creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

ﬂwo

o

2 N

2016



o WkE T

5
=
h
i
<k

MmO E RS

2015 % 12 A

X

B

o] TE AL e RuES

=

B4}
[Tt
A
il
XM

il

XA A

il

PPN

2015 £ 12 H



Determination of Marginal Mean Wind Speed
for Profitable Onshore Wind Project

Jiveong Hyeon
(Supervised by professor Kyungnam Ko)

A thesis submitted in partial fulfillment of the requirement for the degree of
Master of Engineering

2015. 12.

This thesis has been examined and approved.

Py 1l Maer

Thesis director, Dong-Wook Lee, Prof. of Civil Engineering

Thesis director, Kyung—-Nam Ko,"Prof. of Faculty of Wigd Energy Engineering

Thesis director, Bum§suk Kim, Prof. of Faculty of Wind Energy Engineering

Faculty of Wind Energy Engineering

GRADUATE SCHOOL

JEJU NATIONAL UNIVERSITY



1
v
Vi

- o~ 10 - [SPEE o)

10
12
12
13
18
23
23

=

ksl
i
|=]
T

T ﬂ.,o
ﬂw ) _xT
(S

A

9,] ;g_q]
E
gz B Rl o

Et TN Tl
: ,OI_I H_T_ T

- R
SRS o X0
Mo M- o

B B

£ 9
VA
s

ol
=
X

_

=t
do M < W
T

Jusl
vl ﬁo ﬂ.Ev ﬂAIL

at

A -ul 7
:__rL
I__rL
<
] &
. AA
oI -+
1. L E
1.1 A&
7_:]l
ﬁ_
E}.

1. A

27
28

e

]

H

P
T

'o]-

T,

E S REEART)

e

2.3 7€k a1 A}

2.2



29
29

J_AO

T
fupl

w0
4
o
E

ﬁo

N

\_Iryv
T

w
4

e

ﬂw,wo

N

35

37

s
Ho

37

40

44

44

3.1 NPV

47
49

3.2 IRR W=+

T
gl
B
ol

—_—

3.3 BCR %

at

eyl

.
A

H

il



Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

© oo N O O A~ W NN~

[ = T = S O S S S
Sy 01 W= O

List of Tables

Classes of wind power density at 10m and 50m -eeeeeeereemeeeees 5
Technical characteristic of selected wind turbines -eeeeseeee 15
Loss category and typical valle e, 20
Estimated AEP and CF from 1.5MW wind turbine e 21
Estimated AEP and CF from 2.0MW wind turbine --eoeeeeeeeee 21
Estimated AEP and CF from 2.5MW wind turbine oo 22
Estimated AEP and CF from 3.0MW wind turbine -::eeeeeeeeee 22

Applied SMP and REC based on annual variation prediction 26

Input parameters for economic feasibility analysis «eeeeeeeeeeees 27
NPV results (10% loss of AEP and no REC) e 30
NPV results (10% loss of AEP and REC sale) e 31
IRR results (10% loss of AEP and no REC) e 33
IRR results (10% loss of AEP and REC sale) e 34
BCR results (10% loss of AEP and no REC) s 36

BCR results (10% loss of AEP and REC sale) «eeeeeeeeneeeen: 37

- i -



List of Figures

The LCOE (Levelized cost of energy) in 2010 and 2014 e 1
Global wind power capacity and additions, top 10 countries, 2014
.............................................................................................................................................. 2
Wind resource map in South Korea at 80m (Source: NIMR) - 4
Wind resource map in South Korea at 80m (Source: KIER) - 4
Wind resource map in United States at SOMm e 6
Rayleigh wind distributions (Vaye=5~8m/s) wewreeeerssereseeisecuieninn: 14

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

ig. 11

Average power curve derived from power curves of 1.5MW wind turbines

............................................................................................................................................ 17
AEP estimation based on Rayleigh wind speed distribution - 19

. 12 Equivalent CF versus mean wind speed s, 19
ig. 13 Real SMP and REC price fluctuation for 2010—2014 -«eeereeeeeens 24
14 NPV versus average wind speed (excluding REC sales) === 30

15 NPV versus average wind speed (including REC sales) e 31

16 IRR versus average wind speed (excluding REC sales) e 33

17 IRR versus average wind speed (including REC sales) e 34

18 BCR versus average wind speed (excluding REC sales) e 35

19 BCR versus average wind speed (including REC sales) e 36
20 BCR versus average wind speed with 10% loss of AEP «eeees 38

21 Flow chart for determining minimum mean wind speed for

Fig.

