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1 EXECUTIVE SUMMARY

FortisBC Inc. (FortisBC or the Company) is an integrated electric utility that generates, transmits
and distributes electricity to customers in the southern interior of British Columbia (BC). The
Company serves approximately 161,000 customers directly and indirectly, focusing on the
delivery of safe, reliable and cost effective electricity. FortisBC’s customer base represents
approximately 8 percent of British Columbia’s electric utility customer total’ and accounts for

about 6 percent? of total provincial domestic electricity sales.

This 2012 Long Term Resource Plan (2012 Resource Plan) analyzes the regulatory, policy,
commercial and operational context within which FortisBC operates, its load and peak demand
forecasts, its current resource capabilities and the potential generation resource options
available to meet its forecast needs over a 30-year planning period. As a result, the 2012

Resource Plan will enable the Company to achieve its goals of:

1. continuing to ensure the availability of cost effective long-term, reliable power for

FortisBC’s customers;

2. understanding the uncertainty and risks inherent in the Company’s historic, current and
proposed market purchase strategy; and obtaining firm power resources over time to

achieve 100 percent self sufficiency, and

3. balancing cost effectiveness with the applicable of British Columbia’s energy objectives

as defined in the Clean Energy Act’.

FortisBC has prepared and is filing this 2012 Resource Plan with the British Columbia Utilities
Commission (the Commission) as part of its 2012 Integrated System Plan, in accordance with
section 44.1 of the Ultilities Commission Act (the Act) and with the Commission’s Resource
Planning Guidelines. This 2012 Resource Plan, together with the 2012 Integrated System Plan,

is in the public interest.

1.1 The Clean Energy Act
FortisBC has prepared this 2012 Resource Plan mindful of the recently enacted Clean Energy
Act’. Table 1.1-A below lists those objectives set out in Clean Energy Act which FortisBC

! FortisBC / (BC Hydro + FortisBC) customers. Customer counts from FortisBC and BC Hydro 2010 Annual Reports

2 FortisBC / (BC Hydro + FortisBC) domestic sales. Sales information from FortisBC and BC Hydro 2010 Annual Reports

3 Government of British Columbia, June 3, 2010
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believes are directly relevant to the Company’s resource planning process. Further details are

provided in Section 2.4.2.1 and Appendix F.

Table 1.1-A - Relevant Clean Energy Act Objectives

Clean Energy Act Objectives

2012 Resource Plan
Satisfies Objective

To achieve electricity self-sufficiency; v Key input in evaluating capacity and
energy alternatives (see Section 6)

To generate at least 93 percent of the electricity in British Key input in evaluating capacity and

Columbia from clean or renewable resources and to build the | 4~ | energy alternatives (see Section 6)

infrastructure necessary to transmit that electricity;

To ensure that BC Hydro’s ratepayers receive the benefits of See Section 5.1.2.1.1

the heritage assets and to ensure the benefits of the heritage ‘/

contract under the BC Hydro Public Power Legacy and

Heritage Contract Act continue to accrue to ratepayers;

To reduce BC greenhouse gas emissions v Key input in evaluating capacity and
energy alternatives (see Section 6)

To reduce waste by encouraging the use of waste heat, Key input in developing the New

biogas and biomass; ‘/ Clean Energy Resources
recommendation (see Section 6)

To maximize the value, including the incremental value of the Key input behind future capacity

resources being clean or renewable resources, of British v options recommendation (see Section

Columbia's generation and transmission assets for the benefit 6)

of British Columbia;

To take demand side measures and to conserve energy... Key input in developing FortisBC'’s

‘/ DSM target (see Section 6)

1.2 Energy and Capacity Supply / Demand Gaps
1.21

FortisBC owns four hydroelectric generating plants on the Kootenay River (the FortisBC Plants)

EXISTING SUPPLY

which represent approximately 30 percent of its current capacity requirements and 45 percent of
its current energy requirements. FortisBC is also party to long-term power purchase agreements
with the British Columbia Hydro and Power Authority (BC Hydro) and the Brilliant Power
Corporation. The Company also has a five year capacity agreement with Powerex. The
FortisBC Plants, the Power Purchase Agreement with BC Hydro (BC Hydro PPA), the Capacity
Purchase Block with Powerex, and the Power Purchase Agreement with Brilliant Power

Corporation (the BPPA) together constitute the bulk of the Company’s existing power supply

4 Clean Energy Act, [SBC 2010] Chapter 22.
http://www.bclaws.ca/EPLibraries/bclaws_new/document/ID/freeside/00_10022_01
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resources, providing a total winter peak capacity of approximately 710 MW, a total summer

peak capacity of approximately 524 MW.

In addition to the existing resources, FortisBC recently entered in a long term agreement to
purchase capacity related to the Waneta Expansion (WAX) project being developed by the
Waneta Expansion Limited Partnership. The WAX Capacity Purchase Agreement (WAX CAPA)
will provide FortisBC with a capacity resource of sufficient size to replace the Powerex Capacity
Purchase Block and to meet its expected forecast capacity requirements throughout much of
the planning period of this 2012 Resource Plan. The capacity entitlements under WAX CAPA
become available upon commissioning of the WAX generating units in January 2015 and April
2015. The WAX CAPA is suitably shaped to solve FortisBC’s winter and summer peak demand
requirements when capacity is needed most and provides less capacity during the three freshet
months when it is needed least. This capacity profile is an ideal match for FortisBC’s seasonal

load shape, and is an important addition to the Company’s resource portfolio.

1.2.2 LOAD FORECAST
FortisBC’s load forecast is prepared annually and is composed of individual forecasts for each
of the residential, wholesale, industrial, commercial and irrigation and lighting classes and well
as system losses and DSM savings. The forecast energy sales for each customer class is
reduced by a forecast of annual DSM savings and other non-DSM savings including Customer

Portal Information and Residential Inclining Block and Advanced Metering Infrastructure (AMI).

The Company is targeting to meet 50 percent of its annual energy load growth through DSM
savings. The forecast of the expected energy before and after DSM is shown in Figure 1.2.2. In
addition, the High and Low Forecasts create a high/low range around the Expected Forecast,
which is the result of a probabilistic analysis and includes the potential variability associated with
DSM achievement. For more details on the Load Forecast calculations, see Tab 3 of the
Company’s 2012 - 2013 Revenue Requirements, which was filed concurrently on June 30,
2011.
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Annual Energy (GWh)

Figure 1.2.2 - Annual Energy Forecast before and after DSM (GWh)
5,500 -

5,000

4,500

4,000

3,500

===-Expected Forecast (50% DSM)  <cee-- Expected Forecast (before DSM)
Low Forecast —— High Forecast

1.2.3 DETERMINING THE FORECAST GAP

In order to plan for increasingly less certain forecasts over time, FortisBC has identified a range

of potential capacity and energy gaps over the extended 30-year planning horizon driven by the

following key variables:

Load Forecast: FortisBC’s load is expected to grow over time. The primary factor
influencing the pace of residential load growth is customer count. However, other factors
such as widespread adoption of new electric technologies (e.g. electric vehicles) and
societal changes (e.g. a move to smaller residences) may have significant impacts.
FortisBC recognizes that there are considerable uncertainties regarding forecasts and
particularly those which extend far out into the future. As described in greater detail in
Section 4, FortisBC prepares a Monte Carlo forecast to determine a high forecast and

low forecast.

DSM Contribution: As described in the DSM Strategic Plan, also found in the 2012
Integrated System Plan (Volume 2), FortisBC is targeting to meet 50 percent of its
forecast annual load growth via DSM measures. Given that DSM is a non-firm resource

with results subject to voluntary participation, is therefore prudent to consider the
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possible DSM contribution to resourcing as a range of outcomes rather than as a single

pre-determined percentage of load growth avoidance.

e Long Term Power Purchase Contracts: FortisBC has a number of long-term supply
contracts in its portfolio that are critical to its ability to meet its long term requirements.
The Brilliant Power and WAX CAPA agreements extend throughout the planning period
and FortisBC and BC Hydro are currently in discussions regarding the renewal of the BC
Hydro PPA which otherwise expires in 2013. The BC Hydro PPA is an important supply
resource for FortisBC and its customers, currently providing approximately 25 percent of
FortisBC’s capacity and energy needs. FortisBC expects the BC Hydro PPA to be
renewed on comparable terms to the existing PPA, and continues to rely on the BC
Hydro PPA energy to meet load growth projected over the term of this 2012 Resource
Plan. If there are differences in the renewal terms, FortisBC may be required to find
replacement energy either in the market or by accelerating the development of new

resources to meet any resulting supply/demand gap.

1.24 PLANNING RESERVE MARGIN (PRM)
The Western Electricity Coordinating Council (WECC) recommends that utilities plan for positive
capacity margins on a long-term basis (also known as PRM). For the purposes of ascertaining
prudent long-term firm PRM requirements, the Company engaged Midgard Consulting
Incorporated (Midgard) to conduct a Planning Reserve Margin Report (attached as Appendix D).
The conclusion of Midgard’s report is that it is prudent for FortisBC to adopt a WECC-
recommended methodology for calculation of PRM, with such adjustments that consider the
unique distinguishing aspects of the FortisBC system including the nature of the contracted
resources and the operation of the Canal Plant Agreement. As a result the following criterion

was developed as the basis for PRM design:
PRM = 5% of Load Responsibility + the Single Largest Utilized Contingency

The assessment of the capacity resource/ demand gap includes the need to provide for PRM

based on this criterion.

1.2.5 CAPACITY RESOURCE / DEMAND GAP
Figures 1.2.5-A, 1.2.5-B and 1.2.5-C illustrate how the Company’s owned and contracted
resources are able to meet the forecast range of demand on its system, including the
requirement for PRM, at different points in the planning period. Due to the nature of the

resources available to it, as defined by the Canal Plant Agreement and related agreements, the
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Company’s capacity resource stack varies by month. As illustrated by the figures, when the

WAX CAPA comes into effect in 2015, it will address most of the Company’s short to medium

term capacity gaps. Over the longer-term, peak load requirements begin to exceed the

Company’s firm resource requirements and new resources will be required to meet the capacity

gaps as they continue to grow. As shown in the figures, the timing for new resources will

depend on a number of factors including actual demand growth, success of DSM programs, and

cost and availability of long term contract purchases.

Figure 1.2.5-A - 2020 Monthly Capacity Load / Resource Balance (MW)

1,300 ~
1,200
_. 1,100 - )
§ 1,000 - High/Low Forecast Spread
< 900 | C—Forecast Gap
g 800 | M. 7 m—— WAX CAPA
% 700 - I\I N I" BCH 3808
; 600 - ‘.I__‘.’_ia"' NP s Others
% 500 ~ B Brilliant (incl. upgrade)
§ ;ng TH B I | g =282 =282 FortisBC
200 - === =Forecast (Expected + PRM less 50% DSM)
100 A
O T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Figure 1.2.5-B - 2030 Monthly Capacity Load / Resource Balance (MW)
1,300 ~
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Figure 1.2.5-C - 2040 Monthly Capacity Load / Resource Balance (MW)
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1.2.6

Figure 1.2.6-A illustrates the high/expected/low annual energy gap over the 30-year planning

ENERGY RESOURCE / DEMAND GAP

horizon. As illustrated, the supply resources available to meet future demand growth assumes
that the BC Hydro PPA will be renewed in 2013 and the Company will continue to have the right
to the capacity and all associated energy that it has under the current agreement. The PPA
provides significant benefits to FortisBC’s customers, since it supplies them (through FortisBC)
with power at BC Hydro’s embedded cost and ensures they share with all British Columbians in
the benefits of the heritage contract under the BC Hydro Public Power Legacy and Heritage
Contract Act®. As a result, FortisBC expects to be able to meet part of its incremental energy
requirements under the BC Hydro PPA, capped only by its 200 MW capacity right.
Nevertheless, although energy requirements are largely expected to be met with existing and
contracted resources on an annual basis for the short to medium term, the nature of the
resources and the shape of FortisBC’s load will still result in winter energy gaps in the near

term.

5 BC Hydro Public Power Legacy and Heritage Contract Act, [SBC 2003] Chapter 86
http://www.bclaws.ca/EPLibraries/bclaws new/document/ID/freeside/00 03086 01
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Figure 1.2.6-A - Annual Energy Resource / Load Gap (GWh)
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1.3 Resource Options and Strategies
The addition of the capacity available under the WAX CAPA in 2015 will serve to largely meet
FortisBC’s capacity requirements for the short to medium term. However, even with the existing
and contracted energy resources, the Company is beginning to experience winter energy
shortages which are forecast to increase. As part of developing a practical strategy to address
its longer term capacity and energy requirements, FortisBC has considered a wide variety of
potential resource options in order to identify the most economical resources applicable to its

needs. FortisBC'’s resource options can be categorized into the following high level strategies:

1. New Resources (Build Strategy): includes resource options that cover a variety of

generation technologies, but are always linked to a newly constructed facility;

2. Wholesale market (Buy Strategy): a contractual source of capacity or energy that may or

may not be linked to a specific existing generation facility; and

3. Combined Strategy: A strategy that balances the attributes and risks of both the Buy and

Build strategies over time.
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The Company has evaluated the various resource options over three distinct time periods, short
term (one to five years), medium term (six to ten years) and long term (beyond ten years), to
account for uncertainty in longer range forecasts. The Resource Options and Strategies

evaluation is fully discussed in Section 6 of this 2012 Resource Plan

1.3.1 BUILD STRATEGY
FortisBC engaged Midgard to update the Company’s new resource option analysis resulting in
the 2010 Resource Options Report (ROR) (attached as Appendix C), which evaluated the
resource options available to FortisBC and ranked the resources based upon the economic

metrics of unit capacity cost (UCC) and unit energy cost (UEC).

