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EB-2016-0152 
ED Compendium for Panel 3 

Operating and Fuel Costs in 2017 

Pickering Nuclear Station vs. Combined-Cycle Power Plant Assuming $20 per Tonne Price of Carbon 

Pickering Nuclear Station:  8.73 cents per kWh1 

Combined-Cycle Power Plant: 3.65 cents per kWh2  

 

                                                           
1 Undertaking JT2.4. 
2  Assumptions: Gas cost of $3.85 per MMBtu (March 7, 2017 Henry Hub gas price of $2.87 per MMBTu and 
exchange rate of 0.7457 per the March 7, 2017 Report on Business); carbon tax of $20 per tonne, which is 
equivalent to $1 per MMBTu (see Ex. F2-2-3, Attachment 1, Page 64); combined-cycle plant heat rate of 6,800 Btu 
per kWh (Ex. L, Tab 6.5, Sch. 1 Staff-125, Page 2); combined-cycle power plant’s variable operating and 
maintenance costs of 0.35 cents per kWh (F2-2-3, Attachment 1, Page 64). 
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EB-2016-0152 
ED Compendium for Panel 3 

IESO Natural Gas Price Forecast vs. NYMEX Natural Gas Futures Prices  
For December of Each Year at Henry Hub 

 2017 2018 2019 2020 2021 2022 2023 2024 
IESO Forecast 
(2015 real U.S. 
$/MMBTU)1 

5.45 5.45 5.44 5.44 5.43 5.43 5.43 5.43 

IESO Forecast 
(nominal U.S. 
$/MMBTU)2 

5.67 5.78 5.89 6.01 6.12 6.24 6.36 6.49 

NYMEX Future 
Prices3 ($/MMBtu) 

3.35 3.05 2.99 3.02 3.01 3.03 3.08 3.16 

IESO Price Premium 69% 90% 97% 99% 103% 106% 106% 105% 

 

                                                           
1 Ex. L, Tab 6.5, Sch. 7 ED-028, Page 5 
2 Conversion from 2015 real $ based on assumed 2% annual inflation rate. 
3 As of March 6, 2017:  http:www.cmegroup.com/trading/energy/natural-gas/natural-gas.html 
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Witness Panel: Nuclear Operations and Projects 

Board Staff Interrogatory #125 1 
 2 
Issue Number: 6.5 3 

Issue:  Are the test period expenditures related to extended operations for Pickering 4 

appropriate? 5 

 6 

Below are interrogatories on the IESO’s analysis (Exh F2-2-3 Attachment 1) of 7 
Pickering Extended Operations. In order to provide complete responses to all OEB 8 
staff interrogatories please consult the IESO as necessary. 9 
 10 

 11 

Interrogatory 12 

 13 

Reference:  14 
Ref: Exh F2-2-3 page 7 15 
 16 

a) It is indicated that OPG conducted its own internal economic evaluation of PEO. 17 
Please provide the study. 18 
 19 

b) Please compare the assumptions relied on in both studies, particularly with respect to 20 
assumptions related to load growth, price of gas-fired generation, Pickering production 21 
forecast, and Pickering operating and capital costs. 22 

 23 
 24 
Response 25 
 26 
a) The results of OPG’s internal economic evaluation are documented in the Pickering 27 

Extended Operations Technical and Economic Assessment at Ex. F2-2-3 Attachment 2. 28 
 29 

b) A comparison of the major assumptions used in the development of the economic 30 
assessments conducted by OPG and the IESO are documented below. Chart 1 has been 31 
prepared by OPG and Chart 2 has been prepared by the IESO:   32 

  33 
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Witness Panel: Nuclear Operations and Projects 

Chart 1: OPG Assumptions 1 

 2 

 3 
 4 

Chart 2: IESO Assumptions 5 

 6 

 7 

 Line No. 2016 2017 2018 2019 2020 2021 2022 2023 2024

1 
 System Demand

(TWh)
143 143 144 146 147 148 149 150 152

2 
 Gas Prices 

(Dawn, 2015C$/mmBtu)
3.9 4.2 4.3 4.2 4.3 4.4 4.5 4.6 4.7

3 
 CO2 Credit  

(2015C$/Mg CO2e)
20.3 23.1 24.7 26.2 27.7 29.3 30.8 32.4 34.0

4 
 Pickering Production 

Forecast (TWh)

5 
 Pickering Operating Costs 

($M)

6  Pickering Capital Costs ($M)

7
 Combined Cycle Gas 

Turbine (CCGT)

8
 Single Cycle Gas Tubine 

(SCGT)
9,500 $800 $21 $5

6,800 $1,100 $26 $3

 (MMBtu/kWh)

 OPG Assumptions (Pickering Extended Operations - Economic Assessment)

 Cost of New Gas 

Capacity

(2015 US$)

 Capital Fixed Variable
 Rate  Cost Cost Non-fuel
 Heat

 (US$/kW) (US$/kW-yr) (US$/MWh)

Refer to L-1-6.5 Staff 126 for Cost and Production Data 
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EB-2016-0152 
ED Compendium for Panel 3 

Navigant Natural Gas Price Forecast1 

Month Henry Hub 
(US$/MMBtu) 

Exchange 
Rate2 

Henry Hub 
(C$/MMBtu) 

Dawn 
(C$/MMBtu) 

Dawn Price 
Differential 
(C$/MMBtu) 

Nov-16 $3.03 1.369 $4.15 $4.11 -$0.04 
Dec-16 $3.22 1.369 $4.41 $4.29 -$0.12 
Jan-17 $3.34 1.342 $4.48 $4.44 -$0.04 
Feb-17 $3.35 1.342 $4.50 $4.47 -$0.03 
Mar-17 $3.30 1.342 $4.43 $4.35 -$0.08 
Apr-17 $3.05 1.329 $4.05 $3.94 -$0.11 
May-17 $3.02 1.329 $4.01 $3.87 -$0.14 
Jun-17 $3.05 1.329 $4.05 $3.78 -$0.27 
Jul-17 $3.07 1.317 $4.04 $3.81 -$0.23 
Aug-17 $3.08 1.317 $4.06 $3.80 -$0.26 
Sep-17 $3.06 1.317 $4.03 $3.84 -$0.19 
Oct-17 $3.08 1.304 $4.02 $3.84 -$0.18 
Nov-17 $3.13 1.304 $4.08 $3.98 -$0.10 
Dec-17 $3.26 1.304 $4.25 $4.10 -$0.15 
Jan-18 $3.35 1.303 $4.37 $4.26 -$0.11 
Feb-18 $3.32 1.302 $4.32 $4.18 -$0.14 
Mar-18 $3.23 1.301 $4.20 $4.08 -$0.12 
Apr-18 $2.83 1.300 $3.68 $3.57 -$0.11 
 

Average Dawn Price Differential:  -$0.13/MMBtu 

                                                           
1 Navigant, Ontario Wholesale Electricity Market Price Forecast For the Period Nov 1, 2016 through April 30, 2018, 
(Oct 14, 2016), page 12. 
2 Email from Trent Winstone, Associate Director, Navigant to Jack Gibbons (February 28, 2017). 
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From: Trent Winstone [mailto:trent.winstone@navigant.com]  
Sent: February-28-17 12:51 PM 
To: jack@cleanairalliance.org 
Cc: Todd Williams 
Subject: FW: Dawn Natural Gas Price Differential Question 
  
Hi Jack, 
We apply the basis differential in $USD to the HH prices, and then convert to $CAD using an exchange 
rate forecast that varies from month to month.  The source for the exchange rate 
is  http://www.bmonesbittburns.com/economics/forecast/ca/cdamodel.pdf, and the rates used from Nov 
2016 to Apr 2018 are provided below. 
  
The change to a negative basis differential from HH to Dawn is relatively new trend that reflects the 
impact of shale gas. 
  
Cheers, 
Trent 
  

 
  
_______________________________________ 
TRENT WINSTONE | Associate Director 
Energy | Navigant 
333 Bay Street | Suite 1250 | Toronto, ON  M2H 2R2 | Canada 
416.985.4912 Mobile | trent.winstone@navigant.com 
navigant.com 
  
From: Todd Williams  
Sent: Monday, February 27, 2017 3:18 PM 
To: Trent Winstone <trent.winstone@navigant.com> 
Subject: FW: Dawn Natural Gas Price Differential Question 
  
Trent, 
  

6
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Could you please respond to Jack’s question below. 
  
Thanks, 
  
Todd 
___________________________________________________________________ 
TODD WILLIAMS | Managing Director 
Energy | Navigant 
Bay Adelaide Centre | 333 Bay Street, Suite 1250 | Toronto, ON  M5H 2R2 | Canada 
1.647.288.5204 Direct | 1.613.544.7941 Mobile | twilliams@navigant.com 
Assistant: Colleen Martino | Direct: 1.416.956.5008  | colleen.martino@navigant.com 
navigant.com 
  
From: Jack Gibbons [mailto:jack@cleanairalliance.org]  
Sent: Monday, February 27, 2017 2:30 PM 
To: Todd Williams <twilliams@navigant.com> 
Subject: Dawn Natural Gas Price Differential Question 
  
Hi Todd, 
  
I hope you are well. 
  
I have been looking at your October 14, 2016 “Ontario Wholesale Electricity Market Price 
Forecast”. 
  
I have used your average exchange rate forecast of $1.376 CAD between Nov 2016 and April 
2018 to calculate your basis differentials between Dawn and Henry Hub gas prices.    According 
to my calculations, you are forecasting that the Dawn price will always be lower than the Henry 
Hub price.    Specifically, the monthly differentials vary from  -32 cents to -5 cents per MMBTu 
and have an average value of 
-21 cents per MMBTu.   
  
According to page 11 of your report, the “basis differential is based on Navigant’s North 
American gas price forecast”.    Does this forecast also assume an average exchange rate of 
$1.376 CAD?   Or do I need to know your month to month exchange rate forecasts to calculate 
your forecast monthly price differentials? 
  
Thanks for your help. 
  
Jack  
  
Jack Gibbons 
Chair, Ontario Clean Air Alliance 
160 John St., #300 
Toronto  M5V 2E5 
  
Tel: 416-260-2080 x 2 
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Fax: 416-598-9520 
Email: jack@cleanairalliance.org 
www.cleanairalliance.org 
  
  
  

 
This communication is from Navigant Consulting Inc. or one of its subsidiaries. E-mail text or attachments 
may contain information which is confidential and may also be privileged. This communication is for the 
exclusive use of the intended recipient(s). If you have received this communication in error, please return 
it with the title "received in error" to NCISecurity@navigant.com, and then delete the email and destroy 
any copies of it. In addition, this communication is subject to, and incorporates by reference, additional 
disclaimers found in Navigant Consulting's "Email Disclaimer" section at www.Navigant.com. 
 
Navigant Consulting, Inc., Registered in Delaware, USA, Registered Office: 30 South Wacker Drive, Suite 3400, Chicago, Illinois 60606 
Navigant Consulting (Europe) Limited, Registered in England No. 05402379, Registered Office: 100 New Bridge Street London EC4V 8JA 
Navigant Consulting (APAC), Pte. Ltd., Registered in Singapore No. 201205402M, Registered Office: 8 Marina Boulevard #05-02, Marina 
Bay Financial Centre, Singapore 018981 
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EB-2016-0152 
ED Compendium Panel 3 

Market Price for Demand Response 

 

Annualized cost of Summer 2017 Demand Response: $83/kW-year1 

 

Annualized cost of Winter 2017/18 Demand Response: $75/kW-year 

                                                           
1 The most recent DR Auction in December 2016 for the Summer 2017 (May-Oct) and Winter 2017/18 (Nov-Apr) 
commitment periods cleared at $331.33/MW-day and $299.48/MW-day, respectively. Annualized cost of Summer 
2017 DR = $331.33/MW-day X 252 business days = $83,495.16/MW-year; Annualized cost of Winter 2017/18 DR = 
$299.48/MW-day X 252 business days = $75,468.96/MW-year. Information provided by the IESO. 
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1

NUG Framework Assessment 
Opportunities for Non-Utility Generators to Compete in Meeting 
Anticipated System Needs - Analysis and Recommendations 

Report to Minister of Energy 

September 1, 2015 
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2.0 Scope and Principles 
 

2.1 SCOPE 
 
While this report considers a broader framework that includes other procurement initiatives, it is not 
intended to be used to evaluate these procurements going forward.    
 
This report relates to the framework and assessment of contracting with NUG facilities that were 
identified in the November 23, 2010, directive that do not yet have a contract with the IESO. A complete 
list and location map of all eligible NUG facilities can be found in Appendix D.  
 
Table 1 provides information regarding NUGs with contracts that expire up to the end of 2020 that are 
most likely to be impacted in the short term by the recommendations of this report.13 Although 
negotiations were initiated with NUG facilities whose OEFC contract expired in May 2015 or earlier, not 
all resulted in agreements being reached. It should also be noted that the IESO understands that certain 
NUG contracts include provisions for possible extensions to their OEFC contract for a certain period, 
generally for 12-60 months, post the original expiry date. While the IESO has been informed that no 
extensions have been executed as of yet, the expiry dates set out below may change should the OEFC 
enter into extensions with specific NUG facilities. 
 
Table 1: Summary of NUGs with OEFC Contracts Expiring Up to the End of 2020  

Owner 
Facility 
Name Fuel 

Capacity 
(MW) Location Expiry 

Comments/ 
Considerations 

HJ Heinz 
Canada 

H.J. Heinz 
Natural 

Gas 
7 Leamington 

1-Aug-
2011 

Host facility currently closed, connected 
behind the meter. 

Brookfield 
Lake Superior 

Power 
Natural 

Gas 
110 

Sault St. 
Marie 

1-May-
2014 

Facility is currently idled while Brookfield 
explores restart options. 

Northland 
Power 

Cochrane 

Natural 
Gas 27 

Cochrane 

12-May-
201514 

Northland issued termination notices to 
employees 60 days after contract expiry, 

believes facility can restart upon receipt of 
new contract15 

Wood 
Waste 

11 
12-May-

2015 

Eastern 
Power 

Keele Valley 
LFG 

Landfill 
Gas 

(LFG) 
30 Vaughan 

1-Dec-
2015 

LFG fuel supply sufficient for <10 MW and 
falling annually. Option to co-fire with 

natural gas at very high heat rate. 

Northland 
Power 

Kingston (aka 
Destec) Cogen 

Natural 
Gas 

115 Bath 
1-Feb-
2017 

Not currently operating as a cogen 
following the closure of thermal host 

(INVISTA) 

Atlantic 
North Bay 

Power Plant 

Natural 
Gas 

31 
North Bay 

31-Dec-
2017 

Compressor stations rarely used, therefore 
waste heat unlikely to be available for re-

contracting Waste 
Heat 

9 

Atlantic 
Kapuskasing 
Power Plant 

Natural 
Gas 

30 
Kapuskasing 

31-Dec-
2017 

Compressor stations rarely used, therefore 
waste heat unlikely to be available for re-

contracting Waste 
Heat 

10 

13 Note – there are also three NUGs, representing about 270 MW of capacity, whose contracts will expire after the end of 2020  
14 Cochrane’s OEFC contract (both natural gas and wood waste) was originally set to expire on January 12, 2015, but was 

extended four months. 
15 Northland Press Release – http://www.northlandpower.ca/Investor-Centre/News--

Events/Recent_Press_Releases.aspx?MwID=1967791 
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Owner Facility 
Name 

Fuel Capacity 
(MW) 

Location Expiry Comments/ 
Considerations 

TransAlta  Mississauga 
Cogen 

Natural 
Gas 

110 Mississauga 
31-Dec-

2018 
No longer a cogen following closure of 

thermal host (McDonnell Douglas / Boeing) 
Calpine 
Canada  

Whitby 
Cogen 

Natural 
Gas 

50 Whitby 
4-May-

2019 
Operates as a CHP plant with Atlantic 

Packaging as thermal host 
Atlantic Calstock 

Power 
Wood 
waste 

31 Hearst 17-Jun-
2020 

No steam host, purchases wood waste from 
local industry 

  Total =  540    
 
2.2 PRINCIPLES  
 
Consistent with the recontracting principles used to date and recent government statements (refer to 
Section 5.1.1 for further details), this assessment and the resulting recommendations were guided by the 
fundamental principle that: 
 
 
 
 
 
In applying this principle, this report took the following views on certain considerations:  
 
Resource Equality – all resources (e.g., generation, transmission, conservation) available to address a 
given system need were treated without bias, and based solely on their specific cost and performance 
characteristics. NUGs need to compete against all resources going forward. 
 
Environmental Impacts – differences in environmental impacts, either those deemed positive or 
negative, of various resources were not considered when making recommendations. It is expected that 
quantifiable financial impacts related to the environmental impacts of various resources will be priced in 
as necessary by generators when determining the price they are willing to accept in any future 
procurement.  
 
Local Economic Impacts – the local economic impacts of any individual NUG were not considered in 
determining recommendations for the future framework for addressing NUGs. 
  

The IESO seeks to ensure system reliability while minimizing ratepayer costs over the long term and 
meeting government policy objectives communicated through Ministerial direction 

10 
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Ontario Reserve Margin Requirements: 2017 - 2021 

2 Public 

2. Introduction 

Through the annual release of the Ontario Reserve Margin Requirements (ORMR), the IESO 

reports the planning reserves (“reserve margins”) required in Ontario over the succeeding five 

years to reliably supply Ontario’s forecast demand. This report fulfills the requirements of 

Section 8.2 of the IESO’s Ontario Resource and Transmission Assessment Criteria1. 

Reserve margin requirements are determined in accordance with the Northeast Power 

Coordinating Council (NPCC) resource adequacy design criterion stated in Regional Reliability 

Reference Directory # 1: Design and Operation of the Bulk Power System2. The criterion states as 

follows:  

“Each Planning Coordinator or Resource Planner shall probabilistically evaluate resource adequacy of its 

Planning Coordinator Area portion of the bulk power system to demonstrate that the loss of load 

expectation (LOLE) of disconnecting firm load due to resource deficiencies is, on average, no more than 

0.1 days per year.”   

Directory #1 further states that in meeting this requirement, the Planning Coordinator or 

Resource Planner shall “make due allowances for demand uncertainty, scheduled outages and 

deratings, forced outages and deratings, assistance over interconnections with neighboring Planning 

Coordinator Areas, transmission transfer capabilities, and capacity and/or load relief from available 

operating procedures.”  

The LOLE represents the number of days per year on which supply is expected to be 

insufficient to meet demand. 

The reserve margin requirement in any year is the amount of resources in excess of the annual 

peak demand needed to meet the reliability criterion of an annual LOLE of 0.1 days/year.  

Currently, Ontario’s reserve margin requirements are determined without reliance on 

emergency operating procedures or support from neighbouring Planning Coordinator Areas 

through non-firm imports.  However, experience shows that Ontario’s interconnections can be 

relied on during times of need and that occasional use of the interties to support Ontario’s 

reliability is feasible. In light of this, the IESO is continuing to investigate the potential for 

considering non-firm imports to reduce future reserve margin requirements where the level of 

assumed interconnection support must reflect prevailing conditions, e.g. expected transfer 

capabilities between Ontario and neighbouring areas as well as declining trends in anticipated 

reserve margins across North America. 

 

– End of Section – 

                                                      
1
 IMO_REQ_0041 “Ontario Resource and Transmission Assessment Criteria“ can be found at www.ieso.ca 

2
 NPCC Directory # 1: Design and Operation of the Bulk Power System, can be found at www.npcc.org 
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UNDERTAKING JT1.17 1 

ATTACHMENT I 2 
  3 
Undertaking  4 
 5 
ED INTERROGATORY #34 6 
1. With respect to the numbers in Section T4 for the years 2021 to 2024 inclusive: please 7 
provide for each year the IESO’s estimate of: a) Pickering’s installed capacity; and b) 8 
available capacity at the summer peak. Please describe the IESO’s methodology and show 9 
its calculations for calculating the difference between installed and available capacity. 10 
 11 
2. With respect to the load forecasts shown in Section T3: are any of them consistent with 12 
the IESO’s MARS program? If no, please provide the MARS load forecasts for these years. 13 
[Note: The IESO uses General Electric’s Multi-Area Reliability Simulation (MARS) program to 14 
derive its load forecast to estimate its reserve margin requirements. See IESO, Ontario 15 
Reserve Margin Requirements 2016 – 2020: Issue 1.0 (December 21, 2015).] 16 
 17 
3. Please provide a response to part (b). The IESO outlined a methodology but did not 18 
provide an answer. 19 
 20 
Response  21 
 22 
The following response has been prepared by the IESO. OPG has inserted the evidence 23 
reference in square brackets. 24 
 25 
1. The following table summarizes Pickering’s total installed capacity (MW) in different 26 

scenarios: 27 
 28 

 29 
 30 

As a starting point, the Pickering capacity that is available at the time of peak demand is 31 
assumed to be the installed capacity, provided that it is not on planned outage or forced 32 
outage or in a derated state. IESO’s assessment of the overall performance of Pickering 33 
further units includes accounting for forced outage and planned outage rates and 34 
derates, which are considered in reserve margin calculations and power system 35 
production simulations.  36 
 37 

Case with +65 TWh of Pickering 
Production, Pickering to 2020

Case with +65 TWh of Pickering 
Production, Pickering to 2022/2024

Case with +62 TWh of Pickering 
Production, Pickering to 2020

Case with +62 TWh of Pickering 
Production, Pickering to 2022/2024

2015 3094 3094 3094 3094
2016 3094 3094 3094 3094
2017 3094 3094 3094 3094
2018 3094 3094 3094 3094
2019 3094 3094 3094 3094
2020 3094 3094 3094 3094
2021 0 3094 0 3094
2022 0 3094 0 3094
2023 0 2064 0 2064
2024 0 2064 0 2064

15
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2. Yes. The forecasts are consistent, but are not identical; this reflects different vintages of 1 

production. For example, the more recently produced demand outlooks contained in the 2 
Ontario Planning Outlook depict ranges rather than a single projection. 3 
 4 

3.  Per IR 34 [Ex. L-6.5-7 ED-34] response (b), the total amount of incremental firm capacity 5 
(MWs) that can be imported into Ontario is a function of: import capacity (the physical 6 
wires), real-time system constraints (physical constraints based on real-time internal and 7 
external supply/demand balances and transmission limitations) and economics (cost).  8 
The current physical import capacity is up to approximately 6,900 MW. This represents a 9 
theoretical level that could be achieved only with a substantial reduction in generation 10 
dispatch in the West and Niagara transmission zones. In practice, the generation 11 
dispatch required for high import levels would rarely, if ever, materialize. Therefore, at 12 
best, due to internal constraints in the Ontario transmission network in conjunction with 13 
external scheduling limitations, Ontario has an expected coincident import capability of 14 
approximately 5,200 MW.  15 
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Witness Panel: Nuclear Operations and Projects 
 

GEC Interrogatory #56 1 
 2 

Issue Number: 6.5 3 
Issue:  Are the test period expenditures related to extended operations for Pickering 4 
appropriate? 5 
 6 
 7 
Interrogatory 8 
 9 
Reference:  10 
Exhibit F2-2-3 Attachment 1, page 36 (IESO’s presentation evaluating the economic case for 11 
extending Pickering’s operations until 2024.) 12 

 13 
(Note: On page 48 of OEB staff’s interrogatories, OPG is asked to consult with the IESO as 14 
necessary to respond to interrogatories related to the IESO’s analysis of the Pickering 15 
Extended Operations.  GEC makes the same request here.) 16 

