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US Commercial Offshore Wind Prospects

US Offshore Wind Projects

Project State

Cape Wind MA 468 i »
AP~ | Hull Mtémcélpal
L Y@ . | \Buzzards Bay
Hull Mun|C|paI MA 15 i Mape Wind Associates
I Rhode Island
Buzzards Bay MA 300
2 " ~New Jersey
Rhode Island RI 400 T
Delaware
New Jersey NJ 350 US projects in federal waters
will require 1-2 years to obtain _
NRG Bluewater DE 350 non-competitive commercial Atlantic
lease, or 2-3 years to obtain Ocean
Southern Company GA 10 competitive commercial lease.
To this must be added 4-7 years .
T outhern Company
W.E.S.T. X 150 to develop and fully commission
any large ( >= 350 MW) project.
Cuyahoga County OH 20
TOTAL 2,068

Large project in federal waters
W.E.S.T.LLC

Small project in federal waters

Gulf of Mexico
Large project in state waters



Mid-Atlantic Offshore Wind Potential Lease Areas

Areas under Consideration for Wind Energy Areas

LT Mid-Atlantic Wind Connection lease application
: 7,000 MW capacity offshore transmission network
equivalent to direct capital investment of $5 billion

1,430 km?
~ 9,000 MW J:

419 km?
~ 2,500 MW

709 km?
~ 4,500 MW

Mid-Atlantic Wind Energy Areas off NJ, DE, MD, and VA
nearly 20,000 megawatts of potential installed capacity
equivalent to a direct capital investment of $50 to 80 billion

I New Jersey
Delaware
Maryland
Il Vvirginia
566 km?2
~ 3,500 MW

Mauical Mins




Development of Greater Gabbard: 504 MW (UK)

December 2003
*Fluor/Airtricity JV
awarded 500MW
Greater Gabbard
Offshore Wind Farm
Project

Greater Gabbard
Oifshore Winds L

December 2004
*Grid Connection
Offer received
from National Grid
for connection at
Sizewell, Suffolk

October 2005
*Consents
application
submitted

M

February 2007
» All onshore and offshore
consents received
» Siemens selected for

wind turbines
May 2008

*Financial
Close & Notice
to Proceed

October 2003
*Bids submitted
for UK Round 2

2004
*Conceptual
design
+Offshore Site

October 2007
*Project definition
completed
*Estimate prepared

Summer 2006
+Offshore
geotechnical
survey

September 2005
*Met Mast installed

Surveys
*Environmental
*Geophysical

FLUOR,

From lease award to construction start = 4.5 years

G\V20090213001 PPT




Development of Greater Gabbard: 504 MW (UK)

December 2003 December 2004 October 2005 February 2007

*Fluor/Airtricity JV *Grid Connection +Consents

* All onshore and offshore

awarded 500MW Offer received application consents received

Greater Gabbard from National Grid submitted

Offshore Wind Farm for connection at

Greater Gabbard
Oifshore Winds L

Project Sizewell, Suffolk P '$ May 2008
'. -
v o ||

October 2003 2004
*Bids submitted September 2005

*Conceptual :
for UK Round 2 design Met Mast installed

*Offshore Site
Surveys
*Environmental
*Geophysical

FLUOR,

From construction start to full project power = 2.5 years

« Siemens selected for
wind turbines

*Financial
Close & Notice
to Proceed

October 2007
Summer 2006 *Project definition
+Offshore completed
geotechnical *Estimate prepared
survey

Construction Timetable

Onshore work starts: mid-2008
Offshore work starts: mid-2009
First phase power:  mid-2010
Full project power:  end 2011

G\V20090213001 PPT 13




Development of Horns Rev |I: 209 MW (Denmark)

Timetable for Horns Rev 2

Concession

Env. Impact Ass.
Tenders
Investment decision
Offshore constr.
Foundation install.
Gridnet installation
Turbine installation
Commissioning

Operation

From lease award to construction start = 2.5 years




Construction of Horns Rev Il: 209 MW (Denmark)

