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Me

<s Started my career in wind, 12 yrs ago... as a met mast!

<% Hydromega =» Saint-Laurent Energies = EDF EN Canada
<s Heavily involved in the QC RFPs from 2005 going fwd; later
in BlackSpring Ridge, Ontario RFPs, NIC project, etc.

<= At the moment, different roles:
= ENG Canada

= Procurement Canada

= Technical Coordination &
Optimization Team - NA

LTechnicaI Director - North America
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Reality of wind projects in recent years
N

|

. Significant increase in Interconnection costs and congestion risks

‘ Size of RFPs reduced, lowering the potential volume effect
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Wind LCOE in recent years

: : WIND POWER TECHNOLOGIES OFFICE S A
Even with the « wind

: : A Smoother Look at the Time Trend Shows
reality » described Steep Decline in Pricing Since 2009;

previously the LCOE Especially Low Pricing in Interior Region
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Wind LCOE forecasts

Forecasts keep consistent AQPER - LCOE FORECASTS (RATIOS)

t d —a— Berkeley actualized ($2015) —&— DOE actualized ($2015) —=— Bloomberg (US) actualized_high ($2016) Bloomberg (US) actualized_Low ($2016)
renas,

How to get there?
OPTIMIZATION

e
o
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WEe'll investigate:

LCOE RATIO

Key variables
Maturity of Wind Industry
Technology Road Map

Other potential
optimization avenues

Wind Project Optimization AQPER 2017



Agenda

Reality of wind project
Historical LCOE evolution

LCOE Forecasts
Wind competitiveness
Maturity of Wind Industry
Technology Road Map
Other potential optimization avenues
Solar competitiveness
Recent trends

LCOE Forecasts

Conclusion

q
~ S €DF

energies nouvelles Wind Project Optimization

AQPER 2017




Consolidation of OEM market

+ ALSTOM + LMY, \ <5 Sign of Maturity in the industry;

°s Improved “pankability” of some of

tHECEﬁWA%BHE?ﬁONS & MERGERS
£ GFREYFENVBASRS BFfroduct;

<z Far from the time where we had

« one WEC model fits-all »;

WIND BUSINESS ONLY .
<2 Now technology competitive on all

tmaes of wind regime and site
DEPENDENT OEM

conditions.

L/

Tae,
Gamesa “_:+ SIEMENS

CINORDEX 4 @cciona
A

Vestas. + 3.

wwwwwww WIND SERVICE

yd ENERCON & GOLDWIND

#¥ ENERGIE FUR DIE WELT
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Key variables — LCOE
equivalent

Energy increase of | WECS discount of —YJeleIL]
2.5% 9%

Equivalent to
-2.5% LCOE *

BOP$ discount of

13%

* Analysis based on US project located in central corridor
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Energy trends - swept area to nameplate ratio

<5 Very useful ratio:

65

Estimate the efficiency of a
WEC model

60

Evaluate trends of the

55

market

.~ Evaluate forecasts S
<s 2MW Clear trends &>
< 3. XMW = as

= Clear trends

= Still not as efficient as 2MW

= But for how long... 35
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GCF vs Turbine Size for a IEC Il Wind Speed
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Energy trends — PC efficiencies

L.

°s For a given WEC model, energy increases over time due to:
= Power Curve improvements
= Uprate

= Extended cut-out

m WEC model Evolution 1 * Evolution 2 *

V100* Mk7H to Mk10A ... to Mk10B
+40 bps on NCF +90 bps on NCF
Vestas
V110* Mk10A to Mk10B ... to Mk10D
+60 bps on NCF +40 bps on NCF
2.3-108* Power Boost Uprate in Name Plate
+1.2% in P50 +0.6% P50
. 2009 PC evolution
. MMg2 +0.2% in P50
Senvion _ :
MM92* 2008 PC evolution 2009 PC evolution
+ 3.0% in P50 +0.5% in P50

Many other examples

P * Energy gains based on a US project located in central corridor
L g
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Energy trends — Suitability

<% A given model is often “upclassed” in terms of IEC or
sited more aggressively with time

