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The present paper aims to determine the energy potential of solar and wind resources in Syria. To achieve this goal,
the first calculation method was developed for assessing the average total gross and technical potential of solar en-
ergy falling on a horizontal surface in Syria using electronic resource (Solar Atlas for the Mediterranean). The second
calculation method was developed for estimating the average total gross and technical potential of wind energy in
Syria using electronic resource (Global Wind Atlas). The results indicated: firstly, that the average total gross and
technical potential of solar energy on a horizontal surface in Syria were estimated, respectively, 345406 TWh/year
and 55265 TWh/year. Secondly, the average wind power at the height of 50 m and the average total gross potential
of wind energy in Syria were estimated, respectively, 31,2 TW and 273533 TWh /year. Finally the average technical
potential of wind energy using 1% , 2% , 3% , 4% , 5% of the total area of Syria was estimated, respectively, 129 ,
258,387,516, 644 TWh /year.
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INTRODUCTION

The development of renewable energy sources over the
past 15-20 years is a very optimistic with the constant
increase of the installed capacity and the share in the
energy balance. Global electricity generation over the
period 1973-2016 year increased from 6131 TWh to
25000 TWh [01]. In 2015 the share of energy produced
from renewable energy sources amounted to 5534 TWh
or 23.1% (16% hydro and 7.1% non-hydro renewables)
[02]. In 2016 Renewable power capacity (total, including
hydro) reached more than 2000 GW [03]. Solar and wind
resources are considered the most promising kinds of re-
newable energy resources. Solar energy is used world-
wide and is increasingly popular for generating electricity
or heating and desalinating water. Solar power is gener-
ated in two main ways: (Photovoltaic (PV), concentrated
solar power (CSP)). Solar PV leads the way in power
generating capacity and is considered a cost-competi-
tive source of new generation in many emerging markets
across the world. Solar photovoltaic electricity produc-
tion in 2015 amounted to 247 TWh, with net installed ca-
pacity reached 303 GW and the share of solar PV energy
in total domestic electricity generation amounted to 1%
[01]. Wind energy technology has progressed significant-
ly over the last two decades. The technology has been
vastly improved and capital costs have come down to as
low as $1000/kW. At this level of capital costs, wind pow-
er is already economical at locations with fairly good wind
resources. Wind electricity production in 2016 amounted
to 960 TWh, with net installed capacity reached 487 GW
[04]. In 2015 the share of wind energy in total domestic
electricity generation amounted to 3.4% [01].
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Syria is a country in Western Asia, which has an area
185180 km? and a high potential of renewable energy
resources, particularly solar and wind. Electrical ener-
gy supply based on renewable energy can ensure the
energy independence of the country. The average so-
lar irradiation income on a horizontal surface in Syria
estimates about 5 kWh/m?/day, or 1800 kWh/m?/year.
It varies from 4.4 kWh/m?/day in western mountainous
areas to 5.2 kWh/m?/day in desert areas. The number
of hours of sunshine varies from 2820 to 3270h [05]. In
1989, with financial support from UNDP (United Nations
development Program) and in collaboration with the
national Danish RISO laboratories was completed the
wind Atlas of Syria, which contains information from 60
meteorological stations, covering most climatic zones in
Syria. This information contains measurements for ten
years (1979 — 1989). According to wind atlas the wind
map of Syria was carried out (see Figure 1). In this map,
the country was divided into four wind zones. In the first
zone (red zone) the wind speed is (5 — 11.5) m/s. This
zone includes the central area, southern, west southern,
and hilly coastal area [06]. In the period (2004-2006) and
with corporation of German company Decon, promis-
ing wind sites were selected in the windiest zone (red
zone in figure 1). Masts were installed in these sites and
measurements of wind speed and direction were taken
from (2004-2009) for constructing wind farms in the fu-
ture. Each mast is equipped with the following sensors
(anemometer at 40m height, anemometer at 10m height,
wind vane at 40m height, temperature sensor, and pres-
sure sensor) and data are recorded in 10 min intervals as
mean values (for all parameters) as well as maximum in-
stantaneous values and standard deviation (for the wind
speed) within the recording interval. Table 1 is shown
information about promising wind sites (name, area, lo-
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cation, attitude, maximum and average wind speed at
height 40m) [07, 08]. Annual and daily wind speed distri-
butions in one of promising wind sites (Sindianah 1) are
presented in Figures 2 [09]. In addition, site Tias in prov-