,iV,



ensuring economic fea81b111ty .................................................................................. 39

Fig. 22 Marginal wind speed and CF (10% loss of AEP & no REC sales)

Fig.
Fig.
Fig.
Fig.
Fig.

Marginal wind speed and CF (10% loss of AEP & REC sales) 42
Marginal wind speed and CF (15% loss of AEP & REC sales) 43
NPV sensitivity analysis (10% loss of AEP & no REC sales) 45
NPV sensitivity analysis (10% loss of AEP & REC sales) - 46
IRR sensitivity analysis (10% loss of AEP & no REC sales) - 47
IRR sensitivity analysis (10% loss of AEP & REC sales) = 48
BCR sensitivity analysis (10% loss of AEP & no REC sales) 49
BCR sensitivity analysis (10% loss of AEP & REC sales) - 50



Abstract

A study on economic feasibility analysis of a wind project was
carried out to find the "marginal mean wind speed" which means the
minimum average wind speed for profitable operation of general
utility —scale onshore wind farms. A flow chart showing the overall
process was proposed to determine marginal mean wind speeds under
various financial conditions. The procedure at the flow chart is as
follows:

Rayleigh wind speed distribution with the mean of 4.5 m/s to 8.0 m/s
was assumed as wind condition for this study. The average power
curves for wind turbines with power ratings of 1.5, 2.0, 2.5 and 3.0 MW
were derived, and gross annual energy production (AEP) and capacity
factor (CF) were calculated using each wind distribution. Then, 10 %
and 15 % loss of AEP was applied to gross AEP for estimating net AEP
at real wind farms.

Next, economic feasibility analysis were performed using Net Present
Value (NPV), Benefit Cost Ratio (BCR) and Internal Rate of Return
(IRR). The parameters for determining the cost and the benefit of a
wind project were carefully chosen on the basis of the Korean wind
market. In particular, it was very hard to estimate System Marginal
Price (SMP) and Renewable Energy Certificate (REC) price so that they
were assumed based on some references. Accordingly, it should be
noted that the results of this study highly depended on variation in SMP
and REC price. Finally, BCR was regarded as a main factor for
determining marginal mean wind speed, and the marginal mean wind
speeds were estimated when BCRs were 1.0, 1.15 and 1.25,

respectively.

,Vi,



The result showed that when the BCR was 1.0 and REC sales were
not included in the economic analysis, the marginal mean wind speed
needed from 5.6 m/s to 6.1 m/s (median: 5.9 m/s). In the case of
including REC sales, the marginal mean wind speed ranged from 4.8 m/s
~ 5.1 m/s (median: 4.9 m/s). In addition, when the BCR was 1.15 and
REC sales were not included in the economic analysis, the marginal
mean wind speed was from 6.1 m/s to 6.7 m/s (median: 6.4 m/s). When
REC sales were included, the marginal mean wind speed ranged from
5.1 m/s to 5.5 m/s (median: 5.3 m/s). Furthermore, when the BCR was
1.25 and REC sales were not included, the marginal mean wind speed
ranged from 6.5 m/s to 7.2 m/s (median: 6.9 m/s). With REC sales, the
marginal mean wind speed was from 5.4 m/s to 5.8 m/s (median: 5.6
m/s). That is, the marginal mean wind speed for profitable operation of
a wind farm greatly depended on REC sales.

