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Topics

1. Basic concepts of Wind Resource Assessment (WRA) and Uncertainty
2. Financial implications of WRA Uncertainty
3. Some thoughts about how we could minimize uncertainty

4. Example Project Finance model for different WRA scenarios
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Typical Wind Resource Assesssment (WRA)
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WRA basics

Local Wind Measurements

Short Term Wind Climate
@ mast site
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WRA basics
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WRA basics
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Assess Uncertainty on NET AEP

Probability [%]

20.0%
18.0%
16.0%
14.0%
12.0%
10.0%
8.0%
6.0%
4.0%
2.0%
0.0%

15

17

19 21 23 25 27 29 31
Capacity Factor [%]

33

35

About the importance of wind resource assessment

11




Uncertainty in WRA

Wind Measurements

Long Term adjustment

Wind Variability

Wind Flow Model

Wake and Wind Farm model

Global (% AEP)
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Uncertainty in WRA

Wind Measurements 5% (% of avg. annual
wind speed)
Long Term adjustment (% of avg. annual
8 J 6 A wind speed)
Wind Variabilit (% of avg. annual
Y 6 A) wind speed)
Wind Flow Model 1 O% (% of avg. annual
wind speed)

Wake and Wind Farm model 5% ‘ (% of AEP)

Global (% AEP)
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Uncertainty in m/s to Uncertainty in GWh

Tipicaly:
UGWh [%]=1.5 to 2.5 xUm/s
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Uncertainty in WRA

Wind Measurements

Long Term adjustment (% of AEP)

Wind Variability 1 2% (% of AEP)
Wake and Wind Farm model 5% ‘ (% of AEP)
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Uncertainty in WRA

Wind Measurements (% of AEP)

Long Term adjustment (% of AEP)

Wind Variability (past and future) (% of AEP)

Wake and Wind Farm model 5% ‘ (% of AEP)

(% of AEP)

(% AEP)

Uncertainties follow Gaussian distributions and are mutually independent. Ugpa = \/Ulz +UZ+UZ +...
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Probability distribution of AEP estimates

AEP Estimate = 25 % CF
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Probability distribution of AEP estimates

AEP Estimate = 25 % CF

20.0% Standard Uncertainty = 10 %
18.0%
16.0% /-\
14.0%
X 12.0% 21.8 % CF // \\
>
g 100% 87% of P50 [/ \
3 8.0% / 90% \
* 6.0% / ; . \
4.0% :
10% .
2.0% // 4 : \\
0.0% ; . : : : : : : . .
15 17 19 21 23 25 27 29 31 33 35
! Capacity Factor [%]
AEP estimate with 90% probability of being exceeded
(exceedance probability of 90%): P90
Green Cape Iniciative / Cape Town About the importance of wind resource assessment 18

13/05/2013



Probability distribution of AEP estimates

AEP Estimate = 25 % CF
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Probability distribution of AEP estimates
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Probability distribution of AEP estimates

AEP Estimate = 25 % CF
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Disclaimer

“In average, for 100 wind studies performed,
10 (10%) will see real production fall below the P90 estimate !”
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Finantial Implications WRA Uncertainty
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For Equity deals...or for any deal at all

 Uncertainty in WRA means RISK...

- ...of not reaching the desired AEP in the Long Term (10 years) average

* P50 means 50% risk

P75 means 25% risk

« ...of not having an optimum Wind Farm layout

+ ...of rejecting a good site...

“You've obviously overestimated your
risk tolerance.”
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For debt deals in Project Finance

» PF finance models (typically) define debt based on a 10 year PXX scenario (P90, P95,
P99)

» The project must generate enough cash (revenue minus OPEX) to service the debt at
the defined scenario with a “safety” margin - Debt Service Coverage Ratio

| AT 1

» A typical DSCR for a P90 scenario is DSCR = 1.2

 |If it does not...the loan is reduced until is does ...
or the deal is off !

* Meaning, for the same P50 a WRA with
higher uncertainty means a lower loan !
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Example - #1

Green Cape Iniciative / Cape Town About the importance of wind resource assessment 26
13/05/2013



Great Deal Wind Farm

* 40 X 2 MW = 80 MW * Fixed tariff R 0.80/kWh

« Total investment R 1 120 million

@) CGREATDEALWINDFARM -} METMASTS
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Great Deal Wind Farm

* Interest rate plus margin - 7.5 % * Finance model case based on P90 and

* 15 year loan DSCR =1.2

@) CGREATDEALWINDFARM -} METMASTS
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WRA - Base Case

* 12 months measurements in a poor met. + Flow modeling with WAsP linear model

mast measuring lower than hub height « AEP P50 = 230.0 GWh/year / 32.8 % CF

* No adjustment to Long Term

@ GREAT DEAL WIND FARM '$’ MET MASTS
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Uncertainty - Base Case

(% of avg. annual wind speed)

5.3%
Wind Measurements
Long Term adjustment (% of avg. annual wind speed)

6%

[+)
Wind Flow Model [RAYE
Wake and Wind Farm model 5% % of AEP)

Global 18.1% (% of AEP)

(% of avg. annual wind speed)

Wind Variability

(% of avg. annual wind speed)
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WRA - Base Case

- AEP P50 = 230.0 GWh/year / 32.8 % CF
- U=18.1%
- P90 = 176.6 GWh/year (77% P50)

@) CGREATDEALWINDFARM -} METMASTS
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Project Finance - Base Case

* Investment = R 1 120 million * IRR=~27%
 Loan = R 900 million

« Equity = R 220 million

@) CGREATDEALWINDFARM -} METMASTS
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Going minimal...

