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14.5 MW Wind park layout

Prevailing wind
to Dilidjan
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Site Conditions Estimate Notes/Range

Project name See Online Manual
Project location
Wind data source

MNearest location for weather data

Semyonovka, Armenia

Wind speed

Semyonovka, Armenia

See Weather Database

Annual average wind speed m/s 6.4

Height of wind measurement m 40.0 3.0t0 1000 m
Wind shear exponent - 0.10 0.101t0 0.40
Wind speed at 10 m m/s 5.6

Average atmospheric pressure kPa 80.0 50.0 to 103.0 kPa
Annual average temperature °C 4 -201t0 30 °C

System Characteristics Estimate Notes/Range

Grid type -
Wind turbine rated power kW 850 — Complete Equipment Data sheet
Number of turbines =
Wind plant capacity kw 14,450
Hub height m 440 6.0t0 100.0 m
Wind speed at hub height m/s 6.5
Wind power density at hub height W/m* 379
Array losses % 2% 0% to 20%
Airfoil soiling and/or icing losses % 2% 1% to 10%
Other downtime losses % 1% 2% to 1%
Miscellaneous losses % 3% 2% to 6%
Estimate Estimate
Annual Energy Production Per Turbine Total Notes/Range
Wind plant capacity kW 850 14,450
0,850 14,450
Unadjusted energy production MWh 2,080 35,365
Pressure adjustment coefficient - 0.79 0.79 0.59 to 1.02
Temperature adjustment coefficient - 1.04 1.04 09810 1.15
Gross energy production MWWh 1,709 29,056
Losses coefficient = 0.87 0.87 0.7510 1.00
Specific yield kWh/m? 699 699 150 to 1,500 kWh/m?
Wind plant capacity factor % 20% 20% 20% to 40%
Renewable energy delivered MWh 1,485 25,251
kKWh 1,485,332 25,250,641
Complete Cost Analysis sheet
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Initial Costs (Credits) i Amount Relative Costs
Feasibility Study
[Feasibility study | Cost | 1 | € -1 € -
Sub-total: € - 0.0%
Development
[Development | Cost | 1 | € -1 € -
Sub-total: € - 0.0%
Engineering
[Engineering | Cost | 1 | € 565,000 | € 565,000
Sub-total: € 565,000 2.6%
Energy Equipment
Wind turbine(s) kW 14,450 € 930 | € 13,438,500
Spare parts % \ 3.0% € 13438500 € 403,155
Transportation turbine 17 € 60,000 | € 1,020,000
[Other - Energy equipment | Cost | 1 € 660,000 | € 660,000
Sub-total: € 15,521,655 70.2%
Balance of Plant
[Balance of plant | Cost | 1 [€ 4500000] € 4,500,000
Sub-total: € 4,500,000 20.4%
Miscellaneous
Contingencies % 4% € 20,586,655 € 720,533
Interest during construction | 10.0% 9 month(s) € 21307188 £ 799.020
Sub-total: € 1,619,652 6.9%
Initial Costs - Total € 22,106,207 100.0%
Annual Costs (Credits) Unit Quantity Unit Cost Amount Relative Costs
Q&M
[0&m | Cost 1 € 300,000 | € 300,000
Contingencies % 10% € 300,000 € 30,000
Annual Costs - Total € 330,000 100.0%
Unit Cost
Drive train Cost 12 yr £ 750,000 | € 750,000
Blades Cost 15 yr € 750,000 | € 750,000
€ -
End of project life Credit - € - € -
6 ( 4& " 6" 111 B "WHN" K" * & # &&$ *4%( ") " #
% C% 2 I1IHL % % % %) % %# #&& & %) O H%)
")H# &&"# )0 "# 7 H # " %&$ ) % %) 7 H
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6" 111 +O % && ( 4& $ *4% 98& (") # & & )1 &
( 4 & )) l&" % & Y& 8 ) #" o, "% - % $
4% 9B& (") ' H#1 '&+@ & ) #" %W&( 4& # W&$ %
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( 4& &,11% % Y ™)1 &I1&% HOME 1% ) Y& C % & $ % ")
% 1 & ) " "&( 4& B H +Or 1% ) "# #% "& %% %"