Additionally, sensitivity analysis was carried out for 1.5 MW wind
turbines. The economic feasibility in a wind project was sensitive to
mainly SMP, CF and Capital Expenditure (CAPEX). When REC sales
were applied, changes in SMP had the most effect on NPV, IRR and
BCR.
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Table 1 Classes of wind power density at 10m and 50m [9]
Wind Resource Lo : : 2l :
power . Mean Wind power Mean wind Wind power
class potential wind speed den51t2y speed den81t2y
(m/s) (W/m*) (m/s) (W/m”)
1 Poor 0-4.4 0-100 0-5.6 0-200
2 Marginal 4.4-5.1 100—150 5.6—6.4 200—-300
3 Fair 5.1-5.6 150-200 6.4-7.0 300—-400
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5 Excellent 6.0-6.4 250—-300 7.5-8.0 500-600
6 Outstanding 6.4-7.0 300—400 8.0—8.8 600—800
7 Superb 7.0-9.4 400-1000 8.8—11.9 800—2000

(a) Vertical extrapolation of wind speed based on the 1/7 power law.

(b) Mean wind speed is based on Rayleigh wind speed distribution of equivalent mean wind power
density. Wind speed is for standard sea—level conditions. To maintain the same power density,
speed increases 3%/1000 m (5%/5000 ft) elevation.
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United States - Wind Resource Map

This map shows the
annual average wind
power estimates ata
height of 50 meters
Itis a combination of
high resolution and
low resolution
datasets produced
by NREL and other
organizations. The
data was screened
to eliminate areas.
unlikely to be
developed onshore
due to land use or
environmental issues.
In many states, the wind
resource on this map is
visually enhanced to
better show the distribution
on ridge crests and other
features.

Wind Power Classification

Wind Resource  Wind Power Wind Speed ® Wind Spead?

Power Polentisl  Densityat50m at50m al50m

Class wim? mis mph
3 Fair 300 - 400 64-70 14.3-15.7
4 Good 400 - 500 7.0-75 15.7-16.8
5 Excelent  500- 600 75- 80 16.8-17.9
6 Outstanding 600 - 800 80- 88 17.9-19.7

’ 7 Superb 800 - 1600 88-111  197-248 (B Bapartinait E
Ay i epartment of Energy
Aisna, Wind speeds are based on a Weibull k value of 2 National Renewable Energy Laboratory
Do auea 119

Fig. 5 Wind resource map in United States at 50 meters [9]
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Table 2 Technical characteristics of selected wind turbines

e d| o] B 2}

Rated Rotor Def. hub Rated AEP

power Company Model diameter height Svglenedd @8m/s
(MW) (m) (m) (m/s) (MWh)
Leitwind LTW77 1.5 76.7 65.0 15.0 5711.0

Suzlon S82-1.5 MW 82.0 79.0 14.0 5904.9

VENSYS Vensys77 77.0 85.0 14.0 5950.7

1.5 Acciona | AW 82/1500 | 82.0 80.0 13.0 6247.6
GEWIND GE 2.5-82 82.5 80.0 13.0 6210.7

Average 80.0 77.8 13.8 6005.0

ENERCON E-82 82.0 78.3 12.0 7945.1

VESTAS V90-2.0 90.0 80.0 12.0 8059.2

Hyundai HQ2000-93 93.3 80.0 10.5 8556.4

2.0 GAMESA Go7 97.0 78.0 14.0 8795.1
VESTAS V110-2.0 110.0 95.0 11.5 9570.5

Average 94.5 82.3 12.0 8585.3

NORDEX N90/2500 HS 90.0 80.0 13.0 9416.4

GE WIND GE 2.5/100 100.0 98.3 12.0 10087.8

NORDEX N100 99.8 100.0 12.5 10278.2

2.5 GAMESA G4 114.0 93.0 14.0 11357.3
GE WIND GE 2.5-120 120.0 85.0 11.0 11893.0

Average 104.8 91.3 12.5 10606.5

Doosan WinDS3000 91.3 80.0 14.0 10234.7

Siemens SWT3.0-101 101.0 74.5 14.0 11563.8
Alstom Wind ECO 110 110.0 75.0 15.0 12030.4

3.0 ENERCON E-115 115.7 135.4 12.0 12845.5
NORDEX N131/3000 131.0 99.0 11.5 13290.8
Average 109.8 92.8 13.3 11993.0
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Fig. 7 Average power curve derived from power curves of 1.5MW wind turbines
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Fig. 8 Average power curve

derived from power curves of 2.0MW wind turbines
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Fig. 9 Average power curve derived from power curves of 2.5MW wind turbines
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Fig. 10 Average power curve derived from power curves of 3.0MW wind turbines

,17,



AEP = A3}

oF

8 7} Ejulel o

3L A~
Rl

(7)

714,

o

<

o= 8
1d 5 AR (8760)

i

N

B!

