizesas the 65,000 kWh/year. Note that as the maximum
grid supply reduced, the penetration percentagesits ability until the system supplies
the surplus load. Furthermoregtinverter sizes weneot matched with the solar system
size. This leaslto excess electricity, which is electricity produced by the solar panels
and not being used by the load or tietwork However, this excespoweris low. In
order to avoid the excess electricity, the inverter size should match theystésn size,

and this leaslto an increase in the solar home system cost. Thus, HOMERcte this

excess electricity tprovides a feasible solution.
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Table 5.2 HOMER Optimal Solutions

Max. Grid Min. Renewable Penetration Rate%
Purchase
415|16|7|8(9[110)|12|14(15]|16| 18|20 25|30 35
(kWhl/year)
DPVsize 213331414566 | 7|78 9]|11|14]| 17
§ Inverter size
© 212122123 3 3 5 4 5 5 6 8 9 | 10
kW
C)PVsize 5 6|6 | 7|78 9] 111417
§ Inverter size
o 3 3|14 4]|5|5]|6 8 | 9|10
kW
° PV size 8 9| 11 (14|17
§ Inverter size
Te} 6 6 8 9 |10
kW
PV size 11 14| 17
3
8 Inverter size
hre) 8 9 1]10
kW
PV size 15 14 | 17
3
8 Inverter size
< 9 9 | 10
kW
PV size 18
3
ol | ter si
g nverter size 11
kW
5.1.2.3 Economic Calculation

Following the simulationis the feasibility analysis. HOMER software provides full

details for each solar system modwtluding the net present worth (NPW), cash flow

(CF), initial capital (IC, also called capital cost CC), operating costlewetized energy

cost(LEC, also calledife cycle cost LCQ. However, the way that HOMER software

exploit to calculate system feasibility is slightly different from the economic calculation

in the PV handbook [1]Table 53 shows the energy balance equations for both ways. On
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the one hand, both ways are almost the same and the only difference is that there are
more details in the economic calculation which have not been used by HOMER, such as,
engineering cost, balance of system cost, and installation cost. On the othebdthnd,
ways provide enough details that can be used to zmahe system, and help GRPV
systemfuture customers to make their decision. In order to show the similarity and
differences between the twmethods, one case from tabl@ & chosen and analysed.

This section is divided in two parts. The first part includes HEBRMeconomic
calculation illustrated in Table 53a. The second part shows the results ushmgy t

economic calculationT@able 53b) [1].

Table 5.3 Economic Calculation Using HOMER and Other Economic Equations

a-HOMER Calculation [41]] b- Economic Calculation [1]
. "o oL O 0p Q
VL ® r Q 00
) 0 &p E
50 006 Q )
£ Q ¢ 5 13 P B P
E p E
508 00 w6 YO
o 0 0 (VI OXo] o
€ Q
& a
6,,,O'Yeom£asoaw§2qﬁ p a p
YV NE o%an & RO
.07 )#- AET2AP30OC
Y # 06#%Igg )igd "/ 3

51.23.1 HOMER Economic Results

From Table 52, a full detailis provided for one case. Then brigddta areprovided for

the rest of the cases. The case where the grid purch&9e¢000 kWh/year and has a

69



solar penetrationatebetween 0 to 1% waschosen. The system inishcase has aldN,
PV system and a 3kW invertefigures 5.10to 5.16 show HOMER results for the

chosen solar system case.

Figures 5.10, 5.11 & 5.12, provide details for thdoad, PV panels, and inverter
respectively.The solar systenand the local grid have shared to suppBlectricity for
residential load demand of 67,525 kWh/year with a rate of 12% (8,330 kWh/year) and
88% (59,928 kWhlyear) respectivelffhe mismatch between the inverteresend the

PV system cause an excesdsctricaloutputof 417 kWh/year The solar system operates

for 4,168 hours per year that is almost 48% of the number of hours in one year (8760).
Moreover, a 0.098 $ is the cost of each kilovimtir produced by the PV system.
Hence, according to the PV operating hours per ygradtie residental PV (GRPV)
system is suitable to be used in Saudi Arabia.

Elechical

| Rwhir | & | Consumeton | RKwhdw | @ | Quenty | Kwhip | @

= : 8,330 12; AL prirary load E7.525 100 Excess electicity 17 0.61 |
Grid purchases 93328 88 Tatal | B7E2R 1004 Unmet electric load 0.00 0.00 |
Total EE.258 100 Capacity shortage n.on D.DD_E
 Ouantty [ Vabe |

Renewable fraction 013
Mau. renew. penetration 102 :-'f_:

Monthly Average Electric Production

o

Foneesr [ ki)

o () & m

Figure 5.10 System Load Supply
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Cluantity

Yalue Uitz

i Rated capacity

bean output
bean output
Capacity factor
Total production

500 kw
095 K
228 Kwhid
19.0 %
82.330 kwhiur

Lluantity
kirirmLinm uﬁﬁtput-
b awimurn output
P penetration

Haurz af aperation

Levelized cost

' 4 alus | Units

000 kw
420 kw
123 #
4163 hrdyr
00980 $Kwh

Figure 5.11 System PV Details

Cluantity [rverter Fectifier | Units Cuantity |Freerter R ectifier |t
Capaciy TTTD 300 300 kw Hours of operation 4,168 0 hisi
Mean output 0.av 000 kMW Energy in FAa14 0 EWhdyr
b imirurm okput Q.00 0.00 ks Energy out Fha7 0 kwhdyr
b asirnuam output 300 0.00 ks Lozses 7 0 kwhdyr |
Capacity factor 288 00 ¢ ”

Figure 5.12 System Inverter Details

Figure5.13 shows the monthly grid supply cost for the residential load, and the total CO
emissionthatreleased in the air. Compared to the grid only system, g Sk\&r system

has reduced the total emiss®mwith 11%. Moreover, grid purchases here are
approximately 14% less than thged only that shown ifFigure5.8. Hence, PV system

proves it is reliability in reducing the electricity bill.
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Energy Energy et Feak ._ Energey | Demand

Month | Purchased | Sold | Purchaszes Liermand _ Charge | Charge

. (k) Iwhl | Rwh] (k] £3] _ %)

Jan 3,377 0 F3IT 7 EG o
Feb 2,365 0 2 365 B 47 ol
bl ar 3,073 0 3,073 E B3 o
Apr 4177 0 4177 B a7 ol
Moy 5,304 0 5,304 9 124 ol
Jun 7128 0 7128 12 202 ol
Jul ' 7122 0 7122 12 201 o
Aug 8,233 0 8,233 14 268 o
Sep £.530 0 £.530 13 188 o
DOt 5,364 0 5,364 11 136 ol
MNow 3,221 o 3,221 3 E8 o)
Dec 3,735 0 3,735 7 20 ol
Annual | 59928 0 59,926 14 1,538 ol

Fallutant E mizsionz [kadvr)
CCarbion diowide 31762 |

Figure 5.13 System Grid and Emission Details

In Figure 5.14, the total system cost for the entire project pkxiod i.e. 25 yearsis
48,736 dollas. The levelized cost of energy is 0.037 dollars per kilowatiur that is
40% higher tharthe grid only systenshown inFigure5.7. This shows that thegrid-

connectedesidentialPV system has a higher cost than the grid system only.

System Architecture: 1,000,000 ki Gnd 3 kv Becthifier Total HPC: § 48,736
5k P Levelized COE: $ 0.037/kwh
3 kW lrweerter Operating Cozt: & 1.598/0r

Figure 5.14 System Summary

Figures 5.5 and 5.5 provide details for the cash flow (in or out) for the whole system
as total payment and yearly pagmt respectively. The onlgarnedcashis the one from
selling solar system paré the end of the project. The annual cost of the systed9§ 2
$lyear and that includes2 % (1538 $) of grid acquisition, and 38% (958$%) for solar
systems. Furthermore, the annual costhe GRPV system here is 40% higher than
using grid only to suppglthe load. This is due to the high capital cost of the solar system
(17,540 $). Hence, this affects the solar system from betoegomicallyfeasible, and
makes the grid only options to be the best.
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Component
P
Grid
Corverter
Syztem

Companent
W
Grid
Converter
System

Table 5.4shows a detail of all other sizes of the PV system. Obviously, the initial capital
of any of these systesnis considered athe main drawback. In addition, the life cycle
cost of the system is increased as syste® increase. Thus, there is neiteaving nor
profit from installing such a systen©n the other hand, PV insighte. penetration
reaches up t@4% in a rooftop of a housand that considebeing efficient. Hence
GRPV systemis sufficient to redae house load up to 44% witlp to 49%savingsin
electricity bill, but has aemarkaby high capital cost that makes GRPV systenh cost

effective.

