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Abstract: This paper investigates the costs that can be avoided by using wind energy in the central
coastal arca of Libya, The ivwestigation of the capacity credn was pertormed in a previcous work, The
analysis included fuel saving, capecity saving and emission reduction (NO,, 80, and C0s) to the
:utmmph-.'n: The avoided costs were translated inte eguivalent energy cosls of wind energy systems.
The evaluation was conducted using the reliability (LOLP} analysis and the contribution of wind
svstemn during peak demand 1w the IJ1I|I|.‘_'. Lotaal :.1:.-:.lm1l_'- generation system. The caloulations were
carried out using WASE {Wicn Autenmatic Svstem Planming Package) for the proposcd penod of 20049
2009 where wind power instalistion would increase froan 100 MW i 2005 (o 500 MW 9 2019,

The results showed that the avoided costs of wind energy will increase from 2.4 o KWh in 200910 5.6
¢ kWh in 2019, The mean value of the avoided costs of wind cnergy over the T-year peniod 15 6 ¢/ kWh,
which would make wind power cconomically competitive with conventional power plants in Libva.
Further investigations of detailed external costs of all energy svstems in the national energy mix, as
well as the feed in anff, are recommended and should be introduced to the national energy sectors in
order te promosie implementation of wind energy and mther renewable energy ll.'n.hn-::uluLu.s

Kevwords <Wind Energy, Capacity Credin, Environmental Benetits, Avoided Costs,
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1. INTRODUCTION

Ihe primary environmental value of
electricity  generated  from  wind  energy
systems 15 that the wind offsets emissions
that would be generated by conventional
fossil fueled power plants, These emissions
nglude  sulfur  dioxide  (50):), nitrogen
oxides (MNO,), carbon dioxide (COs),
particulates, slag and ash. The amount of
emissions saved via the use of wind energy
depends on the tvpe of power plants that is
replaced by the wind system, type of fuel
used and the cmissions” control  svstems
mnstalled on the power plants, 5o, the mamn
benefits of wsing wind  energy  are  the

avoided emissions and therefore, the
emission  savings in additon to  other
external costs  that  are  rased  from
comventional  power  plams. The  other

avorded costs result pnmanly  from  the
reduction of fuel that would be consumed by
a conventional generating plant. They may
also resull from a decrease in  total
conventional  generating  capacity  that a
utility requires.

To analyze the environmental and health
berefits of using wind encrgy, we need w
know the specilic emissions of fossil fuel-
based  electrieny
thereby. These can be derived by dividing
the absolute emissions produced by a type
of fossil-fuel in Kilotons of each emission
per wvear, by the amount of  electricity
generated from this fuel in KWh per vear. In
general, the emissions avoided by wind
energy depend on the specific erissions
from cach type of fossil  fuel-based
electricity generation facility. the foel mix,
and the percentage of each fuel replaced by
wind energy.

The calculation of fuel saving 15 a
complicated process. The type and amournt
of Tuel savings depend on many tactors such

peneration  replaced

as  the cnergy mix n the  electncal
generating  svslem,  requirements  for
‘spinming reserves’,  and  operating

characteristics of the power plants (such as
cfficiency or heat rate as a function of
component load). Also, it depends on the

penetration level of wind energy delivered
to the svstem.

'he avoided capital costs depend on
wind power capacity thar can  displace
conventional power plants or the capacity
credit of wind power. The capacity credn
depends, other  factors, om the
penetration level of wind power mtegrated
into the enerey system.

I 15 well known that the power sector is
the main contributor to green house effect
and other  environmental  problems. It
accounts  for 40% of the global COa
ermissions [ 1], and on the national level, n
accounted Bor 395% of OOy emissions in
2006 [2], €Os 15 the main contributor (o
green house gases (GHG's), I is expected
that these gases will increase the mean
global temperature by 0.4- 5.8 C over this
century [3]. A UN study shows that sea
level has nsen by 10-20 em during the last
century and by 9-12 cm n the last 50 vears
[3]. This study, also, mdicates that the
ervirommential  damage  will reach 5300
bilhon by 2050, Another study conducted by
World Health  Orgamization  (WHO)
indicates that 160,000 persons /[ year are
dying due to climate change |3]. By 2020,
EWEA's  projection  for  wind  power
development in Furope 15 thar 180 GW ol
wind power will be installed in EU-27, Thas
will zenerate about 477 TWhivr, and will
save 215 Million wns of COs, 261000 tons
of S0O- and 333,000 tons of NOx [3.4]. The
amount of annual avoided fuel cost is 20.5
billion Furos and the annual avowded CO-
cost 15 8.2 billion Euros [4]). The cost of
producing electricity from coal or ;] would
double and the cost of clectneny from gas
would increase by 3006 if external costs in
the form of damage to the environment and
health were taken into consideration [ 3].
Studies show that the wind energy external
cost 15 less than 0.26 Euro cents'kWh, while
for coal fired generation, 1t is 2-15 Euro
cents’kWh. [3]). In 2007, 0.2 bilhon Euro
have been avoided in EU-27, by wind power
generation as external costs | 5],

