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BASE OM&A – NUCLEAR OPERATIONS 1 

 2 

1.0 PURPOSE 3 

This evidence presents nuclear base OM&A expense for the historical period, bridge year, 4 

and test period (excluding OM&A expense for Darlington Refurbishment). 5 

 6 

2.0 OVERVIEW  7 

The nuclear base OM&A expense for 2013-2021 is provided in Ex. F2-2-1 Table 1. OPG is 8 

requesting approval of base OM&A expense of $1,210.6M in 2017, $1,226.0M in 2018, 9 

$1,248.4M in 2019, $1264.7M in 2020 and $1,276.3M in 2021. The average annual increase 10 

over the test period is 1.24 per cent.  11 

 12 

The modest increases in the face of labour and material cost escalation reflect a continued 13 

focus on controlling staff levels, cost discipline and work reduction or elimination through re-14 

prioritizing and streamlining work. OPG continues to implement various value for money, 15 

fleet wide and site initiatives to reduce costs as part of a focus on continuous improvement.   16 

 17 

OPG’s staff resource plan forecasts an increase in Nuclear regular staff FTEs (excluding 18 

Darlington Refurbishment) in 2016 to ensure resources are available following a period of 19 

higher than budgeted attrition. Thereafter, FTEs experience a net decline over the test period 20 

(Ex. F2-1-1 Table 3).  21 

 22 

3.0 BASE OM&A BACKGROUND 23 

Base OM&A provides the main source of funding for operating and maintaining the nuclear 24 

stations in support of:   25 

 the ongoing production of electricity from the operating nuclear units; 26 

 ensuring the safe operation of the plants; 27 

 improving the reliability of the nuclear assets, and 28 

 ensuring compliance with applicable legislation and nuclear regulatory requirements. 29 

 30 

3.1  Base OM&A Description by Function and Resource Type 31 
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This evidence is substantially the same as that provided in Ex. F2-2-1 in OPG’s last rates 1 

application (EB-2013-0321). 2 

 3 

Base OM&A cost information for 2013 through 2021 is presented by station and support 4 

function in Ex. F2-2-1 Table 1. The station and support functions are described in Attachment 5 

1 to this exhibit.   6 

 7 

Details of base OM&A costs by function for 2013 through 2021 are provided in Ex. F2-2-1 8 

Tables 3 through 14. Exhibit F2-2-1 Tables 3 through 7 (i.e., for the 2017-2021 period) show 9 

that the majority of test period station base OM&A costs are in the Operations and 10 

Maintenance functions, reflecting the significance of these core activities to ongoing station 11 

performance. Within the Nuclear support divisions, the largest cost is in Nuclear Engineering, 12 

primarily for ensuring plant safety and reliability.  13 

 14 

In addition to the operational functions described in Attachment 1, Nuclear base OM&A also 15 

funds the following: 16 

 The cost of regular staff supporting the execution of planned outages, with the 17 

exception of Inspection and Maintenance Services (“IMS”). The cost of IMS regular 18 

staff involved in the execution of planned outages is charged directly to outage 19 

OM&A.   20 

 All costs for forced outages, planned derates and forced derates. Forced outages, in 21 

particular, can require significant effort and materials to address the cause of the 22 

outage and return a unit to operation. As forced outages are unplanned events for 23 

which no budget is provided, other base OM&A work must be deferred to 24 

accommodate them (see Ex. F2-4-1 for further details on outage costing).  25 

 An inventory obsolescence provision.   26 

 27 

Base OM&A cost information is presented by standard OPG resource types in Ex. F2-2-1 28 

Table 2, which indicates that OPG staff labour is the most significant contributor to base 29 

OM&A costs, representing approximately 70 per cent of base OM&A. The resource types are 30 

as follows:  31 
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1. Labour: The salary and benefits cost of OPG full-time regular staff, non-regular staff 1 

and part-time staff. Base OM&A labour costs are derived using standard labour rates 2 

for job families within Nuclear. In addition to base salary and statutory benefits (e.g. 3 

EI, CPP), these standard labour rates include a component for pension and other 4 

post employment benefits earned by employees for current service (discussed in Ex. 5 

F4-3-2) as well as a component for current employee health, dental and other 6 

benefits provided during employment.  7 

2. Overtime: The incremental pay for work outside of core hours, for example during 8 

forced outages or urgent repairs.   9 

3. Augmented Staff: External personnel providing specialized expertise (e.g., 10 

engineering) to supplement internal capability and/or to fill temporary vacancies.  11 

4. Other Purchased Services: The costs of specialized external services, including 12 

construction and maintenance services, personal protective equipment, laundry 13 

services, and specialized technical services (e.g., nuclear safety analysis, research 14 

and development, and specialized testing services).  15 

5. Materials: The costs of all consumables, replacement parts, and associated 16 

transportation service costs supporting station operations (e.g., ongoing maintenance 17 

and repair work). 18 

6. License Fees: The cost of licensing-related fees paid to the Canadian Nuclear Safety 19 

Commission (“CNSC”). 20 

7. Other Costs: Costs for miscellaneous items such as travel and utility expenses 21 

(water, sewage, and electricity for administration buildings) and inventory 22 

obsolescence provision. 23 

 24 

In order to operate the nuclear facilities safely, reliably and efficiently, OPG uses incremental 25 

short-term labour resources to address temporary staffing shortages. Incremental labour 26 

resources used by OPG include overtime, temporary staff (e.g., non-regular staff) and 27 

external contractors. Three primary factors drive the use of incremental short-term labour 28 

resources in Nuclear: 1) to meet peak work requirements, 2) to maintain coverage for key 29 

staff positions in accordance with licensing requirements, and 3) to complete priority work 30 

impacted by short term or unexpected staff shortages due to factors such as temporary 31 
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vacancies, maternity leaves or vacations. The selection of which incremental labour resource 1 

to employ is an ongoing resource optimization and balancing process and depends on the 2 

specific circumstances at the time. For example, OPG uses base OM&A overtime to maintain 3 

coverage of key positions (e.g., authorized nuclear operators) and provide backup for absent 4 

staff so as to maintain minimum staff complement on each shift.   5 

 6 

The 2013 Ontario Auditor General Report recommended that OPG should decrease 7 

overtime costs for outages by planning outages and arranging staff schedules in a more 8 

cost-beneficial way, and review other ways to minimize overtime. Nuclear has since 9 

implemented changes in crew shift schedules, resulting in reduced overtime during 10 

outages, and enhanced controls have been implemented to monitor overtime and take 11 

actions to ensure that overtime is used only when it is the most efficient form of incremental 12 

labour. The 2015 Ontario Auditor General Report concluded that its 2013 recommendations 13 

had been fully implemented based on these actions1, noting that OPG has implemented 14 

new policies to strengthen its overtime pre-approval process, ensure overtime approvals 15 

are carried out as per the approval authority and to facilitate the monitoring and tracking of 16 

overtime worked so as to minimize overtime costs2. 17 

 18 

3.2  Major Objectives and Focus Areas  19 

The 2016-2018 Corporate Business Plan, and the three-year financial projection for 2019-20 

2021 which has been prepared on a consistent basis with the 2016-2018 Corporate Business 21 

Plan, identify specific objectives and focus areas that impact base OM&A costs. These 22 

include initiatives discussed in Ex. F2-1-1 section 3.5 (Human Performance, Equipment 23 

Reliability, Outage Performance, Parts Improvement, Inventory Reduction and Workforce 24 

Planning and Resourcing) designed to achieve the nuclear performance targets for safety, 25 

reliability, value for money and human performance, which will be largely executed by base 26 

OM&A resources. Base OM&A resources will also be employed for inspection and 27 

maintenance and project support to address life cycle aging of equipment at Darlington to 28 

                                                 
1
 2015 Ontario Auditor General Report, p. 631. 

2
 2015 Ontario Auditor General Report, p. 627. 
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ensure safe and reliable operation before, during, and after refurbishment as well as similar 1 

support at Pickering as part of OPG’s plan to operate Pickering until 2022/2024. 2 

 3 

3.3 Base OM&A Trends  4 

Base OM&A is forecast to increase year over year by 0.73 per cent in 2017, 1.27 per cent in 5 

2018, 1.83 per cent in 2019, 1.31 per cent in 2020 and 0.92 per cent in 2021. Exhibit F2-2-1 6 

Table 1 demonstrates that cost containment is relatively consistent across the stations and 7 

support functions, with all functions exhibiting flat costs or modest increases in the test period 8 

until 2019. An explanation of period-over-period variances in base OM&A is provided in Ex. 9 

F2-2-2.   10 

11 
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ATTACHMENTS 1 

 2 

Attachment 1:  Nuclear Operations Function Descriptions 3 
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 1 

NUCLEAR OPERATIONS FUNCTION DESCRIPTIONS 2 
 3 

1.0 OPERATIONAL FUNCTIONS WITHIN THE GENERATING STATIONS 4 

At each of the generating stations, operational functions are broken down into three main 5 

components: Operations and Maintenance, Work Management, and Site and Support 6 

Services, as described below. Darlington also operates the Tritium Removal Facility. 7 

 8 

 Operations and Maintenance is comprised of: 9 

o Operations, which operates the plant on a 24-hour basis. The CNSC approves the 10 

operations organizational structure, including mandating a minimum shift complement 11 

to address foreseeable emergency response requirements. 12 

o Maintenance, which performs all activities directly related to the preventive, elective, 13 

and corrective maintenance of structures, systems, or components to address 14 

material condition issues, maintain equipment reliability, and optimize equipment life.   15 

o Fuel Handling, which includes all activities in support of refuelling the reactor during 16 

unit operation; maintenance of the fuelling machines and related systems; support of 17 

outage activities requiring the fuelling machine or related systems; and management 18 

of new fuel storage. 19 

o Chemistry and Environment, which includes the operation of the chemistry lab; 20 

environmental compliance and monitoring; and assistance in managing plant 21 

chemistry. 22 

o Common Services (Pickering), which operates and maintains station and site support 23 

systems for the Pickering station, specifically management of heavy water and 24 

operation of facilities such as heavy water upgraders, station containment systems 25 

and radioactive waste management. 26 

 27 

 Work Management includes: 28 

o Work Control, which ensures that corrective, elective, and preventive maintenance is 29 

planned effectively and efficiently.  30 
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o Outage Planning, which develops specific milestones for scope definition, long lead 1 

materials, schedule development, and pre-requisite work.   2 

 3 

 Site and Support Services includes:  4 

o Site Vice President’s office. 5 

o Interface with World Association of Nuclear Operators (“WANO”) and other external 6 

parties (including the interface for Darlington refurbishment).  7 

 8 

 Tritium Removal Facility 9 

o Located at Darlington, the Tritium Removal Facility (“TRF”) provides tritium removal 10 

services to all OPG nuclear stations and third party customers (see Ex. G2-1-1). 11 

 12 

2.0 OPERATIONAL FUNCTIONS WITHIN THE SUPPORT DIVISIONS 13 

Support divisions are accountable for providing specialized services to the stations, as well 14 

as establishing the common procedural framework within which the stations operate.  15 

 16 

Subsequent to EB-2013-0321, a number of changes were made to the Nuclear Support 17 

organizations. The new Decommissioning and Nuclear Waste Management organization was 18 

formed with the added mandate of preparing the Pickering station for the next phase of its life 19 

post end of commercial operations. Nuclear Services was discontinued, and Nuclear 20 

Regulatory Affairs was moved to Decommissioning and Nuclear Waste Management.  21 

Performance Improvement, Generation Planning, and Radiation Safety were moved to Fleet 22 

Operations and Maintenance, and Strategic and Business Planning was moved to Nuclear 23 

Finance. 24 

 25 

Key functions of the support divisions are as follows: 26 

 27 

Engineering is accountable for the following:  28 

o Components Engineering; provides specialized technical support for nuclear station 29 

components and equipment, major nuclear plant equipment (including life cycle plans 30 
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for steam generators and fuel channels), engineering programs, selected systems 1 

(such as real-time process computers and security), chemistry, cyber security, human 2 

factors engineering, plant information systems, and administration of the nuclear 3 

research and development program. 4 

o Design Engineering provides design services such as, preparation of modifications; 5 

parts procurement support; and expert-level support on nuclear industry codes and 6 

standards for the nuclear stations and the Decommissioning and Nuclear Waste 7 

Management organization. 8 

o Engineering Strategy provides strategic support to Nuclear Engineering long range 9 

planning, develops international relationships and provides strategic advice on 10 

matters relating to CANDU technology, represents OPG Nuclear with international 11 

nuclear industry bodies and oversees Nuclear Engineering projects. 12 

o Nuclear Safety provides oversight of technical support provided to the stations by the 13 

Reactor Safety Engineering Departments, and specialized services in the areas of 14 

Fuel, Nuclear Safety Analysis and Probabilistic Risk Assessment.  15 

o Nuclear Waste provides engineering strategies for the efficient and effective 16 

management of used fuel and Low and Intermediate Level Waste (“L&ILW”), and 17 

safety assessments of Nuclear Waste Management facilities and transportation 18 

systems.  19 

o Station Engineering is responsible for specifying engineering requirements, 20 

concurrence to schedule and acceptance of engineering products and services 21 

provided to support safe operation of the plant. It also ensures the Safety Operating 22 

Envelope and the Design and Licensing Basis for the plant are maintained by 23 

exercising prescriptive authority for the definition of operating and outage scope of 24 

work associated with these basis documents.  25 

 26 

Projects and Modifications is accountable for executing or managing the execution of the 27 

majority of project work carried out at the generating stations and associated sites. Project 28 

work (in contrast to base OM&A work) is discussed in Ex. D2-1-1. While the Projects and 29 

Modifications function is primarily funded by project OM&A and capital (Ex. F2-3-1 and Ex. 30 
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D2-1-1, respectively), Projects and Modifications also provides a limited amount of 1 

operational support to the stations which is funded by base OM&A. 2 

 3 

Fleet Operations and Maintenance drives improvement across the Nuclear fleet by 4 

developing, implementing and monitoring nuclear-wide programs and procedures for the 5 

nuclear stations in the areas of Operations, Maintenance, Outage, Work Management, and 6 

Human Performance. In addition, this group is accountable for radiation protection 7 

programming and services including assistance with radiation protection during plant 8 

operation and maintenance activities, and administration of the program for keeping radiation 9 

As Low As Reasonably Achievable (“ALARA”). It is also responsible for nuclear fleet wide 10 

improvement and generation planning.  11 

 12 

Security and Emergency Preparedness provides security services for nuclear sites and 13 

facilities (and across OPG), and ensures compliance with all CNSC security requirements. 14 

Emergency Preparedness and Fire Protection services are also included within this division.   15 

 16 

Inspection and Maintenance Services (“IMS”) is accountable for providing inspection and 17 

maintenance services to supplement those carried out by station staff, where the nature of 18 

the skills or equipment required makes the work more effectively managed as a centralized 19 

function. The direct costs associated with the provision of inspection and maintenance 20 

services during outages are included in outage OM&A costs (Ex. F2-4-1). IMS indirect costs 21 

such as administration are included in base OM&A as are the provision of inspection and 22 

maintenance services during normal (i.e. non-outage) operation. 23 

 24 

Decommissioning and Nuclear Waste Management is accountable for the safe and cost 25 

effective shutdown and safe storage of Pickering and the strategic aspect of Pickering end of 26 

commercial operations. It is also accountable for the management of radioactive waste and 27 

used fuel at the stations, as well as conventional waste and transportation service for the 28 

stations. Base OM&A includes the costs associated with managing recycled conventional 29 

wastes and providing conventional waste transportation services for all stations. 30 
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Expenditures to manage radioactive waste and used fuel management operations are 1 

funded by Nuclear Liabilities (see Ex. C2-1-1). Decommissioning and Nuclear Waste 2 

Management is also accountable for developing/maintaining the regulatory programs for the 3 

nuclear divisions, including licencing and environmental assessments. 4 

 5 

Other Support is an aggregate of a number of smaller functions including centralized or fleet-6 

wide costs for services required to manage the Nuclear business that are not directly 7 

attributable to any one plant or support organization. Typical costs include executive office, 8 

inventory adjustments and standard labour price variances that are captured at the 9 

aggregate level  as opposed to the  Nuclear stations and support groups. 10 

 11 
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Table 1

Line 2013 2014 2015 2016 2017 2018 2019 2020 2021

No. Function Actual Actual Actual Budget Plan Plan Plan Plan Plan

(a) (b) (c) (d) (e) (f) (g) (h) (i)

Stations

1 Darlington NGS 277.8 280.1 298.9 314.7 303.1 310.0 318.3 323.1 320.1

2 Pickering NGS 402.3 431.1 425.1 452.1 459.4 469.4 474.1 472.4 478.3

3 Pickering Continued Operations 9.9 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

4 Pickering Extended Operations 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

5 Total Stations 690.0 717.2 724.0 766.8 762.5 779.4 792.5 795.5 798.4

Support
1,2

6 Engineering 148.8 147.6 161.6 178.0 178.5 180.5 183.8 187.5 191.8

7 Projects & Modifications 7.4 6.9 6.3 7.4 6.8 5.8 5.8 5.9 4.0

8 Nuclear Services 75.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

9 Fleet Operations and Maintenance 30.5 61.7 63.3 71.0 66.2 63.2 64.6 65.5 66.1

10 Security and Emergency Services 79.9 75.7 81.8 93.9 91.0 91.2 93.4 95.5 98.0

11 Inspection & Maintenance Services 35.4 34.2 34.0 47.2 44.2 42.4 44.2 49.6 52.7

12 Decommissioning & Nuclear Waste Mgmt 0.0 40.0 45.4 49.9 51.8 54.0 54.5 55.6 55.8

13 Other Support 60.7 43.8 43.3 (12.3) 9.6 9.6 9.7 9.7 9.5

14 Total Support 437.7 409.9 435.6 435.0 448.1 446.6 455.9 469.2 477.9

15 Total Base OM&A 1,127.7 1,127.1 1,159.6 1,201.8 1,210.6 1,226.0 1,248.4 1,264.7 1,276.3

Notes:

1 Nuclear Support Divisions includes Base OM&A expenditures for Pickering Continued Operations of $1.6M in 2013 and $1.3M in 2014.