ince Homs was studied in detail in [6], where wind ener-
gy potential was calculated at height 70m and wind farm
with capacity of 3.9 MW was carried out using Windpro
software.
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Figure 1. Wind map of Syria [06, 07]

It is very difficult from a wind map of Syria to estimate a
one value which represents the average value of wind
potential in all Syria, because there are 4 zones with 5
roughness class and power density changes within a
specified range based on the zone and roughness class,
therefore in this study calculation method was devel-
oped for assessing the average total gross and technical
potential of wind energy in Syria using an electronic re-
source (Global Wind Atlas). On the other hand, assess-
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ment of the average solar potential of Syria and selection
of area or zone which has the highest solar potential are
important for recent and further photovoltaic applications
in Syria, therefore the other method was developed for
calculating the average total gross and technical poten-
tial of solar energy falling on a horizontal surface in Syria
using an electronic resource (Solar Atlas for the Medi-
terranean).
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Figure 2: Annual and daily wind speed distributions in Sindianah 1 [09]
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Table 1: Promising win

d sites in Syria [08]

. ' Altitude [m] | Average wind Max W_ind speed
Site Area Location speed at height at height 40m
40m [m/s] [m/s]
Sindianah 1 Homs E 36°26.4730° N34°42.91071’ 545 8 23.3
Sindianah 2 Homs E 36°26.1635" N 34°42.1377° 515 8 23.3
Nabe Alfoar Qunitra E 35° 56.68’' N 33°14.04’ 935 6.2 23.9
Ghabagheb Daraa E 36° 15.801° N 33°12.30’ 760 6.6 23.7
Jandar Homs E 36° 46.286’ N 34°28.397 750 7.7 23.3
Hasia Homs E 36° 47.956’ N 34°20.106’ 960 6.1 24.7
Qutina Homs E 36° 36.857' N 34°40.216’ 505 7.8 24
Ethria Homs E 37° 49.575' N 35°22.163’ 480 6.2 24.6
Al-hijana 5}3’:;‘;;‘32 E 36° 41.939’ N 33°22.637’ 602 6.7 25.1
Al-Hara Daraa E 35° 59.371’ N 33°03.609’ 998 7.6 22
Edlib Edlib E 36° 38.981" N 35°58.889’ 386 6.3 21.5
Tias Homs E 37°42.421' N 34°32.591’ 562 5.1 22.8
Palmyra Homs E 38° 14.286° N 34°33.879’ 473 6.2 22.3
Al-sukhna Homs E 38° 49.86’ N 34°52.175’ 537 7.2 24.2
Thawra Raqaa E 38° 30.44’ N 35° 48.63’ 360 6.3 19.91

CALCULATION METHOD OF AVERAGE TOTAL
GROSS AND TECHNICAL POTENTIAL OF SOLAR

RESOURCES

Calculation method was developed to calculate the av-
erage total gross and technical potential of solar energy
falling on a horizontal surface for any suitable area (Syria
is our study case). This method is based on the electronic
resource (Solar Atlas of the Mediterranean) and Google
Earth program. The electronic resource (Solar Atlas of

the Mediterranean) is used to know the global horizontal
irradiance GHI of a particular area (Syria). The program
Google Earth is used to create zones, which character-
ized by the corresponding average value of global hor-
izontal irradiance, and also to calculate the zone area.
The method was divided into three stages (1. Input data,
2. Zonation, 3. Calculation of energy potential) (see Fig-
ure 3), and each stage is described below.

