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Presentation Outline

e Virginia Energy Plan data on electricity imports
and planned generation supply additions

« VCERC feasibility-level design of hypothetical

offshore wind projects and mapping of other
ocean uses: Is there enough non-excluded
area to support large enough wind projects?

« VCERC supply chain analysis and estimate of
benefits to local and state economy




Virginia's Wind Energy Resources

Offshore are Much Larger than on Land
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Hampton Roads Area has Unique Features
Favorable for Offshore Wind Power Development

Class 6 (") wind
energy resource
located within
10-15 miles
(16-24 km) of
shoreline and
close to major,
growing centers
of power demand
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Electricity Import Scenarios for Virginia
(www.dmme.virginia.gov/vaenergyplan.shtml, Table 2-4)

Peak Net
Electrical|Conservation|Conservation S Net
ummer .
Demand | & Energy & Energy . _|Generation
. . Generation
for Efficiency Efficiency C . Change
. . . . " apacity
Virginia Savings (MW) (MW) (MW)
(MW)

32,020 0% 22,599

Scenario

39,250 0% 22,599

39,250 0% 27,697

33.755 5,495 22,599

33,755 5,495 23,819

33,755 5,495 33,755

If there is no demand reduction through conservation and energy efficiency
measures, than nearly 5,100 MW of new generation will be needed by 2016,
in order to maintain electricity imports at existing levels (Base Case = 29.4%).




To Keep Import % Constant, Approximately
3,600 MW of New Generation Capacity is Needed

Peak Net
Electrical Summer Net
Demand Generation

Generation
for Capacity Change

Virginia (MW)
(MW) (MW

32,026 22,599

Scenario

39,250 22,599 0

39,250 27,697 29.4%

33,755 22599 [5,008 - 1,500 = 3,508

33,755 23.819 1,220 29.4%

33,755 33,755 11,156 0%

If there is 1,500 MW of demand reduction through conservation and energy
efficiency measures, than new generation needed by 2016 is only ~3,600 MW,
in order to maintain electricity imports at existing levels (Base Case = 29.4%).




Electric Generation Facilities Planned in Virginia
(www.dmme.virginia.gov/vaenergyplan.shtml, Table 4-3, modified)

Nameplate Estimated
C;:;:nty in Capacity Commercial
g (MW) Online Date

Feasibility Stage (Planned new generator undergoing feasibility study)

Unit L }
Fuel

Owner Name Plant Name

Flannagan
Hydroelectric Project

Hydro Matrix LP 1 Dickenson Water 5 Not available

Dominion Resources North Anna NB3 Louisa Uranium January 1, 2050

Proposed (New generator planned for installation)

Virginia City Hybrid
Energy Center

Application Pending (Application filed for permits, regulatory approval pending)

Virginia Electric &
Power

ST1 Wise Coal 585 June 1, 2012

CPV Warren Power
Generating

Dominion Resources CC1 Warren Natural Gas 520 June 1, 2010

Highland New
Wind Development
LLC

December 31,

LA 38 2008

Highland County Wind| WT1 19| Highland

Natural

Dominion Resources

Ladysmith Generation
Facility

Caroline

Gas/Fuel il

August 2008

Dominion Resources

Buckingham County

Buckingham

Natural Gas

Summer

2011

Two landfill gas projects totaling 3.14 MW generation capacity are not shown here. Data on
Buckingham County combined cycle plant are from www.dom.com/news/elec2008/prO311a.jsp




At Least 1,600 MW of Additional Generation
Needed by 2016 if Import % to Remain Constant

Planned large (>50 MW) generation projects Co -l = Nameplate Estimated
likely to be operating by 2016 total 1,985 MW W:my mm '” Capacity Commercial
S (MW)  Online Date

Feasibility Stage (Planned new generator undergoing feasibility study)

Flannagan

; . 1 Dickenson Water 5 Not available
Hydroelectric Project

Hydro Matrix LP

Dominion Resources North Anna NB3 Louisa Uranium .. January 1, 2050

Proposed (New generator planned for installation)

Virginia Electric & Virginia City Hybrid
Power Energy Center
Application Pending (Application filed for permits, regulatory approval pending)

ST1 Wise Coal June 1, 2012

. CPV W Pow
Dominion Resources | * arren FOWer 1 cc1 | warren | Natural Gas June 1, 2010