On the global level, the wetal avoided
costs  through the use of wind energy
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amounted 1w L8 hilhon BEuro
20000 andd the projected avoided costs will be
25 mlhion Ewro've o 2020[1]. In 2008,
eloballv., wind energy saved 157 million
tens of CO; (16% of tofal Kyow targets for
2008y [6]. The CO- emission avoided costs
(i wear 20000 at  daflerent
assuming an average wind speed of 6 mis
miand and 6,9 m/s on coastal sites and a
capacity credit of wind power of 25%.
ranges between a lowest value in LS. AL (2-
3 cent Euro for coal and natural gas (N.G.)
respectively) and highest value in Japan
i4.5- B85 cem Fure for coal and N.G.
respectivelvy [T].

This paper concentrates on total avorded
costs (fucl savings, capacity savings, and
emission savings) that could be achieved by
using wind energy 10 replace conventional
power plants in Libva at different wind
energy penetration levels and s projection
during the next decade.

in the year

countries,

2 INFORMATION OF POWER

GENERATION UNITS

['he avoided costs were calculated using
estimated data of the electricity generating
system and electricity consumption in Libva
tor the wvears 2009, 2014 and 200%. The
influence of the changes in the penetration
level of wind power on avoided costs was
investigated. Then. the avorded costs over a
penod of [0 wvears (200920019  were
analyzed. Finally, a mean value is given for
the total avorded cost of wind energy over
this period of 10 years.

2.1, Maintenance and forced ouwtage for
the seneration units

There are mainly  three
conventional power plants o the General
Electricity Company of Libyva (GECOL)
which are stcam turbines (8T), gas turbines
(GT)y and combined cyele gas turbines
(CCGTHY., The  Maximum  conversion
efficiency, forced outage rate and duration
of annual maintenance for these power

g-.:nur.'t[iurt umts are shown in table |, [8].

34

types  of

Table 1: The forced outage and mainienance
pericd For power generation units i Libya | 8]

”'l_rp-ruiun_il Maximum  Forced Maintenance

clficieney  owage period

["al rafe {960 (weeks)
steam turbine 39 7 5
Laas turbine 35 T 5
Combimed oyele k1 14¥ ]

1.2 Fuel consumption

Fuel 15 non reguired w produce wind
power. When wind energy 15 produced. it
saves significant amounts of fuel costs in the
form of coal, gas and ml that would
otherwise have been needed for power
production, GECOL s vsing two vpes of
fuel for power gencration; natural gas (NG)
and heavy fuel oil (HFO) The specific
gravity and heating value of these types of
fuel are shown in table 2.

Table X: The .ap-cx:iﬁx: gravary and heating valuge
of two types of fuel [¥],

Type of Tuel Heating value Specilic
_gravity
Heavy fuel oil - 10640 keal/kg 0,922 kgl
{HECY
Matralgas W72 kealm' 0,670 kl:_-'mi
(NG

L3 Environmental aspects

The environmental aspects  that  are
considered Tor the calculation of the avoided
cosls by wind energy are the emissions of
C0Oy, 500 and MO, of the fossil fuel thermal
units. Other environmental aspects such as:
the production of solid waste, noise and heat
discharges were not considered. However,
this study concentrated on “environmental’
costs  raised  from fossil fuel  power
preduction that contnibute to the acid rain
problems and the anticipated problems of
global warming and other chmatiec changes.
There are no local records for  the
emission rafes of the power plants, excepl
for the total CO: cnussion from all energy
sectors, which was estimated as 38.3 mullion
metric tons in 2008 [4%]. So it was assumed
that the emissions are similar o other
countries.  Figures  from  these countries,
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especially  neighboning  countries  such  as
Egypt [18, 11]. were used in this study, The
adopted  values of these emissions  for
Libvan power plants are shown in table 3.
The estimation of the emission aveided
costs 18 based on iternational  studies,
Manly these smdies are erther based on
assessing  damages e health  and
environment or assessing emission reduction
technelogies that could be utihzed to power
generation plants, In this study the second
ton! was used, details are available in [12].

