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Abstract

Assessing Solar and Wind Energy Resource in Palestine

Project by :
Abdulla Asfour Omar Asha
Raid Al-zhour

The project implemenied concems building a tool for assessing the potential of
renewable energy resources i Palesting: namely wind and solar radiation cnergics. It
depends on buildmg gndded maps wath energy resources parameters overlving the maps
corresponding to any location over e chosen geographic domain (Palestine). The
overdying meteorological pammeters; such as average air temperature (yearly and
seasonally), the relative humidity, the wind speed and direction and the precipitatons
are easily presented over the domain In addition energy parameters that describe the
enerpy potential are also presented. This meludes the wind power density and the solar
msolations ovar different collector tilt angles. Matearalogical vanables weare collacted
from the MTEONORM package and then homogenized over the chosen domam. Data
from the Palestman Meteorological Department were unfortunately nor accessible. The
inaccessthility of the Palestinian data has shorfcomung on the results. Although the

results represent 8 degree of relevancy i some areas over the domain, bur the

unavailability of the national data has caused irrelevancy in some other areas
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Chapter One

Introduction

1.1 Objectives
1.2 Methodology
1.3 Time Table




Fnergy is the most imporlant sources for life and development. The last two
centuries witnessed an escalating use of energy resources. in particular the hydrocarbons
{Fossil) especially during the second hall of the last century. The major global problem
identificd as the climate change und the global warming is mainly due to the excessive
hurning of fossil fuel. The solutions proposed are manging from actions for reducing the
greenhouse gasses cmissions and the use of alternalive energy sources, including the
renewable enrgy sources. The rencwable energy sources are promising in several arcas
around the globe and n particular those locations within the solar radiation belt that
extend to 40° North from tropical line. Palestine is located within this belt and has huge
patential of renewable energy, both solar and wind. The following is an assessment to the
solar and wind energy resources potential performed on solar and wind atlas maps. The
maps highlight the distribution ol solar and wind parameters and they can be used by
engineers, rescarchers and decision makers to plan for the best utilization of sclar and

wind cracrgy resources.

1.1 Objectives

The ohjective is Lo assess the potential of solar and wind energies
differcnt systems and best areas for installing proper systems. in addition to
determining the climatologic characieristics and data for Palestine that may help

improving weather information and {orecasting.
1.2 Methodolpry:

Historical climatologic data for the last 40 years were seeked in the [irst
placc for a desired domain shown in figure(A) below, The domain comprises
Palestine. part of the Medilerrancan and Red seas, part of Lebanon, Syria,

lordan and Egypt. It extends 29-34 degrees north and 34-36 east. The historical

climatological data identificd for the study are:
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- The manthly averaged air Lemperatures that include: the maximum. the minimum and

the mean values in C,

- The monthly mean solar radiation in W/
- The wind speed.

-The Wind direction.

=The relative humidiry.
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In order to produce atlas data. the data should be representative 1o the relevant prids
overlaying the domain chesen. In order to do so, climatological data are identified on
each station prid. The mean climatological duta representing the domain and distributed
on the gridded area are the used to compute the solar eneryy parameters [or collectors
tilted on different tilt angle. As for the wind speed und directions, the wind power density
(WPD). which is a measure for the wind energy potential is computed for each station

{grid ).

It is unfortunate that the Palestinizn Meleorological Department did not provide us with
the relevant data although such dala arc wsually open for research institutions and even
for public. The other option was to rely on available packages that have recorded
climatological data from associated stations. such s Meteonorm. The [ollowing block

diagram illustrate the methodology adopted in figure (B).

Data from software *  dataand > Base map for
and stations software's e
Figure (I3)

I'he blocks depict the methodology adopted in which input data from METEONORM
package software were downloaded for already identified meteorological stations within
the domain. The software has also the capability of preducing metcorological stations by
interpolating data from real meteorological stations surrounding close paints {chosen
station). Three real stations are enough Lo perform a krigging interpolation and produce
snother station records. METONORM capability allowed for 60% of the gridded domain
to be covered. Again, the refusal of the Palestinian meteorological department Lo provide

the national data resulted in losing not less than 30% of the needed gridded coordinates.

ln the second block collected data were organized in excel pivot table format for

processing, The processing of the data allowed grouping seasonal data and caleulating the




averages and enerpy parameters. Oulputs were organized in spread sheel format for post

orocessing and for graphical presentation.