_ Capital [$)

15,140
a
2,400
17.540

_Replacement [§] '
]

0
0
0

&M [$)
T 233
30,031
463
32843

Fuel [$]

e s e S0 s L e}

Salvage (3]
1538
0
-108
-1.646

Figure 5.15 System Total Cost

| Capital (340 'Heplacement (%4

1]
123
Rz

0

i
0
I:I.

DEM [$hu)
BRF
1,538
24
1682

Fuel [B4w] '. Salvage ($4] |

e e W e

-9
0
£
44

Figure 5.16 System Annualised Cost
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Total (]
15,945
30,031
2,750
48,736

Tatal [$/yr)
817
1,538
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Table 5.4 HOMER Method Results

PV size (KWp) | 2000 | 3000 | 4000 [ 6000 | 7000 | 8000 | 9000 | 11000| 14000| 15000| 17000 18000
Inverter Size
2 2 3 5 5 6 6 8 9 9 10 11
(kw)
Initial Capital 7,656 | 10,684| 14,512 22,168 25,196| 29,024| 32,052| 39,708| 49,592| 52,620( 59,476 63,304
Total Cost $ | 40,961| 43,210| 46,301| 52,554| 54,786| 57,897| 60,221| 66,379| 74,213| 76,806| 82,331| 85,081
PV LCOE
0.0981
$/KWh
System LCOE
0.031| 0.033| 0.035| 0.04 | 0.042 | 0.044 | 0.045| 0.049| 0.054 | 0.055| 0.058 | 0.059
S/kWh
PV rate % 4.9 7.4 987 | 148 | 173 | 19.7 | 222 | 271 34.5 37 419 | 44.4
Electricity Bill
. 5.68 | 8.38 11.3 17 19.74 | 22.61| 25.08 [ 31.05| 38.7 | 40.38| 45.5 | 49.44
Saving %
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5.1.2.3.2 Economic Method Result

Tables 55 to 59 showa full descriptionof the 5kW, solar home system that was
described in HOMER software.

Table 55 shows the main constaot the system. The project life is assuntedbe 25
years. Thephotovoltaicpanels and the inverter have the same operétetigne as the
projectlifetime. Hence, there will be nceplacement for the entire project life. Thtise

renewalyear is zero.

The PV sizePV cost, inverter size, andvertercost are showm Table 56. Thereare
20 panelghat areconnected together to give a total outpubkitv. The inverter size has

been chosen same as the one in HOMER software beca&geibptimumsolution.

One of the main differences between the economic rdegma HOMER method is
illustratedin Table 57. HOMER software does not have the optionnafuding wiring
system costi.e. balance of system (BOS), engineering cost, and installation cost. Thus,

those cost provide the details that arY/ future owners in making their decision.

Table 5.5 System Constant

Real Interest rate % 2
General escalation % 5.3
Replacement year 0.00
Project Life 25

Table 5.6 SHS Size and Cost

Number of PV Panels 20.0
PV System sie in Wp 5000.0
Inverter size kW 3.0
Output of each PV Panel Wp 250
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Cost $/Wp 2.150
PV Total Cost $ 10750
Inverter Cost $4W 800
Inverter Total Cost $ 2400
Table 5.7 SHS Installation and Operating Cost
PV Maintenance $/kW 21
PV Maintenance Percentage % 0.0100
Annual Maintenance $/year 131.500
Maintenance Total Cost $ 2,567.335
Balance of System $/Wp 0.200
Balance of System (BOS) Cost $ 1000
Engineering Percent % 10
Engineering Cost $ 1,315
Instdlation Percent % 13
Installation Cost 1,709.5
Salvage Percent % -10
Salvage cost -1,315.

Table 58 shows the three parts thie GRPVsystem economic results. Péa}, includes
system initial cost (IC) and total system cost. The real watt peak dbstéxact cost of

the PV panels thahclude the parametens Table 57. Part b, has the solar system total
output in a year, provided by HOMER software. The calculated life cycle cost (LCC) of
the PV system alone is 0.089 $/kWh. Finally, part c siedh the grid system output
and cost. The life cycle cost of the entire grid tie residential PV system (GRPV) is
calculated to be 0.029 $/kWh. This cost is slightly lé¢ssn the one in HOMER
software, 0.037 $/kWhand thisis because oincreasingthe totalcost by including

installation costsengineering a@st, and BOS cost. Still, howeyéhe GRPV has a higher

76



costthanthe grid onlysystem

Table 5.8 System Economic Results

Initial Capital Cost $ 17175

a. | TOTAL 25yearsLCC $ 18427
Real Watt Peak Cost $/kW 2.9549
Annual PV output kW/year 8328

b. | Total PV output project life kKW/25yr 208200
PV LCC $/kWh 0.089
Grid Operating Cost 1,598
Grid Cost in 25 years (Operating Cost) $ 31,198

c. | Total GridOutput kWh/year 59,928
Total Grid Output (25 year&W 1498200
GRPV LCC $/kWh 0.029

Table 59 shows system saving in the number of oil barrel used to produce electricity,
and the reduction in COemission. Fossil fuel is not a sustainable squieate
governmerg around the world are searching for solutions. One of the solutiotts is
preserve fossil fuel. Thus, each house owner inst&llsMGRPV system will save 128
barrels of oil with a rate of 5 barrels each year. The rooftop PV system ncavayhe

fossil fuel but also reduce the g@®mission on the air. The utilization of a 5kW PV
system prevents the release of 4664 kg of €e@ry year. Hence, GRP§stem saves

fuel and help to provide a clean environment.

Table 5.9 System Saving

1 Oil Barrel Produce (kWh) 1628
Number of Saved Barrels 128
1kWh Production Release G(XQ) 0.5600
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CO, emission saving #l/year 4664

Table 5.10 showthe economicsunmary for each GRPV systetihatwasoptimized by
HOMER software. As shown ifiable 5.10, the life cycle cost (LCQ)e. the levelzed

cost of energy (LCOE), of the solar home system is not constant and change as PV
system size change. Still the initial capitalstof the solar home system SHs higher

than the gridHowever the savingn oil barrek could be the motivation for the Saudi

government to utilize solar system
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Table 5.10 Economic Method Bsult

PV size
(kw)

11

14

15

17

18

Inverter
Size (kW)

10

11

Initial

Capital

7,657

10,502

14,330

21,987

24832

28,660

31,505

39,162

48,679

51,524

58,197

62,25

PV LCC
$/kWh

0.098

0.090

0.092

0.094

0.091

0.092

0.092

0.090

0.090

0.089

0.088

0.089

System
LCC
S/kWh

0.025

0.026

0.028

0.032

0.033

0.035

0.036

0.040

0.045

0.046

0.049

0.051

Barrel
Saving @5

years)

51

s

102

153

179

205

230

281

358

384

435

460

CO,
Unreleased

kg/year

1,865

2,798

3,731

5,596

6,528

7,461

8,394

10,260

13,058

13,990

15,856

16,788
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5.1.3 Second Scenarip

Since the cost of GRPV system is high in the current situation, this part investigat
factors thaimight help to make GRPVhorecost effective. Thus, the price per watt peak
of PV panels ($/\), and the sll back rate oklectricity wereinvestigatedn orderto

search fom feasible solution.
5.1.3.1 PV Price $/WpEffect:

The deterioration of fossil fuel reserve hasdmghe utilization ofthe solarbasedsystem
as a source of energy inevitabldowever, future solasystemowne's areappeahg for
the benefit of utilizing solar system. In other wgréuture solar system owners are
wondering ifthe cost $/kWh of utilizing GRPV system compared with the cddvi/
charged by the utility companies, is profitable wot? Hence, PV @nel priceis

investigated.

According to Ref[9], as the production of PV increase as the price per watt peak is
decreasedTo clarify, in the last two decades the price of Pahels has etreasedby

20% agthe production of PV doubletivh a t 6 s in theonexetwo decadethe priceof

solar paned is expected to reach up to half a dollar per watt peak. Hence, the objective
hereis to testtheprice of PV panels at 1$/\V& 0.5%/W\,.