Horns Rev 2 — Plan for construction

Task Name - 2009 2010
Apr [May | Jun | Jul |Aug|Sep| Oct|Nov|Dec| Jan [Feb|Mar | Apr |[May|Jun | Jul [Aug|Sep| Oct|Nov|Dec| Jan |Feb|
Start of marine works & 19-04

Foundation installation

Internal grid installation
Transformer installation
Accomodationplatform installation

Commissining of Transformer

Turbine installation

Commissioning

Final take over

¥ T |

I-ll-” H'—r:{—:-n-i-':a-'{-fi“-“«_- at =

From construction start to fully commissioned = 1.5 years enengy




Dominion Meets Approximately a Third of its
Demand by Purchasing Wholesale Power in PJM

~™. KEY STATISTICS

PJIVI member companies 550+

millions of people served 51
peak load in megawatts 144,644
MWs of generating capacity 164,895
miles of transmlssmn lines 56,499
729,000

1,287

168,500
13 states + DC

6,038
substations

United Stél!es L | > =" 26% of generation in
[ =t Eastern Interconnection

23% of load in
Eastern Interconnection

19% of transmission assets
in Eastern Interconnection

19% of U.S. GDP produced in PIM




NERA Study of Fossil Generation Portfolio in PJM

NERA

Economic Consulting

Energy Market

Valuing Fossil Fuel Generation Assets in a Green Economy
by James Heidell & Mike King

Virginia imports approximately

. C Stud
one-third of the power needed to -

The following case study highlights our assessment process

meet state-wide demand from the for an actual portfolio of coal-fired and gas-peaking plants
. located in the PJM region. On a MW b sting portfolio
PJM reglonal market. cormsts of appro\\mate\y
Incorporates
When mlght offshore wind provide uncertainty related to fossil fuel prices, RPS standards,
. greenhouse gas regulations, load growth and power plant
Stably p”Ced energy at a cost that replacement costs. In the case study, each of the key variables

IS competitive with purchased had three associated forecasts. This created 729 potential
wholesale power in PIM? permutations or cases.




PJM Long-Term Electricity Price Forecast

Figure 3. Distribution of Off-Peak Prices

500 :
Wholesale off-peak prices
450 forecast to double by 2016

400 |
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PJM Long-Term Electricity Price Forecast

Figure 2. Distribution of On-Peak Prices

500 .
Wholesale on-peak prices
450 _ forecast to double by 2020
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Hypothetical Offshore Wind Project
Location for Cost & Performance Evaluation

Legend

|:| MME Lease Blocks

— State Jurisdictional Limit {3nmg
Territorial Sea Limit {12nrm)
Dumping Site (Dredged M aterial)
7.8y longitude line

334.320 - Naval Restricted Area

F——] 334 390 - Firing Range

334380 - Naval Firing Range
F-BB06 - WACAPES
W-504 - VACAFES
W-508 - VACAPES
W-S0C - VACAPES

Precautionary Area
Eastern Approach Separation State
Eastern Approach Quthound Lane
Eastern Approach Inbound Lane

- Southern Approach O uthound Lane

I =outhemn Approach Inbound Lane
Shipping lanes ext

Wind Class

I -

-

[ Jiand

Bathymetry - High Resolution

-
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sz, -
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t-5m Kilometars




Offshore Wind Project Cost
Estimated by VCERC Cost Model

Capital cost estimated in March 2008 dollars using NREL parametric
model for wind turbine & tower, Virginia maritime supplier bids for
foundations & installation, and published data for balance of plant

» Plant cost at offshore busbar: $ 1,763 million
e Transmission cost to Fentress: $ 153 million
» Total project investment: $ 1,916 million (~ $3,260 / kW)

Turbines Manufactured in Europe

588 MW installed
rated capacity A
(7 X7 turbineS IIII,.—E?:part'iiable

Array Cables
el LT

per lease block)
! Onshore Grid
38% annual s
= 66.2% —
capacity factor ngins S
o 0.7%
20% PJM summer -
o roject
capacity factor