Solar Atlas for the Mediterranean
(electronic resource)
http:/Awww.solar-med-atlas.org/solarmed:-
atlas/map. him#t=ghi

) 2

Global horizontal irradiance GHI in Syria
KWh/m? per yvear

¥

Zoning of Syria territory and selection of
zones, which characterized by
the corresponding average value of GHI
(Eapi, KWh/m? per vear)

¥

Area calculation of each zone S;, km?
by using Google Earth.

¥

Calculation of the average total gross
potential of solar energy in each zone

(Equi * S; . KWh per year)

Calculation of average total gross and
technical potential of solar energy for all
Svria (KWh per year)

ESE | EFF

1. Input data

|

3. Calculation of
energy potentials

=

Figure 3: Calculation method of average total gross and technical potential of solar resources
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Input data

Map of solar energy falling on a horizontal surface (glob-
al horizontal irradiance GHI) of Syria was taken from
electronic resource (Solar Atlas of the Mediterranean)
(see Figure 4). The "Solar Atlas for the Mediterranean”
is a portal for global horizontal and direct normal irradi-

ance data for the southern and eastern Mediterranean
region. The atlas has high resolution (1km) and long
term coverage 20 years (1991-2010) data on the avail-
able resources for the whole target region covering the
countries: Syria, Jordan, Israel, Lebanon, Egypt, Libya,
Tunisia, Algeria, Morocco, Palestine National Authority,
Mauretania and Turkey [10].

| MED Solar-Med-Atlas
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|-I°eu|anl weonomic dats | [ Map | | Solar dats | [ Gridtied PV | | OMgeld PV | | Hot water

Sl infis

Supporied by:

al the Federal Repul

=

Figure 4: Solar Atlas for the Mediterranean (global horizontal irradiance GHI, KWh/m?/year)

Zonation

Map of Syria, which was taken from "Solar Atlas for the
Mediterranean", was inserted in Google Earth program
[11]. Zoning of the Syria territory was carried out using
tools of Google Earth program and the country was di-

Figure 5: The average value of so
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lar energy falling on a horizontal surface [KWh/m? /year]

vided into five zones, which characterized by the corre-
sponding average value of solar energy falling on a hor-
izontal surface [KWh/m?/year] (see Figure 5). The tools
of Google Earth program were used to calculate the area
of each zone .
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Calculation of energy potentials

In this stage, the average total gross potential of solar
energy falling on a horizontal surface in each zone E_ *-

S) [kwh/year] is calculated (see Table 2).

Table 2: The average total gross potential of solar energy on a horizontal surface in each zone

Zone E,..kwh/m?per year | Areaof Zone km?S, | E, *S, GWh/year
zone 1 1650 4847 7997550
zone 2 1750 63574 111254500
zone 3 1850 56710 104913500
zone 4 2000 54335 108670000
zone 5 2200 5714 12570800

The average total gross potential of solar energy on a
horizontal surface for all Syria is calculated by the equa-
tion:

ESE = Y E,+S; & 345406 TWh/year 1)

When using solar panels with average efficiency equal

CALCULATION METHOD OF AVERAGE TOTAL
GROSS AND TECHNICAL POTENTIAL OF WIND
RESOURCES

The other calculation method was developed for calcu-
lating the average total gross and technical potential of
wind resources in any particular area (Syria is our study

to 16% (7sp= 16%), the average technical potential of
solar energy on a horizontal surface for all Syria E ¢ is
given by [12]:

case). It is similar to the previous method in principle and
using the Google Earth program, but the difference here
is the electronic resource. The electronic resource (Glob-
al Wind Atlas) is used to know the wind power density of
a particular area (Syria). The method was also divided
into three stages (1. Input data, 2. Zonation, 3. Calcu-
lation of energy potential), and each stage is described
below. The whole method is shown in Figure 6.