Table 5.1 shows four models: grid onlgystem and the other threeeGRPVsystem

The size of the PV system here wa®sen to be 18kW wita 12kW inverter. This
model wasthe only optimum solution that provided by the HOMER software. In the
GRPV models, the sell back raseassumed to be 0.069 $/kWh, which is the highate
charged by the Saudi Electric Company (SEC) at residential area. The only change is in
the price per watt peak the PV panelObviously, the grid only option is the best option
with a net present cofNPC) of 34,70% for the entire project life26 years), and a life

cycle cost of 0.026 dollar per kilowdtbur. Model 3 is the nearest one to the grid
system with an LCC of 0.028owever still the GRPV system has a high capital cost

and it is not profitable. Hence, even if the PV cost droppeaifadbllar, GRPV system

is notcosteffectivealternativein SA.
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Table 5.11 Prices Comparison between Grid System and GRPV System

Price $/W, | Initial Capital ($) NPC ($) | LCC ($/kWh)
Grid Only EightTier 0 34,705 0.026
Model 1, 18kW 2.15 64,904 59,969 0.041
Model 2, 18kW 1 38,120 51,774 0.035
Model 3, 18kW 0.5 27,050 40,423 0.028

5.1.3.2  Electricity Sell Back Ratd=ffect:

Electricity charges areapidly increasingevery year. This increase depends on the
countryd $ossil fuel reserve and their economy. For example, Germany does not have
any fossil fiel reserve and they depend on importing fuel all the time. Thus, the
electrical chargein Germany consideretieing the highest among Europe countries
[20]. The highest rate of electricity charge has made Germany one of the first leaders in
PV installaton. Moreover, the German government policy tes require utility
companies to pay GRPV system owners, five times their electrical charge for each kwWh
transferred to the grid [20This policy isan incentive to encourage people to install the
GRPV systemin their homes.Thus, governmentincentives makeGRPV system cost
effective and grabpeoples'attention. This is not in Germany onlyThere are other
governments in different countries offering incentives and rebate program for PV
owners.Table 512 showsthe leader countries in PV installation. All these countries are

offering different typs of incentive, in order to encourage people to install GRPV

system. 20]
Table 5.12 Ranked Countries in PV installati¢2l]
Country Total PV Installation till Feb. 2012
Germany 17,200MW
Spain 3800MW
Japan 3600MW
Italy 3500MW
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Country Total PV Installation till Feb. 2012

USA 2500MW

In comparisonan oil rich countrysuch asSaudi Arabiahas the lowest electricity rate
compared with other countrieSaudielectric companySEC)has eghttier of electricity
charge for residential areas. T depend on the usage of electricityy the consumer
i.e. the charge increases as electricity usage incrdadsde 5.13shows the eightier

system of Saudi Eleatity Company (SEC).

Table 5.13 SEC Electricity Charge [51]

Tier No KWh usage Rates Saudi Riyal/ kWh [ Rates $/kWh
1 1-2000 0.05 0.013
2 2001-4000 0.1 0.027
3 4001-:6000 0.12 0.032
4 6001-7000 0.15 0.040
5 70018000 0.20 0.053
6 80019000 0.22 0.059
7 9002-10000 0.24 0.064
8 10000 and up 0.26 0.069

According to Table 5.13 the GRPV systemis consideredto be non cost effective
solution Hence, this makes the utilization of GRPV system not likely tpdm@mpvith the
current situation of PV cost in Saudi Arab¥et with appropriatechangesn SA policy
regarding renewable energycost effective solutiooould beexisied Table 5.14shows
the same three modelsTable 511 with different energy sell b&aates. Parfa) has the
grid only system with a total cost of 34,705% for the entire project life (25 y@ans)(b)
has the current price of PV panels using three price categories: 0.069%/kK\WHkOVLE
and 0.2$/kWh.Part (c) & (d), have two futureprices of the PV panels, 1$/and
0.5%/W, with four categories of sell back rate for each part. Furthermore, the saving in

electricitybill is shown inTable 5.13as well
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Accoarding to the results ifable 5.14 a cost effective results aegisted Thee are four
costs effective solutionsavailable, markedwith a star signin Table 5.14 Also, the
solutionshavea high sellbackrate of electricity, andhey dependon theexpected price
of the PV panelgi.e. future price) Moreover, thecost effectiveGRPV systems showim
Table 5.14have a high capital price and a lowttotal price.This makes these solutions
feasible.The rest otthe solutionshavea high capital cost and a higiverall total price.

However, the existence of cost effective solutidasiot make them feasible to appl

Table 5.14 Prices Comparison between Grid System and GRPV system

Energy Initial Saving
System ) PV-LCC LCC o
Part Sellback Capital | NPC (%$) in Bill
Type ($/kWh) | $/kWh
rate ($/kWh) % (%)
a. GridOnly |0 0 34,705 | 0 0.026 |0
GRPV 0.069 76,831 0.052 |69
b. Model1 0.15 64,104 | 67,611 | 0.0975 0.046 | 101
2.15%/W, 0.2 60,422 0.041 | 122
0.069 51,327 0.035 | 68
GRPV
0.1 46,871 0.032 | 80
C. Mode}l-2 37,320 0.0498
*0.15 32,494 0.022 | 122
1$/W,
*0.28 20,992 0.014 | 155
0.069 39,976 0.027 |69
GRPV
0.1 35,568 0.024 | 80
d. Mode}l3 26,250 0.0304
*0.15 28.331 0.019 | 101
0.5%/W,
*0.28 9,641 0.007 | 155

5.2 Artificial Neural Network (ANN) Results:

ANN wasusedto obtaina malel to predict the oil barrel price (OBP)his model was
then usedo predict price until 2022. In order to validate this model, six other models
were createdo predict the factors that affect the OBP. Furthermore, the resefts

used to discuss thedsibility of the GRPV system in Saudi Arabia.
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This section is divided into two subsections: the fpatt discusses the three training
algorithms thatvere used in forecastingandthe second section provides the proposed

models with their results.

5.2.1 Back Propagation (BP):

In this thesis, the multilayer feedorward neural network withback propagation
(MFENNBP) will be usedfor finding the gradiendf nonlinear network. A three layer
neural network composed of an input layer, a hidden layeaandtput laye wereused

in theBP algorithm The BP has two phases: forward pass, and backward pass.

5211 Phase One: Forward Pass

In this phase, each inpig multiplied by a weightand, then it is distributed to the
neuron in the hidden layefhe weightsaresummed in each neuron. The sum of all the
inputs in each neuron is a nbnear mathematical function. Afterighstep the output of

each neuron in the hidden layer is propagated to each neuron in the output layer where it
is summed again. Theesultsfrom the output layerare also nonlinear mathematical
functiors. The resultdfrom the output layer should match or be slightly different from

the actual output (target). [52]

521.2 Phase Two: Backward Pass

In the backward phase, the error between the actual &mgdheresultfrom the output
layer is calculated. Then, the error is propagated backward to update the weight matrices

between the input & hidden layer and between hidden & output layer. [52]

5.2.2 Training Algorithm :

The backpropagation(BP) algorithm usedifferent techniques to train the data and
update the weight matrices between input and output. Some techniques are faster but
complex, such athe Newton methods. Others are slower and easier to implement, such
as the conjugate gradient methodsis stug was interesed in examining thethree

faster techniques (threadter training algorithms) thdiased on theQuasiNewton
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methods: the Levenberg Marquardt (LM) algorithm, the Bayesian regularization (BR)
algorithm and BFGS algorithm.

QuastNewton algorihms are designed to approach Hessian matrices. Hessian matrices
are used for nonlinedunctionsand complicated optimization metred he calculation

of Hessian matrices is complex because it contains the second order derivative of the
error. Thusthe &cobian matrix, which contains the first derivative of the error function,

is utilized Hence, thd.M, BR, and BFGS algorithms wefermulated to approach the

Hessian matrices without the need of calculating4t. [

5.2.2.1 Levenberg Marquardt Algorithm (LM)

ThelLevenbergMarquardt algorithnf54] can be illustrateds:

O 0L * 0 (5-1)

I = a positive combination coefficient,

| = the identity matrix.

The weights are updateising the following equation:

0 ¢ O L ‘G f0Q (5-2)
The LM algorithm is implemented in MATLAB dgainim.

5.2.2.2 Bayesian Regularization BacRropagation (BRBP)

The main objectig of the Bayesian regularization is to provide a network with a
substantial generalization quality. This means introducing supplementary information to
prevent overfitting by minimizing and modifying the linear combination of squared
errors and weights. Ts, BRBP is considered insensitive to ofiging and

overtraining. This algorithris implemented in MATLABastrainbr.