 17 
a. IESO states that Pickering’s closure would present challenges related to the deployment 18 

of replacement supply.  However, the government’s 2013 Long Term Energy Directive 19 
directed OPG to plan for Pickering’s closure in 2020 and potentially as early as 2017.  20 
What planning and procurement did the IESO undertake in response to the 2013 LTEP 21 
directive in order to secure adequate replacement supply to replace Pickering in 2020? 22 
 23 

b.  What is the IESO’s current plan to secure replacement supply if OPG doesn’t gain 24 
approval from either the CNSC or the OEB to extend Pickering’s operational life until 25 
2024? 26 
 27 

c. In light of the province’s “Conservation First” policy, did the IESO’s cost analysis of 28 
Pickering’s extended operations consider the additional cost effective conservation 29 
potential outlined in its June 2016 “Achievable Potential Study: Short Term Analysis” and 30 
how cancellation of the continued operations could affect conservation potential?   If so, 31 
please provide details.  32 
 33 

 34 
Response 35 
 36 
The following response has been prepared by the IESO: 37 
 38 
a. The IESO has supported implementation of various aspects of the 2013 LTEP since its 39 

publication in 2013.  Conservation, supply and transmission resources that were planned, 40 

acquired and/or brought online since then are identified in the IESO’s 2016 Ontario 41 

Planning Outlook, which is available at: http://www.ieso.ca/Pages/Ontario's-Power-42 

System/Ontario-Planning-Outlook/default.aspx. 43 

 44 

 45 

17
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Witness Panel: Nuclear Operations and Projects 
 

Planning has taken into account the nuclear refurbishment principles laid out in the 2013 1 

Long-Term Energy plan. For example, the Ontario Planning Outlook identifies a variety of 2 

implementation and performance risks that will have to be managed in coming years, 3 

including risks related to nuclear operations and refurbishment plans. Likewise, planning 4 

and contracting has helped provide for nuclear refurbishment off-ramps among some 5 

nuclear units planned for refurbishment in Ontario. In parallel, among other things, market 6 

renewal initiatives at the IESO are underway, including a capacity auction work stream 7 

which would continue to evolve the demand response auction in the province; facilitate 8 

short term capacity trade; and implement an incremental capacity auction. 9 

 10 

b. Options for addressing resource requirements in the event that Pickering does not 11 

operate to 2024 include taking greater advantage of supply resources whose existing 12 

contracts expire in coming years, taking advantage of resource options via capacity 13 

auctions, and greater use of non-firm intertie transactions. The plan to address such 14 

needs should they arise is touched upon in the Ontario Planning Outlook at 15 

http://www.ieso.ca/Documents/OPO/MODULE-4-Supply-Outlook-20160901.pdf.  16 

Irrespective of the particular options to be selected, mitigating and managing risks in the 17 

years ahead will be supported by well understanding the risks and their drivers, 18 

assessing them systematically and in cooperation with others, identifying and 19 

communicating needs and having the appropriate mechanisms to address them. 20 

 21 
c. No, the analysis of Pickering’s extended operation was completed in 2015 while the 22 

Achievable Potential studies were finished in June 2016. However, the most recently 23 

identified achievable potentials are consistent with the conservation forecast used in 24 

Pickering analysis. The cancellation of the continued operations would have minimal 25 

impact on conservation potential.  26 

18
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  3 
Undertaking  4 
 5 
ED INTERROGATORY #29 6 
1. With respect to response (b), for each year please state how much of the difference in 7 
MWs between Pickering’s “installed” and “available capacity” is due to expected forced 8 
outages. 9 
 10 
2. Part (d) requested the avoided generation that the IESO estimates would be caused 11 
by Pickering operating to 2022/2024. The IESO stated as follows: “Not applicable, as the 12 
simulation run of Pickering operates to 2020 is not available.” This response does not 13 
explain why a response could not be calculated or provided. Please provide a response 14 
to that part of the interrogatory. 15 
 16 
3. Part (e) requested the IESO’s current forecast of the Pickering forced outage rate 17 
from 2016 to 2024. The reference provided in response does not include that 18 
information. Please provide the requested information. 19 
 20 
4. No response was provided to part (f). Please provide a response. 21 
 22 
5. No response was provided to part (l). Please provide a response. This is relevant. If 23 
Ontario’s incremental peaking requirements, assuming Pickering is not extended, have 24 
changed, then this will impact the economics of the proposed Pickering extension. 25 
Whether or not a Pickering simulation is available, the IESO will have up-to-date 26 
estimates of our incremental capacity requirements if Pickering is not extended. 27 
 28 
6. No response was provided to part (m). Please provide a response. The IESO analysis 29 
has assumed that the cost of the replacement capacity is equal to the cost of building 30 
new gasfired peaker plants. But it is highly relevant to know if there are lower cost 31 
options to meet our capacity needs. 32 
 33 
7. The last line of the interrogatory asked that the IESO “please state your methodology 34 
for calculating Pickering’s available capacity (MW) at the time of Ontario’s peak 35 
demand.” No response was provided to this part of the interrogatory. Please provide a 36 
response. 37 
 38 
Response  39 
 40 
The following response has been prepared by the IESO. OPG has inserted evidence 41 
references in square brackets. 42 
 43 
1. As indicated earlier in ED IR #28 [Ex. JT1.17(g)] part 1, the Pickering capacity that is 44 

available at the time of peak demand is assumed to be the installed capacity, 45 
provided that it is not on planned outage or forced outage or in a derated state. The 46 
forced outage rate is accounted for, however, and influences the size of the required 47 

19
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reserve margin. The forced outage rate is also accounted for in production simulation 1 
analysis. 2 
 3 

2. The change in generation production as a result of Pickering Extended Operations is 4 
summarized in the tables below.  5 
 6 
The following table summarizes the avoided generation (MWh) by fuel type as a 7 
result of Pickering’s extended operation in the plus 65 TWh of Pickering Production 8 
case. Blue and positive numbers represent increase in production and red and 9 
negative numbers represent decrease in production as a result of Pickering’s 10 
extended operation.  11 

 12 

 13 
 14 

The following table summarizes the avoided generation (MWh) by fuel type as a 15 
result of Pickering’s extended operation in the plus 62 TWh of Pickering Production 16 
case. Blue and positive numbers represent increase in production and red and 17 
negative numbers represent decrease in production as a result of Pickering’s 18 
extended operation.  19 

 20 

 21 
 22 

Please see response to ED IR #28 [Ex. JT1.17(g)] part 2 for the impact of Pickering 23 
extended operation on electricity imports and exports. 24 
 25 

3. Forced outage and planned outage rates assumed in the IESO study are 26 
summarized in the response to ED IR #28 [Ex. JT1.17(g)] part 3. 27 
 28 

4. See response to part 7 of this interrogatory [Ex. JT1.17(g)]. 29 
 30 

5. The replacement capacity assumed is assumed to be equivalent to the change in 31 
capacity requirements between Pickering operation to 2020 and 2022/2024. These 32 
are summarized in the table below.  33 

  34 

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Gas 0 0 332,680 274,744 470,923 456,172 -6,756,544 -6,473,855 -4,730,629 -4,167,951
Hydroelectric 0 0 19,589 61,943 99,731 303,070 -373,796 -183,024 -106,101 -228,202
Wind 0 0 30,636 19,706 21,952 213,356 -42,286 0 0 -11,202

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Gas 0 0 332,680 209,640 351,228 763,473 -6,424,056 -6,111,821 -4,473,760 -4,108,400
Hydroelectric 0 0 19,589 61,943 83,710 287,308 -357,001 -182,338 -99,313 -219,580
Wind 0 0 30,636 19,706 16,050 140,642 -28,515 0 0 -11,202

20
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 1 

  
Increase in Capacity Requirements Pickering to 2020 relative to 2022/2024 
(MW) 

2015 0 
2016 0 
2017 0 
2018 0 
2019 0 
2020 0 
2021 2,316 
2022 2,301 
2023 2,064 
2024 1,090 
 2 
100% of this capacity was assumed to be replaced. This represents the capacity that 3 
would need to be replaced to meet NPCC resource adequacy criteria.  4 
 5 

6. The cost of replacement capacity is benchmarked to be that of a new-build SCGT at 6 
$130/kW-yr. Gas is used as a proxy resource here. This would be the benchmark 7 
price for other resources such as demand response or firm capcity imports. 8 
 9 

7. The “capacity contribution” or “effective capacity” of a supply resource is an 10 
approximation of its power output capability during peak demand periods and can be 11 
expressed as a percentage of a resource’s installed capacity. Capacity contributions 12 
vary among resource types and can be estimated through a variety of methods. 13 
 14 
For planning purposes, the IESO estimates the capacity contributions through a 15 
variety of approaches, including by incorporating values submitted to the IESO by 16 
electricity generators, analyzing historical generator performance and using 17 
statistical methods to assess resource contributions during various percentiles of 18 
peak demand or other hours. 19 
 20 
Data and methods used to estimate capacity contributions evolve over time as more 21 
data is acquired and as methodological improvements are made.  The following table 22 
provides indicative overall values, which in practice differ by generator, location and 23 
season.  More information about these values is available at the Ontario Planning 24 
Outlook at http://www.ieso.ca/Pages/Ontario's-Power-System/Ontario-Planning-25 
Outlook/default.aspx: 26 

  27 

21
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 1 

 
Indicative Capacity Contribution  

(% of Installed Capacity Available at Time of Peak Demand) 
  At Summer Peak At Winter Peak 
Nuclear 99% 90% 
Natural Gas 89% 95% 
Waterpower 71% 75% 
Bioenergy 89% 89% 
Wind 11% 28% 
Solar PV 33% 5% 
Demand Response 83% 66% 
 2 

Capacity contribution estimates are used in two main ways: they are part of the 3 
iterative loss of load expectation and resource requirement assessment process 4 
shown in the schematic below and they are used in a variety of supply-demand 5 
balance visualizations to allow for approximate but efficient portrayal.  6 
 7 

 8 

 9 

Initial Installed 
Capacity Run LOLE Analysis

System       
LOLE = 

0.1?
No

Yes

Add or subtract 
capacity

Sum Up Required 
Installed Capacity

Calculate Effective 
Resource 

Requirement

Express Reserve Requirement in 
Absolute Terms: Effective 
Capacity – Peak Demand

Start

Finish
Express Reserve Requirement in 
% Terms: Reserve Requirement / 

Peak Demand
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News Release

Ontario and Québec Working Together to Drive Economic
Growth
Partnerships Will Help Consumers and Create Conditions for Businesses to
Thrive

October 21, 2016 2:50 P.M. O鰄ce of the Premier

Ontario Premier Kathleen Wynne and Québec Premier Philippe Couillard today held a joint meeting of cabinet
ministers in Toronto. Focused on innovation and the economy, the meeting generated seven agreements between
the two governments.

A Historic Electricity Trade Agreement

To help make electricity more a鰄ordable and reliable, while continuing to reduce greenhouse gas (GHG) emissions,
Ontario and Québec have 鰄nalized an agreement for trading electricity, energy capacity and energy storage.

Ontario and Québec have concluded a historic agreement that will limit GHG emissions by making Quebec's
renewable energy supply available to Ontario, through their operators Hydro-Québec and Ontario's Independent
Electricity System Operator (IESO). Under the agreement, IESO will purchase a total of 14 terawatt hours (TWh) from
Hydro-Québec over a seven-year period, from 2017 to 2023.

Ontario will reduce electricity system costs for consumers by about $70 million from previous forecasts by importing
up to 2 terawatt hours annually of clean hydro power from Québec at targeted times when natural gas would
otherwise be used. This is enough electricity to power the city of Kitchener for a year and will reduce electricity
sector GHG emissions by approximately 1 million tonnes per year. Ontario will also leverage Québec's energy
storage capacities to make better use of its own clean energy resources. Ontario also will reserve 500 MW of
capacity for Hydro-Québec to meet Québec's winter peak demand.

The agreement con鰄rms the close cooperation that exists between Québec and Ontario with regard to energy and
the 鰄ght against climate change. This agreement makes the best possible use of Ontario and Québec's existing
electricity systems without additional costs to either province. Starting this December, and remaining in e鰄ect until
2023, the agreement is the culmination of a Memorandum of Understanding (MOU) signed at the 2015 joint cabinet
meeting in Québec City.

Developing the 5G Network

While pursuing our e鰄orts towards extending coverage and access to the internet for all citizens and to build the
backbone of the next generation of digital infrastructure, Québec and Ontario are committed to driving innovation
and enhancing partnerships among the provinces and business. The provinces signed a new MOU, which is also
designed to help businesses and start-ups grow while attracting the highly skilled workforce to help the two
provinces continue to thrive. Together, these activities will contribute to the creation of more high-quality jobs and
economic growth in the two provinces.  

Both provinces will help realize the vision of the 5G network by working with leading global information and
communications technology (ICT) organizations. Creating an open innovation ecosystem, the approach would allow
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small and medium enterprises, government and academia access to pre-commercial and commercial technologies
for the testing and validation of new technologies and products to help bridge the gap between research and
commercialization. Moving towards the next-generation network will generate value for consumers and help the
provinces' businesses stay at the cutting edge of technology.

Helping Consumers Transition to Electric Vehicles

To help ensure people and goods can continue to move con鰄dently between the provinces, Ontario and Québec will
cooperate on the creation of an electric vehicle (EV) charging corridor. More than 200 new high-speed charging
stations will be installed by the end of March 2017, complementing Québec's network of 102 high-speed charging
stations. EV charging stations will be conveniently located at locations immediately o鰄 the 401 corridor that connects
the two provinces.

These moves will build on Québec's strong network of high-speed charging stations, improving EV drivers'
con鰄dence on long trips and giving more drivers the freedom to make the transition. Collaboration will also address
issues such as signage and payment options between Ontario and Québec.

Infrastructure

The Premiers and cabinet ministers also discussed each province's commitment to investing in the infrastructure the
more than 20 million people living in the provinces need. Both Ontario and Québec have made strong, long-term
commitments to investing in the roads, transit, hospitals and schools to support people in Ontario and Québec now
and into the future.

Ontario's $160 billion commitment over 12 years starting in 2014-15 and Québec's $89 billion commitment over 10
years starting in 2016 are now complemented by the federal commitment to $60 billion in new funding for all of
Canada. Both governments strongly believe that the federal investment will need to support provinces' existing
plans and priorities to have the best impact on their citizens' lives and their respective economies. Ontario and
Québec call on Ottawa to work with them to that end.

Forestry and Softwood Lumber Agreement

Ontario and Québec will also partner on a number of targeted actions that address shared interests and challenges
related but not limited to the Softwood Lumber Agreement, cross-border movement of wood, industry
benchmarking and forest sector innovation, and market development.

Continuing to build strong relationships among Ontario and Québec's governments, businesses and academic
sectors strengthens the economic centre of Canada. Creating the right conditions for innovation will help Ontario
and Québec accelerate economic growth and increase partnerships among all sectors to deliver real results for
people across both provinces.

Quick Facts

This was the sixth Québec-Ontario joint meeting of cabinet ministers and third annual since 2014. The
Premiers have committed to meeting again in Québec in 2017.

Together, Ontario and Québec form Canada's largest economic region, accounting for about 56 per
cent of GDP and 53 per cent of interprovincial trade.

Ontario and Québec signed seven agreements at the close of the cabinet meeting regarding innovation,
electricity trade, environment, northern development, culture, regulatory cooperation and forestry.

Background Information
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“Ontario and Québec share a commitment to growing our economies to positively
a鰄ect the lives of the people who live in our provinces. We are increasing our
engagement because we know we can achieve more by working together. Today, we
achieved signi鰄cant progress in 鰄ghting climate change, making electricity more
a鰄ordable and reliable, and ensuring our two provinces are places where businesses
thrive. We have also signed seven exciting new agreements and laid the groundwork
for further partnerships. All of these actions help ensure our two provinces remain
leaders, as Canada’s largest, most dynamic and diversi鰄ed economic region.”

Kathleen Wynne
Premier of Ontario

“In many cases, the numerous challenges faced by Québec and Ontario call for common approaches. In terms of
innovation, forestry, economic development, climate change, and energy, both Québec and Ontario bene鰄t from
working together. We have been successfully doing so for a long time. As there have been positive impacts, since
2014 we have been striving to intensify our e鰄orts, which have notably resulted in the conclusion of nearly 15
agreements. Therefore, there is cause to celebrate the progress made, building on past successes, and the bene鰄ts
that we will continue to reap in the future from this productive relationship, in which our respective economies and
populations come out ahead. The work must continue to ensure that Québec and Ontario thrive and perform even
better.”

Philippe Couillard
Premier of Québec

Background Information

Outcomes of Québec-Ontario Joint Meeting of Cabinet Ministers

Actions to Reduce Energy Costs

Memorandum of Understanding Regarding a Common Engagement in Building the 5G-Next
Generation Networks

Agreement Concerning Electricity

Memorandum of Understanding Concerning the Implementation of the Recommendations of
the Ontario-Québec Chapter 3 Regulatory Cooperation Enhancements Working Group of
September 2015

Memorandum of Understanding Concerning Collaborative Actions on Forestry

Agreement Concerning Environmental Cooperation 2016

Memorandum of Understanding Concerning Economic and Social Development in the North

Agreement Regarding Culture

Quotes
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O鰄ce of the Premier of Ontario
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Harold Fortin
O鰄ce of the Premier of Québec
(418) 643-5321
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Hydro deal with Quebec to save Ontario electricity grid $70M
7­year agreement will help Ontario move away from natural gas, reduce greenhouse gases, sources says

By Keith Leslie, The Canadian Press Posted: Oct 21, 2016 5:50 AM ET Last Updated: Oct 21, 2016
10:06 PM ET

Ontario will import enough electricity from Quebec to power a city of more than 200,000 people under a
seven­year agreement signed Friday, but the provinces won't say how much Ontario is paying Hydro
Quebec. 

Premiers Kathleen Wynne and Philippe Couillard signed the deal, which will see Ontario import up to
two terawatt hours of electricity from Quebec annually, allowing the province to reduce its use of natural
gas to generate power.

"We wanted to do this, but I said it would have to be a good deal for the people of Ontario," said Wynne.
"And it is a good deal for Ontario, and for Quebec."

The agreement is expected to save Ontario's electricity system about $70 million in costs over the seven
years, but the two government's cited "commercial sensitivities" for refusing to say how much Ontario
will pay for the electricity.

However, Montreal newspaper La Presse reports the agreement is worth $1­billion, and calculates
Ontario will pay five cents a kilowatt hour for the electricity.

The agreement will also allow Ontario to reduce its greenhouse gas emissions by one million tonnes a
year by replacing gas­fired generation with clean power generated from Quebec's hydro dams.

"The reality about gas plants is that they are peaker, they often sit idle when that power is not needed,"
and are turned on when there's high demand, said Wynne. "The whole point of the gas plants is they are
only used when that power is needed."

Wynne declined to say how much the $70 million in reduced costs would impact electricity bills in
Ontario, if at all.

Ontario Liberals rethink $1.9B cap­and­trade projection in uncertain market
Environmentalists, automakers applaud Ontario's $8.3B climate change plan
Ontarians see higher hydro bills as consumption comes down

NDP environment critic Peter Tabuns welcomed the import of more clean power from Quebec, but said
the impact on consumers' electricity bills and the actual reduction in greenhouse gas emissions from the
agreement will be minuscule.

"Scientists and economists will be able to detect it," said Tabuns, "but ordinary people will not be able to
detect it." 

Ontario plans to join the cap­and­trade market with Quebec and California next January, and Canada's
two largest provinces have been finding more ways to work together on initiatives to combat climate
change.
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There has long been talk of an east­west power grid in Canada, and Couillard said it only makes sense
to start with the two largest, neighbouring provinces.

"We always said when this question was mentioned that first and foremost the priority should be given to
regional deals, and Quebec­Ontario is the most obvious example of that," said Couillard.

Environmentalists have long urged Ontario to import more clean power from Quebec's hydro­electric
dams, but officials always said that would require huge and expensive upgrades to the
transmission lines linking the two provinces.

However, the provinces say the existing transmission lines can support their new power agreement.

"The reality seems to be the transmission lines can handle a fair chunk of power and we should be
looking at this as an option to deal with high hydro rates," said Tabuns.

Green Party of Ontario Leader Mike Schreiner called the Quebec deal a step in the right direction, but
said the province should not extend the life of the Pickering nuclear station or rebuild the reactors at the
Darlington station.

"The Liberals made the right decision to import low cost water power from Quebec," Schreiner said in a
release. "Now they need to save billions by closing Pickering on schedule and cancelling the Darlington
rebuild."

The new agreement will also allow Ontario to keep up to 500 gigawatt hours of power behind Quebec's
dams in what is called a "pump storage" system, which will allow the province to reduce its surplus
generation.

Wynne's Liberals face daily attacks from the opposition over soaring electricity prices, and the
government is looking to do whatever it can to ease upward pressure on rates.

"This is one in the list of things that we are doing to remove costs from the system, whether it's the
suspension of the long­term energy plan, whether it's renegotiating the Samsung (green energy) deal
... and removing the eight per cent provincial portion of the HST (from hydro bills) as of January," she
said.

Ontario already has a surplus of power, and has signed 20­year contracts for electricity from two new
natural­gas fired generating stations being built in Sarnia and Napanee.

Those gas­fired plants were originally going to be built in Mississauga and Oakville until the Liberals
cancelled them days before the 2011 election, which the auditor general said would cost ratepayers up
to $1.1 billion.

© The Canadian Press, 2016  
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Ǿňțǻřįǿ įň țǻŀķș țǿ bųỳ mǿřě pǿẅěř fřǿm
Qųěběč
Bỳ Břįǻň Ħįŀŀ Ǻșșǿčįǻțě Přǿđųčěř  Ģŀǿbǻŀ Ňěẅș

Ǿňțǻřįǿ Přěmįěř Ķǻțħŀěěň Ẅỳňňě șǻỳș țħě přǿvįňčě įș čųřřěňțŀỳ įň țǻŀķș țǿ
pųřčħǻșě mǿřě ħỳđřǿ ěŀěčțřįčįțỳ fřǿm Qųěběč.

“Ǿųř ǿffįčįǻŀș ǻřě țǻŀķįňģ ǻș ẅě șpěǻķ,” șǻįđ Ẅỳňňě đųřįňģ ǻ čǿňfěřěňčě čǻŀŀ ħěŀđ
ŀǻțě Ẅěđňěșđǻỳ țǿ ǿųțŀįňě țħě přǿvįňčě’ș Fǻįř Ħỳđřǿ Pŀǻň.

“Ẅě’řě bųỳįňģ pǿẅěř fřǿm Qųěběč ǻňđ ẅě’řě țřǻđįňģ

pǿẅěř ẅįțħ Qųěběč. Șǿ İ ẅǻňț țǿ đǿ mǿřě ǿf țħǻț.”

ŘĚǺĐ MǾŘĚ: Ǿňțǻřįǿ țǿ șŀǻșħ ħỳđřǿ bįŀŀș bỳ ųp țǿ 25 pěř čěňț

Čǻňǻđǻ Mǻřčħ 8, 2017 9:08 pm

30

http://globalnews.ca/author/brian-hill/
http://globalnews.ca/news/3283123/ontario-hydro-prices-cut-cost/
http://globalnews.ca/canada/
kent
Line

kent
Line



09/03/2017 Ontario in talks to buy more power from Quebec | Globalnews.ca

http://globalnews.ca/news/3297569/ontario­in­talks­to­buy­more­power­from­quebec/ 2/3

Ẅỳňňě đįđ ňǿț přǿvįđě ǻňỳ șpěčįfįčș ǻbǿųț ẅħǻț ǻ ňěẅ ǻģřěěměňț ẅįțħ Qųěběč
mįģħț ŀǿǿķ ŀįķě, bųț șǻįđ țħě șǻŀě ǿf ěŀěčțřįčįțỳ běțẅěěň țħě țẅǿ přǿvįňčěș įș ǻ
běňěfįț țǿ Ǿňțǻřįǻňș ǻňđ “mǻķěș șěňșě.”

