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EXECUTIVE SUMMARY
This Business Case has been prepared for the BC Hydro Board of Directors (Board) to inform the
investment decision for the Site C Clean Energy Project (Site C). It contains a synopsis of
information that has previously been presented in different forums during the development
phase of Site C, together with recent updates on the analysis of need and alternatives.
BC Hydro’s 2012 long-term mid-load forecast projects that electricity demand in B.C. will
increase by approximately 40 per cent over the next 20 years, excluding any load from liquefied
natural gas (LNG) facilities and before accounting for Demand Side Management (DSM) energy
and associated capacity savings. Load from new LNG facilities that may request service from BC
Hydro would further increase this load. BC Hydro looks to DSM as its first resource to meet
customer demand, and the approved 2013 Integrated Resource Plan (IRP) sets an aggressive
DSM target of 7,800 gigawatt hours per year (GWh/year) of energy savings and 1,400
megawatts (MW) of associated capacity savings by Fiscal (F) 2021:
•

•

With DSM, it is projected that there will be a shortfall in BC Hydro’s ability to meet peak
capacity demand commencing in 2019, and a shortfall in total supply of energy
commencing in 2022, using a mid-range load forecast and an expected LNG demand of
3,000 GWh/year.
With DSM and without LNG the capacity shortfall remains the same (2019) and the
energy shortfall is 2028.

In order to meet these energy and capacity Load-Resource Balance (LRB) gaps, additional
resources are required to meet both the energy and capacity needs of BC Hydro’s customers.
Based on the analysis of alternative resource options, Site C provides the best combination of
financial, technical, environmental and economic development attributes and is therefore the
preferred option to meet the need for energy and dependable capacity within BC Hydro’s
planning horizon. Site C was identified as having the lowest levelized Unit Energy Cost (UEC) at
$82 per megawatt hour (MWh), the lowest present value (PV) of costs under expected
conditions, the lowest projected impact on ratepayers, and the lowest level of greenhouse gas
(GHG) emissions from all of the portfolios of alternatives considered.
From a ratepayer’s perspective, the Site C portfolio is a compelling option. Due to its relatively
higher upfront costs compared to alternative portfolios, there is a brief period following the inservice date where the cost of service is higher than alternatives. However, after approximately
four years in service and for the remainder of the 20-year forecast period, the Site C portfolio
has a far lower ongoing cost of service than any other portfolio combination. This is because
Site C’s capital costs trend downward over time as the impact from the amortization of capital
costs are eroded by inflation. The other portfolios continue to rise in costs, whether due to
increased costs from Independent Power Producer (IPP) calls, the inflationary effects of having
capital expenditures, or ongoing fuel input costs in the future, making the financial benefits of
the Site C portfolio more pronounced as time passes.
As illustrated in the graph on the following page, the long-term savings to ratepayers average
approximately
per year in the period from 2030-2040, and would continue to grow
for the remainder of Site C’s projected life of over 100 years.
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1. INTRODUCTION
This Business Case has been prepared for the BC Hydro Board of Directors to inform the
investment decision for the Site C Clean Energy Project. It contains a synopsis of information
that has previously been presented in different forums during the development phase of Site C
from the Environmental Impact Statement (EIS), the 2013 Evidentiary Update, the December
2012 Load Forecast, the 2013 IRP and other supporting documents as detailed in Section 7.2.
There is also new information in the form of the May 2014 load forecast update, together with
recent updates on the analysis of need and alternatives. Updated analysis has been prepared as
a result of consultation with Clean Energy BC (CEBC) regarding IPP alternatives to Site C in July –
October 2014, consultation with Treaty 8 Tribal Association (T8TA) on need and alternatives in
September/October 2014, and recent requests from the Ministry of Energy and Mines to inform
a provincial Final Investment Decision on Site C.
The Business Case is structured to highlight the methodology used to arrive at the
recommendation to build Site C. Section 2, following this introduction, provides a basic project
description of Site C covering technical specifications and estimated cost. A description of the
need that Site C is designed to meet, namely to fill the energy and capacity gaps that are
expected to occur over the next 20 years between BC Hydro’s existing generation resources and
customer demand for electricity, is contained in Section 3. Section 4 provides an analysis of the
various resource options, grouped into portfolios, that are technically and economically feasible
to meet the identified gaps, and describes the criterion used to determine that the portfolio
containing Site C is the preferred option. Alternative ways of delivering on the Site C project are
examined in Section 5, and Section 6 outlines the various benefits associated with the
construction of the Site C project. The Business Case concludes with a listing of various
reference materials. Appendices are provided which include more detailed information than has
been provided in this report.
The original Business Case for the Final Investment Decision was provided to the BC Hydro Board
of Directors in October 2014. Subsequent to the Board’s decision, additional work was
undertaken:
- Detailed analysis of the consequences of a delay to Site C was undertaken and is
provided in Appendix I-2.
- Further consultation was undertaken with T8TA regarding need and alternatives to the
Site C. Appendix J has been updated to reflect this additional consultation.
- Further economic analysis was performed in support of the Provincial Government’s
Final Investment Decision. This additional analysis is collected in Appendix K.
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2. BACKGROUND AND CONTEXT
This section describes some of the technical specifications of the Site C project, providing a
description of the project and the total estimated project cost. This section also provides a brief
synopsis of some of the key project milestones and target dates.

2.1. Project Description
The proposed project is a third dam and hydroelectric generating station on the Peace River in
northeast B.C. Key components are listed below:
•
•
•
•
•
•
•
•
•
•
•

An earthfill dam, approximately 1,050 metres long and 60 metres high above the riverbed.
A generating station with six 183 MW generating units.
A new substation near the Site C dam site and expansion of GIS Building at Peace Canyon.
Clearing and filling of an 83-kilometre-long reservoir that would be, on average, two to
three times the width of the current river.
Property acquisitions and relocations.
The realignment of six segments of Highway 29 over a total distance of approximately 30
kilometres and increased shoreline protection at Hudson’s Hope.
Two new 500 kilovolt AC transmission lines that would connect the Site C facilities to the
Peace Canyon Substation, along an existing right-of-way.
Access roads in the vicinity of the site and a temporary construction access bridge across the
Peace River.
Construction of temporary cofferdams across the main river channel to allow for
construction of the earthfill dam and two diversion tunnels.
Worker accommodation at dam site, with other workers housed off site and in the region.
Other supporting facilities and services at the dam site.

