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Two weeks ago…
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Shift in Wind Resources Quality?

• 2004-2006

• 80m towers

• 2007-2013

• 100m towers, 3 tower types, 3 bins

Eastern/Western Wind Dataset [1] Wind Toolkit Dataset [1]

53% < CF < 57%

50% < CF < 52%

41% < CF < 49%

20% < CF < 40%

[1] http://www.nrel.gov/gis/data_wind.html
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53% < CF < 57%

50% < CF < 52%

41% < CF < 49%

20% < CF < 40%

1. Eastern Interconnection Study
2. Western Interconnection Study
3. EIPC Phase 1 & 2
4. EISPC-NARUC

* Previous CEP work using this dataset

How is this research related to other WESEP students? Robert Peggar and Bin Cai



Supply curves for 100-m wind
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Modified supply curves  Larger LCOE gap between PJM and 
Midwest (MISO and SPP)Original supply curves using the Wind Toolkit

15 $/MWh

11 $/MWh
14 $/MWh

20 $/MWh

PJM with 50% limit

How is this research related to other WESEP students? All WESEP Students



What about transmission?
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Moving rich wind energy from the Great 
Plains to the West and East coasts requires 
major transmission capacity between Eastern 
and Wester Interconnection

Seams Transmission Capacity = 1.3 GW
US Peak-load ~ 850 GW



Wind integration issues
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Variability and Uncertainty of wind power
Correlation between maximum wind and 

maximum load is low



Hypothesis

• The benefits of a well-design inter-regional transmission grid 
outweigh its costs under a future with high wind and solar generation

• Value drivers
• Geo-diversity of wind and solar resources (smoothing effect)

• Geo-diversity of load (time-zone differences)

• Reserves sharing opportunities
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Benefit Total

Load Diversity $  21.0 Billion 46%

Frequency Response $    9.8 Billion 22%

Wind Diversity $    2.2 Billion 5%

Other Energy Based Benefits $  12.2 Billion 27%

Grand Total $45.3 Billion

Benefit/Cost 
Ratio

1.25



Concept of Reserves Sharing
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How is this research related to other WESEP students? Michael Czahor

• A motivating example

?
?

?
?

?

?

What’s the cheapest option?



Design 1 Design 2a Design 2b Design 3

Objective Function Total Total
Delta

(Value)
Total

Delta
(Value)

Total
Delta

(Value)

Gen Inv. Cost(B$) 678.0 703.0 25.0 679.3 0.0 720.1 42.1

Fixed O&M Cost (B$) 465.0 451.0 -14.0 463.0 -2.0 452.7 -12.3

Variable O&M Cost (B$) 73.0 71.0 -2.0 71.8 -1.2 68.9 -4.1

Fuel Cost (B$) 528.0 509.0 -19.0 510.5 -17.5 482.1 -45.9

Carbon Cost (B$) 454.0 434.0 -20.0 436.7 -17.3 410.1 -43.9

Line Inv. Cost (B$) 43.1 49.9 6.8 49.5 6.4 50.4 7.3

Total (B$) 2,241.0 2,217.0 -24.0 2,209.5 -31.5 2,189.7 -51.3

Economic Summary
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DESIGN 1: New Capacity

New Capacity

Technology WI/EI (GW)

Wind 134.7/201.0

Solar 27.1/15.2

Gas 20.1/22.8

AC Transmission 78.3/81.9

Wind

Solar

Gas

Capacity> 10,000 MW

5GW<Capacity<9GW

Capacity<4GW

TC=6 GW

Transmission Capacity 
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New Capacity

Technology WI/EI (GW)

Wind 131.9/214.9

Solar 24.3/15.1

Gas 20.0/21.6

AC Transmission 75.6/71.9

HVDC (B2B) 9.73

DESIGN 2a: New Capacity

1,829 MW

409 MW

807 MW

1,052 MW

1,156 MW

1,948 MW

2,533 MW

Wind

Solar

Gas

Capacity> 10,000 MW

5GW<Capacity<9GW

Capacity<4GW

TC=6 GW
Transmission Capacity 



12

New Capacity

Technology WI/EI (GW)

Wind 99.6/234.3

Solar 26.8/15.7

Gas 13.2/20.1

AC Transmission 71.6/91.9

HVDC (LCC) 13.1

DESIGN 2b: New Capacity

Wind

Solar

Gas

Capacity> 10,000 MW

5GW<Capacity<9GW

Capacity<4GW

TC=6 GW
Transmission Capacity 

TC=6 GW
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DESIGN 3: New Capacity

New Capacity

Technology GW (WI/EI)

Wind 72.2/279.9

Solar 20.0/18.8

Gas 20.1/16.7

AC Transmission 72.0/77.4

HVDC (LCC+VSC) 81.4

Wind

Solar

Gas

Capacity> 10,000 MW

5GW<Capacity<9GW

Capacity<4GW

TC=6 GW

Transmission Capacity 

TC=5.4 GW



Robustness Tests & Sensitivities

• Robustness
• How Seams transmission investments change with high DG-PV?

• How Seams transmission investments change with 80-m wind towers?

• Sensitivities
• How Seams transmission investments change with different fuel prices?

• How Seams transmission investments change with different CO2 price?

• How Seams transmission investments change with different gas price?
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How is this research related to other WESEP students? Patrick Maloney



International Experience: Pre-Departure
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International Experience: Collaboration

• The University of Sydney
• Prof. Joe Dong & Dr. Ke Meng

• Energy group at USYD is also 
investigating about inter-
regional transmission 
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Ongoing collaboration 
about multi-terminal 
HVDC configurations



International Experience: Benefits

• A once in a life time 
opportunity to
• Do research in a 

different environment

• Collaborate with 
international peers

• Travel and make 
friends
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Conclusions

• Cross-seam transmission is good
Provides economic benefits 

Allows energy movement from most economic resources to load centers

Allows reserves to be shared across the contiguous US
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Thank you!