85



5.2.2.3 BFGS QuasiNewtonBack Propagation

This method is based on calculating the inversehefHessian matrix rather than
computing the exact Hessian matrix. Computing the Hessian is complex and time
consuming.However the BFGS algorithnturns this complex calculatiomto simple
matrix multiplication. This algorithm is implemented in MATLAB enwviraent ashe

trainbfg command in the neural network toolbox [53].

5.2.3 Proposed Models

In this thesis, seven neural network modekre implemented using MFFNNBP for
forecasting. The models are showrFigure5.17. Each model consists of inputs, hidden
layers and the output layer. Thus, each neural model is composed of three layer

networls.

The first step for designing any neural network is to collect the required data. Thus, the
data thatvereused in all the seven models are frimayeass 1980 to 2011. Te seven
neural networks shown hewere connected to each othég. the prediction fom the

first modelwasused in the prediction for the second model, and so on. For instance, the
prediction from the population modedasused to predict the net elecity generation

the prediction from the net electricity generatwasused to predict the annual oil barrel

consumption, and so omhe descriptiorof each model is discussed next.
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Figure 5.17 Proposed Mdel
5.2.3.1 Population Modei

The population of Sadi Arabia from 1980 to 2010 wetxilized to validate the proposed
neural model, and then to predict the population from 2012 to Bi2th rate and
mortality ratehave been used as timput to the neural netwk [33]. The population was
the output (i.e. target). Legigmoid transfer function was used in the hidden layer, and
the trainbr was the training algorithm for the network. The data are collected from
reference 58.

The providedmodel has 30 observationsat usedn the neural model. The data were
divided in two parts: 20 observations used in the training set and 10 observations used in
the validationand testset. Number of neurons in the hidden layeas chosenafter
applying trialand error method. Theest number of neurongas sevenneurons. The
RMSE is 0.00202and the performance function was 1.23&he three layer neural
network is showrin Figure 5.18, and thetraining performance ifrigure 5.19. Figure
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5.18, shows three inpstusedn the neurahetwork mortality rate, birth rate, and year

code The third input is a codased for the year. This code was calculated usieg

Microsoft Excel function DATE The root mean square error (RMSE) is considered

small and herg the model is validFigure5.20 shows the population actual data verses

the predicted one.

Input

Figure 5.18 Population Neural Model

Sum Squared Error (sse)

5 Best Training Performance is 0.00023585 at epoch 169
10° ¢

Train |1

0 20 40 60 80 100 120 140 160
169 Epochs

Figure 5.19 PopulationTraining Performance
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Figure 5.20 Population Actual Vs. Predicted

After validating the model, a prediction for the ptgiion for the next 10 years was
conducted. To do that we assume that the birth rate and death rate of Saudi Arabia to be
constant for the next 10 yeaise(from 20122022), the network is simulated to pied

the population for this period. The resudtreshownin Figure5.21.

Population NN Forecasting
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m Population = Predicted

Figure 5.21 Predicted Population from 2012 to 2022

Apparently, the predicted data coineglvith this assumption. The RMSE is smadind
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that means the use of birth rate and mortalgynputgo the system wasorrect.

5.2.3.2  Net Eledricity Generation (NEG) Model

This model deperglon the population modalge. the population of SaudArabia has
been used as inpuUBFGS algorithmtfainbfg) was used to train the network. The data
[58] has 30 observations with 22 observations in thmitig set, 8 observations ftire
validation setand 8 observations in the test. Tangent transfer function (taigmoid)
was appied at the hidden layer with fifteeartificial neurons, and a linear transfer
function (purelin) with one neuron at tbatput layer. The system has 0.0799 root mean
square error (RMSE), and 0.185 performance error. The neural |, meder
performance, and the predicted data are shawrFigures 5.22, 5.23 and 5.2

respectively.

Oncethe neural network provides a bettitirig, the predicted population from 2012 to
2022 were used to predict the NEG for the same period. The result is sh&vgure
5.24.

According to these results, the RMSE of the model is considgigdttly high. This is
due to using the population #s only input to the systerhlowever, fromFigures 5.3
and 5.2 as the population increakethe net electricity generation is increasddnce,

the model is valid.

Input

Figure 5.22 Net Electricity Generatio Neural Model
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Best Validation Performance is 0.0067701 at epoch 29

Train
= Walidation

—
cal
f
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Mean Squared Error with Regularization (msereg)

Figure 5.23NEG Neural Model Error Performance
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Figure 5.24 NEG Actual Vs. Predicted
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NEG Forecasting
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Figure 5.25NEG Prediction Results
5.2.3.3  Oil Barrel consumption (OBC) Model

The challenge in this thesis, is to find out if the Kingdom of Saudi Arabia is going to
utilize renewable energy souscén our case here solar system), or not. Thus, since
Saudi Arabia isan oil rich country, a prediction of annual oil barrel consumption is

consideed. Indeed, this part helps understand how the reserve of oil is deteriorating.

The neural model inputs hereeng the population, NEG, and the year code with 33
observationsThe training set consists of 23 observations; while the validatioanset

the test setwereconsistedf eight observatins. The target in this model wie annual

oil barrel consumption. Tangent transfer functidan{igmoid) was applied at the
hidden layer with four neurons, and a linear transfer function (purelin) at the output layer
with one neuronas shown inFigure 5.26. The system error performance is 8.975e
illustrated in Figure 5.27, and 0.0005489 RMSE. Since, the root mean square is
extramely small, the model is validt worth to mention that the error performance in
Figure 5.27 is for the training sainly and the one in this resul8.975¢") is for the
whole data.The actual verses predicted result is shawifrigure 5.28. After that the

networkwasused to predict the annual oil barcensumption from 2012 to 202Rigure
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5.20. As shown fromFigure 5.2 the oil barrel consumption is increasing every year.
Hence, the oil is deteriorating very fast, unless some changes happen td fhrisven
Thus, the need of utilizing renewable energy is inevitable. The data calculated from
referencq58].

Figure 5.26 Oil Barrel Consumption Neural Network

- Best Training Performance is 9.2513e-006 at epoch 80
107
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Sum Squared Error (sse)
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Figure 5.27 OBC Error Performance
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Figure 5.28 OBC Actual Vs. Predicted
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Figure 5.29 OBC Actual Vs. Predicted from 2012 to 2022

5.2.3.4  Monetary Inflation:

The monetary inflation is related to the amount of money that has been printed by the
country, i.e. monetary money ithe annual budget [59]. This element has a direct effect
on the inflation rate, which has a direetfect on the oil barrel price. Hencenaural
network modelwasimplemented to predict Saudi Arabia budget for the next ten years
using the population as input to the neural network. The model uses three inputs: year

code, population, antemarkableoccasion. The special occassomput is deahg with
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wars andeconomic recessioio clarify, the year with war, such as the Iraq war in 1990
and 1991, is marked with one, apears with nooccasions are marked with zero. The
model hidden layer has 6 neurons with tangent function in each neuroonemeuron

in the output layer witlpurelin functionas shown irFigure5.30 Furthermore, there are

33 observations divided intthree parts: 29 observations fdhe training set and four
observations in the validation s@td test setNeural model rooinean square (RMSE) is
0.06312, and the performance error was 0.1275. The performance error behaviour of the
training set is showm Figure5.31.

Obviously, forecasting the monetary money using populato speciabccasionas

inputs were not enough toget an accurate result, because the RM®H the error

performance werslightly high. However the model istill valid.

Figure 5.30 Monetary Money Neural Network

Best Training Performance is 0.24174 at epoch 872

102 R Train

i L\ ------- Goal
10 i
S

10
10

10

Sum Squared Error (sse)

10 r

- S ———

1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 oo 800
872 Epochs

Figure 5.31 Monetarylinflation Performance Error
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Figure 5.33 Monetarylinflation Forecasting
5.2.3.5 Inflation Rate Model

In general, inflation is the rate that causes an increase in the price of goods and services.
In other words, its a rate that dmeswither life expenses increased or decreaseghH
inflation rate means high economy and hard life, low inflation rate means better

economy and a better life.
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The oil barrelprice and inflation rate connectéayetherin a relationshighatbased on
movement and consequesc&he price of oil has an effect dime consumer price index
(CPI), i.e. an increase in the oil barrel price causes an increase in electricity, car fuel,
transportation services, and other oil substitute (natural Jds)s any ircrease
(decrease) in the oibarrel price (OBP), lead to an increase (decrease) in the CPI.
Consequently, i causesor an increase (decrease) in the inflation rate. [55]

There are different factors affecting the inflation, though the majority of tlodear[6G

62] agree on onfactor namelythe monetary inflationHence, the monetary inflation of
Saudi Arabia from 1980 to 2011 used as the input to the neural network and the inflation
rate is the target. The model has 21 observations in the tragtingnsl 10 observations

in the validationand testset. Logistic function (logigmoid wasapplied at the hidden
layer with 80 neurondsigure5.34, and a linear transfer function (purelin) at the output
layer with one neuron. Finally, therediction from2012 to 2022 wasbtained. After
simulating the neural network, RMSE was 0.000356 and the error perforntagaee(

5.35) was 3.68 8. The results are shovim Figure5.36and 537.

