Renewable Energy Supplyieas P
ASta System of SyéM

Offshore Wind and Onshore Solar

i

= I =

Y

_ Southeastern Virginia
ENERGY TECHNOLOGY PARTNERSHIP FORUM

.-_h' e
R

| -.: ~ College of William and Mary Alumni House
Williamsburg, VA
13 April 2010

George Hagerman

VCERC Director of Research

Virginia Tech Advanced Research Institute
4300 Wilson Blvd., Suite 750

Arlington, VA 22203

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




Offshore Wind and Onshore Solar can be
Cornerstones of a Larger, Integrated Energy System
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Offshore Wind is a Winter-Peaking Resource
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Offshore Wind Turbines are
Commercially Available Now

Left photo is of Vestas 3 MW turbines with 90-m rotor diameter and 70-m hub height
on steel monopile foundations at Thanet 300 MW project off southeastern England.
Right photo is of Siemens 2.3 MW turbines with 83-m rotor diameter and 69-m hub
height on concrete gravity base foundations at 166 MW Nysted project off Denmark.




Onshore Solar iIs a Summer-Peaking Resource

Photovoltaic Solar Resource:

Flat Plate Tilted South at Latitude January Direct Beam Solar Radiation

. Maximum Radiation
. Minimum Radiation

B wind Velocity (see previous slide)

(in kilowatt hours per meter
squared per day)
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seasonally complementary

collector. The data for Hawait and the 48 conliguous states is &

10 km, satelite modeled dataset (SUNY/NREL, 2007) representing
data from 1998-2005 was pros ont
The data for Alaska is a 40 km dataset produced by the atena

Cimatalogical Sclar Radiation Model (NREL, 2003)
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Building-Integrated Photovoltaic
Roofing Tiles are Commercially Available Now

PowerGuard® - Power Generation & HVAC Savings

PowerGuard®
Roof Tiles
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Commercial Roofing Market $ 16 Billion / yr.
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Hourly Output Profile of
One 5 MW Offshore Wind Turbine in Summer

RE 5.0M Output Power
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REPower 5 MW turbine has 126 m rotor diameter, requiring
945 m spacing between towers within project, occupying

0.893 km? (221 acres) of offshore ocean area per turbine
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Hourly Output Profile of

Ten 500 kW Photovoltaic Roofs In Summer

3000000

2500000 -

2000000

2
o
=
o
o
5
Q.
+—
=]
@)

500000 -

0

Solar Power Output

5 MW of PV panels would occupy 625,000 ft? (14.3 acres) of roof area
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Hourly Output Profile of Combined
Offshore Wind Turbine and PV Roofs in Summer

Combined Wind a Solar Power Output Curves
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Algal Biogas for Electric Power in the Future

Replicating the same process
for combined heat and power

electricity

combined heat
% power unit

Anaeroblc dlgestlon of seaweed suster apaerobic
STorage digesztion
naturally produces methane
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Candidate Seaweed Species
Native to the Mid-Atlantic Coastal Region

Ulva

Gracilaria

» Along Mid-Atlantic and Southeastern beaches Gracilaria and Ulva can wash ashore and
pile up in windrows where natural decomposition produces methane and hydrogen sulfide

« Ulva expected to yield 214,400 ft3 of methane per acre of pond area per year

« Gracilaria expected to yield 514,500 ft® of methane per acre of pond area per year



Tokyo Gas 10 kW Demonstration Project

Ulva
harvest

Digester

Ulva
slurry

After two weeks in anaerobic digester, one dry ton of Ulva yields 600 cubic feet of
biogas (60% CH, and 40% CO,), which supplies a 9.8 kW micro-turbine generator
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Any questions?
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Email: hagerman@vt.edu