The last block of the process entails the processing of the outputted spreadsheet data
using the graphical software surfer 8.0. In this process the hase map ol Palestine was
created and pridded. Same grids were taken to build relevant spreadsheet data and cach
grid point correspond to meteorolagical station. A total of 1526 stations were created and
for each station relevant calculations were made. The output were prescnted using

Surfer®.0. and representalive resources maps were created and prescnted as will be seen

in the successive pages.




1.2 Time Table

Tahle L.1: Project lime-schedule for first semester

Frocess

- Choosing group

- Project

- determination

: Understanding

| project concept

- Searching for
Saftware's

Getting started

- With software's

' Data collection
Writing
documeniation

Searching sollware's : from internet and supervisor Dr. Imad Khatib,

Data colleetion gencrated from software’s and climatologic stations with using excel

program .




Tahle 1.2: Project time-schedule for second semester

Priocess

' Climate data
Collection

Solar radiation
and wind energy
data calenlation

i Week

Using golden
saftware to build
map

Data anily&is and
relevanl
formalting

Maps building

. Writing pruject

document

Solar radiation and wind energy dala calculation : all data and equation entered to Excel

program to take valucs of Solar radiation .

The Meteonorm program and Golden surfer () ils free from intemel with help Dr.imad
khautib




Chapter Two

Renewable Energy

1.1 Wind Energy

1.2 Solar Energy

2.3 Solar and Wind Energy Assessment

2.4 Solar and Wind Energy Hesource Assessment (SWERA)




Renewable energy

“Since the Industrial Revolution, humans have wsed [vssil lucls as their primary
enerzy source. Howewer, the amount of fossil fuels on the earth is limited, and
their use lhas caused unprecedented changes to  the global  ecological
environment and climate. Gases from buming fossil fuels can build up in the
atmosphere, hecoming thicker and thicker to produce greenhouse effects (The
sreenhouse effect is the rise in temperature that the Ebarth experiences because
certain gases in the almosphere trap encrgy from the sun. Withour these pases,
heat would escape back into space and Earth’s becausc of how they warm our
world) such as rising global lemperature and sca lovel, These effects will
dramatically alter our living environment. Fortunately. humans are becoming
more  conscious of environmental protection. and  are  seeking  new  cnerpy
sources that cause less pollution and do not threaten the environment™. One of
the potential solutions 1o the environmental threats s the ulilization ol

renewahle energy sources.

" The Renewable energy is energy that is produced [rom sources that replenish
themselves  naturally.  This  includes  wind, sunlight  (solar), landfill and
agricultural waste (biomass), and the heat of the earth (geothermal), These
renewable sources of clectricity have less impact on the cnvironment than
traditional methods of electricity generation. which includes buming fossil fuels

such as coal, il and natural gas.

Renewahle energy hus @ much lower impact on the environment than
traditional methods of electricity generation. It produces lower levels of air

pollutants, wastewater, smog and acid rain, and it can help reduce greenhouse

gas emissions. The rencwable energy, it is possible o help protect the




environment by offsetting the need for more fossil fuel generation. In addition

the renewable energy can help reduge nation's reliance on fossil fuels"!

2.1 Wind Enecrgy

"Wind cnersy has been used since the eurliest civilization lo grind grain,

pump waler lrom deep wells, and power sailhoats

Figure (2. 1): Wind Energy Sources

In recent decades. the industry has been perfecting the wind wrbine to convert
the power of the wind into electricity. The wind trbine has many advaniages
that make it an altrgctive energy source, especially in parls ol the world where
the transmission infrastructure is oot fully developed. 1t is modular and can be
installed relatively quickly, sv il is easy to match electricity supply and demand.
The fuel — the wind — is free and plentiful, which eliminates or reduces the need
v purchase, ship, and store expensive fucls. It is flexible — with the power

generated, houscholds use can use sppliances, such as lighting and refrigeration,

schools can use computers and televisions, and industrics can access a reliable

power source Perhaps most imporiantly. the generator does not produce any




harmful emissions in the process of generating the clcctricily, unlike many other
gencration sources.