The Company then refined its resource option rankings by running the resource options that
passed initial UCC and UEC econometric screening through a set of filters that represent key
FortisBC priorities and requirement. The most attractive new resources that were identified are

shown in Table 1.3.1.

Table 1.3.1 - FortisBC - Most Attractive New Resources

Rank Capacity Requirements Energy Requirements

1 Simple Cycle Gas Turbine (SCGT) Similkameen Hydroelectric Project

2 Similkameen Hydroelectric Project New Clean Energy Resources

3 Pumped Storage Hydro (PSH) Combined Cycle Gas Turbine (CCGT)

1.3.2 BUY STRATEGY
FortisBC currently relies on the wholesale electricity market to meet an increasing proportion of
its power supply requirements. The Company can purchase these products directly from the US
electricity market or from BC Hydro’s trading subsidiary Powerex. Although the Company’s
exposure to the wholesale market for capacity resources will be limited following commissioning

of the WAX project in 2015, the Company’s total energy gap is growing.

Wholesale market prices are presently attractive but ongoing reliance on market purchases of
energy and capacity exposes FortisBC to future market price increases and volatility. Although
the economic difficulties that began in 2008 have dampened electricity demand in the US and
Canada, longer term economic growth will erode the region’s resource surplus and could quickly
drive up prices for energy and capacity in the wholesale market as product availability

decreases and/or transmission constraints increase.
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1.3.3 COMPARATIVE COSTS: BUILD VERSUS Buy
In order to forecast the price of future resources, the Company engaged Midgard to establish
forecast cost curves for Wholesale Market Resources® and for New Resources’. These cost
curves were combined with the Company’s energy and capacity gap information to produce
Wholesale Market (Buy Strategy) vs. New Resource (Build Strategy) cost comparisons, as
shown in Figures 1.3.3-A and 1.3.3-B.

Figure 1.3.3-A - Buy Strategy vs. Build Strategy — Energy Costs

$55 -
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Figure 1.3.3-B - Buy Strategy vs. Build Strategy — Capacity Costs (First 42 MW Block)
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6 2011 Resource Plan Appendix B: 2011 Energy Market Assessment
7 2011 Resource Plan Appendix B: 2011 Energy Market Assessment
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These comparisons show that over the short term (2011-2015) and medium term (2016-2020) it
may be cost effective for FortisBC to continue relying upon the wholesale electricity market to
meet its incremental energy and capacity needs. However, the Company will face growing cost
and reliability risks if it relies upon the wholesale market to meet its energy and capacity needs
over the long term (beyond 2020), and as a result Build Strategy alternatives should be

assessed.

For more information regarding FortisBC’s resource options analysis, see Section 6 of the 2012
Resource Plan.

1.4 Preferred Resource Acquisition Strategy
Table 1.4 outlines FortisBC’s preferred resource acquisition strategy (Preferred Strategy). This
Preferred Strategy represents a balanced and flexible approach to addressing FortisBC’s
forecast capacity and energy requirements by combining the Buy and the Build strategies.
Presuming ongoing development work to maintain select new supply resources, the Preferred
Strategy preserves a flexible approach to ensuring the correct supply solutions are delivered as
and when needed, and in a manner that minimizes impacts to the Company’s ratepayers. The
Preferred Strategy is based on current price and load forecasts, which will be reviewed
regularly. The renewal of the BC Hydro PPA may also impact the timing and nature of the
Preferred Strategy if the final terms are different than what has been assumed in the 2012
Resource Plan. The Company will monitor these conditions and if they change, it may impact
the timing and the nature of the Company’s strategy. Any changes will be reflected in FortisBC’s

next Resource Plan.

Table 1.4 - FortisBC Preferred Resource Acquisition Strategy

Period Capacity Solution Energy Solutions
e Wholesale market purchases of o Wholesale market purchases of Energy
‘_' Capacity (Buy Strategy) as required (Buy Strategy)
é o Early stage assessment of capacity e Early stage assessment of energy
E ) resource options: resource options:
R i. SCGT i. 234 GWh/year Similkameen
€ i PSH Hydroelectric Project
) iii. 60 MW Similkameen Hydroelectric

Project
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Time

Period

Medium term (2016 —

2020)

Long term (2021 — 2040)

Capacity Solution

Wholesale market purchases of
Capacity (Buy Strategy) as required

Be prepared to accelerate the
commissioning of one or more
capacity resources (Build Strategy):

i. SCGT
i PSH
iii. 60 MW Similkameen Hydroelectric
Project

New Resources (Build Strategy)
capacity resources by mid 2020s. One
or more of:

i. 1-2x 42 MW SCGT
i. 100 - 200 MW PSH

iii. 60 MW Similkameen Hydroelectric
Project

Additional New Resources (Build
Strategy) capacity resource in the
2030s.

Wholesale market purchases (Buy
Strategy) remain an option to fill small
residual gaps after capacity resource
are commissioned.

Energy Solutions

Wholesale market purchases of Energy

(Buy Strategy)

Early stage development of energy

resource options:

i. 234 GWh/year Similkameen
Hydroelectric Project

i 200 — 500 GWh New Clean
Energy Resources

New Resources (Build Strategy) energy
resources. One or both of:

i. 234 GWh/year Similkameen
Hydroelectric Project

ii. New Clean Energy Resources
Wholesale market purchases (Buy
Strategy) remain an option to fill small

residual gaps after energy resources
are commissioned.

For more information regarding FortisBC’s Preferred Strategy, see Section 6.

1.5 Action Plan

The actions that FortisBC intends to pursue over the next two years based on the information

and evaluation provided in this Resource Plan are:

1.

Continuing to review and optimize the energy and capacity portfolio resources, which
includes completing the renewal of the BC Hydro PPA, integrating the WAX CAPA into

the FortisBC resource stack, and assessing the potential requirements and timing for

new resource options.

Continuing to monitor and evaluate FortisBC’s customer load growth, and assessing the

PRM requirements

Liaising with provincial, regional and national energy and climate related policy makers,

providing the FortisBC Ultilities’ expertise in energy issues and planning to the

development of policy that will impact British Columbia’s energy customers.
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2 INTRODUCTION, PURPOSE AND CONTEXT

2.1 Introduction to FortisBC Inc.
FortisBC Inc. (FortisBC or the Company) is an integrated electric utility that generates, transmits
and distributes electricity to customers in the southern interior of British Columbia. The
Company serves approximately 161,000 customers directly and indirectly, focusing on the
delivery of safe, reliable and cost effective electricity. FortisBC’s customer base represents
approximately 8 percent of British Columbia’s electric utility customer total® and accounts for

about 6 percent® of total provincial domestic sales.

In 2010 FortisBC had revenues of $257 million from sales of 3,046 GWh. FortisBC’s peak
capacity requirement was recorded in 2008 at 746 MW in December 2008 and summer peak
was recorded at 569 MW in July 2007.

The Company owns four hydroelectric generating plants located on the Kootenay River between
Nelson and Castlegar, British Columbia, with a combined installed capacity of 223 MW, and

approximately 7,000 kilometres of transmission and distribution power lines.

2.2 Purpose of 2012 Resource Plan
The 2012 Resource Plan is a practical template to guide FortisBC, over the period from 2012 to
2040, in its acquisition and management of new power resources, in order to ensure that the

actions the Company takes now are prudent over the 30-year planning horizon.

This 2012 Resource Plan analyzes the regulatory, policy, commercial and operational context
within which FortisBC operates, its load and peak demand forecasts, its current resource
capabilities and the potential generation resource options available to it to meet forecast needs
over a 30-year planning period. As a result, the 2012 Resource Plan will enable the Company to

achieve its goals of:

a) continuing to ensure the availability of cost effective long-term, reliable power for

FortisBC'’s customers;

b) understanding the uncertainty and risks inherent in the Company’s historic, current and
proposed market purchase strategy; and obtaining firm power resources over time to

achieve 100 percent self sufficiency, and

8 FortisBC / (BC Hydro + FortisBC) customers. Customer counts from FortisBC and BC Hydro 2010 Annual Reports.

° FortisBC / (BC Hydro + FortisBC) domestic sales. Sales information from FortisBC and BC Hydro 2010 Annual Reports.
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c) balancing cost effectiveness with the directions and Policy Actions of the Clean Energy
Act™.

FortisBC has prepared and is filing this 2012 Resource Plan with the British Columbia Utilities
Commission (the Commission or BCUC) in accordance with the applicable requirements of the
Utilities Commission Act, R.S.B.C. 1996 ¢.473, (the Act), and in accordance with the

Commission’s “Resource Planning Guidelines”.

2.3 Relevant Provisions of Utilities Commission Act (British Columbia)
Table 2.3-A presents the requisite contents for a public utility’s long-term resource plan, as
defined by Section 44.1(2) of the Act, and indicates the corresponding sections (found in this
2012 Resource Plan) in which these requirements have been addressed.

Table 2.3-A - Requisite Contents for a Resource Plan (Section 44.1(2) of the Act)
Section(s)

Requirement Defined in the Act Addressing
Requirement

Section of
the Act

An estimate of the demand for energy the public utility would
44 1(2)(a) | expect to serve if the public utility does not take new demand side 51.4
measures ' during the period addressed by the plan

A plan of how the public utility intends to reduce the demand 2012 Long Term
44 1(2)(b) | referred to in paragraph (a) by taking cost-effective demand side DSM Plan filed
measures June 30, 2011.

An estimate of the demand for energy that the public utility expects

44.1(2)(c) to serve after it has taken cost-effective demand side measures

5.2
A description of the facilities that the public utility intends to

44.1(2)(d) | construct or extend in order to serve the estimated demand 6.4
referred to in paragraph (c)

Information regarding the energy purchases from other persons
44 .1(2)(e) | that the public utility intends to make in order to serve the 6.4
estimated demand referred to in paragraph (c)

An explanation of why the demand for energy to be served by the
facilities referred to in paragraph (d) and the purchases referred to
in paragraph (e) are not planned to be replaced by demand side
measures

44.1(2)() 6,6.4

Table 2.3-B presents the additional terms, as defined by Section 44.1(8) of the Act, which the

Commission must consider prior to the acceptance of a long-term resource plan.

10  Clean Energy Act, S.B.C. 2010, chapter 22.
11 Referred to as Demand Side Management (DSM) in this 2012 Resource Plan.
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Table 2.3-B - Additional Terms Reviewed by the Commission (Section 44.1(8) of the Act)

. Section(s)

Section of  Terms the Commission Must Consider Prior to Acceptance Addressing

the Act Requirement
44.1(8)(a) | Applicable British Columbia energy objectives 2.4.2
44.1(8)(b The extent to which the plan is consistent with the applicable 5

1(®)(b) requirements under sections 6 and 19 of the Clean Energy Act
Whether the plan shows that the public utility intends to pursue 2012 Long-Term

44.1(8)(c) | adequate, cost-effective demand side measures'? DSM Plan filed

June 30, 2011

44.1(8)(d The interests of persons in British Columbia who receive or may 26
1(8)(d) receive service from the public utility .

FortisBC has prepared this 2012 Resource Plan to satisfy the requirements defined in the Act

(summarized above in Table 2.3-A and Table 2.3-B) relating to long-term resource planning.

2.4 Governmental Policy and Legislation Regarding the Environment
Environmental legislation, regulation and policies of both the Federal and Provincial

governments directly impact FortisBC’s resource planning process.

Certain regional collaborative policy initiatives of Provincial and State governments on each side

of the Canada-United States border are also directly relevant to FortisBC’s planning process.

Various other legislative and policy initiatives of the Federal and specific State governments in
the United States may affect the wholesale electricity market in the western United States. This
market operates adjacent to FortisBC’s service territory and is a potential source of energy and
capacity products for FortisBC. FortisBC believes it must remain aware of, and where
appropriate, responsive to, the changing United States regulatory regime governing that market

in order to adequately fulfill FortisBC’s planning mandate.
Relevant governmental initiatives are discussed in Sections 2.4.1 to 2.4.3.

241 CANADIAN FEDERAL LEGISLATIVE/ REGULATORY FRAMEWORK
2.4.1.1 Framework for Regulating Air Emissions
The Government of Canada is committed to reducing Canada's total greenhouse gas emissions

by 17 percent from 2005 levels by 2020". The Government of Canada’s plan to combat climate

12 The Clean Energy Act defines “demand side measure” as meaning “a rate, measure, action or program undertaken (a) to
conserve energy or promote energy efficiency, (b) to reduce the energy demand a public utility must serve, or (c) to shift the
use of energy to periods of lower demand”.
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change is embodied in a document entitled “A Regulatory Framework for Air Emissions” (the
Framework)." The Government of Canada issued the Framework on April 27, 2007 as part of
its overall “Turning the Corner: an Action Plan to Reduce Greenhouse Gases and Air Pollution”
regulatory framework. The Framework contemplates that greenhouse gas emission reduction
regulations will cover facilities in various industrial segments, including plants producing
electricity by combustion. By 2015, a reduction in emissions intensity of 26 percent from 2006
levels must be met. The “Turning the Corner” regulatory framework envisions greenhouse gas

emission reductions of 60 to 70 percent by 2050.