Layer Layer

Figure 5.34 Inflation Neural Network
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Sum Squared Error (sse)
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Figure 5.36 Inflation Actual Vs. Predicted
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Inflation Rate Forecasting

I|l|”'llll

A N O N M O ©
—
|
|
—
—
—
[
[
[
[
[
[
[
[
[
[
[

80 82 84 86 88 90 93 95 98 0 2 4 6 9 11 13 15 17 19 21
Year

m inflation Predicted

Figure 5.37 Predicted Inflation from 2012 to 2022
5.2.3.6  Unemployment Rate and GDP Model

Gross Domestic Product (GDP) rate is a measure of living standard for each country.
Thus country with high GDP has high economyddife expensesre high, and vice
versa. GDP is one of the factors that affect the oil barrel price.

Since, Saudi Arabia is heavily depention oil, any changein the oil price have a
consequence in the country's economy. The unemployment rate istbesegiconomic
effects. The unemployment rate leamassie impact orthe economy othe country. An
increase intheunemployment rate causes an increase in crime rates, and vicebgrsa [

In this model, tkre werdive inputs: year code, special ocas population, NEG, and
OBC. The hidden layer has X&urons with a logistic function used at each neuron. The
output has two neurons for two targets: gross domestic product and unemployment rate.
Each neuron in the output layer uses a linear transfetiin (urelin). There wer@1l
observations used in the training process and 10 observations used in the vaiathtion
test process. After simulation, system results were 0.0003516 RMSE, and®7.17e
performane function. Thenthe prediction from 2012 t®022 was obtained. The data

werecollected from referend&5]. Results are ifrigures 5.38 to 5.3.
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Figure 5.38 GDP and Unemployment Neural Network

Best Training Performance is 7.386e-006 at epoch 608
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Figure 5.39 GDP and Unemployment Error Performance
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Figure 5.41 GDP Forecasting
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Figure 5.43 Unemployment Rate Forecasting
5.2.3.7  Oil Barrel Price (OBP) Model:

This is the main model where di&rrel price wascquired. The idea herg to show the

saving in oil barrel and consequently in money when utilizing solar system. The oil price

that considered here is the West Taxes Intermediate (WTI) crude oil.

Oil has an enormous impact on the majority of life product. It controls thé&ielgc
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prices. It is the blood supply of transportation. The change in oil price cannot express
mathematically, and has a high degree of uncertainty. [44]. Moreover, oil price volatility
cannot be solved using traditional statistic and economic modeBd® most of these
modebk werebased on linear assumption. On the contrary, artificial neural networks have

the ability to detect the nonlinear patterns in the crude oil price.

52371 Models

Earlier in this chapter, we mentiedthat there are different elemerthat have influence
in the oil barrel price (OBP)n this neural modethree elements werghosen as inputs
to the network: the inflation ratéhe GDP rate and the unemployment eabf Saudi
Arabia. The target wathe WTI crude oil barrsl price WTI prices from January 198&0
June 2012 weresed in the neural model. In atidn, five more inputs weresed in
order to facilitate the search for a solutiortiie neural model. The inputs wehee year
code, special occasions, inflation factors, stashdkviation, and unengyment factor.
The inflation factor assign® for the observation with positive inflation and 1 value for
the negative inflation. Likewes the unemployment factor assidgn#or positive rate and
-1 for negative rate. Finally, thediafactor is the standard deviation of GDP, inflation
rate & unemployment rate. There weB90 observations divided in thrgearts: 300

observations for the training sets, and 90 observations to the validatidest sets

The search for a model with law error in this case was hard. Not only its time
consuming, but also it was hard to find the perfect number of neurons and a perfect
prediction. This is due to the nonlinearity in the oil price, and the diversity of the factors
that have either directrondirect influence of the oil price§hus, two algorithms hav
beenused to find the best prediction: the Bayesian faolpagation (BRBB) algorithm

and the BFGS quasi Newton bagtopagation algorithm. The former provide valid

model with low RMSE aah low performance errohut the predictedrom July 2012 to
December 2022lata wasunacceptableThe latter provides valid moel with high
RMSE, andhigh performance errdsut has an adequate prediction. Thushboethods
wereusedas shown irFigures 5.44 t0 5.47. Table 5.5 shows the root mean square error

and the performance error of both algorithms. The results are shdwgures 548, and
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5.49 Note thatFigure5.45 and 5.4'both show a low performance error. This error is

only for the training sts not the whole data.

As shown in figure 5.4%he BFGS algorithnmad ahigh error,andhigh fluctudions in

the prices The predicted prices weaeasonble becausethey areclose tothe one
predicted by the U.S. Energy tefmation Administation (EIA) [63]. In Figure5.49,the

green and blue lines are regarding the validation and the training set. Both lines are
converging together,e. the training set and validation set have an adequate result. The
red line is for the test set.On the other hand, éhresults of the Bayesiaback
propagatiorhave no fluctuationand itis almost the same as the actual reJiie lines

in Figure 5.48 are shown ative each other because they alentical. The predicted
resuls of the BRBB algorithm weneot shown kbcatse it was unreasonable

As shown inFigure5.44, the BRBB algorithm has eight inputs:

Year codes using Microsoft Excel.
GDP rates.

Inflation rates.

Unemployment rates.

Inflation factors.

Unemployment actors.

Special Occasions.

© N o g s~ w D PE

Standard deviation.

The BFGS, Figure 5.46 hasseven inputsywhich are the same inputs as in the BRPP
algorithm excluding the unemployment rate. The reason behind using those ifatbors
make the neural networtonverge fasteit is worth mentioning that the neural model
was tested with different number of inputs and different number of neuwotis best

convergence was found

It is worth to mention that single neural network to predict the oil barrel price based on

all inputs was attempted, but the results were disappgintin
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Table 5.15 OBP Algorithms Results

Algorithm Number of Neurons RMSE Performance Error
Trainbr 51 0.0035 0.0043
Trainbfg 75 0.1118 4.57

10t ¢

10

107+

Sum Squared Error {sse)

Figure 5.44 OBP Neural Network Using BRBB

Best Training Performance is 0.0044853 at epoch 26217

Train

T T

1
15

26217 Epochs

x 10"

Figure 5.45 OBP Error Performance for BRBB
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Mean Squared Error with Regularization {msereg)

10°

10

10

10

10

Figure 5.46 OBP Neural Network Using BFGS algorithm

Best Validation Performance is 0.0048832 at epoch 223

Train
Validation
Test

0 50 100 150 200

229 Epochs

Figure 5.47 OBP Error Performance for BFGS
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Oil Barrel Price Using BRBB
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Figure 5.49 OBP Forecasting Using BFGS Algorithm

Based on theesults inFigures 548, and 5.49there are manyformationwerereleased.

The prediction of oil price has never stayed stable for a long time, and tkes

prediction is hard tget. Furthermore, the relatiship between the oibarrek price and

its factors isnot only complicated, but also far away from linear&yotherfactis that

oil barrek price isincreasing every year andneversettleson an exactprice. Whats

more the oil barrel price coulihcrease more than expected during warganomic
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recessionAs a result the utilization of oil in power productigntransportation, and
industrialproduction could increase as wdllence, this increase in the oil price will lead

to an increase in life expense, and hence, life becomes halidbese facts conclude to

one importanissue:the need for an alternative & sustainable source of energy, and the

need to save fossil fuel for the next generation.
5.3 Discussion

In this section the connection betweghe HOMER software calculation arattificial

neural networKANN) is provided.