Table 3; The comission values Tor the twe Iypes
of fucl that are used in power gemeration wnits in
Libva

Tyvpe of ik, S0 L
fuel CIMSSION  CMIssiN  enission
| (kgMWh) (ke MWh) (kg/MWh)
Naturk gas 108 ERIE R 0,765
Fuel oil Ta2.4d 5.4 1.5

WASPE (Wien Automatic System Planning
Package) sofltware  was  wsed i the
calculation of el consumplion  for  all
oeneration units that were considered m this
studv, The calculation was performed for
the pernod (2009-20:19),

I.WIND POWER PRODUCTION
SIMULATION AT THE SELECT -
EDSITES

In order 1o calculate the capacily saving
tor capacity credit) and then the avoided
capital costs of the conventional power
plants, it is ¢ssential to calculate the hourly
production of electricity by the proposed
wind plams. The howrly wimd  power
prodluction was simulated in three selected
sites (Benina, Epdabia, Sirt) [13], These siles
are located at middle coast of Libyva, The
lengitude, latitude and altitede of these sites
arc shown in table 4. The wind power
produced at these sites was simulated by
usmg five selected tvpes of wind trbimes
with sizes of SOKW, 73KW, MW, LLA3MW,
ard MW,

['he calculations of the capacity factor for
the three sites for different types of wind
wrbimes and the estimation ol capacity

credit for differemt penetration  levels of

wind power in Libva were conducted n a
previons work [ 13].

Table 4: Topological coordinates of the selected
siles [13]

SLation Latitude Lepgitude  Altarade
MN™ [ (m ask)
Henima 32 5 2 146 132
Ejdabia 30 43 2 16 f
Sir it 12 I 35 | 3

The result of the capacity  factor  for the
three regions for different tvpes of wind
turbines is shown in table 5 and the
estimation of capacity credit for wind power
in Libva is shown in table 6, [13].

Table 5: The capacity factor for the three sites
for dilTerent types of wind wirbines [ 13]

Site 2MWO LMW MW DUTEMW OAMW
Benima 0,06 0200 0,22 00s 1%
Ejdabiz 0,11 LU T 012 {12
Sirt 021 025 028 024 {r24

Table 6: The capacity eredit Tor wind power in
Libwa | 13]

Installed wind  Capacity

Capacity credit

A g credit (% of nominal
(MW) (MY)  wind power)
[ 4] 30 S0.0
250 Qi Ei
K] fins 2060

4. INPUT FIGURES FOR
CALCULATING AVOIDED
COSTS

The costs avorded by wind energy in
three sites are evaluated for the near fufure
(20092009, Thercfore  nput figures  are
needed for the electneity consumption and
the eclectricity production svstem in the
future.

To evaluate the economic value of wind
enerey, assumptions need to be made for the
fuel prices, capital costs, operation  and
maintenance costs and emission reduction
cosls

4.1 Fuel prices

It 15 always difficult 1o predict future fucl
prices since they depend on many related
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factors, and most of these lfll'::ill".:[il:lr'lh are
uncertain, This study was performed in 2009
andl accordimg 1o GECOL, price scenarios,
the fuel prices are assumed according to
tahle 7.

Table 7: The fuel prices (50 S'bamrel of oil)
assumed i this .-:.I;I,td_‘_.' [ 5]

Type of fuel feentsS Geal)

Heavy fuel oil { HFCY) 2167
Matural pas (MO 2921

4.2 Capital costs

The capital cost of the conventional
power generatton units of the different sizes
i GECOL are shown in table &

Table 8 The capital cost of power gemeration
wiits [8

Tvpe Sl Cuapital cost
L (MW (S/kW)
i LK) 750
Combined cycle 820 760
gas turhine 5] T80
(CCGT) 35 AL
, . £l 430
Cias turbine -
(G 2501 A6
. 150 323
Steam turbing KLY [ 1410
i5T) 354 | 200

4.3 Operation and Maintenance Costs

The operation and mamtenance costs of the
generators are shown in table 9,

Table 9: Estimation of O&M costs for power
generation umits [“-'}j

4.4 Emission reduction costs

In order 1w evaluate the  emission
reducthion ¢osts, 10 s necessary 1o consider
the chemical analvsis and the emission rate
of these Tuels.