The wse of renewable o provide power to remote villages has had 4 mixed
weord in the past  because maintenance was costly and replacement parts
difficult to obtain. lHowever, due o research on very low-maintenance designs,
small wind turbines are once again gaining popularity as an economical way to
bring Lhe benefits of power production W homes, villages. and industries that
may be remote from an established grid or wish to operate without burning
fossil fuels. Targe wind turhines can he price competitive with any other form of

generating technology in good wind resource areas.

Wind energy conversion systems are available in a wide range of sizes and can

fit almost any application where power is needaed.

2.1.1 Wind Power Basics

When designing a wind power svstem, it is crucial to understand the
electricity load and the available resources,

* Demand T — Equipment Demand

Estimating the electricity demand means delermining the maximum

power to be consumed as well as the purpose to which the electricity will be put.

= Bguipment selection

In addition w the wind resource and the planned usage. the size and tvpe

of the equipment greatly affects the power output,

* Resource Assessirient




Wind resource assessmont is also  important to a  successful  project,

Small differences in wind speed can mean great differences in power output.

2.1.2 Wind power Applications
Water Pumping

Mechanical wind water pumping machines have been used to pump
water from wells [or centurics. The technology of modern mechanical waler
pumpers is relatively simple, the maintenance requirements are modest, and the
replacement  purts are not difficult 1w obtain Wind electric pumping sysiems
allow prester sitting llexibility, higher efficiency of wind energy conversion.
increased  water output, increased versatility in use of output power, and

decreased maintenance and life<cycle costs.

Systems for Community Centers. Schools, and Health Clinics

A larger system can provide power to a centralized community center,
health clinic. or school. A power system for o health center can cnable the
storage of vaccines and radio communication lfor emergency calls. A power
system for a school can provide electricity for computers and educational
television. video, and rudio. Community centers often find thal. in addition to
the benefits of the power. such as lighting and cooling, the "waste energy” can

he used o charge batteries or make ice for sale to households,
Industrial Applications
The number of dedicaicd industrial applications for  wind  power

continues to prow. Small wind power systems are ideal for applications where

storing and shipping fuel is uneconomical or impossible,

12




Wind power is currenily being used for telecommunications, radar
pipeline  control, navigational aids, weather stations/seismic monitoring, air-

traffic control” ¥

2.2 Solur Energy

“Solar energy is the light and radiant heal from the Sun that influences
Farth's climute und weather and sustaing life. Solar power is sometimes used as a
synanym for solar energy or more specifically to refer to electrivity generated
from  solar radiulion. since  ancient times solar energy has been hamcssed for

human use through a runge of technologics.

Figure (2.2): Solar Emergy

Solar radiation along with secondary  solar  resources  such  as  wind  and
wave power, hydroclectricity and biomass account for most of the available flow

of renewable encrgy on Earth.

Solar energy lechnologies can  provide elecirical generation by  heal
cngine or photovoltaic means, space heating and cooling in active and passive
solar buildings; potable water via distillation and disinfection, day lighting, hot
water, thermal energy for cooking, and high temperature process heat for

-~ | iad I-I
industrial purposes.” ™!
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1.1.1 Solar Power Applications

Industrial Applications

“For many years, Solar Energy has been the power supply of choice for
Industrial applications, where power i1s requircd @l remote locations. This means
i these upplications that solar power is  economic, without subsidy. Most

systems in individual uses require a few kilowatls ol power.

Solar cnergy is also  frequently wused on leansportation  signaling e,
offshore navipation buoys, lighthouses, aircrafi warning lights on pylons or
structures, and increasingly in road traffic waming signals, well-heads, and
bridges or other structures. As hefore. for larger clectrical loads it can be cost
efiective to configure a hybrid power system that links the ( Photovaltaic (PV)
panels is a system that uses solar energy to generate electricity at a8 lower cost
and is working 1o attract sunlight through the cells fopped lenses intensily rays
W benefit as much, most of which then convers it to clectrical energy is stored
in special batteries for use at the time and the proper amount) with small diesel

generatora.

Water Pumping, lighting, heating in the Developing World

Apart from off-grid homes, other remote buildings such as  schools,
community halls. and clinics can all benelit from  electrification with  Solar
I'mergy. This can power IV, wideo. wlephony and a range of refrigeration
equipment, which is available w meet World Health Organization siandards for
vaceine refriperation, for instance. Rather than base Solar power peneration on
individual dwellings, it is also possible © configure cental village power plants
that can ecither power homes vin 2 local wired network, or act as a hatrery

charging station where members of the communily can bring hatteries to be

recharged.




