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1. Context
2. Integration and cooperation: the missing link
3. Gains from integration
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3IEA (2021)

Global total final consumption by fuel in 
the Net‐Zero Emissions by 2050 Scenario

Oil Natural Gas

H2

Coal

Bioenergy

Wind & Solar

EJ

Reduced by 150 EJ
(45%)

Grows by 95 EJ
(2.25x)



Required Renewable Capacity in Canada for 
net‐zero in 2030, 2040 and 2050

4IET (2021)



Required Renewable Generation in the United 
States for net‐zero by 2050
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Princeton (2020)

TWh



States with Statutory GHG Reduction and 
Reporting Requirements and Market‐Based Policies
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Shields (2021)

Reduction and Reporting Requirements
Gray = no requirement

Market-based Policies
Gray = no policy



GHG Emissions Reduction Targets 2030 / 2050

Sources: C2ES - the Center for Climate and Energy Solutions - for US and Canada GHG Emissions Targets (2021); Energyhub - Clean Energy Targets Canada (2021); National Conference of State Legislatures (NCSL) -
State Renewable Portfolio Standards and Goals (2021)

Ontario
37% / 80%

New York
40% / 85%

Atlantic provinces

NB: 35% / 80%*
NL: 30%** / 75%*
NS: 53%** / Net-zero
PEI: 40%** / Net-zero

Quebec
37.5% / Net-zero

New England

CT: 45%* / 80%*
MA: 50% / Net-zero
ME: 45% / Net-zero
NH: 20% / 80%
RI: 45% / 80%
VT: 40% / 85%Note: GHG emissions targets are measured below 1990 levels 

except for * (below 2002 levels) and ** (below 2005 levels) 

Bouchet & Pineau (2022) State of Energy in Northeastern North America 



Northeast: Population, Generation, carbon
intensity and residential price (US$)
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Ontario
14.6 M

148 TWh

Québec
8.5 M

191 TWh

New York
19.5 M

132 TWh

New 
England
14.8 M

100 TWh

Atlantic
2.4 M

65 TWh26 g/kWh

186 g/kWh

220 g/kWh

171 g/kWh
1 g/kWh

7.8¢/kWh

23.7¢/kWh

24.1¢/kWh

11.9¢/kWh
5.1¢/kWh

Storage
176 TWh

Storage
27 TWh



2. Integration and cooperation: 
the missing link
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MassachusettsNew York

Connecticut
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North America

2021
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Northeast Power Coordinating 
Council (NPCC): 

one Regional Entity of the 
North American Electric 

Reliability Corporation (NERC)



Northeast
Transmission
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230 kv

345 kv

≥450 kv

Inteconnexions (GW)
QC ON AT NY NE

QC - 2,7 1,0 2,0 2,3 8,0
ON 2,0 - - 2,0 - 4,0
AT 0,8 - - - 0,7 1,5
NY 1,1 1,6 - - 1,6 4,3
NE 2,2 - 0,7 1,4 - 4,3

6,0 4,3 1,7 5,4 4,6 22,0Bouchet & Pineau (2022) State of Energy in Northeastern North America 



14S&P Global Platts (2019)



3. Gains from integration
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Some publications

16https://transitionaccelerator.ca/northeast_decarbonization/
https://energie.hec.ca/npcc-2/

https://www.sciencedirect.com/science/article/abs/pii/S0301421521000793
Energy Policy April 2021 paper

https://www.canadagrid.org/



Annual decarbonization cost
No Trade / No New Transmission / Optimal Transmission
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No Trade

No New Transmission 

Optimal Transmission

Rodríguez-Sarasty, Debia, Pineau (2021)



Interties are critical
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NY-ON

QC-NE

QC-NE

QC-NY
QC-NY

NY-ON AT-NEAT-NE



Important Wind and Solar requirements
(90% decarbonization)
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More interies = More wind

With Optimal Transmission :
• Hydro-Wind correlation: from -0,06 to -0,28
• Wind generation: from 102 to 120 TWh
• Wind curtailment: from 1,5 % to 0,1 %

20Rodríguez-Sarasty, Debia, Pineau (2021)



Regional Cost Impacts
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Annualized cost of operation and incremental investments by decarbonization level

NY

NE QC



Conclusion

• Lots of areas to study
• Sadly, there is limited institutional capacity to adequatly use models

and their results
• This is where people like me can (maybe) help bridge the gap 

between OR models and their use to support decision making and 
policy
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Partners of the Chair in Energy Sector Management:

Internet energie.hec.ca
Twitter @HECenergie
Courriel energie@hec.ca

MERCI !
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