EFf = EZF 1, = 345406 = 0.16 = 55265 TWh/year2)

Global Wind Atlas (electronic resource)
http:/Avww.globahwindatlas.com/map. hitml

iy

Power density of wind at 50 m height for the
territory of Syria [W/m’]

¥

Zoning of Syria territory and selection of
zones, which characterized by the
corrvesponding average value of

1.Input data

power density Pgy, Win®

¥

Area calculation of each zone Sy, kmn?
by using Google Earth.

| -

Calculation of the average total gross

potential of wind energy in each zone
8760 * P,,; = S;, TWh per year

¥

Calculation of average total gross and
technical potential of wind energy for all
Swyria (TWh per year) E'E |, EYE

2. Zonation

3. Calculation of
energy potentials

—_

Figure 6: Calculation method of average total gross and technical potential of wind resources
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Input data

The map of power density of wind W/m2 in Syria at height
50m was taken from electronic resource (Global Wind
Atlas) (see Figure 7). The Global Wind Atlas is part of
an international collaboration, it provides wind resource

data accounting for high resolution effects (1km). The
correct usage of the Global Wind Atlas dataset and tools
is for aggregation, upscaling analysis and energy inte-
gration modelling for energy planners and policy makers.
It is not correct to use the data and tools for wind farm
siting [13].

I OTU Wind Energy

F 1 Irag =

Global Wind Atlas

Methodalagy

Power Density (Wim“)

B .or

Datnsels Tutcrials

00 [ 350

Figure 7: Global Wind Atlas (power density of wind [W/m?] at 50m height)

The data used in the Global Wind Atlas was chosen from
the best available global datasets for each required cat-
egory. A reanalysis is a scientific method for developing
a comprehensive record of how weather and climate are
changing over time. In a reanalysis observations around
the globe and a numerical weather prediction model,
which simulates one or more aspects of Earth system,
are combined objectively to generate a synthesized es-
timate of the state of the system. In the 2010s four large
atmospheric reanalysis projects took place. These are
listed in table 3. All provide output at a horizontal resolu-
tion below 1°x1°. Three of these reanalysis (i.e., CFDDA,
CFSR and MERRA) were generalized and later used in
the global wind atlas. Global Wind Atlas begins with large
scale wind climate data and end with micro scale wind
climate data. The large scale wind climate data is pro-

vided by atmospheric reanalysis data, from meteorolog-
ical centers around the world. These data are on a grid
with spacing of about 50 km depending on the dataset. A
generalization process on this data was carried out. The
result is a set of generalized wind climates which have
the same spacing as the reanalysis data that was used
to create them [13]. Next Global Wind Atlas takes this
set of generalized wind climates and apply them in the
microscale modelling system over the globe (apart from
the poles and far offshore ocean areas). The modelling
process is composed of a calculation for the local wind
climates every 250 m at three heights, 50, 100 and 200
m. So on a 250 m grid, there is a local wind climate esti-
mation. Local wind climate characteristics are aggregat-
ed up to a 1 km grid.

Table 3: Characteristics of the global reanalysis data used for generating the Global Wind Atlas

Global reanalysis

Available resolution

Climate Forecasting System Reanalysis (CFSR)

0.5° x 0.5° 6 hours

Climate Four Dimensional Data Assimilation
(CFDDA)

0.4° x 0.4° 6 hourly

Modern Era-Retrospective Analysis for Research and Applications (MERRA)

1/2° % 2/3° 6 hours

(ERA-Interim)

European Center for Medium Range Weather Forecast (ECMWF) Reanalysis

0.71° x 0.71° 6 hours
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program and the country was divided into seven zones,

Map of Syria, which was taken from "Global Wind Atlas which gharacterized bY the corresponding average val-

", was insertéd in Google Earth program. Zoning of the ue of "?"”d power density at the height 50m (P, [W/m?])

Syria territory was carried out using tools of Google Earth (see Figure 8). The tO.OIS of Google Earth program were
used also for calculating the area for each zone .