“Ẅě’vě ǻčțųǻŀŀỳ șįģňěđ ǻ čǿųpŀě ǿf ǻģřěěměňțș ẅįțħ Qųěběč ǻňđ bǿțħ Přěmįěř
Pħįŀįppě Čǿųįŀŀǻřđ ǻňđ İ ħǻvě șǻįđ țǿ ǿųř ǿffįčįǻŀș: ‘Čǿňțįňųě țǿ ěxpŀǿřě
ǿppǿřțųňįțįěș.’ Șǿ țħǻț’ș ħǻppěňįňģ.”

ẄǺȚČĦ: Přěmįěř Ķǻțħŀěěň Ẅỳňňě ǻňňǿųňčěș Fǻįř Ħỳđřǿ Pŀǻň

Ẅỳňňě ģǻvě ňǿ įňđįčǻțįǿň ǿf ẅħěň ǻ ňěẅ đěǻŀ mįģħț bě čǿňfįřměđ. Șħě đįđ,
ħǿẅěvěř, șǻỳ pųřčħǻșįňģ pǿẅěř fřǿm Qųěběč įș ǻň įmpǿřțǻňț pǻřț ǿf ěňșųřįňģ
Ǿňțǻřįǻňș čǿňțįňųě țǿ ħǻvě ǻččěșș țǿ ǻ đįvěřșįfįěđ șųppŀỳ ǿf ěŀěčțřįčįțỳ.

“İ čǻň’ț țěŀŀ ỳǿų ǻț țħįș mǿměňț ẅħěțħěř țħěřě’ș ǻňǿțħěř ǻģřěěměňț įň țħě ǿffěřįňģ,
bųț ẅě čěřțǻįňŀỳ ǻřě įňțěřěșțěđ įň đǿįňģ ěvěřỳțħįňģ țħǻț ẅě čǻň ẅįțħ Qųěběč.”

ŘĚǺĐ MǾŘĚ: Ǿňțǻřįǿ ħỳđřǿ čřįșįș țįměŀįňě: Ħǿẅ đįđ ẅě ģěț ħěřě ǻňđ ẅħǻț
čǿměș ňěxț?

Ǻșķěđ įf įț mǻđě mǿřě șěňșě țǿ įňčřěǻșě ěňěřģỳ țřǻđě běțẅěěň țħě țẅǿ přǿvįňčěș
řǻțħěř țħǻň șpěňđ bįŀŀįǿňș ǿň ňųčŀěǻř přǿjěčțș ẅįțħ ǻ ħįșțǿřỳ ǿf mǻșșįvě čǿșț
ǿvěřřųňș, Ẅỳňňě șǻįđ țħǻț’ș ǿňě ǿf țħě řěǻșǿňș ẅħỳ ħěř ģǿvěřňměňț đěčįđěđ ňǿț
țǿ bųįŀđ ňěẅ ňųčŀěǻř.

“Ẅě ẅěřě ǿň țřǻčķ țǿ bųįŀđ $15 bįŀŀįǿň ẅǿřțħ ǿf ňěẅ ňųčŀěǻř – ẅě mǻđě ǻ đěčįșįǿň
ňǿț țǿ đǿ țħǻț,” șǻįđ Ẅỳňňě, ǻđđįňģ įț ẅǿųŀđ bě įřřěșpǿňșįbŀě țǿ řěŀỳ ěňțįřěŀỳ ųpǿň
Qųěběč fǿř ěŀěčțřįčįțỳ.

ẄǺȚČĦ:  Ǿňțǻřįǿ șįģňș đěǻŀ țǿ pųřčħǻșě țẅǿ țěřǻẅǻțț-ħǿųřș ǿf ěŀěčțřįčįțỳ ǻ ỳěǻř
fřǿm Qųěběč

İň Ǿčțǿběř, Ẅỳňňě ǻňđ Čǿųįŀŀǻřđ ǻňňǿųňčěđ  pŀǻňș fǿř Ǿňțǻřįǿ țǿ pųřčħǻșě ųp țǿ
țẅǿ țěřǻẅǻțț-ħǿųřș ǿf ěŀěčțřįčįțỳ fřǿm Qųěběč ěǻčħ ỳěǻř fǿř țħě ňěxț șěvěň ỳěǻřș.
Ẅǿřțħ řǿųģħŀỳ $1 bįŀŀįǿň ǻňňųǻŀŀỳ, țħě đěǻŀ ẅįŀŀ șųppŀỳ Ǿňțǻřįǿ ẅįțħ ěňǿųģħ ħỳđřǿ
pǿẅěř țǿ řųň 230,000 ħǿměș.

Țħě đěǻŀ ẅįŀŀ ǻŀșǿ řěđųčě țħě ǻmǿųňț ǿf ěŀěčțřįčįțỳ Ǿňțǻřįǿ ģěňěřǻțěș ẅįțħ ňǻțųřǻŀ
ģǻș. İň țǿțǻŀ, țħě ģǿvěřňměňț șǻỳș țħě pŀǻň ẅįŀŀ șǻvě Ǿňțǻřįǿ řǻțěpǻỳěřș $70
mįŀŀįǿň ǻňđ řěmǿvě řǿųģħŀỳ ǿňě mįŀŀįǿň țǿňňěș ǿf ģřěěňħǿųșě ģǻș ěmįșșįǿňș.

ŘĚǺĐ MǾŘĚ: Ǿňțǻřįǿ ěňěřģỳ mįňįșțěř ǻđmįțș mįșțǻķě ẅįțħ ģřěěň ěňěřģỳ
přǿģřǻm

Měǻňẅħįŀě, Ňěẅ Ỳǿřķ Ģǿvěřňǿř Ǻňđřěẅ Čųǿmǿ ǻňňǿųňčěđ įň Jǻňųǻřỳ țħǻț ħįș
șțǻțě įș ǻŀșǿ șěěķįňģ țǿ pųřčħǻșě mǿřě ěŀěčțřįčįțỳ fřǿm Qųěběč. Țħě
ǻňňǿųňčěměňț čǻmě fǿŀŀǿẅįňģ ǻň ǻģřěěměňț țǿ șħųț đǿẅň țħě șțǻțě’ș İňđįǻň
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Pǿįňț ňųčŀěǻř fǻčįŀįțỳ, ẅħįčħ přǿvįđěș řǿųģħŀỳ ǻ qųǻřțěř ǿf Ňěẅ Ỳǿřķ Čįțỳ’ș
ěŀěčțřįčįțỳ șųppŀỳ.

İň ħįș ǻňňųǻŀ Șțǻțě ǿf țħě Șțǻțě ǻđđřěșș įň Mǻňħǻțțǻň, Čųǿmǿ čǻŀŀěđ țħě İňđįǻň
Pǿįňț fǻčįŀįțỳ, ẅħįčħ įș řǿųģħŀỳ țħě șǻmě ǻģě ǻș Ǿňțǻřįǿ’ș Pįčķěřįňģ pŀǻňț, ǻ
“țįčķįňģ țįmě-bǿmb.”
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1 

 
 

1. How much energy (TWh) can Ontario currently import per year from Quebec using the 

existing interties and transmission system? 

Ontario cannot rely on the energy from Quebec to meet the IESO’s adequacy requirements 

without the enhancements to the transmission system that are described in the Review of 

Ontario Interties report. Without those enhancements Ontario would not be able to import 

the energy when it needs it the most (i.e. under low water conditions and peak load levels in 

Ontario).  To plan the system in a manner capable of reliably delivering power to 

consumers, firm imports must meet adequacy planning criteria as set out by the North 

American Electric Reliability Corporation (NERC), the Northeast Power Coordinating 

Council (NPCC) and the IESO.  These take into account variables such as operating 

characteristics, weather and extreme weather patterns, generator and transmission outages, 

transmission transfer capabilities, and availability of fuel.  All of these variables factor into 

the analysis to determine the amount of firm energy that can be relied upon to serve Ontario 

consumers. Ontario’s ability to import firm energy from Quebec is limited by transmission 

constraints in the Ottawa area, as noted in the Review of Ontario Interties. 

 

Unlike Ontario’s interties with other neighbours (e.g. New York); most of the interties with 

Quebec are radial interconnections that can only be used to deliver power from very specific 

generators in Quebec.  Ontario has one non-radial intertie with Quebec (the “HVdc 

intertie”), which can be used to deliver power from any generator in Quebec.  The IESO 

estimates that the non-radial HVdc intertie has the hypothetical capability of delivering 

between 8.7 and 9.8 TWh of energy from Quebec in 2015.  Additionally if the radial interties 

with Quebec are considered, then this hypothetical range becomes 16.5 TWh to 18.5 TWh.  

Quebec’s ability to export this hypothetical amount of energy is dependent on the 

availability of the specific generators in Quebec that could connect to the radial interties.  

 

Although Ontario is able to hypothetically import between 16.5 and 18.5 TWh in a year from 

Quebec, Ontario typically imports 3 TWh of energy and exports 1.6 TWh of energy.  This 

indicates that either energy is not available in Quebec to export to Ontario or it is not 

economical to export this energy to Ontario.   

2. What is the breakdown of the $500 million transmission upgrade cost estimate for each of 

the three measures listed in Appendix F of Review of Ontario Interties? 

Item Cost 

New 230 kV double circuit line between Cornwall and 

Ottawa 

$300 M 

 

IESO Response to Questions from the 

Ontario Clean Air Alliance 
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2 
 

New 230 kV circuit, approximately 8 km in length, to 

connect existing circuits in the west of Ottawa 

$75 M 

Additional voltage control equipment in the Ottawa 

area 

$75 M 

Other enhancements (e.g. converting circuit H9A to 230 

kV operation) 

$50 M 

3. What is the breakdown of the $1.4 billion transmission cost estimate for each of the 

measures listed in Appendix F and on Page 25 of the Review of Ontario Interties report? 

Item Cost 

New HVdc Interconnection $1.1 B 

New 500 kV double circuit line from Bowmanville to 

Cherrywood 

$225 M 

Replacement of existing phase-angle regulating 

transformers 

$40 M 

4. What is the IESO’s estimate of how many MW Ontario’s firm import capability from 

Quebec will be increased for every 1 MW of incremental conservation and demand 

management (CDM) and/or distributed generation (DG) in the west end of Ottawa? 

Reducing the demand in the west end of Ottawa, either through CDM or DG, would 

increase Ontario capability to source firm capacity from Quebec.  However, the precise ratio 

would depend on a number of variables that would require further clarification, including: 

 future transmission system enhancements 

 where the CDM and/or DG is located in the Ottawa area (on the 230 kV network or 

the 115 kV network) 

 type of CDM and/or DG 

These types of considerations would be part of the work conducted through an Integrated 

Regional Resource Plan process.  For more information please visit: 

http://www.powerauthority.on.ca/power-planning/regional-planning/greater-

ottawa/ottawa.  
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3 
 

5. If the IESO were to assume that imports from Quebec were used to replace the output of 

Bruce B, would that change the conclusions of the Review with respect to the 

transmission upgrades needed to accommodate firm water power imports from Quebec? 

 

The upgrades identified in the Review of Ontario Interties would remain as described in the 

report.  However, the loss of the Bruce B facilities and accompanying energy would 

necessitate further analysis and likely require transmission system changes to accommodate 

such a significant change to the overall Ontario electricity system. 
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AdChoices

<p>Hydro­Québec is counting on the adoption of a bill in Massachusetts that would make room for the
importation of a huge chunk of hydro power from Canada, and Quebec in particular.</p>
Bloomberg

Hydro­Québec eyes new long­term power
accords in U.S. Northeast
Frederic Tomesco And Jim Polson
Published Tuesday, Dec. 06, 2016 02:41PM EST
Last updated Wednesday, Dec. 07, 2016 04:53AM EST

Hydro­Québec, Canada’s biggest electricity utility, wants to expand power sales to U.S.
Northeast states hungry for green energy to meet climate change goals.

The power supplier can generate as many as 3,000 additional megawatts that could be shipped
south of the border without having to build a new dam, Chief Executive Officer Eric Martel said
in an interview at Bloomberg headquarters in New York. It has an annual generating capacity of
about 37,000 megawatts.

“We can probably already commit to 3,000 megawatts without building anything other than
the transmission line,” Martel said Tuesday. “Today we are limited by the number of
transmission lines.”

Martel wants to double revenue by 2030, targeting takeovers in the Americas and Europe while
increasing sales of hydro­generated power to the U.S. Hydro­Québec hopes to win long­term
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contracts from states like Massachusetts and New York that want to lower emissions of heat­
trapping carbon dioxide.

“The states we are working with, mainly New England and New York, are really engaged in
reducing emissions. They have their own targets.”

Power sales outside Quebec generated $1.7­billion ($1.3­billion U.S.) of revenue last year,
representing about 13 per cent of the company’s sales. Three lines in the planning process– the
Champlain Hudson Power Express, the New England Clean Power Link, and Northern Pass –
could allow the provincially owned utility to boost exports south.

“Those three projects are about the same size, about 1,000 megawatts of power each, and we
could participate in all three,” Martel said in the interview. “We would be comfortable doing
that if we got a long­term commitment.”

With most exports currently sold at spot rates, Hydro­Québec would prefer to sign long­term,
fixed­rate contracts for the additional power, Martel said. Agreements could last as long as 40
years, he added.

“There is interest on our side and from our customers to have longer­term contracts with
stability on pricing,” he said. “That’s one thing that we are working on for the future.”

Hydro­Québec had net income of about $2.2­billion on revenue of about $9.9­billion in the
first nine months of 2016. More than 99 per cent of the power that the provincial­owned utility
generates comes from renewable sources, according to the company’s 2015 annual report.

By 2030, power exports and acquisitions could propel annual revenue to about $27­billion,
with annual profit of about $5.2­billion, Martel said Tuesday.

© 2016 The Globe and Mail Inc. All Rights Reserved.
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CAN WATER POWER FROM QUEBEC AVOID THE NEED FOR THE DARLINGTON RE-BUILD? – ONTARIO CLEAN AIR ALLIANCE RESEARCH  1  

Can water power from Quebec avoid 
the need for the Darlington Re-Build?

ONTARIO CLEAN AIR ALLIANCE RESEARCH | www.cleanairalliance.org APRIL 7, 2015

The Ontario Clean Air Alliance (OCAA) is recommending that Ontario sign a long-term electricity contract with Hydro 
Quebec to lower the province’s electricity bills and permit the cancellation of the proposed Darlington Nuclear Station 
Re-Build Project.

According to our analysis, a long-term electricity supply contract with Hydro Quebec at a price of 6 cents per kWh would 
reduce our electricity costs by at least $14 billion over 20 years by permitting the cancellation of the higher cost Dar-
lington Re-Build Project.1

In this context, it is important to note that in 2010 Hydro Quebec signed a 26-year electricity export deal with Vermont 
at a price of 5.8 cents per kWh.2

However, in its October 2014 report, Review of Ontario Interties, the Independent Electricity System Operator (IESO) 
has suggested that water power imports from Quebec may not be a viable option to replace Darlington’s aging nuclear 
reactors since “Quebec has a winter peaking system and is currently capacity limited in the winter”.3 

This concern was re-iterated by Kim Warren, Chief Operating Officer of the IESO, on the CBC Radio show, Ontario Today, 
on March 25, 2015.

Hydro Quebec’s Capacity and Peak Winter Demand

As Figure 1 reveals, in 2014, Hydro Quebec’s total generation capacity [46,314 megawatts (MW)] exceeded its winter 
peak day demand [38,743 MW] by 20%.4

Hydro Quebec’s generation capacity includes its own generating fleet, which has a capacity of 36,643 MW, plus an 
additional 9,671 MW under contract to Hydro Quebec, including 5,428 MW from Churchill Falls.5

Figure 1:  Hydro Quebec’s Capacity and Demand, 2014
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2  CAN WATER POWER FROM QUEBEC AVOID THE NEED FOR THE DARLINGTON RE-BUILD?– ONTARIO CLEAN AIR ALLIANCE RESEARCH 

Hydro Quebec’s Annual Hourly Demand Profile

Figure 2 plots Quebec’s demand for electricity during each hour of 2013. It reveals three key facts.

• First, Quebec’s demand for electricity spikes on cold winter days.
• Second, these spikes in demand are needle peaks which only last for brief periods.
• Third, Quebec’s annual peak hour demand for electricity is more than 80% greater than its average annual hourly 

demand.6

Figure 2:  Hydro Quebec’s 2013 Hourly Demand for Electricity7
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Analysis

While Quebec may not wish to export power to Ontario dur-
ing some very cold winter days, a review of Figures 1 and 2 
strongly suggests that Quebec has surplus generation ca-
pacity for at least 99% of the hours of the year. During the 
1% of the year when Quebec water power may not be avail-
able, Ontario could meet its electricity needs by increasing 
the output of its natural gas-fired power plants. As the IESO 
has noted, “Ontario, by comparison, is a summer-peaking 
province, which means the province has spare capacity in 
the winter”.8

In this context, it is important to remember that nuclear 
generating stations are also not available for 100% of the 

hours of the year. In fact, the Darlington Nuclear Station’s average annual capacity factor since it commenced opera-
tion in the 1990s has been only 83%.9   

In conclusion, Ontario’s base-load electricity needs can be met at a lower economic and environmental cost by an in-
tegrated combination of water power from Quebec (99%) and natural gas-fired generation (1%) than by re-built nuclear 
reactors (83%) and natural gas-fired generation (17%).

Endnotes

1  Ontario Clean Air Alliance Research Inc., Ontario’s Long-Term Energy Plan: A One Year Review, (November 2014).

2  Hydro Quebec, Press Release, “Vermont and Quebec reach new energy agreement”, (August 12, 2010).

3  IESO, Review of Ontario Interties, (October, 2014), page 22.

4  Hydro Quebec’s reported peak demand includes the demands of their “interruptible” customers which Hydro Quebec is not 
obliged to serve during peak demand periods.  Hydro Quebec, Annual Report 2014, page 2.

5  Hydro Quebec, Annual Report 2014, page 2.

6  Hydro Quebec, Annual Report 2014, page 2.

7  Pierre-Olivier Pineau, Professor, HEC Montreal, “Can Ontario and Quebec benefit from more electricity market integration? A long-
term perspective”, Power Point Presentation for York University Conference, January 9, 2015.

8  IESO, Review of Ontario Interties, (October, 2014), page 22.

9  Ontario Energy Board Docket No. EB-2013-0321, Undertaking J14.3.

Thanks to the Echo Foundation and the Taylor 
Irwin Family Foundation for their support
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Table 13:  NPI Plant Level Performance Summary (North American Panel) 
 

 

Indicator NPI Max Best Quartile Median Pickering Darlington

Rolling Average Industrial Safety Accident Rate (#/200k hours 

worked)
0.20 0.00 0.02 0.03 0.06

Rolling Average Collective Radiation Exposure (person-rem per 

unit)
80.00 31.30 43.30 82.24 69.06

Fuel Reliability Index (microcuries per gram) 0.000500 0.000001 0.000004 0.001580 0.000158

2-Year Reactor Trip Rate (# per 7,000 hours) 0.500 0.000 0.235 0.363 0.000

3-Year Auxiliary Feedwater System Unavailability (#) 0.0200 0.0029 0.0043 0.0181 0.0000

3-Year Emergency AC Power Unavailability (#) 0.0250 0.0098 0.0132 0.0000 0.0000

3-Year High Pressure Safety Injection Unavailability (#) 0.0200 0.0020 0.0033 0.0000 0.0000

Rolling Average Forced Loss Rate (%) 1.00 0.76 1.55 10.08 2.85

Rolling Average Unit Capability Factor (%) 92.0 93.2 90.4 74.5 89.4

Rolling Average Chemistry Performance Indicator (Index) 1.01 1.00 1.00 1.04 1.00

WANO NPI (Index) Not Applicable 98.1 93.5 64.3 92.1

2014 Actuals
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Chapter 4. Cap and Trade

A cap and trade program is 
an indirect way of putting a 
price on GHG emissions.

64

4.1  
Introduction	  
Ontario’s new Climate Change Mitigation and Low-

carbon Economy Act, 2016 (“Climate Act”) and its 

two regulations - a cap and trade regulation, O. Reg. 

144/161 ,  and a reporting regulation, O. Reg. 143/162 - set 

out the legal framework to reduce greenhouse gases 

(GHGs) in the province. The central feature is a cap and 

trade program for GHG emissions. The cap and trade 

program has already come into effect; the first four-

year compliance period begins January 1, 2017. 

A cap and trade program is an indirect way of putting 

a price on GHG emissions (see text box 4.1.1). Covered 

emitters3 must obtain, and subsequently remit to the 

government, an amount of allowances equal to their 

emissions over the term of the compliance period. 

Emitters can obtain allowances from government for 

free or at an auction, or by buying them from other 

companies (the trade).4

Allowances are effectively permits to emit GHG 

pollution. The government limits, and gradually cuts, 

the total number of allowances available, thereby 

driving down the amount of emissions that covered 

facilities (and fuel consumers) can lawfully release 

each year (this is the cap). As allowances become 

scarce, their cost should rise. The rising cost of the 

allowances, and the prospect of increasing scarcity, 

gives emitters (and fuel consumers) a predictable 

financial incentive to reduce their carbon pollution. 

Figure 1: Schematic of how cap and trade works 

Source: Adapted from Ontario’s Climate Change Strategy (2015) 

For an introduction to the basic functioning of a cap 

and trade program, see Appendix A (available online 

only at eco.on.ca), which draws on the excellent work 

of Quebec’s Sustainable Development Commissioner. 

4.1.1 Why Put a Price on Carbon? 

The ECO, many major companies, and economists 

around the world have long supported carbon 

pricing, i.e., putting a price on GHG pollution. One of 

the major reasons for such a thick carbon blanket in 

Earth’s atmosphere (see Chapter 1) is that polluting 

the atmosphere with greenhouse gases has long 

been free. In the Paris Agreement5 , governments 

around the world recognized the need for stronger 

efforts to fight carbon pollution. Putting a price on 

carbon pollution gives businesses and citizens an 

economic incentive to reduce their GHG emissions. 

In 2016, about 40 countries and over 20 subnational 

governments – or about 13 per cent of the world’s 

GHG emissions – had a carbon pricing initiatives in 

place.6 Many more are planned for 2017, including 

the world’s largest emitter, China. As carbon pricing 

policies become more widespread, they evolve and 

countries learn from each other.7

There are two main ways to put a price on carbon 

pollution: a direct carbon tax, and/or a cap and trade 

program. Each can work well, or badly, depending 

on design and implementation. A carbon tax and 

cap and trade can be used individually or together. 

British Columbia chose a carbon tax. Ontario and 

Quebec chose cap and trade. Most calculations 

show that the price of carbon has to be significantly 

higher than current levels in order to drive significant 

emission reductions.8

Excess
Emission

Unused
Allowances

Money

Allowance

Cap

 Trade
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programs are complex.
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Figure 2: Cap and trade spreading around the world 

Source: World Bank’s PMR-ICAP Emissions Trading 2016 Handbook 

The cap and trade program is just one element of 

Ontario’s new GHG reduction strategy. Others include: 

• A policy framework: a provincial climate change 

strategy,9 5-year action plan10, a co-ordinated 

review of land-use planning, and the 

aforementioned Climate Change Mitigation and 

Low-carbon Economy Act, 2016. A second new law, 

the Waste-Free Ontario Act, 2016 could play an 

important supporting role. 

