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Part 1 - INTRODUCTION

1.1

Background

On January 26, 2013, BC Hydro filed its Environmental Impact Statement (EIS) for the Site
C Clean Energy Project (the Project) with the Canadian Environmental Assessment Agency
(CEA Agency) and the British Columbia Environmental Assessment Office (BCEAO). The
EIS was subject to a review by a government-appointed Working Group — which included
Aboriginal groups and local governments — and a 60-day public comment period, including
open houses. BC Hydro responded to information requests that followed these public
comment periods as well as additional comments provided on BC Hydro responses. The
CEA Agency and BCEAO adjudicated comments and responses on the EIS and directed BC
Hydro to amend the EIS.

On August 1, 2013, BC Hydro submitted an amended EIS to the CEA Agency and BCEAO,
which the agencies determined to be satisfactory and directed BC Hydro to submit the
amended EIS to the Joint Review Panel (Panel), as required by Section 3.14 of the
BC/Canada Agreement. In compliance with that direction, the Panel has been provided with
the EIS dated January 26, 2013, and a set of amendments to the EIS dated July 19, 2013,
which includes a set of Technical Memos. The references to the “EIS as amended” in this
Evidentiary Update refer to all materials provided to the Panel in accordance with the
agencies’ direction of August 1, 2013.

On August 8, 2013, BC Hydro informed the Panel that BC Hydro would provide an
Evidentiary Update to the EIS as amended by September 13, 2013, to reflect information
contained in BC Hydro’s Integrated Resource Plan (IRP) that was submitted to B.C.’s
Minister of Energy and Mines on August 2, 2013, in accordance with British Columbia’s
Clean Energy Act.

In keeping with good utility practice, BC Hydro undertakes detailed long-term planning every
two to three years to ensure it can reliably and cost effectively meet its customers’ future
electricity needs. BC Hydro’s IRP is a long-term resource plan to meet B.C.’s growth in
electricity demand and includes BC Hydro’s recommended actions to meet the province’s
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electricity requirements over the next 20 years. In developing the IRP, BC Hydro consulted
with the public, stakeholders and First Nations in both 2011 and 2012.

1.2 Purpose and Structure of Evidentiary Update
The purpose of this Evidentiary Update is to provide an update to the EIS as amended and
to address additional comments made by the public and Aboriginal groups. The changes
update Section 5 of the EIS as amended, with two associated updates to Section 7.1.2.1
and 7.1.2.2.

It is important to note that the updated information included in the IRP and this Evidentiary
Update does not change the conclusions of the EIS as amended. The IRP confirms that BC
Hydro requires the energy and capacity resources provided by the Project to meet future
customer demand, and the Project remains the preferred option to meet this need.

This Evidentiary Update is organized as follows:


Part 1: Introduction



Part 2: Analysis for the Project Need



Part 3: Analysis for the Alternatives to the Project



Part 4: Sensitivity analysis



Appendix A: Consideration of comments to EIS Section 5



Appendix B: Associated updates to Sections 7.1.2.1 and 7.1.2.2 of the EIS as amended

These are summarized in the following sections of this introduction.

1.3 Project Need
Part 2 provides an update to the analysis of Project need (Section 5.2 of the EIS) to reflect
information from the IRP. BC Hydro’s December 2012 Load Forecast as presented in the
EIS as amended has not changed and remains the most recent BC Hydro load forecast1.
The Demand Side Management (DSM) target of 7,800 gigawatt hours per year (GWh/year)
1

The load forecast is discussed in Section 5.2.1.1 of the EIS as amended
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of energy savings with 1,400 megawatts (MW) of associated capacity savings by F20212
3

remains BC Hydro’s DSM target .

Updates provided in the IRP compared to the EIS as amended include:


An increase in committed independent power producer (IPP) energy supply of
approximately 800 GWh/year in F2022, largely due to an increased probability of
delivery4



Designation of the Revelstoke Unit 6 project as a “contingency resource” to be reviewed
in the analysis of alternatives to the Project (previously included in the base loadresource balance). Revelstoke Unit 6 becomes a potential alternative to the Project
when combined with other available resources.



Updated in-service date for the Project (all six generating units in service by F2024
rather than F2023).



Information regarding the potential for climate change to affect BC Hydro’s hydro-electric
facilities5

The conclusion of the analysis of Project need remains unchanged compared to the EIS as
amended. There is a need for the Project based on the updated load-resource balance
(LRB) analysis, even after taking into account the DSM target and without taking into
account the potential demand from LNG. With the implementation of the DSM target and
IPP contract renewals (referred to as electricity purchase agreements or EPAs), new
resources are required to meet the energy and capacity needs of BC Hydro’s customers.
There is an energy gap beginning in F2027 and a capacity gap beginning in F2021. Both the
energy and capacity gaps as described exclude any potential load from LNG.

2

All years in this Evidentiary Update are stated in fiscal years (F20xx) ending 31 March, except where
otherwise noted.
3
The DSM target is discussed in Section 5.2.2.2 of the EIS as amended.
4
IPP energy capability is described in section 5.2.1.2 of the EIS as amended
5
Note: The EIS as amended includes analysis of Climate Change and is included in Volume 2, AppendixT
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1.4 Analysis of Alternatives to the Project
Part 3 provides an update to the analysis of alternatives to the Project, reflecting information
in the IRP. Further changes compared to the analysis provided in the EIS as amended are
as follows:


Amendment of the candidate portfolios to include three additional potential alternative
resources, specifically:



o

DSM Option 3

o

Revelstoke Unit 6

o

G.M. Shrum (GMS) Units 1-5 Capacity Increase

Change to BC Hydro’s Weighted Average Cost of Capital (WACC) from 6 per cent real
to 5 per cent real and a commensurate reduction in the IPP cost of capital from 8 per
cent to 7 per cent

The updated portfolio analysis presented in this chapter utilizes the same portfolio analysis
methodology described in the EIS as amended6. The conclusion of this portfolio analysis is
unchanged. The Project continues to provide the best combination of financial, technical,
environmental and economic development attributes, and remains the preferred option to
meet the need for energy and capacity within BC Hydro’s planning horizon.

1.5 Sensitivity Analysis
Part 4 provides sensitivity analysis conducted as part of the IRP. Part 4 reviews the analysis
of the alternatives to the Project with respect to variability in the following five factors:


Variability from the mid-load forecast to “large gap” (i.e., high load growth with low DSM
savings level) and “small gap” (low load growth with low DSM savings level) scenarios



Variability from mid-market prices to high and low market price scenarios



A reduced cost of capital for IPP projects from 7 per cent real to 6 per cent real

6

As described in Section 5.5.3 of the EIS as amended, and the Technical Memo on Alternatives to the Project
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Sensitivity in Project capital costs



Variability from a $10/MWh wind integration cost to wind integration costs of $5/MWh
and $15/MWh.

In the majority of the sensitivity analysis scenarios, the Project continues to provide financial
benefits compared to the portfolios of alternative resource options. The scenarios in which
alternative portfolios provide benefits compared to the Project are generally lower
probability, and are associated with long-term low load growth or market prices. Given the
wide range of potential scenarios in which the Project provides benefits compared to
alternatives, and given the low likelihood of the scenarios in which it does not, BC Hydro
maintains that the Project is the preferred resource option to meet BC Hydro’s forecast
customer demand.

1.6 Summary and Conclusion
This Evidentiary Update provides updated analysis to reflect the most current information
available on the Need for and Alternatives to the Project, and provides sensitivity analysis
undertaken as part of BC Hydro’s IRP.
The conclusion on Project need and alternatives reached in the EIS as amended has not
changed. The IRP and Evidentiary Update confirm that there is a need for new sources of
energy and capacity within BC Hydro’s planning horizon, and that the Project offers the best
combination of financial, technical, environmental and economic development attributes to
meet this need.

Page 5

Evidentiary Update
September 13, 2013

PART 2 – PROJECT NEED

2

This part updates the analysis of the need for the Project (as described in section 5.2 of the
EIS as amended) based on updated information from the IRP. Supplemental information
related to the potential impacts of climate change on the capability of BC Hydro’s hydroelectric facilities is also provided at the end of this part of the Evidentiary Update.

2.1 Updates to Load-Resource Balance Gap
The need for the Project is based on BC Hydro’s LRB, which is the difference between BC
7

Hydro’s customer demand (load) and the supply from existing and committed resources .
There is a gap (i.e., shortfall) if forecasted customer demand exceeds the existing and
committed resources available to serve such load. Consistent with the B.C. Utility
Commission’s (BCUC) Resource Planning Guidelines (found at Appendix D of the EIS as
amended and provided as an attachment to this Evidentiary Update), and as described in
the Technical Memo on Project Need (a copy of which is attached to this Evidentiary
Update), there are three main steps to the determination of need:


Step 1: Forecasting load, in this case the 2012 Load Forecast dated December 2012,
the most recent BC Hydro load forecast (see Section 5.2.1.1 of the EIS as amended)



Step 2: Estimating the energy and capacity available from existing and committed
supply side resources (see Section 5.2.1.2 of the EIS as amended)



Step 3: Determining the level of future DSM savings that are achievable and costeffective (see Section 5.2.2.2 of the EIS as amended)

BC Hydro’s 20-year planning period for the determination of need has been updated in the
IRP to F2014 – F2033 from F2012 – F2031. There have also been two updates to the
information used in estimating the energy and capacity available from existing and
committed supply side resources as described in Part 2.1.1 and 2.1.2 of this Evidentiary
Update.

7

Committed supply-side resources are resources for which material regulatory and BC Hydro executive
approvals have been secured.
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The information used in Steps 1 and 3, specifically the December 2012 Load Forecast and
8

the DSM target, remains unchanged . Updated LRB tables based on these changes are
provided in Part 0.

2.1.1 Increase in the forecast independent power producer (IPP) energy
supply
A component of the evaluation of project need is the estimate of how much energy will be
available to BC Hydro from IPPs. This includes both operating IPPs as well as IPP projects
that are expected to enter operations in the future.

BC Hydro has updated the assessment of the likelihood of completion of pre-commercial
operation IPP projects as some of these projects have reached or are nearing completion.
BC Hydro has reduced the forecast attrition rate associated with these future projects, which
has resulted in approximately 800 GWh of additional energy being available to BC Hydro in
the planning horizon.

While energy from future IPP renewed EPAs is included in the analysis of Project need, IPP
projects will be individually assessed as EPAs come up for renewal, and are not yet truly
committed resources. Consistent with the EIS as amended, for planning purposes,
BC Hydro assumes that approximately 50 per cent of the bioenergy EPAs will be renewed,
about 75 per cent of the run-of-river hydroelectric EPAs that are up for the renewal in the
next five years will be renewed, and the renewal of all other EPAs. These EPA renewal
planning assumptions result in about 4,700 GWh/year of firm energy in F2024 and about
6,400 GWh/year of firm energy in F2033 at the end of the planning horizon.

2.1.2 Designation of the Revelstoke 6 project as a “contingency resource” to
be reviewed in the analysis of alternatives to the Project
Revelstoke Unit 6 is a potential future BC Hydro project that could add about 500 MW of
long-term (50+ years) dependable capacity to the BC Hydro system. Revelstoke Unit 6
would provide very little energy (about 26 GWh/year). For purposes of the EIS as amended,
BC Hydro included Revelstoke Unit 6 in F2019 in its LRBs even though it is not a committed
8

BC Hydro has updated the annual DSM savings in the years prior to F2021; however, the DSM target itself
remains unchanged and as a result these changes do not impact the need for the Project.
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resource. Revelstoke Unit 6 is a potential future resource requiring BC Hydro Board of
9

Directors approval, review under the B.C. Environmental Assessment Act (BCEAA) and
First Nation consultation.