PV Systems can be used to pump water in remote areas e.g. as part of a
partable water supply system. Specializod solar waler pumps are designed for
submersible use (in a borehole) or to float on open water. Usually, the ability to
storc water in a tank means thal battery power storage is unnecessary, |arge-
scale desalination plants can also be 'V powered. Larger off-grid systems can
be constructed to power larper and more sophisticaled electrical loads by using

an array of PV modules and having more balery slorage capacity.

To meel the largest power requirements in an aff-grid location. the PV
system is sometimes best configured with a small diesel gencraror. This means
that the PV system no longer has te be sized to cope with the worst sunlight
conditions available during the year, The diesel generator can then provide the
back-up power, but its use is minimized during the rest of the year by the PV

svstem, so fuel and maintenance costs are kepl low.

Solar energy can also power area lighting to enable mere outdoor activities

a2 51

after dark or improve security, and to illuminate signs or advertising boards

2.3 Solar and Wind Encrgy Assessment

In order that practical assessment of the potential utilization of either of solar and

wind enerey or both, recourse maps are crucially needed.

The maps would easily give indications 1o any scientist or decision maker 10
potential side with solar or wind energy and in addition help assessing possible

hest technology tor energy conversion. community served and al the same time

the feasibility ; technically and economically, of any development plan .




I'he project presentzd here describes the methnd and s outcomes, the
method  utibizes  the recorded meleorvlogical wvalues hy a number of
meteorological stations covering Palestine. The recorded wvalues are then
distributed on the girded hase map and used to compute relevant energy

parameter that arc required for any assessment.

I'he project presented here is based on  an  intomational recognized
assessment  program called SWERA (Solar and Wind Energy Resources maps,
Program  provides easy sccess Lo credible renewable enerpy data o stimulate
mvestment  in, and development of, renewable cnergy lechnologies) that was

implemented lor several regions.

2.4 Salar and Wind Energy Resource Assessment (SWERA)

"Solar, wind, gcothermal, biomass, hydre and wave enerpy resources have
the potential to meet several times the world’s present and future energy
demands. The calch is that these resources are net evenly distributed, and can

vary gredlly within even small geographic regions.

Quantifying the renewable energy resources of a repgion is necessary  hetore
they can be harnessed. Without timely and relishle assessments of the size and
scale of a particular renewable energy resource, investors cannot  delermine

whether a project will be viable, especially their potential retum on investment.

Iligh quality assessments of remewable cnergy  rosources  also  allow
national and state energy agencies 1o establish long-term and  scientifically
robusl sustainable energy options and policies, including plans and policies by

environmental agencies to reduce greenhouse gas cmissions.

16




Developing countrics, however, are generally not so  forlunate, Weak
national institutions and the lack of rcseurces means the potential lo expand their

econamies with clean cnergy is severcly restricted.

I'he Solar and Wind Energy Resource Assessmenl projectl{SWERA) was
launched m 2001 as collaboration belween 25  international  institutions
develop the inlormation (eols needed to stimulule renewable energy projecs.
SWERA initially focused on major areas of thirteen developing countries across
Latin America, the Caribhean, Africa and Asia, and was supported by the Global
Environment Facility (GEF), with additional support by the United Nations
Environment Program (UNEP), and the [IS WNational Acronsutic and Space
Administration (NASA),

SWERA 1ok the first siep lor creating indigenous renewahle enterprizses
by producing maps of each country’s solar and wind resources. Scientists  at
SWERA  imstitutions, however., added new satellite data tw  the availahle

terrestrial weather data.

To produce solar maps, scientists used weather saicllitc imagery 1o infer a
countrv's  resource. Wind maps were produced from high-resolution  imagery
and high-quality numerical models of wind flow over complex terrain, Creating
maps  with sufficient quality to be used for larpe-scale renewable energy
applications  was a  principle SWERA  goal, but another important
aecomplishment was crealing @ standard product from a range of institutions and
techniques, combining solar and wind daia [fum many different measuring

instruments and techniques.