On March 10, 2008, the Government of Canada published further details of the “Turning the
Corner” regulatory framework. This updated plan includes mandatory reductions for industry,
along with additional new measures to address two of Canada's key emitting sectors: oil sands

and electricity. The details of the plan include:
e establishing a market price for carbon;

e setting up a carbon emissions trading market, including a carbon offset system, to

provide incentives for Canadians to reduce their greenhouse gas emissions;

e setting a target that will effectively require oil sands projects starting operations in 2012

to implement carbon capture and storage; and
o effectively banning the construction of new “dirty” coal plants starting in 2012.

The details of the plan specify how emissions targets will apply to each industry sector, how the
offsets and trading systems will work, and how credits will be provided to companies taking

early action to reduce their emissions.

24.2 BRITISH COLUMBIA LEGISLATIVE/ REGULATORY FRAMEWORK
2.4.2.1 Clean Energy Act
In 2010 the Government of British Columbia enacted the Clean Energy Act, S.B.C. 2010, c.22.
The Clean Energy Act contains a set of 16 specific energy objectives for the Province of BC.
The objectives relevant to FortisBC’s resource planning are listed in Table 2.4.2.1-A (see
Appendix F for the complete list of Clean Energy Act objectives). The Clean Energy Act
provides a guide to help the Province meet its self-sufficiency goals, to support job creation and

retention, and to reduce greenhouse gas (GHG) emissions.

13  http://climatechange.gc.ca/default.asp?lang=En&n=72F16A84-0
14 http://www.ec.gc.ca/default.asp?lang=En&n=4891B242-1#s3
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The Clean Energy Act also adds several new social goals for the Province, including a greater

focus on encouraging economic development, creating and retaining jobs, and encouraging

economic development for First Nations and rural communities through the development of

clean or renewable power.

Table 2.4.2.1-A - Clean Energy Act Objectives Impacting FortisBC’s 2012 Resource Plan

Section of
the Act

2(a)

2(b)

2(c)

2(e)

2(9)

Clean Energy Act Objectives

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 percent of the electricity
in British Columbia from clean or renewable
resources and to build the infrastructure
necessary to transmit that electricity;

To ensure that BC Hydro’s ratepayers receive
the benefits of the heritage assets and to ensure
the benefits of the heritage contract under the
BC Hydro Public Power Legacy and Heritage
Contract Act continue to accrue to [BC Hydro’s]
ratepayers;

To reduce BC greenhouse gas emissions

(i) by 2012 and for each subsequent
calendar year to at least 6 percent less than
the level of those emissions in 2007,

(ii) by 2016 and for each subsequent
calendar year to at least 18 percent less than
the level of those emissions in 2007,

(iii) by 2020 and for each subsequent
calendar year to at least 33 percent less than
the level of those emissions in 2007,

(iv) by 2050 and for each subsequent
calendar year to at least 80 percent less than
the level of those emissions in 2007, and

(v) by such other amounts as determined
under the Greenhouse Gas Reduction
Targets Act,

2012 Resource Plan
Satisfies Objective

Key input in evaluating capacity
and energy alternatives (see
Section 6)

Key input in developing
FortisBC’s DSM target (see
Section 5.1.4)

Key input in evaluating capacity
and energy alternatives (see
Section 6)

See Section 5.1.2.1.1

Key input in evaluating capacity
and energy alternatives (see
Section 6)

15 http://lwww.leg.bc.ca/39th2nd/1st_read/gov17-1.htm; Bill 17 — 2010 Clean Energy Act, Part 1, Section 2
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Section of Clean Enerav Act Obiectives 2012 Resource Plan
the Act 44 ] Satisfies Objective
2(j) To reduce waste by encouraging the use of Key input in developing the New
waste heat, biogas and biomass; \/ Clean Energy Resources
recommendation (see Section
6)
2(m) To maximize the value, including the incremental Key input behind future capacity
value of the resources being clean or renewable options recommendation (see
resources, of British Columbia's generation and \/ Section 6)
transmission assets for the benefit of British
Columbia;

FortisBC recognizes that the Clean Energy Act's treatment of BC Hydro’s heritage resources
has an impact upon FortisBC’s resource planning process. The Government of British
Columbia’s 2002 Energy Plan legislated a “Heritage Contract” for an initial term of 10 years to
ensure that BC Hydro’s customers benefit from existing low cost heritage resources™. With the
2007 BC Energy Plan, the Government confirmed the Heritage Contract in perpetuity to ensure
all of BC Hydro’s customers will continue to receive the benefits of this low-cost electricity for
generations to come. FortisBC is a customer of BC Hydro and BC Hydro’s treatment of FortisBC
affects FortisBC’s customers. As discussed in further detail in Section 5.1.2.1.1, FortisBC is
addressing the implications of this heritage resource issue in its discussions with BC Hydro for
the renewal of the Power Purchase Agreement between FortisBC and BC Hydro (currently

expiring in 2013).

The Clean Energy Act objectives have played an important role in shaping FortisBC’s analysis

and decision-making within the 2012 Resource Plan.

2.4.2.2 Western Climate Initiative
In 2007 the Government of British Columbia joined the Western Climate Initiative (WCI), which
is a collaboration of certain Canadian provinces and US states’’ in a market-based climate
program to reduce greenhouse gas emissions, promote a thriving economy and protect public
health. WCI is committed to the development of a broad multi-sector “cap and trade scheme” as

part of a comprehensive regional effort to reduce greenhouse gas emissions.

BC Hydro Public Power Legacy and Heritage Contract Act, [SBC 2003] Chapter 86.
http://www.bclaws.ca/EPLibraries/bclaws_new/document/ID/freeside/00_03086_01

Including British Columbia, Manitoba, Ontario, Quebec, Arizona, California, Montana, Oregon, New Mexico, Utah and
Washington (with Saskatchewan, Yukon, New Brunswick, Nova Scotia, Idaho, Nevada, Colorado, Kansas, Alaska as well as
additional Mexican states participating as “observer” jurisdictions)
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In August 2007, WCI set an aggregate regional greenhouse gas emission reduction goal of 15
percent below 2005 levels by 2020. This regional goal is to be achieved by WCI partners
through a cap and trade scheme, and complementary measures to reduce greenhouse gas

emissions.

Five WCI Partner jurisdictions are working together to implement the regional emissions trading
program. California, British Columbia and Quebec are working towards a 2012 start date.

Ontario and Manitoba will join after the program starts.™

2.4.2.3 Greenhouse Gas Reduction Target Act
In 2007 the Government of British Columbia enacted the Greenhouse Gas Reduction Targets
Act™, S.B.C. 2007, c.42 (GHG Targets Act). The GHG Targets Act sets targets that are among
the most aggressive in North America for reducing greenhouse gases. Under the GHG Targets
Act, British Columbia’s greenhouse gas emissions are to be reduced by at least 33 percent
below 2007 levels by 2020. A further emissions-reduction target of 80 percent below 2007 levels
is set for 2050.

2.4.2.4 Carbon Tax Act
On May 29, 2008, the Government of British Columbia enacted the Carbon Tax Act®®, S.B.C.
2008, ¢.40, which imposes a broadly based carbon tax on the purchase and use in British
Columbia of fossil fuels such as gasoline, diesel, natural gas, heating fuel, propane and coal.
The tax rates, effective July 1, 2008, were initially based on $10 per tonne per carbon dioxide
equivalent (CO.e) emissions from the combustion of each fuel. The tax rate then increased by
$5 per tonne each year, reaching $30 per tonne by 2012. Specific tax rates vary for each type of

fuel, depending on the amount of CO,e emissions released as a result of its combustion.

243 US REGULATORY FRAMEWORK
2.4.3.1 Increasing Reliance on Renewable Portfolio Standards
Thirty US states currently have some type of Renewable Portfolio Standards (RPS)?' with a
Federal RPS initiative also being considered. The targets® established in these various RPS

initiatives are expected to promote a large boost in the renewable composition of each region’s

http://www.westernclimateinitiative.org/news-and-updates/129-wci-status-update
http://www.bclaws.ca/EPLibraries/bclaws_new/document/ID/freeside/00_07042_01
20  http://www.bclaws.ca/EPLibraries/bclaws_new/document/ID/freeside/00_08040_01
21  States with Renewable Portfolio Standards. http://apps1.eere.energy.gov/states/maps/renewable_portfolio_states.cfm .

22  The RPS targets vary, depending upon jurisdiction.
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generation base and to change the mix of generation technologies that are anticipated to be
built over the next decade. Across all North American Electric Reliability Corporation (NERC)
regions between 2009 and 2018, approximately 409 GW of new generation capacity is expected
to be built, of which 260 GW (or 64 percent) are expected to be renewable generation

resources?.

Wind generation resources are expected to comprise almost 90 percent of the incremental
renewable generation resources in North America - increasing from 28 GW in 2009 to 256 GW
in 2018. Despite this large increase in wind generation as a percentage of the overall installed
capacity, wind resources are only anticipated to contribute 38 GW to peak capacity needs.24 In
other words, although wind generation resources will make a material contribution to the total
installed generation capacity between now and 2018, its contribution to the electricity system’s

ability to meet its peak demand is modest.

As a result, additional power firming resources will be needed to facilitate the operational
integration of these wind resources (and other intermittent generation resources) into the

electricity system.

Within the Northwest Power Pool (NWPP)? area (a sub-region of the Western Electricity
Coordination Council, or WECC) the situation is similar to that of North America as a whole.
Between 2009 and 2018, 17 GW of new generation resources are expected to be built, of which

7 GW will be wind resources and 3 GW other renewable resources.?

The current quantity of installed wind generation resources has caused Bonneville Power
Administration (BPA) and other balancing authorities to “increase their Reserve Margins to
compensate for the variability of these [wind] resources”. However, BPA claims that “the

federal dams do not have the flexibility to provide such high levels of reserves without violating

23 North American Electric Reliability Corporation, 2009 Long-Term Reliability Assessment, October 2009, page 22, table 5.
http://www.nerc.com/files/2009_LTRA.pdf

24 North American Electric Reliability Corporation, 2009 Long-Term Reliability Assessment, October 2009, page 22, table 5.
http://www.nerc.com/files/2009_LTRA.pdf

25  The Northwest Power Pool Area consists all or the majority of Idaho, Montana, Nevada, Oregon, Utah, Washington and
Wyoming, as well as British Columbia and Alberta.

26 North American Electric Reliability Corporation , 2009 Long-Term Reliability Assessment, October 2009, page 156.
http://www.nerc.com/files/2009_LTRA.pdf

27  North American Electric Reliability Corporation, 2009 Long Term Reliability Assessment, October 2009, page 153.
http://www.nerc.com/files/2009_LTRA.pdf
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stream flow or fish protection requirements”?®. It is believed that between 3 and 3.5 GW of wind
resources could be supported under current reserve margin protocols — a figure well below the 7

GW of wind generation capacity expected to be installed over the next decade.

2.4.3.2 State and Local Initiatives to Limit CO, Emissions
Two regional initiatives — the Regional Greenhouse Gas Initiative (RGGI) in the New England
area and the Western Climate Initiative (WCI) in the west - remain at the forefront of US efforts
to reduce greenhouse gas emissions on a regional basis (see Figure 2.4.3.2-A for a
geographical layout). Additionally, legislation on climate change continues to be debated at the
US Federal level.

Figure 2.4.3.2-A - Snapshot of North American Climate Change Initiatives?

0{ Partner - Western Climate Action Initiative (WCl)

TCi%

L,7< Observer - Western Climate Action Initiative (WCl)

2l

—— Member - Regional Greenhouse Gas Initiative (RGGI)

. Renewable Portfolio Standard

. State/Provincial Renewable Goal

Washington, Oregon, and California have each proposed a number of emissions reduction
projects under the “West Coast Governors Global Warming Initiative”. Currently, both Oregon
and Washington require new power plants to offset a certain portion of their anticipated CO,
emissions. Similarly, the California Public Utilities Commission requires that a "carbon adder"
(an estimate of the cost of complying with future carbon emission limits) be used by the State’s

utilities when comparing the costs of alternative generation during resource planning processes.

28  North American Electric Reliability Corporation, 2009 Long Term Reliability Assessment, October 2009, page 153.
http://www.nerc.com/files/2009_LTRA.pdf

29  North American Electric Reliability Corporation, 2009 Long-Term Reliability Assessment, October 2009, page 8.
http://www.nerc.com/files/2009_LTRA.pdf
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In May 2007, Washington State adopted a new law regulating greenhouse gas emissions
(Senate Bill 6001). The law has two key components that affect electric utilities. The first
component is a set of guidelines pertaining to emission rates for CO, from new electric
resources (whether owned or contracted). The second component sets goals to reduce total
greenhouse gas emissions in the state to 1990 levels by 2020, 75 percent of 1990 levels by
2035, and 50 percent of 1990 levels by 2050.

Although the various initiatives are not expected to have a material impact upon the reliability of
the bulk electricity system in the near future, the uncertainty surrounding the timing of the
initiatives and the potential legislation may postpone or delay investment decisions with regards
to the addition and mix of future generation resources. In the meantime, these climate change
initiatives reinforce the trends discussed earlier in this section — namely the planned addition of

renewable (i.e. non-emitting) generation resources.

2.4.3.3 Demand Side Management as a Source of Capacity
In addition to RPS, another common policy initiative is to encourage Demand Side Management

(DSM) programs.