BC Hydro’s recommendation for Revelstoke Unit 6 in the LRB has changed. The IRP now
recommends pursuing Revelstoke Unit 6 as a contingency resource that would only be
advanced to implementation if customer demand significantly exceeds expected customer
demand for a sustained period. BC Hydro believes that the unique requirements of potential
LNG customers may be better served by north coast supply. BC Hydro is also planning to
rely on the market, backed up by the Canadian Entitlement for a specified period of time and
up to a certain amount as a cost-effective alternative to Revelstoke Unit 6 as described
below (Please see the supplemental information at the end of this Part for a description of
the Canadian Entitlement).
As discussed in part 2.2 below, the Project’s earliest ISD is F2024. If the Project is built,
there would be a five-year capacity gap, without taking into account potential LNG load from
F2019 to F2023 (refer to Table 10 in Part 2.4 below). Rather than advancing Revelstoke
Unit 6 solely to meet a five year gap in capacity, at a capital cost in excess of $400 million
(loaded dollars)10, BC Hydro proposes in the IRP to rely on the market backed up by the
Canadian Entitlement provided under the Columbia River Treaty to meet any system
capacity shortages during a period of shortfall. This reliance for approximately 300 MW until
the Project comes into service is a cost effective strategy to meet this short term system
capacity gap. However, there is uncertainty with respect to the Canadian Entitlement. While
the Columbia River Treaty has no termination date, either Canada or the U.S. can
unilaterally terminate most of the provisions of the Columbia River Treaty any time after 16
September 2024, providing at least 10 years’ notice is given. In addition, planning to rely on
the market for the five-year F2019 to F2023 period does not meet the self-sufficiency
requirement set out in subsection 6(2) of the Clean Energy Act. Lieutenant
Governor-in-Council authorization is required. For these reasons, market and Canadian
Entitlement cannot be relied upon to meet long term energy and capacity needs.
9
10

S.B.C. 2002, c.43.

The project is at an early phase of definition, and as a result this cost estimate may change.
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As described in part 3 of this Evidentiary Update, Revelstoke Unit 6 is an available
alternative to the Project in combination with other resources.

2.2

Update to Project In-service Date

BC Hydro has conducted a review of the Project construction schedule and has revisited the
Project’s earliest ISD of F2023 (for all six generating units; the first generating unit was
expected to be in service by F2022). Based on this review, BC Hydro revised the expected
earliest ISD to F2024 for all six generating units. BC Hydro has also included analysis using
a F2026 ISD to provide a basis for evaluating alternatives.

2.3

Conclusion

Updated LRB tables reflecting the changes discussed above are provided in Part 0 of this
Evidentiary Update.
Based on these updated tables, the conclusion of the analysis of Project need has not
changed compared to the EIS as amended. There is a need for the Project based on the
updated LRB analysis, even after taking into account the pursuit of the DSM target. With the
implementation of the DSM target and EPA renewal and other expectations, new resources
are required to meet the energy and capacity needs of BC Hydro’s customers. There is an
energy gap beginning in F2027 and a capacity gap beginning in F2019 without LNG load.
It is difficult to precisely time the addition of any new electricity resource with the exact year
of forecasted energy or capacity gaps, particularly large hydroelectric facilities such as the
Project. There are a number of uncertainties that could result in higher or lower customer
demand, and lower or higher resource delivery11. These uncertainties underscore the need
to review a range of future resource requirements, rather than solely single point estimates
for LRB energy and capacity gaps. In Part 4 below BC Hydro examines a number of
sensitivity cases to further test the need for the Project.

11

Refer to Section 5.2.3 of the EIS as amended for further discussion.
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2.4

Updated LRB Tables

The following supporting evidence and information is related to the IRP’s updates to the
LRBs. The LRB tables are presented for the period of F2017 to F2033. Years F2014-F2016
are part of BC Hydro’s current operational horizon and are not part of the long-term planning
period. LRB gaps during the operational horizon are managed through reliance on existing
resources given near-term market conditions, system constraints, planned outages and
inflows.

Energy and Capacity Capability for Existing and Committed Supply
Table 1 and Table 2 update the F2022 information provided in Table 5.4 and Table 5.5 of
the EIS as amended based on the change in the IPP attrition.
Table 1

Energy Capability for Existing and Committed Supply
EIS – Table 5.4
F2022

Gigawatt Hours (GWh)

Evidentiary
Update
F2022

Heritage hydroelectric

(a)

48,500

48,500

Heritage thermal (Prince Rupert)

(b)

200

200

Existing and committed IPP supply

(c)

14,200

15,000

Total supply

(d) = a + b + c

62,900

63,700

Table 2

Dependable Capacity for Existing and Committed Supply
EIS – Table 5.5
F2022

Megawatts (MW)

Evidentiary
Update
F2022

(a)

11,400

Heritage thermal (Prince Rupert)

(b)

50

50

Existing and committed IPP supply

(c)

1,200

1,200

Reserves

11,400

a

Heritage hydroelectric

b

Supply requiring reserves

(d) = a + b + c

12,700

12,700

14% of supply requiring reserves

(e) = d * 0.14

1,800

1,800

150

150

Supply not requiring reserves
Alcan 2007 EPA

(f)
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EIS – Table 5.5
F2022

Megawatts (MW)

(g) = d – e + f

Total supply

11,050

c

Evidentiary
Update
F2022
11,050

NOTE:
a

b

c

The Heritage hydroelectric value has been updated from the IRP to reflect minor errata correcting an
approximately 100 MW overstatement.
System generating capacity beyond that required to meet peak demand, ensuring sufficient generation is
available if some generating units are not available; necessary to meet reliability criteria for planning and
operation.
Errata.

Energy and Capacity LRBs before DSM Target
Table 3 and Table 4 demonstrate the resulting changes to the LRBs provided in Table 5.6
and Table 5.7 of the EIS as amended. Tables 3 and 4 start with the first year of the planning
period, which is F2017. Bracketed numbers indicate a surplus, while un-bracketed numbers
indicate a gap. Table 3 shows a need for energy in F2018 and Table 4 shows a need for
capacity in F2017.
Table 3

Energy Deficit/Surplus without DSM (GWh) (No LNG)
Year
F2017
F2018
F2019
F2020
F2021
F2022
F2023
F2024
F2025
F2026
F2027
F2028
F2029
F2030
F2031
F2032
F2033

EIS – Table 5.6
LRB without DSM
100
2,300
4,300
5,400
6,400
7,200
8,200
9,100
9,900
10,400
11,000
12,100
13,000
14,000
15,000
n/a
n/a

Evidentiary Update
LRB without DSM
(700)
1,200
3,100
4,500
5,600
6,400
7,300
8,300
8,900
9,300
10,000
11,100
12,000
13,100
14,100
15,100
15,900
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Table 4

Capacity Deficit/Surplus without DSM (MW) (No LNG)
Year
F2017
F2018
F2019
F2020
F2021
F2022
F2023
F2024
F2025
F2026
F2027
F2028
F2029
F2030
F2031
F2032
F2033

EIS – Table 5.7
LRB without DSM

Evidentiary Update
LRB without DSM

600
850
1,150
1,300
1,500
1,650
1,850
2,000
2,200
2,350
2,500
2,700
2,950
3,200
3,400
n/a
n/a

600
850
1,100
1,300
1,450
1,650
1,850
2,000
2,150
2,300
2,500
2,700
2,950
3,150
3,400
3,600
3,800

Energy and Capacity LRBs with DSM Target
Table 5 and Table 6 demonstrate the effects of adding DSM to the energy and capacity LRB
values presented in Table 3 and Table 4 and provide a comparison to Table 5.8 and Table
5.9 of the EIS as amended. These tables also reflect the change associated with the
treatment of Revelstoke Unit 6 as an available alternative to the Project.
Without future additional resources there is a need for new energy in F2027 and a need for
new capacity in F2019.
Table 5

Energy Deficit/Surplus with DSM (GWh) (No LNG)
Year
F2017
F2018
F2019
F2020
F2021
F2022
F2023
F2024

EIS – Table 5.8
LRB with DSM and Rev 6
(4,700)
(3,400)
(2,200)
(1,900)
(1,400)
(1,000)
(200)
200

Evidentiary Update
LRB with DSM
(5,000)
(3,700)
(2,800)
(2,400)
(2,200)
(1,800)
(1,100)
(700)
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Year
F2025
F2026
F2027
F2028
F2029
F2030
F2031
F2032
F2033

Table 6

EIS – Table 5.8
LRB with DSM and Rev 6

Evidentiary Update
LRB with DSM

700
800
1,200
1,800
2,400
3,100
3,800
n/a
n/a

(300)
(300)
200
900
1,800
2,600
3,300
4,200
4,900

Capacity Deficit/Surplus with DSM (MW) (No LNG)
Year
F2017
F2018
F2019
F2020
F2021
F2022
F2023
F2024
F2025
F2026
F2027
F2028
F2029
F2030
F2031
F2032
F2033

EIS – Table 5.9
LRB with DSM and Rev 6

Evidentiary Update
LRB with DSM

(200)
(100)
(400)
(350)
(250)
(250)
(100)
–
100
200
300
450
600
800
950
n/a
n/a

(250)
(100)
100
100
150
300
400
500
550
700
850
1,000
1,150
1,350
1,550
1,750

Energy and Capacity LRBs reflecting potential LNG load

Section 5.2.3 of the EIS as amended discusses a number of uncertainties that result in risks
that could have significant consequences in terms of BC Hydro being able to reliably meet
customer demand. One of these uncertainties is potential LNG load.
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As stated in the IRP, currently there are 12 publicly-announced LNG projects for Kitimat,
Prince Rupert and other areas of the B.C. North Coast, Howe Sound in the Lower Mainland
and Campbell River on Vancouver Island. Potential LNG load consists of: (1) compression
load, which is the energy required by the main liquefaction compressors that cool natural
gas into liquid form and represents the majority of LNG facility requirements; and
(2) non-compression load, which refers to the rest of LNG facility power demand including
other compressors, pumps, control systems, loading terminal equipment, lighting and office
requirements. Non-compression load typically accounts for about 15 per cent of overall LNG
facility energy requirements. LNG projects typically require export licences from the National
Energy Board and environmental assessment-related authorization through BCEAA and/or
Canadian Environmental Assessment Act.12 In addition to the status of regulatory approvals,
important LNG project decision-making steps that will inform BC Hydro's plans are the
status of front-end engineering design and feasibility studies and final investment decisions.
To date, no LNG project proponent in B.C. has made a final investment decision.

After discussions with LNG proponents and review of LNG project descriptions submitted to
the B.C. and Canadian environment assessment agencies, BC Hydro understands that
proponents of the larger LNG projects generally will not be requesting electricity service for
compression loads. Larger scale LNG proponents may request service from BC Hydro for
13

non-compression load,

while smaller scale LNG projects such as the Woodfibre LNG

project proposed for an industrial site near Squamish, B.C. may take service for both
compression and non-compression load. For purposes of the EIS as amended, BC Hydro
set out a range of potential non-compression load of about 800 GWh/year to 6,600
GWh/year of additional energy demand, corresponding to about 100 MW to 800 MW of
additional peak demand. The timing assumed for these LNG loads has been delayed one
year from F2019 in the EIS as amended to F2020 in both the IRP and the Evidentiary
Update.
12
13

S.C. 2012, c.19, section 52.
See, for example, Project Description (section 5.9) for LNG Canada dated March 21, 2013: “Each LNG
liquefaction train will utilize natural gas-fired direct drive for the main refrigeration compressors to produce
LNG. The LNG facility and marine terminal will require electrical power to operate all other supporting
facilities and infrastructure. Approximately 90 MW of electrical power will be required for Phase 1 and
approximately 150 MW will be required at full build-out. There are currently two options being considered for
the electrical power requirements including: power supply option 1 – electrical power sourced from the BC
Hydro electrical grid; and power supply option 2 – new electrical generation installed at the LNG facility site”.
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For purposes of completeness BC Hydro updates EIS as amended Tables 5.10 and 5.11 in
Table 7 and Table 8 below. Table 7 indicates a need for new energy resources in F2024
with low LNG demand and in F2021 with high LNG demand. Table 8 indicates a need for
new dependable capacity resources in F2019 with Low and High LNG demand.
Table 7
Year

F2017
F2018
F2019
F2020
F2021
F2022
F2023
F2024
F2025
F2026
F2027
F2028
F2029
F2030
F2031
F2032
F2033

Table 8
Year

F2017
F2018
F2019
F2020
F2021
F2022
F2023
F2024

Energy Deficit/Surplus with DSM and LNG (GWh)
EIS – Table 5.10
LRB with DSM and
Rev 6 and Low
LNG
(4,700)
(3,400)
(1,400)
(1,000)
(600)
(100)
600
1,000
1,600
1,600
2,000
2,700
3,300
4,000
4,600
n/a
n/a

EIS – Table 5.10
LRB with DSM and
Rev 6 and High
LNG
(4,700)
(3,400)
300
4,700
5,200
5,600
6,400
6,800
7,300
7,300
7,700
8,400
9,000
9,700
10,400
n/a
n/a

Evidentiary Update
LRB with DSM and
Low LNG
(5,000)
(3,700)
(2,800)
(1,500)
(1,400)
(1,000)
(300)
100
600
500
1,000
1,700
2,600
3,400
4,100
5,000
5,700