2 Nuclear Support Divisions includes Base OM&A expenditures for Pickering Extended Operations of $11.0M in 2016 and $1.0M in 2017.

Table 1

Base OM&A - Nuclear ($M)
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Table 2

Line 2013 2014 2015 2016 2017 2018 2019 2020 2021 Test Period

No. Resource Type Actual Actual Actual Budget Plan Plan Plan Plan Plan Percentage
1

(a) (b) (c) (d) (e) (f) (g) (h) (i) (j)

1 Labour
2 832.4 827.1 834.0 844.7 859.0 846.9 874.3 885.0 887.9 69.9%

2 Overtime
2 48.6 46.7 54.5 47.8 46.1 46.5 46.1 47.4 47.8 3.8%

3 Augmented Staff 3.1 3.6 4.4 3.3 4.5 3.5 3.0 2.6 1.6 0.2%

4 Materials 85.1 73.4 83.4 70.5 68.4 68.2 68.5 71.1 70.8 5.6%

5 License 34.2 32.6 34.5 36.4 37.2 38.7 39.6 40.2 40.6 3.2%

6 Other Purchased Services 100.0 98.7 108.4 164.1 161.1 185.1 180.8 178.3 187.3 14.3%

7 Other 24.3 44.9 40.3 35.0 34.2 37.0 36.2 40.2 40.3 3.0%

8 Total Base OM&A 1,127.7 1,127.1 1,159.6 1,201.8 1,210.6 1,226.0 1,248.4 1,264.7 1,276.3 100.0%

Notes:

1

2

Table 2

Base OM&A - Nuclear ($M)

Test Period Percentage = Sum of Test Period Resource Costs divided by Sum of Test Period Base OM&A.

Includes Regular and Non-Regular staff.
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Table 3

Line Darlington Pickering 

No. Function NGS NGS Total

(a) (b) (c)

Stations

1 Operations & Maintenance 655.5

2   - Operations 97.5 121.0 218.5

3   - Maintenance 164.8 272.2 436.9

4 Work Management 11.3 23.2 34.5

5 Site and Support Services 24.4 62.0 86.4

6 Tritium Removal Facility 22.1 0.0 22.1

7 Pickering Extended Operations 0.0 0.0 0.0

8 Total Stations 320.1 478.3 798.4

 

Support  

9 Engineering 191.8

10 Projects & Modifications 4.0

11 Nuclear Services 0.0

12 Fleet Operations and Maintenance 66.1

13 Security and Emergency Services 98.0

14 Inspection & Maintenance Services 52.7

15 Decommissioning & Nuclear Waste Mgmt 55.8

16 Other Support 9.5

17 Total Support 0.0 0.0 477.9

18 Total Base OM&A 320.1 478.3 1,276.3

Table 3

Nuclear Base OM&A by Function ($M)

Plan - Calendar Year Ending December 31, 2021
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Table 4

Line Darlington Pickering

No. Function NGS NGS Total

(a) (b) (c)

Stations

1 Operations & Maintenance 656.1

2   - Operations 95.6 124.1 219.8

3   - Maintenance 170.3 266.0 436.3

4 Work Management 13.5 21.1 34.5

5 Site and Support Services 22.6 61.2 83.8

6 Tritium Removal Facility 21.1 0.0 21.1

7 Pickering Extended Operations 0.0 0.0 0.0

8 Total Stations 323.1 472.4 795.5

 

Support  

9 Engineering 187.5

10 Projects & Modifications 5.9

11 Nuclear Services 0.0

12 Fleet Operations and Maintenance 65.5

13 Security and Emergency Services 95.5

14 Inspection & Maintenance Services 49.6

15 Decommissioning & Nuclear Waste Mgmt 55.6

16 Other Support 9.7

17 Total Support 0.0 0.0 469.2

18 Total Base OM&A 323.1 472.4 1,264.7

Table 4

Nuclear Base OM&A by Function ($M)

Plan - Calendar Year Ending December 31, 2020
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Table 5

Line Darlington Pickering

No. Function NGS NGS Total

(a) (b) (c)

Stations

1 Operations & Maintenance 657.7

2   - Operations 91.8 133.9 225.7

3   - Maintenance 172.2 259.8 432.0

4 Work Management 13.2 20.9 34.1

5 Site and Support Services 20.4 59.5 79.9

6 Tritium Removal Facility 20.8 0.0 20.8

7 Pickering Extended Operations 0.0 0.0 0.0

8 Total Stations 318.3 474.1 792.5

 

Support  

9 Engineering 183.8

10 Projects & Modifications 5.8

11 Nuclear Services 0.0

12 Fleet Operations and Maintenance 64.6

13 Security and Emergency Services 93.4

14 Inspection & Maintenance Services 44.2

15 Decommissioning & Nuclear Waste Mgmt 54.5

16 Other Support 9.7

17 Total Support 0.0 0.0 455.9

18 Total Base OM&A 318.3 474.1 1,248.4

Table 5

Nuclear Base OM&A by Function ($M)

Plan - Calendar Year Ending December 31, 2019
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Table 6

Line Darlington Pickering

No. Function NGS NGS Total

(a) (b) (c)

Stations

1 Operations & Maintenance 644.9

2   - Operations 88.5 135.5 224.0

3   - Maintenance 167.6 253.3 420.9

4 Work Management 12.9 20.7 33.6

5 Site and Support Services 19.0 59.9 79.0

6 Tritium Removal Facility 21.9 0.0 21.9

7 Pickering Extended Operations 0.0 0.0 0.0

8 Total Stations 310.0 469.4 779.4

 

Support  

9 Engineering 180.5

10 Projects & Modifications 5.8

11 Nuclear Services 0.0

12 Fleet Operations and Maintenance 63.2

13 Security and Emergency Services 91.2

14 Inspection & Maintenance Services 42.4

15 Decommissioning & Nuclear Waste Mgmt 54.0

16 Other Support 9.6

17 Total Support 0.0 0.0 446.6

18 Total Base OM&A 310.0 469.4 1,226.0

Table 6

Nuclear Base OM&A by Function ($M)

Plan - Calendar Year Ending December 31, 2018
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Table 7

Line Darlington Pickering

No. Function NGS NGS Total

(a) (b) (c)

Stations

1 Operations & Maintenance 634.7

2   - Operations 83.5 129.7 213.1

3   - Maintenance 167.8 253.7 421.5

4 Work Management 13.0 21.0 34.0

5 Site and Support Services 17.9 55.0 72.9

6 Tritium Removal Facility 21.0 0.0 21.0

7 Pickering Extended Operations 0.0 0.0 0.0

8 Total Stations 303.1 459.4 762.5

 

Support
1  

9 Engineering 178.5

10 Projects & Modifications 6.8

11 Nuclear Services 0.0

12 Fleet Operations and Maintenance 66.2

13 Security and Emergency Services 91.0

14 Inspection & Maintenance Services 44.2

15 Decommissioning & Nuclear Waste Mgmt 51.8

16 Other Support 9.6

17 Total Support 0.0 0.0 448.1

18 Total Base OM&A 303.1 459.4 1,210.6

Notes:

1

Operations of $1.0M.

Table 7

Nuclear Base OM&A by Function ($M)

Plan - Calendar Year Ending December 31, 2017

Nuclear Support Divisions includes Base OM&A expenditures for Pickering Extended
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Table 8

Line Darlington Pickering

No. Function NGS NGS Total

(a) (b) (c)

Stations

1 Operations & Maintenance 640.6

2   - Operations 88.2 123.1 211.4

3   - Maintenance 176.0 253.2 429.2

4 Work Management 13.9 20.2 34.1

5 Site and Support Services 18.8 55.6 74.4

6 Tritium Removal Facility 17.7 0.0 17.7

7 Pickering Extended Operations 0.0 0.0 0.0

8 Total Stations 314.7 452.1 766.8

 

Support
1  

9 Engineering 178.0

10 Projects & Modifications 7.4

11 Nuclear Services 0.0

12 Fleet Operations and Maintenance 71.0

13 Security and Emergency Services 93.9

14 Inspection & Maintenance Services 47.2

15 Decommissioning & Nuclear Waste Mgmt 49.9

16 Other Support (12.3)

17 Total Support 0.0 0.0 435.0

18 Total Base OM&A 314.7 452.1 1,201.8

Notes:

1

Operations of $11.0M.

Table 8

Nuclear Base OM&A by Function ($M)

Budget - Calendar Year Ending December 31, 2016

Nuclear Support Divisions includes Base OM&A expenditures for Pickering Extended
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Table 9

Line Darlington Pickering

No. Function NGS NGS Total

(a) (b) (c)

Stations

1 Operations & Maintenance 598.7

2   - Operations 88.9 111.9 200.7

3   - Maintenance 163.9 234.1 398.0

4 Work Management 13.2 18.3 31.5

5 Site and Support Services 16.2 60.8 77.0

6 Tritium Removal Facility 16.8 0.0 16.8

7 Pickering Continued Operations 0.0 0.0 0.0

8 Pickering Extended Operations 0.0 0.0 0.0

9 Total Stations 298.9 425.1 724.0

 

Support  

10 Engineering 161.6

11 Projects & Modifications 6.3

12 Nuclear Services 0.0

13 Fleet Operations and Maintenance 63.3

14 Security and Emergency Services 81.8

15 Inspection & Maintenance Services 34.0

16 Decommissioning & Nuclear Waste Mgmt 45.4

17 Other Support 43.3

18 Total Support 0.0 0.0 435.6

19 Total Base OM&A 298.9 425.1 1,159.6

Table 9

Nuclear Base OM&A by Function ($M)

Actual - Calendar Year Ending December 31, 2015
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Table 10

Line Darlington Pickering

No. Function NGS NGS Total

(a) (b) (c)

Stations

1 Operations & Maintenance 613.7

2   - Operations 89.6 121.6 211.2

3   - Maintenance 157.9 244.6 402.5

4 Work Management 15.0 18.3 33.3

5 Site and Support Services 18.4 52.7 71.1

6 Tritium Removal Facility 17.8 0.0 17.8

7 Pickering Conitnued Operations 0.0 0.0 0.0

8 Total Stations 298.8 437.1 735.9

 

Support  

9 Engineering 149.7

10 Projects & Modifications 5.8

11 Nuclear Services 73.7

12 Fleet Operations and Maintenance 26.1

13 Security and Emergency Services 83.6

14 Inspection & Maintenance Services 35.3

15 Decommissioning & Nuclear Waste Mgmt 0.0

16 Other Support 43.9

17 Total Support 0.0 0.0 418.1

18 Total Base OM&A 298.8 437.1 1,154.0

Notes:

1

Table 10

Nuclear Base OM&A by Function ($M)

OEB Approved
1
 - Calendar Year Ending December 31, 2015

As OEB Approved adjustments shown on Ex. F2-1-1 Table 2 were made at the aggregate 

Nuclear OM&A level, the figures presented here are 2015 Plan (from EB-2013-0321) rather than 

2015 OEB Approved.
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Table 11

Line Darlington Pickering

No. Function NGS NGS Total

(a) (b) (c)

Stations

1 Operations & Maintenance 580.9

2   - Operations 79.6 108.4 188.1

3   - Maintenance 153.1 239.7 392.8

4 Work Management 13.0 18.4 31.4

5 Site and Support Services 18.8 64.6 83.3

6 Tritium Removal Facility 15.6 0.0 15.6

7 Pickering Continued Operations 0.0 6.0 6.0

8 Total Stations 280.1 437.1 717.2

 

Support
1  

9 Engineering 147.6

10 Projects & Modifications 6.9

11 Nuclear Services 0.0

12 Fleet Operations and Maintenance 61.7

13 Security and Emergency Services 75.7

14 Inspection & Maintenance Services 34.2

15 Decommissioning & Nuclear Waste Mgmt
2 40.0

16 Other Support 43.8

17 Total Support 0.0 0.0 409.9

18 Total Base OM&A 280.1 437.1 1,127.1

Notes:

1 Nuclear Support Divisions includes Base OM&A expenditures for Pickering Continued

Operations of $1.3M.

2

Table 11

Nuclear Base OM&A by Function ($M)

Actual - Calendar Year Ending December 31, 2014

Beginning in 2014,  Decommissioning & Nuclear Waste Management is reported separately 

rather than being included under "Other Support".
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Table 12

Line Darlington Pickering

No. Function NGS NGS Total

(a) (b) (c)

Stations

1 Operations & Maintenance 599.4

2   - Operations 85.8 114.2 200.0

3   - Maintenance 155.9 243.6 399.5

4 Work Management 12.9 18.6 31.5

5 Site and Support Services 18.4 52.0 70.4

6 Tritium Removal Facility 16.5 0.0 16.5

7 Pickering Continued Operations 0.0 11.2 11.2

8 Total Stations 289.5 439.5 729.0

 

Support
2  

9 Engineering 152.2

10 Projects & Modifications 5.4

11 Nuclear Services 73.9

12 Fleet Operations and Maintenance 27.6

13 Security and Emergency Services 85.0

14 Inspection & Maintenance Services 35.7

15 Other Support 42.3

16 Total Support 0.0 0.0 422.1

17 Total Base OM&A 289.5 439.5 1,151.1

Notes:

1

2 Nuclear Support Divisions includes Base OM&A expenditures for Pickering Continued

Operations of $1.4M.

Table 12

Nuclear Base OM&A by Function ($M)

OEB Approved
1
 - Calendar Year Ending December 31, 2014

As OEB Approved adjustments shown on Ex. F2-1-1 Table 2 were made at the aggregate 

Nuclear OM&A level, the figures presented here are 2014 Plan (from EB-2013-0321) rather than 

2014 OEB Approved.



Numbers may not add due to rounding. Filed: 2016-05-27

EB-2016-0152

Exhibit F2

Tab 2

Schedule 1

Table 13

Line Darlington Pickering

No. Function NGS NGS Total

(a) (b) (c)

Stations

1 Operations & Maintenance 561.9

2   - Operations 75.8 104.1 179.9

3   - Maintenance 153.5 228.6 382.1

4 Work Management 15.5 19.2 34.6

5 Site and Support Services 15.6 50.4 66.0

6 Tritium Removal Facility 17.5 0.0 17.5

7 Pickering Continued Operations 0.0 9.9 9.9

8 Total Stations 277.8 412.2 690.0

 

Support
1  

9 Engineering 148.8

10 Projects & Modifications 7.4

11 Nuclear Services 75.0

12 Fleet Operations and Maintenance 30.5

13 Security and Emergency Services 79.9

14 Inspection & Maintenance Services 35.4

15 Other Support 60.7

16 Total Support 0.0 0.0 437.7

17 Total Base OM&A 277.8 412.2 1,127.7

Notes:

1 Nuclear Support Divisions includes Base OM&A expenditures for Pickering Continued

Operations of $1.6M.

Table 13

Nuclear Base OM&A by Function ($M)

Actual - Calendar Year Ending December 31, 2013



Numbers may not add due to rounding. Filed: 2016-05-27

EB-2016-0152

Exhibit F2

Tab 2

Schedule 1

Table 14

Line Darlington Pickering

No. Function NGS NGS Total

(a) (b) (c)

Stations

1 Operations & Maintenance 574.1

2   - Operations 79.8 99.7 179.5

3   - Maintenance 158.5 236.0 394.6

4 Work Management 16.1 19.9 36.0

5 Site and Support Services 18.0 52.4 70.4

6 Tritium Removal Facility 18.3 0.0 18.3

7 Pickering Continued Operations 0.0 12.6 12.6

8 Total Stations 290.7 420.8 711.4

 

Support
1  

9 Engineering 153.4

10 Projects & Modifications 6.6

11 Nuclear Services 75.1

12 Fleet Operations and Maintenance 30.2

13 Security and Emergency Services 84.2

14 Inspection & Maintenance Services 36.5

15 Other Support 42.3

16 Total Support 0.0 0.0 428.2

17 Total Base OM&A 290.7 420.8 1,139.6

Notes:

1 Nuclear Support Divisions includes Base OM&A expenditures for Pickering Continued

Operations of $1.9M.