An oil rich country (i.e. Saudi Arabia) is not likely to utilize sofayweredsystens
unlessthe Saudi governmernis encouragetb utilizethem Thus, two motivatig reasons
have been provided here: thetddion of fossil fuek and the increasing oil barrel prece
(OBP). Qil reserves as limited sources became known in 18&n oil producing
countries decided to increase oil pa¢®4]. Increasing oil barrel prices can be shown in
two parts The GRPV systemshowsthe saving on oil barres and oil barred price can

be predicedusing artificial neural netwos(ANN). Utilizing any GRPV system for one
home could save from 51 to 460 barrels for thet @&xyears with an average of 3 to 18
barrelsevery year. Tis implies that if the Saudi government initiates a one thousand
5kWp,-GRPV system project for each province in the next ten yeags, 100
houses/province/year with a total of 1400 GRPV system each,\laege saving in
money and oil barrelareattainalte. Hence, if this projeawvasinitiated, itwill not only

lead topreservingoil for the next generation and save money, ibwuiill also assisin
redudéng CO, emissiors. Table 5.16 shows the save oil barrel prics from the
GRPV system in the cumeé situation, i.e. 2.15 $/Yandcapital cosof 17,540 $/SHS.

On the other handlable 5.17 shows saviaghat are dependeah the future priceof

PV panel (1$/Wy). The GRPV systefn sapital cost of the one dollar per watt peak PV
panel is 10,100 $/SH$n the presentsituation,the Saudi governmeihias no savings
terms of moneybut thereare saving in the number obil barrelsproduced However

the total cost of the 1400 GRPV system each year is less than the cost of 50MWh

generator withsignificant differences in energy and emisssoin other words, while
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1400 GRPV system produc@diWh/year pollutiorfree and zermil barrels, a 50MWh
generator release240terra kg of CQ and use 268 million oil barrels every year.
Conversely when the PV pael prices drop to reach one dollar per watt peak, theile
besaving in the numbepf oil barrek as well as in terms ahoney. Hence, even though
a GRPV system has a high initial capitaist it helps to reduce pollution, angh the

future, it will save monewas well

Table 5.16 SA Saving Using 2.15%/Wp PV Panels for the 1400 GRPV System Project

OBP SA Total
System Barrel _ _
Year ) Predicted | Government | Surplus | Production
Cost $ saving
$/Barrel Save $ kWh
2013 | 25,548,062 179200 108 19,353,600 | -6,194462 7,000
2014 | 26,059,024 179200 107 19,174,400 | -6,884,624| 7,000
2015 | 26,580,204| 179200 112 20,070,400 | -6,509,804, 7,000
2016 | 27,111,808 179200 121 21,683,200 | -5,428,608 7,000
2017 | 27,654,044| 179200 133 23,833,600 | -3,820,444, 7,000
2018 | 28,207,125| 1792® 139 24,908,800 | -3,298,325 7,000
2019 | 28,771,268 179200 141 25,267,200 | -3,504,068 7,000
2020 | 29,346,693 179200 141 25,267,200 | -4,079,493 7,000
2021 | 29,933,627 179200 139 24,908,800 | -5,024,827 7,000
2022 | 30,532,300 179200 137 24,550,400 | -5,981,900, 7,00
Total | 279,744,155 1,792,000 1,278 | 229,017,600| 50,726,555 70,000
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Table 5.17 SA Saving Using 1$/Wp PV Panels for 1400 GRPV System Project

Average
_ SA Total
System Barrel | Predicted .
Year _ . Government | Surplus | Production
Cost $ saving price
Save $ kWh
$/Barrel
2013 | 14,711,256| 179200 108 19,353,600 | 4,642,344 7,000
2014 | 15,005,481| 179200 107 19,174,400 | 4,168,919 7,000
2015 | 15,305,591| 179200 112 20,070,400 | 4,764,809 7,000
2016 | 15,611,703| 179200 121 21,683,200 | 6,071,497 7,000
2017 | 15,923,937| 179200 133 23,833,600 | 7,909,663 7,000
2018 | 16,242,415| 179200 139 24,908,800 | 8,666,385 7,000
2019 | 16,567,264 179200 141 25,267,200 | 8,699,936 7,000
2020 | 16,898,609 179200 141 25,267,200 | 8,368,591 7,000
2021 | 17,236,581| 1792® 139 24,908,800 | 7,672,219 7,000
2022 | 17,581,313| 179200 137 24,550,400 | 6,969,087 7,000
Total | 161,084,149 1,792,000 1,278 229,017,600/ 67,933,451 70,000
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6 Chapter 6: Conclusion

In this thesis, two different methods have been investigatedh aimto ansver a
straightforward question: caBaudi Arabia utilize renewable energy sosritestead of
beingtotally dependent on dllWhile this wasa difficult questionto answer, this thesis

provides analysis which might redirect the Saudi governniewards progective

renewable energy sourceRec ommendati ons for the progr :

providedin this thesis.
6.1 Conclusions

The goal of thisvork was to design a residential grid tie photovoltaic system that meets
the residential demand in Saudi Arabia d® as efficient and cost effective as possible

to maximizefinancial return on the systemhe study of grietie residential photovoltaic
system (GRPV) in Saudi Arabia has been conducted here using HOMER software, and
Microsoft excel.

The results showhat GRPV systems have a long way to go before they are utilised in
Saudi Arabia due to a number of issues. Due to the fact that thigos@laredsystem

has a high capital cost, its use in Saudi Arabia has been delayed. In addition, Saudi
Arabia currentlylacks the policies that are needed for this to work. For example, there is
no regulated way to pay solar system owners for the electricity transferred to the SEC
grid. Conversely, the low cost of electricity charge from the Saudi Electric Company is
anotrer issue. Public education is needed to inform the stakeholders about the
advantages of utilizing renewable energy. Another issue is that the Saudi government
provides subsidies for the production of energy from fossils fuel production and not for
renewale energy source$Vith this current situationGRPV system is natocially and

economically feasible.

Utilizing a solarpoweredsysem as an energy source has many advantages. ridace
CO, emissiors and the number of oil barrels thate used to prodce energy. GRPV

systemalso suppliepower to the grid [36]. According to Shalwala in Ref. [&is
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reduce the peak loadndsupples from the power plant generators whiaintainng a
congant voltage profile. Henc&RPV systera arean environmentalf friendly source

of energy.

Artificial neural network (ANN) were useful ipredictng the West Taxes Intermediate
(WTI) crude oil barrel price Seven models were used in this thesis. All models were
dependent on each othér.other words, to obtain aarate results, the prediction of the
first modelwas used in the second model, and so on. Tablesudfnarize the resuls

of the seven models and theot mean square error (RMSE) and performance arer
provided Although all of these models have andinear relationship between the
input(s) and the target(sthe differences in the RMSE deperaisthe model accuracy

and how close iis to linearity.

Combining between HOMER software and ANN models has shown that usingtaegrid
photovoltaic(GRPV) system aid to maintain fossil fuel for the next generation, reduce

emission, reduce load demand, and reduce electricity bills.

To sum up, this thesis has shown the challenges that Saudi Arabia is facing to utilize the
solar system as an energy source. Allsanswers the question of when Saudi Arabia can

utilize GRPV system

Table 6.1 Artificial Neural Network Results

Performance | Transfer ) Hidden
Model RMSE _ Algorithm
Error Function Neurons
Population 0.00202 | 1.23¢&* Log trainbr |7
NEG 0.0799 |0.185 Tan trainbfg | 2
OBC 0.000548| 8,975¢&’ Tan trainbr 4
Monetary Money 0.06312 | 0.1275 Tan trainbr 6
Inflation Rate 0.000356/ 3.68 &° Log trainbr 80
GDP and Unemployment rate | 0.000351| 7.16€° Tan trainbr 13
OBP Trainbr |51 &
0.0035 | 0.0043 Tan .
trainbfg | 75
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6.2 Contributions:

This work provides some answers to theifms of Saudi Arabia towards renewable

energy solar system. It contributes the following

1. A description ofSaudi Arabié@ s ¢ u r r tewatds selaeaengysystens.

2. An analysis of the factors thatfectthe utilization of the solar energy system in
Saudi Arabia.
3. Possiblesolutions, whichwill assist Saudi Arabia in utilizihng GRPV systems

within residential areas.

Generating a residential load profile.

Population forecasting, net electricity generation forecasting, oil barrel
consumption forecasting, Metary Money forecasting, inflation rate forecasting,

and oil barrel price forecasting.

In fact, the monetary value of oil is escalating and the capital castRM systenis
decreasing. Hence, one of the mawntribution of this work is to give a basisiff

assigning gresent worttof the renewable energy to compare it with oil.

6.3 Recommendation and Future work

6.3.1 Recommendations

1 At the current situation, Saudi Arabia should wait until the price of the PV panels
drop to one dollar per watt peak.

1 Saudi Arabianeeds an energy policy that enforces the utilization of renewable
energy sources, such as, the solar system.

