-F. h_..
Viarine Renewable Energy Updates
BIeless and Prospects at Year-End 2010

- Joint Commission on Technology and Science
By - Energy Advisory Committee

General Assembly Building
Richmond, VA
11 January 2011

George Hagerman

VCERC Director of Offshore Wind Research
Virginia Tech Advanced Research Institute
4300 Wilson Blvd., Suite 750

Arlington, VA 22203

Email: hagerman@vt.edu
Phone: 703-387-6030




Initial VCERC Projects
Funded by State Budget in FY2007-08
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1. Feasibility-level design and

economic assessment _
for a hypothetical reference baseline

offshore wind power project

2. Preliminary mapping of offshore

areas _
suitable for offshore wind power

development, with identification

of military training areas, shipping
lanes, commercial fishing grounds,
and marine and avian habitats

3. Evaluation of economic

development potential
of commercial offshore wind power

development and associated

workforce training needs, and
planning for an ocean test bed

4. Feasibility-level design and
economic assessment
for an algae-to-biodiesel culture

and processing system




U.S. Offshore Wind Resources
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Virginia’s Offshore Wind Potential is Large;
Is it Cost-Competitive with Fossil Fuel Generation?

B VCERC-Identified Lease Blocks off Virginia
7~_, 12 Nautical Mile Boundary
“_ State Seaward Boundary
~~~__- 8(g) Zone of Federal-State Revenue Sharing
A Existing 500 kV Substation
e I Shipping Lanes

Wallops More than 100 Days per Year of
Range 1] Dredge and Bottom Trawl Fishing

:?::rd ~—~__ Telecommunications Cable
30-meter Depth Contour

Wind Power Class TheNature @
K 6 all other Conservancy

- 4 7 Protecting nature. Freserving life.
5

6 in <30 m depth and >12 n.mi. offshore distance
Depth
W < 200 meters

200 - 1,000 meters

> 1,000 meters Data Sources: NREL, VCERC, MMS

A L NOAA, NJDEPR, NMFS, USGS
\ P’/

VCERC identified 25 MMS lease blocks that appeared to have minimal conflict with existing
uses by the Navy, NASA-Wallops, commercial shipping, or commercial fishing. These are
all beyond 12 nautical miles offshore and in water depths less than 100 ft, and could support
3,200 MW of wind capacity generating 11 TWh/yr, or 10% of VA’s annual energy demand.




Hypothetical Offshore Wind Project
Location for Cost & Performance Evaluation

CHLV2 - Chesapeake Light
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footprint
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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 o
(7 x 7 turbines /oo
per lease block)

Array Cables
—

J
' DOnshore Grid
— Connection

38% annual Turbines / 25%

66.2% 1

CapaCIty factor FoeERoos ElectricService

17.6% Platform (ESP)
0.7%
20% PJM summer N
. roject
CapaCIty faCtOr f"1an:iemenr

(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

. B Validation Case B I
Sheringham Shoal

317 MW
81 km, 36 kV

Nordsee Ost
288 MW

63 km, 33 kV

$ per kW per km

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




VCERC Results Compared with
Recent National Academy of Sciences Study

Baseload

Coal CCS
Coal
NGCC-CCS
NGCC

Nuclear T—— D erene .
Coal costs now increasing; offshore wind

Geothermal would increase price stability of Virginia’s
energy supply portfolio; see backup slides

VCERC: ~10-12 ¢/kWh

VCERC: ~06-07 ¢/kWh

Biopower b
Intermittent
Solar CSP T

SOIar PV —

Wind-On 1 Domestic turbine supply VCERC: ~11 ¢/kWh

European turbine supply | VCERC: ~13 ¢/kWh

10 15 20 25 30
US cents per kWh

MIT Energy Initiative National Academy, America's Energy Future, 2009




Virginia Offshore Wind Development Authority
Established to Provide Enabling Infrastructure
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Before making a ~$2 billion investment

(as would be needed for a 600 MW project in
federal waters) or a $500 million investment
in a Hampton Roads turbine manufacturing
complex, full-scale offshore testing must
be done (costing $60-75 million over 5 yrs)




Virginia’s Concept for a National Offshore
Wind Technology Center in Hampton Roads

Stage Il

iqd

WAVY COM

In response to a recent Department of Energy Request for Information (RFI), Virginia has
suggested the concept of a National Offshore Wind Test Center, developed in three stages
that would offer progressively more energetic wind climates and more challenging conditions