• Partnerships: Ontario signed a climate policy 

memorandum of understanding (MOU) with 

Quebec12 and Manitoba,13 a joint declaration with 

Quebec and Mexico,14 hosted the first Climate 

Summit of the Americas,15 and signed the Under 2 

MOU, a voluntary commitment by subnational 

governments to reduce GHGs.16 Ontario is working 

closely with California and Quebec to create a 

linked carbon market. Ontario is actively 

participating in various working groups to create a 

Pan-Canadian climate change framework with the 

federal government and other provinces and 

territories. 

• Use of proceeds: In 2017-2020, the government 

expects to earn annual proceeds of $1.8-1.9 billion 

from the sale of GHG allowances, which it plans to 

spend through the Greenhouse Gas Reduction 

Account. For details on what the government 

proposes, and issues around transparency and 

accountability for the use of these funds, see 

Chapter 5: Spending the money well. 

4.2  
Key	Design	Issues	for	Policy	  
Makers  
All GHG cap and trade programs are complex. What 

key design choices did Ontario make? How will 

they affect the success of the program in reducing 

Ontario’s GHG emissions? Did the chosen design 

anticipate and address the issues that have arisen in 

other jurisdictions with cap and trade programs? Will 

the program produce GHG reductions within Ontario? 

Will the reductions be at the lowest cost? 

We address these questions in three main categories, 

based on the stakeholders for whom they are a 

primary concern: policymakers, capped emitters 

(emitters who must submit allowances) and the 

public. We begin here with the key design issues for 

policymakers. 

4.2.1 The Emitters: Who Needs Allowances? 

Who is part of the cap and trade program, i.e., 

required to surrender allowances equivalent to their 

GHG emissions? Using the National Inventory Report 

data (see Chapter 2), the Ministry of the Environment 

and Climate Change (MOECC) estimates that the cap 

and trade program will be mandatory for 82 per cent 

of Ontario’s direct GHG emissions.17 In 2017, Ontario’s 

total GHG emissions are predicted to be 172.5 Mt.18

Entities engaged in the following economic activities 

require allowances for their own direct emissions and 

those of most19 of their customers, and must buy the 

allowances: 

• Importers of electricity; 

• Generators of gas-fired electricity who are 

connected directly to international or inter-

provincial pipelines;20
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• Natural gas distributors; and, 

• Wholesale vendors of transportation and other 

liquid fuels, including propane and fuel oil. 

In 2017, these sectors are forecast to be responsible 

for roughly 100 Mt of GHG emissions.21

Entities engaged in the following economic activities 

require allowances for their own direct emissions, but 

will receive most of them free of charge for the 2017-

2020 compliance period: 

• large industrial and commercial operations (such 

as manufacturing, base metal processing, steel, 

pulp and paper, and food processing); and, 

• institutions (e.g., universities).22

In 2017, these sectors are forecast to be responsible 

for roughly 40 Mt of GHG emissions.23

Ontario’s remaining 2017 emissions are forecast to 

be roughly 31 Mt,24 primarily from sectors such as 

agriculture, waste management and forestry. These 

sectors do not require allowances for their direct 

emissions in 2017 – 2020, although their suppliers 

of petroleum products, natural gas and electricity 

will have paid for allowances for their fossil fuel use. 

GHG reductions and co-benefits in these sectors are 

intended to be encouraged by a program of offset 

credits, and perhaps by regulations.25

4.2.2. Setting the Cap 

The cap is the government-imposed limit on carbon 

allowances for all sectors covered by the regulation, 

which goes down over time. It is supposed to be 

initially set to match their collective projected carbon 

emissions for the first year. If set correctly, the cap 

should force emission reductions as the number of 

available allowances gradually declines and their 

price may increase. 

Figure 3: Cap declines over time 

Source: Ontario’s Climate Change Strategy (2015) 

An initial cap that is set too high may do little to reduce 

emissions, yet can be difficult to avoid. First, setting 

the cap is difficult because of the many unpredictable 

factors that influence future GHG emissions, including 

energy prices, industry output, new technology, fuel 

costs and economic growth rates. Second, there is 

a political incentive to set a fairly loose cap in the 

program’s early years, to make it easy for companies 

to comply, and to help the program gain acceptance. 

Other programs, including those of the Regional 

Greenhouse Gas Initiative and the European Union, 

set high initial caps, resulting in limited emission 

reductions and low allowance prices. Third, linking to 

other jurisdictions who have surplus allowances can 

also loosen a cap; see Chapter 4.2.6. 

Ontario set its 2017 cap by projecting emissions into the 

future based on current trends and the government’s 

best estimates of factors such as economic growth. 

This is notoriously difficult to do accurately.26 The cap 

decline rate27 of just over 4 per cent per year to 202028 

is quite aggressive, and is declining faster than the 

caps of our partner jurisdictions in their initial years.29,30  

Ontario’s cap decline rates in later compliance periods 

(post-2020) are currently unknown, but will have to 

continue to be aggressive to meet the Climate Act’s 

GHG reduction target of 37 per cent below 1990 levels 

by 2030. 

How many allowances will Ontario issue? 

Allowances will be created under section 30 of the 

Climate Act. As per O. Reg. 144/16, section 54, the 

Chapter 4. Cap and Trade

Cap and trade program 
will be mandatory for 82 
per cent of Ontario’s direct 
GHG emissions. YEAR 1 YEAR 2 YEAR 3
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Witness Panel: Nuclear Operations and Projects 
 

ED Interrogatory #28 1 
 2 
Issue Number: 6.5 3 
Issue:  Are the test period expenditures related to extended operations for Pickering 4 
appropriate? 5 
 6 
 7 
Interrogatory 8 
 9 
Reference:  10 
Reference:  “Pickering extension to 2022/2024 yields a net benefit in the range of $0.3B- 11 

$0.6B…” Exhibit F2-2-3, Attachment 1, Page 6 of 116 12 
 13 
With reference to the above captioned study, please provide its assumptions with respect to 14 
the following inputs for each year of its analysis: 15 
 16 

(a) Pickering’s total installed capacity (MW); 17 
 18 

(b) Pickering’s available capacity (MW) at the time of Ontario’s peak annual demand; 19 
 20 

(c) Pickering’s generation (MWh); 21 
 22 

(d) The avoided generation (MWh), by fuel type, as a result of Pickering’s extended 23 
operation; 24 
 25 

(e) Pickering’s rolling average forced loss rate as defined by OPG’s 2015 Nuclear 26 
Benchmarking Report; 27 
 28 

(f) The installed capacity (MW) of the replacement peaking generation capacity; 29 
 30 

(g) The available capacity (MW) of the replacement peaking generation capacity at the time 31 
of Ontario’s peak annual demand; 32 
 33 

(h) Pickering’s fuel and operating cost per kWh; 34 
 35 

(i) Pickering’s incremental capital expenditures to permit its extension to 2022/24; 36 
 37 

(j) The natural gas price at Henry Hub; 38 
 39 

(k) Ontario’s carbon price; 40 
 41 

(l) Ontario’s incremental peaking requirements (MW) to meet the NPCC resource adequacy 42 
criterion if Pickering is not extended to 2022/24; and 43 

 44 
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Witness Panel: Nuclear Operations and Projects 
 

(m)  Ontario’s cost per MW of incremental peaking requirements to meet the NPCC resource 1 
adequacy criterion if Pickering is not extended to 2022/24. 2 

 3 
 4 
Response 5 
 6 
The following response has been prepared by the IESO, except for part (e), which has been 7 
provided by OPG: 8 
 9 
(a) The following table summarizes Pickering’s total installed capacity (MW) in different 10 
scenarios: 11 
 12 

 13 
 14 
(b) The following table summarizes Pickering’s estimated available capacity (MW) at the time 15 
of Ontario’s peak annual demand. The available capacity is lower than the installed capacity 16 
shown in part (a) because of forced and planned outages among Pickering units. 17 
 18 

 19 
 20 
(c) The following table summarizes Pickering’s generation (MWh) in different scenarios: 21 
 22 

Case with +65 TWh of Pickering 

Production, Pickering to 2020

Case with +65 TWh of Pickering 

Production, Pickering to 2022/2024

Case with +62 TWh of Pickering 

Production, Pickering to 2020

Case with +62 TWh of Pickering 

Production, Pickering to 2022/2024

2015 3094 3094 3094 3094

2016 3094 3094 3094 3094

2017 3094 3094 3094 3094

2018 3094 3094 3094 3094

2019 3094 3094 3094 3094

2020 3094 3094 3094 3094

2021 0 3094 0 3094

2022 0 3094 0 3094

2023 0 2064 0 2064

2024 0 2064 0 2064

Case with +65 TWh of Pickering 

Production, Pickering to 2020

Case with +65 TWh of Pickering 

Production, Pickering to 2022/2024

Case with +62 TWh of Pickering 

Production, Pickering to 2020

Case with +62 TWh of Pickering 

Production, Pickering to 2022/2024

2015 2579 2579 2579 2579

2016 2578 2578 2578 2578

2017 2579 2063 2063 1547

2018 2064 2063 2064 2063

2019 2579 2063 2064 2063

2020 3094 3094 3094 2579

2021 0 3094 0 3094

2022 0 3094 0 3094

2023 0 2064 0 2064

2024 0 2064 0 2064
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Witness Panel: Nuclear Operations and Projects 
 

 1 
 2 
(d) The following tables summarize the avoided generation (MWh) by fuel type as a result of 3 
Pickering’s extended operation in the plus 65 TWh of Pickering Production case. Blue and 4 
positive numbers represent increase in production and red and negative numbers represent 5 
decrease in production as a result of Pickering’s extended operation. Please note that 6 
besides Ontario resources, Pickering’s extended operation also has impact on the 7 
transactions of interconnections. 8 
 9 

 10 
 11 
The following tables summarize the avoided generation (MWh) by fuel type as a result of 12 
Pickering’s extended operation in the plus 62 TWh of Pickering Production case. Blue and 13 
positive numbers represent increase in production and red and negative numbers represent 14 
decrease in production as a result of Pickering’s extended operation. Please note that 15 
besides Ontario resources, Pickering’s extended operation also has impact on the 16 
transactions of interconnections. 17 
 18 

 19 
 20 
(e) Pickering’s rolling average forced loss rate in 2014 as defined by OPG’s 2015 Nuclear 21 
Benchmarking Report was 10.08% (see Ex. F2-1-1 Attachment 1, p. 51). 22 
 23 
(f) The following table summarizes the installed capacity (MW) of the replacement generation 24 
capacity. 25 
 26 

Case with +65 TWh of Pickering 

Production, Pickering to 2020

Case with +65 TWh of Pickering 

Production, Pickering to 2022/2024

Case with +62 TWh of Pickering 

Production, Pickering to 2020

Case with +62 TWh of Pickering 

Production, Pickering to 2022/2024

2015 23,887,836                                             23,887,836                                                  23,887,836                                            23,887,836                                                  

2016 21,269,076                                             21,269,076                                                  21,269,076                                            21,269,076                                                  

2017 20,130,936                                             19,240,032                                                  20,130,936                                            19,240,032                                                  

2018 20,585,928                                             19,300,818                                                  20,585,928                                            19,424,418                                                  

2019 21,442,720                                             19,593,600                                                  20,651,680                                            19,049,760                                                  

2020 24,289,248                                             20,884,154                                                  23,930,808                                            19,902,158                                                  

2021 -                                                            19,730,040                                                  -                                                           18,963,000                                                  

2022 -                                                            21,301,800                                                  -                                                           20,312,064                                                  

2023 -                                                            14,836,032                                                  -                                                           13,956,768                                                  

2024 -                                                            16,716,336                                                  -                                                           16,295,280                                                  

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Gas 0 0 332,680 274,744 470,923 456,172 -6,756,544 -6,473,855 -4,730,629 -4,167,951

Hydroelectric 0 0 19,589 61,943 99,731 303,070 -373,796 -183,024 -106,101 -228,202

Wind 0 0 30,636 19,706 21,952 213,356 -42,286 0 0 -11,202

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Gas 0 0 332,680 209,640 351,228 763,473 -6,424,056 -6,111,821 -4,473,760 -4,108,400

Hydroelectric 0 0 19,589 61,943 83,710 287,308 -357,001 -182,338 -99,313 -219,580

Wind 0 0 30,636 19,706 16,050 140,642 -28,515 0 0 -11,202
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Witness Panel: Nuclear Operations and Projects 
 

 1 
 2 
(g) The answer is the same as part (f). For simplicity, it is assumed that 100% of replacement 3 
peaking generation capacity is available at the time of Ontario’s peak annual demand. 4 
 5 
(h) The following table summarizes Pickering’s fuel cost per KWh (2015 real cents per KWh). 6 
The OM&A expenditures is included in the answer of part (i). These values were provided to 7 
the IESO by OPG. 8 
 9 

 10 
 11 
(i) The following table summarizes Pickering’s incremental capital and total OM&A 12 
expenditures (2015 real $M) to permit its extension to 2022/24. These values were provided 13 
to the IESO by OPG. 14 
 15 

 16 
 17 
(j) The following table summarizes the projected natural gas price at Henry Hub (2015 real 18 
US$/MMBTU). Sensitivity cases were also considered. 19 

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Capacity Deficit of the case of 

Pickering to 2020 0 0 0 0 0 0 2,316 2,301 2,931 1,090

Capacity Deficit of the case of 

Pickering to 2022/2024 0 0 0 0 0 0 0 0 867 0

Installed capacity (MW) of 

replacement peaking generation 

capacity 0 0 0 0 0 0 2,316 2,301 2,064 1,090

Case with +65 TWh of Pickering 

Production, Pickering to 2020

Case with +65 TWh of Pickering 

Production, Pickering to 2022/2024

Case with +62 TWh of Pickering 

Production, Pickering to 2020

Case with +62 TWh of Pickering 

Production, Pickering to 2022/2024

2016 0.58                                                          0.58                                                               0.58                                                         0.58                                                               

2017 0.57                                                          0.57                                                               0.57                                                         0.57                                                               

2018 0.54                                                          0.54                                                               0.54                                                         0.54                                                               

2019 0.53                                                          0.53                                                               0.53                                                         0.53                                                               

2020 0.53                                                          0.53                                                               0.53                                                         0.53                                                               

2021 0.53                                                               0.53                                                               

2022 0.53                                                               0.53                                                               

2023 0.54                                                               0.54                                                               

2024 0.54                                                               0.54                                                               

2016 2017 2018 2019 2020 2021 2022 2023 2024

$7 $35 $79 $145 $218 $987 $902 $631 $494
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 1 
 2 
(k) Ontario’s carbon price is zero in all scenarios. 3 
 4 
(l) The assessment of replacement peaking generation capacity in part (f) accounts for the 5 
NPCC resource adequacy criterion.  6 
 7 
(m)  As shown in EB-2016-0152 Exhibit F2-2-3 Attachment 1 Page 93 of 116, additional 8 
peaking requirements are assumed to be met by new unspecified capacity based resources 9 
priced at SCGT (represents the least-cost supply resource), which is $130/KW-year from a 10 
ratepayer perspective based on York Region SCGT. DR, NUG contract renewals, coal 11 
conversions, or firm imports can also provide capacity if similarly prices. 12 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2015 4.38 4.36 4.27 3.95 3.95 3.97 3.99 3.99 4.00 4.01 4.04 4.19

2016 4.99 4.96 4.87 4.52 4.52 4.54 4.57 4.57 4.58 4.60 4.69 4.87

2017 5.54 5.50 5.40 5.04 5.05 5.07 5.10 5.10 5.11 5.13 5.24 5.45

2018 5.53 5.50 5.40 5.04 5.04 5.06 5.10 5.10 5.10 5.12 5.24 5.45

2019 5.53 5.50 5.39 5.04 5.04 5.06 5.09 5.10 5.10 5.12 5.23 5.44

2020 5.53 5.49 5.39 5.03 5.04 5.06 5.09 5.09 5.10 5.12 5.23 5.44

2021 5.52 5.49 5.39 5.03 5.03 5.05 5.09 5.09 5.09 5.11 5.23 5.43

2022 5.52 5.49 5.38 5.03 5.03 5.05 5.08 5.09 5.09 5.11 5.22 5.43

2023 5.52 5.49 5.38 5.03 5.03 5.05 5.08 5.09 5.09 5.11 5.22 5.43

2024 5.52 5.49 5.38 5.03 5.03 5.05 5.08 5.09 5.09 5.11 5.22 5.43

2025 5.52 5.49 5.38 5.03 5.03 5.05 5.08 5.09 5.09 5.11 5.22 5.43

2026 5.52 5.49 5.38 5.03 5.03 5.05 5.08 5.09 5.09 5.11 5.22 5.43

2027 5.52 5.49 5.38 5.03 5.03 5.05 5.08 5.09 5.09 5.11 5.22 5.43

2028 5.52 5.49 5.38 5.03 5.03 5.05 5.08 5.09 5.09 5.11 5.22 5.43

2029 5.52 5.49 5.38 5.03 5.03 5.05 5.08 5.09 5.09 5.11 5.22 5.43

2030 5.52 5.49 5.38 5.03 5.03 5.05 5.08 5.09 5.09 5.11 5.22 5.43

2031 5.52 5.49 5.38 5.03 5.03 5.05 5.08 5.09 5.09 5.11 5.22 5.43

2032 5.52 5.49 5.38 5.03 5.03 5.05 5.08 5.09 5.09 5.11 5.22 5.43
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ED Interrogatory #29 1 
 2 
Issue Number: 6.5 3 
Issue:  Are the test period expenditures related to extended operations for Pickering 4 
appropriate? 5 
 6 
 7 
Interrogatory 8 
 9 
Reference:  10 
 11 
Reference:  “Pickering extension to 2022/2024 yields a net benefit in the range of $0.3B- 12 
$0.6B…” Exhibit F2-2-3, Attachment 1, Page 6 of 116 13 
 14 
For each year of the Pickering extension to 2022/2024 analysis, please provide the IESO’s 15 
best current estimate of: 16 
 17 

a) Pickering’s total installed capacity (MW); 18 
 19 

b) Pickering’s available capacity (MW) at the time of Ontario’s peak annual demand; 20 
 21 

c) Pickering’s generation (MWh); 22 
 23 

d) The avoided generation (MWh), by fuel type, as a result of Pickering’s extended 24 
operation; 25 
 26 

e) Pickering’s rolling average forced loss rate as defined by OPG’s 2015 Nuclear 27 
Benchmarking Report; 28 
 29 

f) The available capacity at the time of Ontario’s peak annual demand of new gas-fired 30 
peaking capacity as a percent of its installed capacity; 31 
 32 

g) Pickering’s fuel and operating cost per kWh; 33 
 34 

h) Pickering’s incremental capital expenditures to permit its extension to 2022/24; 35 
 36 

i) Natural gas prices at Henry Hub; 37 
 38 

j) The NYMEX natural gas futures prices at Henry Hub; 39 
 40 

k) Ontario’s carbon prices; 41 
 42 

l) Ontario’s incremental peaking requirements (MW) to meet the NPCC resource 43 
adequacy criterion if Pickering is not extended to 2022/24; 44 
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 1 

m) Ontario’s cost, per MW, of meeting the NPCC resource adequacy criterion if 2 
Pickering is not extended to 2022/24 by: a) domestic supply resources; b) demand 3 
response resources; c) energy efficiency resources; and c) electricity imports from 4 
neighbouring jurisdictions. 5 

 6 
Please fully justify all your responses. In particular, please state your methodology and 7 
assumptions for calculating Pickering’s available capacity (MW) at the time of Ontario’s peak 8 
annual demand. 9 
 10 
 11 
Response 12 
 13 
The following response has been prepared by the IESO, except for part (e), which has been 14 
provided by OPG: 15 
 16 
(a) The following table summarizes Pickering’s total installed capacity (MW) as shown in 17 
2016 Ontario Planning Outlook. 18 
 19 

 20 
 21 
(b) The following table summarizes Pickering’s available capacity (MW) at the time of 22 
Ontario’s peak annual demand as shown in 2016 Ontario Planning Outlook. 23 
 24 

 25 
 26 

2016 3094

2017 3094

2018 3094

2019 3094

2020 3094

2021 3094

2022 3094

2023 2064

2024 2064

2016 2578

2017 2579

2018 2063

2019 2063

2020 3094

2021 2579

2022 3094

2023 2064

2024 2064
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(c) The following table summarizes Pickering’s generation (MWh) as shown in 2016 Ontario 1 
Planning Outlook. 2 
 3 

 4 
 5 
(d) Not applicable, as the simulation run of Pickering operates to 2020 is not available. 6 
 7 
(e) Please see Ex. L-6.5-7 ED-28 part (e). 8 
 9 
(f) Not applicable, as the simulation run of Pickering operates to 2020 is not available. 10 
 11 
(g) The IESO has not analyzed any updates to Pickering’s fuel and operating cost per KWh 12 
since the analysis of November 2015, which is available at EB-2016-0152 Exhibit F2-2-3 13 
Attachment 1 Page 1 to Page 10. 14 
 15 
(h) The IESO has not analyzed any updates to Pickering’s incremental capital expenditures to 16 
permit its extension to 2022/24 since the analysis of November 2015, which is available at 17 
EB-2016-0152 Exhibit F2-2-3 Attachment 1 Page 1 to Page 10. 18 
 19 
(i) The following table summarizes the natural gas price at Henry Hub (2016 real 20 
US$/MMBTU) as shown in 2016 Ontario Planning Outlook. 21 
 22 

2016 21,177,276 

2017 19,351,248 

2018 19,411,674 

2019 19,602,972 

2020 20,007,314 

2021 18,972,174 

2022 20,528,508 

2023 13,913,424 

2024 16,332,432 
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 1 
 2 
(j) The NYMEX natural gas future prices at Henry Hub can be found at this link: 3 
 4 
http://www.cmegroup.com/trading/energy/natural-gas/natural-gas.html 5 
 6 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2016 2.39         2.38         2.33         2.13         2.13         2.15         2.18         2.20         2.19         2.22         2.28         2.40         

2017 3.14         3.13         3.07         2.80         2.80         2.83         2.87         2.89         2.88         2.91         2.99         3.16         

2018 3.61         3.60         3.53         3.22         3.22         3.25         3.30         3.32         3.31         3.35         3.44         3.63         

2019 4.06         4.05         3.97         3.63         3.62         3.66         3.71         3.74         3.73         3.77         3.87         4.09         

2020 4.25         4.24         4.16         3.80         3.79         3.83         3.88         3.91         3.91         3.95         4.06         4.28         

2021 4.25         4.24         4.16         3.80         3.79         3.83         3.88         3.91         3.91         3.95         4.06         4.28         

2022 4.25         4.24         4.16         3.80         3.79         3.83         3.88         3.91         3.91         3.95         4.06         4.28         

2023 4.25         4.24         4.16         3.80         3.79         3.83         3.88         3.91         3.91         3.95         4.06         4.28         

2024 4.25         4.24         4.16         3.80         3.79         3.83         3.88         3.91         3.91         3.95         4.06         4.28         

2025 4.25         4.24         4.16         3.80         3.79         3.83         3.88         3.91         3.91         3.95         4.06         4.28         