One of SWERA's strengths is making solar and wind data compatible with

geographic information svstems (G1S)




SWERA has produced a range ol solar and wind datasets and maps at

accepiable  resolutions. The renewable  energy  information  provided  through
SWER A includes:

-Maps of wind and solar ¢nergy potential

|6

-Atlases of solar and wind energy resources




Chapter Three

Tools and Means

3.1 Software Tools
3.1.1. METEONORM
3.1.2 Golden Softwure (Surfer 8)
3.2 Solar Radiation Calculations
3.3 Method for Interpolating Climatological Duata
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3.1 Saftwarce Toals

Two main sollware packages were used. The first is database software
that represent meteorological stalions associated with the software and locared
all over the world., The second software is the golden surfer used professionally
o present meteorological data distributed over geographic domains as overlays.

Both software are used together in this contexl.

I L1 METEONCORM

"It is a comprehensive meteorological reference, incorporating a catalogue of
meteorological data and calculation procedures for solar applications and system
design al any desired location in the world. It is based on over 20 years of
historical data collection in the process of developing meteorological darahases
for energy applications. The sofiware addresses engineers, architects, teachers,

plantiers and those interested in solar energy and climatology.

The associated stations that have their historical data attached and updated in the
software are morc than 7'700 weather stations, with measured parameters of
global radiation. temperature. humidity. precipitation, days with precipitation,
wind speed and direction. sunshing duration, in addition to updated global
radiation datubase for period (1981-2008). also it wvses satellite data lor areas
with low densityv of weather stations. beside the Inclusion of climae change
foreeast.

The software has built in interpolation algorithms based on several interpolation

methadologies, Data can be imported by users and can be oblained in difforent

formats and in [ive languages; English, French. German, Italian and Spanish.




Trata Import:

The software offers 28 different predefined output formats that may be used
for the calculation of hourly as well as monthly climatolopical paramcters values
and can then be converted to ASCI formats™ 71,

The following figures are examples of the software interface.

Example :

U METEONDRM Viersion 5 1

Slatus Houc data [month)
Site MNew Si
'—J S ﬁn Month Ta RA
Sualion GREn . ;m 1:.; 50
e R W Meanwvd [ Ewireme val eh 1 47
ad s 9.8 38
T SR [ Rwke [ Ghox A 228 13
Cafculabions May 277 2
' Jun 0.6 0
Type Uzendefined sile Meteo J s i .
Azimth' 0 Hously yaluet Sep  30.4 0
e T 5 ik | Dot 261 3
o . S Mo 20.4 26
Umits Dec 154 43
Radiation [month) [KWh/mZ]  Peevies Yem 240 223
Tempeialure 1 ’C 1
S View sde l Virw 1esults ‘ Fragress
Units (User defined] _]

Figure (3.1): Meteonarm program




Caleulation (hour) 10. 06 2009 7/ 15:02

METEONORM Version 5.1

Site! New Sital
Situation: opean
Honzon: astronamic
Type Userdefined site Fermat METED
Hurdl T lame Tadmn Tadmax Tamse =111
Jer 144 *3 g7 198 224 G
Feg LEL 42 s M2 o548 =
Mer 7] 54 A i i ;Mo 51
2w 278 qE8 THA il g 1 [y
My i) 198 205 W s a2
hEy a0 174 230 w2 408 &3
Jul &l 121 2689 # 424 43
Al #2a Ed PET 1 1 ae
Ten M 18E Fim b ] a0z T
(iok 261 1857 2k %14 A65 Gl
Nare il BE T4z M wrs BT
Lo 164 B B M3 %7 1
Year 240 Ft
fartn HGh Shm SBel 51 a=h [ 33 RO FF oe
Jan 08 197 A 1] B 8 15 a0
=] 11 140 71 1.0 &7 B 1.8 490
(] b 2] T .8 = 4 14 1
A 1) 261 B 128 13 7. T4 L
My bt HH to b 156 2 1 a 38
dun 243 o i 1&3 fa 0 0 1.7 @5
ol 2 e | 158 g B 13 AT
A #7A by o] T 31 0 1] 15 815
=ap REE} 318 104 122 Li th 14 438
6118 [ e B g1 113 . I 1.4 S35
Hovw 114 5 P £ (o4 = a & i
D a6 185 B3 i 23 & 14 =i
e A L s ) 253 b i) 1.6 3
Lagans
& Artemzarshors #H Siziv Ry
Famine  F0y mininne (appres ) Tames 10y msirnu (ppwde ]
Taoemin,  Moan coly riirmiusn T Tedmac Mean daiy fradmum Ta
e ] Hurssiurs duraiion BR Frampistion
(E1R) Diane weitn procipitation & Wi speed
Sharr. Subshing durahion. cstmnome: B0 Wind dirsction
oGk frasiahion of glooa! radsiio Torzers
Temparamre ine 7]