Capacity-focused DSM programs consist of automatic, contractual, or voluntary reductions in
electricity consumption. Energy efficiency targets consist mainly of programs that lower
consumers’ energy requirements or decrease their energy intensity (produce the same quantity

of output with a lower energy input).

DSM and energy efficiency targets play an important role in reliability and resource adequacy
planning, and that role will continue to grow in importance as DSM becomes an ever larger

component shaping the overall resource portfolio.

Widespread adoption of RPS as well as climate change legislation and directives continue to
encourage a high proportion of new renewable generation resource additions. As renewable
generation resources comprise an increasing percentage of the total installed generation
capacity the demand for capacity resources is anticipated to rise in order to ‘firm up’ the

intermittent generation.

Additionally, the widespread adoption of DSM programs and energy efficiency targets as
substitutes for firm generation resources has injected a large amount of uncertainty into future
load forecasts. Should load growth exceed forecasts, reliance on DSM and energy efficiency
programs may lead to both energy and capacity deficits. Overall failure to meet these DSM and

efficiency targets could make system operations more challenging.
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Consequently, dependable capacity resources may be subject to greater price volatility and

become scarcer in the future as compared to the present situation.

2.5 Recent BC Hydro Resource Planning Initiatives
Since FortisBC’s last Resource Plan was reviewed by the Commission in 2005, BC Hydro has
completed two iterations of its long term resource planning process: the 2006 Integrated Energy
Plan, and the 2008 Long Term Acquisition Plan. BC Hydro’s efforts help provide the context

within which FortisBC must plan for its own resource requirements.

2.51 BC HYDRO 2006 INTEGRATED ENERGY PLAN
In 2006, BC Hydro submitted to the Commission an Integrated Electricity Plan and a Long-Term
Acquisition Plan. The regulatory review process culminated on May 11, 2007 in the
Commission’s issuance of Order No. G-29-07. The Reasons for Decision issued concurrently
with Order G-29-07 reinforce the content of the Commission’s Resource Planning Guidelines
and are instructive for FortisBC in its own resource planning process in a number of respects,

including the following:

¢ Stakeholder involvement — While the Commission instructs utilities to engage
stakeholders in their resource planning, at the same time it requires those utilities to set

the objectives and own the management of their respective plans.*

¢ Load forecast instructions — The Commission stated that “more than one forecast
would generally be required in order to reflect uncertainty about the future: probabilities
or qualitative statements may be used to indicate that one forecast is considered more

likely than others.”*’

o Self Sufficiency — The Commission observed that the government’s self-sufficiency
policy applies to the Province, not just to BC Hydro, and is targeted for achievement in
2016.%

0 BCUC Decision on BC Hydro 2006 Integrated Energy Plan (IEP) and Long Term Acquisition Plan (LTAP). May 11, 2007,

Page 31.
BCUC Decision on BC Hydro 2006 Integrated Energy Plan (IEP) and Long Term Acquisition Plan (LTAP). May 11, 2007, Page 43.
BCUC Decision on BC Hydro 2006 Integrated Energy Plan (IEP) and Long Term Acquisition Plan (LTAP). May 11, 2007, Page 128.

31

32
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2.5.2 BC HYDRO 2008 LONG TERM ACQUISITION PLAN
BC Hydro’s 2008 Long-Term Acquisition Plan (BC Hydro 2008 LTAP) was a 10-year plan for
meeting electricity demand in British Columbia. It was a follow-up plan to BC Hydro’s 2006

Integrated Electricity Plan/Long-Term Acquisition Plan.
The BC Hydro 2008 LTAP included the following targets:

o at least 50 percent of future incremental resource needs are to be met through

conservation by 2020;

e 90 percent of electricity is to come from clean or renewable sources and all new

electricity generation projects are to have zero net greenhouse gas emissions; and
o BC Hydro is to be self-sufficient by 2016.

BC Hydro anticipated that demand for electricity will grow by approximately 25 to 40 percent

over the subsequent 20 years, which (without taking into account the measures proposed by the

BC Hydro 2008 LTAP) would result in an energy shortage of approximately 22,000 GWh per
year and a capacity shortage of 3,000 MW by 2028.

Table 2.5.2-A lists the measures that BC Hydro proposed to use to mitigate the projected
growth in electricity demand. The current status of the proposed measures is also included
within the table.

Table 2.5.2-A - 2008 LTAP Objectives and Current Status

2008 LTAP Measure Current Status
Conservation, which is expected to save more In its 2010 Resource Options Update process BC
than 10,000 GWh per year by 2020. Hydro forecasts DSM Energy savings of between

8,000 GWh and 13,000 GWh depending on
selected DSM Options

BC Hydro will seek power from new sources of BC Hydro has awarded Energy Purchase

clean energy. This includes its Clean Power Call | Agreements (EPAs) to 27 projects through the 2008

and its two-phase Bioenergy Call for Power. Clean Power Call (approximately 3,300 GWh)33.

Phase 1 of the Bioenergy call is complete (four
EPAs awarded). Phase 2 is currently in the request
for proposals stage and nearing completion.

3 BC Hydro Press Release, August 3, 2010

(http://www.bchydro.com/news/articles/press _releases/2010/bch_reaches clean_energy milestone.html)
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FORTIS BC

2008 LTAP Measure

BC Hydro plans to continue to rely on the
Burrard Thermal generating plant for capacity
support and backup energy supply to the Lower
Mainland / Vancouver Island region, at least until
completion of the proposed Interior-to-Lower
Mainland (ILM) transmission line.

BC Hydro will complete the definition phase work
on “Mica Units 5 and 6”. This could lead to the
addition of two generating units at the Mica Dam,
which would add new long-term dependable
capacity to the BC Hydro system.

Project definition and consultation phase work
on Site C will continue. Site C is a potential third
dam on the Peace River, which would take
advantage of the large amount of water stored
upstream in the existing Williston Reservoir and
would have an operating life of more than 100
years. Based on the proposed schedule, the
earliest Site C could operate would be 2019.

Demand Side Management®*

2.5.3

Current Status

BC Hydro temporarily will rely on the Burrard
Thermal generating plant for capacity support and
back-up energy until the ILM line is commissioned.

The Mica 5 and 6 expansion project for long-term
dependable capacity is underway.

BC Hydro has submitted a Project Description
Report for the Site C project to federal and
provincial environmental assessment agencies. The
filing is the first step to initiate an environmental
assessment for Site C

BC Hydro is making efforts to meet or exceed the
DSM requirements established by the Clean
Energy Act.

BC HYDRO LOAD AND RESOURCE FORECAST

In preparation for its 2011 Integrated Resource Plan, BC Hydro set out its load and resource

forecasts for both energy and capacity. Figure 2.5.3-A is a copy of BC Hydro’s Energy Load

Resource Balance chart, and Figure 2.5.3-B is a copy of BC Hydro’s Capacity Load Resource

Balance chart. In the case of both energy and capacity, BC Hydro’s plans call for new resources

to meet forecast deficits.

34  BC Hydro, Conservation, clean resource options key elements of 2008 Long-Term Acquisition Plan, press release dated June

13, 2008.
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Figure 2.5.3-A - BC Hydro 2011 Integrated Resource Plan Energy / Load Resource
Balance®
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35 BC Hydro 2011 IRP Technical Advisory Committee Summary Brief: Load Resource Balance dated December 14, 2010
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Figure 2.5.3-B - BC Hydro 2011 Integrated Resource Plan Dependable Capacity Load /
Resource Balance®
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2.6 Stakeholder Consultation
As part of its Integrated System Plan (ISP) public consultation process, FortisBC sought public
input on issues that impact resource planning, including planning reserve margin and supply
options. During the public consultation process, the most comprehensive feedback was
provided through Super Groups, which collected input from a representative sample of customer
classes and solicited in-depth feedback from a number of individuals. The following feedback

was provided by Super Groups on issues that directly impact the Resource Plan:

o 96 percent of customers support holding a Planning Reserve Margin, with 60 percent

willing to pay higher rates for the Planning Reserve Margin.

e 75 percent support the use of contractual agreements to fill small gaps in short term

energy supply rather than building new generation resources.

e Electrical rate increases are a concern across all potential ISP related initiatives.
Kootenay participants are more price sensitive and consequently, they are less willing to

accept rate increases for ISP initiatives.

% BC Hydro 2011 IRP Technical Advisory Committee Summary Brief: Load Resource Balance, dated December 14, 2010
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A report on public consultation undertaken for the Company’s 2012 Integrated System Plan,
including the 2012 Resource Plan, is found at Appendix K of the 2012 Long Term Capital Plan
(2012 Integrated System Plan, Volume 1).
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3 ELECTRICITY MARKET ANALYSIS

FortisBC currently relies on its own generation resources and long-term contracts to meet the
majority of its power supply requirements. It also relies on the wholesale electricity market to
meet power supply gaps. FortisBC feels its strategy of making market purchases to close the

gap between its supply and demand has generally been successful.

Midgard Consulting Inc. (Midgard) was engaged in 2010 by FortisBC to assess the expected
cost and availability of energy and capacity products in the electricity markets in BC and the
surrounding region over the next 30-year period. The Midgard report included the following

forecasts:

British Columbia Wholesale Market Energy (electricity) price curve;

e British Columbia New Resources Market Energy (electricity) cost curve;
e British Columbia Wholesale Market Capacity price curve;

e British Columbia New Resources Market Capacity cost curve;

o Greenhouse Gas cost price curve.

This section draws upon and discusses the conclusions of the Midgard 2011 Energy Market

Assessment, which is attached as Appendix B.

3.1 Supply and Demand Overview
3141 AVAILABLE MARKET SUPPLY

FortisBC is a member of the Western Electricity Coordinating Council (WECC), which is a
voluntary organization responsible for coordinating and promoting electric system reliability in
the region that includes British Columbia and Alberta, the northern portion of Baja California and
all or portions of the 14 western American states in between. WECC's purpose is to support
efficient, competitive power markets, to assure open and non-discriminatory transmission
access among members, to provide a forum for resolving transmission access disputes, and to
provide an environment for coordinating the operating and planning activities of its members.
WECC has been delegated authority from the North American Electric Reliability Corporation

(NERC)* to monitor and enforce compliance with United States reliability standards.

37 NERC, a nonprofit corporation based in Princeton, NJ, was formed by the electric utility industry to promote the reliability and
adequacy of bulk power transmission in the electric utility systems of North America.
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As a member of WECC, FortisBC can draw upon a large wholesale electricity market to serve
its incremental load requirements. Energy and capacity are available in that market from various
utilities and independent power producers who have surplus power available for sale or
exchange. The surpluses are typically the result of either those utilities’ own loads not being as
high as forecast or their supplies of electricity being higher than forecast and/or higher than their
needs, such as may be the case during a wet or windy period. Alternatively, energy may be

procured from independent asset owners who have under-utilized capacity and available fuel.

WECC is a dual peaking electricity system - the southern part of WECC is summer peaking
while the northern part is winter peaking. FortisBC is presently primarily concerned about the

availability and cost of energy and capacity during the winter months.

Surplus power is typically available in BC and the Pacific Northwest from hydroelectric plants
during the spring freshet or during years of above-average precipitation. Some utilities, BC
Hydro being the most prominent, can store energy in their hydroelectric reservoirs and are
usually able to provide power to the market at any time for the right price. The market price of
energy and capacity is directly related to the amount and timing of this surplus power, the (fuel)
input costs, the availability of fuel to generate the surplus power (for example, water stored in a

reservoir), and the cost of transmission between the buyer and seller.

3.1.2 CONSTRAINTS ON MARKET AVAILABILITY
Market shortages and transmission constraints can limit the physical availability of power in the
wholesale electricity market, which impacts the price at which power can be purchased as well

as the duration, terms and conditions of any purchases.

3.1.2.1 Market Shortages
Market shortages occur when supply is inadequate to meet load demand and mandatory
operating reserves — this can be caused by a number of factors, including extreme or extended
hot or cold weather conditions, regional drought conditions, generating unit or transmission

outages, and structural changes in load growth.

Despite short-term load relief that has resulted from the recent economic downturn, FortisBC
believes that longer term supply in the WECC region will become increasingly tight, as reflected
in the WECC 2010 Power Supply Assessment®. Of particular concern to FortisBC is that the

WECC-Canada sub-region is expected to fall below NERC’s prescribed adequacy reserve

8 Western Electricity Coordinating Council 2010 Power Supply Assessment, Amended September 27, 2010.

http://www.wecc.biz/Planning/ResourceAdequacy/PSA/Documents/2010%20Power%20Supply%20Assessment.pdf
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margins by winter 2012%. This places the WECC-Canada sub-region at the very bottom of all
NERC sub-regions for this assessment category and exposes FortisBC to price risk and

potentially availability risk for any necessary market purchases.

FortisBC directly experienced the impact of market shortages in July 2006, when it was required
to purchase 1,680 MWh at an average price of $225 per MWh to serve exceptionally high
customer loads during an extended region-wide hot spell. Although the purchase price of this
energy was high, the alternative of shedding customer load was not considered a reasonable

solution.

In a more recent example, during a regional cold spell that occurred in November 2010 FortisBC
purchased a 150 MW block of energy in the day-ahead market to address an anticipated
extreme load demand. When FortisBC attempted to purchase an additional 10 MW in the real-
time market the following day there was no supply available for purchase in the market (at any
price). A similar situation occurred the following week. If during any of these times FortisBC’s
largest single supply unit (Brilliant) had become unavailable, the Company would have had to
draw upon excess BC Hydro PPA capacity (estimated at approximately $1 million) to avoid

shedding load.