A few thoughts about reliable WRA
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Pre-Feasibility Studies
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Wind Measurements
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Remote Sensing
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Long Term adjustment
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Wind Flow Modelling

\Wind speed Streams
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|deal vs Real Turbine and Wind Farm performance
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Example - #2
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Uncertainty - Alternative Case 1

» Mast fully compliant with IEC and measuring at hub height for a year

0 0,
Wind Measurements | 2.0% % of avg. annual wind speed)
Long Term adjustment - % of avg. annual wind speed)
6%

0
Wind Variability (% of avg. annual wind speed)

Wind Flow Model BLUL (% of avg. annual wind speed)
Wake and Wind Farm model 5% (% of AEP)
18
Global o 16.1% (% of AEP)
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WRA - Alternative Case 1

- AEP P50 = 199.6 GWh/year / 28.5 % CF
.« U=18.1%16.1%
. P90 = 176.6 GWh/year(77%P50) 182.5 GWh/year (79% P50)

@) CGREATDEALWINDFARM -} METMASTS

Green Cape Iniciative / Cape Town About the importance of wind resource assessment 42
13/05/2013



Uncertainty - Alternative Case 2

» 10 year “Virtual” reference data is used to adjust local measurement to the Long Term

0 (o)
Wind Measurements | 2.0% % of avg. annual wind speed)
O
Long Term adjustment m 6% ' | I % of avg. annual wind speed)

0
Wind Variability 1.9% |(% of avg. annual wind speed)

Wind Flow Model BLUL (% of avg. annual wind speed)
Wake and Wind Farm model 5% (% of AEP)
18.1% |
Global et 14:2% (% of AEP)
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WRA - Alternative Case 2

- AEP P50 = 199.6 GWh/year / 28.5 % CF
. U=18.1% 14.2%
. P90 = 176.6 GWh/year(77%P50) 188.1 GWh/year (82% P50)

@) CGREATDEALWINDFARM -} METMASTS
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Uncertainty - Alternative Case 3

» A second mast, equally compliant and at hub height, is installed at the same time

0 0,
Wind Measurements | 1.3% of avg. annual wind speed)

o,
Long Term adjustment W 5% 'l I % of avg. annual wind speed)

Wind Variability 1.9% |(% of avg. annual wind speed)
0

Wake and Wind Farm model 5% (% of AEP)

18.1% 0
Global I eI 1% T e

(% of avg. annual wind speed)
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WRA - Alternative Case 3

- AEP P50 = 199.6 GWh/year / 28.5 % CF
.« U=181%11.1%
. P90 = 176.6 GWh/year(77%P50) 197.3 GWh/year (86% P50)

@) CGREATDEALWINDFARM -} METMASTS
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Uncertainty - Alternative Case 4

* A CFD model is used instead of WAsP

Green Cape Iniciative / Cape Town

13/05/2013
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Wind Measurements | 1.3% of avg. annual wind speed)

Long Term adjustment
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Wind Flow Model II:_ 6.2%| 3.1% I (% of avg. annual wind speed)
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[ 1
18.1%

Global
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WRA - Alternative Case 4

- AEP P50 = 199.6 GWh/year / 28.5 % CF
. U=184%10.0%
. P90 = 176.6 GWh/year(77%P50) 200.8 GWh/year (87% P50)

@) CGREATDEALWINDFARM -} METMASTS
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Impact in finance model

- ~ Equity
1000.0 - M Loan

800.0 -
©
S

S 600.0 -
c
2

€ 4000 -

200.0 -

0.0 -

Base Alt1l Alt2 Alt3 Alt4
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Impact in finance model

Save R 40 million

1000.0

800.0

IRR ~27%

600.0

million Rand

o

o

©

o
1

200.0

0.0 -

Base

IRR~30%
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Green Cape Iniciative / Cape Town
13/05/2013

About the importance of wind resource assessment

50




Impact in finance model

Save R 70 million

~ Equity
1000.0 - M Loan
800.0 -
©
S
S 6000 H
c
2
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200.0 -
0.0 -
Base Alt1l Alt2 Alt3 Alt4
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Impact in finance model

Save R 100 million

~ Equity

1000.0 M Loan

800.0

| ~27
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Impact in finance model

Save R 150 million

E ~ Equity

M Loan

1000.0

800.0

IRR ~27% IRR~60%

600.0
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o

o

©

o
1
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We can be certaint that...

» Options made in WRA setup WILL shape future uncertainty associated with the wind project
e Uncertainty in WRA WILL have an impact on the project financial model

e Most of the investment in WRA WILL pay off later
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Thank you !
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