Wind sl in [ims]

SUrshiEe duratian in hsay|
Fiesfestinn i Whim®




Calculation (hour) 10, 06, 2009/ 15:02 |

METEONORM Version 5.1

ey Sited

Surmhurree curatan m [he'd] Tempessiein[ 'C |
16 .

dan  Feb M Ap May Jun  Jud A Sep Ot Mev  Deg

B Sumahire d.ld’:.:vn [ T Surshane duslon B 2 lempesmase imesn / eiemns]

Prccipkatinn fmrel Lrogrs sty peemip ko [U]
T
B
L 5
o] .
43 =z
20 I
B L)
o Tk blar Agw Bty o i Jul AT | Lep e i Thew
B Freciofahon —w——  Dlegiu vl prsiialaton

Figure (3.2): Meteonorm (monthly values diagram)
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Calculation (haour) 10. 05. 2009/ 15:11

METEONORM Version 5.1

Site; Mety Site ]
Situation; GREn
Horizon: asirancimic
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J3.1.2 Golden Software (Surfer K)

"The Surfer is a contouring and 3D surface mapping program that can easily
convert data into contour, surfuce, wircframe, vector, image, shaded relief, and
post maps overlayed on base maps.  (Figure 3.3) below shows the software

inlerlace.
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Fipore (3.3): Golden software (Surfer 3)

Surlier contour maps could be easilv customize with specific features that may
illustrate the distributed parameters over the geographic areas.

An example map produced by the software is shown in (Figure 3.4) below,
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Figure (3.4): Contour Map

In addition to contour maps, the sollware has the capability to produce vector

maps presents the mapnitude and directions of vectars, such as winds shown in
(Figure 3.5 and 3.6)" .
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Figureld.5): Vactar map
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Figure (3.6); Vartor map

The capability includes adding multiple map lavers to the base map

27




3.2 Methnd for Interpolating Climatological Data

The method used n this work is called the Kriging inlerpolation technicque
which is named after the South Alrican mining engineer Do G. Kriging who
developed the techmique in an attempt to more accurately predict ore reserves,
Ower the past several decades Kriging has become a fundamental twol in the

field of geo-statistics.

Kriging is based on the assumption that the parameter being interpolated
can be lrealed as a regionalized varisble. A regionalized wvariable is intermediate
hetween a truly random wvariable and 8 completely deterministic variable in that
it varies in a conlinueus manner from ong location to the next and therefore
points that are near each other have a cenain degree of spatial correlation, but
points that are widely separaied are statistically independent (Davis, 1986).
Kriging is a set of linear regression routines which minimize cslimation variancc

from a predefined covariance model.

3.2.1 Ordinary Kriging

The first step in ordinary kriging is W construct a variogram from the scarter
point set to be interpolaled. A variogram consists of two parts: an experimental
variogram and a model variogram. Suppose that the value to be interpolated is
referred to as f. The experimental variogram is found by calculating the varinnce
(e) of cach paint in the sel with respect to sach of the other points and plotting
the wvariances wversus distance (h) between the points. Several formulas can be
used to computc the varionce, bul it is iypically computed ax one hall the

difference in f squared.
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Figure {1.7) Lxperimental and Model Variogram Used in Kriging

Once the experimental variogram is computed. the next step s o define a
model variogram. A model vanogram s a simple mathematical function thal
maodels the trend in the experimental vanogram.