Table 14

Nuclear Base OM&A by Function ($M)

Budget - Calendar Year Ending December 31, 2013
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COMPARISON OF BASE OM&A – NUCLEAR 1 

 2 

1.0 PURPOSE  3 

This evidence presents period-over-period comparisons of base OM&A costs for the nuclear 4 

facilities for 2013-2021, in support of the approval of OPG’s forecast base OM&A costs for 5 

the test period. 6 

 7 

2.0 OVERVIEW 8 

Base OM&A costs are forecast to increase from 2015 Actual to 2021 Plan by $116.7M. The 9 

primary drivers for this increase are purchased services and labour escalation reflecting 10 

collective agreement provisions. Purchased services increase to fund work programs to 11 

maintain asset reliability and address equipment aging issues. Labour costs are discussed 12 

further in Ex. F4-3-1.   13 

 14 

Period-over-period changes are presented in Ex. F2-2-2 Table 1. Net reportable variances 15 

and period-over-period changes (10 per cent or greater at the function level, subject to a 16 

minimum materiality limit of $1M) are discussed below.  17 

 18 

3.0 PERIOD-OVER-PERIOD CHANGES – TEST YEARS  19 

 20 

2017 Plan versus 2016 Budget 21 

Planned base OM&A in 2017 is $1,210.6M, which is $8.8M (0.7 per cent) higher than the 22 

2016 Budget amount of $1,201.8M.  23 

 24 

The reportable variances are as follows: 25 

 There is an increase in the base OM&A associated with the Tritium Removal Facility 26 

at Darlington station (+$3.3M or 18.8 per cent increase) primarily due to an 27 

incremental refrigeration system outage. 28 
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 There is an increase in the base OM&A associated with Other Support (+$21.9M or 1 

178 per cent increase) primarily reflecting a negative $15.4M labour price variance1 in 2 

the 2016 Budget. No similar variance was budgeted in Nuclear direct OM&A in 2017 3 

onwards as the impact was included in centrally-held pension and OPEB costs. 4 

 5 

2018 Plan versus 2017 Plan 6 

Planned base OM&A in 2018 is $1,226.0M, which is $15.3M (1.3 per cent) higher than the 7 

2017 Plan amount of $1,210.6M.   8 

 9 

The increase is primarily due to higher Pickering Station costs (+$10.0M or 2.2 per cent 10 

increase) and Darlington Station costs (+$6.9M or 2.3 per cent increase). 11 

 12 

There are no reportable variances. 13 

 14 

2019 Plan versus 2018 Plan 15 

Planned base OM&A in 2019 is $1,248.4M, which is $22.4M (1.8 per cent) higher than the 16 

2018 Plan amount of $1,226.0M.  17 

 18 

The increase is primarily due to higher support (e.g., Engineering, IMS) costs (+$9.3M or 2.1 19 

per cent increase), Darlington Station costs (+$8.4M or 2.7 per cent increase) and Pickering 20 

Station costs (+$4.7M or 1.0 per cent increase). 21 

 22 

There are no reportable variances. 23 

  24 

2020 Plan versus 2019 Plan 25 

Planned base OM&A in 2020 is $1,264.7M, which is $16.4M (1.3 per cent) higher than the 26 

2019 Plan amount of $1,248.4M. 27 

 28 

                                                 
1
 The labour price variance is the difference between the final amount of pension and OPEB current service cost 

charged to the Nuclear business unit in the budget versus the initial estimate reflected in the standard labour 
rates.  
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The increase is primarily due to higher support (e.g., Engineering, IMS) costs (+$13.4M or 1 

2.9 per cent increase). 2 

 3 

The reportable variances are as follows: 4 

 There is an increase in the base OM&A associated with the Darlington Site and 5 

Support Services (+$2.1M variance or 10.5 per cent increase) primarily due to 6 

increase in inventory obsolescence. 7 

 There is an increase in the base OM&A associated with the Inspection and 8 

Maintenance Services (+$5.4M variance or 12.3 per cent increase) primarily due to 9 

increase in base labour to support increased system health, plant and tool 10 

maintenance initiatives as well as new project starts.  11 

 12 

2021 Plan versus 2020 Plan 13 

Planned base OM&A in 2021 is $1,276.3M, which is $11.6M (0.9 per cent) higher than the 14 

2020 Plan amount of $1,264.7M.  15 

 16 

The increase is primarily due to higher support costs (+$8.7M or 1.8 per cent increase). 17 

 18 

The reportable variances are as follows: 19 

 There is an increase in the base OM&A associated with the Pickering Work 20 

Management (+$2.1M variance or 10.1 per cent increase) primarily due to the 21 

increased outage planning due to the higher number of planned outage days in 2021 22 

compared to 2020, mainly due to the planned Vacuum Building Outage.  23 

 There is a decrease in the base OM&A associated with the Darlington Work 24 

Management (-$2.1M variance or 15.9 per cent decrease) due to no scheduled 25 

planned outages that qualify for an outage shift premium. 26 

 There is a decrease in the base OM&A associated with Projects and Modifications (-27 

$2.0M variance or 33.1 per cent decrease) primarily due to a decrease in support 28 

required for the project portfolio work activities. 29 

 30 

4.0 PERIOD-OVER-PERIOD CHANGES – BRIDGE YEAR 31 
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 1 

2016 Budget versus 2015 Actual 2 

Budget base OM&A in 2016 is $1,201.8M, which is $42.2M (3.6 per cent) higher than the 3 

2015 Actual amount of $1,159.6M. 4 

 5 

The increase is primarily due to higher Pickering Station costs (+$27.0M or 6.4 per cent 6 

increase) and Darlington Station costs (+$15.8M or 5.3 per cent increase). 7 

  8 

The reportable variances are as follows: 9 

 There is an increase in the base OM&A associated with Darlington Site and Support 10 

Services (+$2.6M variance or 15.9 per cent increase) primarily due to expected 11 

station discovery work and regular staff budget in 2016, which were not incurred in 12 

2015. 13 

 There is an increase in the base OM&A associated with the Operations component of 14 

Pickering Operations and Maintenance (+$11.3M variance or 10.1 per cent increase) 15 

primarily due to spending to improve plant operations in areas of reliability and human 16 

performance.  17 

 There is an increase in the base OM&A associated with Pickering Work Management 18 

(+$1.9M variance or 10.2 per cent increase) primarily due to work management being 19 

under compliment in 2015. 20 

 There is an increase in base OM&A associated with Engineering (+$16.4M or 10.1 21 

per cent increase) primarily due to work related to Pickering Extended Operations 22 

and strategic research and development costs. 23 

 There is an increase in the base OM&A associated with Inspection and Maintenance 24 

Services (+$13.2M or 38.8 per cent increase) primarily due to higher labour as a 25 

result of 2015 attrition and movement of resources in 2015 from base OM&A activities 26 

to support outage extensions. 27 

 There is an increase in the base OM&A associated with Security and Emergency 28 

Services (+$12.1M variance or 14.8 per cent increase) primarily due to transfer in of 29 

security trainers from Corporate and other security officers, transfer in of fleet 30 
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maintenance from Supply Chain and higher purchased services for Fire Hazard 1 

Assessment and Emergency Management. 2 

 There is an increase in the base OM&A associated with Fleet Operations and 3 

Maintenance (+$7.8M variance or 12.3 per cent increase) primarily due to increased 4 

radiation protection support and emergent work. 5 

 There is an increase in the base OM&A associated with Projects and Modifications 6 

(+$1.0M variance or 16.6 per cent increase) primarily due to increased support 7 

required for the project portfolio work activities. 8 

 There is a decrease in the base OM&A associated with Other Support (-$55.6M or 9 

128.4 per cent decrease) primarily due to the negative labour price variance in 2016. 10 

 11 

5.0 PERIOD-OVER-PERIOD CHANGES – HISTORICAL YEARS   12 

 13 

2015 Actual versus 2015 OEB Approved2 14 

Actual Base OM&A in 2015 was $1,159.6M, which was $5.6M (0.5 per cent) higher than the 15 

2015 OEB Approved Budget of $1,154.0M. 16 

 17 

The increase was primarily due to higher Engineering and Decommissioning and Nuclear 18 

Waste Management costs, partially offset by lower Pickering operations and maintenance 19 

costs.  20 

 21 

The reportable variances are as follows: 22 

 Pickering Operations Site and Support Services (+$8.1M or 15.4 per cent increase) 23 

primarily reflecting an increase to the inventory obsolescence provision of $11.7M. 24 

 Nuclear Services eliminated (-$73.7M or 100.0 per cent decrease) with groups 25 

restructured to other organizations to improve alignment with key business areas. 26 

Nuclear Regulatory Affairs and Stakeholder Relations groups from Nuclear Services 27 

to new Decommissioning and Nuclear Waste Management organization (+$45.4 28 

variance) and Radiation Safety, Fleet Improvement, and Generation Planning groups 29 

                                                 
2
 As OEB Approved adjustments shown on Ex. F2-1-1 Table 2 were made at the aggregate Nuclear OM&A level, 

the figures presented here are 2015 Plan (from EB-2013-0321) rather than 2015 OEB Approved. 
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from Nuclear Services to Fleet Operations and Maintenance (+$37.2M variance or 1 

142.6 per cent increase). 2 

 Darlington Work Management (-$1.8M or 12.3 per cent decrease) primarily due to 3 

lower outage shift premiums to regular employees. 4 

 Darlington Site and Support Services (-$2.2M or 11.8 per cent decrease) primarily 5 

due to transfer out of the Chemistry and Environmental Compliance group to other 6 

business units. 7 

 8 

2015 Actual versus 2014 Actual 9 

Actual Base OM&A in 2015 was $1,159.6M, which was $32.5M (2.9 per cent) higher than the 10 

2014 Actual of $1,127.1M. 11 

 12 

The increase was primarily due to Darlington Station costs (+$18.8M or 6.7 per cent 13 

increase), Engineering (+$14.0M or 9.5 per cent increase), Security and Emergency Services 14 

(+$6.1M or 8.0 per cent increase) and Decommissioning and Nuclear Waste Management 15 

(+$5.3M or 13.3 per cent increase), partially offset by Pickering Continued Operations costs 16 

(-$6.0M or 100.0 per cent decrease). 17 

 18 

The reportable variances are as follows: 19 

 Decommissioning and Nuclear Waste Management (+$5.3M or 13.3 per cent 20 

increase) primarily due to higher CNSC License fees and planning activities for the 21 

end of commercial operations at Pickering. 22 

 Darlington Operations costs (+$9.2M or 11.6 per cent increase) primarily due to 23 

increase in the number of regular operations staff. 24 

 Darlington Site and Support Services (-$2.5M or 13.5 per cent decrease) as there 25 

was a reduction in the inventory obsolescence provision in 2015. 26 

 Pickering Continued Operations (-$6.0M or 100 per cent decrease) due to completion 27 

of all base outage expenditures on the program in 2014. 28 

 29 
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2014 Actual versus 2014 OEB Approved3 1 

Actual Base OM&A in 2014 was $1,127.1M, which was $24.0M (2.1 per cent) lower than the 2 

2014 Budget of $1,151.1M. 3 

 4 

The decrease was primarily due to lower station operations and maintenance costs, and 5 

lower Security and Emergency Services and Engineering costs. 6 

 7 

The reportable variances are as follows: 8 

 Pickering Operations Site and Support Services (+$12.6M or 24.1 per cent increase) 9 

primarily reflects higher inventory obsolescence (+$17.3M), partly offset by reduced 10 

labour costs due to vacancies (-$1.2M), purchased services budget allocated to 11 

maintenance activities (-$2.2M), and lower other costs primarily related to lower travel 12 

costs (-$1.3M). 13 

 Pickering Continued Operations (-$5.2M or 46.5 per cent decrease) primarily due to 14 

base work programs for Continued Operations being reduced to fund project OM&A 15 

related Continued Operations costs.  16 

 Projects and Modifications (+$1.6M or 29.5 per cent increase) primarily due to 17 

internal staff supporting outage work rather than using previously planned external 18 

contractors. 19 

 Security and Emergency Services (-$9.3M or 10.9 per cent decrease) primarily 20 

reflecting lower planned labour and transfer of staff to the corporate People and 21 

Culture group in OPG.  22 

 Nuclear Services eliminated (-$73.9M or 100.0 per cent decrease) with groups 23 

restructured to other organizations to improve alignment with key business areas. 24 

Nuclear Regulatory Affairs and Stakeholder Relations groups from Nuclear Services 25 

moved to new Decommissioning and Nuclear Waste Management organization 26 

(+$40.0M). Radiation Safety, Fleet Improvement, and Generation Planning groups 27 

from Nuclear Services moved to Fleet Operations and Maintenance (+$34.1M or 28 

123.4 per cent increase). 29 

                                                 
3
 As OEB Approved adjustments shown on Ex. F2-1-1 Table 2 were made at the aggregate Nuclear OM&A level, 

the figures presented here are 2014 Plan (from EB-2013-0321) rather than 2014 OEB Approved. 
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 1 

2014 Actual versus 2013 Actual 2 

Actual Base OM&A in 2014 was $1,127.1M, which was $0.5M lower than the 2013 Actual of 3 

$1,127.7M. 4 

 5 

Pickering Station costs increased by $24.9M (6.0 per cent increase) which were offset by 6 

decreased Support costs of $27.8M (6.3 per cent decrease). 7 

 8 

The reportable variances are as follows: 9 

 Pickering Site and Support Services (+$14.1M or 28.0 per cent increase) primarily 10 

reflects an increase in the provision for inventory obsolescence and an inventory 11 

writeoff.  12 

 Darlington Site and Support Services (+$3.1M or 20.1 per cent increase) primarily 13 

due to an increase in the inventory obsolescence provision in 2014. 14 

 Nuclear Services eliminated (-$75.0M variance or 100.0 per cent decrease) with 15 

groups restructured to other organizations to improve alignment with key business 16 

areas. Nuclear Regulatory Affairs and Stakeholder Relations groups from Nuclear 17 

Services moved to new Decommissioning and Nuclear Waste Management 18 

organization (+$40.0M variance). Radiation Safety, Fleet Improvement, and 19 

Generation Planning groups from Nuclear Services moved to Fleet Operations and 20 

Maintenance (+$31.2M variance or 102.1 per cent increase). 21 

 Other Support (-$16.9M variance or 27.8 per cent decrease) due to 2013 inventory 22 

write-off. 23 

 Pickering Continued Operations (-$3.9M variance or 39.4 per cent decrease) due to 24 

reduced work. 25 

 Darlington Work Management (-$2.5M variance or 16.3 per cent decrease) as there 26 

was one outage in 2014, compared to two outages in 2013, which resulted in less  27 

outage shift premiums to regular employees. 28 

 Tritium Removal Facilities (-$1.8M variance or 10.5 per cent decrease) primarily due 29 

to no planned refrigeration system outage in 2014. 30 

 31 
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2013 Actual versus 2013 Budget 1 

Actual Base OM&A in 2013 was $1,127.7M, which was $12.0M (1.1 per cent) lower than the 2 

2013 Budget of $1,139.6M. The decrease was primarily due to lower station Support 3 

Services, Engineering, and Security and Emergency Services costs. The reportable 4 

variances are as follows: 5 

 Darlington Site and Support Services (-$2.4M or 13.2 per cent decrease) primarily 6 

reflecting lower than expected discovery work. 7 

 Pickering Continued Operations (-$2.7M or 21.4 per cent decrease) primarily 8 

reflecting base work programs for Continued Operations being reduced and offset by 9 

project related  work for Pickering Continued Operations. 10 

 Other Support (+$18.4M or 43.6 per cent increase) primarily reflecting an unbudgeted 11 

inventory write-off (+$17.6M). 12 
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Line 2013 (c)-(a) 2013 (g)-(c) 2014 (g)-(e) 2014 (k)-(g) 2015 (k)-(i) 2015

No. Business Unit Budget Change
1 Actual Change

1
OEB Approved

2
Change

1 Actual Change
1

OEB Approved
2

Change
1 Actual

(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k)

Stations

1 Operations & Maintenance 574.1 (12.2) 561.9 19.0 599.4 (18.5) 580.9 17.8 613.7 (15.0) 598.7

2   - Operations 179.5 0.3 179.9 8.2 200.0 (11.9) 188.1 12.7 211.2 (10.5) 200.7

3   - Maintenance 394.6 (12.5) 382.1 10.8 399.5 (6.6) 392.8 5.1 402.5 (4.5) 398.0

4 Work Management 36.0 (1.4) 34.6 (3.3) 31.5 (0.1) 31.4 0.1 33.3 (1.8) 31.5

5 Site and Support Services 70.4 (4.4) 66.0 17.3 70.4 12.9 83.3 (6.3) 71.1 5.9 77.0

6 Tritium Removal Facility 18.3 (0.8) 17.5 (1.8) 16.5 (0.8) 15.6 1.2 17.8 (1.1) 16.8

7 Pickering Continued Operations 12.6 (2.7) 9.9 (3.9) 11.2 (5.2) 6.0 (6.0) 0.0 0.0 0.0

8 Pickering Extended Operations 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

9 Total Stations 711.4 (21.5) 690.0 27.2 729.0 (11.8) 717.2 6.8 735.9 (11.9) 724.0

Support
3

10 Engineering 153.4 (4.5) 148.8 (1.2) 152.2 (4.6) 147.6 14.0 149.7 11.9 161.6

11 Projects & Modifications 6.6 0.7 7.4 (0.4) 5.4 1.6 6.9 (0.6) 5.8 0.5 6.3

12 Nuclear Services 75.1 (0.1) 75.0 (75.0) 73.9 (73.9) 0.0 0.0 73.7 (73.7) 0.0

13 Fleet Operations and Maintenance 30.2 0.4 30.5 31.2 27.6 34.1 61.7 1.6 26.1 37.2 63.3

14 Security and Emergency Services 84.2 (4.3) 79.9 (4.2) 85.0 (9.3) 75.7 6.1 83.6 (1.8) 81.8

15 Inspection & Maintenance Services 36.5 (1.1) 35.4 (1.2) 35.7 (1.5) 34.2 (0.2) 35.3 (1.4) 34.0

16 Decommissioning & Nuclear Waste Mgmt
4 0.0 0.0 0.0 40.0 0.0 40.0 40.0 5.3 0.0 45.4 45.4

17 Other Support 42.3 18.4 60.7 (16.9) 42.3 1.4 43.8 (0.5) 43.9 (0.6) 43.3

18 Total Support 428.2 9.5 437.7 (27.8) 422.1 (12.2) 409.9 25.7 418.1 17.5 435.6

19 Total Base OM&A 1139.6 (12.0) 1127.7 (0.5) 1151.1 (24.0) 1127.1 32.5 1154.0 5.6 1159.6

Line 2015 (c)-(a) 2016 (e)-(c) 2017 (g)-(e) 2018 (i)-(g) 2019 (k)-(i) 2020

No. Business Unit Actual Change
1 Budget Change

1 Plan Change
1 Plan Change

1 Plan Change
1 Plan

(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k)

Stations

20 Operations & Maintenance 598.7 41.9 640.6 (6.0) 634.7 10.3 644.9 12.8 657.7 (1.6) 656.1

21   - Operations 200.7 10.6 211.4 1.8 213.1 10.9 224.0 1.6 225.7 (5.9) 219.8

22   - Maintenance 398.0 31.3 429.2 (7.7) 421.5 (0.6) 420.9 11.1 432.0 4.3 436.3

23 Work Management 31.5 2.6 34.1 (0.1) 34.0 (0.4) 33.6 0.5 34.1 0.4 34.5

24 Site and Support Services 77.0 (2.6) 74.4 (1.5) 72.9 6.1 79.0 0.9 79.9 3.9 83.8

25 Tritium Removal Facility 16.8 0.9 17.7 3.3 21.0 0.9 21.9 (1.1) 20.8 0.3 21.1

26 Pickering Continued Operations 0.0 (0.0) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

27 Pickering Extended Operations 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

28 Total Stations 724.0 42.8 766.8 (4.2) 762.5 16.8 779.4 13.1 792.5 3.0 795.5

Support
3

29 Engineering 161.6 16.4 178.0 0.5 178.5 2.0 180.5 3.3 183.8 3.7 187.5

30 Projects & Modifications 6.3 1.0 7.4 (0.6) 6.8 (1.0) 5.8 0.1 5.8 0.1 5.9

31 Nuclear Services 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

32 Fleet Operations and Maintenance 63.3 7.8 71.0 (4.8) 66.2 (3.0) 63.2 1.4 64.6 0.9 65.5

33 Security and Emergency Services 81.8 12.1 93.9 (2.9) 91.0 0.2 91.2 2.2 93.4 2.1 95.5

34 Inspection & Maintenance Services 34.0 13.2 47.2 (2.9) 44.2 (1.8) 42.4 1.7 44.2 5.4 49.6

35 Decommissioning & Nuclear Waste Mgmt 45.4 4.5 49.9 2.0 51.8 2.2 54.0 0.5 54.5 1.1 55.6

36 Other Support 43.3 (55.6) (12.3) 21.9 9.6 (0.0) 9.6 0.1 9.7 0.1 9.7

37 Total Support 435.6 (0.6) 435.0 13.1 448.1 (1.5) 446.6 9.3 455.9 13.4 469.2

38 Total Base OM&A 1,159.6 42.2 1,201.8 8.8 1,210.6 15.3 1,226.0 22.4 1,248.4 16.4 1,264.7

Line 2020 (c)-(a) 2021

No. Business Unit Plan Change
1 Plan

(a) (b) (c)

Stations

39 Operations & Maintenance 656.1 (0.7) 655.5

40   - Operations 219.8 (1.2) 218.5

41   - Maintenance 436.3 0.6 436.9

42 Work Management 34.5 (0.0) 34.5

43 Site and Support Services 83.8 2.6 86.4

44 Tritium Removal Facility 21.1 1.0 22.1

45 Pickering Extended Operations 0.0 0.0 0.0

46 Total Stations 795.5 2.9 798.4

Support
3

47 Engineering 187.5 4.3 191.8

48 Projects & Modifications 5.9 (2.0) 4.0

49 Nuclear Services 0.0 0.0 0.0

50 Fleet Operations and Maintenance 65.5 0.7 66.1

51 Security and Emergency Services 95.5 2.5 98.0

52 Inspection & Maintenance Services 49.6 3.1 52.7

53 Decommissioning & Nuclear Waste Mgmt 55.6 0.3 55.8

54 Other Support 9.7 (0.2) 9.5

55 Total Support 469.2 8.7 477.9

56 Total Base OM&A 1,264.7 11.6 1,276.3

Notes:

1

2

3

4

Table 1

Comparison of Nuclear Base OM&A by Function ($M)

Bold italic font indicates variance of 10% or greater. 