Generating

Highland New December 31
Wind Development |Highland County Wind|WT1 19| Highland Wind 3 LCL;E}(];L ’

LLC

Ladysmith Generation Natural
‘ Caroli Aueust 2
Facility O] Gas/Fuel Ol ugust 2008

Dominion Resources

Dominion Resources | Buckingham County Buckingham| Natural Gas Suzrcr)\lrr;er

Two landfill gas projects totaling 3.14 MW generation capacity are not shown here. Data on
Buckingham County combined cycle plant are from www.dom.com/news/elec2008/prO311a.jsp




Offshore Wind Feasibility-Level Design

VT-ARI responsible for overall direction and
preparation of final report

Which wind turbine models, foundations and hub heights
are optimal for Virginia’s offshore wind climate?

For optimized, integrated design, what is cost of energy
(COE) for different project financing scenarios?

What is effect on COE of project size in the range
from 250 MW to 1,000 MW?

What is effect on COE of distance offshore in the range
from 10 km to 50 km for AC and DC transmission?

How do seasonal and hourly output distributions match
utility grid power demand?




Horns Rev Example of Large European Project

Project capacity = 160 MW (80 turbines), occupying 5.0 km x 3.9 km area (~ 8 MW per sq.km)
Mean wind speed = 9.7 m/s at 70-m hub height (Class 6)

Annual energy output = 600 GWh (43% capacity factor)

Capital investment = 270 million Euro ($248 million - $1,550/kW) in 2002

Horns Rev

Transformer platform




Hypothetical Project Footprint Locations
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Energy Potential Appears to Match State Needs
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C3 + C6 = 882 turbines

= 1,764 MW if V-90 2 MW
(4.25 MW per km?)

= 2,646 MW if V-90 3 MW
(6.38 MW per km?)




Economic Development Studies

Norfolk State University and Industry Partner (SAIC)
responsible for overall direction and preparation
of final report

What are realistic timetables and magnitudes of economic
development impact to build out offshore wind potential?

What are workforce training needs and small business
opportunities associated with this build-out?

What are supply chain constraints and opportunities?

Develop budget and plan to seek federal funding for ocean
test bed to host offshore wind or wind/wave hybrid systems




Nearly Half the Capital Cost of an Offshore
Wind Project is in the Turbine & Tower Package

Turbine & Tower Package
45%

Subsea

cables

Turbine &

Offshore Offshore
foundation

wind farm substation
installation

Subsea
Onshore
cable
electrical
installation e

harbours




Another Fifth of the Capital Cost
1S INn Submarine Power Cable Fabrication

Turbine & Tower Package Power Collection: 13%
45% Power Transmission: 8%

Subsea

cables

Turbine &

Offshore Offshore
foundation

wind farm substation
installation

Subsea
Onshore
cable
electrical
installation e

harbours




The Remaining Third of the Total Project
Capital Investment Engages the Local Economy

Turbine & Tower Package Power Collection: 13%
45% Power Transmission: 8%

Wind turbines

Towers & Subsea

foundations cables

Turbine &

Offshore Offshore
foundation

wind farm substation
installation

Subsea
Onshore
cable
electrical
installation e

harbours
ProjectManagement Local Balance of Plant
2% 32%




New Sustainable Business Value of
$150-200 Million per Year in Maritime Sector Alone

Typical capital cost breakdown for
monopile-based offshore wind project

Support structure
25%

Turbines
45%

33% of capital cost
engages local
economy to build
balance of plant

«

: Project management ; Installation
: 20 : Power collection Power " Assume half

transmission L 1 .~ * of management
........ activities are local

Estimated maritime industry value of fabrication, installation, and service
contracts for notional 2,000 MW of installed offshore wind capacity:

Assume capital cost is double that of Horns Rev project

At $3,100 per installed kW, total capital investment (Cl) = $6.2 billion

Assuming an installation rate of 200 MW per year= $620 million per year over 10-year build-out
Value of local fabrication and installation contracts = $200 million per year until fully built out

Value of local offshore service contracts (2.5% of CI) = $155 million per year after fully built out