AEP+= R

T
Ny

Bin9] <

N2

% [m/s]
g [kW]

3T
]

T =

Ry
[¢]

=3k

wel ¥

U

ik

Al

P

K

X
Gl

B

Gl
4
Ko

we)

E

]

o4& °F 2,000~5,000MWhe]

~3.0MW *¢
H el

hie

sk 1.5

&

o]

B

T%<% 5.0m/s9

Ry
o

’

o
3%

AL 2425MWh, 2.0MW2

olth. 1.5MWe
3611MWh, 2.5MW2] A% 4406MWh, 3.0MW2 7<%, 4909MWh=,

ol
N

1

HH

of i

A=
==

7.0m/sel A 2

Ey
AFe] oF 2ui7b A= H T 1.5MWe A

ilin

4951MWh, 2.0MWe 7<%, 7139MWh, 2.5MW<¢ 7ZA$ 8763MWh,

3.0MWe] Z-¢ 9938MWho]t}.

o)
T,

Ko

Fig. 12+ 7}

Wt

2.0MW<e] 7

18%,

o
T’

5.0m/se|A ¢ Aulo] &L 1.5MWe 4

21%, 2.5MW<e] 7

@

Ry
o

[e)
T

o
T

o
ofo

7.0m/s®] “dn]o]

w=2w, 1.5MWe A%, 38%, 2.0MWe A%, 41%, 2.5MWel 7

T
Ho
W
i

Z7kstsiet.

24j

ok
=1

5.0m/sellA Hth

3L 2~
Riaroay

3%
(e}

38% =,

o
T

40%, 3.0MW2] 7

[e)
T,

,18,



eob+1.5MW AEP - -2.0MW AEP 2.5MW AEP - ¢+ 3.0MW AEP

14,000
12,000 X
P G
10,000 o
o X I
S 8,000 T
s P el
& 6,000 X RRBSLL —
< w“(, "..- .."..‘.-
nao‘xﬁ e . .......‘.o
4,000 s g s
= Q‘
2000 geeesstt
0
4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0

Wind speed (m/s)

Fig. 11 AEP estimation based on Rayleigh wind speed distribution
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Fig. 12 Equivalent CF versus mean wind speed
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Table 4 Estimated AEP and CF for 1.5MW wind turbine

Loss 10% Loss 15%
(/s (W cr (W cr
4.5 1,642.83 12.5% 1,551.56 11.8%
5 2,182.78 16.6% 2,061.52 15.7%
5.5 2,753.82 21.0% 2,600.83 19.8%
6 3,333.92 25.4% 3,148.70 24.0%
6.5 3,905.58 29.7% 3,688.61 28.1%
7 4,456.15 33.9% 4,208.59 32.0%
7.5 4,977.06 37.9% 4,700.55 35.8%
8 5,462.67 41.6% 5,159.19 39.3%
Table 5 Estimated AEP and CF for 2.0MW wind turbine
Loss 10% Loss 15%
(m\;s) (N?\gﬁ) CF (I\/I?V?fi) cF
4.5 2,471.01 14.1% 2,333.73 13.3%
5 3,249.96 18.6% 3,069.41 17.5%
5.5 4,062.90 23.2% 3,837.18 21.9%
6 4,877.77 27.8% 4,606.78 26.3%
6.5 5,670.61 32.4% 5,355.58 30.6%
7 6,425.25 36.7% 6,068.29 34.6%
7.5 7,131.61 40.7% 6,735.41 38.4%
8 7,783.68 44.4% 7,351.26 42.0%
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Table 6 Estimated AEP and CF for 2.5MW wind turbine

Loss 10% Loss 15%
(i) o) o o) o
4.5 3,006.40 13.7% 2,839.38 13.0%
5 3,965.44 18.1% 3,745.14 17.1%
5.5 4,966.71 22.7% 4,690.78 21.4%
6 5,971.96 27.3% 5,640.18 25.8%
6.5 6,952.11 31.7% 6,565.89 30.0%
7 7,887.10 36.0% 7,448.93 34.0%
7.5 8,764.02 40.0% 8,277.13 37.8%
8 9,574.89 43.7% 9,042.95 41.3%