As OEB Approved adjustments shown on Ex. F2-1-1 Table 2 were made at the aggregate Nuclear OM&A level, the figures presented here are 2014 Plan and 2015 Plan (from EB-2013-0321) rather than 

2014 OEB Approved and 2015 OEB Approved, respectively.

Nuclear Support includes expenditures for Pickering Continued Operations and Pickering Extended Operations. See Ex. F2-2-1 Table 1, Notes 1 and 2.

Beginning in 2014, Nuclear Waste & Decommissioning is reported separately rather than being included under "Other Support".     
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PICKERING EXTENDED OPERATIONS  1 

 2 

1.0 PURPOSE 3 

The purpose of this evidence is to discuss OPG’s plan to extend the safe operation of 4 

Pickering (“Extended Operations”) and to describe its associated costs and benefits. Under 5 

OPG’s plan, as approved by the Province of Ontario, all six units at Pickering would operate 6 

until 2022, at which point two units would be shut down and the remaining four units would 7 

operate until 2024. Achievement of the plan is subject to the results of certain ongoing 8 

investigations and requires Canadian Nuclear Safety Commission (“CNSC”) approval. While 9 

the activities comprising Extended Operations and their associated costs are discussed in 10 

this evidence, recovery of all costs discussed here is requested through the Nuclear OM&A 11 

and capital exhibits and associated tables presented elsewhere in this application.  12 

  13 

2.0 OVERVIEW 14 

The Pickering Nuclear Generating Station consists of six operating 540 MW reactors that 15 

were placed into service between 1971 and 1986 (see Ex. A1-4-3 for additional background 16 

information). OPG had planned to safely operate all six units until 2020; it now plans to safely 17 

operate six units until the end of 2022 and the remaining four units until 2024 as per the 18 

2016-18 Business Plan.1  19 

 20 

OPG has conducted assessments to demonstrate that extending operations is safe, 21 

technically feasible and has economic benefits for Ontario. These efforts build on the work 22 

OPG has successfully undertaken as part of the Pickering Continued Operations initiative to 23 

enable operation to 2020.2  24 

                                                
1
 The Business Case Summary (Attachment 2) shows Units 1 and 4 operating until the end of 2022 and Units 5-8 

operating until the end of 2024, but confirmation of the planned shutdown date of each unit is subject to further 
testing and analysis.   
2
 In EB-2010-0008, OPG presented the Pickering Continued Operations initiative aimed at operating the Pickering 

B Units for a further four calendar years (i.e., Units 5 and 6 to 2018 and Units 7 and 8 to 2020) by achieving 
240,000 Effective Full Power Hours (“EFPH”). (See EB-2010-0008, Ex. F2-2-3). As part of the Pickering 
Continued Operations initiative and in association with other CANDU operators, OPG initiated the Fuel Channel 
Life Management (“FCLM”) project in order to develop ways of managing technical risks associated with pressure 
tubes (fuel channels), which are seen as the life limiting component.  

In EB-2013-0321, OPG filed an updated Pickering Continued Operation’s Business Case, indicating that 
the FCLM project was revised to achieve high confidence that the fuel channels could attain an operational life of 



Filed: 2016-05-27 
EB-2016-0152 
Exhibit F2 
Tab 2 
Schedule 3 
Page 2 of 9 
 

 1 

Extended Operations involves incremental activities comprised of additional outage scope 2 

(inspections and maintenance), projects (plant modifications), work to respond to potential 3 

regulatory requirements and other necessary improvements. The estimated cost of this 4 

incremental work, above normal operating costs, is $307M over 2016-2020.3 Normal 5 

operating activities and their associated costs will continue through to 2024 with amounts 6 

forecast for 2017 through 2021 included in the test period costs. The incremental investment 7 

will allow OPG to generate approximately 62 additional TWh over the remaining life of the 8 

plant, which equates to a levelized unit energy cost (“LUEC”) of about 6.5 cents/KWh for the 9 

additional production.  10 

 11 

The IESO has conducted an independent analysis for the Ministry of Energy that calculates 12 

the Ontario Electricity System benefits of Extended Operations at between $300M and 13 

$500M. Copies of the IESO’s updated October 2015 and original March 2015 analyses are 14 

included as Attachment 1 to this exhibit. Extending the operation of Pickering mitigates 15 

capacity uncertainties during the refurbishments of the Darlington and Bruce stations. The 16 

overall system economic value is positive because Pickering’s availability reduces the need 17 

to construct and operate more expensive gas-fired capacity. It is also projected to reduce 18 

CO2 emissions by approximately 17 million tonnes over the 2021 to 2024 period. On January 19 

11, 2016, the Government of Ontario announced the approval of OPG’s plan to operate 20 

Pickering to 2024. 21 

 22 

3.0 EXTENDING PICKERING OPERATIONS 23 

3.1 The Decision to Extend Pickering Operations 24 

In November 2015, the OPG Board of Directors approved Pickering Extended Operations. 25 

                                                                                                                                                   

247,000 EFPH. (See EB-2013-0321, Ex. F2-2-3, page 1). The Fuel Channel Life Management project was 
successfully completed in 2015 and provided the information necessary to enable a high confidence fitness-for-
service statement for the Pickering fuel channels to reach 247,000 EFPH as the project intended. This work also 
underpinned OPG’s successful application to the CNSC to allow Pickering to operate to 247,000 EFPH.  

OPG subsequently commenced the Fuel Channel Life Extension (“FCLE)” project. While the majority of 
the cost of the FCLE project relates to Darlington, not Pickering, the project did help to provide high confidence for 
Pickering Fuel Channels to achieve 261,000 EFPH, allowing all units to operate until December 2020 without life 
management outages. (See EB-2013-0321, Ex. F2-3-3, Attachment 1, Tab 11, page 3). 
3
 Of this amount, about $290M is expected to be expended in the 2017-21 test period. 
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The Business Case Summary (“BCS”) supporting Extended Operations is attached as 1 

Attachment 2 to this exhibit. The BCS included a partial release of $52M, of the $307M in 2 

costs to enable Extended Operations, primarily to complete the Periodic Safety Review, the 3 

Fuel Channel Life Assurance Project, component condition assessments and to execute 4 

incremental maintenance and inspections during planned outages in 2017. OPG’s 5 

Management will seek a full release of the remaining funds following completion of both the 6 

Fuel Channel Life Assurance Project and the Periodic Safety Review. 7 

 8 

On January 11, 2016, the Minister of Energy announced that the Government had approved 9 

OPG’s plan to pursue Extended Operations. Leading up to this announcement, the Ministry 10 

of Energy had been working with OPG and the IESO to analyze the technical feasibility, 11 

costs and benefits of Extended Operations.  12 

 13 

3.2 CNSC Requirements 14 

The current five-year power reactor operating licence for Pickering is set to expire August 31, 15 

2018. Based on the success of OPG’s Continued Operations project, in June 2014 the 16 

CNSC approved OPG’s request to remove the hold point for operation past 210,000 17 

Equivalent Full Power Hours (“EFPH”). By this action, the CNSC authorized operation up to 18 

247,000 EFPH, which would allow the plant to operate to OPG’s previously planned 19 

shutdown dates in 2020.  20 

 21 

OPG’s operating license requires it to provide written confirmation of the planned end-of-life 22 

date for Pickering to the CNSC by June 30, 2017. OPG will provide that confirmation in 2017 23 

as part of the licence renewal application for the next operational period. OPG expects to 24 

request a 10-year licence renewal, which will take the units through both the end of 25 

commercial operations and the safe storage project period (i.e., until the units are in a safe 26 

stored state). OPG anticipates that the CNSC decision addressing operation beyond 2020 27 

will occur as part of the Pickering licence renewal.  28 

 29 

3.3 The Work Required for Extended Operations and its Cost 30 

In order to achieve the operating lives in OPG’s 2016-2018 Business Plan, certain work must 31 
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be undertaken over the test period. This work is comprised of enabling actions required to 1 

extend operations and secure the necessary CNSC approvals. In addition, funds necessary 2 

to support the plant’s normal operating activities have been included over the 2016-2021 3 

period. The cost of these activities would have previously been forecast to decline when the 4 

plant was scheduled to shutdown in 2020.     5 

 6 

Chart 1 below shows the estimated costs to enable Extended Operations and operate 7 

Pickering in each year of the test period. While this exhibit discusses these costs, they are 8 

recovered primarily through the base, project and outage OM&A exhibits (Exhibits F2-2-1, 9 

F2-3-1 and F2-4-1, respectively) with the relatively smaller amount of capital expenditures for 10 

Pickering projects and minor fixed assets recovered through Ex. D2-1-2. Thus, there is no 11 

additional revenue requirement request associated with this exhibit.   12 

 13 

 14 
 15 

3.3.1 Enabling Work and its Associated Cost  16 

In advance of recommending Extended Operations, OPG completed an initial technical 17 

assessment of the Pickering units’ continued ability to operate to the proposed shutdown 18 
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dates. OPG has determined that the technical feasibility of operation to 2022/2024 is 1 

sufficient to support proceeding with Extended Operations as the planning basis for 2 

operational and investment purposes. The technical assessments completed also produced 3 

the scope of work required to demonstrate fitness-for-service to the proposed shutdown 4 

dates. The main elements of this scope of work are: 1) the Periodic Safety Review; 2) the 5 

Fuel Channel Life Assurance project; and 3) component condition assessments. 6 

 7 

Based on discussions with the CNSC, an update to the Periodic Safety Review is required in 8 

advance of the 2018 Re-licensing Hearings to support OPG’s plans to extend Pickering 9 

operations beyond 2020. A Periodic Safety Review evaluates an existing plant and the 10 

programs used in its operation against the modern codes and standards that would apply to 11 

a new nuclear plant. Potential safety enhancements are then assessed to identify the 12 

alternatives that can be reasonably and practicably implemented to improve safety during the 13 

four years of additional operations. Work on the update to the Periodic Safety Review began 14 

in 2015 and will be completed in early 2017 so that the information confirming that Pickering 15 

is safe to operate will be available prior to OPG’s licence application to the CNSC.  16 

  17 

The major limiting component for Extended Operation of Pickering is the life expectancy of 18 

the fuel channels where the pressure tube dimensional changes that occur over time have 19 

the potential to restrict operations. Technical work on the fuel channels’ fitness-for-service 20 

will continue through the Fuel Channel Life Assurance project and ongoing inspections. The 21 

work program consists of analysis and research and development work to assess fuel 22 

channel fitness-for-service for the planned operating durations and to develop methods for 23 

assuring that each Pickering Unit can meet its extended service life target. As noted in 24 

section 3.3.1 number 2 above, this work program builds on the Fuel Channel Life 25 

Management and Fuel Channel Life Extension projects that OPG undertook as part of 26 

Pickering Continued Operations. 27 

   28 

While the technical fitness-for-service of other major components is not considered life 29 

limiting, component condition assessments will validate their fitness-for-service to the 30 

planned operation dates. Planned outages will involve maintenance and inspection of steam 31 



Filed: 2016-05-27 
EB-2016-0152 
Exhibit F2 
Tab 2 
Schedule 3 
Page 6 of 9 
 

generators, feeders, ‘balance of plant’ components (including fueling machine maintenance). 1 

Examples of the work expected to be performed include spacer location and relocation work, 2 

additional steam generator water-lancing and feeder replacements.  3 

 4 

The costs to enable Extended Operations are forecast to be $307M from 2016 to 2020. 5 

These costs include those to complete the Periodic Safety Review, the Fuel Channel Life 6 

Assurance project, component condition assessments, incremental outage inspections and 7 

maintenance programs and potential modifications that are required to demonstrate fitness-8 

for-service beyond 2020 and maintain safe, reliable operations. Chart 2 below shows the 9 

breakdown of these costs.  10 

 11 

Chart 2: Pickering Extended Operations – Enabling Costs ($M) 12 

 13 

 14 

3.3.2 Normal Operations and their Associated Cost 15 

With shutdown previously anticipated in 2020, ongoing operations and their costs were set to 16 

decline starting in 2017. With Extended Operations, OPG needs to restore on-going 17 

operating and maintenance programs to normal levels for the 2017 to 2020 period. For 18 

example, outages requirements set to decline under the previous plan will now need to be 19 

reinstated. As well, both OM&A and capital projects need to be restored to the levels 20 

required to continue to operate safely for four additional years and to maintain or improve 21 

plant reliability during that time. The costs in this category shown in Chart 1 are those 22 

Line

No. Cost Item 2016 2017 2018 2019 2020 Total Reference

(a) (b) (c) (d) (e) (f) (g)

1 Base OM&A 11.0 1.0 0.0 0.0 0.0 12.0 Ex. F2-2-1 Table 1

2 Outage OM&A:  

3    Pickering Station 0.0 12.2 11.6 20.8 22.8  Ex. F2-4-1 Table 1

4    Nuclear Support 0.0 9.9 25.7 67.9 62.8  Ex. F2-4-1 Table 1

5 Total Outage OM&A 0.0 22.1 37.3 88.7 85.6 233.7

6 Project OM&A 4.0 2.5 18.0 18.4 18.7 61.6 Ex. F2-3-1 Table 1

7 Total Pickering Extended Operations 15.0 25.6 55.3 107.1 104.3 307.2
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required to restore on-going operating and maintenance programs back to normal resource 1 

levels over the 2017-2020 period.  2 

 3 

The 2021 normal operating costs are those required to maintain ongoing base operations, 4 

project and outage OM&A work as well as the capital projects necessary to continue the safe 5 

operation and maintenance of the plant. These costs also include funds for a scheduled 6 

Vacuum Building Outage in 2021.  7 

 8 

3.4 The Benefits of Extending Pickering Operations 9 

For the Ontario Electricity System, extending the operation of Pickering will mitigate capacity 10 

uncertainties during the refurbishments of the Darlington and Bruce stations. The overall 11 

system economic value is positive because having Pickering available reduces the need to 12 

operate more expensive gas-fired capacity and the costs associated with siting and building 13 

additional gas-fired generation, and possible carbon pricing costs. Extended Operations also 14 

reduces the need for imports and reduces CO2 emissions by approximately 17 million tonnes 15 

over the 2021 to 2024 period.  16 

 17 

The IESO completed an updated assessment of Extended Operations in October 2015 (see 18 

Attachment 1). This assessment shows a present value benefit ranging from $300M to 19 

$500M ($2015). The IESO’s assessment closely corresponds to OPG’s internal assessment, 20 

which shows benefits ranging from $500M to $600M, with the difference arising primarily 21 

because the IESO uses a lower real discount rate (4 per cent versus approximately 5 per 22 

cent used by OPG) and different system assumptions for items such as load growth and the 23 

price of gas-fired generation. 24 

 25 

For electricity customers, the primary benefit is to moderate the rate impacts, prior to rate 26 

smoothing, which would otherwise occur during the height of the Darlington refurbishment 27 

following shutdown of the Pickering units (See Ex. A1-3-3). This is made possible by 28 

increased nuclear generation after 2020, which results in a larger OPG generation base over 29 

which to spread the impacts of the Darlington Refurbishment costs being placed into the rate 30 

base.  31 
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 1 

OPG expects to incur severance and related costs following the eventual shutdown of 2 

Pickering. Extended Operations will defer the costs associated with closure of the station. 3 

Delaying the incurrence of these costs by up to four years reduces their present value. This 4 

is true even if there is no change in their nominal value. Additional deferral benefits come 5 

from delaying the costs to place the Pickering Units in a safe-stored state and eventually 6 

dismantling the units. Extending the time before these costs are incurred also permits 7 

additional growth in the decommissioning funds.  8 

 9 

4.0 VARIANCE ACCOUNT 10 

Differences between forecast and actual Extended Operations spending, including amounts 11 

spent in 2016 where no forecast was incorporated in the 2014-15 approved payment 12 

amounts, will be included in the Capacity Refurbishment Variance Account for disposition in 13 

a future proceeding. This variance account is discussed in Ex. H1-1-1, section 5.6. 14 

  15 
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ATTACHMENTS 1 

 2 

Attachment 1: IESO Analyses: “Assessment of Pickering Life Extension Options: October 3 

2015 Update” and “Assessment of Pickering Life Extension Options” - March 4 

9, 2015  5 

 6 

Attachment 2: Pickering Extended Operations Business Case Summary  7 

 8 

 9 

 10 

Note: Attachment 2 is marked “Confidential” or “Internal Use Only”, however, OPG has 11 

determined it to be non-confidential in its entirety. 12 



Assessment of Pickering Life Extension Options: 
October 2015 Update 

Power System Planning 

October 30, 2015 
Updated November 4, 2015 

Prepared for discussion with Ministry of Energy 
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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.  