Evidentiary Update
LRB with DSM and
High LNG
(5,000)
(3,700)
(2,800)
(400)
1,800
4,800
5,500
5,900
6,300
6,300
6,700
7,500
8,400
9,200
9,900
10,800
11,500

Capacity Deficit/Surplus with DSM and LNG (MW)
EIS – Table 5.11
LRB with DSM and
Rev 6 and Low
LNG
(200)
(100)
(300)
(200)
(200)
(200)
0
100

EIS – Table 5.11
LRB with DSM and
Rev 6 and High
LNG
(200)
(100)
(100)
500
500
500
700
800

Evidentiary Update
LRB with DSM and
Low LNG
(250)
(100)
200
200
250
400
500

Evidentiary Update
LRB with DSM and
High LNG
(250)
(100)
300
600
950
1,100
1,200
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Year

EIS – Table 5.11
LRB with DSM and
Rev 6 and Low
LNG

F2025
F2026
F2027
F2028
F2029
F2030
F2031
F2032
F2033

200
300
400
500
700
900
1,000
n/a
n/a

EIS – Table 5.11
LRB with DSM and
Rev 6 and High
LNG

Evidentiary Update
LRB with DSM and
Low LNG

900
1,000
1,100
1,200
1,400
1,600
1,700
n/a
n/a

Evidentiary Update
LRB with DSM and
High LNG

600
650
800
950
1,100
1,250
1,450
1,650
1,850

1,300
1,350
1,500
1,650
1,800
1,950
2,150
2,350
2,550

Energy and Capacity LRBs including the Project

Table 9 and Table 10 compare the energy and capacity LRBs presented in Table 5.13 and
Table 5.14 of the EIS as amended to update LRBs including DSM and the Project. Table 9
shows that the Project is expected to meet the updated energy requirements shown in Table
5 for the duration of the planning horizon. Table 10 shows that the Project is expected to
meet the updated capacity requirements shown in Table 6 until F2029.
Table 9

Energy Deficit/Surplus with DSM and the Project (GWh) (No LNG)
Year

F2017
F2018
F2019
F2020
F2021
F2022
F2023
F2024
F2025
F2026
F2027
F2028
F2029
F2030
F2031
F2032
F2033

EIS – Table 5.13
LRB with DSM, Rev 6 & Site
C
(4,700)
(3,400)
(2,200)
(1,900)
(1,400)
(1,400)
(4,600)
(4,900)
(4,400)
(4,300)
(3,900)
(3,300)
(2,700)
(2,000)
(1,300)
n/a
n/a

Evidentiary Update
LRB with DSM & Site C
(5,000)
(3,700)
(2,800)
(2,400)
(2,200)
(1,800)
(1,500)
(5,100)
(5,400)
(5,400)
(4,900)
(4,200)
(3,300)
(2,500)
(1,800)
(900)
(200)
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Table 10

Capacity Deficit/Surplus with DSM and the Project (MW) (No LNG)
Year

F2017
F2018
F2019
F2020
F2021
F2022
F2023
F2024
F2025
F2026
F2027
F2028
F2029
F2030
F2031
F2032
F2033

EIS – Table 5.14
LRB with DSM, Rev 6 & Site
C
(200)
(100)
(400)
(350)
(250)
(250)
(1,050)
(950)
(850)
(750)
(650)
(500)
(300)
(150)
0
n/a
n/a

Evidentiary Update
LRB with DSM & Site C
(250)
(100)
100
100
150
300
(550)
(450)
(350)
(250)
(100)
50
250
400
600
800
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SUPPLEMENTAL INFORMATION TO PART 2
Heritage Hydro Output and Climate Change
Both the IRP and the EIS as amended provide that the annual average water capability of
BC Hydro’s Heritage hydroelectric resources is 48,500 GWh/year (in F2022). Although
BC Hydro is planning to meet load under average Heritage hydro water conditions, the
amount of energy in a given year is dependent on weather conditions, including the inflows
into the Heritage and non-Heritage hydroelectric system; and on the dispatch of both
Heritage and dispatchable non-Heritage resources to meet load given market prices and
system conditions and constraints. Figure 1 shows the frequency distribution of the Heritage
hydro generation for the 60-year inflow record using the current resource mix. The existing
Heritage hydroelectric system is capable of providing between 43,000 and 56,000 GWh/year
of energy.
Figure 1

Frequency Distribution of Heritage Hydro Generation

4,100
GWh/year
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BC Hydro notes that Special Direction No. 1014 to BCUC provides in subsection 2(2) that for
purposes of adjudicating BC Hydro’s applications to the BCUC, the BCUC must use 48,200
GWh/year as the “maximum amount of annual energy that the [BC Hydro] hydroelectric
system can produce under average water conditions”.
Hydroelectric power generation depends on stream flow as a power source, and hence has
the potential to be affected by changes in the hydrological cycle as a result of climate
variation. BC Hydro developed a climate change adaptation strategy framework to
understand and address the potential impacts of climate change on BC Hydro’s operations
and long-term planning. As part of the first step of BC Hydro’s climate change adaptation
strategy, BC Hydro has been involved in a number of studies identifying both historical and
future impacts of climate change on the water cycle and water availability in watersheds
managed by BC Hydro.
As concluded in section 2.3.1.7 of the IRP, “[n]one of the studies thus far have identified a
need to change the way Heritage hydroelectric facilities are planned or relied upon”.
The IRP includes in Appendix 2C a paper written by BC Hydro titled “Hydrologic Impacts of
Climate Change” that summarizes the work done to date on assessing climate change.15
The paper reviews climate changes for several BC Hydro watersheds, including the Williston
basin (with the others being Upper Columbia, Kootenay River and Coastal regions). As
stated in the Executive Summary of the paper, page 2 of 58, “When working with climate
change scenarios, it is important to realize that the goal of working with the scenarios is not
to predict the future, but to better understand uncertainties in order to reach decisions that
are robust under a wide range of future scenarios.” Hence, while the paper concludes at
page 3 of 58 that “A modest increase in water availability is likely for BC Hydro’s
hydroelectric system” [emphasis added], it does not mean that BC Hydro should plan on
increases to the expected output from its system:


There appears to be little change to historical inflows. The paper concludes that
historical trends in annual reservoir inflows “are small and not significant” (paper,
page 50 of 58). The paper at page 33 of 58 observes that “[T]he short records length

14

B.C. Reg. 17.2012, amending B.C. Reg. 245/2006.

15

Note that Volume 2 Appendix T of the EIS as amended (Climate Change Summary Report) is based on the
same climate and hydrological modeling but it relates specifically to the Peace River.
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and data quality issues combined with possibly a low-amplitude climate change
signal that is superimposed on comparatively high-amplitude year-to-year
fluctuations, create challenges in providing an adequate[ly] picture of long-term
trends”;


The general circulation model (GCM) predicts stream flows in the mid-2050s (20412070) versus the 1960-1990 baseline period. The GCM predicts that a modest
increase in annual water availability over an 80 year span is likely for BC Hydro’s
hydroelectric system. The predictions do not say that this likely modest increase will
be there in the next 10 years. There is also a range of GCMs – some suggest than
annual water availability will remain unchanged while other GCMs project that water
supply will increase by 15 per cent by the 2050s (paper, page 50 of 58);



From a resource planning perspective, resource reliance is based upon observable
inflow data and not what may happen in the future between 2041 and 2070.
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Columbia River Treaty
The Columbia River Treaty between Canada and the United States was signed in 1961 and
ratified in 1964. The Treaty required that three dams – Duncan, Keenleyside (Arrow) and
Mica (Kinbasket) – be built in British Columbia for flood control and to increase hydroelectric
power generating potential in both countries. The Treaty also gave the U.S. the right to build
Libby Dam on the Kootenai River, forming Koocanusa Reservoir. All four of these dams
were completed between 1964 and 1973. The earliest expiration date for the Columbia River
Treaty is September 2024, subject to either country giving 10 years' notice of its intent to
terminate the Treaty.
Canada's share (one-half) of the extra power produced in the U.S. as a result of the Treaty –
called the "Canadian Entitlement to downstream benefits" – is owned by the province of B.C.
This Canadian Entitlement was initially sold to a group of U.S. utilities for 30-year periods
beginning with the scheduled completion of each of the three Treaty dams in B.C. The last
of the 30-year sale periods ended in March 2003 and the province is now receiving the
Canadian Entitlement for all of the Treaty dams, equal to 537 average MW of energy and
1176 MW of capacity for the 2004-05 operating year.
The Canadian Entitlement is not a viable alternative to the Project because it does not meet
the self-sufficiency requirement set out in Section 6 of the Clean Energy Act. Refer to
section 5.4.2.1 of the EIS as amended.
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Part 3 – ANALYSIS OF ALTERNATIVES

3

This part updates the analysis of the alternatives for the Project (as described in sections 5.4
and 5.5 of the EIS as amended) based on information from the IRP.

Consistent with Section 4.2 of the EIS Guidelines and good utility practice, and as detailed in
the Technical Memo on Alternatives to the Project, BC Hydro identified and undertook a
review of electricity resources which could be alternatives to the Project. As described in the
EIS as amended, this consisted of:


Identification of potential resource options that could meet the forecasted need for
energy and dependable capacity (Section 5.4.1 of the EIS as amended)



Screening resources to determine if the resources are economically and technically
feasible (Section 5.4.2)



Development of financial, technical, environmental and economic development attributes
to assess available resources and portfolios (Sections 5.5.1 and 5.5.2)



Assessment of the available alternatives based on the developed attributes:
o

On an individual basis (section 5.5.2)

o

In combination within portfolios (Section 5.5.4), specifically:


Clean Generation portfolios using a combination of clean or renewable
resources including wind, biomass and run-of-river hydro



Clean + Thermal Generation portfolios using a combination of clean or
renewable resources as well as natural gas-fired generation (in the form of
SCGTs) within the prescribed allowance of the Clean Energy Act

This portfolio analysis is conducted using two methods:


Block Analysis, comparing portfolios of resources that make up the same 5,100
GWh of energy and 1,100 MW of dependable capacity as the Project



Portfolio Modelling analysis using System Optimizer, which is a model that
captures variability in timing of resources as well as effects of resource on the
BC Hydro system and trade benefits. Portfolios created using System
Optimizer will not necessarily provide the same energy and capacity as the
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Project on an annual basis, and may therefore produce a different
surplus/deficit on an annual basis.
As a result of this analysis, BC Hydro concluded in the EIS as amended that the Project
provides the best combination of financial, technical, environmental and economic
development attributes and is therefore the preferred alternative to meet the need for energy
and capacity within BC Hydro’s planning horizon.

BC Hydro has updated the information used in the analysis of alternatives in the EIS as
amended. These consist of:


Changes to the cost of capital for BC Hydro and IPP projects



Amendment of the candidate portfolios to include additional potential alternative
resources.

These updates are described in parts 3.1 and 3.2 below.

Part 3.3 presents updated block analysis and portfolio modelling results based on this
updated information. Both the block analysis and the portfolio modelling utilize the same
methodology and portfolio categories as in the EIS as amended. BC Hydro has also
included versions of the Clean Generation and Clean + Thermal Generation portfolios that
include additional DSM activity (DSM Option 3).

The conclusion of this portfolio analysis is unchanged compared to the EIS as amended.
The Project continues to provide the best combination of financial, technical, environmental,
and economic development attributes, and remains the preferred option to meet the need for
energy and capacity within BC Hydro’s planning horizon.

3.1

Updates to Cost of Capital

The weighted average cost of capital (WACC) is the overall cost of combined debt and
equity capital used to finance an acquisition. BC Hydro’s WACC has been updated from the
EIS as amended to:
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a 5 per cent real cost of capital rates used to determine the unit energy costs (UECs)16
of BC Hydro resources (such as the Project, Revelstoke Unit 6 and GMS Units 1-5
Capacity Increase) and;



a 7 per cent real cost of capital for IPP resources.