1 Lack of knowledge regarding renewable energy sources particularlypsolared

system is one of the obstacles that slow down the growth of the sstem. Thus,

Saudi government need to establish programs that educate the public regarding the
benefit of utilizing the GRPV system in both economically and environmentally. They

also need to know about fossil fuel demolishing.
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1 Saudi Electric Compan(SEC) should include renewable energy sources as a part

of their power supplies.

1  The need of an incentive program to encourage people to use GRPV system.

i Wi th Saudi gover nment support, wanudi 6s

especially for future oners of GRPV system.
6.3.2 Future Work:
Future work will include:

1. Studying another forecasting system, such as swarm system, fuzzy, and extreme
learning machine, then combine them with ANN.

2. Analysing and investigating the economic feasibility between two rerlewab
energy sources.

3. Studying system stability with respect to the solar system.

In fact, People purchase grid tie PV systetoshelpreduceCO, emission and do their
part towards a clean environment. By installing GRPV system people generate their own

electicity and clean their environment.
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Appendix A: Data Sheets

A.1 Sharp Panel

SHARP

solar electricity
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NU-U245P1

MULTI-PURPOSE 245 WATT
MODULE FROM THE WORLD'S
TRUSTED SOURCE FOR SOLAR,

Using breakthrough technology, made possible
by hearly 50 vears of proprietary research
ahd development, Sharp's NU-UZ45P] solar
module incorporates an advanced cell surface
texturing process to increase light absorption
-and improve efficiency, Common applications
include comrnercial and residential grid-tied
roofsystemns aswell as ground mourted arrays.
Designed to withstand rigorous operating
-conditions, this module offers high powear
output per square foot of solar array.

The hU-LI245 ] offers \mpioved Frame Technaloy
industry-leading periomance R -
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A.2 Sunny Boy Inverter

High Yields Safe Simple Communicative
= Mamimum effisiensy of 27 % * Intayyrated ESS DT awilch- * Edaily daremaible aon nastion dran = Blueraash 1ech nalagy aa arndard
= huhiSiring techno bgy® dicannadtar » Cable connection withaut 1ask = uhilingual graphic displey
<= Tranaformerkes, with HS tapolagy = DT plug ayatem SUNCLX = hd ubii-funation relay s atan dard
o= Shode managementwith OptiTrac
Glabal Paak

SUNNY BOY 3000TL / 4000TL / 5000TL

Perfection Plus. Usability. The transformerless Sunny Boy generation

bhore communicative, easierto vse and more efficient than ever: this Sunny Boy s setting new standards in invertertechnology.
A modern graphic display, readowt of daily va lees even after sunset, simplified installotion conce pt and wireless communication
via Bluefooth: The new Sunmy Boys Tulfill every wish, With the new OptiTrac Global Peak shade management and an cptimal

efficiency of 97 %, the inverter ensure optimum sclar vield. As transformerless, multistring devices, the Sunmy Boy 4000TL

and S000TL provide maximum flexibility for plant design, and are the first choice for demarnding generator designs.

* Sunny Boy A000TL / SO0CTL
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Sunny Boy Sunmy Boy Sunny Boy Sunny Boy

Techrical dota AOOOTL SRR ADOOTLY

Input [BC}

ez O powver [@ 2oa p=1| 3200w 47000 A700A 5300V

e DG vohage S50 S50Y S50V S50

MPP\'Ohﬁg&rﬁnga 1EEW - 440y 175 - ddow 175 W - 4dov 175 W - 440V

OC nominal vahoge 400 400V 400V 400V

bin. 02 wohege / san vaboagge 125 % /150 125% 130V 125/ 150V 125% £ 150W

hee, input current /- per atring 1FALITA Ix15AF15A Ix15AFISA Ix15AF15A

Mumber of bPF tracken £ atrings per bPF trackear 1/2 2/4812. B2 282 BT /872,62

Output [ALh

A naminal pawer [@ 230 %, 50 Hz| 000V ACCO JEAD W AB00W

hatse AC apparant poveer IO VA 4000 WA 000 WA SO00 VA

Maminal A2 valoge; mnge 230 730, 240 230,230 2404 230,230 240Y; 220,230, 240Y;
180 - ZAGY 182 - 2OV 182 - ZAOY 182 - B0 Y

AC grid frequancy; range 50, 60 HZ £5 Hz 50, 60Hz £5Hz 50, 60 Hz; £ S Hz 50, 60HZ £5 Hz

baxe autput curram 164 I7h 24 224

Foperier faictr [coaop 1 1 1 1

Fhona canducton J connaction phoses 141 141 141 141

Efficiency

e fficiency / Eurowa STO%/ FEI% SO/ Phd% el R B e A

Pratecfion devices

DZ revarse palarity pratacian - - - -

E5S switch-dbaonnasior - - - -

AG shan ircuit protection + - - -

Ground fauh monitaring - - - ]

Grid mantioring [ShAA Srid Guard| -+ L ]  J E J

Gt hanioally baleed

allpale s&n:?rhiue fduhl:u Trant man fiaring unit - =8 i =A%

Frataction ckis o cnvarvohoge coagany AN (Falll FAll 120

General dota

Dimensiona D4 H /D in mm 4707 4457180 470 /445 £ 180 4701 445 £ 180 A7 {445 /180

Waight 77 ky 25ky 25ky 25 by

D parcting vemparerure oo =35 DS S350+ =350 L B0 =350 DT

Fo e amismian [t pica] <25 dB[A| <20 dB[4] £ 20 dB[A| 227 dB[A]

Internal conaumption: [nigh| <05W <05 W <0AW <05 W

Tapalyy transformerkes tranato rmerlesa tramformarkeas tranato marlea

Cooling canzept Comvestion Dpticaal Dpticaal Dpitsaal

Elestranizs pratection refti connsetion ared

5% parIECF:iClSZW g/ 1P&S £ P54 1P6S 7 1P5 P65 / PS4 |P6S /P54

Climettie cotegary [par |EZ 6072 13-4 4K4H 4K4H AK4H 4K4H

Features

D< connection: SUMCLE + L ] - -

AC connedtion: deres keminal £ plug 2onnesor

Ipringttype kerminel i i it i e i

Diaplety: et line / graaphic /e /e /e e

Inberfeseaa: REAES / Blretoath ol =72 ] L 32 of e

Warmanty: 5/ 10/ 157 20 /25 yaan */ofoiofo s/ofojofo s/ofojofo e®/ofojfofo

Carifizete and permit [mare available on reguet GE YDEQ126-1-1, DK 5742, RD 1663, 53711, FRC, AS4777 EM 50438 %, S 104011, FFOS

* Dosa nat apphy to all national deviatians of EN 50438

# Standard fedures o Cptional features — not availabile

Dl et nominetl canditions

Type daignation 5B J0CATL20 EB 40007120 5B A00GTL207Y Q15% SBS000TL20

_____ ] e SN Accessories

KadBs interface
DR-BSCE1D

n %l
Z 3
»
‘\N

% — Yy—dbeyne| |dwss
¥y 08V o W
a5 Ve HAYEC YoM

www.SMA-Solar.com SMA Solar Technology AG

118

Al il b gl i s P i Bk g,

. Wi

Al s et s

Dokt £ G K a

TESODTIOE I3 S04 ckd Tkt el o et bk o 0 Bk T i 40, Bkt it T & & it i bt Bl 360, b



Appendix B: SEC Breaker Sizes

Dear Bandar

Sorey for the delay. Plegse find enclosed an attachment where you will find all you need.
Hawever, you can cantact me fo discuss any items that need to be clarified and please
don 't hesitate.

Beast Regards.

Mokammed Hamid Al Zaki

SEC Praject Maneager, for F z

The Operational Performance \ ok L"’fm a‘”‘"‘“’ i sk
Improvement Project 3 Saudi Electricity Company

R

Cellular: 0503204229
Off. 014032222 723709

From: Bandar Mutwali [mailtobandarh am@omail com
Sent: Saturday, December 10, 2011 12:57 PRI

To: Mohammed H. Al zalu

Subject: Assistance Request (Bandar Mutwali)

Dear Abu Sami,

Thope you get my message in good health, and thank wou for answering my call today.
Regarding to our phone call, I needed some information about the load in residential area
Ineed to know how much is load for an average house in Summer, winter, Zpring, and Fall.
Youtold me now one can get you the hourly data of any residential T am afraid that not
right ITthinkitiz possible. Anyway, if you could not get an hourly date Let us say the
monthly load will do the job. Is energy consuming in Riyadh, same as energy consuming in
the Eastern tegion? If niot can you get their energy consuming for a housze?