2 
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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. 

$2.0 $2.1

$0.3 $0.2

-$0.8 -$0.8

-$1.5 -$1.4

-$0.4* -$0.4*-$0.5
-$0.3

-$3.5

-$3.0

-$2.5

-$2.0

-$1.5

-$1.0

-$0.5

$0.0

$0.5

$1.0

$1.5

$2.0

$2.5

$3.0

$3.5

Pickering to 2022/2024                                                    

(Medium Scenario)

Pickering to 2022/2024                                                                   

(Low Scenario)

N
e

t 
P

re
se

n
t 

V
a

lu
e

 o
f 

C
h

a
n

g
e

 in
 E

le
c

tr
ic

it
y
 S

y
st

e
m

 C
o

st
  

C
o

m
p

o
n

e
n

ts

R
e

la
ti

v
e

 t
o

 P
ic

k
e

ri
n

g
 t
o

 2
0

2
0

(2
0

1
5

 $
 B

ill
io

n
)

C
O

S
TS

 
S
A

V
IN

G
S
 

$2.0 $2.1

$0.3 $0.2

-$0.8 -$0.8

-$1.5 -$1.4

$0.4 $0.4

-$0.5
-$0.3

-$3.5

-$3.0

-$2.5

-$2.0

-$1.5

-$1.0

-$0.5

$0.0

$0.5

$1.0

$1.5

$2.0

$2.5

$3.0

$3.5

Pickering to 2022/2024 vs to 

2020                           
(Medium Scenario)

Pickering to 2022/2024 vs to 

2020                                (Low 
Scenario)

N
e

t 
P

re
se

n
t 

V
a

lu
e

 o
f 

C
h

a
n

g
e

 in
 E

le
c

tr
ic

it
y
 S

y
st

e
m

 C
o

st
  

C
o

m
p

o
n

e
n

ts

R
e

la
ti

v
e

 t
o

 P
ic

k
e

ri
n

g
 t
o

 2
0

2
0

(2
0

1
4

 $
 B

ill
io

n
)

Pickering Capital & OMA Costs

Nuclear Energy Production Costs

Replacement Capacity Costs

Gas-Fired/Import Energy Production Costs

Renewable Energy Production

Export Revenues

Net Change in Electricity System Costs

Pickering to 2022/2024 

(Case with +65 TWh of Pickering Production) 

Pickering to 2022/2024 

(Case with +62 TWh of Pickering Production) 

Filed: 2016-05-27 

EB-2016-0152 

Exhibit F2-2-3 

Attachment 1 

Page 6 of 116



$20.0

$20.5

$21.0

$21.5

$22.0

$22.5

$23.0

$23.5

$24.0

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

To
ta

l C
o

st
 o

f 
E

le
c

tr
ic

it
y

 S
e

rv
ic

e

(2
0

1
5

 $
 B

ill
io

n
)

Pickering to 2020 Pickering to 2022/2024

$20.0

$20.5

$21.0

$21.5

$22.0

$22.5

$23.0

$23.5

$24.0

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

To
ta

l C
o

st
 o

f 
E

le
c

tr
ic

it
y

 S
e

rv
ic

e

(2
0

1
5

 $
 B

ill
io

n
)

LTEP (2013) Pickering to 2020 Pickering to 2022/2024

-$1.5

-$1.0

-$0.5

$0.0

$0.5

$1.0

$1.5

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

C
h

a
n

g
e

 in
 T

o
ta

l 
C

o
st

 o
f 

E
le

c
tr

ic
it
y

 S
e

rv
ic

e

P
2

0
2

2
/2

0
2

4
 R

e
la

ti
v

e
 t

o
 P

2
0

2
0

(2
0

1
5

 $
 B

ill
io

n
)

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. 
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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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• 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.   
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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 
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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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NPV evaluated at a 4% real discount rate.   
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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). 

15 

NPV evaluated at a 4% real discount rate.  Excludes transmission and decommissioning advancement/deferral value. 
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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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In the case with +65 TWh of Pickering production, 50% 
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. 
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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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LTEP (2013) Pickering to 2020 Pickering to 2022/2024
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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
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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.  

26 

Filed: 2016-05-27 

EB-2016-0152 

Exhibit F2-2-3 

Attachment 1 

Page 26 of 116



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 

28 

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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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
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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 

Filed: 2016-05-27 

EB-2016-0152 

Exhibit F2-2-3 

Attachment 1 

Page 44 of 116



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 
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A 
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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. 
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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. 
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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 
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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. 
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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 
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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. 
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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. 

30 

$90

$100

$110

$120

$130

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

In
d

u
st

ri
al

 E
le

ct
ri

ci
ty

 R
at

e
(n

o
m

in
al

 $
/M

W
h

)

LTEP (2013) Pickering to 2020 Pickering to 2022 Pickering to 2022/2024 Pickering to 2024 Pickering to 2018

-$6

-$4

-$2

$0

$2

$4

$6

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

C
h

an
ge

 in
 In

d
u

st
ri

al
 E

le
ct

ri
ci

ty
 R

at
e

R
el

at
iv

e 
to

 P
ic

ke
ri

n
g 

to
 2

0
2

0
(n

o
m

in
al

 $
/M

W
h

)

Pickering to 2018 Pickering to 2022 Pickering to 2022/2024 Pickering to 2024

Filed: 2016-05-27 

EB-2016-0152 

Exhibit F2-2-3 

Attachment 1 

Page 71 of 116



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 
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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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Impact of Alternative Darlington Refurbishment Schedules on the 
Value of Pickering Life Extension 

34 
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Pickering extension options were assessed against three Darlington refurbishment 
sequences. One sequence features some overlap among Darlington refurbishments.  
Two sequences feature no overlap - in sequences without overlap, one relies on idle 
time at Darlington units 3 and 4 to attain the required service life. 
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Removing overlap (a.k.a. “unlapping”) among Darlington refurbishment 
outages increases available supply from Darlington to 2023, but defers the 
completion of the full Darlington refurbishment to the late 2020s 

• OPG’s current refurbishment schedule for Darlington sees refurbishments commencing in 2016 with an overlapping of refurbishment outages between units D2 and D3 as 
well as between units D3 and D4 . This schedule is per OPG’s current business plan and is consistent with that assumed in LTEP (2013) 

 

• The alternative refurbishment schedules explored eliminate overlapping refurbishment outages across Darlington units  

– In the case “without idle time”,  it is assumed all units are operable up to their scheduled refurbishment dates 

– In the case “with idle time”,  where unit end of life is prior to refurbishment start, units are shutdown early  and are unavailable until after refurbishment is complete 
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Overlap among Darlington refurbishments 
results in a pronounced reduction in Darlington 

availability in the early 2020s 
Removing overlap among Darlington refurbishments but 
with idle time defers the pronounced reduction in 
Darlington availability to the mid-2020s and reduces the 
duration of the reduction.  The  

Removing overlap among Darlington refurbishments 
without idle time avoids the pronounced reduction in 
Darlington availability seen in the other sequences 
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Removing overlap among Darlington refurbishments would not significantly change 
the timing of projected capacity needs under reference Pickering and Pickering 
extended operations scenarios.  Where Pickering is shut down in 2020, however, 
unlapping Darlington would reduce the amount of additional resources needed 
between 2020 and 2024. Where Pickering operates to 2022/2024, unlapping 
Darlington would increases surpluses. 
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Unlapped Darlington refurbishments result in greater Darlington availability 
between 2020 and 2024 and therefore result in greater energy production from 
Darlington within the same period.  All of this, in turn, leads to less gas-fired 
production and imports and more exports. 
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Unlapping Darlington refurbishments tends to increase potential surplus 
energy in the early-to-mid 2020s, but reduces potential surplus energy in 
the late 2020s 
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Unlapping Darlington reduces OPG’s nuclear rates between 2020 and 2024 
as a result of higher annual Darlington production. Rates are further 
reduced by extending Pickering operation. 
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Unlapping Darlington increases OPG’s nuclear costs by $0.6 (with idle time) to 
$0.7B (without idle time) (NPV 2014 $). This is driven by increase in 
refurbishment capital cost due to longer project schedule (extension of support 
costs, potential inefficiencies in crew transitions, etc). OPG has indicated that 
changes to Darlington’s current “lapped” refurbishment schedule may also 
introduce additional project risks. 

42 
System Cost Increase (+) / Decrease (-).  NPV evaluated at a 4% real discount rate.  
Excludes transmission and decommissioning advancement/deferral costs. 
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The effect on the total annual cost of electricity service of unlapping 
refurbishment outages at Darlington varies over time  
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44 

Similar trends are evident when it comes to the impact of unlapped 
Darlington refurbishment on residential bills and industrial rates 

Residential bill assumes a typical residential consumption of 800 kWh/month. Industrial rate 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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45 
System Cost Increase (+) / Decrease (-).  NPV evaluated at a 4% real discount rate.  
Excludes transmission and decommissioning advancement/deferral costs. 

The value of unlapping Darlington refurbishments varies by Pickering extension 
scenario. Unlapping Darlington increases net costs under most Pickering scenarios 
assessed, unlapping with idle time increases costs more. Where benefits of 
unlapping Darlington are seen, they are marginal and are premised on achieving 
the unlapped sequence without idle time. 
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Reciprocally, the value of extended Pickering operations varies by Darlington 
scenario.  Broadly, unlapping Darlington reduces the value of extended Pickering 
operations: the two compete for the same bandwidth.  The example below shows 
the effects of unlapping Darlington on the net benefits of extended Pickering 
operation to 2022/2024: net benefits diminish as Darlington units are unlapped. 

46 
System Cost Increase (+) / Decrease (-).  NPV evaluated at a 4% real discount rate.  
Excludes transmission and decommissioning advancement/deferral costs. 
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Expanding on the previous illustration: although Pickering costs remain 
relatively unchanged across Darlington scenarios, unlapping Darlington in 
conjunction  with extended Pickering operation reduces the amount of cost 
savings that extended Pickering operation achieves from avoided replacement 
capacity and avoided energy production from gas-fired resources and imports 

47 
System Cost Increase (+) / Decrease (-).  NPV evaluated at a 4% real discount rate.  
Excludes transmission and decommissioning advancement/deferral costs. 
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48 

Cost summary: extended Pickering operations to 2022/2024 has the most 
value among options considered. Unlapping Darlington reduces the value 
of extended Pickering operations. 

Table shows NPV 

from 2015-2032 in 

billions of 2014 

dollars compared 

to the base case 

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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49 

Table shows total 

change in CO2 

emissions between 

2015-2032 in 

megatonnes (MT) 

compared to the 

base case 

Emissions summary: extending Pickering operations to 2022/2024 or 2024 
results in the lowest cumulative emissions between 2015 and 2032 among 
options considered.  
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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
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50 

• Overview of methodology 
• Assumptions 
• Data tables 

APPENDIX 
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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 

53 
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Cost Tables:  
Pickering to 2022, Darlington Lapped vs 
Pickering to 2020, Darlington Lapped 

54 

Change in Energy Production (TWh) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 Total

Nuclear 0 0 0 -2 0 -2 22 24 0 0 0 0 0 0 0 0 0 0 41

Fossil/Gas 0 0 0 0 0 0 -7 -7 0 0 0 0 0 0 0 0 0 0 -14

Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Economic Imports 0 0 0 1 0 0 -8 -8 0 0 0 0 0 0 0 0 0 0 -14

Economic Exports 0 0 0 -1 0 -1 6 9 0 0 0 0 0 0 0 0 0 0 13

Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

Nuclear $0 $0 $0 -$3 $0 -$10 $117 $128 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $171

Fossil/Gas $0 $0 $0 $12 $4 $7 -$339 -$335 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 -$484

Non-Hydro Renewables $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Hydro $0 $0 $0 $1 $0 $2 -$4 -$3 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 -$3

Imports $0 $0 $0 $27 $2 $13 -$372 -$374 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 -$520

Exports $0 $0 $0 -$4 $0 -$4 $140 $198 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $243

Net Change in Dispatch Cost $0 $0 $0 $41 $7 $16 -$739 -$782 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Change in Capital & Fixed Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

OPG Nuclear $0 -$77 -$77 -$134 -$46 -$895 $860 $1,952 $185 $51 $9 -$34 $0 $0 $0 $0 $0 $0 $1,230

Replacement Capacity (Gas) $0 $0 $0 $0 $0 $0 -$402 -$329 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 -$546

Net Change in Capital & Fixed Cost $0 -$77 -$77 -$134 -$46 -$895 $458 $1,623 $185 $51 $9 -$34 $0 $0 $0 $0 $0 $0 $0

Total Net Change in Electricity Costs (2014 $M) $0 -$77 -$76 -$93 -$39 -$879 -$281 $841 $185 $51 $9 -$34 $0 $0 $0 $0 $0 $0 -$395

(A) Pickering to 2022, Darlington Lapped vs (B) Pickering to 2020, Darlington Lapped

System cost increase (+) / decrease (-).  NPV evaluated at a 4% real discount rate. 
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Cost Tables:  
Pickering to 2022/2024, Darlington Lapped 
Pickering to 2020, Darlington Lapped 

55 

Change in Energy Production (TWh) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 Total

Nuclear 0 0 0 -2 -1 -2 22 22 15 17 0 0 0 0 0 0 0 0 71

Fossil/Gas 0 0 0 0 0 0 -7 -7 -5 -4 0 0 0 0 0 0 0 0 -23

Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1

Economic Imports 0 0 0 1 0 0 -8 -7 -5 -5 0 0 0 0 0 0 0 0 -23

Economic Exports 0 0 0 -1 0 -1 6 8 6 7 0 0 0 0 0 0 0 0 25

Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

Nuclear $0 $0 $0 -$3 -$1 -$14 $117 $120 $83 $92 $0 $0 $0 $0 $0 $0 $0 $0 $282

Fossil/Gas $0 $0 $0 $12 $8 $12 -$339 -$323 -$212 -$210 $0 $0 $0 $0 $0 $0 $0 $0 -$758

Non-Hydro Renewables $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Hydro $0 $0 $0 $1 $0 $3 -$4 -$3 -$2 -$3 $0 $0 $0 $0 $0 $0 $0 $0 -$6

Imports $0 $0 $0 $27 $4 $13 -$372 -$353 -$220 -$237 $0 $0 $0 $0 $0 $0 $0 $0 -$818

Exports $0 $0 $0 -$4 -$2 -$2 $140 $191 $152 $149 $0 -$1 $0 $0 $0 $0 $0 $0 $446

Net Change in Dispatch Cost $0 $0 $0 $41 $13 $17 -$739 -$749 -$503 -$508 $0 $0 $0 $0 $0 $0 $0 $0 $0

Change in Capital & Fixed Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

OPG Nuclear $0 -$91 -$88 -$141 -$53 -$885 $857 $1,008 $612 $1,611 $188 $38 $10 -$31 $0 $0 $0 $0 $2,014

Replacement Capacity (Gas) $0 $0 $0 $0 $0 $0 -$402 -$329 -$268 -$208 $0 $0 $0 $0 $0 $0 $0 $0 -$875

Net Change in Capital & Fixed Cost $0 -$91 -$88 -$141 -$53 -$885 $455 $679 $343 $1,403 $188 $38 $10 -$31 $0 $0 $0 $0 $0

Total Net Change in Electricity Costs (2014 $M) $0 -$91 -$88 -$100 -$40 -$869 -$284 -$71 -$160 $895 $188 $38 $10 -$31 $0 $0 $0 $0 -$607

System cost increase (+) / decrease (-).  NPV evaluated at a 4% real discount rate. 