In April 2013, the 6 per cent real cost of capital used in the EIS as amended

17

was revised

to a 5 per cent real rate to reflect an expected long-term reduction in BC Hydro’s WACC.
The BC Hydro WACC is calculated using a deemed capital structure of a 70/30 debt to
equity ratio. The forecasted cost of debt is provided by the B.C. Ministry of Finance and the
cost of equity is based on BC Hydro’s allowed rate of return. The 5 per cent real rate
corresponds to a 7 per cent nominal rate, using an average rate of inflation of 2.0 per cent.18
As set out in section 5.5.3.4 of the EIS as amended, Policy Action #13 of the B.C.
Government’s 2002 BC Energy Plan19 provides that the private sector (i.e., IPPs) will
develop new electricity generation, with BC Hydro restricted to improvements at existing
plants and the Project. A 2 per cent WACC differential was established in the EIS as
amended, which resulted in an 8 per cent real WACC for IPPs (BC Hydro’s WACC was
6 per cent real). The WACC differential is attributable to BC Hydro’s role as an agent of Her
Majesty the Queen in the right of the Province of British Columbia. BC Hydro’s borrowing is
guaranteed by the Province and BC Hydro can also borrow directly from the Province. The
BCUC has found that IPPs’ cost of debt is higher than BC Hydro’s:
…the [BCUC] panel agrees with BC Hydro [and the customer
intervenors] that project evaluation methodology must consider the
actual costs, benefits, risks and other characteristics of individual
projects that may be relevant to cost-effectiveness, and should not
seek to artificially compensate for real differences in projects costs,
including possible differences in the cost of capital between BC Hydro
and other developers. With respect to the cost of capital, BC Hydro

16

The unit energy cost of a resource option is a representation of the cost per megawatt hour of energy
delivered over the resource option’s economic life
17

18

19

BC Hydro revised its F2014 WACC by 50 basis points in April 2013. Prior to the F2014 change, BC Hydro’s
WACC was at 5.5 per cent (real), which was rounded up to 6 per cent for the purpose of long-term planning
and in the EIS as amended.
Financial forecasts of Consumer Price Index and Canadian long-term interest rate are provided by the
Treasury Board of the Province of B.C.
Energy for Our Future: A Plan for BC, page 30.
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projects will clearly have an advantage as a result of…access to the
Province’s high credit rating.20
This BCUC finding is supported by BC Hydro’s observations based on open-book21 EPA
negotiations. In a study for the Western Electricity Coordinating Council (WECC), the region
in which BC Hydro operates, an after-tax WACC for IPPs of 8.25 per cent was used.22
Given that the recent reduction in borrowing costs is applicable to both the public and private
sectors, the estimated IPP WACC has been reduced from 8 per cent real in the EIS as
amended to 7 per cent real. Refer also to section 4.2 of this Evidentiary Update where a
sensitivity test is performed assuming a lower IPP WACC of 6 per cent, effectively reducing
the WACC differential from 2 per cent to 1 per cent.
Aside from the change to BC Hydro’s WACC from 6 per cent real to 5 per cent real, the only
other change to the key financial parameters used in the portfolio analysis described in
section 5.5.3.4 of the EIS as amended is a lowering of BC Hydro’s discount rate from 6 per
cent (real) to 5 per cent (real) for the portfolio PV cost assessments. The reasons set out
above with respect to BC Hydro’s WACC apply to this discount rate change as well.

3.2

Updates to Available Alternative Resource Options

BC Hydro reviewed the identified resource options and included three additional options as
available in the portfolio analysis. These additional resource options, in general, provide less
expensive dependable capacity supply or energy than other dependable capacity supply
alternatives and therefore provide a more stringent test of the Project’s cost-effectiveness.

3.2.1 Additional Resource Smart Projects
20

21

22

In the Matter of British Columbia Hydro and Power Authority: 2006 Integrated Electricity Plan and 2006 Long
Term Acquisition Plan, Decision, 11 May 2007, page 205.
Open book negotiations with IPPs typically occur when BC Hydro is negotiating an EPA as opposed to
conducting a competitive power acquisition process, and permit BC Hydro to probe the IPP supplier’s pricing
decisions and cost drivers, including cost of capital.
“Cost and Performance Review of Generation Technologies – Recommendations for WECC 10- and 20-Year
Study Process”, 2012, Energy + Environmental Economics, page 55-56; copy available at
http://www.wecc.biz/committees/BOD/TEPPC/TAS/121012/Lists/Minutes/1/121005_GenCapCostReport_final
draft.pdf.
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Revelstoke Unit 6 and GMS Units 1-5 Capacity Increase were not used as alternatives in the
section 5.5.3 EIS Clean Generation Portfolios because:


Revelstoke Unit 6 was treated as a committed resource in BC Hydro’s LRBs and
thus not an alternative



GMS Units 1-5 Capacity Increase was not sufficiently developed at the time of
the EIS

The portfolio analysis for the EIS as amended instead relied on higher cost pumped storage
as the marginal clean capacity resource.

Analysis in the IRP concludes that Revelstoke Unit 6 and GMS Units 1-5 capacity increase
are the only large remaining BC Hydro Resource Smart

23

projects available – the other

potential Resource Smart projects are higher cost; refer to table 5.36 of the EIS as
amended. The IRP sets out the respective UCCs for: Revelstoke Unit 6 (in $F2013) at $50
per kilowatt year (/kW-year) at the point of interconnection (POI) with the BC Hydro system;
GMS Units 1-5 Capacity Increase at $35/kW-year at POI; and for pumped storage at
24

between $100/kW-year to $630/kW-year

depending on location and installed capacity.

Thus the avoided capacity cost is now a combination of Revelstoke Unit 6, GMS Units 1-5
Capacity Increase and either pumped storage or natural gas-fired Simple Cycle Gas Turbine
facilities (SCGTs). These values update the capacity values set out in section 7.1.2.1 of the
amended EIS. In addition, the UECs set out in Section 7.1.2.2 have been updated from
$131/MWh to $124-125/MWh for clean or renewable energy resources as the avoided
energy cost based on the Resource Options Report contained in the IRP.

The rationale for the inclusion of Revelstoke Unit 6 as an alternative to the Project is
described in part 2.1.2 of this Evidentiary Update. BC Hydro has also advanced the GMS
Units 1-5 Capacity Increase to a sufficient stage to be included in the analysis of
alternatives.

3.2.2 DSM Option 3

23

Resource Smart is a BC Hydro program that promotes the identification, study, and implementation of
projects that provide cost-effective energy and capacity gains at existing BC Hydro facilities.
24

These pumped storage UCCs do not account for fuel costs associated with energy losses.
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In the base portfolio analysis, all portfolios assume that BC Hydro will be successful in
achieving its DSM target. However, BC Hydro has identified further DSM potential that may
be considered as an alternative to the Project. DSM Option 3 represents a scenario where
BC Hydro achieves energy savings beyond the DSM target.
DSM Option 3 on its own would only defer the need for the Project’s energy output for
two years (from F2027 to F2029, without potential LNG load). As a result, DSM Option 3 is
not an alternative to the Project on its own and needs to be combined with other clean or
renewable alternatives and/or natural gas-fired generation. BC Hydro has included analysis
in this Evidentiary Update of portfolios that include DSM Option 3.

3.3

Updated Block and Portfolio Modelling Analysis

This part updates the block and portfolio modelling analysis provided in Section 5.5.4 of the
EIS as amended. The methodology used in both the Block Analysis and System Optimizer
analysis is summarized in each section, but remains as described in the section 5.5.3 of the
EIS as amended.

3.3.1 Block Analysis
The alternatives to the Project are composed of multiple available resources, as most
alternatives are not capable of delivering comparable amounts of energy and dependable
capacity on their own. To facilitate a unit cost comparison with the Project, an adjusted UEC
– representing the cost per megawatt hour of energy delivered over the economic life – was
calculated for two comparable blocks of resources which were created to make up the
Project’s 5,100 GWh/year of energy and 1,100 MW of dependable capacity:
(1) Clean Generation Block; and
(2) Clean + Thermal Generation Block.
Note: Two variations of the Clean + Thermal Generation Block are considered. One
variation uses six SCGTs together with Revelstoke Unit 6 to meet the 1,100 MW
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capacity requirement25. The other variation replaces two of the SCGTs with the
GMS Units 1-5 Capacity Increase.
The tables provided in section 3.5.1 show the resources that make up the Clean Generation
and Clean + Thermal Generation portfolio blocks, and their associated costs. These blocks
predominately consist of wind resources to provide energy. In the Clean Generation Portfolio
block, Revelstoke Unit 6, GMS Units 1-5 Capacity Increase and pumped storage are added
to the block to make the capacity equivalent to the Project. To account for the energy losses
associated with pumped storage, this block requires about 400 GWh/year of additional
energy resources. In the Clean + Thermal Generation Portfolio blocks, SCGTs partly make
up the capacity need comparable to the Project.
The adjusted UEC costs for all four portfolios are listed in Table 11, which updates Table
5.42 of the EIS as amended. Table 11 shows that the Project remains lower cost than the
alternative portfolios. The UEC values are lower than provided in the EIS, primarily due to
the decrease in the discount rate used in the analysis. However, the differences between the
portfolios are similar to those provided in the EIS as amended.
Table 11
Clean
Generation
Block

Adjusted UEC
($F2013/MWh)

153

Adjusted Unit Energy Cost
Comparison
Clean + Thermal Generation
Block #1
(Revelstoke
Unit 6 and 6
SCGTs)

Block #2
(Revelstoke
Unit 6, GMS
and 4 SCGTs)

128

130

Project

94

As many of the resources in the Clean and Clean + Thermal portfolios are not significantly
different than in the EIS as amended, the environmental and economic development
attributes of the portfolios have not changed significantly. However, for completeness BC
Hydro has provided the environmental and economic development attributes in section
3.5.2.

25

The scenario with six SCGT represents one where BC Hydro is as the limit of the 93% clean or renewable
energy target in the Clean Energy Act – i.e. no further gas generation is permitted.
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3.3.2 Portfolio Modelling using System Optimizer
This analysis evaluates the cost competitiveness of the Project by comparing the present
value cost of portfolios with and without the Project using the System Optimizer. As
described in Section 5.5.3.2 of the EIS as amended, System Optimizer is a model that
selects a resource expansion sequence (i.e. the order in which new projects are built) that
minimizes the present value (PV) of net system costs.
The analysis using System Optimizer is a more sophisticated approach than the Block
Analysis and provides additional information not captured by the block analysis, including:
 Timing of resource additions including transmission additions or upgrades and
associated capital and operating expenditures;
 Effects of resource additions to the overall system and the system load resource
balance over the planning horizon;
 Economic dispatch reflecting the manner in which dispatchable resources will be
operated;
 Electricity market trade benefits that vary with the flexibility of the overall portfolio.
Two key advantages of portfolio modelling, including modelling the expected operation, are:
(1) it captures most of the economical dispatch value (for dispatchable resources such as
the Project, natural gas-fired generation) which provides value to BC Hydro’s customers and
is a point of differentiation of the Project from intermittent clean or renewable resources such
as wind and run-of-river; and (2) the ‘lumpiness’ of resources by modeling timing of
resources and the net cost of energy imbalances by comparing acquisition costs to value in
the electricity markets. As a result of this additional detail the resources selected by System
Optimizer and the resulting annual energy surplus or deficit will differ depending on the
portfolio – i.e. projects that do not include the Project will not produce the same annual
surplus / deficit as portfolios with the Project.
Figure 2 shows the base assumptions/conditions used for the portfolios presented in this
section.
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Figure 2

Base Modelling Assumptions Used
for the Portfolio Modelling Analysis

Uncertainties/Scenarios
Market Prices

Scenario 2
Low

Scenario 1
Mid

Scenario 3
High

Load Forecast

Low

Mid

High

DSM deliverability

Low

Mid

High

LNG Load Scenarios

Prior to LNG

800 GWh/year

Yes

No

DSM Option 1

DSM Target/
Option 2

DSM Option 3

F2024

F2026

No Site C

Modelling Assumptions and Parameters
BCH/IPP Cost of Capital

5/7

5/6

Pumped Storage as Option

Yes

No

Resource choices
Usage of 7% non-clean for non LNG load
DSM Options
Site C (all units in) timing

Site C Capital Cost
Wind Integration Cost

$5/MWh

3,000 GWh/year 6,600 GWh/year

Base

Base plus 10%

$10/MWh

$15/MWh

shows the modeling assumptions

As discussed later in this section, BC Hydro also conducted further analysis that included
DSM Option 3 as an available resource and of scenarios with a Project ISD of F2026. The
sensitivity analysis in part 4 of this Evidentiary Update varies some of these base
assumptions further.