(JJA 3pm — 6pm) ~ Vestas VI0-3MW




VCERC Modeled Capital Costs Compared
with European Project Data for Major Cost Centers

London Array |
630 MW

Siemens
SWT-3.6-120 Global Tech |
400 MW

Multibrid

Thanet
300 MW

if fabricated in
Hampton Roads

O VCERC Cost Model
v Lincs

alidation Case A 270 MW

M Validation Case B Based on MTH
announced

contract value

in March 2010

Lincs
270 MW
Based on MTH
max steel weights
if fabricated in
Turbine & Tower Supply Monopile Foundation Hampton Roads

(European source) Supply




VCERC Modeled Capital Costs Compared
with European Project Data for Major Cost Centers

London Array |
VCERC Model 630 MW Sheringham Shoal

588 MW
Nexans 150 kV 317 MW

138 kv
50 km offshore Nexans 145 kV
28 km offshore 20 km offshore

VCERC Model
588 MW

rﬁ 168 km, 33 kV
O VCERC Cost Model
M Validation Case A
. M Validation Case B I
Sheringham Shoal

317 MW
81 km, 36 kV

Nordsee Ost
288 MW

63 km, 33 kV

E
x>
)
©
o
=
|
o
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v

Export Cable Supply Array Cable Supply
(per unit route distance) (per unit cable length)




Cost of Energy Comparison Between
Offshore Wind and New Coal-Fired Generation

588 MW Offshore Wind vs. 585 MW Wise County Coal

OFFSHORE WIND

Forward fuel market co? capiulﬂt
scenario 2012-2062 4 storage £°°

2008 High {5143 per short ton)
2008 Low (% 56 per shortton)

— Updated fuel market scenario — - — &% real annual escalation rate
2012 price: $60-80 per short ton — — 4%real annual escalation rate

4% to 6% real annual escalation 2% real annual escalation rate
— (see back-up slides) = = = = 0%real annual escalation rate

550 560 $70 $80 $90 $100 $110 $120 $130 $140

Year One (2012) Central Appalachian Coal Price [Mar 2008 $ per short ton)
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Cost of Energy Comparison Between
Offshore Wind and New Coal-Fired Generation

588 MW Offshore Wind vs. 585 MW Wise County Coal

OFFSHORE WIND |

Forward fuel market co2 capiu"-’t
g
scenario 2012-2062 | g storage ©°

2008 High {5143 per short ton)
2008 Low (% 56 per short ton)

— = = g% real annual escalation rate

— =— 4% real annual escalation rate
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2% real annual escalation rate

= = = = 0% real annual escalation rate

T T T T T T T T T
550 560 570 580 590 5100 5110 5120 5130 5140
Year One (2012) Central Appalachian Coal Price (Mar 2008 $ per short ton)




Cost of Energy Comparison Between
Offshore Wind and New Gas-Fired Generation

588 MW Offshore Wind vs. 580 MW PJM CONE CCGT

— Updated fuel market scenario
2012 price: $5.50-6.00 per MMBTU
2% to 4% real annual escalation
—-— (see back-up slides)

1
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OFFSHORE WIND

Forward fuel market 02 captu”t
scenario 2012-2037 | g storagé ¢%%

2008 High ($13.60 per MMBTU)
2008 Low (% 5.30 per MMBTU)

— = = g% real annual escalation rate

— =— 4% real annual escalation rate
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2% real annual escalation rate

= = = = 0% real annual escalation rate

58 59 510 $11 $12 $13

Year One (2012) Henry Hub Natural Gas Price (Mar 2008 $ per MMBTU)




Cost of Energy Comparison Between
Offshore Wind and New Gas-Fired Generation

588 MW Offshore Wind vs. 580 MW PJM CONE CCGT

| OFFSHORE WIND

_‘-l""f

Forward fuel market o2 captuwt
8
scenario 2012-2037 g storage ¢°

2008 High {513.60 per MMBTU)
2008 Low {5 5.30 per MMBTU)

— = = % real annual escalation rate
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— — 4% real annual escalation rate