Zonation

Calculation of energy potentials Table 4 shows the calculation results of average total
gross potential of wind energy in each zone at height

In this stage, the average total gross potential of wind 50
m.

energy in each zone ( E TWhlyear ) is calculated by

avi, G’
the formula:
Ecvic = Payi *S; * 8760 3)
Table 4: The average total gross potential of wind energy in each zone at height 50m
Zone P_;W/m? S km? P~ S MW E.io TWh/year
zone 1 25 1184 29600 259
zone 2 75 10869 815175 7141
zone 3 100 16644 1664400 14580
zone 4 125 30272 3784000 33148
zone 5 150 8786 1317900 11545
zone 6 200 116564 23312800 204220
zone 7 350 861 301350 2640

The average total power of the wind flow P and the av-  at height 50 m are defined by the formulas:
erage total gross potential of wind energy in Syria E"®

P =¥ P, *S5; = 31225225 MW 2 312 TW 4)
EYE = F Egyic = 8760 x 3P,y + S;= 273533 TWh /year 5)
214 Journal of Applied Engineering Science Vol. 16, No. 2, 2018
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For calculating the technical potential of wind energy in
particular area, following assumptions were considered

[14]:
* A wind farm array spacing of 10 d x 10 d was used
for the calculations. d: rotor diameter of wind turbine.

» Constant wind turbine efficiency M.+ :
nm & Cp*nmﬂ*nel;:: 0.3 6)

Technical wind potential T*9,,*q*40  3.14x0.3xq x40

“ alalLLLLL
SEE_NE

C,: Performance coefficient of wind turbine, Ty, : me-

chanical efficiency, M= electrical efficiency
Available area to create wind farms is the proportion q of
the total area.

Thus the technical potential of wind energy in particular
area is defined by the formula [14]:

Total gross wind potential

As a result the average technical potential of wind ener-
gy in each zone of Syria can be defined by the formula:

Eqvit = Eguic*0.0471 % q 8)

The average technical potential of wind energy in all Syr-
ia can be defined by the formula:

WE _
ET - E Eav:,?' 9

8 =100

7)
8 =100

= 0.0471 =q

For different values of q, the average technical potential
of wind energy in each zone of Syria and the average
total technical potential of wind energy in all Syria at the
height 50 m are shown in Table 5.

Table 5: The average total technical potential of wind energy in each zone and in all Syria at height
50m in [TWh /year]

Ave_rage tech n_lcal q 1% 206 3% 4% 5%
wind potential

i T 0.1 0.2 0.4 0.9 0.6

Eor 3.4 6.7 10.1 13.4 16.8

Ear 6.9 13.7 20.6 27.5 34.3

E.at 15.6 31.2 46.8 62.4 78.1

E.s 1 5.4 10.9 16.3 21.7 27.2
Bt 96.2 192.4 288.6 384.7 480.9

Err 1.2 25 2.5 5.0 6.2

EVE 129 258 387 516 644

Table 5 illustrates that technical wind energy increases CONCLUSION

as a result of an increase in available area, which is q%
of the total area, to create wind farms. In addition, selec-
tion of 9% in each zone related to: percentage of land
used (populated area), distance between wind farm and
electrical grid, difficulty of construction (terrain of area).
In general, by using 1% , 2% , 3% , 4% , 5% of the to-
tal area of Syria, the average technical potential of wind
energy is, respectively, 129 , 258 , 387 , 516 , 644 TWh
/year.
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The two calculation methods were carried out for esti-
mating the average total gross and technical potential
of wind and solar resources using electronic resources
(Solar Atlas for the Mediterranean, Global Wind Atlas).
These methods were applied in Syria as an example and
they can also be used in other areas and/or countries for
large scaling analysis and estimating the average ener-
gy PV and wind potential. Results of analysis methods
show that:

The average total gross and technical potential of solar
energy on a horizontal surface in Syria were estimated,
respectively, 345406 TWh/year and 55265 TWh/year.
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The average power of wind flow at the height of 50 m and
the average total gross potential of wind energy in Syria
were estimated, respectively, 31,2 TW and 273533 TWh
/year. The average technical potential of wind energy
using 1% , 2% , 3% , 4% , 5% of the total area of Syria
was estimated, respectively, 129 , 258 , 387 , 516 , 644
TWh /year.
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