 Time 4

[ 2011] 2012 ]| 2013 | 2014 | 2015 | 2016 | 2017 |

| o H

G114 V117
(s)
G114
V126
IEC I H V17
u V136
H V126

V136

IEC Il u
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ost trends — WEC

Reported Wind Turbine Transaction Prices over Time ($/kW) e 5-100 MW e >100 MW Poly. (>100 MW)
$/kw Annual and Cumulative Growth in U.S. Wind Power Capacity (GW) m Annual US Wind Capacity (GW)
AO Qc ($/kw)
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Cost trends — WEC (ctd

Reported Wind Turbine Transaction Prices over Time ($/kW) ® 5-100 MW e >100 MW Poly. (>100 MW)
$/kwW Annual and Cumulative Growth in U.S. Wind Power Capacity (GW) m Annual US Wind Capacity (GW)
AO Qc ($/kwW)

2500

AO 2000MW; $ 0,105

2000

AO 450MW; $ 0,076
. A
http://www.tradingeconomics.com/commaodity/steel 1500 .
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Optimization -
Site-specific wind regime
Suitability?

Suitable doesn’t mean optimal...

What is limiting the project size; land or transmission
line?

Type of terrain; Flat or complex?

Sources of revenues; PPA$ expected

Specific site constraints: noise, tip height, minimal land
footprint, etc.

yZA
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Optimization -

Who is the Buyer for the deal

Apply the “Dogs and Master look alike”
theory

Optimal WEC model for the deal

[
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Optimization -

Using latest EDF EN Canada recent success as test
case:
Vestas 3.45MW platform, HH 116 - 132m

Tall Hub Heights, very large rotor, sg
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Optimization — Others...

o
’

7

Project location;
=  Wind resource quality

= Accessibility (BOP $, transport $, qualified labour, etc)
= Acceptability

[
4]

Project size;

= Bigger doesn’t necessarly mean more competitive

({/
’)

Interconnection strategy;

= Becoming more and more important

= Congestion risks

[/
4]

Bidding strategy
= Each bid is different...
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Agenda

Reality of wind project
= Historical LCOE evolution

(D)
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= LCOE Forecasts
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= Wind competitiveness
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= Technology Road Map

= Other potential optimization avenues

Solar competitiveness

= Recent trends
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SOLAR

Why talk about solar in Far North?!?

Drastic reduction of LCOE costs year after
year

Different solar opportunities in Canada

¢
~ S €DF
energies nouvelles Wind Project Optimization AQPER 2017




Solar - Historical trends

Price of a solar panel per watt Global solar panel installations
v A 4
$120 $101.05 64,892 MW 70,000
100 60,000
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*Estimate. Sources: Bloomberg, Earth Policy Institute, www.earth-policy.org
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Energy - Forecasts

Power mix, 2015 (GW) Gross annual capacity additions, 2016-40 Power mix, 2040 (GW)

600

500

400

300 -

200 13,461

100

’ 2016 2020 2025 2030 2035 2040

m Coal »Gas wmNuclear mHydro »Wind o Solar = Other wFlexible Capacity
Source: Bloomberg New Energy Finance
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Wind - Forecasts

nina Mexico

60 Ry,
On the other, wind and solar keep getting \
cheaper. Onshore wind will fall 41% by 2040....

40

2016

Wind costs to 2040 ($/MWh)
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Solar - Forecasts

[ Europe } [ USJ[ China J[ India )

... and solar by 60%. This means these two
technologies will be the cheapest ways of
producing electricity in many countries during

the 2020s and in most of the world in the 2030s.

2016

Solar PV costs to 2040 ($/MWh)
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LCOE — Solar & Wind

Solar VS Wind LCOE Forecast (2015 US $/MWh)
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Utility-scale PV (Low) Utility-scale PV (High) Onshore wind (Low) == == Onshore wind (High)
Source: Bloomberg New Energy Finance
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CONCLUSION

Wind & Solar LCOE forecasts have a downward trend:

Historically, the Wind LCOE has been driven by

different factors, including the “supply & demand”
factor and commodities;

Going forward, the pressure on Wind will most likely
be driven by Solar;

Project optimization will be key to the success of the
wind industry.
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QUESTIONS ?
COMMENTS?

RUDE REMARKS?
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