Portfolio Modelling Analysis Results
Table 12 updates Table 5.41 of the EIS, and shows the difference in the PV cost between
the portfolios without the Project versus portfolios with the Project. Positive values indicate
that the portfolio with the Project is lower cost than the alternative portfolio. Table 12 shows
that the Project has a cost advantage at its earliest ISD, saving approximately $630 million
and $150 million in PV as compared to the Clean Generation and Clean + Thermal
Generation portfolios, respectively. The Project’s cost advantage increases with a F2026
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ISD. These cost advantages are higher than estimated in the EIS as amended, primarily due
to the decrease in the discount rate used in the PV analysis.
Table 12

Portfolio Present Value Comparison

Portfolio Comparison

Project InService Date

Portfolio Present Value
Differential
(Portfolio without the
Project minus Portfolio
with the Project)
($F2013 million)

Site C portfolio compared to
Clean Generation portfolio

F2024

630

F2026

880

Site C portfolio compared to
Clean + Thermal Generation portfolio

F2024

150

F2026

390

It should be noted that the partial replacement of the dependable capacity provided by the
Project with SCGTs would cause BC Hydro to reach the limit of the 93 per cent clean and
renewable target under the Clean Energy Act. As a result, BC Hydro’s ability to use natural
gas-fired generation for contingency resource planning purposes is forgone. This forgone
value is not captured in the portfolio analysis undertaken above.

Portfolios including DSM Option 3
BC Hydro conducted analysis in the IRP to determine if DSM Option 3 would be a lower cost
potential alternative to the Project. This was done through a variation of the Clean + Thermal
portfolios (as the alternative to the Project with the lowest PV cost) that included DSM
Option 3.
The results in Table 13 show that the portfolio with the DSM target and the Project with an
ISD of F2024 has a PV cost benefit of $320 million compared to the portfolio with Option 3,
natural gas-fired generation within the Clean Energy Act Clean and Renewable target, low
cost Revelstoke Unit 6 and GMS Units 1-5 Capacity Increase capacity resources but without
the Project.
Table 13

Portfolio Present Value Comparison – DSM Option 3
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Portfolio Type

DSM Analysis

Difference in PV Cost
(Portfolio without the
Project minus portfolio
with the Project)
($F2013 million)

Clean + Thermal
Generation Portfolio

3.4

DSM Option 3 without the Project
vs. DSM target with the Project

320

Summary and Conclusion

The conclusion of the analysis of alternatives to the Project has not changed compared to
the EIS as amended, because the differences in financial, technical, environmental, and
economic development attributes between portfolios with and without the Project have not
changed significantly. The Project remains the most cost-effective way in which BC Hydro
can meet the need for energy and dependable capacity. In addition, the Project provides
additional benefits of economic development and employment and would generate electricity
with comparatively low GHG emissions per unit energy.
The IRP and the Evidentiary Update confirm that the Project provides the best combination
of financial, technical, environmental, and economic development attributes and remains the
preferred option to meet the need for energy and capacity within BC Hydro’s planning
horizon.

Page 32

Evidentiary Update
September 13, 2013

3.5

Updated Block Analysis Tables

3.5.1 Composition of Portfolios for Block Analysis
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Table 14

Details and UEC Calculations for
Clean Generation Block

Clean Generation
Adjusted Unit
Dependable
Annual Firm
Energy Cost
Capacity (MW) Energy (GWh) ($F2013/MWh)

Project Name

Total Cost
($F2013M)

Energy Costs
MSW2_LM

211

90

19

Wind_PC28

25

591

121

71

Wind_PC21

371

123

46

Wind_PC13

541

123

67

101

123

13

Wind_PC19

441

124

55

Wind_PC16

377

126

48

Wind_PC14

527

127

67

Wind_PC10

1023

129

132

Wind_PC15

382

130

50

Wind_PC20

609

131

80

Wind_VI12

151

131

20

Wind_VI14

113

132

15

MSW1_VI

12

REV6 Variable Costs (see note 1)

n/a

26

12

0

GMS Variable Costs (see note 2)

n/a

0

0

0

PS Variable Costs (see note 3)
Weighted Average excluding capacity resources

n/a

(364)

19

7

n/a

n/a

125

n/a

Weighted Average including capacity resources

n/a

n/a

135

n/a

36

5100

n/a

688

Unit Capacity
Cost
($F2013/kWyear)

Total Cost
($F2013M)

Sub-total

Dependable
Annual Firm
Capacity (MW) Energy (GWh)

Capacity Costs
REV6 Fixed Costs

488

n/a

50

24

GMS Fixed Costs

220

n/a

35

8

500

n/a

124

62

1208

n/a

78

94

PS Fixed Costs
Sub-total

Adjusted Unit
Dependable
Annual Firm
Energy Cost
Capacity (MW) Energy (GWh) ($F2013/MWh)
Total

1244

5100

153

Total Cost
($F2013M)
782

Note:
1. REV6 variable cost include variable OMA and water rentals.
2. GMS variable cost include variable OMA and water rentals.
3. Pumped Storage variable cost include variable OMA and water rentals. The cost of energy losses is
included in the total cost of the clean resources that would be used to serve those losses.
4. UECs include a soft cost adder of 5%, wind integration cost where applicable, adjustment for time of delivery,
a regional transmission cost adder of $6/MWh, and the cost of delivery to the lower mainland.
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Table 15

Details and UEC Calculations for
Clean + Thermal Generation Block #1
(Revelstoke Unit 6 and 6 SCGTs)

Clean + Thermal Generation (No GMS, 6 SCGTs)
Annual
Adjusted Unit
Dependable
Firm/Effective
Energy Cost
Capacity (MW) Energy (GWh) ($F2013/MWh)

Project Name

Total Cost
($1000)

Energy Costs
MSW2_LM

211

90

19

Wind_PC28

25

591

121

71

Wind_PC21

371

123

46

Wind_PC13

541

123

67

MSW1_VI

101

123

13

Wind_PC19

12

441

124

55

Wind_PC16

377

126

48

Wind_PC14

527

127

67

Wind_PC15

382

130

50

Wind_PC20

609

131

80

12

0

REV6 Variable Costs (see note 1)

n/a

26

SCGT Variable Costs (see note 2)
Weighted Average excluding capacity resources

n/a

924

66

61

n/a

n/a

124

n/a

Weighted Average including capacity resources

n/a

n/a

113

n/a

36

5101

n/a

575

Unit Capacity
Cost
($F2013/kWyear)

Total Cost
($F2013M)

Sub-total

Dependable
Annual Firm
Capacity (MW) Energy (GWh)

Capacity Costs
REV6 Fixed Costs

488

n/a

50

24

SCGT Fixed Costs

588

n/a

88

52

1076

n/a

71

76

Sub-total

Adjusted Unit
Dependable
Annual Firm
Energy Cost
Capacity (MW) Energy (GWh) ($F2013/MWh)
Total

1112

5101

128

Total Cost
($F2013M)
651

Note:
1. REV6 variable cost include variable OMA and water rentals.
2. SCGT variable costs include variable OMA, fuel cost and GHG cost.
3. UECs include a soft cost adder of 5%, wind integration cost where applicable, adjustment for time of delivery,
a regional transmission cost adder of $6/MWh, and the cost of delivery to the lower mainland.
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Table 16

Details and UEC Calculations for
Clean + Thermal Generation Block #2
(Revelstoke Unit 6, GMS and 4
SCGTs)

Clean + Thermal Generation (With GMS, 4 SCGTs)
Annual
Adjusted Unit
Dependable
Firm/Effective
Energy Cost
Capacity (MW) Energy (GWh) ($F2013/MWh)

Project Name

Total Cost
($1000)

Energy Costs
MSW2_LM

211

90

19

Wind_PC28

25

591

121

71

Wind_PC21

371

123

46

541

123

67

101

123

13

Wind_PC19

441

124

55

Wind_PC16

377

126

48

Wind_PC14

527

127

67

Wind_VI14

113

132

15

Wind_PC11

473

133

63

Wind_PC13
MSW1_VI

12

Wind_PC09

713

133

95

REV6 Variable Costs (see note 1)

n/a

26

12

0

GMS Variable Costs (see note 2)

n/a

0

0

0

SCGT Variable Costs (see note 3)
Weighted Average excluding capacity resources

n/a

616

66

41

n/a

n/a

125

n/a

Weighted Average including capacity resources

n/a

n/a

117

n/a

36

5102

n/a

598

Unit Capacity
Cost
($F2013/kWyear)

Total Cost
($F2013M)
24

Sub-total

Dependable
Annual Firm
Capacity (MW) Energy (GWh)

Capacity Costs
REV6 Fixed Costs

488

n/a

50

GMS Fixed Costs

220

n/a

35

8

SCGT Fixed Costs

392

n/a

88

34

1100

n/a

60

66

Sub-total

Adjusted Unit
Dependable
Annual Firm
Energy Cost
Capacity (MW) Energy (GWh) ($F2013/MWh)
Total

1136

5102

130

Total Cost
($F2013M)
665

Note:
1. REV6 variable cost include variable OMA and water rentals.
2. GMS variable cost include variable OMA and water rentals.
3. SCGT variable costs include variable OMA, fuel cost and GHG cost.
4. UECs include a soft cost adder of 5%, wind integration cost where applicable, adjustment for time of delivery,
a regional transmission cost adder of $6/MWh, and the cost of delivery to the lower mainland.
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3.5.2 Updated Environmental and Economic Development Attributes
Table 17
Category

Land

Freshwater

Marine

Atmosphere

Environmental Attributes for Site C Vs Supply Side Alternatives
Indicator

Units

Classification

Clean
Portfolio

Clean +
Thermal
(6 SCGT)

Clean +
Thermal
(4 SCGT)

Site C
Portfolio

Footprint

hectares

n/a

2555

1768

2067

5661

Net Primary
productivity

ha per class

31
2080

23
1587

37
1756

0
2284

Remoteness – linear
disturbance density
(km/km2)

ha per class

Low (0 to < 69)
Medium (69 to <
369)
High (> 369)
Wilderness (< 0.2)
Remote (0.2 to <
0.66)
Rural (0.66 to 2.2)
Urban (> 2.2)
0 to < 20
20 to < 40
40 to < 60
60 to 80
> 80
n/a

444
1104
219

159
643
148

274
903
194

3377
3072
478

779
453
217
997
479
316
544
0

521
456
193
850
368
58
299
0

603
367
250
910
424
128
355
0

1359
752
0
0
0
0
5661
123

No priority species
(0)
Low species
diversity
(1 to 12)
Moderate species
diversity (13 to 23)
High species
diversity
(24 to 38)
n/a

0

0

0

0

28

3

28

0

2526

1764

2038

5661

0

0

0

0

0

0

0

9310

High priority species
count (percentile)

ha per class

Affected Stream
Length
Priority fish species
(number per
watershed)

kilometers
ha per class

Reservoir Aquatic
Area
Valued ecological
features

ha

Key commercial
bottom
fishing areas

ha per class

GHG emissions

tonnes/year,
thousands
tonnes/year,
thousands

Air contaminant
emissions

ha per class

None (0)
Low (1 to 2)
Medium (3 to 5)
High (> 5)
No bottom fisheries
1 bottom fishery
2 to 3 bottom
fisheries
> 3 bottom fisheries
Carbon dioxide
equivalent
Sulphur dioxide
Oxides of nitrogen
Carbon monoxide
Volatile organic
compounds
Fine particulates

n/a

n/a
0
0
0

n/a

n/a
0
0
0

n/a

n/a
0
0
0

n/a

0
0
0
n/a

0
0

0
0

0
0

0
0

0
217

0
657

0
511

0
0

0.1
0.3
0.0
0.0

0.1
0.6
1.3
0.0

0.1
0.5
0.9
0.0

0
0.0
0.0
0

0.0

0.0

0.0

0
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- PM2.5
Fine particulates
- PM10
Fine particulates
- PM total
Mercury

0.0

0.0

0.0

0

0.0

0.0

0.0

0

0.0

0.0

0.0

0

Table 18
Economic Development Attributes for Site C Vs Supply Side
Alternatives

Category

Provincial
GDP

Employment

Provincial
Government
Revenue

Indicator

Units

Construction period
GDP

dollars,
millions

Operations period
GDP

dollars,
millions per
year

Construction period
employment

jobs

Operations period
employment

jobs per
year

Construction period
revenue

dollars,
millions

Operations period
revenue

dollars,
millions per
year

Classification

Direct

Clean
Portfolio

Clean +
Thermal
(6 SCGT)

Clean +
Thermal
(4 SCGT)

Site C
Portfolio

469

306

319

792

Indirect
Induced
Total
Direct
Indirect

1,670
374
2,513
43
40

1,069
241
1,616
30
68

1,133
254
1,706
30
58

2,336
548
3,676
10
3

Induced
Direct
Indirect
Induced
Total
Direct
Indirect
Induced
Total
Direct
Indirect
Induced
Direct
Indirect
Induced

15
5,777
20,578
4,434
30,788
315
510
173
998
71
235
49
29
6
2

14
3,767
13,253
2,852
19,872
275
542
168
985
47
152
32
23
10
2

14
3,927
14,025
3,012
20,963
277
517
164
958
49
161
34
24
8
2

2
9,754
27,997
6,497
44,249
25
29
20
74
125
320
72
4
0
0
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Part 4 – SENSITIVITY ANALYSIS

4

This part of the Evidentiary Update describes sensitivity analysis to key assumptions to
evaluate which factors most affect the cost of the candidate portfolios. Sensitivity analysis is
a way of assessing the outcome of a decision if a situation turns out to be different
compared to, in this case, the base assumptions/conditions analyzed in the EIS as amended
and in part 3 of this Evidentiary Update. Sensitivity analysis typically involves varying one
input at a time. By creating a given set of scenarios, BC Hydro can determine how changes
in one variable will impact the base assumption/condition.
In this section, the cost effectiveness of the Project is tested for:
1) performance in large gap (i.e., high load growth with low DSM savings level) and
small gap (low load growth with low DSM savings level) conditions;
2) high and low electricity spot market price scenarios;
3) a lower cost of capital assumption for IPP projects;
4) higher capital costs for the Project; and
5) different wind integration costs.