for turbine access. The Stage Il test pads would be cited at least 1 km south of the CBBT.




Hampton Roads NOWTC
Would be Similar to NWTC in Colorado

Wind Power Class Test turbines are in Class 2
National Wind Technology Center annual average wind resource,

g ¥ which is not commercially
53 viable but provides sufficient
BOUIIRR: “calm” time for accessing
nacelle with test equipment

and changing components

LOWSVILLE

Legend

e NWTC turbines
Highways
— NWTC roads
Cities
Wind Power @ 50m
Class [W/m"2]
1 < 200
200 - 300
300 - 400
400 - 500
500 - 600
600 - 800

SUPERIOR

Wind energy supply chain investments
have clustered around National Wind
Technology Center; see backup slides




Virginia Concept for Staged NOWTC with
Progressively More Energetic Wind Resources
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Stage | Potential Test Pad Locations

MOS anemormeter
at ~10 m elevation,
with data logged

from 21-Mov-2005

through present ——» @

)y

Source: Integrated Science and Technology Program at James Madson University and the National Renewable Energy Laboratory (2005

Tall (433 ft or 132 m ASL)
radio tower with 20 months
+——— of anemometer data at:

A 81 m elevation
Site [A 25 m elevation

97 m elevation

Diata logged fram 01- May-2006
through 30-Jun-2008

Site LB
A

Wind Power Classification

Wind  Resource Wind Power Wind Speed ¥ Wind Speed 3
Power Potential Censity at 50 m al 50 m at 50 m
Class Wi 2 s rripsy

1  Poor 0- 200 0= 5.6 0.0-125
2  Merginal 200 - 300 506- 64 12.5- 143
3 Fair 300 - 400 Gd- 7.0 14.3- 157
4  Good 400 = 500 T0=T.5 18.7= 16.8
5 Escallant 500 - GO0 T.5- 8.0 16.8-17.9
6 Outstanding 600 - 800 80- 838 17.9-14.7
T Superh > 800 > 88 =197
Iil".'n."irlls:l speeds are based on a Weaibull k value of 2.0
yi




Focus of Stage | Turbines would be Supply
Chain Qualification and Workforce Training

Irene Vorrink 16.8 MW offshore wind
project built in shallow Dutch waters

Location :

Client :
Construction year :
Wind turbines :
Rotor hub height :
Ballast Nedam :
Foundation :
Dimensions :

Distance to shore :
Water depth :

IUJsselmeer, North-East of Lelystad, The Netherlands
NUON

1996

28 x Nordtank 600/44

50m

Foundation engineering, manufacturing and installation
Driven Monopile

19 pcs. @ 3515 mm, length 23 - 23,5 m, weight 60 ton
9 pcs. @ 3515 mm, length 23,6 - 24,6 m, weight 63 ton
30m

1-2m

@ Ballast Nedam /
Funderingstechnieken -

Ballast Nedam

Offshore.
P.0. Box 1451

3430 BL Nieuwegein
The Netherlands

Telephone +31 30 2 85 37 27
Telefax +3130 28548 41
Website www.bnoffshore.com

Site I.A turbine could be accessed
by footbridge from walkway on
Newport News wave screen




Stages Il and Ill Potential Test Pad Locations

Legend

—— State Jurisdictional Limit

l:l Land
& CHLV2

:CHLV2 - Chesapeake Light

s Sl S b
Chesapeake Light

<200

200 - 300
300 - 400
400 - 500
500 - 600
600 - 700
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Early, Meaningful Engagement of
Local Stakeholders Essential to Success
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Thank You!

PDF of Virginia response to DOE RFI is posted at:
http://media2.wavy.com/html/PDFs/71410%20Virginia%20D0OE%20
Offshore%20Wind%20RF1%20Response%20Final.pdf _
T e m
CERC Offshore Wind Studies Final Report:
' ~WWW.vcerc.org/report.htm

Any questions?

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 April 2010 VCERC report
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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)




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 impor roximatel
J a ports approximately Case Study
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 basis, the existing portfolio
PJM reglonal market. consists of approximate\y two-thirds coal-fired assets and

ne-third peaking assets. Our case study incorporates

When mlght offshore wind provide uncertamty related to fossil fuel prices, RPS standards,

greenhouse gas regulations, load growth and power plant

Stably priCed energy at a cost that replacement costs. In the case study, each of the key variables
1S 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
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PJM Long-Term Electricity Price Forecast

Figure 2. Distribution of On-Peak Prices
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U.S. Wind Energy Supply Chain Map in 2007

New Facilities Opened in 2007

1. CTC-DeWind/TECO Westinghouse (turbines)