Figure 1

Artist Rendering of the Proposed Site C Dam and Generating Station
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3. ISSUE DEFINITION – NEED FOR ENERGY AND CAPACITY
This section describes the key driver behind BC Hydro’s need for additional resources, the
growing demand for electricity from customers, and the methodology for determining this need.
It discusses actions that BC Hydro is able to take to address this need, highlights existing
resource capabilities, and provides figures for the estimated difference between customers’
need for energy and dependable capacity, and what BC Hydro can supply with existing and
committed resources.

3.1. Load Forecast
BC Hydro has an obligation under the Utilities Commission Act to meet the electricity needs of
its customers within the framework established by the Clean Energy Act (see Section 6.6 of this
document for more information). To fulfil this obligation, BC Hydro develops and regularly
updates a long-term load forecast to project future needs for energy and capacity resources.
The energy forecast represents the forecasted total annual electricity demand for the integrated
system, and the peak forecast represents the one-hour maximum demand on the integrated
system.
The base case analysis of Site C and alternatives is based on BC Hydro’s mid-load forecast for
both energy and peak demand. The mid-load forecast represents the expected future load, in
which actual realized loads are projected to be higher than forecast 50 per cent of the time, and
lower than forecast 50 per cent of the time.
The analysis of Site C is based on BC Hydro’s December 2012 Load Forecast. The May 2014 load
forecast update forecasts increased load compared to the 2012 load forecast and does not
modify the conclusions of the existing analysis due to an offsetting increase in IPP supply side
contributions. See Section 3.1.2 for additional detail on the updated 2014 forecast, and section
3.2 for a discussion of existing and committed supply side resources.
3.1.1. December 2012 Load Forecast
The 2012 Load Forecast was prepared in accordance with the British Columbia Utilities
Commission’s (BCUC) Resource Planning Guidelines and decisions. BC Hydro’s load forecasting
methodology has been the subject of independent review in a number of BCUC regulatory
proceedings, and the BCUC has accepted BC Hydro’s load forecasting methodology for both
long-term planning and capital project advancement purposes.
As part of its due diligence BC Hydro commissioned a third party review of its load forecast
methodology by Mark P. Gilbert. The review (“Review of BC Hydro Electric Load Forecast
Methodology, British Columbia Hydro and Power Authority”) concluded that BC Hydro’s load
forecast methodology is representative of good utility practice, and that forecasts track actuals
well except in circumstances of major and unpredictable events such as the great recession of
2008. BC Hydro compared recent actual demand to that predicted in the December 2012 Load
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Forecast. BC Hydro slightly under-forecasted demand for both F2013 (by 0.2%) and F2014 (by
1%). 2
P

P

The 2012 Load Forecast is based on analysis that incorporates the most current third-party
economic indicators available. Many inputs are provided by external sources such as the B.C.
Ministry of Finance and Stokes Consulting for GDP forecasts, and sector-specific experts for the
forestry, mining, and oil and gas industries. The key drivers of the 2012 load forecast, by
customer group, are as follows:

•

Residential: BC Hydro’s forecast of demand from residential customers is driven by
forecasts of the average annual use of electricity per account and the number of accounts,
which in turn is driven by population growth and housing starts. The average use per
account is developed using an end use model that includes economic drivers such as
disposable income, people per account, and efficiency trends for the primary residential end
uses of electricity.

•

Commercial: The drivers of the commercial forecast include average commercial end use
efficiencies trends and projections of retail sales, employment and commercial output.

•

Industrial: BC Hydro prepares its industrial transmission load forecast on a
customer-by-customer basis. A projection of industrial distribution sales is developed for
key sectors – including forestry (including pulp and paper), mining (coal), and oil and gas –
based on production forecasts for each major industrial customer. The remaining industrial
distribution sales are developed using an econometric model and provincial GDP growth as
a load driver.

The 2012 Load Forecast also includes consideration of the following factors that influence
demand reduction:
•

•

Demand-Side Management: The 2012 Load Forecast reflects the impact of savings from BC
Hydro’s past DSM initiatives such as energy conservation achieved through F2012. Future
projected DSM savings from F2013 onward are accounted for separately as assumed future
actions (as discussed in Section 3.3.1).
Impact of Forecast Rate Increases (elasticity effects): The 2012 Load Forecast reflects
expected changes to customer demand resulting from changes to BC Hydro rates.

BC Hydro’s 2012 long-term mid-load forecast projects that electricity demand in B.C. will
increase by approximately 40 per cent over the next 20 years, excluding any load from LNG
facilities and before accounting for DSM. Load from new LNG facilities that may request service
from BC Hydro would further increase this load.

2

Note that these values are net of rate increase impacts and BC Hydro’s DSM initiatives.
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3.1.2. May 2014 Load Forecast Update
In May 2014, BC Hydro finalized a new long-term load forecast. The update indicates an energy
and peak increase of 2 to 3 per cent relative to the previous forecast. The major updates to the
forecast include:
•

Lower rate projection reflecting the B.C. Government’s 10-Year Rate Plan for BC Hydro
announced in November 2013. This results in a lower rate-induced reduction in sales.

•

Residential and commercial sales forecasts are modestly lower due to updated efficiency
projections, in particular lighting.

•

Forecast industrial sales are significantly higher, largely due to shale gas developments in
northeast B.C.