4.1

Large and Small Gaps

As described in both part 3 of this Evidentiary Update and in section 5.2.1.1 of the EIS as
amended, BC Hydro uses its mid-load forecast of both energy and capacity requirements for
purposes of determining the need for new resources. As stated at page 5-5 of the EIS as
amended, the mid-level load forecast represents the expected future load, in which actual
realized loads will be higher than forecast 50% of the time, and lower than forecast 50% of
the time.
For this reason the mid-level load can be referred to as a P50 load forecast. The EIS as
amended at section 5.2.3 discusses how BC Hydro addresses load forecast uncertainty by
developing a high forecast band with approximately a 10 percent exceedance probability
(referred to as a high load forecast) and a low forecast band with approximately a 90 per
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cent exceedance probability (referred to as a low load forecast). These high and low bands
are used in the large and small gap sensitivity analysis described in this section.
Another base assumption / condition for the Project need analysis is that the DSM target will
deliver 7,800 GWh/year of energy savings and 1,400 MW of associated capacity savings.
However, as described in section 5.2.3 of the EIS as amended, the DSM target is
aggressive and entails delivery risks. Precise forecasting of DSM savings for long-term
planning purposes is challenging for several reasons, including:


Limited experience with respect to targeting cumulative savings above current levels;



Difficulty in distinguishing between load growth and DSM effects;



Difficulty linking customer response to DSM actions, and forecasting the timing and
efficacy of regulatory changes;



Difficulty of incenting customer behaviour changes in a low electricity cost jurisdiction.

For purposes of the IRP BC Hydro did an uncertainty assessment of the DSM plan and
developed high and low DSM delivery bands. The low band is of particular importance for a
lower than expected load forecast:


A prolonged period of low load growth would likely not be accompanied by BC Hydro
continuing to pursue the same level of DSM savings. Rather, efforts would likely be
scaled back in the face of a prolonged period of slow economic growth



For purposes of the IRP, BC Hydro updated DSM savings potential to reflect new
information, including economic/market conditions, customer participation and a
reduced 2012 mid-level Load Forecast as compared to the 2011 mid Load Forecast.
In the 2008 Long-Term Acquisition Plan (LTAP) proceeding before the BCUC,
BC Hydro provided evidence that a reduced load forecast impacts DSM economic
26

potential.

For example, it is generally acknowledged that industrial DSM

participation and energy efficiency will decrease in recessionary periods.27 While the
strength of the relationship between both participation and the savings potential for
26
27

Exhibit B-10 in the 2008 LTAP proceeding, section 2.4.2.
See, for example, T.Ernst and O.Dancel, “Macroeconomc Impacts on DSM Program Participation”, 2011
ACEEE Summer Study on Energy Efficiency in Industry), page 1-81.

Page 40

Evidentiary Update
September 13, 2013

DSM participants and economic growth and also the nature of this relationship when
growth starts to rebound is an unknown, in a downturn, DSM program savings
potential is likely reduced.
This combination of scaled back efforts paired with lower than expected DSM savings
conditions was modelled using a low level of DSM savings. This approach is a rough
approximation to capture dynamic decision-making within a static modelling framework and
so some care must be taken when interpreting results involving the low gap (large surplus)
scenarios.
It should be noted that a distinction must be drawn between what load forecast a public
utility plans to, and how a public utility factors in load forecast uncertainty. BC Hydro can
report that it has found no public utilities in the WECC which produce IRPs that plan
resource acquisitions based on a low load forecast scenario. Comments received
subsequent to the end of the public comment period have referenced the Northwest Power
28

Planning Council (NPCC) , however the NPCC does not advocate use of a low load
scenario as the scenario to plan for. In addition, the NPCC is not a public utility. The use of a
low load scenario as a sensitivity test varies among public utilities in the WECC region, and
only about half of the public utilities that produce IRPs in the WECC appear to assign
probabilities to load scenarios.

In this analysis, the cost competitiveness of the Project under ‘large gap’ and ‘small gap’
conditions both assuming no LNG is tested:


Large gap conditions are defined as high load forecast with low level of DSM savings;



Small gap conditions are defined as low load forecast and low level of DSM savings.
As discussed below, a reduced load forecast impacts DSM economic potential.

Figure 3 and Figure 4 show the load-resource gap for both of these conditions prior to
adding the Project. Table 19 summarizes the PV benefits for portfolios with the Project over
portfolios without the Project under these conditions. The PV benefits of the Project increase
28

Treaty 8 Tribal Association, 31 May 2013 “Environmental Impact Statement Addendum – Comments”,
Comment 13c, d and e, CEAR #1468.
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with the size of the gap. The Project is at a cost disadvantage to alternative portfolios in the
small gap conditions due to its large size; however, the small gap scenario has almost no
load growth after DSM for most of the 30-year planning horizon and is therefore unlikely.
Figure 3

Energy Load Resource Balance for
Large, Mid and Small Gap
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Figure 4

Capacity Load Resource Balance for
Large, Mid and Small Gap

Table 19

Sensitivity of Project PV Benefit to
Gap Condition

Difference in PV Cost
(Portfolio without the
Project minus portfolio
with the Project)
($F2013 million)

Large-Gap
(~10%
likelihood)

Clean Generation
Portfolio

F2024

Clean + Thermal
Generation Portfolio

F2024
F2026

See Note 1

Base Case:
Mid-Gap
(~80%
likelihood)

Small-Gap
(~10%
likelihood)

630

(1,040)

880

(705)

2,260

150

(1,280)

See Note 1

390

(907)

F2026

Note
1: The benefits for the Project are expected to be higher than the Clean + Thermal Generation
Portfolio with the Project in-service in F2024.

While LNG proponents have the choice of whether to self-serve or request service from
BC Hydro, to the extent that LNG proponents take service, BC Hydro reviewed LNG load in
the context of the Project. To the extent that LNG loads are supplied by BC Hydro the
benefits of the portfolio with the Project are expected to increase. This is because LNG load

Page 43

Evidentiary Update
September 13, 2013

advances the need for new energy resources after implementation of the DSM target and
EPA adjustments from F2027 to F2021 for High LNG load (6,600 GWh) and to F2024 for
Low LNG (800 GWh). There is no change to the timing of requirement of capacity resources
under any LNG scenarios, but the magnitude of capacity requirement increases by 100 MW
(Low LNG) to 800 MW (High LNG) in the F2020 to F2022 timeframe.

4.2

Cost of Capital Differential

As described in section 3.1 above the base assumption for cost of capital is 5 per cent for
BC Hydro and 7 per cent for clean or renewable IPPs. A sensitivity test was performed
assuming 6 per cent WACC for IPPs, effectively reducing the cost of capital differential
between BC Hydro and IPPs from 2 per cent to 1 per cent. In this sensitivity test, the Site C
portfolio maintains a cost advantage although the benefit of the Site C portfolio is reduced
from $630 million to $420 million for the Clean Generation alternative portfolio and from
$150 million to $20 million for the Clean + Thermal alternative portfolio. Refer to Table 20.
Table 20

Portfolio type

Clean Generation

Clean + Thermal Generation

4.3

Portfolio PV for Project Sensitivities:
Cost of Capital Differential of 1 Per
Cent
Cost of
Capital for
IPP
(%)

6

6

Project InService Date

Difference in PV
Cost (Portfolio
without the
Project minus
portfolio with
the Project)
($F2013 million)

F2024

420

F2026

672

F2024

20

F2026

233

Market Prices

The spot market price assumption for the EIS portfolio analysis is described in section
5.5.3.6 of the EIS as amended where BC Hydro used the Ventyx Spring 2012 market price
forecast in the portfolio analysis. This scenario is referred to as Market Scenario 1 in the IRP
and is the base assumption used in both the IRP and the EIS as amended analysis. Four
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additional market scenarios were identified for sensitivity analysis in the IRP. This section
tests the cost-effectiveness of the Project in a high market (Market Scenario 3) and a low
market (Market Scenario 2) price scenario. These 3 market scenarios are the most likely
with a combined likelihood of 95%. It can also be noted that market prices are the primary
way in which foreign exchange rates can influence the portfolio analysis – the market price
scenarios used in this sensitivity analysis are sufficiently broad to also effectively cover
potential fluctuations in exchange rates.
A description of the five market scenarios is provided in the supplemental information at the
end of this part of the Evidentiary Update.
The PV benefits of the Project over the Clean Generation and Clean + Thermal Generation
portfolios are shown in Table 21. In comparison to the base case of Market Scenario 1, the
benefits of the Project are larger in the high market (with a projected spot market forecast of
about $43/MWh in F2024) and smaller in the low market scenario (with a projected spot
market price of about $24/MWh in F2024). In the Market Scenario 2 low market sensitivity
29

case

(a lower probability scenario with 20 per cent likelihood), the Project is still more cost

competitive than the Clean Generation Portfolio for both the F2024 and F2026 ISD, is
marginally less cost competitive than the Clean + Thermal Generation Portfolio for the
F2024 ISD, and is more cost competitive than the Clean + Thermal Generation Portfolio for
a F2026 ISD. In the F2024 ISD case, lower gas prices favour the natural gas-fired
alternative while the energy surplus that comes with the Project in its early years is now sold
at a lower market price.
It is important to note that BC Hydro has conservatively assigned no value to surplus
capacity. However, surplus capacity has value. In the recent John Hart Generating Station
Replacement Project Certificate of Public Convenience and Necessity (CPCN) application
proceeding before the BCUC, BC Hydro provided evidence that while the market value of
capacity is uncertain because the current market in the WECC region is illiquid, BC Hydro
estimated a range of market values of $75/kW-year to about $110/kW-year, based on recent
Bonneville Power Administration tariffs, transaction and market analysis. BC Hydro further
estimates that U.S. market access transmission constraints could reduce the market value
29

No GHG regulation and natural gas prices at $3 MMBTu (one million British Thermal Units) continue for the
entire forecast period.
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of capacity to $37/kW-year for the low end of the market range. These benefits are in
addition to cost advantage described above.
Table 21
Difference in PV Cost
(Portfolio without Site C
minus with Site C in
F2024) ($F2013 million)

Clean Generation Portfolio
Clean + Thermal Generation
Portfolio

4.4

Sensitivity of Project Benefit to
Market Prices
Project ISD

Market
Scenario 3 high market
prices
(15%
likelihood)

Base Case:
Market
Scenario 1 –
mid market
prices
(60%
likelihood)

Market
Scenario 2 –
low market
prices
(20%
likelihood)

F2024

830

630

450

F2026

1,028

880

755

F2024

470

150

(90)

F2026

656

390

217

Project Capital Cost

As outlined in Appendix F, Part 1 of the EIS as amended, the Project cost estimate is a
Class 3 cost estimate (based on the definitions of the Association for the Advancement of
Cost Engineering), and includes an appropriate level of contingency to reflect uncertainty in
future conditions. To test the sensitivity of the Project to capital costs, BC Hydro evaluated a
set of portfolios with the Project capital cost plus 10 per cent, consistent with the capital cost
sensitivities in BC Hydro’s generation project CPCN applications with the BCUC. It should
be noted that in these scenarios the costs of all other resources are held constant.
Table 22 shows that with the plus 10 per cent capital cost sensitivity, the Project with an ISD
of F2026 remains more cost competitive than the Clean Generation Portfolio and the Clean
+ Thermal Generation Portfolio both without the Project. For an ISD of F2024, the Project is
still more cost competitive than the Clean Generation Portfolio without the Project but at a
disadvantage to the Clean + Thermal Generation Portfolio without the Project.
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Table 22