3.1.2.2 Transmission Interconnection Constraints
A further key consideration for FortisBC is the transmission transfer limit at the three
interconnections on the British Columbia / United States border*® and at the two

interconnections on the British Columbia / Alberta border.

The British Columbia / Alberta and the British Columbia / United States transmission
interconnections often operate at their maximum available transfer limits; therefore wheeling
additional power between utilities in the region is frequently not possible. Given that a key
source of wholesale market electricity for FortisBC is the United States, these constraints are
becoming increasingly important for FortisBC because they restrict access to wholesale market
electricity. Further, as power generation and power demand in the WECC region continues to
grow, FortisBC expects that, absent construction of new transmission infrastructure, transfer

constraints will become even more severe.

3 North American Electric Reliability Corporation, 2010 Long-Term Reliability Assessment, October 2010, page 2.

http://www.nerc.com/files/2010_LTRA_v2-.pdf

4 Including the one merchant transmission line, owned by Teck Resources Limited at Trail, BC.
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It should be noted that FortisBC has no transmission facilities that connect directly with markets
outside of BC. Accordingly, FortisBC is dependent on the availability of adequate third-party
transmission capacity to serve its needs, putting at risk the long-term reliable availability of

wholesale market electricity to serve its growing demand.

313 WESTERN MARKET TRENDS
A number of developments in the WECC market may have a material impact on FortisBC's
interests in future years. Some of these trends have the potential to increase reliability and price
risks for both capacity and energy, and those impacts will need to be reassessed at the time

FortisBC issues its next Resource Plan update.

3.1.3.1 Renewable Portfolio Standards
Many provinces and states in the WECC region are implementing Renewable Portfolio
Standards (RPS), which mandate that a specified percentage of their electricity generation must
come from specified renewable resources. Of US states that do have a RPS, California's is the
most aggressive (33 percent renewables by 2020) while Arizona's is the least (15 percent
renewables by 2025)*'. California's is particularly important given that the state consumes

almost one third of WECC's energy annually*.

Those regions that do have RPS are increasingly looking to wind energy to meet their
renewable targets. While wind can generate a generally predictable amount of energy each
year, its ability to supply dependable capacity on shorter timeframes is limited. Thus, integration
of intermittent wind resources requires dependable capacity resources to "firm" the wind
capacity. This need for firming capacity will tax the existing capacity resources in the WECC
region as regulating authorities become forced to use what was previously excess capacity to
meet this firming requirement. This consumption of capacity resources for firming will decrease

the supply of capacity available to the energy market.

3.1.3.2 Demand Side Management
Demand Side Management (DSM) programs are being widely introduced into many WECC
jurisdictions. DSM achievement is difficult to measure and there is a time lag before actual DSM
success can be quantified through impact analysis. Widespread failure to achieve DSM targets
can affect the wholesale capacity market because DSM may be used to rationalize delayed

installation of new generation and capacity resources, and the load shaping and peak shaving

“! PEW Center on Global Climate Change. http://www.pewclimate.org/what_s_being_done/in_the_states/rps.cfm

42 California Energy Alimanac Total System Power Reporting: http://www.energyalmanac.ca.gov/electricity/total_system_power.html
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measures of DSM programs may not materialize as expected. If DSM fails to mitigate load
growth in the medium to long term, this failure may result in eroded capacity surpluses,

increased prices, and a scarcity of wholesale market capacity products.

3.1.3.3 Potential WECC Transmission Construction Delays
NERC data collected on current and future transmission line construction projects show that
6,500 out of 27,000 miles of planned North American high voltage transmission lines are
currently delayed*. Should WECC construction patterns prove to be consistent with this
observation, delays can be expected in the addition of required new transmission capacity.
Delaying transmission capacity additions may have an adverse impact upon FortisBC's ability to
access wholesale markets in the future because growing regional loads without corresponding
transmission infrastructure additions will lead to increased transmission constraints, which in

turn will lead to increased wholesale market energy and capacity prices.

3.1.3.4 Clean Energy Act
BC's 2010 Clean Energy Act mandates that by 2016 BC Hydro must be self-sufficient, and by
2020 must acquire the rights to 3,000 GWh of energy above its anticipated needs*, referred to
as “insurance” in the Clean Energy Act. This amount of energy is equivalent to 5 percent of BC's
current annual energy consumption, and applies to BC Hydro's mandate to become energy self-
sufficient. Self sufficiency is based upon critical low-water year hydrology, therefore during any
better-than-critical water year BC Hydro will have a surplus of energy generation available.
These surpluses may mean that BC Hydro (and Powerex, its trading arm) will be active sellers
of energy in the medium term, which in turn could translate into conveniently located energy

available for which FortisBC could compete.

3.1.3.5 Alberta Energy Market
The Alberta electricity market is approximately the same size as the British Columbia electricity
market. Unlike BC however, Alberta is a deregulated market, which means that the prices of
electricity can and do vary by the hour, and decisions to add new generation capacity are driven
primarily by market forces. Alberta's loads are expected to grow at a rate that is higher than
most other sub-regions in WECC. Moreover, a considerable amount of wind generation has

been constructed in Alberta over the past fifteen years and more additions are planned, which

4 North American Electric Reliability Corporation, 2010 Long-Term Reliability Assessment, October 2010, page 23.

http://www.nerc.com/files/2010_LTRA_v2-.pdf

4 Clean Energy Act [SBC 2010] Chapter 22, section 6
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will expose Alberta to the constraints associated with integrating wind resources as discussed in

Section 3.1.3.1 above.

Given that Alberta and BC are both winter-peaking systems, there is the potential for Alberta to
become a competitor for wholesale market capacity resources in the coming years. The extent
to which this occurs will depend on how much reliable new capacity Alberta builds, how soon it
builds that capacity, and the timely provision of supporting transmission links. FortisBC must be
aware of the likelihood of competing with Alberta when considering whether to secure firm

capacity supplies from the Wholesale market.

3.2 Market Pricing
The market price in a wholesale electricity market is established by the most costly megawatt
hour produced and required at that time to serve load. This price is known as the marginal cost
of supply since it is based upon the marginal cost of production by the last generating unit

dispatched to serve load.

Generally, during off-peak periods when load demand is low, the marginal cost of production is
determined by the incremental operating costs of base-loaded generators such as coal and
nuclear plants. On-peak marginal prices in the WECC region (and most other NERC regions)
are often set by natural gas fired generators, which historically have more expensive marginal
costs than base-loaded coal and nuclear facilities, but this is changing, for reasons explained

here.

Intermittent renewable resources such as wind, run-of-river hydro and solar generators
comprise an increasing percentage of the generation capacity in the WECC. These generators
must sell into the market when their fuel is available since their fuel cannot be stored*. Such
facilities typically do not directly set the marginal market price because they accept whatever
market price is available and are therefore classed as “price takers”. However, although
intermittent resources do not directly set the market price, they can influence market price by
displacing more costly generation during times of fuel abundance, such as during windy, wet or

sunny periods.

Owners of storage hydroelectric facilities will often attempt to shadow price the market clearing
price to maximize profit margins, with the exception that when they are at risk of spilling water

they will also act as price takers.

° Hydro generators typically pay a water rental fee.
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Overall WECC market prices are predominantly driven by three key factors: hydrology, natural

gas prices and transmission constraints.

3.21 HYDROLOGY
Hydroelectric generation comprises over 30 percent of WECC capacity and almost 55 percent
of the capacity in the NWPP region“. The total available annual energy from this generation is
dependent upon the amount and timing of precipitation in the various WECC drainage basins.
Precipitation during maximum water years can be 50 percent greater than in minimum water
years, therefore precipitation can materially affect regional market supply and pricing.
Differences between basins can create intra-WECC transmission constraints as generation from

surplus areas seeks markets in higher priced areas.

3.2.2 NATURAL GAS PRICES
Over 40 percent of the generating capacity in the WECC region is produced from natural gas (or
dual fuel) fired generation plants. The cost of natural gas is the single most important factor
influencing the variable cost of a gas-fired plant. Therefore the marginal cost of electricity in
WECC markets during on-peak load periods tends to be highly correlated with the cost of
natural gas*’. Natural gas prices have fallen substantially with the development of the shale gas

plays in recent years, and continue to fall in the short-term.

3.23 TRANSMISSION
Another key factor that can influence market price is the availability of transmission.
Transmission constraints restrict the free flow of lower priced power into load centres, thus
driving up electricity costs. Correspondingly, transmission constraints can depress prices in

areas with excess low-cost generation that cannot be moved to higher-priced market areas.

3.3 Cost of Energy and Capacity in British Columbia
Future price curves have been developed for both the “Wholesale” and “New Resources”
markets for energy and capacity in the Midgard 2011 Energy Market Assessment (Appendix B).
For the purposed of the assessment, the Wholesale market refers to any transaction whereby
the power is procured by means of a short term, physically or financially settled transaction tied
to an existing generation asset. The New Resources market refers to a transaction that is tied to

and dependent upon the construction of a new generation resource.

“8 North American Electric Reliability Corporation, 2009 Long-Term Reliability Assessment, October 2009, page 139 & 156.
http://www.nerc.com/files/2009_LTRA.pdf

4" See Appendix A of the Midgard 2011 Energy Market Assessment (Appendix B)
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The Wholesale market in British Columbia has a limited number of buyers and sellers. As a
consequence wholesale pricing in the Province effectively amounts to the wholesale prices for
the Mid-Columbia (Mid-C) market adjusted to take into account the costs of moving electricity
into BC. Conversely, the New Resources market in the Province has been developing as a

result of BC Hydro’s power procurement activities over the past decade.

Midgard developed energy and capacity price curves based upon information from multiple
sources, including forecast Mid-C annual electricity prices and BC Hydro’s forecasts of these
same market curves. Also taken into account was the contractual pricing of BC Hydro’s

Standing Offer Program (SOP) for new clean and renewable generation resources.

A more complete explanation of the development of the price curves is provided in the Midgard

2011 Energy Market Assessment.

3.31 FORECAST UNCERTAINTY
Forecasting is a process of making projections about future events or trends which cannot be
immediately confirmed or validated. Forecasts contain elements of uncertainty and it is
impossible to exactly predict the future due to factors outside of the knowledge or control of the
forecaster. However, even with these limitations it is still essential to create price and load

forecasts in order to evaluate a resource plan.

Uncertainty increases the further a forecast reaches into the future, as factors which have a
modest influence on short-term forecasts (such as inflation, population growth and carbon
taxes) become much more important following years of compounded growth. Influences and risk
factors that can only be described qualitatively at present, such as those described in Sections
3.1.2 and 3.1.3 above, may become material over the longer-term forecast period. Importantly,
most human and natural systems tend to feature dramatic discontinuities over longer forecast
periods — market crashes, wars and natural disasters can strongly influence forecast trends, but

are almost entirely unpredictable.

In the specific context of the forecast energy and capacity price curves presented in Section 4,

the forecasts have three general timeframes:

e Short term: Zero (0) to five (5) years — high confidence forecasts based upon well

understood and reasonably knowable inputs.

¢ Medium term: Six (6) to ten (10) years — reduced confidence forecasts resulting from

input uncertainties and the potential impacts of identified but presently unquantifiable risk
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factors (such as those discussed in Section 3.1.2 and 3.1.3) that could materially affect
the forecast outcomes.

¢ Long term: More than ten (10) years — low-confidence forecasts involving high levels of
uncertainty. Many qualitative risk factors can be identified but their impact on forecast
outcomes is difficult or impossible to quantify. Additional, previously unconsidered but
material risk factors and market discontinuities may become apparent over such

extended timeframes.

As the forecast period changes from short through to long term, the uncertainty of the forecast
increases. The increasing level of uncertainty over extended forecast ranges is shown

graphically in Figure 3.3.1-A.

Figure 3.3.1-A - Forecast Period and Uncertainty

1
I
|
|
> |
2
£ 1
g 1
@ |
= I
&
2 A )
8 & I &
NQIERN
g E & NS
S & I
1S
* |
|
I )
Shortterm | Medium term
T

5years 10 years 30years

3.3.2 ENERGY PRICE FORECAST CURVES
In order to forecast the price of energy, two BC energy price forecasts were created (see
Midgard 2011 Energy Market Assessment in Appendix B). The first curve is the projected price
for FortisBC to purchase energy from the Wholesale market based upon an energy product that
is delivered into FortisBC territory.

The second price curve is the projected cost for FortisBC to purchase energy from a new or
soon to be constructed generation facility.

Figure 3.3.2-A graphically compares the forecast BC Wholesale market energy curve with the
BC New Resources market energy curve. Based on current assumptions it shows that until
approximately 2030 the BC Wholesale market price for energy is less expensive than the
corresponding BC New Resources market price.
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Figure 3.3.2-A - BC Wholesale Market Energy Curve vs. BC New Resources Market
Energy Curve ($CAD/MWh)
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3.3.3 CAPACITY PRICE FORECAST CURVES

Two BC capacity price forecasts were also generated (see Midgard 2011 Energy Market

Assessment in Appendix B). The first curve is the projected price for FortisBC to purchase

capacity from the Wholesale market based upon a product that is delivered into FortisBC

territory.