(A) Pickering to 2022/2024, Darlington Lapped vs (B) Pickering to 2020, Darlington Lapped
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Cost Tables:  
Pickering to 2024, Darlington Lapped vs  
Pickering to 2020, Darlington Lapped 

56 

Change in Energy Production (TWh) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 Total

Nuclear 0 -2 -1 -3 -2 -4 21 20 23 25 0 0 0 0 0 0 0 0 77

Fossil/Gas 0 0 0 0 0 1 -7 -6 -6 -6 0 0 0 0 0 0 0 0 -24

Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Economic Imports 0 1 0 1 0 1 -8 -6 -7 -7 0 0 0 0 0 0 0 0 -24

Economic Exports 0 -1 0 -1 -1 -2 6 7 10 11 0 0 0 0 0 0 0 0 29

Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

Nuclear -$1 -$12 -$5 -$9 -$7 -$26 $115 $105 $83 $92 $0 $0 $0 $0 $0 $0 $0 $0 $234

Fossil/Gas $0 $19 $10 $23 $19 $34 -$335 -$296 -$297 -$286 $0 $0 $0 $0 $0 $0 $0 $0 -$785

Non-Hydro Renewables $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Hydro $0 $4 $2 $1 $1 $5 -$4 -$2 -$4 -$7 $0 $0 $0 $0 $0 $0 $0 $0 -$1

Imports $0 $21 $6 $40 $15 $39 -$368 -$326 -$303 -$312 $0 $0 $0 $0 $0 $0 $0 $0 -$840

Exports $0 -$1 -$2 -$15 -$2 -$9 $136 $166 $218 $207 $0 -$1 $0 $0 $0 $0 $0 $0 $493

Net Change in Dispatch Cost $0 $34 $15 $69 $29 $61 -$729 -$685 -$738 -$721 $0 $0 $0 $0 $0 $0 $0 $0 $0

Change in Capital & Fixed Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

OPG Nuclear -$8 -$94 -$125 -$157 -$62 -$877 $848 $1,089 $1,356 $2,264 $130 -$20 -$20 -$31 $0 $0 $0 $0 $2,880

Replacement Capacity (Gas) $0 $0 $0 $0 $0 $0 -$402 -$329 -$316 -$208 $0 $0 $0 $0 $0 $0 $0 $0 -$909

Net Change in Capital & Fixed Cost -$8 -$94 -$125 -$157 -$62 -$877 $446 $760 $1,040 $2,056 $130 -$20 -$20 -$31 $0 $0 $0 $0 $0

Total Net Change in Electricity Costs (2014 $M) -$8 -$60 -$110 -$89 -$34 -$816 -$283 $75 $301 $1,336 $130 -$20 -$20 -$31 $0 $0 $0 $0 $88

(A) Pickering to 2024, Darlington Lapped vs (B) Pickering to 2020, Darlington Lapped

System cost increase (+) / decrease (-).  NPV evaluated at a 4% real discount rate. 
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Cost Tables:  
Pickering to 2018, Darlington Lapped vs  
Pickering to 2020, Darlington Lapped 

57 

Change in Energy Production (TWh) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 Total

Nuclear 0 0 0 2 -21 -23 0 0 0 0 0 0 0 0 0 0 0 0 -41

Fossil/Gas 0 0 0 0 6 6 0 0 0 0 0 0 0 0 0 0 0 0 12

Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hydro 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1

Economic Imports 0 0 0 -1 7 7 0 0 0 0 0 0 0 0 0 0 0 0 13

Economic Exports 0 0 0 1 -7 -9 0 0 0 0 0 0 0 0 0 0 0 0 -15

Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

Nuclear $0 $0 $0 $20 -$124 -$127 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 -$185

Fossil/Gas -$1 -$1 -$1 -$21 $296 $288 $0 $1 $0 $1 $1 -$1 -$1 -$1 -$1 -$1 -$1 -$2 $448

Non-Hydro Renewables $0 $0 $0 $0 $1 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $1

Hydro $0 $0 $0 -$1 $4 $11 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $11

Imports $0 $0 $0 -$21 $301 $272 $1 -$1 $0 -$1 $0 $0 $0 $0 $0 $0 $0 $1 $444

Exports -$1 -$1 -$1 $11 -$104 -$102 $0 $0 -$1 -$1 $0 -$2 -$1 -$1 -$1 -$2 -$1 -$1 -$164

Net Change in Dispatch Cost $0 $0 $0 -$35 $582 $547 $1 $0 $0 $1 $1 $0 $0 $0 $0 $0 $0 $0 $0

Change in Capital & Fixed Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

OPG Nuclear $0 $114 $103 $868 -$829 -$1,870 -$192 -$58 -$24 $12 $0 $0 $0 $0 $0 $0 $0 $0 -$1,419

Replacement Capacity (Gas) $0 $0 $0 $0 $252 $228 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $387

Net Change in Capital & Fixed Cost $0 $114 $103 $868 -$578 -$1,642 -$192 -$58 -$24 $12 $0 $0 $0 $0 $0 $0 $0 $0 $0

Total Net Change in Electricity Costs (2014 $M) $0 $114 $104 $833 $4 -$1,095 -$191 -$58 -$23 $12 $1 $0 $0 $0 $0 $0 $0 $0 -$147

(A) Pickering to 2018, Darlington Lapped vs (B) Pickering to 2020, Darlington Lapped

System cost increase (+) / decrease (-).  NPV evaluated at a 4% real discount rate. 
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Cost Tables:  
Pickering to 2022/2024, Darlington Unlapped with Idle Time vs  
Pickering to 2020, Darlington Unlapped with Idle Time 

58 

Change in Energy Production (TWh) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 Total

Nuclear 0 0 0 -2 -1 -2 22 22 15 17 0 0 0 0 0 0 0 0 72

Fossil/Gas 0 0 0 0 0 0 -7 -7 -4 -5 0 0 0 0 0 0 0 0 -22

Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1

Economic Imports 0 0 0 1 0 0 -7 -7 -4 -5 0 0 0 0 0 0 0 0 -22

Economic Exports 0 0 0 -1 0 -1 7 9 7 6 0 0 0 0 0 0 0 0 27

Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

Nuclear $0 $0 $0 -$3 -$1 -$14 $117 $120 $83 $92 $0 $0 $0 $0 $0 $0 $0 $0 $282

Fossil/Gas $0 $0 $0 $6 $8 $12 -$308 -$306 -$195 -$233 $0 $0 $0 $0 $0 $0 $0 $0 -$730

Non-Hydro Renewables $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Hydro $0 $0 $0 $0 $0 $3 -$7 -$4 -$3 -$2 $0 $0 $0 $0 $0 $0 $0 $0 -$9

Imports $0 $0 $0 $18 $4 $13 -$317 -$317 -$191 -$259 $0 $0 $0 $0 $0 $0 $0 $0 -$753

Exports $0 $0 $0 $1 -$2 -$2 $129 $182 $147 $168 $0 $0 $0 $0 $0 $0 $0 $0 $445

Net Change in Dispatch Cost $0 $0 $0 $21 $13 $17 -$644 -$689 -$453 -$572 $0 $0 $0 $0 $0 $0 $0 $0 $0

Change in Capital & Fixed Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

OPG Nuclear $0 -$91 -$88 -$101 -$49 -$913 $911 $1,029 $641 $1,608 $178 $42 $10 -$32 $0 $0 $0 $0 $2,100

Replacement Capacity (Gas) $0 $0 $0 $0 $0 $0 -$319 -$215 -$202 -$268 $0 $0 $0 $0 $0 $0 $0 $0 -$722

Net Change in Capital & Fixed Cost $0 -$91 -$88 -$101 -$49 -$913 $592 $814 $439 $1,339 $178 $42 $10 -$32 $0 $0 $0 $0 $0

Total Net Change in Electricity Costs (2014 $M) $0 -$91 -$88 -$80 -$36 -$896 -$51 $126 -$14 $768 $178 $42 $10 -$32 $0 $0 $0 $0 -$278

(A) Pickering to 2022/2024, Darlington Unlapped with Idle Time vs (B) Pickering to 2020, Darlington Unlapped with Idle Time

System cost increase (+) / decrease (-).  NPV evaluated at a 4% real discount rate. 
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Cost Tables:  
Pickering to 2022/2024, Darlington Unlapped without Idle Time vs 
Pickering to 2020, Darlington Unlapped without Idle Time 

59 

Change in Energy Production (TWh) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 Total

Nuclear 0 0 0 -2 -1 -2 22 22 15 17 0 0 0 0 0 0 0 0 72

Fossil/Gas 0 0 0 0 0 0 -7 -6 -4 -4 0 0 0 0 0 0 0 0 -21

Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1

Economic Imports 0 0 0 1 0 0 -7 -7 -4 -5 0 0 0 0 0 0 0 0 -21

Economic Exports 0 0 0 -1 0 -1 7 9 7 7 0 0 0 0 0 0 0 0 28

Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

Nuclear $0 $0 $0 -$3 -$1 -$14 $117 $120 $83 $92 $0 $0 $0 $0 $0 $0 $0 $0 $282

Fossil/Gas $0 $0 $0 $6 $8 $12 -$308 -$303 -$190 -$206 $0 $0 $0 $0 $0 $0 $0 $0 -$706

Non-Hydro Renewables $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Hydro $0 $0 $0 $0 $0 $3 -$7 -$4 -$3 -$4 $0 $0 $0 $0 $0 $0 $0 $0 -$10

Imports $0 $0 $0 $18 $4 $13 -$317 -$315 -$182 -$225 $0 $0 $0 $0 $0 $0 $0 $0 -$722

Exports $0 $0 $0 $1 -$2 -$2 $129 $182 $146 $154 $0 $0 $0 $0 $0 $0 $0 $0 $434

Net Change in Dispatch Cost $0 $0 $0 $21 $13 $17 -$644 -$683 -$439 -$496 $0 $0 $0 $0 $0 $0 $0 $0 $0

Change in Capital & Fixed Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

OPG Nuclear $0 -$91 -$88 -$101 -$49 -$913 $911 $1,023 $641 $1,619 $182 $42 $10 -$32 $0 $0 $0 $0 $2,105

Replacement Capacity (Gas) $0 $0 $0 $0 $0 $0 -$319 -$215 -$202 -$208 $0 $0 $0 $0 $0 $0 $0 $0 -$682

Net Change in Capital & Fixed Cost $0 -$91 -$88 -$101 -$49 -$913 $592 $808 $439 $1,411 $182 $42 $10 -$32 $0 $0 $0 $0 $0

Total Net Change in Electricity Costs (2014 $M) $0 -$91 -$88 -$80 -$36 -$896 -$51 $125 $0 $914 $182 $42 $10 -$32 $0 $0 $0 $0 -$168

(A) Pickering to 2022/2024, Darlington Unlapped without Idle Time vs (B) Pickering to 2020, Darlington Unlapped without Idle Time
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Cost Tables:  
Pickering to 2020, Darlington Unlapped with Idle Time vs 
Pickering to 2020, Darlington Lapped 

60 

Change in Energy Production (TWh) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 Total

Nuclear 0 0 0 0 0 0 6 5 6 -6 -7 -6 -7 -6 1 0 0 0 -13

Fossil/Gas 0 0 0 0 0 0 -2 -2 -2 2 2 2 2 2 0 0 0 0 4

Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Economic Imports 0 0 0 0 0 0 -2 -2 -2 2 2 2 2 2 0 0 0 0 4

Economic Exports 0 0 0 0 0 0 1 2 2 -2 -2 -2 -2 -2 0 0 0 0 -5

Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

Nuclear $0 $0 $0 $0 $0 $0 $33 $28 $33 -$30 -$36 -$33 -$35 -$29 $6 -$2 -$2 $1 -$31

Fossil/Gas $0 $0 $0 $0 $0 $0 -$107 -$86 -$87 $87 $111 $91 $104 $96 -$18 $5 $5 -$3 $94

Non-Hydro Renewables $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Hydro $0 $0 $0 $0 $0 $0 $0 $0 -$1 $0 $1 $1 $0 $0 $0 $0 $0 $0 $0

Imports $0 $0 $0 $0 $0 $0 -$128 -$88 -$98 $91 $121 $106 $119 $92 -$20 $9 $3 -$1 $94

Exports $0 $0 $0 $0 $0 $0 $35 $52 $60 -$54 -$64 -$69 -$73 -$59 $10 -$3 -$3 $1 -$90

Net Change in Dispatch Cost $0 $0 $0 $0 $0 $0 -$237 -$199 -$212 $202 $259 $235 $260 $218 -$42 $14 $9 -$5 $0

Change in Capital & Fixed Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

OPG Nuclear $0 -$5 $0 $0 $20 $275 -$180 -$43 -$132 -$5 -$250 $42 -$95 -$117 $242 $115 $116 $138 $27

Replacement Capacity (Gas) $0 $0 $0 $0 $0 $0 -$114 -$114 -$114 $114 $114 $114 $114 $114 $0 $0 $0 $0 $107

Net Change in Capital & Fixed Cost $0 -$5 $0 $0 $20 $275 -$294 -$157 -$246 $109 -$136 $156 $19 -$3 $242 $115 $116 $138 $0

Total Net Change in Electricity Costs (2014 $M) $0 -$4 $0 $0 $20 $275 -$531 -$356 -$459 $311 $123 $391 $279 $216 $199 $130 $125 $133 $381

(A) Pickering to 2020, Darlington Unlapped with Idle Time vs (B) Pickering to 2020, Darlington Lapped

System cost increase (+) / decrease (-).  NPV evaluated at a 4% real discount rate. 
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Cost Tables:  
Pickering to 2020, Darlington Unlapped without Idle Time vs 
Pickering to 2020, Darlington Lapped 

61 

Change in Energy Production (TWh) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 Total

Nuclear 0 0 0 0 0 0 6 6 7 2 -1 -6 -7 -6 1 0 0 0 2

Fossil/Gas 0 0 0 0 0 0 -2 -2 -2 -1 0 2 2 2 0 0 0 0 -1

Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Economic Imports 0 0 0 0 0 0 -2 -2 -2 -1 0 2 2 2 0 0 0 0 -1

Economic Exports 0 0 0 0 0 0 1 2 3 1 0 -2 -2 -2 0 0 0 0 0

Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

Nuclear $0 $0 $0 $0 $0 $0 $33 $31 $40 $10 -$7 -$33 -$35 -$29 $6 -$2 -$2 $1 $22

Fossil/Gas $0 $0 $0 $0 $0 $0 -$107 -$98 -$104 -$22 $19 $91 $104 $96 -$18 $5 $5 -$3 -$60

Non-Hydro Renewables $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Hydro $0 $0 $0 $0 $0 $0 $0 $0 -$1 $0 $0 $1 $0 $0 $0 $0 $0 $0 -$1

Imports $0 $0 $0 $0 $0 $0 -$128 -$99 -$118 -$35 $33 $106 $119 $92 -$20 $9 $3 -$1 -$70

Exports $0 $0 $0 $0 $0 $0 $35 $59 $72 $22 -$4 -$69 -$73 -$59 $10 -$3 -$3 $1 $14

Net Change in Dispatch Cost $0 $0 $0 $0 $0 $0 -$237 -$225 -$254 -$69 $49 $235 $260 $218 -$42 $14 $9 -$5 $0

Change in Capital & Fixed Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

OPG Nuclear $0 -$5 $0 $0 $20 $275 -$180 -$23 -$128 -$33 -$218 $38 -$95 -$117 $242 $117 $116 $138 $45

Replacement Capacity (Gas) $0 $0 $0 $0 $0 $0 -$114 -$114 -$114 $0 $0 $114 $114 $114 $0 $0 $0 $0 -$45

Net Change in Capital & Fixed Cost $0 -$5 $0 $0 $20 $275 -$294 -$138 -$242 -$33 -$218 $153 $19 -$3 $242 $117 $116 $138 $0

Total Net Change in Electricity Costs (2014 $M) $0 -$4 $0 $0 $20 $275 -$531 -$363 -$496 -$103 -$169 $387 $279 $216 $199 $132 $125 $133 -$121

(A) Pickering to 2020, Darlington Unlapped without Idle Time vs (B) Pickering to 2020, Darlington Lapped

System cost increase (+) / decrease (-).  NPV evaluated at a 4% real discount rate. 
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Cost Tables:  
Pickering to 2022/24, Darlington Unlapped with Idle Time vs 
Pickering to 2022/24, Darlington Lapped 

62 

Change in Energy Production (TWh) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 Total

Nuclear 0 0 0 1 0 0 6 5 6 -6 -7 -6 -7 -6 1 0 0 0 -13

Fossil/Gas 0 0 0 0 0 0 -2 -1 -2 1 2 2 2 2 0 0 0 0 5

Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Economic Imports 0 0 0 0 0 0 -2 -1 -2 2 2 2 2 2 0 0 0 0 5

Economic Exports 0 0 0 0 0 0 2 2 3 -3 -2 -2 -2 -2 0 0 0 0 -3

Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

Nuclear $0 $0 $0 $0 $0 $0 $33 $28 $33 -$30 -$36 -$33 -$35 -$29 $6 -$2 -$2 $1 -$31

Fossil/Gas $0 $0 $0 -$6 $0 $0 -$75 -$69 -$70 $64 $111 $91 $104 $96 -$18 $5 $5 -$3 $122

Non-Hydro Renewables $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Hydro $0 $0 $0 $0 $0 $0 -$3 -$2 -$1 $1 $1 $1 $0 $0 $0 $0 $0 $0 -$3

Imports $0 $0 $0 -$9 $0 $0 -$74 -$53 -$69 $68 $121 $106 $119 $92 -$20 $9 $3 -$1 $160

Exports $0 $0 $0 $5 $0 $0 $23 $43 $55 -$35 -$64 -$69 -$73 -$59 $10 -$3 -$3 $1 -$91

Net Change in Dispatch Cost $0 $0 $0 -$20 $0 $0 -$142 -$138 -$162 $138 $259 $234 $260 $218 -$42 $14 $9 -$5 $0

Change in Capital & Fixed Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

OPG Nuclear $0 -$5 $0 $40 $23 $247 -$126 -$22 -$103 -$8 -$261 $46 -$95 -$117 $242 $115 $116 $138 $114

Replacement Capacity (Gas) $0 $0 $0 $0 $0 $0 -$31 $0 -$48 $54 $114 $114 $114 $114 $0 $0 $0 $0 $259

Net Change in Capital & Fixed Cost $0 -$5 $0 $40 $23 $247 -$156 -$22 -$150 $46 -$146 $160 $19 -$3 $242 $115 $116 $138 $0

Total Net Change in Electricity Costs (2014 $M) $0 -$4 $0 $20 $23 $247 -$298 -$159 -$313 $184 $113 $394 $279 $215 $199 $130 $125 $133 $711

(A) Pickering to 2022/24, Darlington Unlapped with Idle Time vs (B) Pickering to 2022/24, Darlington Lapped

System cost increase (+) / decrease (-).  NPV evaluated at a 4% real discount rate. 
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Cost Tables:  
Pickering to 2022/24, Darlington Unlapped without Idle Time vs 
Pickering to 2022/24, Darlington Lapped 

63 

Change in Energy Production (TWh) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 Total

Nuclear 0 0 0 1 0 0 6 6 7 2 -1 -6 -7 -6 1 0 0 0 2

Fossil/Gas 0 0 0 0 0 0 -2 -2 -2 0 0 2 2 2 0 0 0 0 1

Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Economic Imports 0 0 0 0 0 0 -2 -1 -2 0 0 2 2 2 0 0 0 0 0

Economic Exports 0 0 0 0 0 0 2 3 4 1 0 -2 -2 -2 0 0 0 0 3

Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

Nuclear $0 $0 $0 $0 $0 $0 $33 $31 $40 $10 -$7 -$33 -$35 -$29 $6 -$2 -$2 $1 $22

Fossil/Gas $0 $0 $0 -$6 $0 $0 -$75 -$77 -$82 -$18 $19 $91 $104 $96 -$18 $5 $5 -$3 -$8

Non-Hydro Renewables $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Hydro $0 $0 $0 $0 $0 $0 -$3 -$2 -$2 -$1 $0 $1 $0 $0 $0 $0 $0 $0 -$5

Imports $0 $0 $0 -$9 $0 $0 -$74 -$61 -$81 -$23 $33 $106 $119 $92 -$20 $9 $3 -$1 $27

Exports $0 $0 $0 $5 $0 $0 $23 $50 $66 $26 -$4 -$69 -$73 -$59 $10 -$3 -$3 $1 $3

Net Change in Dispatch Cost $0 $0 $0 -$20 $0 $0 -$142 -$159 -$190 -$58 $49 $234 $260 $218 -$42 $14 $9 -$5 $0

Change in Capital & Fixed Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

OPG Nuclear $0 -$5 $0 $40 $23 $247 -$126 -$8 -$99 -$25 -$225 $42 -$95 -$117 $242 $117 $116 $138 $137

Replacement Capacity (Gas) $0 $0 $0 $0 $0 $0 -$31 $0 -$48 $0 $0 $114 $114 $114 $0 $0 $0 $0 $149

Net Change in Capital & Fixed Cost $0 -$5 $0 $40 $23 $247 -$156 -$8 -$147 -$25 -$225 $156 $19 -$3 $242 $117 $116 $138 $0

Total Net Change in Electricity Costs (2014 $M) $0 -$4 $0 $20 $23 $247 -$298 -$167 -$337 -$83 -$176 $391 $279 $215 $199 $132 $125 $133 $318

(A) Pickering to 2022/24, Darlington Unlapped without Idle Time vs (B) Pickering to 2022/24, Darlington Lapped

System cost increase (+) / decrease (-).  NPV evaluated at a 4% real discount rate. 