2026 4.25         4.24         4.16         3.80         3.79         3.83         3.88         3.91         3.91         3.95         4.06         4.28         

2027 4.25         4.24         4.16         3.80         3.79         3.83         3.88         3.91         3.91         3.95         4.06         4.28         

2028 4.25         4.24         4.16         3.80         3.79         3.83         3.88         3.91         3.91         3.95         4.06         4.28         

2029 4.25         4.24         4.16         3.80         3.79         3.83         3.88         3.91         3.91         3.95         4.06         4.28         

2030 4.25         4.24         4.16         3.80         3.79         3.83         3.88         3.91         3.91         3.95         4.06         4.28         

2031 4.25         4.24         4.16         3.80         3.79         3.83         3.88         3.91         3.91         3.95         4.06         4.28         

2032 4.25         4.24         4.16         3.80         3.79         3.83         3.88         3.91         3.91         3.95         4.06         4.28         

2033 4.25         4.24         4.16         3.80         3.79         3.83         3.88         3.91         3.91         3.95         4.06         4.28         

2034 4.25         4.24         4.16         3.80         3.79         3.83         3.88         3.91         3.91         3.95         4.06         4.28         

2035 4.25         4.24         4.16         3.80         3.79         3.83         3.88         3.91         3.91         3.95         4.06         4.28         
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(k) The following table summarizes Ontario’s carbon price (2016 real US$/kg CO2) as shown 1 
in 2016 Ontario Planning Outlook. 2 

 3 
 4 
(l) Not applicable, as the simulation run of Pickering operates to 2020 is not available. 5 
 6 
(m) Not applicable, as the simulation run of Pickering operates to 2020 is not available. 7 
 8 
 9 

2016 0

2017 0.013391

2018 0.014074

2019 0.014763

2020 0.015487

2021 0.016246

2022 0.017043

2023 0.017878

2024 0.018754

2025 0.019674

2026 0.020638

2027 0.02165

2028 0.022711

2029 0.023824

2030 0.024992

2031 0.026217

2032 0.027503

2033 0.028851

2034 0.030265

2035 0.031749
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UNDERTAKING JT2.5 1 

  2 

Undertaking  3 
 4 
OF THE COSTS INCLUDED IN ED 18, BOARD STAFF 116, AND GEC 38, TO ADVISE 5 
WHICH WERE INCLUDED OR EXCLUDED FROM THE ECONOMIC ASSESSMENT OF 6 
PICKERING, INCLUDING THE CALCULATION OF THE 6.5 CENTS PER KILOWATT-7 
HOUR 8 
 9 
Response  10 
 11 
OPG notes that levelized unit energy cost (LUEC) is an economic measure and as such is 12 
based on incremental costs and generation. The approach used to calculate LUEC differs 13 
from a rate calculation. For example, LUEC calculations exclude “non-cash” items such as 14 
depreciation and amortization expense, and instead include the incremental capital 15 
expenditures in the year incurred. As well, LUEC calculations exclude non-incremental costs 16 
that are considered to be independent of the decision being made. Please see also OPG’s 17 
response to Ex. L-04.3-6 EP-014. OPG’s response to JT 1.17E Attachment 1 provides an 18 
explanation of the LUEC methodology. 19 
 20 
The LUEC calculation referenced in the Pickering Extended Operations Economic 21 
Assessment (Ex. F2-2-3 Attachment 2) includes the following cost categories: 22 
 23 

1. Base OM&A (Station  and Nuclear Support) 24 
2. Outage OM&A (Station Direct and Nuclear Support) 25 
3. Project OM&A 26 
4. Capital 27 
5. Corporate Support 28 
6. Fuel Costs 29 
 30 

As directed by the OEB’s February 16, 2017 Decision and Order on Motion Filed by 31 
Environmental Defence, Chart 1 below shows the reconciliation between total operating 32 
costs (reflected in OPG’s 2016-2018 Business Plan, including total fuel costs, shown at Chart 33 
1 line 19) and the incremental operating costs included in the Pickering Extended Operations 34 
Economic Assessment (including incremental fuel costs, shown at Chart 1 line 3) for 2016-35 
2021. 36 
 37 
 38 
 39 
 40 
 41 
 42 
 43 
 44 
 45 
 46 
 47 
 48 
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 1 
 2 
Chart 1: Reconciliation Between Total Operating Costs and Incremental Operating Costs 3 

 4 
 5 
The following discussion uses 2021 as an example to explain the operation of Chart 1 with 6 
references back to the associated interrogatory responses. The sum of the above economic 7 
assessment cost categories excluding Fuel Costs is $1,395M, which represents total 8 
operating costs on a fully allocated basis (Chart 1 line 17, col. (f) and as provided in Ex. L-9 
06.5-1 Staff-116 and Ex. L-06.5-1 GEC-38, and the first line of Chart 1 in Ex. L-06.5-7 ED-10 
018). With the exception of Fuel Costs, these categories are itemized in Ex. L-06.5-1 Staff-11 
118 (a) & (b). Total Fuel Costs are $118M in 2021(Chart 1 line 18, col. (f)), as provided in Ex. 12 
L-06.5-7-ED-018 and Ex. L-06.5-1 GEC-38. In 2021, the sum of total operating costs and 13 
total Fuel Costs is equal to $1,513M (Chart 1 line 19, col (f)). All of these values are 14 
expressed in escalated dollars. 15 
 16 
As described in the Pickering Extended Operations Economic Assessment, the financial 17 
evaluation and the related LUEC are calculated using incremental operating costs relative to 18 
a 2020 Pickering shutdown. The incremental OM&A and Capital costs are shown in constant 19 
2015 M$ in Interrogatories Ex. L-6.5-7 ED-028 part (i) and Ex. L-6.5-1 Staff-126, Chart 2.  20 
For the year 2021, the non-fuel incremental Operating Costs assumed in the Pickering 21 
Extended Operations Economic Assessment are $987M (2015$) (Chart 1 line 1, col (f)). The 22 
difference in 2021 operating costs between the $987M and the $1,395M is related to 23 

Constant 2015 M$ 2016 2017 2018 2019 2020 2021 Source
Line 

No. (a) (b) (c) (d) (e) (f) (g)
Incremental Costs for Economic Assessment

1 Incremental Operating Costs 7 35 79 145 218 987 Ex. L-6.5-1 Staff-126 Chart 2, Ex. L-6.5-7 ED-28 (i)
2 Incremental Fuel Costs (BCS Option 2 - 62 TWh) 0 -5 -6 -8 -19 101 Ex. L-6.5-1 Staff-126 Chart 2
3 Incremental Operating Costs and Incremental Fuel Costs 7 30 73 137 199 1,088 line 1 + line 2

Changes in Forecast Between Economic Assessment and 2016-2018 Business Plan
4 Incremental Operating Costs 8 5 3 6 9 -8
5 Incremental Fuel Costs 0 0 0 0 0 4
6 Changes in Incremental Costs Between Economic Assessment and 2016-2018 BP 8 5 3 5 10 -4 line 4 + line 5

Incremental Costs per 2016-2018 Business Plan
7 Incremental Operating Costs 15 39 82 151 228 979 line 1 + line 4
8 Incremental Fuel Costs 0 -5 -6 -8 -19 105 line 2 + line 5
9 Incremental Operating Costs and Incremental Fuel Costs 15 34 76 142 208 1,084 line 3 + line 6

Escalated M$

Incremental Costs per 2016-2018 Business Plan

10 Incremental Operating Costs 15 41 87 163 251 1,103

line 7 converted from constant to escalated dollars                                          

Ex. L-6.5-1 Staff-118 Table 1 line 12 (to 2020)

11 Incremental Fuel Costs 0 -5 -7 -9 -21 118

line 8 converted from constant to escalated dollars                                           

Ex. L-6.5-1 Staff-118 Table 2 line 1 (to 2020)

12 Incremental Operating Costs and Incremental Fuel Costs 15 36 81 154 230 1,221

Add: Excluded Non-Incremental Operating Costs
13 Normal Operating Costs (Non-Incremental Station Direct) 781 739 674 641 508 0
14 Normal Operating Costs (Non-Incremental Support) 568 572 590 587 579 292
15 Non-Incremental Fuel Costs 120 119 122 126 142 0
16 Total Operating and Fuel Costs 1,484 1,466 1,467 1,508 1,458 1,513 line 12 + line 13 + line 14 + line 15

Total Operating Costs per 2016-2018 Business Plan

17 Total Operating Costs 1,364 1,351 1,351 1,392 1,338 1,395

line 10 + line 13 + line 14                                                                                                      

Ex. L-6.5-7 ED-18 Chart 1, Ex. L-6.5-8 GEC-38 Chart 1, 

Ex. L-6.5-1 Staff-116

18 Total Fuel Costs 120 114 116 117 120 118

line 11 + line 15                                                                                                                     

Ex. L-6.5-7 ED-18 Chart 1, Ex. L-6.5-8 GEC-38 Chart 1

19 Total Operating and Fuel Costs 1,484 1,466 1,467 1,508 1,458 1,513 line 17 + line 18
Numbers may not sum due to rounding

59

kent
Highlight

kent
Highlight

kent
Line

kent
Oval

kent
Oval

kent
Oval

kent
Oval



Filed: 2017-02-24 
EB-2016-0152 

JT2.5 
Page 3 of 3 

 
escalation from constant to nominal dollars and the exclusion of non-incremental costs (i.e., 1 
the assumed non-incremental portion of nuclear and corporate support costs), as shown in 2 
Chart 1. Escalation and non-incremental costs also explain the difference in 2021 Fuel Costs 3 
between the $101M (Chart 1 line 2, col (f)) and the $118M (Chart 1 line 18, col (f)).     4 
 5 
Cost categories shown in Ex. L-06.5-7 ED-018 that are not included in the economic 6 
assessment or LUEC calculation are provided below. Amounts provided below refer to 2021 7 
values from Chart 1 in Ex. L-06.5-7 ED-018, for reference purposes: 8 
 9 

1. Inventory Obsolescence ($12.4M) – These costs are excluded as a non-cash item. 10 
2. Pickering Portion of Tritium Removal Facility ($12.8M) -- These costs are considered 11 

non-incremental as they would be borne by OPG in the absence of operating 12 
Pickering units. 13 

3. OPEB and Pension excluded from Centrally Held Costs and Other Costs ($-12.7M) – 14 
These costs primarily represent non-current service components of pension and 15 
OPEB amounts that largely would be incurred whether or not the operation of the 16 
Pickering station were extended, as well as the pension and OPEB adjustment for 17 
cash to accrual differences shown at Ex. F4-4-1 Table 3 line 2.   18 

4. IESO Non-Energy Charges ($22.3M) – If not paid by OPG, these costs (e.g., 19 
transmission charges or IESO administration fees) are assumed to be recovered from 20 
other transmission system customers and therefore are not incremental. 21 

5. Depreciation and Amortization Pickering ($53.1M) – These costs are non-cash 22 
accounting transactions related to matching capital costs to the period when benefits 23 
are considered to be realized. Instead, incremental capital costs associated with the 24 
extending Pickering operations are reflected in the LUEC. 25 

6. Depreciation and Amortization Pickering Generic ($20.4M) – These costs are non-26 
cash accounting transactions related to matching capital costs to the period when 27 
benefits are considered to be realized. 28 

7. Income Tax Pickering ($27.5M) – Income taxes are not directly related to costs of 29 
operating an asset; rather, they result from earning income from the asset. 30 

8. Property Tax Pickering ($6.3M) – Property taxes for the Pickering site were assumed 31 
to be payable in the post-2020 period regardless of whether or not the operation of 32 
the station were extended, and are therefore not incremental. 33 
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47Achieving Balance - Ontario’s Long-Term Energy Plan    

In Summary
Nuclear
• Ontario will not proceed at this time  

with the construction of two new nuclear 
reactors at the Darlington Generating 
Station. However, the Ministry of Energy will 
work with Ontario Power Generation (OPG) 
to maintain the site licence granted by the 
Canadian Nuclear Safety Commission. 

• Nuclear refurbishment is planned to begin 
at both Darlington and Bruce Generating 
Stations in 2016.

• During refurbishment, both OPG and  
Bruce Power will be subject to the strictest 
possible oversight to ensure safety, reliable 
supply and value for ratepayers.

• Nuclear refurbishment will follow seven 
principles established by the government, 
including minimizing commercial risk to  
the government and the ratepayer, and 
ensuring that operators and contractors  
are accountable for refurbishment costs 
and schedules. 

• The Pickering Generating Station is 
expected to be in service until 2020. An 
earlier shutdown of the Pickering units  
may be possible depending on projected 
demand going forward, the progress of  
the fleet refurbishment program, and the  
timely completion of the Clarington 
Transformer Station.

• Ontario will support the export of  
our home-grown nuclear industry  
expertise, products and services to  
international markets.

Renewable Energy
• By 2025, 20,000 MW of renewable energy 

will be online, representing about half  
of Ontario’s installed capacity.

• Ontario will phase in wind, solar and 
bioenergy over a longer period than 
contemplated in the 2010 LTEP, with  
10,700 MW online by 2021. 

• Ontario will add to the hydroelectricity 
target, increasing the province’s portfolio  
to 9,300 MW by 2025.

• Recognizing that bioenergy facilities can 
provide flexible power supply and support 
local jobs in forestry and agriculture, 
Ontario will include opportunities to 
procure additional bioenergy as part  
of a new competitive process.

• Ontario will review targets for wind, solar, 
bioenergy and hydroelectric annually as 
part of the Ontario Energy Report. 

• The Ministry of Energy and the OPA are 
developing a new competitive procurement 
process for future renewable energy 
projects larger than 500 kilowatts (kW), 
which will take into account local needs  
and considerations. The ministry will seek  
to launch this procurement process in  
early 2014.

• Ontario will examine the potential for  
the microFIT program to evolve from a  
generation purchasing program to a net 
metering program.

Natural Gas/Combined 
Heat and Power
• Natural gas-fired generation will be used 

flexibly to respond to changes in provincial 
supply and demand and to support the 
operation of the system.

• The OPA will undertake targeted procure-
ments for Combined Heat and Power (CHP) 
projects that focus on efficiency or regional 
capacity needs, including a new program 
targeting greenhouse operations, agri-food 
and district energy.

Clean Imports
• Ontario will consider opportunities for clean 

imports from other jurisdictions when such 
imports would have system benefits and 
are cost effective for Ontario ratepayers.
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Toronto Area 

New Copeland Transformer Station  
(formerly Bremner Transformer Station)
Est. Cost: $195 million
Exp. In-Service: 2014*
Downtown Toronto’s power distribution system  
is currently served by five transformer stations. 
The new Copeland Transformer Station will ensure 
reliable supply for the fast-growing downtown 
core, and take stress off the existing Windsor 
Transformer Station, which currently serves 9  
of the 10 largest buildings in Toronto. It will also 
provide power to the redeveloped waterfront.

This new station in downtown Toronto will help to 
alleviate the strain on neighbouring stations and 
will help to serve the growing customer base. It 
will also permit critical asset renewal at neigh-
bouring stations to take place. 

*First Phase. Source: Toronto Hydro

Clarington Transformer Station

New Transformer Station
Est. Cost: $297 million
Exp. In-Service: 2017
The Pickering Nuclear Generating Station is a 
critical source of electricity for the eastern part  
of the Greater Toronto Area. The Clarington 
Transformer Station, which will connect high 
voltage 500 kV lines and 230 kV lines in the  
area, will be required to come into service  
before Pickering Generating Station can be  
shut down, to ensure reliable supply for customers 
in the Eastern Greater Toronto Area. 

The station will also enhance the reliability of 
supply to parts of Durham region. The project  
is pending a decision from the Minister of  
the Environment on whether an individual 
Environmental Assessment is required.

In Summary
• Hydro One will be expected to begin planning for a new Northwest Bulk Transmission Line 

to increase supply and reliability to the area west of Thunder Bay. The area faces growth  
in demand, some of which is beyond what today’s system can supply. Hydro One and 
Infrastructure Ontario will be expected to work together to explore ways to ensure  
cost-effective procurement related to the line. 

• Connecting remote northwestern First Nation communities is a priority for Ontario. Ontario will 
continue to work with the federal government to connect remote First Nation communities 
to the electricity grid or explore on-site alternatives for the few remaining communities where 
there may be more cost-effective solutions to reduce diesel use. 

• All regions of the province can expect timely local transmission enhancements as needs 
emerge. Upgrades and investments will meet system goals, such as maintaining or improving 
reliability or providing the infrastructure necessary to support growth.
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Witness Panel: Nuclear Operations and Projects 

Board Staff Interrogatory #126 1 
 2 
Issue Number: 6.5 3 
Issue:  Are the test period expenditures related to extended operations for 4 
Pickering appropriate? 5 
 6 
Below are interrogatories on the IESO’s analysis (Exh F2-2-3 Attachment 7 
1) of Pickering Extended Operations. In order to provide complete 8 
responses to all OEB staff interrogatories please consult the IESO as 9 
necessary. 10 
 11 
 12 
Interrogatory 13 
 14 
Reference:  15 
Ref: Exh F2-2-3 Attachment 1 page 3 16 
 17 
At the above reference the IESO states in part: “Potential for cost savings although 18 
these depend on the outlook for Pickering production and operating costs (which 19 
have a lower degree of uncertainty and can be controlled to some degree)….” 20 
 21 
a) Please provide the production and operating costs assumptions for Pickering for 22 

the period 2021-2024 that were used in the March 2015 study and the October 23 
2015 update. Please provide this information in table format and by year. 24 
Please provide OPG’s views on the appropriateness of the two assumptions 25 
including the rate of growth. 26 
 27 

b) For comparison purposes please provide the production and operating costs 28 
for Pickering, for the period 2016-2020. Please provide this information in 29 
the same format and on the same basis as in part (a). 30 

 31 
c) Does the IESO study also take into account capital expenditures that will be 32 

required during the 2021-2024 period? What were the assumptions in the 33 
study? 34 

 35 
 36 
Response 37 
 38 
a) & b)  The production and cost data provided to the IESO that was used in the 39 

March 2015 and October 2015 studies are provided below in Chart 1 and Chart 40 
2: 41 

 42 
 43 
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Chart 1 1 
 2 

 3 
 4 

 5 
Chart 2 6 

 7 

 8 
 9 

 10 
 11 

2016 2017 2018 2019 2020 2021 2022 2023 2024 Total

0.0 0.0 -0.5 -0.2 -2.6 22.1 22.6 15.1 16.5 72.9

0 0 48 35 133 927 901 643 567 3,254

0 0 19 19 14 24 11 7 7 102

0 0 67 55 147 951 911 650 574 3,356

0 0 -3 -1 -14 119 122 85 93 401

Total OM&A

Total Capital

Fuel

Total Operating Costs

Incremental Operating Costs  ($2015M)

PICKERING EXTENDED OPERATIONS  Assessment Data (Scenario ~ 73 TWh)
(March 2015)

Incremental Production (TWh)

2016 2017 2018 2019 2020 2021 2022 2023 2024 Total

0.0 -0.9 -1.2 -1.8 -3.4 19.6 21.2 14.6 16.5 64.5

7 35 64 129 207 965 891 623 487 3,408

0 0 15 16 11 22 10 7 7 89

7 35 79 145 218 987 902 631 494 3,497

0 -5 -6 -9 -18 105 113 79 89 347

PICKERING EXTENDED OPERATIONS  Assessment Data (BCS Option 1 ~ 65 TWh)
(October 2015)

Incremental Production (TWh)

Incremental Operating Costs  ($2015M)

Total OM&A

Total Capital

Fuel

Total Operating Costs

2016 2017 2018 2019 2020 2021 2022 2023 2024 Total

0.0 -0.9 -1.2 -1.6 -3.8 18.8 20.2 13.8 16.1 61.5

7 35 64 129 207 965 891 623 487 3,408

0 0 15 16 11 22 10 7 7 89

7 35 79 145 218 987 902 631 494 3,497

0 -5 -6 -8 -19 101 108 74 87 331

PICKERING EXTENDED OPERATIONS  Assessment Data (BCS Option 2 ~ 62 TWh)
(October 2015)

Incremental Production (TWh)

Incremental Operating Costs  ($2015M)

Total OM&A

Total Capital

Total Operating Costs

Fuel
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The March 2015 data was provided to the IESO in December 2014 and was 1 
expressed in 2014$. The March table referenced above was converted to 2015$ 2 
consistent with the October data for comparison purposes.   3 
 4 
Total OM&A includes base, outage, projects, the station’s portion of incremental 5 
allocated nuclear and corporate support costs and estimated costs to enable 6 
extended operations.   7 
 8 
Total Capital costs include Minor Fixed Asset expenditures. 9 
 10 
OPG believes the production data reflecting approximately 62 TWh of incremental 11 
production estimated in October 2015 is achievable and most accurately reflects 12 
the planned outage activities required to extend Pickering operations. The cost 13 
data also estimated in October 2015 accurately reflects the forecast incremental 14 
costs required to execute the work program to extend Pickering operations as 15 
described in Ex. F2-2-3 Attachment 2.  16 

 17 
c) Yes, the study includes capital expenditures. These amounts are reflected in the 18 

Total Capital rows in the Charts in parts a) and b) above.   19 
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Mr. Serge Imbrogno: Serge Imbrogno, Deputy Min-
ister of Energy. The studies that are being undertaken are 
being done by MOECC and other ministries. The stage at 
which those studies are under way—I don’t know. I think 
that’s a question for MOECC and MNR and the other 
ministries that are undertaking those studies. 

Mr. John Yakabuski: It’s almost six years. It sounds 
to me like that’s a delay tactic. 

We’ll move on. Let’s talk about Northland Power and 
the $95-million award by a lower court, I guess it was, 
and then it went to the Ontario Court of Appeal, which 
dismissed the appeal, or stayed the appeal. Now the 
OEFC is taking it to the Supreme Court of Canada. 

It’s highly unlikely, if the Ontario Court of Appeal 
saw no reason to even proceed—they stayed the request, 
at the Court of Appeal, which leaves us on the hook for 
the money. In fact, that money, I believe, has been 
retroactively advanced to Northland. They may have to 
repay it if they lose, but the reality is that they’re prob-
ably not going to lose. I know you won’t comment on the 
court case, but every court along the line has ruled in 
their favour. That’s another $95 million. 

It was an Ontario regulation that led to the court case. 
It was a regulation passed by your government that led to 
the court case. This is another $95 million. We’re hearing 
every minute about $70 million over seven years like it 
was the second coming. Now we have another $95 
million that we could be on the hook for, if this goes 
through to its end. 

Can you tell me— 
The Chair (Ms. Cheri DiNovo): Mr. Yakabuski, you 

have about three minutes. 
Mr. John Yakabuski: My, time flies, eh? 
Can you tell me how many other Northland Powers 

are out there with respect to the decision—and I don’t 
have the regulation. If I had faster eyes—there is a 
number of that regulation. I did have it—Ontario regula-
tion 398/10. How many other Northland Powers are out 
there that are affected by this? What is the total amount 
that Ontario could be on the hook for, if all of those 
rulings go against us? 

Hon. Glenn Thibeault: Thanks for the question. 
From my understanding, the Ontario Electricity Financial 
Corp., which is under the Ministry of Finance’s purview, 
made a decision relating on how the NUGs were paid. 
They disagreed with that and went through the court 
process. Through the court process, it is now once again 
under appeal. From me having lots of lawyers giving me 
advice, I’m not able to comment on any of that, because 
it is under the appeal process right now. 

Mr. John Yakabuski: But you could tell us what the 
total amount is that could be at stake here. 