Round Rock, TX + 150 jobs
. Acciona (turbines) West Branch, IA + 110 jobs
. Siemens (blades) Fort Madison, IA + 250 jobs
. DMI Industries (towers) Tulsa, OK + 450 jobs
. Knight & Carver (blades) Howard, SD + 50 jobs
. Trinity Structaral Towers (towers) Clinton, IL + 150 jobs 2 Turbines
)] ) Blades
New Facilities Announced in 2007 O Towss
. Vestas (blades) Windsor, O + 650 jobs Other
. Dowding Industries (turbine components) Existing facilities online prior 0 2007
Eaton Rapids, MI + 200 jobs New facilities opened in 2007
. Hendricks Industries (towers) Keokuk, 1A + 350 jobs W Hew facilities announced in 2007
. Katana Summit (towers) Columbus, NE + 120 jobhs
. LM Glasfiber (blades) Little Rock, AR + 1,000 jobs T —— oo
i i urbi manyfacturi ilities, uppk —
’ :‘:édr::ll:ﬁgla:?hgl?::: ) sﬂ |:J :lade:;::’ f_nn +t;:30';:: |se chg:vn facilities, and excludes corpofalgorh.cea.dqua_nefls andngser:.-_ic_e-orieqted facilities. Th:ra;ili‘ties o> MNe=L
g n . ( ) ) Yo 0 3 al highlighted here are not intended to be exhaustive. Those fadlities designated as “turbines” may o
- TPl Composites (blades) Newton, IA + 500 jobs include turbine assembly as well as component manufacture including, in some cases, towers roxbe ey Ui
. Genzink Steel (nacelles) Holland, MI + 10 jobs and blades.

Wiser, R., and M. Bolinger. “Annual Report on U.S. Wind Power Installation, Cost, and Performance Trends: 2007.” Lawrence
Berkeley National Laboratory, May 2008. http://eetd.lbl.gov/EA/emp/reports/lbnl-275e.pdf




U.S. Wind Energy Supply Chain Map in 2008

Turbines

_ i Blades
New Facilities Opened in 2008 ;‘:::“
Evonik (composites), Mobile, AL, +26 jobs " B New facilities opened in 2008
LM Glasfiber (blades), Little Rock, AR, +1,000 jobs within 5 years B Mewly branched into wind in 2008
Vestas(blades), Windsor, (0, +650 jobs B Mew facilities announced in 2008
Acciona (turbines), West Branch, IA, +110 jobs Existing facilities online prior to 2008
TPl Composites (blades), Newton, IA, +140 jobs
ATl Casting Se_mtus (casting and foundry), Alpena, Mi, +20 jobs Figure includes wind lurtine and companent evanufaciuring Faciiies, s
Katana Summit (towers), Columbus, NE well as ather supply chain facilities, but excludes corporate headquarters
GE (parts fulfillment center), Schenectady, NY and service-oriented faciities. The facilities shown here are nol intended
Molded Fiberglass (blades), Aberdecn, SD, +up to 750 jobs 10 be exhaustive. Those facilities designated as “Turbines” may include
10. GE (parts operation center), Memphis, TN turbine assembly and/or “‘"b'”"l component manulacturing, in some
11. Waosaukee Composites {huusmgs] Cuba City, WI, +61 jobs AL g eers Aty

Wiser, R., and M. Bolinger. “2008 Wind Technologies Market Report.” Lawrence Berkeley National Laboratory, Jul 2009.
http://eetd.lbl.gov/ea/EMS/reports/2008-wind-technologies.pdf




U.S. Wind Energy Supply Chain Map in 2009

A

New Facilities Opened in 2009 e
: I'[eucell (glass prepreg) ) Windsor, (0, +100 jobs . > Blades
- Lreative Foam (composites), Longmont, €0, +150 jobs [0 Towess
. Nordic Windpower (turbines), Pocatello, ID, +160 jobs Y Other
. Dragon Wind (towers), L.lalmar, o, +GU-3P jobs New facilities opened in 2009
- Tower Tech (towers), Abilene, TX, +150 jobs ) B Newly branched into wind in 2009
. Trlrllty Structural aners (1o_wers}‘ Newton, IA, +140 jobs ] I Mew facilities announced in 2009
. Goian North America (elevation systems), Ankeny, 1A, +12 jobs Existing facilities online prior to 2009
. Mille Lacs Band of Ojibwe (generators), Mille Lacs Reservation, MN, +7 jobs
. RLTC Wind Towers (towers), MacGregor, TX, +75-250 jobs Fiqure includes wind turbine and component manufacturing facilities, as
. RBC Bearings [bearings}, Ho l.IStOl'I, TK, +35 jobs well as ofher supply chain facilities, but exchides corporate headquarters

. - . and service-oriented faaities. The faglities shown here are not intended

- Sector I5 Te;hn:l_ogles (;um;;une:ts], ge[wem‘_lﬁ, +99 jobs 10 be exhaustive, Thase faciities designated as “Turbines™ may Include
. ""?‘““ ne (AC '"'_'35]| c ambersbury, p_‘v +94 jobs turbine assembly andfor turbine component manufacturing, in some
. Winergy (gear drives), Elgin, IL, +300 jobs cases akso including towers, nacelles and blades.

Wiser, R., and M. Bolinger. “2009 Wind Technologies Market Report.” Lawrence Berkeley National Laboratory, Aug 2010.
http://eetd.lbl.gov/ea/emp/reports/lbnl-3716e.pdf