As can be seen in fivure (3.7). the shape of the variogram indicates that at
small separation distances, the varnance m § is small. In other words, points that
are close together have similar f values. After a certain level of separation, the
variance in the f values becomes somewhat random and the medel variogram
flattens out 1o a value corrcsponding to the average variance,

Once the model variogram is constructed. it is used to compute the weiphts used

in kriging. The basic equation used in ordinary kriging is as lollows:




Fzy)= _anlwif;

where (n) is the number of scatter points in the set, (f) are the values of
the scatter points, and (w) are weights assigned to each scatter peoint. This
equation is essencially the samc as the equation used for inverse distance
weighted interpolation except (hat rather than wusing weights based on an
arhitrory function of distance, the weights used in kriging are based on the
model variogram. For example. to interpolate at a point P based on Lhe
surrounding points P1, P2, and P3, the weights wy, wo, and wy; must be found.

The weights are found through the solution of the simultaneous equations:
w,E(dy, )+ w,S[d,,)+ wgﬁtdn} = E[dlp'l
w,Sjld-__,_,j +wySdy, )+ waﬁlzd“':, = E(dm:
w,S(dp) + wiSldo)+ wSlds) = 5(ds,)

where S(dij) is the model variogram cvaluated al a distance equal to the

distance between points (i) and (j). For example. S{d1p) is the model variogram

evaluated at a distance equal to the separation of points Pl and P.




Chapter Four

Solar and Wind Energy Resources Maps in Palestine

4.1 Solar Energy Maps
4.1.1 Solar Inselation maps on Different Tilt Angles

4.1.2 Temperature Maps on Different Seasons
4.2 Wind Energy Maps

4.2.1 Wind I"'ower Density Maps

4.2.2 Wind Speed Maups




The dota that has been imported from the METENORM software has
been arranzed homogenized owver the domain chosen. The homogenization is
based on the krigging interpolation methed. At this siage. the validation of the
METONORM data could not be achieved. This is because data from Palestinian
Meteorological Department  of the Ministry of Transportation could not be
relrieved as they have not vet decided om the bylaws thal govern accessing the
already recorded climatic data by research inslitutions. This in lum may affeet

negatively the precisions of the results,

Scripts for manipulating the homopenized data were then built, The data
were formatted to be recognized and read by the analysis and ploiting software
used. which is the Surfer 8.0 plotting package of the GOLDEN SOFTWARE.
Homogenized data of solar radiation were used to compute solar wradiance on
tilted areas, simulating solar energy collection applications: such as the popular
solar domestic hot water systems. Wind speed and dircetion were used as well to
compute the wind power density, a measure which is used o assess the wind
energy conversion applications. Other homogenized climatic parameters such as
air temperature, humidity and derived climatic values can easily be represented

pver the chosen domain.

4.1 Solar Energy Maps
4.1.1 Solar Insolation Maps On Different Tilt Angles
The solar insolation maps that show the mapnitude of the received

solar energy have been built with different tilt angles: 207, 40° und 507

The following relations show the mathematical equations followed 1o

find the solar insolation by using the different tilt angles

H=HER
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Where H, the global solar insolation on tilted surface, B is the irradiation

of global radiation horizontal and & is the total radiation tilt factor.

The homogenized global radiation on horizontal surface (H) is used 1o

compute the total radiation tilt factor R using the [ollowing correlation:

_=( —‘)Rs 1-1-:::513 [1-;asﬁ]

Where

« B is the tilt angle of the solar energy collection surfacce.

= o_(is the ground Alpeds) =02 (it is (he measure of the ground surface
ceflection of the solar radiation and is taken as an average value).
cosi L — ) cost sinlﬁLl

* Rz (beam radiation tlt factor) = 13']
cosLcosd sinh, + m h, sinl sind

—==h, sin (L— B)eind

« Lis the latitude which depends on the overlsid geographic location {grid).

« h, (sunset hour angle) = arecos (—tanl tand)

+ h, = min (h,,arcos({—tan (L—B) tarnd))

* 5 (declination angle) = 23.45 =in

360(284 + n}]
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» B, (diffuse) = A1 — 1.13K;)

B
*» K. (is the clearance Index) = =

- 24 [ Eﬁﬂrdn]
B =—0G, |1 +0.033 cos——co

211'11I
{254

]sin Lsin 5]
3

cosL cost sinh, + [

» G_ (solar constant) = 1.367 KW/m” taken as the mean value of the

gxtraterrestrial rndiation.

w dn is the day of the year (January 1© = 1)

The computed solar insulation homogenized aver the domain is shown in the following
figures (Iig. 4.1 — Fig 4.6). 1t could be pointed out here that the seattering of the available
ground slations over the domain and the interpolated values together with the
unavailability of the Palestinian Meteorological Data brought some shertcomings
especially for some geographic areas shown in the maps fipures (Fig. 4.1 - Fip 4.6).