•

The increase indicated above is before the inclusion of expected LNG-related demands. The
expected or base case LNG demand of approximately 3,000 GWh/year (360 MW peak
capacity) remains unchanged in the mid to long-term period of the forecast. 3
P

3.2. Existing and Committed Supply
The energy and capacity from BC Hydro’s existing and committed resources include BC Hydro’s
heritage hydroelectric and thermal resources, and IPPs.
•

Heritage Hydroelectric and Thermal Resources: BC Hydro has 31 existing hydroelectric
facilities connected to the integrated system. By 2033, BC Hydro’s 31 existing hydroelectric
facilities are expected to supply approximately 48,500 GWh/year of energy and 11,400 MW
of capacity, including planned upgrades to these facilities. 4
P

P

Prince Rupert Generating Station is the only BC Hydro-owned thermal generating station
expected to serve the integrated system by 2020, and supplies only a modest amount of
energy and capacity.
•

Existing and Committed IPP Supply: As of January 1, 2014, BC Hydro manages 83 Energy
Purchase Agreements (EPAs) for IPPs in commercial operation (currently producing 25 per
cent of BC Hydro’s energy supply) with an additional 44 EPAs for projects in the precommercial operation stage. BC Hydro’s existing and committed contracts with IPPs are
expected to supply approximately 7,900 GWh/year of firm energy and approximately 500
MW of peak capacity by F2033.

3

On 13 May 2014, Woodfibre LNG announced that its proposed liquefaction project to be sited in Squamish, B.C. will
run off electric power provided by the BC Hydro system. If it proceeds, Woodfibre LNG’s facility will likely require
electricity corresponding to or exceeding the low LNG scenario of 800 GWh/year (100 MW). In addition, FortisBC Inc.
is expanding its Tilbury LNG facility in Delta, B.C. which would add to the load BC Hydro would serve.

4

This includes BC Hydro capital projects planned and underway, such as the Ruskin Dam and Powerhouse Upgrade Project, the John
Hart Generating Station Replacement Project and Mica Units 5 and 6.
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3.3. Actions Assumed to be Undertaken Prior to Site C
The following actions are assumed to be undertaken irrespective of the decision on whether to
proceed with Site C, and are therefore reflected in the evaluation of the need for energy and
capacity.
3.3.1. Demand-Side Management
BC Hydro plans to meet approximately 78 per cent of its load growth through conservation and
efficiency initiatives. BC Hydro uses three main tools to achieve its DSM targets: codes and
standards; conservation rate structures; and programs designed to address remaining barriers
to energy efficiency and conservation.
The current DSM target is to achieve 7,800 GWh and 1,400 MW of electricity in F2021, with a
potential of 11,000 GWh of energy savings and 2,100 MW of capacity savings in F2033. This is
expected to reduce forecast incremental energy demand by 78 per cent in F2021 excluding LNG
load (69 per cent with expected LNG load), above the Clean Energy Act objective of at least 66
per cent. BC Hydro is among the leading jurisdictions (including California public utilities) as
measured by DSM spending as % of retail sales. Appendix C provides a review of BC Hydro’s
DSM activities compared to other jurisdictions.
BC Hydro reviewed the possibility for additional DSM activity in the analysis of alternative
resource options discussed in Section 4.
3.3.2. IPP Renewals and New Contracts
BC Hydro has assumed the following activities related to IPP contracts will proceed irrespective
of Site C.
•

Standing Offer Program (SOP): BC Hydro’s long-term plan includes an increase to the SOP
annual target from 50 GWh/year to 150 GWh/year to enable more small-scale projects
throughout BC Hydro’s service area. Future SOP activity could, by 2033, contribute
approximately 1,400 GWh/year of energy and 110 MW of capacity.

•

Agreements with First Nations: BC Hydro has Impact Benefit Agreements (IBAs) with First
Nations, some of which involve consideration of EPAs for generation projects. Projects
associated with IBAs could contribute approximately 170 GWh/year of energy and 25 MW of
capacity by 2033.

•

IPP Renewals: As EPAs expire for projects already in operation, BC Hydro is targeting
renewal of the contracts for those facilities that have the lowest cost, greatest certainty of
continued operation and best system support characteristics. By 2033, it is expected that
renewals of IPP contracts could amount to 6,360 GWh/year of energy and 640 MW of
capacity beyond the existing and committed supply.
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4. ANALYSIS OF ALTERNATIVE RESOURCE OPTIONS
BC Hydro undertook analysis to determine whether Site C was a preferred option to meet the
need for energy and capacity described in Section 3. This analysis compared Site C to other
available resources in BC according to both financial and non-financial considerations. This
section describes the methodology and results of the analysis of alternative resource options.
BC Hydro engaged a third party – Synapse Energy Economics Inc. – to review the methodology
associated with its analysis of the alternatives. This third party review (“Review of BC Hydro’s
Alternatives Assessment Methodology”) concluded that BC Hydro’s alternatives analysis
methodology and tools are consistent with good utility practice. As noted below, this third party
review also endorsed specific financial assumptions. BC Hydro also vetted its alternatives
assumptions with the B.C. Ministry of Energy and Mines as part of the exchange of information
with CEBC in the summer and fall of 2014. Appendix E-2 provides additional details on financial
assumptions and sensitivity cases, including BC Hydro’s view of the assumptions used by CEBC’s
consultant. Alternatives to Site C were also a subject of additional consultation with T8TA, who
expressed interest in several alternatives to Site C including capacity-focused DSM, wind,
geothermal, and natural gas. Appendix J provides a more detailed discussion of BC Hydro’s
consideration of comments received through these consultation processes.