Table 7 Estimated AEP and CF for 3.0MW wind turbine

Loss 10% Loss 15%
e o) r own) r
4.5 3,345.03 12.7% 3,159.20 12.0%
5 4,418.98 16.8% 4,173.48 15.9%
5.5 5,654.70 21.1% 5,246.11 20.0%
6 6,708.99 25.5% 6,336.27 24.1%
6.5 7,847.27 29.9% 7,411.31 28.2%
7 8,944.33 34.0% 8,447.43 32.1%
7.5 9,982.99 38.0% 9,428.38 35.9%
8 10,951.86 41.7% 10,343.43 39.4%
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3.2.1.1 A% &A 74 (SMP: System Marginal Price)
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Fig. 13 Real SMP and REC price fluctuation for 2010-2014 [Source:KPX]
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Sevhete] A, Add dAsn AxE W a3, dEeugel wel A A
7kel AArd wj - Ak w3 A6k AEEFAE (2013~2027d) o wEW 2027
A9 Ao &g 17.2~22.6%= <Asta Uth[30] oo wet &g AN
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of M Zor A%y v 1 <
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E olojuyriy, & WE H5 ARG B9 obF AR AYu|E v A X AHE
kg, viHggo R Yrold REC A< 20167 F3d ogolv ofo uf

2
oA nt B AAA BEAo|q= gk REC 714 +
Aol o]FojFtt REC F% WHow 2012~201499 SMP$ REC Hi7H4 9
zFolE Akt 2012 ~ 2014:d2] SMP} REC H+7H4 9] #Fol= $49% 1
ol& &% AWHASMPH} RECe| e A $49¢] ztol7h Q& Zeoleta 744
3tolth. Table 8¢ B ATo|A ALs SMP9F RECS MWhY 7}2-<S vrebdict,

Table 8 Applied SMP and REC based on annual variation prediction

Vear SMP REC
($/MWh) ($/MWh)
2015 112.61 67.54
2016 104.01 58.94
2017 99.35 54.27
2018 97.34 52.27
2019 89.83 44.76
2020 ~2034 80.25 30.17

,26,



FWANY S /)N T R ARo] Beste], of 20 We] £97)
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PRl FEA ARAQ WG FPo| olFolarh e} AR WA, 2
ATl FAE ARl AAG ] M FHL itk 271FAN G} A

Goll tieh AF-d5

Table 9 eI

Table 9 Input parameters for economic

feasibility analysis

Parameter Value
Turbine purchase
Installation =21 & <2 MW $1734/kW
Capex Substation >2 & <3 MW $1675/kW
Interconnection >3 MW $1625/kW
Balance of expense [33]
0&M Wage
Material $28/kW/yr [33]
costs Rent
General & admin. cost
Property insurance
OPEX | Other cost Worker's compensation 2% of revenue/yr
insurance
Land lease $5580.9 per 1 WTG/yr
Corporation income tax Annual taxable income
Tax .
Local income tax +99%/yr[34]
Operation period 20yr
Inflation rate 1.6% (a)
Discount rate 5.5% [24]
Currency exchange rate $0.916 (=KRW1000) (b)
Depreciation Straight line method
(a) The average annual inflation rate from 2012 to 2014 in South Korea.[35]
(b)  The average annual won—dollar exchange rate from 2012 to 2014 in South Korea. [35]
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Fig. 14 NPV versus average wind speed (excluding REC)
Table 10 NPV results (10% loss of AEP and no REC)
(Unit: $Million)
V(m/s) 1.5MW 2MW 2.5MW 3.0MW

4.5 -$1.14 -$1.38 -$1.94 -$2.50
5.0 -$0.71 -$0.76 -$1.17 -$1.65
5.5 -$0.25 -$0.11 -$0.37 —-$0.74
6.0 $0.21 $0.55 $0.43 $0.19
6.5 $0.67 $1.18 $1.22 $1.09
7.0 $1.11 $1.78 $1.97 $1.97
7.5 $1.52 $2.35 $2.67 $2.80
8.0 $1.91 $2.87 $3.31 $3.58