Filed: 2016-05-27 

EB-2016-0152 

Exhibit F2-2-3 

Attachment 1 

Page 104 of 116



Cost Tables:  
Pickering to 2018, Darlington Unlapped with Idle Time vs  
Pickering to 2018, Darlington Lapped 

64 

Change in Energy Production (TWh) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 Total

Nuclear 0 0 0 0 0 0 6 5 6 -6 -7 -6 -7 -6 1 0 0 0 -13

Fossil/Gas 0 0 0 0 0 0 -2 -2 -2 2 2 2 2 2 0 0 0 0 4

Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Economic Imports 0 0 0 0 0 0 -2 -2 -2 2 2 2 2 2 0 0 0 0 4

Economic Exports 0 0 0 0 0 0 1 2 2 -2 -2 -2 -2 -2 0 0 0 0 -5

Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

Nuclear $0 $0 $0 $0 $0 $0 $33 $28 $33 -$30 -$36 -$33 -$35 -$29 $6 -$2 -$2 $1 -$31

Fossil/Gas $0 $0 $0 $0 $0 $0 -$106 -$87 -$87 $87 $110 $93 $105 $97 -$17 $6 $6 -$1 $97

Non-Hydro Renewables $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Hydro $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $1 $1 $0 $0 $0 $0 $0 $0 $0

Imports $0 $0 $0 $0 $0 $0 -$130 -$88 -$98 $92 $121 $106 $119 $92 -$20 $9 $3 -$2 $95

Exports $0 $0 $0 $0 $0 $0 $35 $52 $61 -$53 -$63 -$68 -$71 -$58 $11 -$1 -$2 $2 -$83

Net Change in Dispatch Cost $0 $0 $0 $0 $0 $0 -$238 -$199 -$212 $202 $259 $234 $260 $218 -$42 $14 $9 -$5 $0

Change in Capital & Fixed Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

OPG Nuclear $0 -$5 $0 $0 $23 $315 -$169 -$43 -$133 -$3 -$250 $42 -$95 -$117 $242 $115 $116 $138 $70

Replacement Capacity (Gas) $0 $0 $0 $0 $0 $0 -$114 -$114 -$114 $114 $114 $114 $114 $114 $0 $0 $0 $0 $107

Net Change in Capital & Fixed Cost $0 -$5 $0 $0 $23 $315 -$283 -$157 -$247 $111 -$136 $156 $19 -$3 $242 $115 $116 $138 $0

Total Net Change in Electricity Costs (2014 $M) $0 -$5 $0 $0 $23 $315 -$521 -$356 -$460 $312 $123 $390 $279 $216 $199 $130 $125 $133 $421

(A) Pickering to 2018, Darlington Unlapped with Idle Time vs (B) Pickering to 2018, Darlington Lapped

System cost increase (+) / decrease (-).  NPV evaluated at a 4% real discount rate. 
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Change in Energy Production (TWh) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 Total

Nuclear 0 0 0 0 0 0 6 6 7 2 -1 -6 -7 -6 1 0 0 0 2

Fossil/Gas 0 0 0 0 0 0 -2 -2 -2 -1 0 2 2 2 0 0 0 0 -1

Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Economic Imports 0 0 0 0 0 0 -2 -2 -2 -1 0 2 2 2 0 0 0 0 -1

Economic Exports 0 0 0 0 0 0 1 2 3 1 0 -2 -2 -2 0 0 0 0 0

Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

Nuclear $0 $0 $0 $0 $0 $0 $33 $31 $40 $10 -$7 -$33 -$35 -$29 $6 -$2 -$2 $1 $22

Fossil/Gas $0 $0 $0 $0 $0 $0 -$106 -$98 -$104 -$23 $18 $93 $105 $97 -$17 $6 $6 -$1 -$57

Non-Hydro Renewables $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Hydro $0 $0 $0 $0 $0 $0 $0 $0 -$1 $0 $0 $1 $0 $0 $0 $0 $0 $0 -$1

Imports $0 $0 $0 $0 $0 $0 -$130 -$98 -$118 -$34 $33 $106 $119 $92 -$20 $9 $3 -$2 -$69

Exports $0 $0 $0 $0 $0 $0 $35 $60 $72 $22 -$4 -$68 -$71 -$58 $11 -$1 -$2 $2 $20

Net Change in Dispatch Cost $0 $0 $0 $0 $0 $0 -$238 -$225 -$255 -$70 $48 $234 $260 $218 -$42 $14 $9 -$5 $0

Change in Capital & Fixed Cost (2014 $M) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 NPV

OPG Nuclear $0 -$5 $0 $0 $23 $315 -$169 -$23 -$128 -$32 -$218 $38 -$95 -$117 $242 $117 $116 $138 $88

Replacement Capacity (Gas) $0 $0 $0 $0 $0 $0 -$114 -$114 -$114 $0 $0 $114 $114 $114 $0 $0 $0 $0 -$45

Net Change in Capital & Fixed Cost $0 -$5 $0 $0 $23 $315 -$283 -$138 -$242 -$32 -$218 $153 $19 -$3 $242 $117 $116 $138 $0

Total Net Change in Electricity Costs (2014 $M) $0 -$5 $0 $0 $23 $315 -$521 -$363 -$497 -$102 -$170 $387 $279 $216 $199 $132 $125 $133 -$82

(A) Pickering to 2018, Darlington Unlapped without Idle Time vs (B) Pickering to 2018, Darlington Lapped

System cost increase (+) / decrease (-).  NPV evaluated at a 4% real discount rate. 
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Total Annual Cost of Electricity Service Across Pickering Life Extension Scenarios, with Darlington Lapped (2014 $ Billion)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

LTEP (2013) $20.22 $20.57 $20.39 $21.01 $20.51 $20.77 $21.26 $21.59 $20.57 $20.50 $20.56 $20.73 $20.71 $20.61 $20.57 $20.46 $20.35 $20.25

Pickering to 2020 $21.22 $20.83 $21.25 $20.91 $20.58 $21.92 $21.50 $21.39 $21.70 $21.15 $21.47 $21.18 $21.42 $21.34 $21.23 $21.21 $21.17 $20.88

Pickering to 2022 $21.22 $20.75 $21.17 $20.82 $20.54 $20.99 $21.19 $22.29 $21.89 $21.20 $21.48 $21.15 $21.42 $21.33 $21.23 $21.21 $21.17 $20.88

Pickering to 2022/2024 $21.23 $20.75 $21.17 $20.82 $20.55 $21.02 $21.19 $21.32 $21.54 $22.11 $21.67 $21.23 $21.44 $21.30 $21.23 $21.21 $21.17 $20.88

Pickering to 2024 $21.21 $20.77 $21.14 $20.82 $20.54 $21.06 $21.18 $21.46 $22.02 $22.58 $21.61 $21.16 $21.40 $21.30 $21.23 $21.21 $21.17 $20.88

Pickering to 2018 $21.22 $20.95 $21.36 $21.79 $20.59 $20.77 $21.30 $21.33 $21.67 $21.18 $21.48 $21.19 $21.42 $21.34 $21.23 $21.21 $21.17 $20.88

Change in Costs: Relative to Pickering to 2020, with Darlington Lapped (2014 $ Billion)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Pickering to 2020 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

Pickering to 2022 $0.00 -$0.08 -$0.08 -$0.10 -$0.04 -$0.93 -$0.30 $0.90 $0.19 $0.05 $0.01 -$0.04 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

Pickering to 2022/2024 $0.01 -$0.08 -$0.08 -$0.09 -$0.03 -$0.91 -$0.31 -$0.07 -$0.16 $0.96 $0.20 $0.04 $0.01 -$0.03 $0.00 $0.00 $0.00 $0.00

Pickering to 2024 -$0.01 -$0.06 -$0.11 -$0.09 -$0.04 -$0.86 -$0.32 $0.07 $0.32 $1.43 $0.14 -$0.02 -$0.02 -$0.03 $0.00 $0.00 $0.00 $0.00

Pickering to 2018 $0.00 $0.12 $0.11 $0.88 $0.01 -$1.15 -$0.20 -$0.06 -$0.02 $0.03 $0.01 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

Cost increase (+). Cost decrease (-).

Change in Costs: Relative to LTEP (2013) (2014 $ Billion)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

LTEP (2013) $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

Pickering to 2020 $1.00 $0.26 $0.86 -$0.10 $0.07 $1.15 $0.24 -$0.19 $1.13 $0.65 $0.91 $0.46 $0.72 $0.73 $0.66 $0.75 $0.82 $0.63

Pickering to 2022 $1.00 $0.18 $0.78 -$0.20 $0.03 $0.22 -$0.06 $0.70 $1.32 $0.70 $0.92 $0.42 $0.72 $0.73 $0.66 $0.75 $0.82 $0.63

Pickering to 2022/2024 $1.01 $0.18 $0.78 -$0.19 $0.04 $0.24 -$0.07 -$0.26 $0.96 $1.61 $1.11 $0.50 $0.73 $0.70 $0.66 $0.75 $0.82 $0.63

Pickering to 2024 $0.99 $0.20 $0.75 -$0.19 $0.03 $0.28 -$0.08 -$0.12 $1.45 $2.08 $1.04 $0.44 $0.69 $0.70 $0.66 $0.75 $0.82 $0.63

Pickering to 2018 $1.00 $0.38 $0.97 $0.78 $0.08 $0.00 $0.04 -$0.26 $1.10 $0.68 $0.92 $0.46 $0.72 $0.73 $0.66 $0.75 $0.82 $0.63

Cost increase (+). Cost decrease (-).
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Total Annual Cost of Electricity Service Across Darlington Scenarios (2014 $ Billion)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

LTEP (2013) $20.22 $20.57 $20.39 $21.01 $20.51 $20.77 $21.26 $21.59 $20.57 $20.50 $20.56 $20.73 $20.71 $20.61 $20.57 $20.46 $20.35 $20.25

Pickering to 2020, Darlington Lapped $21.22 $20.83 $21.25 $20.91 $20.58 $21.92 $21.50 $21.39 $21.70 $21.15 $21.47 $21.18 $21.42 $21.34 $21.23 $21.21 $21.17 $20.88

Pickering to 2020, Darlington Unlapped without Idle Time $21.22 $20.82 $21.25 $20.91 $20.60 $22.21 $20.93 $21.00 $21.18 $21.04 $21.29 $21.60 $21.72 $21.57 $21.44 $21.35 $21.30 $21.02

Pickering to 2020, Darlington Unlapped with Idle Time $21.22 $20.82 $21.25 $20.91 $20.60 $22.21 $20.93 $21.01 $21.21 $21.48 $21.60 $21.60 $21.72 $21.57 $21.44 $21.35 $21.30 $21.02

Pickering to 2022/2024, Darlington Lapped $21.23 $20.75 $21.17 $20.82 $20.55 $21.02 $21.19 $21.32 $21.54 $22.11 $21.67 $21.23 $21.44 $21.30 $21.23 $21.21 $21.17 $20.88

Pickering to 2022/2024, Darlington Unlapped without Idle Time $21.22 $20.73 $21.16 $20.83 $20.56 $21.27 $20.86 $21.14 $21.18 $22.01 $21.48 $21.64 $21.73 $21.53 $21.44 $21.35 $21.30 $21.02

Pickering to 2022/2024, Darlington Unlapped with Idle Time $21.22 $20.73 $21.16 $20.83 $20.56 $21.27 $20.86 $21.15 $21.20 $22.28 $21.78 $21.64 $21.73 $21.53 $21.44 $21.35 $21.30 $21.02

Change in Costs: Pickering to 2022/2024 versus Pickering to 2020 under assumed Darlington schedule (2014 $ Billion)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Darlington Lapped $0.01 -$0.08 -$0.08 -$0.09 -$0.03 -$0.91 -$0.31 -$0.07 -$0.16 $0.96 $0.20 $0.04 $0.01 -$0.03 $0.00 $0.00 $0.00 $0.00

Darlington Unlapped without Idle Time $0.00 -$0.10 -$0.09 -$0.08 -$0.04 -$0.95 -$0.07 $0.14 $0.00 $0.97 $0.19 $0.04 $0.01 -$0.03 $0.00 $0.00 $0.00 $0.00

Darlington Unlapped with Idle Time $0.00 -$0.10 -$0.09 -$0.08 -$0.04 -$0.95 -$0.07 $0.14 -$0.01 $0.81 $0.19 $0.04 $0.01 -$0.03 $0.00 $0.00 $0.00 $0.00

Cost increase (+). Cost decrease (-).

Change in Costs: Relative to LTEP (2013) (2014 $ Billion)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

LTEP (2013) $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

Pickering to 2020, Darlington Lapped $1.00 $0.26 $0.86 -$0.10 $0.07 $1.15 $0.24 -$0.19 $1.13 $0.65 $0.91 $0.46 $0.72 $0.73 $0.66 $0.75 $0.82 $0.63

Pickering to 2020, Darlington Unlapped without Idle Time $0.99 $0.26 $0.86 -$0.10 $0.09 $1.44 -$0.32 -$0.58 $0.60 $0.54 $0.73 $0.87 $1.01 $0.96 $0.87 $0.89 $0.95 $0.77

Pickering to 2020, Darlington Unlapped with Idle Time $0.99 $0.26 $0.86 -$0.10 $0.09 $1.44 -$0.32 -$0.57 $0.64 $0.98 $1.03 $0.87 $1.01 $0.96 $0.87 $0.88 $0.95 $0.77

Pickering to 2022/2024, Darlington Lapped $1.01 $0.18 $0.78 -$0.19 $0.04 $0.24 -$0.07 -$0.26 $0.96 $1.61 $1.11 $0.50 $0.73 $0.70 $0.66 $0.75 $0.82 $0.63

Pickering to 2022/2024, Darlington Unlapped without Idle Time $0.99 $0.16 $0.77 -$0.18 $0.05 $0.49 -$0.39 -$0.44 $0.61 $1.51 $0.92 $0.91 $1.02 $0.93 $0.87 $0.89 $0.95 $0.77

Pickering to 2022/2024, Darlington Unlapped with Idle Time $0.99 $0.16 $0.77 -$0.18 $0.05 $0.49 -$0.39 -$0.43 $0.63 $1.78 $1.22 $0.92 $1.02 $0.93 $0.87 $0.88 $0.95 $0.77

Cost increase (+). Cost decrease (-).
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Residential Electricity Bill Across Pickering Life Extension Scenarios, with Darlington Lapped (nominal $/month)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

LTEP (2013) $145 $167 $170 $178 $177 $181 $187 $193 $188 $191 $194 $198 $200 $202 $204 $205 $207 $210

Pickering to 2020 $147 $159 $167 $167 $171 $185 $183 $185 $191 $190 $194 $195 $199 $200 $201 $203 $206 $207

Pickering to 2022 $147 $159 $166 $166 $171 $178 $181 $193 $193 $190 $194 $194 $199 $200 $201 $203 $206 $207

Pickering to 2022/2024 $147 $159 $166 $166 $171 $178 $181 $185 $190 $198 $196 $195 $199 $200 $201 $203 $206 $207

Pickering to 2024 $147 $159 $166 $166 $171 $178 $181 $186 $195 $203 $196 $195 $198 $200 $201 $203 $206 $207

Pickering to 2018 $147 $160 $168 $174 $171 $175 $181 $185 $191 $190 $194 $195 $199 $200 $201 $203 $206 $207

Change in Costs: Relative to Pickering to 2020, with Darlington Lapped (nominal $/month)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Pickering to 2020 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0

Pickering to 2022 $0.0 -$0.6 -$0.6 -$0.8 -$0.3 -$7.3 -$1.7 $7.9 $1.6 $0.4 $0.1 -$0.3 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0

Pickering to 2022/2024 $0.1 -$0.6 -$0.6 -$0.8 -$0.2 -$7.1 -$1.8 $0.1 -$0.9 $8.5 $1.7 $0.4 $0.1 -$0.3 $0.0 $0.0 $0.0 $0.0

Pickering to 2024 -$0.1 -$0.5 -$0.9 -$0.8 -$0.3 -$6.9 -$1.9 $1.2 $3.3 $12.6 $1.1 -$0.2 -$0.2 -$0.3 $0.0 $0.0 $0.0 $0.0

Pickering to 2018 $0.0 $0.9 $0.8 $6.7 -$0.6 -$9.7 -$1.6 -$0.5 -$0.2 $0.3 $0.1 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0

Cost increase (+). Cost decrease (-).