-12-



$ % %

6" % #% % %) &™" ( 4& &
=% %%
Background Information

Project Information
Project name Wind Farm Project capacity 14.45 MW
Project location Semyonovka, Armenia Grid type Central-grid

Base Case Electricity System (Baseline)

Fuel type GHG emission T&D Base case
factor losses GHG emission
factor
(tCO2/MWh) (%) (tcoa/MWh)

Electricity system
[Combined Margin Approach [ 0.399 [ 17.0% | 0.481

Does baseline change during project life?[ Mo |

Proposed Case Electricity System (Wind Energy Project)

Fuel type Proposed case T&D
GHG emission losses
factor
(tCO2/MWh) (%)

Electricity system
Wind \ 0.000 [ 17.0% |

GHG Emission Reduction Summary

Base case Proposed case End-use Gross annual GHG credits Net annual
GHG emissi GHG emission annual energy GHG emission transaction GHG emission
factor factor delivered reduction fee reduction
[ (tco2/mwh) [ (tCO2/MWh) |  (MWh) (tco) (%) (teqs)
Electricity system 0.481 0.000 20,958 10,075 | 2.0% | 9,874
( 4& $ 111 M 1% ) *% &$ ") )  BY%&!" ) %
0 &) HOM 1% / %+@ & & ) #" 1 &" %WoHWT $ 0)) )
0%& I"  HME %" e # 2 &S(% W& W (& " &y % ) o0w’!" $
&%) » &) 1 )y W) "$ % "# % 0" &) # 0 $ )" %
#% & # 0°) %" & P )% )" "«&) CW(%WC=," DO 1 &
0% #% 0 &) $ % (") %) &% ' # & )& e 8 %& "8&
%) )& 0 " 18&&( % & W 7 $ % &# 1 ))"" w2
/16 &% $ # )& C% J %0 "# %) " &) 1B®!" "'&# & )
#% )$ & $ «& )1 &!" % %+@ €& & ) #" CW) EGD &
%1
0% ) &!'&" %W ! (" 0% &) $ "% ( &) ®$ )% $
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$ 111 6" % #% % ( 4& $ *4% 98&( ") " # # & %"
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6" %H% %% &&#" 119" ) #& $ 2) "8 % 2) 0 %2 #1 M %!
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Annual Energy Balance
Project name Wind Farm
Project location Semyonovka, Armenia
Renewable energy delivered MWh 25,251 Net GHG reduction toozfyr 9,874
Excess RE available MVWh =
Firm RE capacity kW Met GHG emission reduction - 21 yrs teoz 207,344
Grid type Central-grid  Net GHG emission reduction - 20 yrs tea 197,470
Financial Parameters
Avoided cost of energy £/kWh 0.0770 | Debt ratio % 70.0%
RE production credit €/kWh Debt interest rate % 10.0%
Debt term yr 10
GHG emission reduction credit €lteoz 7.0 | Income tax analysis? yes/no Yes
GHG reduction credit duration yr 21 Effective income tax rate % 20.0%
GHG credit escalation rate % 0.0%| Loss carryforward? - Flow-through
Depreciation method - Straight-line
Depreciation tax basis % 85 0%
Energy cost escalation rate %o 0.4%
Inflation % 4.0%| Depreciation period yr 20
Discount rate % 10.0%| Tax holiday available? yes/no No
Project life yr 20
Project Costs and Savings
Initial Costs Annual Costs and Debt
Feasibility study 0.0% 3 - O&M 3 330,000
Development 0.0% £ -
Engineering 2 6% £ 565,000 Debt payments - 10 yrs £ 2518378
Energy equipment 70.2% 3 15,521,655  Annual Costs and Debt - Total € 2,848,378
Balance of plant 20.4% € 4,500,000
Miscellaneous 6.9% £ 1,519,552  Annual Savings or Income
Initial Costs - Total 100 0% € 22 106,207 Energy savings/income £ 1,944 299
Capacity savings/income £ -
Incentives/Grants € |:|
GHG reduction income - 21 yrs £ 69,115
Annual Savings - Total € 2,013,414
Periodic Costs (Credits)
Drive train £ 750,000  Schedule yr # 12
Blades £ 750,000  Schedule yr # 15
£ -
End of project life - Credit £ -
Financial Feasibility
Calculate energy production cost? yes/no Yes
Pre-tax IRR and ROI %o -1.5%  Energy production cost €/KWh 0.1224
After-tax IRR and ROI % -1.3%  Calculate GHG reduction cost? yes/no No
Simple Payback yr 131
Year-to-positive cash flow vr more than 20  Project equity € 6,631,862
Net Present Value - NPV £ (8,045,128) Project debt £ 15,474 345
Annual Life Cycle Savings £ (944 978) Debt payments Elyr ? 518378
Benefit-Cost (B-C) ratio - (0.21) Debt service coverage - 064
) ) &%) &4 (A&  %& #%# % WO ) * ) # s #
, /I 6 @ /| = 6 # -16 %S %HW | &% &0 %) )
% ) $ %# % ! ) &%) & $ y 1" $ 9RO %% &&1
#o)" $ %HEWBE % *A%(")  ( C# & )" # # HH Rl 1
>0 %) B > &% %* 2 %* ,G D GH%)" %& %
CHrg % & #H& 9 (1 % % % & 1 & W % $"
EDDE/GHL # %% # H# %% &#% 0 ) & ) ( #1900 $ # &%
TS )" %B % 0 "H# BR)(" %1 JS$ H % % # % ¢,/
L - 0 % * %%,B -1 #OWh %% &0 "# )" +@ & ) #"
" # 2¢m * B (" % 1J1
# #H & &%) # ) %" &&#" # 0 $ ) $ ) & " $ $ %HY
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Wind Energy Project Cumulative Cash Flows
Wind Farm, Semyonovka, Armenia
Renewable energy delivered (MWh/yr): 25,251 Total Initial Costs: € 22,106,207 Net average GHG reduction (tqp./yr): 9,874
0 T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 2
(2,000,000)
(4,000,000)
Z {6,000,000)
E (8,000,000)
(&)
(10,000,000)
(12,000,000)
(14,000,000)
(16,000,000)
Years
Year-to-positive cash flow: more than 20 yr Net Present Value: € -8,045,128
=%%% &
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g™ o &&( 4& $ )! & )" 6 1111 '& ) &%) 4
I 1%" %% & $ "#& % # 0 "#0" 0 $HW) " % %)
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Sensitivity Analysis for After-tax IRR and ROI