Hon. Glenn Thibeault: What I’ve been told very 
clearly is, because this is under appeal right now, it is not 
something that I’m able to comment on. 

Mr. John Yakabuski: So you do know the total 
amount, but your lawyers are telling you not to comment 
on that. 

The amount that is at stake with respect to Northland 
Power is public, and we asked questions on it today in 

the Legislature. You took one of those questions. It 
wasn’t shuffled off to the Minister of Finance, so you 
took the question. 
1510 

Hon. Glenn Thibeault: And I answered the same way 
I just did. 

Mr. John Yakabuski: Not exactly, but— 
Hon. Glenn Thibeault: Well, I answered, and then I 

talked about some of our programs, but I don’t think you 
want me to talk about our programs right now. I know 
you only have three minutes. 

Mr. John Yakabuski: Not again, no. I’m fairly 
familiar with your programs at this point. 

So are you saying you don’t know how much is at 
stake, or that you just aren’t able to disclose that based on 
lawyer’s advice? 

Hon. Glenn Thibeault: All I’m saying right now is 
that because the process is under appeal, I can’t comment 
on anything to do with this file or this case. 

Mr. John Yakabuski: Wow. It’s just amazing how 
we can have this kind of—yesterday, we find out, and I 
noticed too that the Premier again said yesterday in the 
Legislature, “no additional financial impact.” But how 
can you say that when you know that—no additional 
impact other than the original decision, award, change or 
whatever— 

The Chair (Ms. Cheri DiNovo): I’m afraid your time 
is up, Mr. Yakabuski. 

Mr. John Yakabuski: Can I get an extra minute? 
The Chair (Ms. Cheri DiNovo): Sorry. We now 

move on to the third party: Mr. Tabuns. 
Mr. Peter Tabuns: Good afternoon, Minister and 

Deputy Minister. 
Hon. Glenn Thibeault: Good afternoon. 
Mr. Peter Tabuns: I was asking yesterday about the 

Pickering life extension and whether or not the govern-
ment had actually looked at the cost comparison between 
conservation on the one hand and the Pickering life 
extension on the other. You referred me to the Ontario 
Energy Board filings on the extension. I poked around. I 
found them. There is no mention of conservation. The 
only comparison for the Pickering life extension is to 
combined-cycle or single-cycle gas turbines, not 
conservation. 

Conservation is much cheaper than gas. I understand 
that gas-fired power in Ontario is around 11 to 12 cents a 
kilowatt hour. I’ve seen your numbers showing 3 to 6 
cents a kilowatt hour for conservation. Why did you not 
compare the Pickering life extension to the option of 
expanding our investment in conservation? 

Hon. Glenn Thibeault: The deputy was the one who 
was explaining that piece, so I’ll hand that back to the 
deputy. 

Mr. Serge Imbrogno: Just a couple of points, Mr. 
Tabuns. The Pickering life extension: The government 
has given OPG the green light to pursue the approvals 
through the regulator, both the OEB and the CNSC, and 
then to return to the government after we have all the 
information. I just want to clarify that. They still have to 
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report back once they have gone through the regulatory 
process with the OEB and the CNSC. 

Mr. Peter Tabuns: I’ll come back to that question. 
Your whole thing is conservation first. I hear that all the 
time. The minister spoke eloquently about it the other 
day. Why aren’t you using conservation as a comparator 
when you’re making decisions on generation? 

Mr. Serge Imbrogno: When we do our long-term 
planning, we take into account conservation. When you 
look at the demand curve, it already takes into account all 
the conservation that we’ve put forward. In the $2 
billion-plus that we’re going to spend on conservation in 
this next framework, all that is taken into account. If you 
were to do it the other way, you would add that back in. 
We’ve already taken it into account through all the 
measures that we’ve announced that the demand curve 
would be reduced by that amount. Then, the IESO does 
their analysis from that basis. 

What I’m saying is that we’ve already taken into 
account all the conservation when you see the analysis 
that the IESO does in that piece. 

Mr. Peter Tabuns: We had this discussion the other 
day. You’re not planning at this point—we’ll see what 
happens with your long-term energy plan—to take ad-
vantage of all the conservation opportunities that have 
been identified. There is a lot more conservation oppor-
tunity out there than is currently planned for. Why, when 
you say conservation is your first option, do you not 
compare it to life extension for Pickering? Why does it 
not even feature in the documentation that is put 
together? 

Mr. Serge Imbrogno: I think our conservation targets 
are very aggressive. That’s already incorporated. I think 
the study you’re referring to talks about economic con-
servation if you have no budget constraint. I’m sure you 
could drive further conservation if there was no budget 
constraint. I think what we’d do is optimize through the 
IESO: Where’s the best return for your investment? 
That’s what we’ve built into the plan. 

Going forward, as we electrify, for example, there’ll 
be more opportunities for more conservation—more op-
portunity for different funding from the cap-and-trade 
proceeds, for example. 

At this point, we believe we’ve captured all of the 
conservation that’s appropriate. Going forward, there’s 
opportunity to do more. 

Mr. Peter Tabuns: I have to say, the way you appear 
to be using conservation is, if you need a filler in your 
graphs, you put it in as a filler. You never compare it to 
actual generation investments. So if you’re making a 
generation investment here, in a province where people 
are hard-pressed with high hydro bills, you have an 
opportunity with conservation to provide electricity 
services at a much lower price than the extension of 
Pickering, yet you didn’t do that. 

Conservation is clearly not first in your assessment of 
options. Frankly, you could make an assessment of 
conservation compared to Pickering and, in five years or 
10 years from now, as technologies develop, look at other 

conservation options to deal with the need for electricity 
services. Deputy Minister and Minister, conservation is 
not first. Conservation apparently, in your scheme, is a 
filler. It is not actually compared to generation. 

Mr. Serge Imbrogno: I think it’s the opposite, be-
cause when we do our forecasts of our supply need, we 
first start with conservation and reduce demand by that 
amount. Once we reduce demand, then we forecast what 
additional supply we need. So we actually do start with 
conservation, reduce the demand accordingly and then 
we fill in the supply, based on what’s left. In doing that, 
we try and optimize how much conservation is 
achievable, and that’s what the achievable potential study 
does, from the IESO. Once we’ve done that, then we fill 
in the difference with supply. 

Mr. Peter Tabuns: Minister, if you were going to 
make the decision around the extension of Pickering—
and I’ll be interested to hear exactly what you’re 
charging per kilowatt hour for power from that plant—
and you have the opportunity to fill that gap with 
conservation today, why are you not putting conservation 
on one side of the balance and Pickering life extension on 
the other and looking to see which is most cost-effective? 

Hon. Glenn Thibeault: Thanks for the question. To 
reiterate the piece—I am aware of the time, so I won’t 
reiterate a lot of what the deputy minister was talking 
about. It is important for me to highlight that the frame-
work specific to this is talking about—we’re working on 
trying to achieve seven terawatts of savings to assist the 
province in achieving its long-term conservation target of 
30 terawatts by 2032. When we’re comparing those two, 
we’re wanting to make sure, as the deputy minister said, 
that conservation does come in first, we reduce that 
demand and then we meet the needs in our capacity 
accordingly. 

On the specifics of Pickering, I know, Deputy, that 
you can talk about those costs and those types of things. 

Mr. Serge Imbrogno: I could provide more detail, if 
you want, on Pickering. 

Mr. Peter Tabuns: I will ask specific questions about 
that. 

Mr. Serge Imbrogno: Okay. 
Mr. Peter Tabuns: Moving on to that, in the last 

long-term energy plan, your projection was closing 
Pickering by 2020. In fact, in the plan you say that there 
are opportunities to close it earlier. Why are you 
extending it to 2024 and why are you doing that without 
a public consultation on that? 

Mr. Serge Imbrogno: The IESO is always looking 
for opportunities to find efficiencies. OPG is also looking 
for opportunities to run their existing plants more 
efficiently. 

The opportunity exists to extend the life of Pickering. 
It’s not a refurbishment. It’s using the existing facility. 
It’s doing more testing to determine if the life could be 
extended, which is part of the return to the CNSC. 

For a marginal investment in extending the life of 
Pickering, we’re able to continue with that zero-GHG-
emission power. We’ll save money, because it will be 
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extended at the existing relatively low price for nuclear 
power. That saves us money, going forward. The IESO 
analysis says, on a system-cost basis only, that it’s $600 
million. That doesn’t include the additional GHG reduc-
tions. It doesn’t include extending the workers at Picker-
ing as well. There are other economic benefits that we 
haven’t incorporated into that $600 million. We think 
that for a modest increase in extending the life, we have a 
large benefit. 

Mr. Peter Tabuns: Just to be clear, you have not yet 
made a final decision to extend to 2024. Is that correct? 

Mr. Serge Imbrogno: That’s correct. We’ve given 
OPG the authority to go forward, to go through the OEB, 
and also to the CNSC for regulatory approvals, and then 
to return, closer to 2017, I believe, for a final decision. 

Mr. Peter Tabuns: That will be a decision made at 
the cabinet level? 

Mr. Serge Imbrogno: It will be made by the minister 
and, I would suggest, at the cabinet level as well. 
1520 

Mr. Peter Tabuns: Are you currently in the process 
of putting in place plans should the CNSC or the OEB 
give you a red light on this? 

Mr. Serge Imbrogno: That’s the job of the IESO. 
They would take into account all of the different options 
and be ready in case we go one way or the other. That’s 
something that the IESO does. It’s part of their job. 

Mr. Peter Tabuns: So are they doing it? 
Mr. Serge Imbrogno: Yes, that’s what they do. 
Mr. Peter Tabuns: They do all kinds of things. 

Sometimes, they may miss something. Can you tell us 
that they are currently planning for contingencies in case 
they don’t proceed with the Pickering extension? 

Mr. Serge Imbrogno: The IESO is planning for 
contingencies in all events in Pickering’s service life. 
Whether it’s shorter or longer would be one of the 
contingencies that they would take into account. 

Mr. Peter Tabuns: And do you know what the 
contingencies are—what they are currently planning as 
the alternatives to the life extension? 

Mr. Serge Imbrogno: I don’t know. There are con-
tracts that are coming due that they could extend. There 
are other measures that they could take. I don’t know the 
specifics. 

I guess that an obvious one would be to continue to 
run the gas plants that are currently running, which we 
were going to get the GHG reductions from. That’s 
always an option for the IESO, but one that we’re trying 
to reduce in order to reduce the GHG footprint. 

Mr. Peter Tabuns: What is the cost per kilowatt hour 
of power from the Pickering reactors? I gather that four 
of them are at one cost and two are at a different cost. 
What is the cost? 

Mr. Serge Imbrogno: It’s estimated in the $65-per-
megawatt-hour range. 

Mr. Peter Tabuns: That’s the average between all six 
of them? 

Mr. Serge Imbrogno: When we extend the life of 
Pickering, that’s what we’re forecasting for the cost of 
the production. 

Mr. Peter Tabuns: So $65 per megawatt hour for 
production as a whole? 

Mr. Serge Imbrogno: That’s correct. 
Mr. Peter Tabuns: And there’s no differentiation 

between the reactors? 
Mr. Serge Imbrogno: They would just get the price 

that the OEB provides—the nuclear rate. 
Mr. Peter Tabuns: I’ve seen in the past a price of 

nine cents per kilowatt hour for power from two of the 
reactors at Pickering. You’re telling me that that’s not the 
case? 

Mr. Serge Imbrogno: I don’t know where that 
number comes from. I think that Pickering’s performance 
has improved dramatically, so you may be referring to an 
older number. 

Mr. Peter Tabuns: So you’re currently saying $65 
per megawatt hour? 

Mr. Serge Imbrogno: That’s the forecast of what the 
price would be for the extended terawatt hours that we’ll 
be receiving. 

Mr. Peter Tabuns: Is the government of Ontario 
currently seeking to negotiate an electricity supply 
contract with Hydro-Québec which would permit Ontario 
to close Pickering earlier? 

You were able to get something like five cents a kilo-
watt hour in the most recent deal, according to La Presse. 
This is six and half cents a kilowatt hour. Are you look-
ing at a deal to give us lower-priced power, as opposed to 
that extension? 

Hon. Glenn Thibeault: I think that, when it comes to 
the deal that we announced with Quebec last week, we 
were pretty excited at the deal that we were able to get. 
The two terawatts that we are getting now, we’re going to 
target, as mentioned, to our natural gas utilities during 
peak times. We’re helping them, doing the 500-gigawatt 
swap in their peaking hours, and then we’re going to do 
the storage component as well. 

I think that it’s important for us to say that we’re 
always going to look at opportunities that present them-
selves with Quebec in relation to where that goes. We 
just finished a three-year deal. I think that we’re all 
taking a breath right now. But it’s important for us to— 

Mr. Peter Tabuns: Minister, I think that you’re 
getting off-track from my question. Are you looking 
now, given that you were able to get a good price from 
Quebec, at a cheaper price than the one that the deputy 
minister just cited for the Pickering plant? 

Hon. Glenn Thibeault: I was going to say, in answer 
to your question, the importance for us to continue 
working with Quebec on all aspects—I don’t think that 
any door is shut. I think that this three-year agreement 
that we’ve been able to come forward with is exciting 
news for Ontario because it just shows that we can 
continue to have negotiations with Quebec. But any of 
those specifics, Deputy? 

Mr. Serge Imbrogno: I’ll just add— 
Mr. Peter Tabuns: No, I would like to go back to the 

minister, sorry. 
I’m not talking about doors open or closed. Are you 

negotiating with Quebec right now to follow up on that 
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five cents a kilowatt hour—which is cheaper than 
Pickering—to see if you can replace power from Picker-
ing that we will be paying a lot more for until 2024? 

Hon. Glenn Thibeault: As I was saying, the agree-
ment that we had over the last three years was a landmark 
deal. We’re excited to have the opportunity to have this 
deal with Quebec. The IESO and Hydro-Québec were the 
two entities that sat down and had that conversation. I 
know the IESO is always in negotiations and always 
looking for ways to benefit the province. But when it 
comes to those specifics, I do believe that the deputy 
would have more details for you. 

Mr. Peter Tabuns: Are they negotiating a deal to 
replace the power from Pickering? 

Mr. Serge Imbrogno: I would just add that the power 
from Pickering is different in the sense that—it’s base-
load power, but it’s 24/7/365 and an 80%-plus capacity 
factor. So this is our baseload power. The negotiations 
with Quebec were really at the margins to try to reduce 
our gas burn, so it’s not throughout the year. It’s a differ-
ent type of negotiation. That’s why Pickering provides us 
with such an important part of extending that life, 
because of the type of power we get and when we get it. 

Mr. Peter Tabuns: So you’re not negotiating with 
them. 

Mr. Serge Imbrogno: I think we always have dis-
cussions between the IESO and Hydro-Québec— 

Mr. Peter Tabuns: But you’re not negotiating with 
them right now to see if you can replace some or all of 
the power from Pickering with lower-cost power from 
Quebec. Is that correct? 

Mr. Serge Imbrogno: I wouldn’t frame it that way. I 
would just say that— 

Mr. Peter Tabuns: Well, you can say no. 
Mr. Serge Imbrogno: The other thing, the minister 

and I haven’t confirmed that it’s five cents, just to make 
that clear. 

Mr. Peter Tabuns: No, I understand. It was La Presse 
who did the calculation: the number of years, the total 
amount of power, the total price. You do the math; you 
do the division. 

If you have a different price, I’m quite happy to have 
you put it on the table today. 

Mr. Serge Imbrogno: No, I just didn’t want to give 
the impression that we were confirming it was five cents 
or not. We’ll leave it to—it was in La Presse. 

The Chair (Ms. Cheri DiNovo): Mr. Tabuns, you 
have about four minutes. 

Mr. Peter Tabuns: Thank you. 
So you’re not negotiating with Quebec to try to 

replace some or any of the power from the Pickering life 
extension. 

On another matter related to Pickering, the Inter-
national Atomic Energy Agency, when talking about 
decommissioning of facilities, says that best practices 
call for immediate dismantling of a plant that has been 
shut down on the basis that there’s no safety advantage in 
waiting decades to start the process. Are you planning to 
tell OPG, when Pickering is shut down, to start 

dismantling it so it’s in line with the International Atomic 
Energy Agency’s standard recommendations? 

Mr. Serge Imbrogno: The plan right now for Picker-
ing, like all the other nuclear facilities—the CNSC 
reviews those plans and approves those plans and the 
OPG sets aside funds for decommissioning and for used 
fuel disposal. The CNSC has approved a 30-year safe 
storage period. That allows the facility to sit for 30 years 
and then we begin the decommissioning. So that’s 
approved by the CNSC, and OPG funds according to that 
plan. 

Mr. Peter Tabuns: Do you have the funds now to 
decommission or do you have to wait 30 years for inter-
est to accumulate to be able to decommission? 

Mr. Serge Imbrogno: There are two parts of the 
funds that have been established. There are the funds for 
decommissioning and there are funds for the used fuel 
disposal. The Ministry of Finance through the OFA 
manages those funds, along with OPG. There’s full 
disclosure. I believe the decommissioning funds are fully 
funded and then the used-fuel funds, over time, will be 
invested and contributed to in order to be fully funded. 
But that information is available. 

Mr. Peter Tabuns: So the funding is available for 
doing a decommissioning consistent with international 
best practices. That’s what you’re telling me. 

Mr. Serge Imbrogno: Consistent with what the 
regulator requires. 

Mr. Peter Tabuns: I’m sure the regulator doesn’t see 
a big problem giving you a 30-year pass, but I’m sure the 
regulator may also be totally open to having you do it 
very quickly, because there’s a job creation opportunity 
here in Pickering that would put an awful lot of people to 
work. Is there a reason that you’re not going to do it now, 
in 2024 or earlier, which would put a lot of people to 
work? 

I’m glad to hear that there’s money in the kitty so that 
we actually could do it now, if we wanted. That’s great. 

Mr. Serge Imbrogno: Every five years, the liability 
estimate is updated and OPG goes before the regulator. I 
guess there will be opportunity for the regulator to 
determine a different course, but OPG would provide its 
evidence and best advice on how to move forward with 
decommissioning. I don’t think there are any plans to 
change that from a 30-year safe storage to a prompt 
decommissioning. 
1530 

Mr. Peter Tabuns: Is there a reason you wouldn’t 
take advantage of this job creation opportunity? 

Mr. Serge Imbrogno: I think there are pros and cons. 
We leave it up to the regulator to provide whatever they 
believe is the best course. I think the longer you have the 
safe storage, the longer you can accumulate the funds and 
invest them and have that money available for decom-
missioning. 

Mr. Peter Tabuns: But I gather it’s fully funded now, 
correct? 

Mr. Serge Imbrogno: Well, there are assumptions 
about when you do the decommissioning and what 
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you’re going to get when you invest those funds over the 
next 30 years. All of those things are factored in. 

Mr. Peter Tabuns: So it’s not fully funded now. It’s 
fully funded if we have 30 years of interest accumulation 
on it. 

Mr. Serge Imbrogno: Well, we would classify it as 
fully funded. 

Mr. Peter Tabuns: And that means the money could 
be used to decommission within the next five years, 
within the next eight years. 

Mr. Serge Imbrogno: No, they would be fully funded 
according to the plan that you have in place, that they 
would be available 30 years from when you start. 

The Chair (Ms. Cheri DiNovo): I’m afraid your time 
is up now, Mr. Tabuns. We move to the government side: 
Mr. Dong. 

Mr. Han Dong: Good afternoon, Deputy. Good after-
noon, Minister. I want to talk about the Green Energy 
Act, because it actually made Ontario a leader in clean 
energy. From my experience travelling, I’ve seen emerg-
ing economies and jurisdictions that, although they’re 
doing well in terms of GDP, do pay a hefty environ-
mental cost, and health care costs as well. I think that as 
globalization deepens, entrepreneurs and innovative 
minds will pick and choose where they want their 
families to reside. That’s why Ontario and Canada keep 
being, perhaps, some of the most popular destinations for 
immigration. Just thinking on the reverse side of that, 
there are countries that are losing talent and entrepre-
neurs, and it partly has to do with the quality of air and 
water and all of these basic necessities to provide for 
their families. 

I’m very pleased that the Green Energy Act has 
actually made us a leader in clean energy. I wanted to ask 
the minister for your thoughts on how Ontario has bene-
fited from integrating these renewable energies into our 
system, and whether or not other jurisdictions are 
following our path to achieve cleaner energy systems, if 
you can give us some explanation. 

Hon. Glenn Thibeault: Sure. Thanks for the question. 
I think it’s important to talk about our commitment to 
renewable energy. We currently have 18,000 megawatts 
of power contracted or online. That’s very, very im-
portant to say because we’ve seen significant reductions 
in GHGs that relate to that. 

Another important thing in relation to your question is 
how we eliminated our coal-fired plants. When we 
stopped polluting our air, the benefits that we’re seeing in 
health care—we’re talking about $4.3 billion in savings 
in health care. The Toronto’s Vital Signs Report talked 
about how we’ve seen a 41% reduction in air pollution 
deaths. That’s significant and something that we should 
all be proud of in relation to our investments that we’ve 
made when it comes to green energy and the importance 
of having a clean, reliable system. Some of the specifics 
on what we’ve done since 2003, even—I know, Deputy, 
that you can get into some of those details. 

Mr. Serge Imbrogno: Yes, thank you. I was going to 
ask Kaili Sermat-Harding, our ADM who works in the 

renewables division, to come up and say a few words, but 
I would just say, as the minister said, we have 18,000 
megawatts of solar and wind energy, bioenergy and 
hydroelectric energy. 

In terms of other jurisdictions, our Independent 
Electricity System Operator has been able to integrate 
renewables into our grid. I think we’re looked upon as a 
leading jurisdiction for that. One part of the piece that 
some people forget is how the IESO has been able to 
integrate wind and solar into our system. 

But I’ll let Kaili walk you through the investments 
we’ve made over time and how they’ve contributed to 
our greenhouse gas reduction. 

Ms. Kaili Sermat-Harding: Thank you, Deputy. My 
name is Kaili Sermat-Harding. I’m the assistant deputy 
minister of the conservation and renewable energy 
division at the Ministry of Energy. I appreciate the 
opportunity to dive into some of the details around the 
initiatives that Ontario has been pursuing, as well as to 
put it into a bit of global context and outline some of the 
very tangible benefits that have come about as a result of 
our series of initiatives. 

In 2013, wind and solar power represented 8% of On-
tario’s energy supply mix. Today they comprise approxi-
mately 17%, and are expected to rise to approximately 
23% by 2025. To date, as the minister mentioned, 
Ontario has over 18,000 megawatts of wind, solar, 
bioenergy and hydroelectric generation contracted or 
online. Of the almost 16,000 megawatts of renewable 
energy that is online, that includes 4,500 megawatts of 
wind power, roughly 2,200 megawatts of solar PV, 
approximately 8,800 megawatts of hydroelectric capacity 
and roughly 500 megawatts of bioenergy. 

The province is home to five of the 10 largest wind 
projects in Canada as of the end of the 2015 calendar 
year, more than 99% of all installed solar PV capacity in 
the country, and the largest 100% biomass facility in 
North America at the Atikokan Generating Station. 

Ontario has established itself as a leader in renewable 
energy through a variety of initiatives, including the 
Green Energy Investment Agreement, the feed-in tariff 
and microFIT programs, the large renewable procure-
ment program and net metering. 

