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 The discussion today will be around the following topics
related to Energy in the Great Lakes:

— Water usage applications at the Detroit Edison Monroe
Power Plant

— Discussion of the 316(b) cooling water provision of the
Clean Water Act

— A review of the Ludington Pumped Storage facility

— Offshore wind energy potential and development in the
Great Lakes



 Typical Coal Fired Power Plant Operation

— Coal is burned in a boiler to create
steam at very high temperatures and
pressure

— The steam then passes through a
turbine to turn it and the generator at
high speeds to create electricity

— Steam exhausted from the turbine is
then condensed to water that is then
re-heated and sent back to boiler to
repeat the same cycle again

— The condensing process requires
copious amounts of cooling water for
efficient operation

Typical steam boiler cycle
Taken from Hydro-Quebec publication on steam boiler S



River Raisin Plant Intake
Monroe Power Plant

— Largest in Edison fleet with a generating
capacity over 3000 megawatts

— Plant average flow rate 1,932 million
gallon per day

Condenser cooling

Ash transport and treatment
Boiler water make up

Misc. equipment cooling

Waste water treatment operations
Fire protection

Flue Gas Desulfurization (new)

Discharge Canal

— All water discharges through the outlet Ash Basin Lake Erie
canal into Lake Erie after meeting
regulated testing requirements



Rotating Screens
Typical design for most facilities

Prevent trash, plants and larger fish from
entering the plant water system

New designs focus on aquatic protection

New rotating screen designs with fine mesh
screens - smaller fish protection systems

Wedge wire designs for intake
Lower velocity designs and closed systems

Clean Water Act 316(b) section
Enacted in 1970’s — cooling water intakes
316(b) procedural concerns delay
implementation
Lawsuits in mid 1990’s brought attention to
the rule
Require the use of “best technology
available” (BTA) for minimizing adverse

environmental Impact Intake Water Rotating Screen
From US Filter



In 2004, EPA issued new 316(b) requirement

Significant reductions in impingement and
entrainment of fish and shellfish

EPA could consider cost versus benefits of any

improvement

Lower courts ruling significantly constrained Detroit Edison has completed the

EPA'’s ability to use cost and benefit analysis initial steps of the 316(b) process
by completing biological studies at

Recent Supreme Court ruling each plant.

Stated the EPA could retain the cost benefit

provisions

Dissenting positions based on other areas of

Clean Water Act that don’t allow cost benefits Detroit Edison continues to be

engaged with the Edison Electric
Institute’s development of new fish

Proposed alternatives to comply with 316(b) provisions protection technology

Closed cooling systems

Fine mesh screens or other fish protection
systems

Operation changes to reduce or redirect flow
Habitat restoration
Combination of multiple alternatives



Ludington Pumped Storage Plant is located
on Lake Michigan 5 miles south of the city of
Ludington

Jointly owned by Consumers and
Detroit Edison

Commissioned in 1973 with an
electrical output of 1,872 megawatts

Can support a community of 1.3 million
people at full output

Manmade pond is 5.7 miles in
perimeter with a storage capacity of 27
billion gallons, located at an elevation
350 feet above Lake Michigan

2.5 mile net provides a batrrier to fish
entrainment

Aerial view of the of the Ludington Facility
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e  Six units located underground on the Lake
Michigan Shore

— Manufactured by Hitachi, the units are
considered to be some of the largest
in the world

— Pump turbine runner (water wheel)
diameter is over 27 feet in diameter
and weighs 325 tons

— Maximum flow rate through the facility
is 70,000 cubic feet per second (1/3rd
the avg. Detroit River flow)

— Motor generators run at 20,000 volts
and are air cooled units that are over

47 feet in diameter Turbine runner removed from the unit



Pump at night (11pm — 7am) to fill the upper reservoir pond

The pump turbines reverse rotation and generate electricity during the day when
demand is high

Pond can store 8 hours of full load operation for all six units

Cycle efficiency of 71.5% is compensated by the variation in electrical demand
between day and night — this results in a market price differential between on and
off peak electricity