4.1. Key Assumptions
4.1.1. Financial Assumptions
•

Cost of Capital: The cost of capital is used to determine the levelized costs (UECs and UCCs)
of generation resources. A different cost of capital was applied based on the developing
entity to recognize the different borrowing rates of IPPs and the B.C. Government 5 :
o A 5 per cent cost of capital was used to calculate the levelized costs of BC Hydro
generation resources.
o A 7 per cent cost of capital was used to calculate the levelized costs of IPP
generation resources.
Discount Rate: Consistent with BCUC guidance documents, 6 a 5 per cent discount rate was
based on BC Hydro’s Weighted Average Cost of Capital (WACC) and used to calculate the PV
of portfolio costs for the financial analysis described in Section 4.3. A single discount rate
was applied to all resource cashflows.
P

•

5

P

P

P

BC Hydro undertook an economic analysis in the IRP and used what it believed to be the overall financial cost of
BC Hydro and the WACC from its IPP intelligence. All of the future WACC estimates were done on a forecast debt cost
for the next 10 years of 4.8% nominal. As a result, BC Hydro had a WACC of 5% real (using a 70/30 debt/equity ratio)
and IPPs 7% real for a WACC differential of 2%. BC Hydro also undertook a sensitivity on which the WACC differential
is reduced to 1%. The review of BC Hydro’s alternatives assessment methodology found that BC Hydro selected
reasonable values for its own WACC and for the IPP WACC.
6
See, for example, the BCUC’s Utility System Extension Test Guidelines, section 2.
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The spot market price of both electricity and natural gas is highly variable due to uncertainties of
supply, demand and government policies. As a result, BC Hydro conducted a sensitivity analysis
on a range of potential market scenarios, which is discussed in Section 4.6.
Appendix D provides additional details on the market price forecasts in both the reference case
and sensitivity cases.
4.1.3. Bridging Assumptions
There is a need for new capacity resources prior to Site C’s earliest ISD in both the no LNG and
expected LNG load scenarios, and a need for new energy resources prior to Site C in the
expected LNG scenario. As a result, resources are required to serve load until Site C enters
service.
No LNG: There is a need for capacity between F2019 and F2023, and the 2013 IRP recommends
securing Cabinet approve to permit short-term reliance on the market for up to 300 MW to
meet any system capacity shortage during this 5 year period because the reliance is for a short
period of time.
Expected LNG: The approved 2013 IRP recommends using market purchases to bridge the 1,500
GWh expected LNG load scenario energy need and the 300 MW no LNG load scenario capacity
need before Site C. However, there is a 700 MW capacity gap in the expected LNG scenario
prior to Site C’s in-service date. BC Hydro reviewed two options for meeting the incremental 400
MW expected LNG capacity needs prior to Site C as follows:
•
•

Option 1: Implement a 700 MW reliance on external markets for capacity needs prior to Site
C;
Option 2: Limit reliance on external markets prior to Site C to 300 MW and construct 400
MW of gas-fired generation capacity in the North Coast in support of significant load growth
and single transmission circuit supply.

The main concern and trade-off in determining the degree of market reliance was the limit of
market access (typically limited to 500 MW) and the uncertainty in loads and DSM capacity
contribution compared to the higher costs of Option 2 versus Option 1. Post-IRP it has been
determined that BC Hydro should pursue Option 2. Option 2 results in the overall portfolio costs
being slightly higher, and also results in a change to the comparative PV costs of Site C portfolios
compared to alternative portfolios. This updated PV analysis is reflected in Section 4.3.
4.1.4. Characterization of Resource Options
The identification and characterization of potential resource options to meet the need for
energy and capacity was done as part of the 2013 Resource Options Update (ROU). The 2013
ROU is a database of resource option attributes and costs reflecting: (1) input from stakeholders
with technical expertise, including information from members of the IPP community, as well as
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4.2.3. Portfolio Composition
Utilizing the viable alternative resources outlined above, BC Hydro established three sets of
alternatives to be evaluated through portfolio analysis. These portfolios represent different
technically feasible strategies by which BC Hydro would be able to meet customer demand.
The portfolio options evaluated were as follows:
•

Site C Portfolios, in which Site C is built and additional clean or clean and thermal resources
are procured to meet load beyond that served by Site C.

•

Clean Generation Portfolios, in which Site C is not built and clean or renewable alternatives
are procured instead. Generally these portfolios consist of a mix of wind, municipal solid
waste, and wood-based biomass resources providing energy, with the addition of a sixth
unit at Revelstoke Generating Station (Revelstoke 6), upgrades to Units 1-5 at G.M. Shrum
Generating Station (GMS Units 1-5), and pumped storage providing required capacity.

•

Clean + Thermal Portfolios, in which Site C is not built and a combination of clean or
renewable and thermal alternatives are procured instead. Generally these portfolios consist
of a mix of wind, municipal solid waste, and wood-based biomass resources providing
energy, with Revelstoke 6, GMS Units 1-5, and SCGTs providing the majority of required
capacity.
•

BC Hydro also created a subset of the Clean + Thermal portfolio in which DSM Option 3
is pursued in order to test the economics of additional energy-focused DSM.

4.3. Financial Analysis
The financial comparison of alternatives is largely done through portfolio modelling. Portfolios
are created by a linear optimization model (“System Optimizer”) that selects the optimal
combinations of available resource options under different assumptions and constraints that
will meet the energy and capacity needs of BC Hydro’s customers. Portfolio modeling takes into
account economic considerations of the potential portfolio in a way that looking at resource
UEC comparisons cannot. The portfolio modeling allows the following considerations:
•

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; and

•

Permits the calculation and comparison of a portfolio PV to allow 30 year planning
timeframe cost comparisons.

It should be noted that a main drawback of the portfolio modeling approach is that there is an
inherent assumption that perfect foresight and perfect timing exist, something that does not
actually occur under real conditions. As prior knowledge of the exact timing of load growth, and
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Figure 6

Comparative Ratepayer Impact – Clean Generation Portfolios Compared to Site C

Figure 7

Comparative Ratepayer Impact – Clean + Thermal Portfolio Compared to Site C
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4.6. Uncertainties and Risks
To test its findings against uncertainties in future conditions, BC Hydro conducted sensitivity
analysis that compares the cost-effectiveness of Site C to alternative resources in a range of
potential future scenarios.
•

Increases or decreases in the future gap between electricity supply and demand. The size
of the gap informs the timing of resource requirements and the level of short-term surplus
created by Site C and the alternative resources as they come into service.

•

Increases or decreases in future market prices for electricity and natural gas. Electricity
market prices affect the value of the short-term surplus created by Site C and the alternative
resources, while natural gas prices affect the cost of gas-fired generation. Electricity market
prices may be driven by either underlying market dynamics, or by fluctuations in the USCanadian exchange rate.