With respect to the Green Energy Investment Agree-
ment, Ontario’s partnership with Samsung through the 
agreement, referred to as the GEIA, has supported the 
creation of a strong and thriving clean energy industry in 
the province. The agreement set a framework to build 
renewable energy projects and manufacturing plants in 
Ontario. It was signed in 2010 between Ontario and 
Samsung, with amendments negotiated in 2011 and 2013. 

In June 2013, the ministry worked collaboratively with 
Samsung to update and revise the agreement, and this 
resulted in reducing contract costs by $3.7 billion. The 
revised agreement includes protecting the original agree-
ment’s job commitments and adding a commitment to 
solar manufacturing jobs in 2016, reducing the agree-
ment’s total commitment for renewable energy projects 
from 2,500 megawatts to 1,369 megawatts and requiring 
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Overview 

• In March 2015, upon Ministry of Energy request, the IESO provided an independent assessment of the 
integrated power system impacts of various Pickering life extension scenarios between 2018 and 2024 
(see Appendix 2) 

− Technical and economic information concerning Pickering was provided to the IESO by OPG between 
December 2014 and January 2015 for each scenario assessed 

 

• IESO’s March 2015 assessment concluded that, while not without its potential pitfalls, extended 
Pickering operation holds potential benefit and merits further exploration. In particular, the scenario of 
Pickering operation to 2022/2024 appeared most promising among the extension options assessed. 

− Feasibility of Pickering extension beyond 2020 from a regulatory perspective has yet to be shown 

 

• In April 2015, the Ministry of Energy, OPG, and IESO developed a joint work plan identifying activities to 
increase the economic, technical, and regulatory confidence with respect to Pickering life extension (see 
Appendix 3), including providing an update on the economic merits of life extension in Q4 2015.  

 

• In October 2015, the IESO updated its evaluation of the merits of Pickering extension, with focus on the 
extension to 2022/2024 option in particular, in light of updated technical and economic information from 
OPG and changes to the electricity planning context since the March study.  

 

• The IESO’s updated assessment is presented in the following slides.  
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Summary of results 

3 

• The conclusions of the IESO’s updated assessment of Pickering life extension to 2022/2024 are consistent 
with the IESO’s March 2015 evaluation: 

− Defers timing of capacity needs by two to four years, providing more time for exercising procurement 
decisions in light of evolving electricity sector trends 

− Potential for cost savings although these depend on the outlook for Pickering production and operating 
costs (which have a lower degree of uncertainty and can be controlled to some degree) and natural 
gas/carbon prices (which have a higher degree of uncertainty and limited opportunity to control)  

– It shows value when natural gas or combined natural gas/carbon prices are above $4.2-$4.7/MMBtu 

– It shows a disbenefit when Pickering capital/operating costs are 15-22% greater than the estimates 
provided by OPG 

– Value of Pickering extension decreases as Pickering’s energy production decreases. Value of life extension 
could also be lower if Pickering were unavailable at the time of system peak demand (due to extended 
outages for example). 

 

• Extending Pickering operation beyond 2020 continues to defer some supply and transmission 
investments that would otherwise be required, defers decommissioning and severance costs, offsets 
production from natural gas-fired resources, increases export revenues and reduces carbon emissions 
 

• Extending Pickering operation defers the increase in the total electricity costs that eventually takes place, 
generally leading to lower electricity costs for consumers in the period prior to 2024 and higher costs for 
a few years thereafter  
 

• The IESO’s assessment is illustrated in the following slides. Additional details can be found in Appendix 1. 
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A =  Pickering A (1,030 MW, 6 TWh/yr) 

B =  Pickering B  (2,064 MW, 14 TWh/yr) 

Total Site: 3,094 MW, ~20 TWh/yr 
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5 

Ontario’s existing, committed and directed resources will provide adequate supply for the next few years, after which time 
additional resources will be required. With Pickering operating to 2020, capacity needs begin to emerge in about 2021 and 
are on the order or 2,000 MW to 3,000 MW. Extended operation at Pickering to 2022/2024 would defer this need for 
additional supply by a few years. Although life extension defers procurement decisions, confirmation of its viability arrives 
late and on the cusp of possible transition from surplus to deficit. 
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Pickering extension to 2022/2024 yields a net benefit in the range of $0.3B-$0.5B vs $0.6B in the previous study (NPV 
from 2016-2032 in 2015 $, includes impact of Pickering severance costs, excludes benefit associated with deferring 
decommissioning liabilities and transmission investments). Cost savings from extending Pickering operations are driven 
by reductions in replacement capacity and energy costs from gas-fired resources and energy imports. These savings 
offset Pickering capital and operating costs, which comprise the largest cost components of Pickering extension. Value of 
extension could be lower if Pickering’s production or availability at time of peak demand decreases, if Pickering’s 
operating costs increase, or if natural gas/carbon prices decrease (see Appendix 1 for further details). 

6 *Export revenues increase.  
NPV evaluated at a 4% real discount rate.  Excludes transmission and decommissioning advancement/deferral value. 
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Extending Pickering operation beyond 2020 defers the increase in the total cost of electricity 
service that eventually takes place. Relative to Pickering operating to 2020, extending 
Pickering life to 2022/2024 generally leads to a lower cost of electricity service in the period 
prior to 2024 and generally a higher cost of electricity service for a few years post 2025. 

7 

D
e

c
re

a
se

 
In

c
re

a
se

 

Filed: 2016-05-27 

EB-2016-0152 

Exhibit F2-2-3 

Attachment 1 

Page 7 of 116

79



8 

*CCGT emission rates used for import emissions rates as a proxy. 

Over the planning period, the additional energy production from Pickering operation to 
2022/2024 also reduces total greenhouse gas emissions by between 8 megatonnes (excluding 
emissions from imports) and 17 megatonnes (including emissions from imports) 
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Pickering to 2022/2024 Pickering to 2020

• Between 2016-2032, the additional energy production from 
Pickering extension reduces total greenhouse gas emissions by 
between 8-17 MT . This is a reduction relative to the 10-18 MT 
range in the March 2015 study. 
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Looking ahead 

9 

• While Pickering is currently scheduled to shut down in 2020, the IESO’s updated assessment indicates, 
on balance,  Pickering extension to 2022/2024 is an option worth continuing to explore on the basis of: 

− Defers timing of need and the supply/transmission investments that would otherwise be required  

− Defers procurement decisions with respect to new resources, providing more time in exercising 
options while reducing risk of over investment during a period of supply/demand uncertainty 

− Provides insurance supply in some years in case of nuclear refurbishment delays 

− Defers Pickering decommissioning and severance costs 

− Offsets production from natural gas-fired resources 

− Increases export revenues and reduces carbon emissions 

 

• Over the next few years, OPG will seek to demonstrate the technical feasibility of extended Pickering 
operation to 2022/2024, develop the business case, and pursue regulatory approvals at the Ontario 
Energy Board and Canadian Nuclear Safety Commission (CNSC).   

− Discussions between OPG and the CNSC would begin prior to OPG’s CNSC filing to determine 
regulatory requirements for extending operation beyond 2020. Additional work will follow for 
inclusion in OPG’s submission. 

− OPG’s filing to the CNSC would take place in 2017. CNSC decision would be received by late 2018. 

 

• The timing and extent for additional resources is a moving target and will be influenced by factors such 
as electricity demand, refurbishment progress, conservation achievement, performance of existing 
fleet, and others. Prospect of Pickering extended operation introduces another moving piece and 
confirmation of its viability arrives late and on the cusp of possible transition from surplus to deficit.   

Filed: 2016-05-27 

EB-2016-0152 

Exhibit F2-2-3 

Attachment 1 

Page 9 of 116

81

kent
Line

kent
Line



Next steps 

10 

• The IESO re-emphasizes the importance of achieving the milestones laid out in the April 2015 work plan in a 
timely manner given the tightness of the overall discovery and decision timeline – in light of the current 
supply/demand outlook and implications on the need to develop/initiate alternative resource solutions 
 

• In the meantime, in the event the Pickering extension option does not materialize, preparations must be made 
in a manner that preserves the ability to take advantage of the extension opportunity should it prove viable 
while not being caught short should it not:  

− Preserving ability to take advantage of the extension opportunity includes not over-committing, in the 
meantime, to other supply sources that would become redundant/stranded should the extension 
opportunity prove viable (i.e. feasible and cost-effective) and/or that would erode the economic value 
otherwise offered by Pickering extension 

− Not being caught short includes achieving timely decisions and maintaining the ability to implement 
resources in the quantities, capabilities and timelines required in the event, by 2017/2018, the extension 
option is proven unviable 

 

• Elements of our approach within this context include: 

− Frequent monitoring of progress on Pickering extension development work and approvals 

− Ongoing assessment of Pickering extended operations 

− Ongoing assessment of alternatives to Pickering extension and their implementation requirements 

− Routine updates to the Ontario supply/demand outlook 

− Ongoing contingency planning in case Pickering extended operations does not proceed 

− Continued development of mechanisms to secure supply and demand-side resources  
 

• Work on these and other fronts is underway as part of a broader integrated planning initiative.  Updates on 
progress will be brought forward as applicable. 
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APPENDIX 1: 
Additional details of IESO’s October 2015 Updated 
Assessment of Pickering Life Extension Options 

11 
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Energy production from Pickering extension displaces production from gas-fired resources, 
reduces energy imports, and increases energy exports in the period between 2021 and 2024 
(i.e. the life extension period) 
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• On average, for every 1 TWh increase in Pickering energy production, relative to 
Pickering to 2020, there is a:  

o 0.54 TWh reduction in gas/imports (vs 0.55 March 2015 study) 

o 0.05 TWh reduction in renewable energy (vs 0.03 March 2015 study) 

o 0.42 TWh increase in exports (vs 0.42 March 2015 study) 
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OPG’s total nuclear rate will increase as OPG nuclear production decreases.  Life extension at 
Pickering increases OPG’s annual nuclear production and tends to reduce OPG nuclear rates 
to 2024. OPG’s nuclear program will cost between $2.2 billion and $3.9 billion (2015 $) per 
year between now and 2032.   
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Pickering extension sees OPG’s total nuclear revenue requirement increase by 
$2.3B (NPV in 2015 $).  
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Pickering extension to 2022/2024 yields a net benefit in the range of $0.3B (in the case which 
sees a cumulative increase in Pickering production by 62 TWh) to $0.5B (in the case which 
sees a cumulative increase in Pickering production by 65 TWh) (NPV 2016-2032 in 2015 $). 
This is a reduction relative to the March 2015 study which saw a net benefit of about $0.6B 
(for a cumulative increase in Pickering production by 73 TWh). 
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The economic proposition of Pickering extended operations to 2022/2024 is sensitive to 
Pickering capital and operating costs.  As these costs increase, the value of extending 
Pickering life to 2022/2024 decreases. As production from Pickering decreases, the ability to 
tolerate cost increases also decreases. 
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Pickering life extension to 2022/2024 continues to be 
economic if Pickering cost increase is <15% in the case 
with +62 TWh of Pickering production 

Pickering life extension to 2022/2024 continues to be 
economic if Pickering cost increase is <22% in the case 
with +65 TWh of Pickering production 

In the March 2015 study, Pickering life extension to 
2022/2024 continued to be economic if Pickering cost 
increase is <30%. This case saw an additional cumulative 
73 TWh of Pickering production. 

NPV evaluated at a 4% real discount rate.  Excludes transmission and decommissioning advancement/deferral value. 
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17 

Benefits of extended Pickering operations are also sensitive to natural gas prices. Higher 
natural gas prices (or combined natural gas/carbon prices) result in greater value from 
extended operations.  Lower prices result in lower value. As production from Pickering 
decreases, the natural gas price at which Pickering life extension becomes economic also 
increases. 
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Pickering to 2022/2024 becomes economic at 
natural gas prices greater than $4.7/MMBtu in 
the case with +62 TWh of Pickering production 

 

Pickering to 2022/2024 becomes economic at 
natural gas prices greater than $4.2/MMBtu in 
the case with +65 TWh of Pickering production 

 

In the March 2015 study, Pickering to 2022/2024 
becomes economic at natural gas prices greater than 
$4/MMBtu. This case saw an additional cumulative 
73 TWh of Pickering production. 

 

NPV evaluated at a 4% real discount rate.  Excludes transmission and decommissioning advancement/deferral value. 

As context, gas prices today are in the order of 
$2.3/MMBtu and futures prices out to 2024 are 
in the order of $3-$4/MMBtu (Henry Hub, 
Source: NYMEX/CME). 
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18 

 
Consideration of the historical gas price distribution between 2010 and 2015 adds insight into 
the cumulative probability of change in electricity system cost as a function of natural gas 
price under various Pickering extension scenarios. Pickering life extension to 2022/2024 
offers moderate probabilities for savings. As production from Pickering decreases, the 
likelihood of achieving savings also decreases. 
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probability of Pickering life extension to 2022/2024 resulting 
in reduction of electricity system costs  

 

In the case with +62 TWh of Pickering production, 30% 
probability of Pickering life extension to 2022/2024 resulting 
in reduction of electricity system costs  

 

In the March 2015 study, there was a 60% probability of 
Pickering life extension to 2022/2024 resulting in reduction of 
electricity system costs. This case saw an additional 
cumulative 73 TWh of Pickering production.  

NPV evaluated at a 4% real discount rate.  Excludes transmission and decommissioning advancement/deferral value. 
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Viewing the same results as a set of NPV distributions illustrates the overlap of possibilities 
among the Pickering production scenarios as well as the variability within each distribution. 
As the additional production form Pickering life extension decreases, the NPV distribution 
shifts further towards life extension being a net cost. 

19 

0%

1%

2%

3%

4%

5%

6%

7%

8%

9%

10%

11%

12%

13%

14%

-$1.5 -$1.0 -$0.5 $0.0 $0.5 $1.0 $1.5

P
ro

b
a

b
ili

ty
 (

%
)

Net Present Value of Change in Electricity System Cost Relative to Pickering to 2020 (2015-$M)

Pickering to 2022/2024 (Case with +65 

TWh of Pickering Production)

Pickering to 2022/2024 (Case with +62 

TWh of Pickering Production)

COSTS SAVINGS 

NPV evaluated at a 4% real discount rate.  Excludes transmission and decommissioning advancement/deferral value. 

Filed: 2016-05-27 

EB-2016-0152 

Exhibit F2-2-3 

Attachment 1 

Page 19 of 116

91



$140

$150

$160

$170

$180

$190

$200

$210

$220

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

M
o

n
th

ly
 R

e
si

d
e

n
ti
a

l 
B

ill

(n
o

m
in

a
l $

/m
o

n
th

)

Pickering to 2020 Pickering to 2022/2024

Extending Pickering operation to 2022/2024 generally leads to a reduction in residential 
electricity bills between 2016 and 2024 compared to Pickering operating to 2020. Residential 
electricity bills increase for a few years thereafter.  

Residential electricity bill illustrated assumes a typical residential consumption of 800 kWh/month.  
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Pickering to 2020 Pickering to 2022/2024

Similarly, extending Pickering operation to 2022/2024 generally leads to a reduction in 
industrial electricity rates between 2016 and 2024 compared to Pickering operating to 2020. 
Industrial electricity rates increase for a few years thereafter. 

Industrial electricity rates illustrated assumes a typical large industrial customer with a demand of 5MW and a 75% capacity factor.  
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LTEP (2013) Pickering to 2020 Pickering to 2022/2024

-$15

-$10

-$5

$0

$5

$10

$15

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

C
h

a
n

g
e

 in
 I
n

d
u

st
ri
a

l 
E

le
c

tr
ic

it
y

 R
a

te

P
 2

0
2

2
/2

0
2

4
 R

e
la

ti
v

e
 t

o
 P

2
0

2
0

(n
o

m
in

a
l $

/M
W

h
)

D
e

c
re

a
se

 
In

c
re

a
se

 

Filed: 2016-05-27 

EB-2016-0152 

Exhibit F2-2-3 

Attachment 1 

Page 21 of 116

93



 
There are other benefits resulting from Pickering life extension. As Pickering life is extended, 
decommissioning expenditures are deferred. Extended Pickering operations could also defer 
the need for transmission reinforcements in the GTA region. Deferral of related expenditures 
results in a time value savings. After factoring in the time value effects of deferring 
decommissioning and transmission expenditures, the benefit of extending Pickering 
operations marginally increases. 
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NPV evaluated at a 4% real discount rate.  Excludes transmission and decommissioning advancement/deferral value. 
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APPENDIX 2: 
IESO’s Assessment of Pickering Life Extension Options, 
Delivered to Ministry of Energy in March 2015 
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Assessment of Pickering Life Extension Options: 

Executive Summary 

March 9, 2015 

Presentation to Ministry of Energy 

Note: The appendix accompanying this presentation, which 

contains the detailed assessment, is excluded for brevity. 
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• IESO to present the assessment of  Pickering life extension 

options to the Ministry of Energy 

Purpose 
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Overview 

• The IESO has conducted an independent assessment of the long-term integrated power 

system impacts of various Pickering life extension scenarios between 2018 and 2024  

• Pickering extension scenarios are considered against three Darlington refurbishment 

sequences 

- Analysis updates and builds on previous Pickering life extension studies conducted by the IESO 

- Technical and economic information concerning the Pickering and Darlington stations was 

provided by OPG between December 2014 and January 2015 for each scenario assessed 

- The scenarios have not been discussed publicly nor have they received necessary CNSC 

approvals 

• Implications of the Pickering scenarios are assessed from a variety of perspectives, 

including: 

- Capacity needs and timing 

- Energy production from existing and contemplated resources 

- Greenhouse gas emissions 

- Surplus energy 

- Total cost of electricity  service 

- Ratepayer costs 

• A summary of this assessment is provided in the following slides. The IESO’s full 

assessment is provided in the Appendix.  
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Summary of findings 

27 

• On balance, the option of extended Pickering operations merits further exploration:   

• Pickering operation to 2022/2024 appears to be the most promising candidate among 

extension options assessed, as it provides the most savings and is among options with the 

lowest emissions 

• Extended operation to 2022 or shutdown in 2018 also holds potential for benefit, but less so 

than operation to 2022/2024 

• In light of the impact that Pickering capital and operating costs have on the value 

proposition of extended Pickering operations, it may  be worth exploring options for 

cost control 

• If OPG’s actual capital and operating costs exceed estimates, then the cost savings resulting 

from Pickering life extension could be reduced or eliminated 

• Unlapping of Darlington refurbishment outages generally reduces the value of Pickering 

extension 

• It is worth exploring Pickering extension options involving fewer Pickering units (e.g. 

four to five units rather than six) to reduce its contribution to surplus baseload 

generation 

• The IESO should be routinely updated by OPG on the status and substance of 

Pickering extension exploration efforts and related regulatory developments given the 

implications on need for additional supply and transmission investment 
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Pickering scenarios assessed 
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To 2019/2020 
LTEP (2013) 

P247K enabled by life management 

To 2020 
OPG current business plan 

P261K  

To 2022 

To 2024  
Enabled by life management 

To 2018 
Early shutdown coinciding  

with Clarington TS in-service 

To 2022/2024 
OPG proposed base case for  

2016-2018 business plan 

P280K  
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A =  Pickering A (1,030 MW, 6 TWh/yr) 

B =  Pickering B  (2,064 MW, 14 TWh/yr) 
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Lapped
Unlapped 

Yes Idle Time

Unlapped 

No Idle Time

2018 -$0.1 +$0.3 -$0.2

2020 BASE +$0.4 -$0.1

2022 -$0.4 Not Assessed

2022/2024 -$0.6 +$0.1 -$0.3

2024 +$0.1 Not Assessed

= Net Cost

= Net Benefit

Darlington Scenarios
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Summary of changes in costs 

Table shows NPV 

from 2015-2032 in 

billions of 2014 

dollars compared 

to the base case 
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Lapped
Unlapped 

Yes Idle Time

Unlapped 

No Idle Time

2018 +4.8MT +6.6MT +4.5MT

2020 BASE +1.7MT -0.3MT

2022 -5.8MT Not Assessed

2022/2024 -9.3MT -7.2MT -8.9MT

2024 -9.9MT Not Assessed

= Net Cost

= Net Benefit

Darlington Scenarios
P
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Table shows total 

change in CO2 

emissions between 

2015-2032 in 

megatonnes (MT) 

compared to the 

base case 

Summary of changes in emissions 
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Total cost of electricity service  
 

32 

Excludes transmission and decommissioning advancement/deferral costs. 
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Assumes a typical residential consumption of 800 kWh/month. Excludes transmission and decommissioning advancement/deferral costs. 
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Residential electricity bills 
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Assumes a typical large industrial customer with a demand of 5MW and a 75% capacity factor. Excludes transmission and decommissioning advancement/deferral costs. 
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Industrial electricity rates 
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Extending Pickering operations beyond 2020 

35 

• There is value in Pickering life extension. Extending operation beyond 2020: 

• Defers timing of need and the supply/transmission investments that would otherwise be required  

• Defers procurement decisions with respect to new resources, providing more time in exercising 

options while reducing risk of over investment during a period of supply/demand uncertainty 

• Defers decommissioning and severance costs 

• Offsets production from natural gas-fired resources and imports 

• Increases export revenues and reduces carbon emissions 

• But also increases potential surplus energy 

• Extension of Pickering A units to 2022 and B units to 2024: 

• Shows the greatest net benefit among Pickering scenarios assessed 

• Minimizes increases to OPG nuclear rates to 2024 

• Defers the increase in the total cost of electricity service that eventually takes place under each 

of the scenarios considered and minimizes the magnitude of the total cost increase 

• The value of extending Pickering operation to 2022/2024 is tied to the price of natural gas and carbon 

prices and to Pickering capital and operating costs  

• Value seen when natural gas or combined natural gas and carbon prices are above $4/MMBtu 

• However, extension beyond 2022/2024 shows decreasing utility and results in a cumulative disbenefit  

• Removing overlap among Darlington refurbishment outages (a.k.a. “unlapping”) generally reduces the 

value of extended Pickering operations  
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Early Pickering shutdown 

36 

• Early Pickering shutdown could lead to cost savings, but less savings than extended 

operations under the reference conditions assessed 

• Also results in less potential surplus energy and more carbon emissions 

• The cost savings of early Pickering shutdown are less vulnerable to natural gas 

price/carbon risk than observed in Pickering extension scenarios 

• All else being equal, cost savings from early Pickering shutdown would be negated if: 

• Pickering capital and operating costs declined by 10% from current projections; or,  

• If natural gas/carbon prices exceeded approximately $6/MMBtu 

• Early shutdown would present practical challenges related to securing replacement 

supplies within the span of three years and within a context of significant transition in 

the Ontario electricity system 

• Early shutdown would also present practical challenges related to labour and 

community impacts 

• Early shutdown would advance increases to OPG nuclear rates as well as increases in 

the total cost of electricity service that eventually takes place under each of the 

scenarios considered 
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Next Steps 
• Explore extension options involving fewer Pickering units to reduce 

contribution to surplus baseload generation 

• Consider cost control mechanisms to ensure Pickering life extension 

continues to provide value 

• IESO should be routinely updated on the status and substance of Pickering 

extension exploration efforts and related regulatory developments given the 

implications on need for additional supply and transmission investment 
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APPENDIX 3: 
Additional Detail on Elements of a “Work Plan” in progress 
developed by Ministry of Energy, OPG, and IESO 

38 
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39 

Over the next few years, OPG will seek to demonstrate the technical feasibility of 
extended Pickering operation, develop the business case and pursue regulatory 
approvals at the OEB and CNSC.  OPG’s filing to the CNSC would take place in 2017 
and a CNSC decision would be received by late 2018. 