2% real annual escalation rate

= = = = 0% real annual escalation rate

S6 57 58 59 510 511 512 513

Year One (2012) Henry Hub Natural Gas Price (Mar 2008 $ per MMBTU)




VCERC Results Compared with
Recent National Academy of Sciences Study

Baseload
Coal CCS
Coal
NGCC-CCS
NGCC
Nuclear
Geothermal _
Biopower
Intermittent |
Solar CSP |
Solar PV
Wind-On
\ Wind-Off

V - European turbine supply VCERC: ~13 ¢/kWh
NV

0 5 10 15 20 25 30

M IT ?i‘\{'{ US cents per kWh

Ml'l/' Energy Initiative National Academy, America’s Energy Future, 2009
r L ¥




Thank You!

ERC Offshore Wind Studies Final Report:
- www.vcerc.org/report.htm
_
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Any questions?

S

Email: hagerman@vt.edu




Historical Volatility in Coal Prices

=~ Central Appalachia |CAB)
— Morthern Appalachia (NAPF)
inois Basin (ILB)

Powder River Basin-{FRE}

Coal prices are rebounding
more quickly than assumed
in original VCERC report

Source: Energy Information Administration (EIA), Platt’s

Source: Edison Electric Institute: Q2 2010 Financial Update: Fuel
(www.eel.org/whatwedo/DataAnalysis/IndusFinanAnalysis/Documents/
2010 Q2_Fuel Final.pdf)



Recent Delivered Coal Prices

Delivered Coal Prices

January 2007 — December 2009

$/ton = Central Appalachia Northern Appalachia
' == == [llinois Basin = = = Powder River Basin
100

80 .
— } Assumed price range
in first year (2012
60 year ( )

- -
-— - s
-— -

- T T -

0

0

1/1,/2007 1/1/2008 1/1/2009

Source: Ventyx, Inc., The Velocity Suite from modeled data

Source: Edison Electric Institute: Q2 2010 Financial Update: Fuel
(www.eel.org/whatwedo/DataAnalysis/IndusFinanAnalysis/Documents/
2010 Q2_Fuel Final.pdf)



Near-Term Forecast of
Central Appalachian Coal Spot Market Prices

NYMEX Coal Futures — Central Appalachia

,I'HI'} 2010 — December 2014

$/ton

90
85

7
75 S — escalation rate

70

65

60

55

50

Jul-10 Jul-11 Jul-12 Jul-13 Jul-14

At 12/28/2009 At3/29/2010 === At6/28/2010

Source: Ventyx, Inc. The Velocity Suite

Source: Edison Electric Institute: Q2 2010 Financial Update: Fuel
(www.eel.org/whatwedo/DataAnalysis/IndusFinanAnalysis/Documents/
2010 Q2_Fuel Final.pdf)



Historical Volatility in Natural Gas Prices

Natural Gas Spot Prices (Henry Hub)

$/mmBTU January 2004 — June 2010

16

Natural gas prices have

14 declined and are likely to
have a lower 2012 price
12 '\ ; than assumed in original

VCERC report
10

Jan-04 Jan-05 Jan-06 Jan-07 Jan-08 Jan-09 Jan-10

Source: SNL Financial

Source: Edison Electric Institute: Q2 2010 Financial Update: Fuel
(www.eel.org/whatwedo/DataAnalysis/IndusFinanAnalysis/Documents/
2010 Q2_Fuel Final.pdf)



Near-Term Forecast of
Henry Hub Natural Gas Spot Market Prices

NYMEX Natural Gas Futures — Henry Hub

Aug 2010 — December 2016

$/mmBETU

6/30/2010 ====- 12/31/2009 12/31/2008

4 R\ —r—1 7—1 v 4% nominal annual
6.0 S __.mmm escalation rate
5.0 i I

4.0

Aug 2010 Aug 2012 Aug 2014 Aug 2016

Source: SML Financial

Source: Edison Electric Institute: “Q2 2010 Financial Update: Fuel”
(www.eel.org/whatwedo/DataAnalysis/IndusFinanAnalysis/Documents/
2010 Q2_Fuel Final.pdf)