440, Chennical analvsis of fuel

The Chemical analvsis of Heavy fuel ail
(HF() 15 shown in table 10, while the
chemical analvsis of natural gas (NG) is
shown i table 11,

Fable 10: The Chemical analvsis of Heavy fuel
orl (HFOS used in power peneration umils in
Libyva

Percentage weight

L onlent (WL %ol
(arbon R 0
Hydrogen 141.5%0
Sl s .00
Dixwveen L05%
Nitropen .05%
Woater 20
Ash 20

Table 11: The Chemical analysis of natural gas
{ NG used in power generation units in Libya,

i Percentape weisht
Content h gh

(W %)
Carbuom T5%
Hydroeen 25%%
l'ntal R

VOLUME (1) N2.(1) June 2012

Ciroups of Fixed Variahle
TR D&M costs O&M Costs
N CiSkWh) (S/KWh]
Liias >
turbine s FHAW 0.1l 1.6
e 0.6 1%
turbime LW -
Sl 5 .
curhine= 1 00MW 042 | K&
Slenm 1.0l 500

turbimes § O W
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4.2 Fmrission Rere

I order o evaluate the emession rale, of
15 necessary 0 determine  the emission
coefficients of COs, 50 and NO, for the
fuel used in thermal units.

There are wthes envirommenial
parameters, such as the production of solid
waste, nose and heat discharges, However,
in this studv the 'environmental’ costs of
fossil fuel power production are restricted to
the emussion fo  the atmosphere that
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contributes to the acid rain problems and the
anticipated problem of climatic change.

The emission rates of MO, 508 and 0
were caleulated zu.‘-::urdiug to the procedures
and gdelines followed by indernational
hirms such as the Intergovernmental Panel
on Climate Change (IPCC), UN framework
convention on climate change (UNFCUC)
and TUY considering the chemical analysis
of the fuels (tables 10 and 11), and oxiwdation
factor of .99 for HEFO and 0.995 tar NG
recommended by [PCC [14-18], The results
are presented in table 120

Table 12: The emission rate by differem types
of fuel,

_ Emission rate (kg )
My S0, L0,
Frmissicn  Fmissionn Emission

Type of fuel

Heavy Tuel ol

T L i 1.07
_rHJ{}]_ TR 14 il
Matural gas
e (L0001 250 (.00 20
(M0
d 4.3 FEmission redwction cosiy for NOR,

.{I:ll:..'_'\- .r..'.":'n:.lI [ 'f..:'_'-

There are no local records for the
emission  reduction  technologies  and
theralore the enussion reduction costs of the
local power plants, So 1t was assumed that
the emission reduction technigque costs in
other countries could be adopted [ 19].

Mo reduction techmigues have been
applied for COs, but several studies have
outlined some recovery techmiques and CO;
storage possibilities, The cost Dgures  for
avoided NO, and S0 emmissions which were
adopted in this study are shown in table 13,

Table 13: The cmussion reduction costs for
MO, UL and OO, [19]

Ty of emission Ermission reduction vosis

501000k e )
MLy L0
L1 1120
ik 22

S. METHODOLOGY OF EVALUAT -
ING THE AVOIDED COSTS IN
LIBY A

The avoided costs were calculated using
estimated data of the electricity gemerating
system and electricity consumption i Libya
for a period of 10 vears (2009-2019). WASP
{Wien Automatic Svstem Planming Package)
software was used o caleulate the capacity
savings, fuel savings and emission savings
in order 1o determune the total avorded costs
in conventional power plants when wind
power  plants are wsed. The work  was
performed at GECOL and all data required
for the analvsis were provided by GECOL.,
as mentioned o related sections an this
paper.

The work was performed according 1o
the following steps:

. Caleulatton of the capacity value: the
capacily value can be cvaluated by two
methods:

a) The contnbution of the wind svstem
durimg peak demand on a unhty is
assessed over a period ol 10-vears and
the average power at these times was
defined as the capacity value.

b The loss of load probability (LOLP) or
loss of load expectation (LOLE) is
calculated, minally  with no wind
generalors o the swvstem, I ois then
recaleulated with wind generation on
the svstem and then conventional plant
capacity is subtracted umtil the initial
level of LOLP s obtained. The
capacity of the subtracted power s the
capacity value of the wind power,

Both methods give simular results
and both methods were used 1o
calculate the capacity savings and
therefore, the avoided costs that can be
accomphshed by the use of
enerey in Libva,

wined

2 Caleulaton of the fuel and cmission
savings: WASP (Wien Automatic System
Planming Package) software was used 1o
simulate electricity production of all the
generating
simulate the fuel consumption and the

37
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related amounts  of enviconmental

emssions, The amounts of fuel savings

and emission savings doe o the use of

wind energy are caleulated for different

wind power  penctration  levels,  as

mentioned In previous seclions.