Avoided cost of energy (€/kWh)

RE delivered 0.0655 0.0712 0.0770 0.0828 0.0886
(MWh) -15% -8% 0% 8% 15%
21,463 -15% negative negative negative negative negative
23,357 -8% negative negative negative negative negative
25,251 0% negative negative negative negative negative
27,144 8% negative negative negative negative negative
29,038 15% negative negative negative negative 3.1%

Avoided cost of energy (€/kWh)

Initial costs 0.0655 0.0712 0.0770 0.0828 0.0886
(€) -15% -3% 0% 8% 15%
18,790,276 -15% negative negative negative negative -11.2%
20,448 242 -8% negative negative negative negative negative
22,106,207 0% negative negative negative negative negative
23,764 173 8% negative negative negative negative negative
25,422 139 15% negative negative negative negative negalive

Avoided cost of energy (€/kWh)

Annual costs 0.0655 0.0712 0.0770 0.0828 0.0886
(€) -15% -8% 0% 8% 15%
280,500 -15% negative negative negative negative negative
305,250 -8% negative negative negative negative negative
330,000 0% negative negative negative negative negative
354 750 8% negative negative negative negative negative
379,500 15% negative negative negative negative negative

Debt ratio (%)

Debt interest rate 59.5% 64 8% 70.0% 75.3% 80.5%
(%) -15% -8% 0% 8% 15%

8.5% -15% negative negative negative negative 79.0%

9.3% -8% negative negative negative negative 115 6%

10.0% 0% negative negative negative negative 155.8%

10.8% 8% negative negative negative negative 198.9%

11.5% 15% negative negative negative negative 244 2%

Debt term (yr)

Debt interest rate 85 93 10.0 108 11.5
(%) -15% -8% 0% 8% 15%

8.5% -15% negative negative negative negative negative

9.3% -8% negative negative negative negative negative

10.0% 0% negative negative negative negative negative

10.8% 8% negative negative negative negative negative

11.5% 15% negative negative negative negative negative

GHG emission reduction credit (€/tcg;)