Alzo, Ineed to know how 15 our electric hill system work? 1.6 the way SEC charge customer
for electric used.

One last thing, does the Saudi Electric Company has any regulations regarding the Solar
System?

Tlkenow you are busy all the ime, and Tknow I am bothering you with this questions.
Howewer, you are the only one who can give areliable datano one else

Thank you for your fime.

Sincerely

The past cannot be changed; the future 1z still in your power.
Eng. B Mutwali

Halifax, I3

Canada

902-456-5187
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B.1 Breaker Sizes from the Saudi Electricity Company (SEC)

Saudi Electricity Co.
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Appendix C: Project in Saudi Arabia

Solar Future Project in Saudi Arabia

Aedsmnce Popct | On-dbad, Fool-Top

2 MW: King Abdullah University, Saudi Arabia CONERGY

The roof top of the King Abdullah Unhverssty of Sclence and
Technology la certalnly unlgque It bears the first and langest
aolar inatallation of Saudi Arakda, The 2 MW Conergy powes
plant ia arecord breaking projeat for the entire Middle East.

5,000 times around the world in a ear

The roof top solar installation o installed on the nonh and
sowth laboratories of the unheersity, The power syatem
featuras pramium  componsnte, comDining  over 9300
nigh-sfficiency  aclar modubss  with Conergy Suntop 1
meunting systems and Conergy 20K central invertars Thae
photovaltai plant occupies 11,577 aquare maters of roof
gpdce and produces 3332 megawatt hows of clean snergy
annizally, while also sading op 10 33320 tome of carbon
amissiong This sguates to carbon offaste of approdimately
§ 000 ciroumnavigationa of the wordd by car

A secrel formula

Conergy partnersd up with Saud Arabia® |eading solar
ayatern integrator, Nationsl Scéar Systema (N55), The Hamburg
based solar sxperts designed the park and were respongibla
far the engitesring, superdsion and commissioning whie
installaticn worke and operetional  menacssment  wels
frrplemanted by Mational Solar Systerma. Managing CHirectss
of WSS, Abouihad Al-hMuresh says “For the first time, cean
powesr is Nowing nlo he national arid. This = a histescal
event for Us in Saudi Arabia The sirong adlabdraticn and
mutual cooperation between Natlonal Sclar and Conergy was
the pecrat formnula behind this sucgess,”

Dil-rich Middie East goas green
Sauch Arabla, the largest ol producer of the Organization of
Patraleum Exporting Countries (DPEC) with approcdmatsly one-fifth of the wordd's proven ol resences, |z planning to make
Sl power amajor gontributorta B8 enengy supply. With its favourabls insolation Bvelsand edenshs areas Teaturing very
low population densities it shows Ideal char aaterintics for the deployment of solar sneagy.

“We are edremely pleassd b be part of this ground-bresk in g project”, says Mare Lohoff, Head of Conergy Asla Pacific and
the Middle East "We support the future of renswable enerdgy In the Midde Eaat with our solar know how' and the intest
technodogy. This project demonetrales that the devslopment of altsrnatvves to raeditional (omsil fus has faken on a new
wrgency, even in ol-rch countries ks Sawdl Arabla.”

Dake Diacam bat 004

Leszatkeg KALST, Samdi Arabis

Dalput 2Mwp

Proaduced BV h anaealy 3,352 MWT annually

Haduks 8,308 Monocaystadioe mocules
livier T s Coner gy AA0K oaniral e ters
Wounling Systom Corargy Senicg Il moants § spstans
Eize of Phaal 11,577 spame muters
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Press Release CONERGY

Saudi Arabia: New financial centre going for solar “Made in Germany” with
Conergy

First rooftop plant in the metropofis of Riysdh reflects incressing importance of
sustainability

Hamburg/Singapore/Riyadh, 10 January 212 - The latest financial centre of Saudi Asabla, the
King Abdullah Financial District (KAFD), will be reducing s dependence on the kingdom's oil
reserves and will be melying on solar technology from Conergy for & portion of its enengy
requiremerts. By installing a solar system on the roofs of parcets 5.07 and 508 < the first sctar
rooftop plant in Riyadh — the KAFD i choosing sustainabie architectisne with the aim of achieving
ane of the meost significant eco cenifications in the world. the *LEED Gald” cerification awarded
by the LIS Green Building Council

A close 1o 200 kilowatts, he solar plant will not oy be the first but alga the [argest rooltop plant
in Riyadh. In coflaboration with s local partner Modemn Times Technical Systems (MTTS),
Caonergy will be instaling over B0O Conergy PowerPius 230M modules on some 1.7 kilomelres of
Canergy SunTop Il mounting systems over a surface of 1,300 sgm. The 330 megawatt hours of
clean energy generated each year - which could supply 1,500 computers in the fimancial centre =
will be fed into the power grid of the metropolis via 14 string inverters. The solar plant will prevent
the emission of 180 tons of the damaging greennouse gas CO2 annually cnoe if & connected 1o
fhe grid by the first quaster of this year.

Conergy is providing support o companies in the Middie East on this new path towards
susiainabiity "The KAFD is no doubt an ecological pionesr, who we commend far playing this
role,” says Alexander Lenz, Conergy President of South East Asia and the Middie East. "With its
enviroomentally friendly archiecture, the KAFD demanstrates how the Saudi financial seclor can
reduce its dependence on fossil fuets. With the first roaficp plant in Rivadh, the KAFD i setting
an example - and simullaneously encouraging maore green awareness and action in the Middie
East®

Currently, there are mone solar plants under construction In Sauds Arabla with & total capacity of
some 15 megawatls. Conergy has been contribufing for many years now to the exparsion of
solar energy in the country: In 2010, the solar energy company erected the first, and at 2
megawatts aizo then the fargest solar piant of the kingdom on the roof of the "King Abdulah
University of Science and Technology® (KALIST) in Thuwal. With s expansion inlo solar energy,
Saudi Arabia s pursuing its goal of reducing its consumption of its cil and gas reserves thal ane
intended for the export markel The Gulf slate s instead planning o build their domestc
infrastructure for renewable energy production. I June, the Saudi Minister of Pelrofeumn-and
Mineral Resources Ali Al-haimi commented on the sifuation by gving the following statement fo

O UR WORLD IS FULL OF ENERGY
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news agency Bloomberg. “Saudi Arabia plans to generate solar eleciricity equalling the amount of
its-energy from crude exports.”

Aseording fo Grean Alpha Advisars, Saudl Arabia exports appramately 27 billion barmeds of ol &
year. With one barmel of crude comesponding to around 1,700 kilowatt hours of electricity, the
entire oil exports of the kingdom Is equivalent 1o 4,530 billon kilowatt hours per year, & quarter of
the warld's energy demand To produce this amount of energy would require close toa quarter of
8 milfice solar PY plants with an installed capacity of 10 megawatis each Compared o the solar
capacity irstalled i Saudi Arabia and ite neighbouring countres of approwirmately 100 MW, these
targets appear rather ambtious But they also show that sustsinabity = now on the agenda in
the sun-bathed Gulf state — and thatl sofar energy is part of their solution to create a sustainabie
futture,

About Conergy

The Hamibuwrg-based Conergy AG Is & leading sclar company, with 1,600 employees In 14
countries on four different cortinents. As a systern supplier, the Conergy Group develops and
produces crystalline solar modules, inverters and mourting systems at three locations in
Germany. Conergy can therefore provide customers not only with “Made in Germany® quaiity
standards but also with all the comporents reqguired for 8 photovoliake facility from 2 single
manufacturer, thanks to itz in-howuse production. With its own componenis and systems, the solar
company develops, finances and impiements solar facilles, plants and entine solar parks up o
the megawatt class Furthermore, Conergy dstribifes #s product portfolio through a large
netwark of pariners and wholesalers.

Since it was founded in 1998 Conergy has soid more than 1.6 gagawatts of solar energy, Conengy
AG has been listed on the Frankfu Stock Exchange (1SIN. DE DODEC 40025) since 2005 and
purswes a sirategy of growth into the renewabie energy markets of the Tuture.

For more information, please visit W corsigy com

Media Contacts:

Michelle Gozum

Conergy Renewsable Energy Singapore Ple Lid
+E5 BR4S 5540

M Gopumiconergy com
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