The second price curve is the projected cost for FortisBC to purchase capacity via the

construction of a new capacity resource. The cost of the new capacity resource is based upon

the lowest cost new resource determined within the FortisBC 2010 Resource Options Report in

Appendix C.

Figure 3.3.3-A graphically compares the forecast BC Wholesale market capacity curve with the

BC New Resources market capacity curve. Based on current assumptions, it shows that until

approximately 2019 the BC Wholesale market price for capacity is less expensive than the

corresponding BC New Resources market price.
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Figure 3.3.3-A - BC Wholesale Market vs. BC New Resources Market Capacity
($CAD/MW-month)
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3.4 Market Analysis Summary: Risks and Conclusions
3.41

FortisBC must be able to deliver safe, secure, reliable power to serve the Company’s customer

ASSESSMENT OF POTENTIAL RISKS

loads. The Company has historically relied upon the wholesale electricity market for a portion of
its load requirements. FortisBC believes that the availability of energy and capacity in the
Wholesale market will diminish due to the trends discussed in Section 3.1.3 and that the prices

for these products will progressively rise in the years ahead.

The energy and capacity market price comparisons provided in Section 3.3 do not take into
account the potential long-term cost implications of the risk factors and trends discussed in
Sections 3.1.2 and 3.1.3, such as Renewable Portfolio Standards, Demand Side Management
and transmission constraints. Although these trends are presently impossible to quantify they
should be recognized as factors which could materially increase the cost of procuring both

energy and capacity from the Wholesale market in the medium term to long term future.

3.4.1.1 Short term — 2011 to 2015
FortisBC believes that it is prudent to continue relying upon Wholesale market purchases to
satisfy its unmet energy and capacity requirements over the short term, until 2015. Wholesale
market prices are expected to be lower than New Resources market prices over this period and
the risk factors and trends discussed in Section 3.1.2 and 3.1.3 are not expected to produce a

significant deterioration in the reliability of Wholesale market resources within this time frame.
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3.4.1.2 Medium term — 2016 to 2020
Between 2016 and 2020 it is presently anticipated that the Wholesale market will continue to be
a reliable and cost effective source for energy and capacity procurement. At the time FortisBC’s
next Resource Plan is issued the impacts of some of the Western Market Trends discussed in

Section 3.1.3 will be better understood.

3.4.1.3 Long term — 2021 and beyond
In the longer term, beyond 2021, FortisBC is not confident that the Wholesale market will
continue to be a reliable and economical source for its energy and capacity needs. FortisBC
anticipates that beyond 2021 the New Resources market will be the most reliable source for

satisfying any additional capacity and energy needs.

3.4.2 CONCLUSION
FortisBC’s continued reliance upon the Wholesale market to meet its future incremental energy
and capacity needs is expected to be a cost effective and reliable strategy in the short term.
However this strategy involves increasing price and reliability risks over the medium and long
term that will be reassessed in the next FortisBC Resource Plan. It is forecast that the preferred
long term strategy for FortisBC requires building new generation resources because the
Wholesale market is volatile and the cost of Wholesale market purchases is expected to trend
upward. The availability of capacity products, as well as the transmission capability necessary to

move power to FortisBC’s market is becoming increasingly constrained.

Moreover, the Clean Energy Act, Policy Action A, has the objective of ensuring provincial self-
sufficiency to meet electricity needs by 2016. Continued reliance upon the Wholesale market

over the long term would not satisfy this policy directive.
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4 LOAD FORECAST

FortisBC’s load forecast is prepared annually and is composed of individual forecasts for each
of the residential, wholesale, industrial, commercial and irrigation and lighting classes and well
as system losses and DSM savings. The methodology is primarily econometric in nature with
survey data also employed. Forecasts of provincial housing starts and provincial Gross
Domestic Product (GDP) by sector are primary drivers of sales. GDP and housing starts

forecasts are provided by the Conference Board of Canada (CBoC).

Residential load growth is driven by the increase in customer count, which itself is determined
econometrically as a function of provincial housing starts. This is then combined with forecast
use per customer. Based on recent trends and the results of residential end use surveys, it is
assumed that residential use per customer before DSM will remain constant over the forecast

period.

The commercial class is comprised of many diverse sectors including commercial enterprises,
school, hospitals, other public buildings as well as small industrial sites. As such the energy use
in this class has been found to be well correlated with provincial real gross domestic product

growth and has been forecast on that basis.

FortisBC’s wholesale load is served to the communities of Penticton, Kelowna, Grand Forks,
Summerland, Nelson, and two communities in the BC Hydro service territory. These loads are
primarily residential and commercial in nature. Wholesale energy use is forecast based on an

econometrically derived relationship with provincial real GDP.

Industrial loads are forecast based partly on survey data supplied by customers, and where
customer information is not available, by forecast GDP growth rates in each industrial sector. In
the long term, composite GDP growth rates of industrial sectors are used to escalate the entire
industrial load. Out of 24 listed sectors by CBOC, only 12 sectors contribute to the FBC’s
industrial load growth rates, with 95 percent of growth determined by five sectors: agriculture,

forestry, manufacturing, utilities, and commercial service.

The final two customer classes are irrigation and lighting which combined are less than two
percent of gross system load. Irrigation loads are forecast to be constant on a before DSM basis

while lighting loads grow based on a trend analysis.

The forecast energy sales for each customer class is reduced by a forecast of annual DSM

savings and other non-DSM savings including Customer Portal Information and Residential
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Inclining Block. Residential sales are recovered a bit by AMI-based Revenue Protection
programs until 2021. Gross system load then becomes the sum of total sales and losses.
Losses are calculated as a fixed percentage of sales, adjusted for predicted loss savings from
the AMI program.

Peak system demand is calculated by escalating an adjusted ten year average of historical
peaks by the forecast annual energy growth rates. Peak demand in the Load Forecast does not

include Planning Reserve Margin requirements.

Gross system energy load by customer class after being reduced by DSM is provided below for
the forecast period.

Figure 4.1 - Forecast of Energy Requirements by Customer Class (GWh)
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For the first ten years of the forecast gross load after DSM grows at an annual rate of less than
0.9 percent. Industrial, irrigation and lighting loads actually contract very slightly in this period.
The decline in industrial growth is largely attributable to a forecast weakening of the forestry
sector partly as a result of the mountain pine beetle as well as DSM savings. Irrigation and
lighting loads contract because of the impact of PowerSense programs. When considered on a
before DSM basis, gross load is forecast to increase at an annual average rate of 1.8 percent in
the first ten years of the forecast and by 0.8 percent in the final thirty years of the forecast. By
2040 over half of the energy load growth has been met by DSM.
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The annual system peak demand before and after DSM is shown in the following graph.
Without the FortisBC DSM programs the system peak would be 13 percent higher by the end of

the forecast.

Figure 4.2 - Annual System Peak Before and After DSM (MW)
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FortisBC recognizes that there are considerable uncertainties regarding forecasts and
particularly those which extend far out into the future. As a result FortisBC prepares a Monte
Carlo forecast to determine a high forecast which has a 90 percent probability of not being
exceeded and a low forecast with a 10 percent probability of not being reached. The Monte
Carlo analysis considers probability distributions for each customer class and performs repeated
simulations of the load forecasting model. The high, low and expected peaks after DSM are

shown below.
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Figure 4.3 - Expected, High and Low Peak Load Forecast After DSM (MW)
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FortisBC’s load forecast methodology is provided at Tab 3 of its 2012-2013 Revenue
Requirements Application, filed on June 30, 2011.
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5 RESOURCE REQUIREMENTS

5.1 Existing Resources
51.1 FORTISBC OWNED RESOURCES
FortisBC owns the Corra Linn, Upper Bonnington, Lower Bonnington and South Slocan
generating plants (collectively, the FortisBC Plants) located on the Kootenay River between
Nelson and Castlegar, British Columbia. In 2010 the FortisBC Plants supplied about 45 percent

of FortisBC'’s energy requirements and about 28 percent of the Company’s peak demand.

FortisBC operates the FortisBC Plants in accordance with the Canal Plant Agreement (CPA).
The original CPA was entered into in order to enable the Province of British Columbia to obtain
the benefits of water flow regulation provided by the Libby Dam in Montana and the Duncan
Dam in BC. The original CPA became effective in 1975 and expired in 2005. In 2005 BC Hydro
and the Entitlement Parties (FortisBC Inc., Teck Metals Ltd., Brilliant Power Corporation,
Brilliant Expansion Power Corporation and Waneta Expansion Limited Partnership) entered into
renewed CPA, which amended and extended the original Canal Plant Agreement for a further
30 year term. The CPA enables BC Hydro and the Entitlement Parties, through coordinated use
of water flows and storage reservoirs, and through coordinated operation of generating plants,
to generate more power from their combined generating resources than they could if they
operated independently. Under the CPA, BC Hydro takes into its system all power actually
generated by the Entitlement Parties’ plants. In exchange for permitting BC Hydro to determine
the output of these facilities, the Entitlement Parties are contractually entitled to their respective
“entitlements” of capacity and energy from BC Hydro. The Entitlement Parties receive their
entitlements irrespective of actual water flows to the Entitlement Parties’ generating plants, and

are thus insulated from the hydrology risk of water availability.

FortisBC is currently close to completing an Upgrade and Life Extension Program (ULE
Program) on the FortisBC Plants. The ULE Program is an ongoing maintenance and
refurbishment program designed to extend the useful production life of 11 of the 15 generating
units in the FortisBC Plants. To date, the maintenance and refurbishment work on 10 of the 11
units has been completed. The work on the remaining unit is scheduled to be complete during
2012. The 11 generating units which are the subject of the ULE Program collectively represent
approximately 90 percent of the capacity Entitlement of the FortisBC Plants under the Canal
Plant Agreement. When complete, the ULE Program will assure power production at the

refurbished FortisBC Plants through the planning period of this 2012 Resource Plan.
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The remaining four generating units, all of which are installed at the Upper Bonnington Plant,
provide the remaining 10 percent of the capacity entitlement of the FortisBC Plants under the
Canal Plant Agreement. These units are now due for refurbishment or replacement. FortisBC is
currently studying the optimal method of ensuring that the Upper Bonnington plant continues to

contribute to the Company’s existing generation resources.

5.1.2 LONG AND MEDIUM TERM CONTRACTUAL RESOURCES
5.1.2.1 BC Hydro Power Purchase Agreement

FortisBC is party to the BC Hydro Power Purchase Agreement (BC Hydro PPA, also referred to
as the BCH 3808 agreement). The BC Hydro PPA provides FortisBC with electricity for the
purpose of supplying FortisBC’s load requirements, up to a maximum demand of 200 MW of
capacity plus associated energy. FortisBC makes purchases under the BC Hydro PPA at
Commission-approved tariffs (Rate Schedule 3808). At year-end 2010, the cost of energy under
the BC Hydro PPA was $34.02 per MWh and the cost of capacity was $5,804.24 per MW per
month. The BC Hydro PPA is FortisBC'’s share of the BC Heritage Assets described in Section
5.1.2.1.1. Because of its flexibility, the BC Hydro PPA is the last long-term resource in our

portfolio to be called upon when responding to demand.

The BC Hydro PPA represents an important resource for FortisBC, providing approximately 32

percent of FortisBC’s annual capacity needs on a planning basis in 2011.

5.1.2.1.1 Background on BC Heritage Assets and Ratepayer Rights

Certain of BC Hydro’s generation assets have been designated as “heritage assets” providing a
secure, reliable supply of low-cost power for all British Columbians. BC Hydro’s “heritage
assets” are to be operated pursuant to a Heritage Contract, the purpose of which was described

in the 2007 BC Energy Plan as follows:

BC Hydro owns the heritage assets, which include historic electricity facilities
such as those on the Peace and Columbia Rivers that provide a secure, reliable
supply of low-cost power for British Columbians....Under the 2002 Energy Plan,
a legislated heritage contract was established for an initial term of 10 years to
ensure BC Hydro customers benefit from its existing low-cost resources. With

The BC Energy Plan, government confirms the heritage contract in perpetuity to
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ensure ratepayers will continue to receive the benefits of this low-cost electricity

for generations to come.*®

The discussion expanding on Policy Action 16 of the 2007 BC Energy Plan described more
specifically the nature of the low-cost benefit that BC Hydro’s customers are meant to enjoy by

virtue of the operation of the Heritage Contract, in the following language:

The Heritage Contract ensures BC Hydro ratepayers receive heritage power that

are (sic) based on costs of generation, not market prices.*®

The BC Energy Plan goes on to confirm that the benefits of the Heritage Contract are intended

to be extended to BC Hydro’s customers in perpetuity:

The Heritage Contract includes a provision stating the Contract may be
terminated with 5 years notice if notice is given any time after April 1, 2009. While
no official ‘end date’ to the Heritage Contract exists, the language of the contract
implies the potential for termination and thus creates uncertainty. Government
will re-affirm and strengthen its commitment to the Heritage Contract though

amendments addressing this uncertainty.>

The Clean Energy Act objective 2(e) reaffirms BC Hydro ratepayers’ rights to the benefits of the

heritage assets:

(e) to ensure the authority's ratepayers receive the benefits of the heritage assets
and to ensure the benefits of the heritage contract under the BC Hydro Public
Power Legacy and Heritage Contract Act continue to accrue to the authority's

ratepayers.

The BC Hydro PPA is FortisBC’s allocation of Heritage Assets. FortisBC and BC Hydro are

currently in discussions regarding the renewal of the PPA when it expires in 2013.