•

Decreases in the difference between the cost of capital for BC Hydro and the cost of
capital for IPPs. The cost of capital affects the cost of resources as it represents the
financing costs for the projects.

•

Increases or decreases in the system costs of integrating intermittent wind resources. As
generation from wind resources can vary significantly on a daily, weekly, and monthly basis
there are reserve requirements to integrate this generation into BC Hydro’s electricity
system while ensuring reliable supply. The cost of this integration affects the cost of wind
resources.

•

Increases in the cost of construction for Site C. Given the detailed cost estimate for Site C, a
situation where there was a dramatic increase in the cost of construction (e.g., 30 per cent)
is highly unlikely outside a scenario where there is a market disruption (e.g., an increase to
labour costs or steel prices). Such a disruption would also be expected to affect the costs of
other resource options such as IPP options, although possibly not to the same extent.

•

Delays to the in-service date of Site C. There is a risk that the in-service date (ISD) of Site C
would be delayed due to events prior to or during construction. As a result, BC Hydro tested
scenarios with a F2026 ISD as well as the base case F2024 earliest ISD. This analysis
calculated the PV benefits of such a scenario, but did not consider the cost and risk impacts
of such as delay. Further discussion of the consequences of a delay to the project is available
in Appendix I.

The sensitivity analysis determined that Site C is the preferred alternative in a wide range of
future scenarios. The scenarios in which alternatives are preferred to Site C are generally low
probability, and associated with low long-term economic growth or market prices and higher
Site C construction costs. Further information is available in Appendix E-2.
In addition to the sensitivities discussed above, there are key uncertainties and risks not
captured in the portfolio analysis:

Document ID:
Document Owner:
Date on Document:

1016.Z.15.002.FIN.00001.BUS
December 16, 2014

Document State:
Version:

Final v2
1
Page 28 of 40

YM-80004 – Site C Clean Energy Project
Business Case
•

Deliverability risk associated with DSM: The portfolio modelling assumes that the current
DSM target will deliver the expected energy and dependable capacity savings. There are
significant delivery risks associated with the DSM target, particularly with respect to the
reliance on 1,400 MW of dependable capacity by F2021. DSM requires customers to make
behavioral changes that can be difficult to implement in a low-rate jurisdiction like B.C.,
which results in uncertainty whether the DSM target (or additional DSM such as DSM Option
3) will be achieved. In addition, recent evaluation results show that the commercial
conservation rate structures are not delivering the expected amount of energy (and
associated capacity) savings.

•

Uncertainty in resource characteristics: The resource options used to populate the
portfolios of alternative resources options are mostly based on “typical” projects with
estimated costs, footprints, and other attributes. The actual characteristics of alternative
projects would not be known until the projects were identified. This uncertainty does not
apply to Site C, Revelstoke 6, or GMS Units 1-5 as these are projects with known locations
and with significant investigative works undertaken to date. This is particularly notable in
the area of cost estimates – as described in Section 2.2, the Site C cost estimate is a Class 3
degree of accuracy, where the alternative projects provide only an average estimate for
such projects and are based on Class 4 or Class 5 (less developed) cost estimates.

•

IPP attrition risk / IPP Flexibility: The portfolio modelling does not reflect the relatively high
IPP attrition rate that BC Hydro has observed through its power acquisition processes. In
order to reflect this attrition rate, BC Hydro would likely have to award EPAs representing
more energy than would be expected to be required with resulting uncertainty in the
amount of energy entering service. In addition, as described in section 4.3, a main drawback
of the portfolio modeling approach is that there is an inherent assumption that perfect
foresight and perfect timing exist and thus overstates IPP flexibility. BC Hydro structured its
acquisition processes to attract larger sized IPP resources and achieve high levels of
competition. These larger calls will not be able to match load growth as closely as assumed
by portfolio modelling. In addition, long-term ‘take-or-pay’ EPAs for intermittent IPPs limit
the ability ramp down volumes as recent experience has shown. Reality is that CEBC and
IPPs lobby for regular calls in advance of need and use economic development as a
rationale, and this can (and has) lead to surpluses of energy.

•

Uncertainty in IPP costs at termination of EPAs: EPAs with IPPs for available resources have
varying durations that are shorter, ranging from 15 to 40 years. At the end of EPA terms,
there is significant supply and price risk to BC Hydro because there is no assurance 1) that
the available IPPs will continue operations past the expiry of EPAs, 2) that IPPs will contract
with BC Hydro if they do continue to operate, or 3) that IPPs will contract at a price
comparable to their current real-dollar prices. In terms of effects on ratepayers, IPP prices
also tend to rise with inflation, increasing the nominal costs of service; this contrasts with
the cost profile of Site C, where the impact of the amortization of costs across time tends to
erode due to the effects of inflation.
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•

Mixed economic development attributes, with a larger number of construction jobs created
and higher construction GDP but lower operations jobs

•

Mixed land footprint, with a larger land and stream footprint but with the majority of the
footprint representing a conversion of habitat from terrestrial and river environments to a
productive reservoir environment rather than a facility footprint