Turbine & Tower Package Cost Breakdown

Gearbox 12.91%

How a wind turbine co together e P

speed needed fodrive the gensraior
A typleal wind turbins will containup to 8,000 different componsnts.
This guide shows the main parts and their contribution in percenta - /
Mﬁ‘hf tn the averall cost anruq.unn are hassd an @ I:IFJ:-:-w uuc;.': Generator 3.44%
turbine with 45.3 matre langth blades and a 100 metre towar. Comerts mechanical enargy inlo ebectrical
energy. Both synchroncus ond asynchronous
generators ane used

Yaw system 1.25%

Tower 26.3% Mechanism that rotates the sacelle to face
the changing wind direction

Range in height from 40 mstres up to more

EF 00 m, Usuelly manufectured in sec- = =
- H o

tions. fram rolled stee; & lattice structurs of Pitch System 2.66%
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Rotor bearings 1.22% required

Some of the many different bearings n &
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Lightweight glass fibre bax covers the tur-

- o brine's drive tradn
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Transfars the rotational foece of the molor 1o
the gearbox

Adjusts the angle of the blades to make best
use of the prevaiing wind

Comerts direct cument from the penerator
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tod B slectricity sub-station designed for extreme loads.




Of the Turbine & Tower Package Cost,
About 30% Might be Readily Sourced in Virginia

How a wind turbine co

A typleal wind turbins will containup to 8,000 different componsnts.
This guide shows the main parts and their contribution in percentage
tarme to the cverall oottt Figures are hased on 8 REpowsr MMO2
turbine with 45.3 matre langth blades and a 100 metre towar.

together

Tower 26.3%

Range in haight from 40 matres up to more
then 108 m, Usuelly manufectured in sec-
tions. ftram rolled stee; 2 laltee shuctiues of
Concrele afe chiaaper oplions.

Ny 0,
Rotor blades  22.2%
Varying in length up fo more than 60 me
trés, blades an: manufactured in Specally
designed moulds from composide maban
als, usually a combmnation of glass fibre
and epexy resin. Oplions include polyester
instead of epoy and the addithon of caibon
fibie to add strength and stiffress

Rotor hub 1.37%
Made from cast ion, the hub holds the
blades in pasition as they tumn,

Rotor bearings 1.22%
Some of the many different bearings n &

turbine, these hawve to wilhsta & varying
forzes and loods pencrated by the wind

Main shaft 1.91%
Transfars the rotational foece of the molor 1o
the gearbox

Main frame 2.80%

Made from steel, mist be strong enough o
support the entire turbine deive train, bul not
o0 By,

heavy piece
of equipment
from nacelle
to tower base

Move this

Gearbox 1291%

Gears incmase e low rotatonal spied of
tha mior shalt in senial stapas to the high
speed needed fo drive the peneraior

Generator 3.44%

Conwerts mechanical enargy nto electrical
energy. Both synchroncus ond asynchronous
generators ane usad,

Yaw system 1.25%

Mechanism thal rotates tha sacelle to face
the changing wind direction

Pitch system 2.66%

Adjusts the angle of the blades to make best
use of the prevaiing wind

Power converter 5.01%
Comerts dire c i frosm the peneraior
[{g]es) )I",r-rnr'1.n|g curment ko Be expodted R0 1he
grid nafwordk

Transformer 3.59%
Gonmrts e mlectricity fren e torine o
hagher voltage required by the grid

o
Cables 0.96%
Link individual turbines i= & wind farm to an
tlectricily sud-5tation

Brake system 1.32%

Disc brakes bring the tarbine to a halt whean
reguned

Nacelle housing 1.35%

Lightweight glass fibre box covers the fur-
bine’s drive traan

Screws 1.04%

Haold the: main components in place, must be
designed for extrema loads.




The Remaining 70% Represents a
Potential Manufacturing Possibility in Norfolk

: b . R . : : Wy '
-In 1996, Ford’s Norfolk Assembly Plant set a record,-producing 0y ] m“
212,532 F-150 pickup trucks ~ averaging just over 580 per day & H

. b s
e e et =

During World War I, this plant temporarily

retooled from automobile manufacture to ¢ . sl
the production of landing craft. With road, = reon ﬂK*dﬂﬂ,,,
rail, and deep-water access, this site is m e\ o Y
well positioned to be retooled yet again,

for offshore wind turbine assembly.




Thank You!

Any guestions?

Email; twilkins@paliria.com or hagerman@vt.edu