5.1.2.1.2 BC Hydro Power Purchase Agreement Renewal Scenarios

FortisBC and BC Hydro have been engaged in multi-year negotiations to renew the BC Hydro

PPA. Although discussions with BC Hydro are ongoing, For the purpose of this Resource Plan,

48 BC Energy Plan, p. 12

49  BC Energy Plan, Policy Action 16, Electricity Policies, p. 4.
http://www.energyplan.gov.bc.ca/PDF/BC_Energy Plan_Electricity.pdf

50 BC Energy Plan, Policy Action 16, Electricity Policies, p. 4
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FortisBC has assumed the BC Hydro PPA will be renewed on comparable terms to the existing

PPA and will be available to the end of the planning period of this Resource Plan.

Although many terms and conditions of the BC Hydro PPA have been agreed to in principal,
there are still key terms and conditions which are outstanding. Specific issues such as the term
of the PPA, the amount of energy available under the PPA, and the cost of energy under the
PPA can have impacts on the timing and nature of the energy resource requirements described

in this Resource Plan.

5.1.2.1.3 BC Hydro PPA Export Restriction
The current BC Hydro PPA precludes the export of power by FortisBC during any hour in which

it is taking energy from BC Hydro under the BC Hydro PPA®'. This export restriction makes the
development or acquisition by FortisBC of new resources (whether through development of new
generation facilities, entering into long-term power purchase agreements, or acquiring other
alternative forms of supply) challenging, since with this export restriction, a portion of the power
provided by such new resources would displace the (generally lower-cost) supplies of power
available under the BC Hydro PPA. This dynamic is at odds with FortisBC’s overall

responsibility to obtain cost-effective and secure long-term sources of supply.

In order to maintain the cost-effectiveness of any acquired new resources, FortisBC needs to be
able to dispose of surplus power produced by such resources while ensuring that low-cost
power under the BC Hydro PPA continues to be available to its customers. BC Hydro and
FortisBC have agreed that this restriction would not apply to the WAX Capacity Purchase
Agreement (WAX CAPA), and FortisBC is seeking confirmation that this principle would also

apply to future resources.

5.1.2.1.4 Implications for the 2012 Resource Plan

The renewed BC Hydro PPA will continue to be a firm resource. If the BC Hydro PPA is
renewed on different terms than what has been assumed in the Resource Plan, this may impact
the amount of energy that needs to be acquired. This could be a result of such things such as a
shorter BC Hydro PPA term, or related to the pricing of incremental energy. The impact on the
Resource Plan would be additional purchases from the market, or accelerating the development

of new resources to meet any resulting supply/demand gaps.

%" BC Hydro PPA, section 8.9
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As discussed, the BC Hydro PPA is for 200 MW and associated energy. The BC Hydro PPA is
the last resource dispatched in the FortisBC long-term portfolio, and historically FortisBC has
not made use of all of the available energy. Figure 5.1.2.1.4-A illustrates FortisBC'’s projected
energy consumption from the BC Hydro PPA. The “BCH 3808” line demonstrates the baseline
usage in 2013 when the contact expires. The “BCH 3808 Renewal’ area demonstrated the
expected increase in utilization of the Rate Schedule 3808 energy based on forecast load

growth.

Figure 5.1.2.1.4-A - Annual Energy from the BC Hydro PPA (GWh)
2,000

1,500 -

1,000 -

500 -

Annual Energy (GWh)

BCH 3808 BCH 3808 Renewal

5.1.2.2 Brilliant Power Purchase Agreement
FortisBC is party to a power purchase agreement with Brilliant Power Corporation made as of
April 4, 1996 (Brilliant PPA). Under the Brilliant PPA, which expires in 2056, FortisBC has
agreed to purchase (a) the energy and capacity Entitlement allocated to the Brilliant Plant
pursuant to the Canal Plant Agreement and (b) after the expiration of the Canal Plant
Agreement (which is terminable upon five years’ notice any time after December 31, 2030), the
actual electrical output generated by the Brilliant plant. The Brilliant PPA uses a take-or-pay
structure which requires that FortisBC pay for the Brilliant plant’s Entitlement, irrespective of
whether FortisBC actually takes it. During the first 30 years of the term of the Brilliant PPA,

FortisBC pays to Brilliant Power Corporation, in fixed monthly payments, an amount that covers
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the operation and maintenance costs of the Brilliant plant, together with a return on capital
including original purchase costs, sustaining capital costs and any life extension investments. In
2010, such costs were $36.45/MWh. During the second 30 years of the term of the Birilliant
PPA, amounts payable by FortisBC will be adjusted using a market price mechanism based on

the depreciated value of the Brilliant plant and then-prevailing operating costs.

The Brilliant PPA provides 129 MW of capacity and 895 GWh of energy, approximately 22

percent of FortisBC’s capacity requirements and 25 percent of its energy requirements in 2010.

5.1.2.3 Second Amendment of Brilliant PPA (Upgrade Amendment)
An amendment to the Brilliant PPA made in May 1996 provides for an additional 65 GWh of
energy and 20 MW of capacity until 2056. It was priced at $26.55/MWh in 2010. After the first 30
years (ending in 2026), the pricing mechanism will be the same as that set out in the Brilliant
PPA.

This amendment provided approximately 4 percent of FortisBC’s capacity requirements and 2

percent of its energy requirements in 2010.

5.1.2.4 Waneta Expansion Capacity Purchase Agreement

The Waneta Expansion (WAX) is a project to construct a second powerhouse at the Waneta
Dam on the Pend d'Oreille River south of Trail, British Columbia. Located immediately
downstream from the Waneta Dam and its existing powerhouse, the 335 MW expansion project
will share the existing dam's hydraulic head and generate power from flow that would otherwise
be spilled. Output from the units will be delivered to BC Hydro's Selkirk Substation through a
new 10 kilometre transmission line. Columbia Power Corporation (CPC) and Columbia Basin
Trust (CBT) have formed a partnership with Fortis Inc. (the Waneta Expansion Limited

Partnership) for the project.

FortisBC has entered into a 40-year capacity purchase agreement (WAX CAPA) with the
Waneta Expansion Power Corporation to purchase all unused WAX-related capacity that
remains after BC Hydro has acquired the energy entitlements associated with the plant (as
defined by the Canal Plant Agreement). The capacity entitiements obtained by FortisBC under
WAX CAPA begin in 2015 and vary by month (see Table 5.1.2.4-A).

The WAX CAPA was reviewed by the Commission in 2010, and approved by Order E-29-10.
The WAX CAPA will provide FortisBC with a capacity resource of sufficient size to meet its
expected forecast capacity requirements throughout much of the planning period of this 2012

Resource Plan. The capacity entitlements under WAX CAPA become available upon
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commissioning of the WAX generating units in January 2015 and April 2015. The WAX CAPA is
suitably shaped to solve FortisBC’s winter and summer peak demand requirements when
capacity is needed most and provides less capacity during the three months freshet when it is

needed least. This capacity profile is an ideal match for FortisBC’s seasonal load shape.

Table 5.1.2.4-A - Monthly WAX CAPA Entitlements (MW)

Month WAX CAPA (MW)
January 304.4
February 303.6

March 289.1

April 133.3
May 69.7
June 54.0
July 168.7
August 318.5
September 323.7
October 211.3
November 320.1
December 312.1

5.1.2.5 Powerex Capacity Power Block (Powerex CPB)
FortisBC purchased a five-year seasonal capacity block from Powerex (the Powerex Capacity
Purchase Block, or Powerex CPB) that temporarily addresses FortisBC’s seasonal winter
capacity requirements. The contract will terminate in 2015, coinciding with the commencement
of the WAX CAPA. The five-year capacity block was selected to provide a ‘bridge’ allowing
FortisBC to source longer-term capacity solutions while still meeting short-term seasonal

demands following BC Hydro’s acquisition of one-third of Waneta from Teck Resources Limited.

51.3 WHOLESALE MARKET RESOURCES
Collectively in 2010, the FortisBC Plants, the BC Hydro PPA, the Brilliant PPA and the Powerex
CPB provided approximately 90 percent of the Company’s energy requirements, and

approximately 92 percent of its peak capacity requirements.

FortisBC presently addresses any short-term capacity and energy shortfalls by making
purchases in the Wholesale electricity markets. The details of FortisBC'’s activities in electricity
markets, and the risks associated with the Company’s growing dependence on the Wholesale

electricity market, are discussed in more detail in Section 3.
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51.4 DEMAND SIDE MANAGEMENT RESOURCES
FortisBC has set a target to avoid 50 percent of annual load growth via DSM measures.
However, given the inherent non-firm nature of DSM resources, and the long lead time required
to implement alternative supply resources, the Company has considered a probabilistic
approach which targets 50 percent DSM effectiveness with an 80 percent confidence interval
that projected demand avoidance will fall within the range of 28 percent to 72 percent of status

quo load growth.

This spread of possible actual DSM contributions is an important component in developing the
potential range of supply gaps that this 2012 Resource Plan must address (as further discussed

in Section 5.2 below).

For a detailed discussion of the Company’s DSM programs, see the 2012 Long Term DSM Plan
filed June 30, 2011.

5.2 Resource / Load Balance Analysis
With the addition of WAX CAPA to FortisBC'’s supply portfolio in 2015, FortisBC will have
mitigated most of its existing capacity shortfalls. When the Planning Reserve Margin (PRM) is
included, the Company still has limited capacity constraints at certain times of the year, as
discussed in Section 5.2.1.2, below. In addition, the Company is currently winter energy
constrained and the size of the energy gap grows steadily throughout the planning period of this
2012 Resource Plan.

The actual resource / load gap will depend upon load growth, DSM effectiveness and the

availability of existing contracts, in particular the renewal terms of the BC Hydro PPA.

¢ Load Growth: FortisBC’s load is expected to grow over time. The primary factor
influencing the pace of residential load growth is customer count. However, other factors
such as widespread adoption of new electric technologies (e.g. electric vehicles) and
societal changes (e.g. a move to smaller residences) may have significant impacts.
FortisBC recognizes that there are considerable uncertainties regarding forecasts and
particularly those which extend far out into the future. As described in greater detail in
Section 4, FortisBC prepares a Monte Carlo forecast to determine a high forecast which
has a 90 percent probability of not being exceeded and a low forecast with a 10 percent

probability of not being reached.
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o DSM Contribution: As noted in the DSM Strategic Plan found in the 2012 Integrated
System Plan, FortisBC is targeting to avoid 50 percent of annual expected load growth

via DSM measures.

As DSM is a non-firm resource with results subject to voluntary customer participation, it
is prudent to consider a possible range of DSM impacts on resourcing needs rather than
as a single pre-determined percentage of load growth avoidance. FortisBC has therefore
established a probabilistic methodology to assess various DSM performance levels in
defining its long-term energy and capacity resource gaps (as discussed in Section 5.1.4
above). This produces a range of DSM results on either side of the FortisBC 50 percent
DSM target.

o Contracted Resources: Brilliant, the Brilliant Upgrades and the WAX PPA are all
contracted long-term, and are secure for the term of this 2012 Resource Plan. FortisBC’s
Power Purchase Agreement with BC Hydro expires in 2013. For the purpose of this
Resource Plan, FortisBC has assumed that it will be renewed on similar terms to the
existing PPA, which includes the ability to call upon the 200 MW capacity and the
associated energy. If there were material differences from this assumption, that would

impact the timing and nature of the energy resource requirements.

5.21 FORTISBC CAPACITY RESOURCES/LOAD BALANCE
As discussed in Section 5.2, with the addition of WAX CAPA to FortisBC’s supply portfolio in
2015, FortisBC will have mitigated most of its existing capacity shortfalls. When the PRM is
applied to its load forecast, the Company still has limited capacity constraints at certain times of

the year.

5.2.1.1 Application of Planning Reserve Margin (PRM)
The WECC recommends but does not require that utilities plan for positive capacity margins on
a long-term basis. FortisBC believes it is prudent to carry an appropriate level of firm PRM and

to include those reserve requirements within its long term forecast of capacity requirements.

For the purposes of ascertaining long-term firm PRM requirements, the Company engaged
Midgard Consulting to conduct a PRM Study which is attached as Appendix D. In order to
mitigate impacts to its ratepayers, FortisBC has modified the PRM calculation methodology

recommended by Midgard, as detailed in this section.

There are three potential circumstances that drive the need for PRM:
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¢ Unavailability of supply due to unplanned generating unit or transmission outage:
Although operating reserves are held in order to allow for moment-to-moment changes
in either supply or load, planning reserves are held to protect against any sustained or
long-term loss of supply or transmission capability (although maintaining a planning

reserve margin will also reinforce operating reserves in real time as well).

o Unexpectedly high loads, typically due to extreme weather events: In such
circumstances it may not be prudent to rely on market energy to meet supply shortfalls
because the market energy is likely to come from geographically proximate areas that
may be experiencing the same weather, with the result that prices may be very high or

excess supply may simply be unavailable at the time of greatest need.

o A period of accelerated load growth that outpaces the installation of new power
supply resources: Given the long lead time associated with most electricity generation
projects, it is inadvisable for utilities to function reactively and wait until unforeseen load
spikes occur to plan more resources. Carrying a PRM provides a buffer which allows a
utility adequate time to react to unforeseen load changes and acquire new assets before

load becomes unmanageable.