• Superior GHG and air emissions, with slightly lower GHG and local air emissions (CO, NOx)
The Site C portfolio is preferred under financial and the construction-period economic
development attributes, as well as key environmental attributes, particularly GHG and local air
emissions. As the Site C portfolio is preferred in nearly all attributes there was no requirement
to undertake a quantitative weighting exercise; for any of the alternatives to have been selected
as the preferred alternative, the value assigned to the land and stream footprint would have had
to have greatly outweighed the value assigned to any financial, economic development or air
emission considerations.
Additional analysis on the comparison of Site C to alternatives was performed in support of the
Provincial FID and is provided in Appendix K. This analysis confirms that Site C is a preferred
resource option given the changes proposed in the Provincial FID.
There would be a number of additional, specific benefits associated with Site C, including trades
training initiatives, legacy benefits for Peace region communities, recreation opportunities, and
mitigation measures such as support for housing, daycare and local infrastructure. These
benefits are known due to the advanced stage of the project, but were not included in the
portfolio analysis due to the lack of comparable information for the potential alternatives
included in portfolios. Please refer to Section 6 for a description of these benefits.
Based on the sensitivity analysis conducted, Site C would remain a preferred resource option
under the majority of potential future scenarios. The potential for regret associated with
proceeding with the project is primarily associated with a scenario where there is long-term load
growth lower than has been seen in BC’s history that would persist for the planning period (i.e.,
long-term economic stagnation and no LNG load). In such a case load growth would be minimal,
and the need for a new resource the size of Site C would be limited. It should be noted that such
a case is very low probability, as it would require an extended period of substantially lower load
growth than seen in B.C.’s history.
The Need for and Alternatives to the Project has been a common theme as part of BC Hydro’s
consultations with First Nations, the public and stakeholders. Appendix J provides discussion of
some of the comments received during the consultation process and BC Hydro’s consideration
of these comments. Appendix J also reflects consultation on Need and Alternatives with T8TA in
late summer and early fall of 2014.
Based on the analysis of alternative resource options, and considering the adjustments made in
the Provincial FID (discussed in Appendix K) Site C provides the best combination of financial,
technical, environmental, and economic development attributes and is therefore the preferred
option to meet the need for energy and dependable capacity within BC Hydro’s planning
horizon. As a result, BC Hydro recommends building Site C to add 5,100 GWh of annual energy
and 1,100 MW of dependable capacity to the system for its earliest ISD.
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5. ANALYSIS OF ALTERNATIVE DESIGNS (MEANS OF DELIVERY)
In addition to the analysis of Site C compared to alternative resource options, BC Hydro also
undertook analysis to determine the preferred means of delivering the project. This section
describes the analysis the location and number of dams to deliver the hydroelectric potential
associated with the flood reserve.
Additional analysis was conducted on alternatives with respect to the substation and
transmission line, the realignment of Highway 29, the approach to quarried and excavated
materials, the worker accommodation, and the access route to the south bank. The analysis of
these alternatives was not material to the business case for Site C.

5.1. Alternates Considered – Location and Number of Dams
Between 2009 and 2011, Klohn Crippen Berger Ltd., SNC-Lavalin Inc., and Hatch Ltd. undertook a
comprehensive study (the Alternates Study) to evaluate alternate means of developing the
hydroelectric potential of the Site C Flood Reserve. The intent was to undertake a
comprehensive review of all previously identified alternates and any new alternates and
compare them to the project using a consistent evaluation process. The review does not
consider partial options (for example, completing only one component of a multi-dam option) as
a partial option would not fully meet the hydroelectric potential and would result in a high cost
to generating capability ratio due to the large costs from design to mobilization for dam
construction of any size (making only the construction of optimal designs prudent).
The historical design had the location of the Site C dam just downstream of the Moberly River,
at a location known as Axis C3. The following alternatives were considered to the historical
location:

•

Single-dam alternatives: Alternatives with a single dam located upstream of the Moberly
River. These alternatives would avoid effects on the Moberly River, but would not develop
all of the available head between Peace Canyon Dam and Axis C3. Single-dam alternates
considered were:
o A dam located at Axis C1, 5.5 km upstream of Axis C3
o A dam located at Axis C2, 3 km upstream of Axis C3
o A dam located just downstream of Wilder Creek, 11.5 km upstream of Axis C3

•

Dam Cascades: Alternatives with cascades of two or more dams lower in height than the
proposed Site C dam. These alternatives would reduce the area of flooded land while
maximizing development of all of the head between Peace Canyon Dam and Axis C3.
Cascades of multiple dams considered were:
o A two-dam cascade with a dam at Axis C3 and an additional dam located
approximately 66 km upstream
o A three-dam cascade with a dam at Axis C3 and two other low dams located
approximately 22 km and 59 km upstream
o A four-dam cascade with a low dam at Axis C3 and three other low dams located
approximately 18 km, 39 km, and 61 km upstream
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o

•

A seven-dam cascade with a dam at Axis C3 and six other dams located
approximately 10 km, 23 km, 37 km, 53 km, 65 km, and 79 km upstream

The eastern boundary of the Site C Flood Reserve is approximately 3.7 km downstream of
Axis C3. Moving the dam further downstream of Axis C3 was not considered since the
geological conditions are less favourable. This is because the elevation of the bedrock
outcrop on the north bank of the river drops and the slopes above the bedrock comprise
debris from slides and slumping of the overburden.

5.2. Analysis and Conclusions
Layouts, site characteristics, cost estimates, and energy generation estimates were developed
for each of the alternatives described above. This information was used to compare the
alternatives based on considerations in the following categories:
•

Functionality, such as dam safety and reliability

•

Engineering parameters, such as design risk and constructability

•

Economic feasibility (whether the achievable UEC was in the same range as alternatives)

•

Effects on the physical environment

•

Effects on the biological environment

•

Effects on the socio-economic environment

A multi-attribute decision making process was used to assess the six alternates relative to the
project. The evaluation process consisted of:
•

Identifying environmental effects and engineering functionality of each alternate relative to
the project and one another

•

Ranking and weighting the environmental effects and functionality of each alternate, and
comparing these relative to the project and each other

•

Comparing the relative footprint ratio and energy cost ratio of each alternate to the project

The relative footprint ratio was determined for each alternate relative to the project by
weighting and combining the ratings for each of the four attributes, namely:
•

Functionality

•

Effects on the physical environment

•

Effects on the biological environment

•

Effects on the socio-economic environment

A preliminary analysis screened out four alternates as a result of a higher energy cost ratio due
to higher project cost and lower energy production without providing a decrease in the relative
footprint ratio. A series of sensitivity analyses were performed on the three remaining options,
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including Site C, to determine whether changing the various weightings would materially change
their ranking.
The Alternates Study concluded that:
•

There are no environmental factors that would eliminate an alternate

•

The relative differences in environmental effects and functionality between alternates are
small

•

Alternate locations resulted in a significantly higher costs per unit of energy

•

The small relative differences in benefits between the alternates do not justify the greater
costs

•

There is no benefit to partial options.