['wo scenanos were pertormed according
to the tollowing steps:

I- WASP (Wien  Automatic  System
Planming Package) software was used 1o
calculate all required information aboul
conventional generation units system for
the perod (2009-2009) withoul using
wind energy case.

-2

- WASP software was used to caleulate all
required information aboul conventional
generation  units syvstem for the vear
(2009} using wind energy for  each
penetration  level  of  wind  power
{ 10N W -2 50N W - SOMW that
contributed to the peak load on the
national utiliy mn the yvear 2004,

WASP software was used to calculate all
required imformation about conventional
Ceneration iwith  wind
energy) for cach penetration level with
TOOMW wind power in vear the 2009,
250MW wind power in the vear 2014 and
with 00MW wind power in the vear
2019 that will contribute to the peak load
of the national utthty in the vears (2009,
2014, 20197,

4- From differences between steps (1 and 1)
in the first scenano, and steps (1 and 3)
in the seccond scenario, the capacity
caving and fuel saving were calculated,
as well as the fuel consumption which
wars  used o calculate the emussion
saving of (MO, 50, CO») over the
period of 1his study (20008- 2004,

Lad

units  system

6. DISCUSSION OF THE RESULTS

The  calculations  were
considering two-seenarios.

I'he first  scenario  considered  the
influence of wind power penetration in one
vear (2009), where 3 wvalues of wind
penetration (TOOMW, 250MW and S00MW )
were tested and the avoided costs were
38

performed

evaluated, using the forecast figures for the
vear 2009, The calculations of fuel savings
for the two tvpes of fuel used in the power
plants were conducted and the expected
amounts of fucl savings are shown in table
14. The results of the fuel savings, capacity
savings, and emission savings are shown in
table 15 for three different wind
penetration levels (10 MW, 250 MW, 500
MW and the results For avonded costs [Toel,
capacity, emussion and total aveided costs),
expressed as savings per unit energy. are
presented in figure 1.

Table 14: The amount of fucl saving (kg) as a
function of wind power penetration for the vear
20049

. : iy
Wind power Fuel saving (107 ke

penctration{ MW Matural gas  Heavy fuel

(NG)  oil (HFO)
— =
2501 28.7 3.2
300 3008 3.2

Table 15 The fuel, capacity and  coission
savings (dollars) as a function of wind power
penetration for the vear 20009

Wind Encry Fuel  Capacily  Emission
pomer  generated saving savingiCo) saving((Cy )
penetration by wind (¢ 0t (10°5) i 1%
iMwy  IUGWH) 5
[ X924 AR 03 TR
230 3672 I 1. 0.3 L6
S40i) 6i2.1 124 03 157

From table 13, it can be noticed that the
highest saving 15 the fucl saving, followed
bv emission savings, then the capacity
saving for the three wind penctration levels.
Also, 1t 15 clear from this table that the
capacity saving 15 constant for the three
wind power penetration levels.

Figure | indicates that the total avoided
costs (including avoided fuel, capacity and
emission costs) are almost the same for the
three penetration levels of wind power in
the first scenario, since there 15 no change in
load, plant mix,  fuel mix  or plant
elhiciencies  of the conventonal  power
plants.
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Figure 13 The avinded costs as a function of
wind power penetration, evaluated for
the year 209,

The second scenario considered  the
influence of wind power penetration over a
peniod of ten years (2009-2009) It was
assumed that the wind power penetration
will imcrease from 100 MW 1 2009 10 250
MW oan 2004 and 300 MW in 2019, The
avorded costs for these three speaific vears;
2000, 2014 and 2019 were investigated, and
they were compared with the avoided costs
of the first scenario. During this period
(2009-2019) many parameters will change
in  the conventional power plants, for
example the installed capacity, plant mix,
unit efficiencies and the load.