OPG’s Indicative timeline of approvals related to 

the operation of Pickering NGS beyond 2020 
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40 

Organization Activity to Increase the Economic, Technical and Regulatory Confidence  
Completion 

Date 

IESO Update supply/demand outlook, ongoing assessment of Pickering extended 
operations and alternatives, ongoing contingency planning in case Pickering 
extended operations does not proceed 

Ongoing 

OPG Economic evaluation of incremental investment and benefits of operation of 
Pickering units past 2020 

• Ministry briefing 

Q2 2015 

OPG 2016-2018 Business Plan submission with operation to 2020 and evaluation of 
option for Pickering extension to 2024 

Q4 2015 

ENERGY Cabinet submission on Pickering extension Q4 2015 

OPG Technical assessment of fuel channels: 
• measurements to confirm rate of aging mechanisms 
• completion of research program on fuel channel aging and related 

safety analysis 

Q2 2016 

OPG Board Approved business case for life management measures and their costs Q2/3 2016 

ENERGY Consultations for 2017 LTEP Q3 2016 

Elements of a work plan in progress  
(source: Ministry of Energy, April 28 2015) 
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41 

 
Organization 

 
Activity to Increase the Economic, Technical and Regulatory 
Confidence  

 Completion 
Date 

OPG 
ENERGY 

OPG Board approved business plan for extended operations of the 
Pickering units submitted to Energy 

Q4 2016 

ENERGY 
IESO 

Decision to make Pickering extension preferred supply option Q4 2016 

YES 

ENERGY Release 2017 LTEP including Pickering extension Q1 2017 

OPG OPG’s determination of end of life dates for Pickering 
and regulatory submission requesting approval of 
extended operations of Pickering units 

Q2 2017 

CNSC Approval of Pickering extended operations operating 
license 

Q3 2018 

NO 

ENERGY Release 2017 LTEP 
including 
alternative supply 
options 

Q1 
2017 

IESO Implement 
alternatives as 
required 

By 
2020 

Elements of a work plan in progress (continued) 
(source: Ministry of Energy, April 28 2015) 
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Assessment of Pickering Life Extension Options 

Power System Planning 

March 9, 2015 

Prepared for discussion with Ministry of Energy 
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Overview 

• Upon Ministry of Energy request, the IESO has conducted an independent assessment of the 
long-term integrated power system impacts of various Pickering life extension scenarios. 
Pickering extension scenarios are considered against three Darlington refurbishment sequences. 

- This report updates and builds upon previous Pickering life extension studies conducted by the former OPA 

- Technical and economic information concerning the Pickering and Darlington stations was provided to the 
IESO by OPG between December 2014 and January 2015 for each scenario assessed 

- The scenarios have not been discussed publicly nor have they received necessary CNSC approvals 

 

• Implications of the Pickering scenarios are assessed from a variety of perspectives, including: 

- Capacity needs and timing 

- Energy production from existing and contemplated resources 

- Greenhouse gas emissions 

- Surplus energy 

- Total cost of electricity  service 

- Ratepayer costs 

 

• Results of the IESO’s assessment are presented in the following slides, additional details are 
available in the Appendix 

2 
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Summary of results 

3 

• Extending Pickering operation beyond 2020 defers some supply and transmission investments that 
would otherwise be required, defers decommissioning and severance costs, offsets production from 
natural gas-fired resources and imports, increases export revenues and reduces carbon emissions 
 

• Extending Pickering operations beyond 2020 also increases potential surplus energy 
 

• Extension of Pickering A units to 2022 and B units to 2024 shows the greatest net benefit among 
Pickering scenarios assessed, minimizes increases to OPG nuclear rates to 2024, defers the increase in 
the total cost of electricity service that eventually takes place under each of the scenarios considered 
and minimizes the magnitude of the total cost increase 
 

• The value of extending Pickering operation to 2022/2024 is sensitive to natural gas and carbon prices: 
it shows value when natural gas or combined natural gas and carbon prices are above $4/MMBtu 
 

• The value of extending Pickering operation to 2022/2024 is also sensitive to Pickering capital 
operating costs, but less sensitive than to natural gas/carbon price 
 

• Extension beyond 2022/2024 shows decreasing utility and results in a cumulative disbenefit 
 

• Removing overlap among Darlington refurbishment outages (a.k.a. “unlapping”) generally reduces the 
value of extended Pickering operations 
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Summary of results (continued) 

4 

• Early Pickering shutdown could lead to cost savings, but less savings than extended operations under 
the reference conditions assessed 
 

• Early Pickering shutdown results in less potential surplus energy and more carbon emissions 
 

• The cost savings of early Pickering shutdown are less vulnerable to natural gas price/carbon risk than 
observed in Pickering extension scenarios. All else being equal, cost savings from early Pickering 
shutdown would be negated if Pickering capital and operating costs declined by 10% from current 
projections or if natural gas/carbon prices exceeded approximately $6/MMBtu 
 

• Early shutdown would present practical challenges related to securing replacement supplies within 
the span of three years and within a context of significant transition in the Ontario electricity system 
 

• Early shutdown would also present practical challenges related to labour and community impacts 
 

• Early shutdown would advance increases to OPG nuclear rates as well as increases in the total cost of 
electricity service that eventually takes place under each of the scenarios considered 
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Looking ahead 

5 

• On balance, the option of extended Pickering operations merits further exploration.  The scenario 
of Pickering operation to 2022/2024 appears to be the most promising candidate among extension 
options assessed.  Extended operation to 2022 also holds potential for benefit, but less so than 
operation to 2022/2024. 

 

• In light of the impact of Pickering extended operations on potential surplus energy, it may be worth 
exploring Pickering extension options involving fewer Pickering units (e.g. four to five units rather 
than six)  

 

• In light of the impact of Pickering capital and operating costs on the value proposition of extended 
Pickering operations, it may be worth exploring options for cost control 
 

 

• In light of implications of Pickering shutdown timing on the need for additional supply and 
transmission investment, IESO should be routinely updated by OPG on the status and substance of 
Pickering extension exploration efforts and related regulatory developments 
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Four Pickering scenarios are assessed: three feature longer Pickering 
operation than in LTEP 2013 or in OPG’s more recent business plan, one 
features earlier shutdown 

6 

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

To 2019/2020 
LTEP (2013) 

P247K enabled by life management 

To 2020 
OPG current business plan 

P261K  

To 2022 

To 2024  
Enabled by life management 

To 2018 
Early shutdown coinciding  

with Clarington TS in-service 

To 2022/2024 
OPG proposed base case for  

2016-2018 business plan 

P280K  

A 
 

B 

A 
 

B 

A 
 

B 

A 
 

B 

A 
 

B 

A 
 

B 

A =  Pickering A (1,030 MW, 6 TWh/yr) 

B =  Pickering B  (2,064 MW, 14 TWh/yr) 

Total Site: 3,094 MW, 20 TWh/yr 
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Approximately 3,100 MW and 20 TWh is provided by Pickering for each year of 
operation. Operation beyond 2020 is enabled by additional outages prior to 2020. 
These outages result in lower availability and output in some years prior to 2020. 

7 
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LTEP (2013)

Pickering to 2020

Existing, committed and directed resources will provide adequate supply for the 
next few years, after which time additional resources will be required.  LTEP 2013 
saw needs emerge in 2018/2019. Needs arise by 2020 in the current outlook. 

Required Supply  

(i.e. Demand plus 
Reserve) 

Demand net of 
Conservation 

Existing, Committed  

and Directed Resources 
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LTEP (2013) Pickering to 2018 Pickering to 2020

Pickering to 2022 Pickering to 2022/2024 Pickering to 2024

Darlington and Bruce 

Renewables, Demand Response 

and Natural Gas 

Required Supply  
(i.e. Demand plus Reserve) 

Demand net of 
Conservation 

Extended operation at Pickering beyond 2020 would defer the need for 
additional supply, earlier shutdown would advance the need 
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Energy production from Pickering displaces production from gas-fired 
resources, reduces energy imports and increases energy exports 

10 

 

• On average, for every 1 TWh increase in Pickering energy 
production, relative to Pickering to 2020, there is a:  

o 0.55 TWh reduction in gas/imports 

o 0.03 TWh reduction in renewable energy  

o 0.42 TWh increase in exports 
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11 

*CCGT emission rates used for import emissions rates as a proxy 
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Energy production from Pickering reduces greenhouse gas emissions 
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OPG’s nuclear program will cost between $1.7 billion and $4.0 billion per 
year between now and 2032, depending on the Pickering extension and 
Darlington refurbishment sequence scenario 

13 
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14 

The costs of OPG’s nuclear program will be recovered against the energy 
quantities generated by OPG nuclear stations.  Annual quantities will vary 
depending on the scenario.  Energy quantities decline as Pickering units are shut 
down and as Darlington units undergo refurbishment. 
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OPG’s total nuclear rate will increase as OPG nuclear production decreases.  
Life extension at Pickering increases OPG’s annual nuclear production and 
tends to reduce OPG nuclear rates to 2024. 

15 

Rates reflect Pickering scenario stated and Darlington lapped (per LTEP (2013)) 
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16 

The present value of OPG nuclear costs will range between $43 billion and 
$48 billion, depending on the scenario.  Pickering will account for between 
$4 billion and $9 billion of this total.  Capital and non-fuel OM&A will 
comprise approximately 90% of Pickering costs.  
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Economic evaluation: overview of approach 

• The cost of extending Pickering life is compared to the savings resulting from reduced electricity system replacement energy and 
capacity costs, all relative to Pickering to 2020 (the current base case) 

- If the cost of Pickering life extension is less than the cost of replacement energy and capacity, there is a net benefit and overall electricity 
system costs decrease 

- Conversely, if the cost of Pickering life extension is greater than the cost of replacement energy and capacity, there is a net cost and 
overall electricity system costs increase.  

 

• The current base case, Pickering to 2020, reflects recent updates to the supply mix and various policy initiatives since LTEP (2013) 
(see Appendix for list of updates) 

- Changes in Pickering life are compared to this base case 

 

• In the absence of Pickering life extension: 

- Capacity needs are assumed to be met by an unspecified capacity resource with performance and cost characteristics equivalent to a 
simple-cycle gas turbine 

- Replacement energy is provided by existing generation resources 
 

• Scenarios are evaluated under reference gas price assumptions of $5.25/MMBtu at Henry Hub 

- This is equivalent to gas at $4/MMBtu plus carbon priced at $23/tonne  
 

• Sensitivity analysis is performed to evaluate the impact changes in Pickering capital cost and gas price have on system costs 
 

• System costs analysis is performed in 2014 dollars. The change in net present value (NPV) of system cost of each Pickering life 
extension scenario relative to Pickering to 2020 is presented, 4% real discount rate is assumed 
 

• Impacts on the annual cost of electricity service, residential bills, and industrial rates are also presented  

- Analysis reflects OPG nuclear rates developed by OPG for each individual scenario assessed 
 

• Impacts on the cost of transmission are treated separately 

17 
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Pickering extension to 2022/2024 yields the greatest net present value 
among the scenarios considered under the conditions assessed  
(i.e. results in the greatest cost savings)   

18 NPV evaluated at a 4% real discount rate.  
Excludes transmission and decommissioning advancement/deferral costs. 
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Ontario electricity system costs decrease by extending Pickering to 2022 or 2022/2024 or shutting down early in 2018, relative to the 
Pickering to 2020 case. Costs marginally increase by extending to 2024. 
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Cost savings from extending Pickering operations derive from reductions in 
replacement capacity costs and reductions in replacement energy costs from gas-
fired resources and energy imports. These savings offset Pickering capital and 
operating costs, which comprise the largest cost components of Pickering extension.  

NPV evaluated at a 4% real discount rate.  
Excludes transmission and decommissioning advancement/deferral costs. 
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Pickering extension beyond 2020 results in cost savings, but at a diminishing 
incremental return beyond 2022.  Beyond 2022/2024, diminishing returns 
result in a cumulative disbenefit. 

20 

Pickering to 

2018 

Pickering to 

2022 

Pickering to 

2024 

Pickering to 

2022/2024 

-$148M -$395M -$212M +$695M 

Pickering to 

2020 

Pickering to 

2018 
Pickering to 

2022 

Pickering to 

2024 

Pickering to 

2022/2024 

+$148M -$395M -$212M +$695M 

Pickering to 

2020 

-$607M $88M 

Incremental 
Change 

Cumulative Change 
Relative to 2020 

-$248M -$460M +$235M 

Incremental 
Change 

Cumulative Change 
Relative to 2018 

Relative to 
Pickering to 
2020 

Relative to 
Pickering to 
2018 

Positive sign (+) indicates system cost increase , negative sign (-) indicates cost decrease. NPV evaluated 
at a 4% real discount rate. Excludes transmission and decommissioning advancement/deferral costs. 

Cost savings 

Cost savings,  
cumulative benefit 

Cost increase, 
cumulative disbenefit 

Diminishing incremental return 
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The economic proposition of extended Pickering operations is sensitive to 
Pickering capital and operating costs.  As these costs increase, the value of 
extending Pickering beyond 2020 decreases, while the value of earlier shut 
down increases 
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Costs must 
decrease by >5% for 
Pickering to 2024 to 
be economic  

21 
System Cost Increase (+) / Decrease (-).  NPV evaluated at a 4% real discount rate.  
Excludes transmission and decommissioning advancement/deferral costs. 

Pickering life extension to 2022 or 2022/2024 continues 
to be economic if Pickering cost increase <30% 

Change in system costs for Pickering to 2022 is 
least sensitive to changes in Pickering costs 

Shutting down Pickering early in 
2018 is uneconomic if Pickering 

costs decline by >10% 
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22 
System Cost Increase (+) / Decrease (-).  NPV evaluated at a 4% real discount rate.  
Excludes transmission and decommissioning advancement/deferral costs. 
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Benefits of extended Pickering operations are also sensitive to natural gas 
prices. Higher natural gas prices result in greater value from extended 
operations.  Lower prices result in lower value. 
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Pickering to 2022 or to 2024/2024 become 
uneconomic at  natural gas prices lower than $4 

Pickering early shutdown become uneconomic 
at natural gas prices greater than $6 

 Pickering to 2024 becomes economic at natural 
gas prices greater than $6 
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Carbon costs increase the effective cost of natural gas and can therefore 
impact the economic value of Pickering extended operations 

• Example A: Gas  at $5.25/MMBtu is equivalent to: 

- Gas  at $3/MMBtu plus $42/tonne carbon 

- Gas at $4/MMBtu plus $23/tonne carbon 

23 
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• Example B: Gas  at $4.00/MMBtu is equivalent to: 

- Gas  at $3/MMBtu plus ~$20/tonne carbon 

- Gas at $2/MMBtu plus ~$40/tonne carbon 
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Consideration of the historical gas price distribution between 1997 and 2014 
adds insight into the cumulative probability of change in electricity system cost 
as a function of natural gas price under various Pickering extension scenarios 

System Cost Increase (+) / Decrease (-).   
NPV evaluated at a 4% real discount rate. 24 

Excludes transmission and decommissioning advancement/deferral costs. 

COSTS SAVINGS 

 75% probability of Pickering life extension to 2022 or 
2022/2024 resulting in reduction of electricity system costs  

 

See appendix for additional detail 

 

70% chance of there being a net system benefit with 
Pickering early shutdown in 2018 

40% probability that system costs would be lower if 
Pickering were extended to 2024 
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Viewing the same results as a set of NPV distributions illustrates the 
considerable overlap of possibilities among the scenarios as well as the 
variability within each distribution 

25 
System Cost Increase (+) / Decrease (-).   
NPV evaluated at a 4% real discount rate. 

Excludes transmission and decommissioning advancement/deferral costs. 

COSTS SAVINGS 
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System Cost Increase (+) / Decrease (-).   
NPV evaluated at a 4% real discount rate. 

26 

Excludes transmission and decommissioning advancement/deferral costs. 

When only the distribution of natural gas prices in more recent years is considered 
(between 2010 and 2014),  early shutdown poses the greatest probability for net 
cost reduction.  Among the other scenarios, Pickering to 2022 and 2022/2024 
continue to offer moderate probabilities for savings, while Pickering to 2024 largely  
yields disbenefit. 

COSTS SAVINGS 
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The mean natural gas price between 2010-2014 was lower than the mean 
between 1997 and 2014 and its distribution was more narrow. Considering this 
recent trend within the current analysis results in less overlap among scenario 
outcomes and a narrower range of likelihoods within each scenario. 

27 
System Cost Increase (+) / Decrease (-).   
NPV evaluated at a 4% real discount rate. 

Excludes transmission and decommissioning advancement/deferral costs. 

COSTS SAVINGS 
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Extending Pickering operations beyond 2020 defers the increase in the total cost 
of electricity service that eventually takes place under each of the scenarios 
considered. Extending Pickering to 2022/2024 also minimizes the magnitude of the 
total cost increase. 
 

28 

Excludes transmission and decommissioning advancement/deferral costs. 
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Extending Pickering operation beyond 2020 results in a reduction in residential 
electricity bills between 2016 and 2021 compared to the base case.  Bills increase 
thereafter, the extent and timing of which varies with Pickering shut down timing.  
Early Pickering shutdown results in an increase in residential bills prior to 2020. 
 

Assumes a typical residential consumption of 800 kWh/month. Excludes transmission and decommissioning advancement/deferral costs. 
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Similarly, extending Pickering life beyond 2020 results in a reduction in 
industrial electricity rates between 2016-2023. Early shutdown increases 
industrial rates prior to 2020, but decreases rates thereafter.  

Assumes a typical large industrial customer with a demand of 5MW and a 75% capacity factor. Excludes transmission and decommissioning advancement/deferral costs. 
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Other cost considerations: Pickering decommissioning liability is affected by 
shutdown timing. As Pickering life is extended, decommissioning expenditures are 
deferred. Deferral results in a time value savings in decommissioning liability.  
 

31 NPV evaluated at a 4% real discount rate. 
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Transmission considerations: extended Pickering operations could defer 
the timing of transmission needs and lead to deferral-related cost savings 

• The availability of Pickering has an impact on transmission flows into and out of the GTA 
 

• The transmission plan for East GTA includes the construction of a new 500/230 kV transformer station in Clarington 
to maintain supply reliability to Durham Region following Pickering shutdown and to ‎provide a secure electricity 
supply in this high growth area 

- Hydro One is currently constructing the new transformer station (“Clarington TS”) and remains on schedule for an in-service of 2018 
 

- The IESO (former OPA) identified the need for the project in 2005 and requested the transmitter to initiate the project in 2011, with 
required approvals support 
 

• In evaluating the various Pickering scenarios, it is assumed the in-service of Clarington TS remains unchanged and 
that the station would be in-service under the scenario of early Pickering shutdown (Pickering to end of 2018) 

 

• The IESO has also identified a need for additional bulk transmission reinforcement in West GTA, following the 
shutdown of Pickering 

- The project includes construction of a new 500/230 kV autotransformer in the Milton area. The transmitter has provided a planning 
level capital cost estimate of $200M for the facility. The project would be sited within an existing switchyard. The IESO is currently 
targeting an in-service of 2020, coinciding with the current plan for Pickering shutdown in 2020 
 

- Advancing the in-service of this station to coincide with a Pickering shutdown at the end of 2018 could cost an additional $13M. 
However, deferring the in-service to 2022 through 2024 could result in $12-$23M in time value savings (cost expressed as NPV in 
2014 $) 
 

- In addition, given the 3-year lead time required for in-service of the new station, there is both regulatory and construction risk that 
could potentially delay the in-service of the new TS (by an order of 1-2 years) thus requiring the inclusion of some interim solutions, 
such as forced operation of peaking gas generation, for a short period of time preceding station in-service 

 

32 

Filed: 2016-05-27 

EB-2016-0152 

Exhibit F2-2-3 

Attachment 1 

Page 73 of 116

145



-0.4

-0.6

0.1

-0.15

-$0.5

-$0.7

-$0.05 -$0.08

-$0.8

-$0.6

-$0.4

-$0.2

$0.0

$0.2

$0.4

$0.6

$0.8

Pickering to 2022 Pickering to 2022/2024 Pickering to 2024 Pickering to 2018

N
et

 P
re

se
nt

 V
al

ue
 o

f C
ha

ng
e 

in
 E

le
ct

ric
ity

 S
ys

te
m

 C
os

t 
Re

la
tiv

e 
to

 P
ic

ke
rin

g 
to

 2
02

0
(2

01
4 

$ 
Bi

lli
on

)

Change in Electricity System Costs - excluding change in decomissioning liability and transmission costs

Change in Decomissioning Liability

Change in Transmission Costs

Change in Electricity System Costs - Including change in decomissioning liability and transmission costs

C
o

sts 
S
a

v
in

g
s 

After factoring in time value effects of deferring or advancing 
decommissioning and transmission, the benefit of extending Pickering 
operations marginally increases 

33 System Cost Increase (+) / Decrease (-).  NPV evaluated at a 4% real discount rate.  
Excludes transmission and decommissioning advancement/deferral costs. 
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Overview of approach and of reference supply mix assumptions 

• Between December 2014 and January 2015, OPG provided the IESO with technical and economic information on 
various Pickering life extension scenarios and Darlington refurbishment sequences 
 

• The IESO has evaluated the impact Pickering extension scenarios from a number of perspectives, including capacity 
needs and timing, energy production, emissions, surplus energy, total cost of electricity  service and ratepayer costs 
 

• Each Pickering life extension scenario is compared to a “reference case”.  This reference case is an updated version 
of the LTEP (2013), reflecting the following recent changes: 

- Pickering units operate to the end of 2020 per OPG’s current business plan 

- Bruce refurbishment per July/August 2014 schedule from Bruce Power (note Darlington unchanged) 

- Expanded ICI (includes customer 3-5 MW are part of high 5) 

- Ontario Electricity Support Program (effective 2016 – an additional $170M/y $2012)  which will only be paid 
out to low income residential customers after Ontario Clean Energy Benefit expires) 

- IEI Stream 3 (expansion – also assumed to allow Stream 2 customers to carry on with is program until 2024) 

- Early Removal of DRC for residential customers (no DRC for residential bills after 2015) 

- Update of Thunder Bay 

- Included cost impact of Storage (2017 to 2019) 

- Updated CHPSOP 2.0 

- Updated NUGs recontracted 

- Updated OPG rates as per December 3, 2014  
 

• The reference case demand, supply, and cost assumptions are consistent with the Ministry Scenario 2A (per Ministry 
2014 LTEP scenario request) 
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Cost assumptions 

• Additional peaking requirements are assumed to be met by new unspecified capacity based resources priced at 
a SCGT (represents the least-cost supply resource) 

- $130/kW-yr from a ratepayer perspective based on York Region SCGT  

- DR, NUG contract renewals, coal conversions, or firm imports can also provide capacity if similarly prices 

 

• Additional energy requirements met by existing, committed, and directed resources 

- Current gas-fired fleet relatively underutilized so limited need to build additional supply for energy. As 
gas-fired production increases, opportunities for lower cost resources to displace this production 

 

• Long-run average gas price assumed to be $5.25/MMBtu at Henry Hub for Reference Case and no explicit cost 
for carbon   

- Based on Sproule  

- Alternatively, this can be looked at as a combined gas and carbon price 

- For example, gas at $5.25/MMBtu is equivalent to gas at $4/MMBtu plus carbon priced at $23/tonne (for context, BC 
carbon tax is currently $30/tonne, AB ~$15/tonne, RGGI ~$3/tonne) 

 

• NPV evaluated with a 4% real social discount rate and all costs expressed in 2014 dollars 
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Reference natural gas price 
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