Change in Costs: Relative to LTEP (2013) (nominal $/month)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

LTEP (2013) $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0

Pickering to 2020 $2.1 -$7.6 -$3.3 -$10.8 -$5.7 $4.1 -$4.4 -$7.7 $3.4 -$1.0 $0.4 -$3.3 -$1.5 -$2.0 -$2.8 -$2.1 -$1.4 -$3.5

Pickering to 2022 $2.1 -$8.2 -$3.9 -$11.6 -$6.1 -$3.2 -$6.1 $0.3 $5.0 -$0.6 $0.4 -$3.6 -$1.5 -$2.0 -$2.8 -$2.1 -$1.4 -$3.5

Pickering to 2022/2024 $2.2 -$8.2 -$3.9 -$11.6 -$6.0 -$3.0 -$6.1 -$7.6 $2.5 $7.5 $2.0 -$2.9 -$1.4 -$2.2 -$2.8 -$2.1 -$1.4 -$3.5

Pickering to 2024 $2.1 -$8.1 -$4.2 -$11.6 -$6.1 -$2.8 -$6.2 -$6.5 $6.7 $11.6 $1.5 -$3.5 -$1.7 -$2.2 -$2.8 -$2.1 -$1.4 -$3.5

Pickering to 2018 $2.1 -$6.7 -$2.5 -$4.1 -$6.3 -$5.6 -$6.0 -$8.2 $3.2 -$0.7 $0.4 -$3.3 -$1.5 -$1.9 -$2.8 -$2.1 -$1.4 -$3.5

Cost increase (+). Cost decrease (-).

Assumes a typical residential consumption of 800 kWh/month.
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Residential Electricity Bill Across Darlington Scenarios (nominal $/month)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

LTEP (2013) $145 $167 $170 $178 $177 $181 $187 $193 $188 $191 $194 $198 $200 $202 $204 $205 $207 $210

Pickering to 2020, Darlington Lapped $147 $159 $167 $167 $171 $185 $183 $185 $191 $190 $194 $195 $199 $200 $201 $203 $206 $207

Pickering to 2020, Darlington Unlapped without Idle Time $147 $159 $167 $167 $171 $187 $178 $182 $187 $189 $193 $198 $201 $202 $203 $204 $207 $208

Pickering to 2020, Darlington Unlapped with Idle Time $147 $159 $167 $167 $171 $187 $178 $182 $188 $193 $195 $198 $201 $202 $203 $204 $207 $208

Pickering to 2022/2024, Darlington Lapped $147 $159 $166 $166 $171 $178 $181 $185 $190 $198 $196 $195 $199 $200 $201 $203 $206 $207

Pickering to 2022/2024, Darlington Unlapped without Idle Time $147 $159 $166 $167 $171 $180 $178 $184 $188 $198 $194 $198 $201 $202 $203 $204 $207 $208

Pickering to 2022/2024, Darlington Unlapped with Idle Time $147 $159 $166 $167 $171 $180 $178 $184 $188 $200 $197 $198 $201 $202 $203 $204 $207 $208

Change in Costs: Pickering to 2022/2024 versus Pickering to 2020 under assumed Darlington schedule (nominal $/month)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Darlington Lapped $0.1 -$0.6 -$0.6 -$0.8 -$0.2 -$7.1 -$1.8 $0.1 -$0.9 $8.5 $1.7 $0.4 $0.1 -$0.3 $0.0 $0.0 $0.0 $0.0

Darlington Unlapped without Idle Time $0.0 -$0.7 -$0.7 -$0.7 -$0.3 -$7.5 $0.1 $1.8 $0.5 $8.6 $1.6 $0.4 $0.1 -$0.3 $0.0 $0.0 $0.0 $0.0

Darlington Unlapped with Idle Time $0.0 -$0.7 -$0.7 -$0.7 -$0.3 -$7.5 $0.1 $1.8 $0.4 $7.1 $1.6 $0.4 $0.1 -$0.3 $0.0 $0.0 $0.0 $0.0

Cost increase (+). Cost decrease (-).

Change in Costs: Relative to LTEP (2013) (nominal $/month)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

LTEP (2013) $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0

Pickering to 2020, Darlington Lapped $2.1 -$7.6 -$3.3 -$10.8 -$5.7 $4.1 -$4.4 -$7.7 $3.4 -$1.0 $0.4 -$3.3 -$1.5 -$2.0 -$2.8 -$2.1 -$1.4 -$3.5

Pickering to 2020, Darlington Unlapped without Idle Time $2.1 -$7.6 -$3.3 -$10.8 -$5.6 $6.4 -$8.6 -$10.7 -$0.7 -$1.8 -$1.3 $0.0 $0.8 -$0.1 -$1.0 -$0.9 -$0.2 -$2.2

Pickering to 2020, Darlington Unlapped with Idle Time $2.1 -$7.6 -$3.3 -$10.8 -$5.6 $6.4 -$8.6 -$10.6 -$0.4 $1.6 $1.2 $0.0 $0.8 -$0.1 -$1.0 -$0.9 -$0.2 -$2.2

Pickering to 2022/2024, Darlington Lapped $2.2 -$8.2 -$3.9 -$11.6 -$6.0 -$3.0 -$6.1 -$7.6 $2.5 $7.5 $2.0 -$2.9 -$1.4 -$2.2 -$2.8 -$2.1 -$1.4 -$3.5

Pickering to 2022/2024, Darlington Unlapped without Idle Time $2.1 -$8.3 -$4.0 -$11.5 -$5.9 -$1.1 -$8.5 -$8.8 -$0.2 $6.7 $0.3 $0.3 $0.9 -$0.4 -$1.0 -$0.9 -$0.2 -$2.2

Pickering to 2022/2024, Darlington Unlapped with Idle Time $2.1 -$8.3 -$4.0 -$11.5 -$5.9 -$1.1 -$8.5 -$8.8 -$0.1 $8.8 $2.8 $0.4 $0.9 -$0.4 -$1.0 -$0.9 -$0.2 -$2.2

Cost increase (+). Cost decrease (-).

Assumes a typical residential consumption of 800 kWh/month.
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Industrial Electricity Rate Across Pickering Life Extension Scenarios, with Darlington Lapped (nominal $/MWh)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

LTEP (2013) $92 $96 $100 $105 $102 $104 $111 $115 $113 $113 $115 $116 $118 $118 $121 $121 $123 $123

Pickering to 2020 $95 $98 $103 $105 $101 $108 $113 $115 $117 $115 $118 $117 $119 $121 $122 $123 $126 $125

Pickering to 2022 $95 $98 $103 $105 $100 $103 $108 $115 $118 $116 $118 $116 $119 $121 $122 $123 $126 $125

Pickering to 2022/2024 $96 $98 $103 $105 $101 $104 $108 $111 $114 $118 $119 $117 $120 $121 $122 $123 $126 $125

Pickering to 2024 $95 $98 $103 $106 $101 $104 $108 $112 $115 $119 $119 $116 $119 $121 $122 $123 $126 $125

Pickering to 2018 $95 $99 $104 $109 $105 $106 $112 $114 $117 $116 $118 $116 $119 $121 $122 $123 $126 $125

Change in Costs: Relative to Pickering to 2020, with Darlington Lapped (nominal $/MWh)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Pickering to 2020 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0

Pickering to 2022 $0.0 -$0.4 -$0.4 $0.0 -$0.1 -$4.3 -$5.1 $0.5 $1.0 $0.3 $0.0 -$0.2 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0

Pickering to 2022/2024 $0.1 -$0.4 -$0.4 $0.0 $0.0 -$4.0 -$5.2 -$4.1 -$3.2 $2.1 $1.0 $0.2 $0.1 -$0.2 $0.0 $0.0 $0.0 $0.0

Pickering to 2024 $0.0 $0.0 -$0.3 $0.3 $0.2 -$3.4 -$5.2 -$3.1 -$1.8 $3.3 $0.7 -$0.1 -$0.1 -$0.2 $0.0 $0.0 $0.0 $0.0

Pickering to 2018 $0.0 $0.5 $0.5 $3.8 $4.0 -$1.4 -$1.0 -$0.3 -$0.1 $0.2 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0

Cost increase (+). Cost decrease (-).

Change in Costs: Relative to LTEP (2013) (nominal $/MWh)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

LTEP (2013) $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0

Pickering to 2020 $3.4 $2.2 $3.1 $0.4 -$1.5 $3.6 $1.9 -$0.3 $4.2 $2.4 $2.9 $0.5 $1.4 $2.9 $0.6 $2.3 $3.3 $1.9

Pickering to 2022 $3.4 $1.8 $2.7 $0.5 -$1.6 -$0.7 -$3.3 $0.2 $5.2 $2.7 $2.9 $0.3 $1.4 $2.8 $0.6 $2.3 $3.3 $1.9

Pickering to 2022/2024 $3.5 $1.8 $2.7 $0.5 -$1.5 -$0.4 -$3.3 -$4.4 $1.0 $4.6 $3.9 $0.7 $1.5 $2.7 $0.6 $2.3 $3.3 $1.9

Pickering to 2024 $3.4 $2.2 $2.7 $0.7 -$1.2 $0.2 -$3.3 -$3.4 $2.3 $5.7 $3.6 $0.4 $1.3 $2.7 $0.6 $2.3 $3.3 $1.9

Pickering to 2018 $3.4 $2.7 $3.6 $4.3 $2.5 $2.1 $0.9 -$0.6 $4.0 $2.6 $2.9 $0.5 $1.4 $2.8 $0.6 $2.3 $3.2 $1.9

Cost increase (+). Cost decrease (-).

Assumes a typical large industrial customer with a demand of 5MW and a 75% capacity factor. 
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Industrial Electricity Rate (nominal $/MWh)  
Across Darlington Scenarios 
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Industrial Electricity Rate Across Darlington Scenarios (nominal $/MWh)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

LTEP (2013) $92 $96 $100 $105 $102 $104 $111 $115 $113 $113 $115 $116 $118 $118 $121 $121 $123 $123

Pickering to 2020, Darlington Lapped $95 $98 $103 $105 $101 $108 $113 $115 $117 $115 $118 $117 $119 $121 $122 $123 $126 $125

Pickering to 2020, Darlington Unlapped without Idle Time $95 $98 $103 $105 $101 $109 $109 $112 $113 $115 $117 $120 $122 $123 $122 $124 $127 $126

Pickering to 2020, Darlington Unlapped with Idle Time $95 $98 $103 $105 $101 $109 $109 $112 $114 $118 $120 $120 $122 $123 $122 $124 $127 $126

Pickering to 2022/2024, Darlington Lapped $96 $98 $103 $105 $101 $104 $108 $111 $114 $118 $119 $117 $120 $121 $122 $123 $126 $125

Pickering to 2022/2024, Darlington Unlapped without Idle Time $95 $98 $103 $105 $101 $105 $105 $109 $111 $117 $118 $120 $122 $123 $122 $124 $127 $126

Pickering to 2022/2024, Darlington Unlapped with Idle Time $95 $98 $103 $105 $101 $105 $105 $109 $111 $120 $121 $120 $122 $123 $122 $124 $127 $126

Change in Costs: Pickering to 2022/2024 versus Pickering to 2020 under assumed Darlington schedule (nominal $/MWh)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Darlington Lapped $0.1 -$0.4 -$0.4 $0.0 $0.0 -$4.0 -$5.2 -$4.1 -$3.2 $2.1 $1.0 $0.2 $0.1 -$0.2 $0.0 $0.0 $0.0 $0.0

Darlington Unlapped without Idle Time $0.0 -$0.4 -$0.4 $0.0 -$0.1 -$4.2 -$4.0 -$3.2 -$2.2 $2.2 $1.0 $0.2 $0.1 -$0.2 $0.0 $0.0 $0.0 $0.0

Darlington Unlapped with Idle Time $0.0 -$0.4 -$0.4 $0.0 -$0.1 -$4.2 -$4.0 -$3.2 -$2.3 $1.7 $1.0 $0.2 $0.1 -$0.2 $0.0 $0.0 $0.0 $0.0

Cost increase (+). Cost decrease (-).

Change in Costs: Relative to LTEP (2013) (nominal $/MWh)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

LTEP (2013) $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0

Pickering to 2020, Darlington Lapped $3.4 $2.2 $3.1 $0.4 -$1.5 $3.6 $1.9 -$0.3 $4.2 $2.4 $2.9 $0.5 $1.4 $2.9 $0.6 $2.3 $3.3 $1.9

Pickering to 2020, Darlington Unlapped without Idle Time $3.4 $2.2 $3.1 $0.4 -$1.4 $5.0 -$2.1 -$3.0 $0.2 $1.6 $2.5 $3.7 $4.3 $5.0 $1.5 $3.2 $4.1 $2.6

Pickering to 2020, Darlington Unlapped with Idle Time $3.4 $2.2 $3.1 $0.4 -$1.4 $5.0 -$2.1 -$2.9 $0.7 $5.0 $4.9 $3.7 $4.3 $5.0 $1.5 $3.2 $4.1 $2.6

Pickering to 2022/2024, Darlington Lapped $3.5 $1.8 $2.7 $0.5 -$1.5 -$0.4 -$3.3 -$4.4 $1.0 $4.6 $3.9 $0.7 $1.5 $2.7 $0.6 $2.3 $3.3 $1.9

Pickering to 2022/2024, Darlington Unlapped without Idle Time $3.4 $1.7 $2.6 $0.4 -$1.4 $0.8 -$6.1 -$6.2 -$2.0 $3.9 $3.5 $3.9 $4.4 $4.8 $1.5 $3.2 $4.1 $2.6

Pickering to 2022/2024, Darlington Unlapped with Idle Time $3.4 $1.7 $2.6 $0.4 -$1.4 $0.8 -$6.1 -$6.1 -$1.6 $6.7 $5.9 $3.9 $4.4 $4.8 $1.5 $3.2 $4.1 $2.6

Cost increase (+). Cost decrease (-).
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Gas price volatility analysis 

• A probabilistic evaluation is completed to assess the change in net present value (NPV) of electricity system 
cost as a function of natural gas price  

 

• Gas price distributions are derived using historical gas prices. Two sets of distributions are derived from 
historical natural gas prices (from US EIA) and modeled: 
 

1) Using long-run historical gas prices: historical gas prices from 1997 through 2014 are fit to a log-
normal distribution. This distribution has a positive skew yielding a greater likelihood of higher gas 
prices then the mean (more upside risk than downside). 
 

2) Using recent historical gas prices: historical gas prices from 2010 through 2014 are fit to a log-normal 
distribution. This distribution is relatively normally distributed yielding an equal likelihood of gas 
prices being higher or lower than the mean. 

 

• The analysis is completed using Monte Carlo simulations based on user specified probability distributions.   
5,000 iterations are completed although results tend to converge at about 500 iterations. 

 

• Results of the analysis are presented for both sets of gas price distributions 
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Natural gas price probability distributions 
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Summary of change in net present value of electricity costs across 
Pickering/Darlington options 

Darlington Lapped 
(as per LTEP) 

Darlington Unlapped 
with idle time 

Darlington Unlapped 
without idle time 

Pickering to 

2018 

Pickering to 

2022/2024 

Pickering to 

2020 

Pickering to 

2022 

Pickering to 

2024 

Pickering to 2020 

Darlington Lapped 

Pickering to 2022 

Darlington Lapped 

Pickering to 2018 

Darlington Lapped 

Pickering to 2022/2024 

Darlington Lapped 

Pickering to 2024 

Darlington Lapped 

Pickering to 2018 

Darlington Unlapped, 

with idle time 

Pickering to 2018 

Darlington Unlapped, 

without idle time 

Pickering to 2020 

Darlington Unlapped, 

with idle time 

Pickering to 2022/2024 

Darlington Unlapped, 

with idle time 

Pickering to 2022/2024 

Darlington Unlapped, 

without idle time 

Pickering to 2020 

Darlington Unlapped, 

without idle time 

–$0.1B 

–$0.2B 

–$0.4B 

–$0.3B 

–$0.4B 

–$0.5B 

–$0.5B 

–$0.2B 

–$0.1B –$0.1B 

+$0.4B 

+$0.4B 

+$0.7B 

+$0.7B 

–$0.4B 

–$0.6B 

+$0.1B 

–$0.1B 

BASE 

+$0.3B 

+$0.4B 

+$0.1B 

–$0.1B 

–$0.2B 

–$0.3B 

Shaded squares beside each option show cumulative net cost (+) or benefit 

(-) relative to Base Case (Pickering to 2020 and Darlington Lapped). 

Net Present Value from 2015-2032 in 2014 $ Billion at 4% real discount rate.  
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Darlington Lapped 
(as per LTEP) 

Darlington Unlapped 
with idle time 

Darlington Unlapped 
without idle time 

Pickering to 

2018 

Pickering to 

2022/2024 

Pickering to 

2020 

Pickering to 

2022 

Pickering to 

2024 

Pickering to 2020 

Darlington Lapped 

Pickering to 2022 

Darlington Lapped 

Pickering to 2018 

Darlington Lapped 

Pickering to 2022/2024 

Darlington Lapped 

Pickering to 2024 

Darlington Lapped 

Pickering to 2018 

Darlington Unlapped, 

with idle time 

Pickering to 2018 

Darlington Unlapped, 

without idle time 

Pickering to 2020 

Darlington Unlapped, 

with idle time 

Pickering to 2022/2024 

Darlington Unlapped, 

with idle time 

Pickering to 2022/2024 

Darlington Unlapped, 

without idle time 

Pickering to 2020 

Darlington Unlapped, 

without idle time 

+4.8 MT 

–3.5 MT 

–5.8 MT 

–8.9 MT 

–1.7 MT 

–2.0 MT 

–2.1 MT 

–8.6 MT 

+4.8 MT +4.9 MT 

+1.8 MT 

+1.7 MT 

+2.1 MT 

–0.6 MT 

–5.8 MT 

BASE 

+4.8 MT 

–9.3 MT 

–9.9 MT 

+6.6 MT +4.5 MT 

+1.7 MT –0.3 MT 

–8.9 MT –7.2 MT 

Shaded squares beside each option show net cumulative change in CO2 

emissions relative to Base Case (Pickering to 2020 and Darlington Lapped). 

Values are cumulative from 2015-2032 and expressed in megatonnes (MT),  

Summary of change in CO2 emissions across Pickering/Darlington options 
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