Fig. 159} Table 112 2 x7e tid] RECHulE &3k 9ot} vzbrbx]
2, FF] S/ TS NPV A9 Adgder Srtskalth. REC 3 o= 2%

Ae AF, Ft FTH Sm/selME BE FHEW Alo]xe disiA NPV7E
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Fig.15 NPV versus average wind speed (including REC sales)
Table 11 NPV results (10% loss of AEP and REC sales)
(Unit: $Million)
V(m/s) 1.5MW 2MW 2.5MW 3.0MW

4.5 -$0.50 -$0.42 -$0.77 -$1.20
5.0 $0.14 $0.51 $0.37 $0.07
5.5 $0.82 $1.47 $1.56 $1.42
6.0 $1.50 $2.44 $2.76 $2.79
6.5 $2.18 $3.38 $3.92 $4.15
7.0 $2.84 $4.28 $5.03 $5.45
7.5 $3.46 $5.12 $6.07 $6.68
8.0 $4.03 $5.89 $7.04 $7.83
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Fig.16 IRR versus average wind speed (excluding REC sales)
Table 12 IRR results (10% loss of AEP and no REC sales)

V(m/s) 1.5MW 2MW 2.5MW 3.0MW
4.5 -1.0% —0.5% -1.4% —2.4%
5.0 1.7% 2.4% 1.6% 0.7%
5.5 4.2% 5.1% 4.3% 3.9%
6.0 6.5% 7.6% 6.8% 6.0%
6.5 8.7% 9.8% 9.1% 8.3%
7.0 10.6% 11.9% 11.2% 10.4%
7.5 12.5% 13.8% 13.1% 12.4%
8.0 14.1% 15.5% 14.8% 14.2%
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Fig.17 IRR versus average wind speed (including REC sales)
Table 13 IRR results (10% loss of AEP and REC sales)

V(m/s) 1.5MW 2MW 2.5MW 3.0MW
4.5 2.8% 3.8% 2.9% 2.0%
5.0 6.2% 7.5% 6.7% 5.7%
5.5 9.5% 11.0% 10.2% 9.2%
6.0 12.6% 14.4% 13.6% 12.6%
6.5 15.6% 17.5% 16.7% 15.8%
7.0 18.4% 20.5% 19.7% 18.8%
7.5 21.0% 23.3% 22.5% 21.6%
8.0 23.5% 25.9% 25.0% 24.3%
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Fig. 18 BCR versus average wind speed (excluding REC)
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Table 14 BCR results (10% loss of AEP and no REC)

V (m/s) 1.5MW MW 2.5MW 3.0MW
45 0.60 0.65 0.62 0.58
5.0 0.76 0.82 0.78 0.74
5.5 0.92 0.98 0.93 0.89
6.0 1.06 1.12 1.07 1.03
6.5 1.19 1.25 1.20 1.15
7.0 1.31 1.36 1.31 1.27
7.5 1.41 1.46 1.41 1.37
8.0 1.50 1.54 1.49 1.45
Fig. 199} Table 15% REC #uj4elS xE3tste] AAA A4S AAsE
%% W BCRS YErdY BCRO] 1EY 2 T4 bm/solidola, 72+ &%
H Y ALFS RECE A &34 &skS vl 22 ddS Bty REC #v 5
9 off-of w2k BCR AFol= oF 0.2 =3lrh
25
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Q
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Fig.19 BCR versus average wind speed (including REC)
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Table 15 BCR results (10% loss of AEP and REC sale)
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Fig. 22 Marginal wind speed and CF (10% loss of AEP & no REC sales)
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Fig. 23 Marginal wind speed and CF (15% loss of AEP & no REC sales)
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Fig. 26 NPV Sensitivity analysis (10% loss of AEP & no REC sales)
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Fig. 27 NPV Sensitivity analysis (10% loss of AEP & REC sales)
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Fig. 28 IRR Sensitivity analysis (10% loss of AEP & no REC sales)
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Fig. 29 IRR Sensitivity analysis (10% loss of AEP & REC sales)
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