Net GHG emission reduction - 21 yrs 6.0 6.5 7.0 75 81
(tcoz) -15% -8% 0% 8% 15%
176,242 -15% negative negative negative negative negative
191,793 -8% negative negative negative negative negative
207,344 0% negative negative negative negative negative
222,894 8% negative negative negative negative negative
238,445 15% negative negative negative negative negative
4 W &&E&H" 2( # &% # # % ) & ) # % ) & &"™" %% &&
& " & (" %H%N)" % %4 SHE & # U & % " " W #
%) )u #u $u 0/# , %n,\- *&l &ll* _1
& H" W (& $ % '8 % &&O & #$" # % W&HE% ) (" % 0 $
4 " %% &%) *% % " S & H W ' # 1 "4 % % &&'&
$ ) & %= %! & %" % "H#H) & &0! # 0" %" & $" *'0! &
&1 " % & $ ' # &l "4 %W &EW ( &YB& &' '$ 9 $ % " W
$ %HEW " )N & #%&) 0 &0l *%'%" " " %% & '& Y&t B! 2 1
Ot Bl " o (MO0 % ") 'HW" $% ) $ " ) # # %
988 #% ) (" " %% & %( N %) w" % & " O $ %H%
")'H% 1
6" 111 b % &&&H" $ *4% 9%8& (") " # # & %" &
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Parameter Unit Value Range (+/-) Minimum Maximum
Avoided cost of energy €/kWh 00770 10% 0.0693 0.0847
RE delivered MWh 25,251 15% 21,463 29,038
Initial costs € 22,106,207 20% 17,684,966 26,527,449
Annual costs € 330,000 15% 280,500 379,500
Debt ratio % 70.0% 10% 63.0% 17.0%
Debt interest rate % 10.0% 30% 7.0% 13.0%
Debt term yr 10 20% 8 12
GHG emission reduction credit €ftcoz 70 50% 3.5 10.5
Impact on After-tax IRR and ROI
Initial costs
RE delivered
Awoided cost of energy E
Debt interest rate E
1 Debt term é:
|: Annual costs g
Debt ratio E
7:' GHG emission reduction credit
-0.800 —U,éﬂﬂ —U,:‘lUU —U,ZIUU 0.000 U,E‘UU U,J‘[]U U,éﬂﬂ 0.800
Effect of increasing the value of the parameter
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%" $ $ %HW " )HN 1 " %% % 2 " HN" N H#H && M W&
# 0 & & *%'0"  $ $ NEB" )W (" " %% % 0 2
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" & % %™ -1
%8& " & ) $ # % $ %" &" %% & % O % "
% Yw# (" ( 4 9 " # %) # & &1 # ) %" &&0! 't
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Wind Power Classification
Resource Wind Power Wind Speed I:.
Density at 50 m at 50 m
Utility W/m2 m's
Poor 0=-200 0-6.0
Marginal 200 - 300 6.0-6.8 1,
Moderate 300 - 400 6.8-7.5
Good 400 - 500 7.5=-8.41
Excellent 500 - 600 8.1-86
600 - 800 8.6-9.5
=800 >9.5 N
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Sensors type Raw Sensor Scale Factor Offset Data Output 9300
Output Range Resolution
Maximum #40 Oto 120 Hz 0.76369 m's'Hz 0 0to01.63 m/s 0271%
Anemometer
200P Wind 0to 10K ohm 0
Direction Vane 023V N/A 0 0 to 359 degrees 0271%
8° dead band
about north
110S Temperature
Sensor Ow25V 0.1356 (°C) -86.39°C -40°C to 52.5°C 0.271%
BP-20 Pressure Oto5V 0.04255 65.03 kPa 78.5to 108.6 kPa 0271%
Sensor
Relative Humidity 0.098 0 0271%
Sensor #RH-5
& & % " "&& ( %w! 1
%! 1 & %
Wind Speed Sensors Wind Direction Climate sensors
Sensors
NRG #40 maximum NRG #200P
Type anemometer Direction vane Temperature Humidity Pressure
Height 40 20 40 20 - 6 3 3
(m)
Counter
nputs #1 #2 - - - . = =
channel
Analog
nputs - - - #1 #2 =4 #5 #6
channel
13
/| + & & 3E 3 % 0 "&W ) ( R ”%&% ) 0 ) ®4d
0 g ) (" | +: ; ! " # 0 1 # HA # %%
I &%  *" )5
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