Sensitivity of Project Benefit to 10 per
cent Capital Cost Increase

Portfolio Type

Project ISD

Difference in PV Cost
(Portfolio without
Site C minus with
Site C) ($F2013 million)

F2024

360

F2026

650

F2024

(120)

F2026

170

Clean Generation Portfolio
Clean + Thermal Generation Portfolio

4.5

Wind Integration Cost

As described in section 5.5.2.2 of the EIS as amended, the base assumption for wind
integration cost is $10/MWh. For the purpose of testing the sensitivity of the cost
competitiveness of the Project, wind integration costs of $5/MWh and $15/MWh were also
modelled. The analysis shows that based on an ISD of F2024, the PV benefits of the Project
for the Clean Generation Portfolio would decrease from $630 million to $530 million for a
wind integration cost of $5/MWh, and increase from $630 million to $720 million for a wind
integration cost of $15/MWh. Refer to Table 23.
Table 23
Portfolio Type

Clean Generation
Portfolio

Clean + Thermal
Generation Portfolio

Portfolio PV for Project Sensitivities:
Wind Integration Cost

Wind
Integration
costs

Difference in PV Cost
(Portfolio without
Site C minus with
Site C in F2024)
($F2013 million)

Difference in PV Cost
(Portfolio without
Site C minus with
Site C in F2026)
($F2013 million)

$5/MWh

530

See Note 1

$10/MWh

630

$15/MWh

720

See Note 1

$5/MWh

92

See Note 1

$10/MWh

150

$15/MWh

222

880

390
See Note 1

Note:
1. The benefits for the Project are expected to be higher in portfolios with the Project in-service in
F2026.
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4.6

Sensitivity Analysis Conclusion

This sensitivity analysis provided in this Part reviews a range of potential future scenarios
and evaluates the financial benefits of the Project under these scenarios. Table 24
summarizes the results of this sensitivity analysis conducted.
Table 24 – Benefit of the Project: Sensitivity Analysis Summary
Difference in PV Cost
(Portfolio without Site C minus
with Site C)
($F2013 million)
Base Case (Mid Gap, Mid-Market Price
[Scenario 1], WACC Differential = 2%,
Wind Integration Cost = $10/MWh

Clean Generation
Portfolios
F2024

Clean + Thermal
Generation Portfolios

F2026

630

F2024
880

F2026

150

390

2,260

Note 1

Large Gap

Note 1

Note 1

Small Gap

(1,040)

(705)

(1,280)

(907)

WACC Differential = 1%

420

672

20

233

High Market Price (Scenario 3)

830

1,028

470

656

Low Market Price (Scenario 2)

450

755

(90)

217

Project Capital Cost +10%

360

650

(120)

170

Wind Integration Cost ($15/MWh)

720

Note 1

222

Note 1

Wind Integration Cost ($5/MWh)

530

Note 1

92

Note 1

Note
1.

The benefit of the Project in this scenario is expected to be higher than the comparative portfolio for the
same sensitivity.

In the majority of the scenarios, the Project continues to provide financial benefits compared
to the portfolios of alternative resource options. The scenarios in which alternative portfolios
provide benefits compared to the Project are generally lower probability, and are associated
with long-term low load growth or market prices. Given the wide range of potential scenarios
in which the Project provides benefits compared to alternatives, and given the low likelihood
of the scenarios in which it does not, BC Hydro maintains that the Project is the preferred
resource option to meet BC Hydro’s forecast customer demand.
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SUPPLEMENTAL INFORMATION TO PART 4
Description of Market Price Scenarios
This part sets out a high level description of the five Market Scenarios developed for the
IRP.
Market Scenario 1: Mid Electricity Prices, with Regional Mid GHG and Mid Gas Prices –
Slow, but steady, global economic growth leads to lack of National GHG regulation in favour
of regional regulation - Regional initiatives similar to Western Climate Initiative

30

(WCI) take

the lead in establishing GHG regulatory markets in California, B.C. and Alberta, and national
U.S. and Canadian governments do not follow suit in the 25-year forecast period. Medium
levels of economic growth reduce federal governments’ ability to advance environmental
initiatives. Market Scenario 1 has a relative likelihood31 of 60 per cent.
Market Scenario 2: Low Electricity Prices, with Regional Low GHG and Low Gas Prices –
Low economic growth delays national GHG market development - With slow economic
growth and activity, this scenario envisions that GHG emissions start to fall worldwide,
impacting the climate change debate and lowering public and government interest in GHG
regulation. Lower natural gas prices and flat electricity load growth delay spending on
renewable energy development and U.S. state Renewable Portfolio Standard32 (RPS)
implementation. Investments in research and development (R&D) and conservation are also
down. Market Scenario 2 has a relative likelihood of 20 per cent.
Market Scenario 3: High Electricity Prices, with Regional Mid GHG and High Gas Prices –
High economic growth and lower international cooperation stifles national environmental
initiatives, leaving regions to regulate - Although this scenario features high global economic
growth, no international agreements on GHG regulation are reached due to low levels of
public support for GHG regulation in the U.S. In addition to low GHG support, there is even
30

31

The WCI is a collaboration of California and Quebec, with several other western U.S. states and Canadian
Provinces including B.C. as observers, to identify, evaluate and implement GHG emission trading policies at
a regional level.
Likelihoods are not to be taken as the probability that one scenario will occur. Given the infinite ways market
prices can unfold, the chance that any one of these five Market Scenarios will exactly occur is essentially
zero. The term ‘relative likelihood’ emphasizes that these judgments are made in relation to the other
scenarios.
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lower public spending on renewable energy R&D. As with Market Scenario 1, California,
B.C. and Alberta continue to move forward with GHG emission trading. Market Scenario 3
has a relative likelihood of 15 per cent.
Market Scenario 4: Mid Electricity Prices, Regional/National Mid GHG and Mid Gas Prices –
Mid global economic growth sees regional leaders paving the way for national GHG markets
by 2024 - Mid global growth with regional initiatives similar to WCI take the lead in
establishing GHG regional regulatory markets, with national U.S. and Canadian
governments following suit by 2024. Although there are delays in national renewable energy
standards, development is strong in later years (post-2024), with the electricity prices the
same as Scenario 1 for the first 10 years but diverging thereafter. Market Scenario 4 has a
relative likelihood of 4 per cent.
Market Scenario 5: High Electricity Prices, Regional/National High GHG and Mid Gas Prices
– Delayed high economic growth and lower international cooperation stifles national
environmental initiatives, leaving regions to regulate - Although this scenario sees high
global economic growth, a national GHG cap-and-trade program is delayed until at least
2024. International agreements on GHG regulation are not reached for at least 10 years due
to low levels of public support for GHG regulation in the U.S., and there is lower public
spending on renewable energy R&D. As with Scenario 3, California, B.C. and Alberta
continue to move forward with emission trading, albeit under higher cost pressures for
market participants, and accordingly electricity prices are the same as Scenario 3 for the first
10 years but diverge after that period. Market Scenario 5 has a relative likelihood of 1 per
cent.
Table 25 lists the high level assumptions that informed the five Market Scenarios described
above.

32

A RPS requires increased production of energy from qualifying renewable energy resources such as wind,
solar, and biomass. The RPS generally place an obligation on public utilities and other electricity supply
entities to produce a specified fraction of their electricity from qualifying renewable energy resources. RPS
Regulations vary from U.S. state to state.
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Table 25

Market Scenario Assumptions

1

2

3

Mid
Electricity
Mid GHG
(Regional)
Mid Gas

Low
Electricity
Low GHG
(Regional)
Low Gas

High
Electricity
High GHG
(Regional)
High Gas

Regional

Regional

Regional

Regional then
National

Regional then
National

National GHG
Cap-and-Trade
Date33

Post-2040

Post-2040

Post-2040

2024

2024

GHG Price
Level

Mid
(Regional)

Low

High

Mid (Env.)

High

Natural Gas
Price Level34

Mid
(Regional)

Low

High

Mid (Env.)

High

Mid

Low

High

Mid

High

Expected

Flat

High

Expected

High

Expected Mix

More Gas,
Less Coal
and
Renewable

Less Coal,
more
Renewable

Less Coal,
more
Renewable

Less Coal,
more
Renewable

Met

Met

Met

Met

Met

Market
Scenario

GHG Actor

Global
Growth35
Load Growth36
WECC
Resource
Build37
RPS Targets38

4

5

Mid
High
Electricity
Electricity
Mid GHG
High GHG
(Regional/Nat’l) (Regional/Nat’l)
Mid Gas
High Gas

The electricity price forecasts for the spot market trading hub at Mid-Columbia (Mid-C) in
Canadian dollars are provided in Figure 5 and Table 26.

33

34

35

36

37
38

‘National Cap-and-Trade Date’ is the assumed year for the introduction of a national cap-and-trade system. A
three-year period was used to transition from a regional scenario to a national cap-and-trade scenario.
“Mid (Regional)” is B&V’s 2012 spring reference case. “Mid (Env.)” is Black & Veatch’s (B&V) 2012 spring
environmental case. “High” and “Low” refers to B&V’s spring 2012 high and low natural gas price scenarios,
respectively.
Global Growth “Mid” means ‘expected’ U.S. and Canada global demand. “High” means almost double the
expected year over year compound global growth. “Low” means a flat global growth over the forecast period.
Load Growth “Mid” means ‘expected’ U.S. and Canada and regional electric load growth per B&V’s
spring 2012 reference case. “High” load growth is about two times higher than the expected scenario.
WECC resource build indicates the type of long-term supply mix changes assumed by B&V in each scenario.
U.S. state RPS targets are met in all scenarios.
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Figure 5

Electricity Price Scenarios at Mid-C
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Table 26

2

3

4

5

Mid
Electricity
Mid GHG
(Regional)
Mid Gas

Low
Electricity
Low GHG
(Regional)
Low Gas

High
Electricity
High GHG
(Regional)
High Gas

Mid
Electricity
Mid GHG
(Region/Nat’l)
Mid Gas

High
Electricity
High GHG
(Region/Nat’l)
High Gas

2007
2008
2009
2010
2011
2012
2013

$57.42

$57.42

$57.42

$57.42

$57.42

$64.85

$64.85

$64.85

$64.85

$64.85

$34.95

$34.95

$34.95

$34.95

$34.95

$34.54

$34.54

$34.54

$34.54

$34.54

$23.92

$23.92

$23.92

$23.92

$23.92

$19.18

$19.18

$19.18

$19.18

$19.18

$22.47

$22.47

$22.47

$22.47

$22.47

2014

$25.77

$22.58

$32.06

$25.77

$32.06

2015

$26.29

$22.37

$32.89

$26.29

$32.89

2016

$26.60

$21.86

$32.99

$26.60

$32.99

2020

$28.87

$22.58

$37.11

$28.87

$37.11

2025

$35.26

$24.74

$46.80

$51.86

$94.02

2030

$38.76

$24.54

$54.33

$61.96

$112.68

Historical

1

Forecast

Market
Scenario

Electricity Price Forecasts by Market
Scenario (Real F2013 CAD$/MWh at
Mid-C)

Market Scenario 1 is BC Hydro’s reference scenario and reflects current market conditions
being prolonged over the long term. Market Scenario 1 aligns with the NPCC Mid-C
electricity price forecast ‘No Federal CO2 Policy’ scenario.39 In interpreting these results, it is
important to note that BC Hydro’s Electricity price forecasts are based on spot market price
forecasts, and do not necessarily reflect the cost of building new supply.

