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Project Summary

* DOE Project: DE--EE0005367
* Great Lakes Offshore Wind: Utility and Regional Integration Study

* Address technical questions and planning needs related to the
integration of large-scale offshore wind into utility service areas
including:

* Transmission system upgrades needed to facilitate offshore wind projects

. Im;t))alcts of offshore wind farm on operational steady state and dynamic
stability

* Wind energy integration into FirstEnergy/PJM system

e General guidelines and recommendations for other offshore wind projects
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FirstEnergy Area Service Area

- More than
8000MW of
installed
generation
capacity

- The transmission
system has been
heavily loaded
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Offshore Wind Energy Generation
ESti mates Expected 10-Minute Deltas for 1000 MW Lake

Erie Wind Plant

ABSOLUTE

EXPECTATIO FREQUENCY DELTA
DELTA DELTA
N EVALUATED

NEGATIVE Positive

Once in 3 Years -360 MW 361 MW 360 MW

Once Every 2

-136 MW 171 MW 170 MW
Weeks
Once Every 1.5

-72 MW 81 MW 80 MW
Days
Four Times Per Day -41 MW 44 MW 50 MW
Eight Times Per

-30 MW 31 MW 30 MW

Day
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Sites selected for 1000 MW Lake Erie Wind Plant

Minimum Distance from Offshore Wind
Farm to FE Substations
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Interconnection Scenarios

e ECO1: Interconnecting a 1000 MW of offshore wind generation at
- Perry 345 kV Substation

e ECO2: Interconnecting five 200 MW of offshore wind generations at
- Avon 345 kV Substation
- Lakeshore 138 kV Substation
- Eastlake 345 kV Substation
- Perry 345 kV Substation
- Ashtabula 345 kV Substation

* ECO3: Interconnecting two 500 MW of offshore wind generations at
- Avon 345 kV Substation and
- Avon 138 kV Substation
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Steady State Analysis Scenarios for each POI
ﬂﬂ-
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FirstEnergy
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Modelling and Simulation (1)

* Appropriate models were developed in GE PSLF

EQUIVALENT WIND FARM & COLLECTOR SYSTEM OFFSHORE FLATFRORM

SUBSTATION
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Voltages in FirstEnergy
Transmission System

Range of Voltage Absolute Values in FirstEnergy Transmission Lines
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Range of Voltage Absolute Values in FirstEnergy Transmission Lines
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Voltages in FirstEnergy Transmission
System*

EC02

Voltage Violation Occurrence in FirstEngery Transmission Lines
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* ECO01 and ECO03 had no voltage violations
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Voltages in Offshore System

Range of Voltage Absolute Values in Offshore Wind Farm Extract Cables and Offshore Platform
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Loading in FirstEnergy
Transmission System

Highest Loading Ratein FirstEnergy 138KV TransmissionLines Greatest LoadingRatein FirstEnergy 345KV Transmission Lines

NOEMW WSSMN WMWY WESMW  EGHMW

NIDDWW WM RESOMW WOOMW  MEI0MW  WpAMIK

GrestestLosding Ratein
the Base Case

Loading [p.u.]
Loading [p.u.]

12 3 45 6 7T 8 9 M H 1 3 B 15 % D7 8B 19 01010258 #5580 B8 3 38 3 3 3 F5 % 1 1 3 4 5 6 7T 3 3 v Il 2 B M U H T BEXNXEBE NS U BB B N R B UL

Cased (ase

ECO1

2 SARTENRISIRVE - FrstEnergy PINREL 21

N i - NATIONAL RENEWABLE ENERGY LABORATORY
think beyond the possible




Loading in FirstEnergy Transmission
System

Highest Loading Ratein FirstEnergy 138KV Transmission Lines Greatest Loading Ratein FistEnergy 345KV Transmission Lines
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Loading in FirstEnergy Transmission
System

Highest Loading Ratein FirstEnergy 138KV TransmissionLines (Greatest Loading Ratain FirstEnergy 345KV Transmission Lines
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Loading in FirstEnergy Transmission
System

Overloading Occurance in FirstEnergy Transmission Lines
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Loading in FirstEnergy
Transmission System

Overloading Occurance in FirstEnergy Transmission Lines

H1000MW E9B0MW MOSOMW  M920MW MB30MW N adOMW

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1y 18 18 20 21 22 23 24 15 26 7 28 29 30 31 37 33 34 3 36

NMumber of Overloaded Lines

Case &

ECO2

ot oy @ HNREL

think beyond the possible’




Loading in FirstEnergy Transmission
System

Overloading Occurance in FirstEnergy Transmission Lines
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Conclusions and Future Work

* Dominant impact on voltage regulation in the transmission system is related to the
geographical location of the points of interconnection.

* The reactive power support capability of the machines installed offshore and SVC at
the POls are secondary and tertiary factors in voltage regulation.

* Installing SVC at POls is important to delivering the best voltage regulation
performance in the transmission lines and preventing voltage violations across
offshore equipment and facilities, unless machines with full reactive support
capability are used in the offshore wind farm.

* Using machines with the capability to provide reactive power supportis an
alternative for the SVC installed at the POls.

* The level of loading of transmission lines depends primarily on the operation of
Perry, the major bulk generation in the area. The geographical point of
interconnection plays a secondary role.

* Small signal dynamic analysis (voltage and frequency) is ongoing and will be
completed by 12/31/2014.
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