This problem could be resolved by supporting the available homogenized data with more
records in other different geagraphical locations and validating Lhe data.
It could be said that tilting the solar collectors by 450-50v represents the optimal

collection of solar radiation. The maps shows potential solar radiation collection places.




The resulted map for golar insolation at summer season nt filt angle 20
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Fig(4.1) solitr insolation map (summer, tilt 20°)




The resulted map for solar insolation at summer season at tilt angle au°
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Fig(4.2) solar imsolation map (summcr, tilt 40°)
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The resulted map for salar insolation af summer scason at tilt angle 50
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The resulied map for solar insolution at winter season at till angle 20
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I'he resulted map for solar insolation at winter season at tilt mﬁle:ﬂﬂu
e gs |
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Figl(4.5) colar insolation sap (winler, till 40°)
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o
The resulted map for solar insolation at winter sgason at tilt angle 50
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4.1.2 Temperature Maps on Different Scasons

Smmilar to the seasonal nradiabion, the followings are the maps for the

homayenized air temperature gver the said domain depicted in Fig (4.7 — 4. 10,
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The resulted map for lemperatire 4l summer 52ason
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Fig(4.7) temperature mup (Sumemer)




The resulted map for temperature al spring scason

33.5

3

31—

305

29.5-

201,

34

46 35 355 36
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The resulted map for temperature at winler season
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Fig[4.9) temperature map (winter)




The resulted map for lemperature at autumn season
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Fig(4.10) temperature map (sulumn)
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4.2 Wind Energy Maps
4.2.1 Wind Power Density Maps

Wind power density (WPD) cxpresses the average wind power over ong
syuare meler. |he power densily is proportional to the sum of the cube of the
instantancous (or short-term average) wind speed and the air density, the wind

power density, in units of ( W/m2 ) is computed by the following equation:

¢ ]
1 -
wen =¥ pvs
Zn

Whers

s WPD is the wind power density in W/m*

» n is the number of records in the averaging interval.

* o is the air density (in Kg/m?) at a particular observation lime.

» V3, is the cube of the wind speed (m/s) al the some ohservation time.

Maps shown in Fig (4.11-4.14) shows that wind engrgy conversion system can
be potentially installed in the western slope ol the West Bank area and on the
shore in Caza Strip where the power density on average excceds 250 WimZ.
Such average density is suilable lor medium wind turbines. It is clearly seen that

wind power density appreaches zero in the Jordan rift valley.
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The rasulted map tor wind power density at summer season
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The resulted map for wind power density at spring season
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Fig(4.12) wind power density map (spring)




the resulted map for wind power density at winter season
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The resulted map for wind power density al autumn season
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4.2.2 Wind Speed Maps
Similar to wind power density, wind speed are ploted over the domain

in the following figures, Fig (4.1 5-4.18).

The resulted map for wind speed at summer season
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Figi4.18) wind specd map (summer)
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The resulred map for wind speed al spring season
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The resulted map for wind speed at winter scason
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Fig{4.17) wind speed map {winter)
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The resulted map for wind speed al autumn scason
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Conclusions:

I'he Selar and Wind Energy Resources Maps for Palestine arc very impurtant and
cffective lools lor assessing the polential of ulilizing solar and wind eneray conversion
systems in dillerent places. They are very essential for planning future strategies on best
elfective utiliziion of available resources. The effort exerted in the graduation project is
the first milestone in a development of a reliable Solar and Wind Energy Resources Maps
for Palestine (SWERMP), Extra cffort should be made to include the avuilahle
meteorological data from the Palestinian Metcorological Department in order to increase
the preciseness. [n addition, data with maps could be made available online using one of
the graphical user interface programs thal enable users to assess their proposcd cneroy
conversion system installed in any location.  This should be done by lobbying the
national instilution showing how impaortant such resources and toal for the sustainable
development and that daw should be provided for any resecarch effort that cnhance

national knowledge on issues of relevant to national development.
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