39

NPCC, Draft Sixth Power Plan Mid-Term Assessment Report;
http://www.nwcouncil.org/library/2012/2012-13.pdf. NPCC is a regional organization (Idaho, Montana,
Oregon and Washington) that develops a 20-year regional power plan to balance energy and environmental
needs. Mid-C electricity prices under the NPCC’s ‘Delayed Federal CO2 Policy’ scenario return to a $50/MWh
to $60/MWh level from 2020 onward.
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Appendix A
Consideration of Comments with Respect to Chapter 5, Need for, Purpose of, and
Alternatives to the Project, Received Subsequent to the Comment Period
During the agency-led comment period for the Project’s Environmental Impact Statement
(EIS), BC Hydro received and responded to approximately 2,600 public and agency
Information Requests (IRs), as well as approximately 1,500 IRs from Aboriginal groups. BC
Hydro submitted responses to the public and government agency IRs on April 29 to the CEA
Agency and BCEAO. BC Hydro responses to Aboriginal groups were submitted on May 8, in
accordance with a deadline extension of April 14 for Aboriginal groups to submit their
information requests.
Subsequent to the close of the comment period, further submissions were received from
Aboriginal groups, including the Treaty 8 Tribal Association. Some of these submissions
included questions and comments on Chapter 5, Need for, Propose of, and Alternatives to
the Project.
While this Evidentiary Update addresses the issues raised in these submissions, this
Appendix provides a high-level summary of the issues raised by interested parties. BC
Hydro has summarized the responses provided in the Evidentiary Update here for
convenience.
a) Summary of Issue: Demand Side Management (DSM) targets:
BC Hydro should analyze the possibility of DSM targets/performance being
higher than expected, which would lead to an oversupply and affect the need for
the Project.
Summary of BC Hydro Response:
The Evidentiary Update added DSM Option 3 as a portfolio resource in candidate portfolios
to determine if DSM Option 3 would be a lower cost potential alternative to the Project. This
addresses the suggestion that scenarios with higher DSM performance be taken into
account in the analysis of alternatives.
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It should be noted that DSM Option 3 on its own would only defer the need for the Project’s
energy output for two years. To be an alternative to the Project, DSM Option 3 must be
augmented with additional supply side resources as part of a portfolio.
This additional analysis is provided in Part 3.3.2 of the Evidentiary Update. The portfolio
analysis including DSM Option 3 found that the Project has a cost benefit when compared
on a present-value basis against Clean Generation Portfolios including DSM Option 3, as
well as Clean + Thermal Generation Portfolios including DSM Option 3.
As discussed in Section 5.4.2.3 of the EIS as amended, higher levels of DSM as
represented by Options 4 and 5 are not considered to be viable resources due to, among
other things, the significant level of uncertainty associated with achieving these levels of
DSM.
b) Summary of Issue: Load growth / use of mid-load forecast:
BC Hydro should analyze the possibility of load growth being lower than
anticipated, and reconsider whether planning should be based exclusively on the
mid-load forecast. The use of low-load scenarios by other jurisdictions should be
considered. A single forecast should not be relied upon given the possibility that
actual load could be lower than expected.
Summary of BC Hydro Response:
BC Hydro plans to a mid-level forecast, which represents the expected future load, in which
actual realized loads will be higher than forecast 50 per cent of the time, and lower than
forecast 50 per cent of the time. BC Hydro addresses this load forecast uncertainty by
developing a high forecast band (with a 10 per cent exceedance probability) and a low
forecast band (with a 90 per cent exceedance probability).
The Evidentiary Update provides additional sensitivity analysis based on the high and low
bands of forecast uncertainty (please refer to Part 4.1). This sensitivity analysis tests the
cost-effectiveness of the Project for performance in different scenarios that take into account
the probability of the gap being smaller or larger than expected.
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The sensitivity analysis undertaken by BC Hydro addresses the concern that high and low
scenarios be examined.BC Hydro does not, however, plan to either the high or low
scenarios. Planning to the low scenario would result in insufficient resources to meet the
electricity needs of customers.
The sensitivity analysis conducted against the high and low gap scenarios results in a
present value advantage for the Project as compared to viable alternatives, except the low
probability small gap scenario.
BC Hydro can also advise that BC Hydro’s review of public utilities in the Western Electricity
Coordinating Council (WECC) found no public utilities that plan resource acquisitions based
on a low load forecast scenario.
c) Summary of Issue: Portfolio analysis methodology / alternatives to the Project:
BC Hydro’s portfolio analysis of alternatives to the Project should consider that
other resource options would not necessarily produce the same surplus as the
Project. This would allow the analysis to better account for low market price
forecasts as they relate to the sale of surplus energy.
Summary of BC Hydro Response:
As discussed in Part 3.3.2 of the Evidentiary Update, in addition to the “block analysis”
referred to in the issue above (which looks at comparable blocks of energy and capacity to
that which would be provided by the Project), alternatives to the Project are also explored
through a “portfolio modelling” approach. Portfolio modelling is a more sophisticated
approach that selects optimal combinations of resources over a 30-year planning horizon
considering both capital and operating costs under different assumptions and constraints.
Portfolio modelling provides additional information not captured by the block analysis,
including:


Timing of resource additions and associated capital expenditures



Effects of resource additions to the overall system and the system load resource balance
over the planning horizon



Expected operating costs and economic dispatches reflecting the manner in which the
resources will be operated
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Electricity market trade benefits that vary with the flexibility of the overall portfolio

The portfolio modelling approach used by BC Hydro addresses the issues raised, because it
accounts for the “lumpiness” of resources. It models the timing of resources and the net cost
of energy imbalances by comparing the cost of resource alternatives to value in the
electricity markets. The amount of energy produced differs depending on the portfolio. As
such, the Clean and Clean + Thermal portfolios are not constructed to produce the same
surplus as the Project does.
The portfolio modelling approach also captures economic benefits associated with
dispatchable resources like the Project and natural gas-fired generation. Dispatchability
provides significant value for BC Hydro customers and is a point of differentiation from
intermittent resources such as wind and run-of-river.
d) Summary of Issue: Treatment of Liquefied Natural Gas (LNG):
BC Hydro should not justify the need for the Project based on load from LNG
development, because there is uncertainty associated with the development of
these facilities, and, if built, they are likely to generate their own electricity using
natural gas.
Summary of BC Hydro Response:
The EIS as amended and the Evidentiary Update both review the need for the Project with
respect to scenarios that do not include any load associated with new LNG facilities.
The EIS as amended and the Evidentiary Update also review the potential for LNG load in
the context of the Project as part of the discussion on potential uncertainty in the LRB. This
analysis of need for the Project shows that the electricity that the Project would generate is
required whether or not LNG facilities require power from BC Hydro. The addition of load
from LNG facilities into the analysis would increase the benefits of the portfolios including
the Project.
To address the interest in the load associated with LNG, the Evidentiary Update provides
additional information regarding potential LNG load in the discussion of LRBs with LNG in
Part 0 of the Evidentiary Update.
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e) Summary of Issue: Assessing climate change impacts on energy capability of
heritage resources
BC Hydro should not assume that historic flows are representative of the range
of inflows that may occur in the future, because inflows in the Williston Basin are
projected to increase. The assessment of the need for the Project should take
into account the potential for energy production to increase from BC Hydro’s
existing resources due to the higher levels of inflows.

Summary of BC Hydro Response:
The Evidentiary Update provides a discussion of the potential impact of climate change on
BC Hydro’s long-term planning process as supplemental information to Part 2 of the
Evidentiary Update. This section discusses a paper provided as part of the IRP, titled
“Hydrologic Impacts of Climate Change.” The paper reviews climate changes for several BC
Hydro watersheds, including the Williston basin. Based on the paper, BC Hydro concludes
that, while “a modest increase in water availability is likely for BC Hydro’s hydroelectric
system, it does not mean that BC Hydro should plan on increases to the expected output
from its system.”
From a resource planning perspective, resource reliance is based upon observable inflow
data and not what may be expected to happen 30 to 50 years into the future.
f) Summary of Issue: Market pricing / exchange rate sensitivity analysis
BC Hydro must acknowledge uncertainty related to exchange rates and/or
external markets in order for the portfolio analysis to be valid. Exchange rate
uncertainty is an important consideration, since revenues associated with the
sale of surplus energy are assumed in the analysis used for the Project.

Summary of BC Hydro Response:
The Evidentiary Update provides additional sensitivity analysis with respect to different
market price scenarios in Part 4.3 of the Evidentiary Update. This analysis tests the cost-
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effectiveness of the Project against the two additional market scenarios representing high
and low electricity spot market price scenarios. The main impact of exchange rates on the
portfolio analysis is through its effect on market prices – as a result the market scenarios
explored in the sensitivity analysis are broad enough to cover exchange rate fluctuations.
In the high market and mid (base) market scenarios, the Project maintains its present value
advantage as compared to viable alternatives. The only exception is the low-probability, low
market scenario, in which case the Project with a F2024 ISD is still more cost competitive
than the Clean Generation Portfolio without the Project but is marginally less cost
competitive than the Clean + Thermal Generation Portfolio without the Project. The Project
remains more cost competitive than both the Clean Generation and Clean + Thermal
Generation portfolios with a F2026 ISD. However, it is important to emphasize that this low
market scenario case, at a 20 per cent probability, has a much lower likelihood of occurring
than the current planning scenario.

Page 59

Evidentiary Update
September 13, 2013

Appendix B
Associated updates to Sections 7.1.2.1 and 7.1.2.2 of the EIS as amended
7.1.2.1

Capacity

Capacity represents the instantaneous power output of a generating facility at any given
time. As described in Volume 1 Section 5.2, BC Hydro plans its system to ensure that there
is sufficient dependable capacity to meet customer needs, which represents the maximum
generation output that can be reliably supplied coincident with system peak load, taking into
account the physical state and availability of the equipment and water or fuel constraints.
The Utilities Commission Act service obligation discussed in Volume 1 Section 5.2 means
that BC Hydro must make sure customer demand is met at the peak load every day.
The dependable capacity of the Project is established as part of the project design. The
dependable capacity of the Project is 1,100 MW, as discussed in Section 4.3.1.4 in
Volume 1 Section 4 Project Description. As described in Volume 1 Section 5.2, after
BC Hydro implements Revelstoke Unit 6, there are limited dependable capacity resource
options available to BC Hydro. Proceeding with the Project avoids dependable capacity
resources such as natural gas-fired SCGTs and/or pumped storage facilities. Therefore, the
long-term value of the Project’s dependable capacity is the avoided cost of a combination of
Revelstoke Unit 6 (with a unit capacity cost of $50/kW-year), GMS Units 1-5 (with a unit
capacity cost of $35/kW-year), and either a SCGT (within the 93% Clean Energy Act clean
or renewable target) and/or pumped storage, which have unit capacity costs of between
$89100/kW-year up to $440630/kW-year (refer to Table 5.38, Volume 1 Section 5). These
capacity costs are reflected in the value of the avoided costs of energy presented in
Section 7.1.2.3 below.

7.1.2.2

Energy

Energy represents the cumulative amount of electricity produced or consumed over a
specific period of time. For the Project, the amount of energy that can be produced is driven
by the water inflows into the proposed Project reservoir from the Peace Canyon generating
station and from local tributaries.
To determine the average annual energy produced by the Project, BC Hydro modeled the
BC Hydro generation and transmission system in HYSIM for 60 different water inflow
scenarios, for portfolios (as defined in Volume 1 Section 5 Need for, Purpose of, and
Alternatives to the Project) with the Project and without the Project. (Please see Volume 2
Section 11.4 Surface Water Regime for a more detailed discussion of the HYSIM
model.)The difference between the annual energy in these two portfolios represents the
energy contributed to the system by the Project.
Variability in weather conditions (most importantly, variability in precipitation amounts) will
result in variability in the energy contributed by the Project from year to year. To quantify this
variability in annual generation, the HYSIM analysis (Volume 2 Section 11.4 Surface Water
Regime) calculated the energy contribution across the range of 60 water inflow scenarios.
Table 7.1shows the average annual energy contributed by the Project, as well as the firm
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energy, which represents the average energy contributed in the worst three-year sequence
of inflows out of the 60 water inflow scenarios.
Table 7.1

Annual Energy Contribution of the Project
Annual Energy Contribution

GWh

Average annual energy:
Average annual energy contribution across all modelled inflow scenarios

5,100

Firm energy:
Average annual energy contribution in worst three-year sequence of inflows

4,700

The timing of this energy generation throughout the year is also a key benefit to BC Hydro
ratepayers, as generation can be timed to match customer demand. See Section 7.4.1 for
further discussion.
Proceeding with the Project avoids higher cost clean or renewable intermittent resources
(referred to as Available Resources in Volume 1 Section 5). The long-term value of the
Project’s 5,100 GWh/year of average energy is based on the avoided cost of alternative
resources, and falls into the following range ($F2013):


$135/MWh ($F2013), which is the adjusted weighted average price resulting from the
most recent, broadly-based BC Hydro energy acquisition process, the Clean Power Call
(about 3,000 GWh/year of firm energy)



$131124-125/MWh ($F2013), which is the adjusted weighted average price of the clean
energy resources that make up the portfolios shown in Table 5.42, Volume 1 Section 5,
based on pricing from the 2010 Resource Options Report
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