The Alternates Study demonstrates that the project is the preferred means delivering Site C.
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6. PROJECT BENEFITS
This section describes the benefits associated with Site C.

6.1. Ratepayer Benefits
Site C would be a cost-effective clean, renewable and reliable power resource that would
provide long-term energy, capacity and other system benefits to the provincial power grid.
Benefits to ratepayers include:
•

•

•

•

Cost-Effective Electricity Supply
o Site C will result in lower rates for BC Hydro’s customers over the long-term. While
the project will create an approximately three per cent cumulative rate increase for
the first few years compared to alternative portfolios, rates would then be lower for
remainder of the 70-year project life.
Firm Energy
o Site C would provide an average of 5,100 GWh of energy every year. Over 90 per
cent of this average energy is firm energy, available to serve BC Hydro customers
even in the driest historical weather conditions.
Dependable Capacity
o Site C would add 1,100 MW of dependable generation capacity to the BC Hydro
system. Dependable capacity is the maximum amount of power that can be reliably
supplied to meet peak instantaneous demand (e.g., the dinner hour on the coldest
day of the year).
Flexibility
o Due to the ability to store water in a reservoir, power produced from large
hydroelectric resources like Site C can typically be adjusted to meet the needs of the
overall power grid, such as the fluctuations in the system load, or to back up varying
levels of energy supplied by intermittent resources (e.g., wind).

6.2. Economic Development Benefits
The construction of Site C would create jobs, provide a boost to provincial GDP and increase
revenues for all levels of government.
•

Employment
o Construction of Site C would create approximately 10,000 person-years of direct
employment during construction, and approximately 33,000 person-years of total
employment through all stages of development and construction.
o The Site C project would provide 25 permanent direct jobs during operations.
Additional employment would result from sustaining investments in the project
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•

•

such as refurbishment and/or replacement of project components over the life of
the project, resulting in an average of 160 total jobs per year during operations.
Economic Activity
o Building Site C would contribute
to provincial GDP from the purchase of
goods and services during construction, including approximately
to
regional GDP.
Government Revenues
o During construction, Site C would result in a total of
in tax revenues to
local governments and, once in operation,
in annual revenues from
grants-in-lieu and school taxes. These revenues are in addition to a legacy benefits
agreement that would provide regional communities with
per year for
70 years (see Section 6.4).
o Activities during construction would result in approximately
in
provincial revenues, and approximately
for the federal government.
o The Province would receive annual water rentals amounting to over
per
year.

6.3. Environmental Benefits
As the third project on the Peace River, Site C would optimize BC Hydro’s existing resources,
produce among the lowest GHG emissions, per gigawatt hour, and help integrate intermittent
renewables into the provincial power grid.
•

•

•

Optimizing Existing Resources
o The Site C reservoir would be comparatively small in relation to generating capacity
than some of BC Hydro’s other major hydroelectric facilities, and would operate
within a smaller range of water levels. This is because it would rely on the existing
Williston Reservoir for water storage, enabling Site C to generate approximately 35
per cent of the energy produced at the W.A.C. Bennett Dam, with only five per cent
of the reservoir area.
Low Greenhouse Gas Emissions
o Site C would produce among the lowest GHG emissions, per gigawatt hour, when
compared to other forms of electricity generation, significantly less than fossil fuel
sources, and within the ranges expected for wind, geothermal and solar sources.
Integration of Intermittent Renewables
o The flexibility and dependability of the power produced by Site C would facilitate
the integration of intermittent energy resources, such as wind and run-of-river
hydro, into the provincial power grid. For example, since wind turbines do not
produce energy when the wind is not blowing, Site C would be able to quickly
increase or decrease generation to match the output of wind resources. Refer to
Appendix H for details.
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6.4. Community Benefits
Among the benefits to local communities from the Site C project are a regional legacy benefits
agreement, infrastructure improvements, recreation and tourism opportunities, and affordable
housing.
•

•

•

•

•

Regional Legacy Benefits
o A regional legacy benefits agreement between BC Hydro and the Peace River
Regional District (PRRD) would provide
annually to the PRRD and its
member communities for a period of 70 years, starting when Site C is operational.
The annual funding would be indexed to inflation.
o These funds would be in addition to local revenues from construction and mitigation
measures for the project.
Improved Infrastructure
o Roads and highways would be upgraded and enhanced during the construction
phase, and this would support long-term economic development in the region.
o 85th Avenue Industrial Lands would be improved after BC Hydro’s use by being
graded for future industrial land use.
Recreation and Tourism Opportunities
o Construction and operation of Site C would provide new and expanded recreation
and tourism opportunities for residents of the Peace Region, including new boat
launches and day-use areas, public viewpoints of the dam site and funding for
community recreation sites.
o Fishing opportunities during operations would also be expected to increase as the
Site C reservoir would support increased boating and angling use, and would
continue to support sport fishing.
Affordable Housing
o To encourage workers to live locally, BC Hydro is working with BC Housing to plan
and build approximately 40 new housing units for use by BC Hydro’s workforce and
their families during construction, plus 10 new affordable housing units.
o After construction, all of the housing units would be available as affordable housing
in the community.
Skills Training
o BC Hydro has made investments in skills training aimed at increasing skilled labour
capacity in the region, including:
 $1 million to Northern Lights College Foundation to support trades and skills
training through the creation of student bursaries.
 $184,000 in funding to Northern Opportunities for the creation of a school
district career counsellor position to encourage students to stay in school
and facilitate a transition into trades and career training.
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$100,000 in funding to the North East Native Advancing Society to support
trades training under its North East Aboriginal Trades Training program.
A five-year funding agreement of
0 with Northern Opportunities for
its pre-apprenticeship program.