Fill pond for storage
during the night

v

Generate during on
peak day time period

Pump Storage Diagram
Diagram from Great Lakes Fishery Trust Presentation - August 2003
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* Plant Assessment Study completed in 2007
indicated plant overhauls required 2010 -
2020 time frame

— Last overhauls completed in 1990’s

— New technology available and study
indicated it could improve plant
operations

— New turbine runners have higher
efficiency and capacity

— Motor generators need refurbishment
for continued operation

— Turbine manufacturers are proposing 1/19" scale model in test rig
new designs through a competitive
process — proposals are verified by
physical model testing
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NREL Map indicates strong potential for wind
development within the Lakes

— Map doesn’t consider the middle of the
lakes where winds are estimated to be
better

— AWS Truewind indicated that there is
500,000 megawatts of potential in the
Great Lakes

— Michigan has jurisdiction over 40% of the
Great Lake waters — the most of any
State

— Current Detroit Edison wind development
Is onshore, and predominately in the
Thumb

— Onshore technology is well developed
and commercially available

Taken from NREL Labs
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 Extended map indicates
strong potential throughout
all the Lakes

* Highest wind potential is
further offshore in deeper
waters

* Many aspects for offshore
siting need to be considered
to find the optimal locations

12
Taken from AWS Truewind Great Lakes Study



((

Equipment design for a major portion
of the wind turbine is very similar to the
onshore design diagram shown

Key components are the tower, rotor,
nacelle and blades

Onshore ~ 400 ft height, Offshore up to
600 feet depending on wind speeds

Variable pitch
blades

\ ™ Nacelle Impactnoise insulation

(@ Heatexchanger @9 vawdrive
\ (@) Generator @) vawdrive
~ @ Control Panel @ Rotor shaft
(®) Main frame @3 oil cooler
Foundation (® ImpactNoise Insulation @ Pitch drive
- ® Hydraulic parkingbrake @ Rotorhub
) Gealbox @ Nose cone

* Key design difference for offshore is in the
type of tower support system used

— Shallow applications are similar to land
based, with considerations for wave
and icing

— Transitional depth uses tripod design

— Deepwater flotation has yet to become
commercially proven

— Increase projects costs compared to on
shore applications 13
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* Wisconsin Public Service Commission Report

Key Barriers to offshore wind development

1. Wind characterization needed — strategic metrological tower
testing needed to verify wind patterns in the Great Lakes

2. Design and cost considerations in the Great Lakes not developed
(icing, wave conditions, transmission technigues can be
challenging)

3. Specialized vessels needed for construction not available in Great
Lakes region

4. Environmental effects for birds and aquatic life not fully studied

5. Legal and regulatory issues
States jurisdiction
Federal Government — Clean Water and Harbors Acts
Native American water rights, environmental opposition
NIMBY - sight lines from shore communities
Transmission siting and cost

Currently there are no
wind turbines erected In
the Great Lakes

European offshore wind
experience will help
guide U.S. development.

U.S. development further
along in Atlantic and
Texas Coast Regions

14
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« Many Great Lake States are eager for offshore developer proposals
— New York Power Authority
Issues a Request for Interest in Lakes Ontario and Erie
Expect proposal by June 2009

— Ohio — Cuyahoga County
Offshore development in Lake Erie
Vision 3-8 turbines installed

— Michigan — Formed the Great Lakes Wind Council

In addition to looking at ways to best engage the people of Michigan in a public
dialogue about offshore wind so that statewide interests are considered, the council
will identify criteria that can be used to review applications for offshore wind
development. The council will also identify criteria for mapping areas that should
be excluded from offshore wind development and those areas that are most
favorable for such development, providing a full report to the Governor by

September 1, 2009 .
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The resources of the Great Lakes are vast and are used to
enhance the lives of everyone within the region.

Energy technologies described in this paper are only a small
subset of these resource applications.

Even though the resources are abundant, it is up to all of us to
responsibly utilize and preserve this resource that is so vital to the
economic growth of the region.
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