The avorded emisswens of MO, 50, and
COn over this period (2000-2019) are shown
i figure 2
Ny and OO emissions arg increasing over
the wyears 2R, 20014 and 2009 while the
avorded emussions of 8Ok are decreasing
over the vears 2009 1o 2004 and equal zero
m 2019, The reasen of this reduction of
{50:) 15 the GECOL strategy of decreasing
the wse of (HFO) for power generation units
over the years 2000 1w 2004 and
discontinuing its use after the vear 2014, in
additton to the trend of utilizing (NG,
which docs not contan sulfur, for power

s figure indicates  that the

generatioen,

The expected fuel, capacity, and emission
savings (doflarsh of the second scenarno are
shown in table 16 and the avorded costs over
this period, expressed as savings per unit of

encragy or per kWh, are presented in figure
3,

m.
E:mr

5 200 - 3
0 e 00k jm
10 ST ho00Kg) E 150
¥ CopTIpcoeg| = e
i
aQ

Figure 2: The avoided emissions of NO (10
keh S06 (107 kgy and CO. (10" kg)
over the period (2009 2810),

Table 16 The fuel, capaciy amd cmission
savimgs (in 2000 doliarsh as a function of wind
power penetration over the period (20059 201 4%)

Year  Wind
Power . Saving
Penetration by wind (¢ b ACh 100

Emerey
pencratedsaving saving

(MW (GWH (1ot (1078 o0y
2000 B 24924 58 .3 .90
2004 250 ST 344 .7 404

200% 500 [ T 1 1l

Fuel Capacity Emission

In the second scemario, it could be
noticed  that  the fuel, capacity and
environmental savings in dollars  and
accordimgly the avonded costs per K'Wh wall
mcrease with the merease ol wind power
penetration over the period (20049-20149), as
indicated i table 16 and an Dgure 3
respectively  because it s expected  that
major changes will occur in the plant mix,
tvpe of fuels. plamt efficiencics and load
over this penod. Also, it is clearly indicated
from table 16, that the highest saving 1s the
fuel saving, followed by emission saving
then to a less extent the capacity saving.
Therefore, rom figure 3, it could be noticed
that the highest avoided cost 15 the tuel
avioded
followed by the capacity avonded cost.

cosl, and then the emission

The esumated average cost thae will bhe
avorded in the second scenaro during the
periagd (2009-2009) = 6 cemskWh,

39
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Figure 3 The avoided costs of fuel, capacity
amd gmuissions for the period {20089- 2019

7. CONCLUSIONS AND
RECOMMEND ATIONS

The costs that could be avorded 1if wind
energy 15 ufilized at different penctration
levels over the period 2009-2014% have been
mvestigated by analveing the savings
fued, capacity and emssions, These avorded
cosls have been expressed as amount of
avolded costs per umit of electric energy
produced by conventional power plants.

I'he caleulations were carmied out for the
year 2009 with wind power penetrations
i 1OOMW, 250MW, S00MW) and then the
calculations were carried out for the vears
2000, 2004 and 2019 wath wind power
penctrations (100, 250 and  S500MW)
respectivelv, The results showed that the
avolded costs of wind energy will increase
from 2.4 ¢kXWh in 2009 w 8.6 o¢kWh in
2009, The average value ol the avowded
cosls of wind energy over the 10-vear period
15 6 ¢kWh, These avoirded costs represent
part of the social or cxtemal costs of
conventional power plants which if added to
the costs  of electricity  generated by
conventional power plants would make the
real cost of conventional power much higher
than s recent cost and would make wind
power coonomically competitive compared
with conventional power plants in Libva

It can be concluded that the highest
saving 15 the fuel saving, followed by
emission saving then the capacity saving.
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[herefore, the highest avorded cost s the
fuel avorded cost, and then the eomssion and
the capacity avoided costs respectively,
Finally, this project was performaed i the
middle region of Libva in three sites

{Benina, Ejdabia, Sit) during the period

{2009-2019) with penetration of wind power

{ TOOMNY,  Z500MW, S000WS, and  fulure

sthies could be performed 1o mclude the

following;

I-  Implementing this study 1o other sites in
Libva.

2. Studyving the effect of other penetration
levels of wind power over S00MW on
the avoided costs in Libya,

- Studymg the avorded crmission costs
using other methods such as the effect
of these emissions on the environment
and expressing these costs as part of the
soctal effect of these emmssions on the
::m'i ronimmenl Cosis,

4-  Stwdyving the eftect of other social costs
and how they can affect the real costs of
wind energy and other renewable
energy  systems  when they are
internalized in the energy costs.

5-  Performing funher studies to calculate
the feed in anfl to promote wide
implementation of wind energy projects
and other renewable Cnergy
technologies in the national energy mix.
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