6.5. Benefits for Aboriginal Groups
Aboriginal groups are expected to see economic and social development benefits through
Impact Benefit Agreements negotiated with BC Hydro, which may consist of:
• Lump sum cash payments or payment streams over time
• Work and contract opportunities, including potential directed procurement
• Crown land transfers
• Implementation of land protection measures or special land management
designations
BC Hydro is committed to Aboriginal inclusion in procurement and employment opportunities
related to the construction of the Site C project. BC Hydro‘s Aboriginal Contracting and
Procurement Policy is designed to increase the involvement of Aboriginal groups in economic
opportunities associated with BC Hydro’s business activities. Procurement practices under this
policy include:
•

Capacity-Building Initiatives: Initiatives are being implemented to provide funding or
resources in order to provide training, improve skills or increase business capacity.
Capacity-building initiatives related to Site C are described in more detail below.

•

Directed Aboriginal Procurement: Initiatives could include direct awards, select
tendering, set-asides, and the breaking up of large contracts.

•

Aboriginal Evaluation Criteria: The use of Aboriginal evaluation criteria in procurement
packages will provide an incentive for contractors to establish working relationships and
increase Aboriginal participation in construction contracts.

•

Aboriginal Business Directory: BC Hydro’s Aboriginal Business Directory is accessible to
suppliers and contractors, and enables BC Hydro to promote partnerships between nonAboriginal and Aboriginal businesses in contract work for BC Hydro.

In addition, BC Hydro is hosting business-to-business networking sessions to provide
opportunities for regional and Aboriginal businesses and contractors to introduce their
company, its services and experience to teams that have been shortlisted for major Site C
contracts.
BC Hydro is also working with Aboriginal community groups, contractors, employers,
educational institutions and other organizations to advance initiatives to secure a supply of
qualified local workers.
Document ID:
Document Owner:
Date on Document:

1016.Z.15.002.FIN.00001.BUS
December 16, 2014

Document State:
Version:

Final v2
1
Page 38 of 40

YM-80004 – Site C Clean Energy Project
Business Case

7. SUPPORTING DOCUMENTATION
7.1. Appendices
A
B
C
D
E
F
G
H
I
J
K

Legislative and Policy Context
Load-Resource Balance
DSM Jurisdictional Review
Market Price Scenarios
Portfolio PV Modelling Details
E-1
Portfolio Modelling
E-2
Sensitivity Analysis
Block Analysis
Cost of Service Analysis
Dispatchable Capacity
Delay Discussion and Analysis
I-1
Consequences of Project Delay or Halt
I-2
Economic Analysis of Project Delay
Consideration of Comments Received on Need and Alternatives
Additional Analysis in Support of Provincial Investment Decision

7.2. Supporting References
2013 IRP Materials
 December 2012 Load Forecast
 2013 Integrated Resource Plan
Environmental Assessment Materials
 Project Description Report
 Environmental Impact Statement (as amended)
 Information Requests & Undertakings
 Hearing Transcripts
 Final Argument of BC Hydro
 Report of the Joint Review Panel
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APPENDIX A – LEGISLATIVE AND POLICY CONTEXT
There are several pieces of legislation and policy that are fundamental considerations of the
need for Site C and the analysis of alternatives. This section provides an overview of some key
pieces of the legislative and policy framework. Each policy detailed remains in effect (for
example, the 2002 Energy Plan is not superseded by the Clean Energy Act) except where
specifically noted, so it is the combination that creates the full legislative and policy framework.

1.

Utilities Commission Act

Under the Utilities Commission Act, BC Hydro has a legal obligation to serve its customers. This
includes planning to meet both the energy and capacity requirements of its residential,
commercial and industrial customers.

2.

2002 Energy Plan

Policy Action No. 13 provides that IPPs will develop new generation, with BC Hydro limited to
undertaking efficiency improvements at its existing facilities and Site C.

3.

Clean Energy Act

Section 2 of the Clean Energy Act sets out B.C. Government objectives, referred to as “British
Columbia’s energy objectives”, that BC Hydro must respond to and that the BCUC must consider
and be guided by in various applications. The objectives applicable to the consideration of Site C
are:
• to achieve electricity self-sufficiency;
• to take demand-side measures and to conserve energy, including the objective of the
authority reducing its expected increase in demand for electricity by the year 2020 by at
least 66%;
• to generate at least 93% of the electricity in British Columbia from clean or renewable
resources and to build the infrastructure necessary to transmit that electricity;
• to ensure the authority's rates remain among the most competitive of rates charged by
public utilities in North America;
• to reduce BC greenhouse gas emissions
• to encourage economic development and the creation and retention of jobs;
• to maximize the value, including the incremental value of the resources being clean or
renewable resources, of British Columbia's generation and transmission assets for the
benefit of British Columbia;
• to achieve British Columbia's energy objectives without the use of nuclear power;
The self-sufficiency requirement outlined above is further described in Section 6 of the Clean
Energy Act, and requires BC Hydro to achieve electricity self-sufficiency by the year 2016 (i.e.,
F2017) by holding the rights to an amount of electricity that meets its electricity supply
Page 1 of 2

obligations, taking into account DSM and electricity “solely from electricity generating facilities
within the Province”. The B.C. Electricity Self-Sufficiency Regulation (B.C. Reg. 315/2010) enacted
under the Clean Energy Act prescribes the mid-load forecast as the forecast to be used for the
purpose of determining the self-sufficiency requirement

4.

2007 Energy Plan

The 2007 Energy Plan sets the policy framework in which BC Hydro develops resources. The
2007 Energy Plan stresses the development of clean or renewable resources. While a number of
2007 Energy Plan Policy Actions have been overtaken by Section 2 of the Clean Energy Act (see
below), there are 2007 Energy Plan Policy Actions relevant to the review of Site C and potential
alternatives to the Project.
• All new electricity generation projects will have zero net GHG emissions
• Require zero GHG emissions from any coal thermal electricity facilities
• No nuclear power
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4. Potential LNG load
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. 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.
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 non-compression load, 1
P

P

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, 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, with an expected LNG load of 3,000
GWh/year. This corresponds to a range of 100 MW to 800 MW of additional peak demand.

1

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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Appendix J – Consideration of Input from First Nations
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Appendix K – Additional Analysis to Support Provincial Investment Decision