FortisBC’s system is relatively small and its resource stack consists of a portfolio of owned
generation assets and long-term contracts. FortisBC'’s firm contracted resource stack has for
many years been insufficient to meet its expected peak load-serving and reserve obligations.
On-peak capacity deficits (including any operating reserve requirements above those already
provided for under the CPA and the BC Hydro PPA) have been addressed through spot market
energy purchases and seasonal purchases of energy blocks. Up to this point, FortisBC did not
require a PRM because our requirement was small and the market was sufficiently robust to

supply its capacity needs on a demand basis.

The Company’s resource stack is supported by the Canal Plant Agreement (CPA) and thus has
limited hydrological risk, however all supply resources are unit contingent. That is, under the
terms of the CPA, if a unit is unable to operate when called upon, CPA entitlements are reduced
accordingly. For the purposes of long-term PRM planning, it is prudent for FortisBC to adopt a

methodology that considers these unique aspects of the FortisBC system.
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The following criterion is applied as the basis for PRM design:
PRM = 5% of Load Responsibility + the Single Largest Utilized Contingency*

Where “Load Responsibility” is defined as the monthly system firm peak load demand plus firm
sales minus firm purchases for which reserve capacity must be provided by the supplier. For
example, the BC Hydro PPA 200 MW is currently considered such a firm purchase. Although
the agreement is set to expire in 2013, the renewal agreement will include the same 200 MW
capacity allowance. As such, the 200 MW of generation capacity included in the BC Hydro PPA

is considered a firm resource and is not included in PRM requirement calculations.

Until commencement of the WAX CAPA in 2015, a Brilliant unit, at 37.5 MW is the single largest
contingency. Once the WAX CAPA begins delivery, half of WAX CAPA (the output from one
unit) becomes the single largest contingency. This is true throughout most of the year with the
exception of the months of May and June, during which period a single Brilliant unit becomes

the largest contingency.

In addition, to avoid the situation where PRM is calculated based upon an unutilized unit, the
PRM design criterion is calculated based upon the single largest utilized contingency. FortisBC
forecasts that there will be a number of months of each year (predominantly during freshet)
when WAX CAPA will not be required to serve load. Therefore, during those months it is not
reasonable in the FortisBC context to consider WAX CAPA as the single largest unit
contingency. This change supports a less stringent reserve margin and will reduce the amount

of PRM required in the less critical non-peak months.

FortisBC has chosen to modify the PRM calculation methodology recommended by Midgard in
order to reduce ratepayer impacts. Since WAX CAPA is a contractual arrangement that does
not necessarily require the WAX units to be dispatched when WAX CAPA entitlements are
being utilized, FortisBC has reduced the PRM requirement by notionally splitting the utilized
WAX CAPA entitlement between the two WAX units. Splitting the WAX CAPA entitlement
results in a smaller utilized contingency, until such time as the entire WAX CAPA entitlement is
dispatched. For further explanation of the methodology employed by FortisBC, see the Planning
Reserve Margin Report at Appendix E.

52  Derived from criterion one of the Power Supply Design Criteria established by the Western Systems Coordinating Council
(now known as WECC). See the attached Midgard PRM report “FortisBC Planning Reserve Margin” (Appendix D) for further
reference.
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Figure 5.2.1.1-A graphically shows the monthly PRM requirements for the years 2020, 2030,
and 2040 in MW based upon Midgard’s recommended PRM design criterion with FortisBC’s
utilized contingency modifications. The monthly and annual average PRM is shown in Table
5.2.1.1-A)

Figure 5.2.1.1-A - Monthly PRM in 2020, 2030 and 2040 (MW)
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Table 5.2.1.1-A - Monthly PRM in 2020, 2030 and 2040 (MW)
Jan | Feb | Mar | Apr  May | Jun | Jul | Aug Sep | Oct | Nov | Dec  Mean
2020 84 56 49 38 40 43 45 31 26 36 45 | 111 50
2030 121 86 78 40 42 45 73 35 27 38 77 | 151 68

2040 150 | 115 | 105 42 43 47 87 58 29 58 | 107 | 156 83

Figure 5.2.1.1-B graphically shows the monthly PRM requirements for the years 2020, 2030,
and 2040 as a percentage of demand based upon Midgard’s recommended PRM design
criterion with FortisBC’s contingency modifications. The monthly and average annual

percentage is shown in Table 5.2.1.1-B.
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Figure 5.2.1.1-B - Monthly PRM in 2020, 2030 and 2040 (%)
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Table 5.2.1.1-B - Monthly PRM in 2020, 2030 and 2040 (%)

Feb  Mar | Apr | May  Jun Jul | Aug | Sep | Oct Nov | Dec @ Mean

9 8 7 8 8 7 5 5 6 7 14 8
12 12 7 8 8 11 6 5 6 11 18 10
15 15 7 8 8 12 9 5 9 14 17 11

Although it is uncommon to change PRM on a monthly basis, the majority of FortisBC’s supply

resources vary by month and therefore it is prudent that FortisBC adapt its PRM requirements to

match. FortisBC carries more PRM in critical winter months when peak loads require additional

PRM coverage and carries less PRM in less critical months, thus resulting in a lower overall

cost to FortisBC ratepayers and less exposure to long term market risks.

For reference, the PRM held by nearby utilities is listed in Table 5.2.1.1-C. This table

demonstrates that the recommended PRM for FortisBC is comparable to the current industry

practice in the region (please refer to Appendix D - Midgard Planning Reserve Margin Report)

for a complete explanation.
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Table 5.2.1.1-C - Nearby Planning Reserve Margins

Utility PRM (%)
Avista 15
BC Hydro® 14
Idaho Power 10

Northwestern Energy™* -

PacifiCorp 12
Portland General Electric 12
Puget Sound Energy 15

FortisBC’s demand forecasts used in this Resource Plan are inclusive of the required PRM as

set out in this section.

5.2.1.2 Capacity Resource/Load Gaps

The expected and high/low spread forecasts used to calculate capacity resource / load gaps are

defined by the following scenarios:

o Expected Forecast — Expected load forecast with the application of a targeted 50

percent DSM.

o High/Low Spread — A probabilistic analysis was carried out to establish a range

(high/low spread) for load growth less DSM that results in an overall 80 percent

confidence interval (see Section 5.1.4).

Following the addition of WAX CAPA the only material capacity gap in 2020 is 20 MW in June

and 34 MW in December (see Figure 5.2.1.2-A). These exposures are limited to 4 percent of

super peak hours® in both months (see Table 5.2.1.2-A).*

53

54

55

56

BC Hydro’s 14 percent PRM is calculated after allowing for reserves required to meet a 1 day in 10 year Loss of Load
Expectation, so actual the reserve level being carried by BC Hydro is substantially higher than 14 percent; see BC Hydro 2008
Long Term Acquisition Plan Appendix F10: Calculation of Capacity Planning Reserves

Northwestern Energy does not carry Planning Reserves, relying instead on the market to provide required real time reserves
or to cover unit contingencies. However, NWE recognizes that its market access is being impacted by an erosion of excess
capacity in the Pacific Northwest area, as identified in its 2009 Electric Supply Resource Procurement Plan: “In the past few
years the market for ancillary services, such as operating reserves, has tightened which has caused prices to increase
substantially. In order to avoid paying steep prices in the market for operating reserves, Northwestern at times has self-
provided the reserves by utilizing the capacity from the Basin Creek facility.”

“Super-Peak Hours” means the hours commencing at 16:00 PPT and ending at 20:00 PPT Monday through Saturday
inclusive, but excluding British Columbia statutory holidays.

The gap is “material” only in terms of size of the gap (MW), not in terms of the hours of exposure.
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Figure 5.2.1.2-A - 2020 Monthly Capacity Load / Resource Balance (MW)
1,300 -
1,200 -

000 | High/Low F tS d
1,000 - igh/Low Forecast Sprea

900 - C— 1 Forecast Gap

800 - ’ mmm— \WAX CAPA
\\ U4
700 - ‘I I 2 BCH 3808
600 - s ‘l‘ = mm Others
"~."i’ s\',

500 Brilliant (incl. upgrade)

Monthly Capacity (MW)

400 - [ | i B g BB g = FortisBC
300 + B | === =Forecast (Expected + PRM less 50% DSM)
200 |
100 -
O T T T T T T T T T T T 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Table 5.2.1.2-A - 2020 Monthly Capacity Gaps and Exposure
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct Nov | Dec
Gap (MW) - - - - - 20 - - - - - 34
Total Hours
Exposed ) i i ) ) 4 i ) ) i i 8
% of Super
Peak Hours ) i i ) ) 4 i ) ) i i 4

In 2030 (see Figure 5.2.1.2-B) the expected forecast results in capacity gaps of 69 MW, 62 MW,
50 MW, and 147 MW for the months of January, June, July, and December, respectively. In the
event of higher than expected demands, all months of the year (with the exception of April,

August, September, and October) are at risk of capacity shortfalls for some hours of the month.

Table 5.2.1.2-B shows that under the expected forecast in December 2030, FortisBC will be
exposed to a capacity deficit for 134 hours of the month, corresponding to 53 percent of the
super peak hours. This means that in 2030 FortisBC will be at risk of capacity deficiencies
during half of the hours that comprise the most costly annual regional Wholesale market price
period, the December super peak hours.
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Figure 5.2.1.2-B - 2030 Monthly Capacity Load / Resource Balance (MW)
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Table 5.2.1.2-B - 2030 Monthly Capacity Gaps and Exposure
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct Nov | Dec
Gap (MW) 69 - - - - 62 50 - - - - 147
Total Hours 28 ) ) ) ) 25 18 ) ) ) ) 134
Exposed
% of Super
Peak Hours 14 ) ) ) ) 18 15 ) ) ) ) 53

In 2040 (see Figure 5.2.1.2-C) the expected forecast predicts a capacity shortfall in the months

of January, February, March, May, June, July, November, and December — more than half of

the year. In the event of higher than expected loads there is a risk of capacity gaps in all months

except August and September.

Table 5.2.1.2-C shows that in December 2040 under the expected load forecast FortisBC will be

exposed to a capacity deficit for 245 hours of the month, including 90 percent of the super peak

hours. January, June and July are also exposed with monthly super peak hour deficits of 68

percent, 36 percent, and 51 percent respectively.
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Figure 5.2.1.2-C - 2040 Monthly Capacity Load / Resource Balance (MW)
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Table 5.2.1.2-C - 2040 Monthly Capacity Gaps and Exposure
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Gap (MW) 161 55 42 - 11 102 | 112 - - - 16 | 223
poairlours 162 32 17 - 2 &7 67 - - - 1 245
xposed
o,
% of Super 68 21 8 - - 38 51 - - - 1 9

Peak Hours

By 2040 FortisBC will be at risk of capacity deficiencies for extreme weather or facility
contingencies during most of the December super peak hours, which are in the most costly
period for purchasing electricity from the regional Wholesale market. Further, there is a high
correlation between the peak FortisBC demand and the peak regional demand, meaning that if
FortisBC has to purchase from the market during a period of extremely cold weather, this will
likely also correspond to a period of unusually high regional market prices, assuming that there

is actually electricity available for sale at any price.

5.2.1.3 Capacity Gap Summary
Figure 5.2.1.3-A through Figure 5.2.1.3-D show the growing capacity gap for years 2016, 2020,
2030, and 2040 (see Appendix H for the tabular representation of the low, expected, and high
capacity gaps for all years). These graphs display the high/low spread of possible capacity gaps
around the expected forecast. Note that the variability around the expected capacity gap grows

into the future due to increasing forecast uncertainty.
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Figure 5.2.1.3-A - 2016 Forecast Gap + High/Low Spread

300 - Forecast High/Low Spread  ===2016 Forecast Gap
250 -+
200 -~
150 A
100 +
50 -+
0 T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Figure 5.2.1.3-B - 2020 Forecast Gap + High/Low Spread
300 - Forecast High/Low Spread = =——2020 Forecast Gap
250 -+
200 -+
150 A
100 -+
50 -
0 e . . ; /
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Figure 5.2.1.3-C - 2030 Forecast Gap + High/Low Spread
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Figure 5.2.1.3-D - 2040 Forecast Gap + High/Low Spread
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In summary, FortisBC will have a growing capacity gap in an increasing number of months over
the planning period. By 2020, the Company is forecasting capacity gaps of 20 MW in June and
34 MW in December, with a deficit in 4 percent of both months’ super peak hours®. This
seasonal capacity gap will continue to grow as demand increases into the future, with monthly
gaps as large as 147 MW and 53 percent of December super peak hours exposed in 2030,
increasing to 223 MW and 90 percent of December super peak hours exposed by the end of the
planning period in 2040. This means that by 2030 and beyond, FortisBC will face market

exposure during the most costly period of the annual regional Wholesale market cycle.

At these levels of exposure, higher than forecast demand, extreme weather events or individual
transmission or generation contingencies could force FortisBC into the market for large volume
electricity purchases at premium prices. Super peak wintertime prices can rise to several
multiples of average or off-peak prices, especially during extremely cold regional weather

events.

As a result, FortisBC believes it is consistent with good utility practice to ensure that long lead
time capacity resource options are economically maintained so they can be added as required

to address future capacity gaps.

5.2.2 FORTISBC ENERGY RESOURCES/LOAD BALANCE
As discussed in the introduction to Section 5.2, the three key input parameters used to establish
FortisBC’s energy resource / load gaps are the gross load forecast, the actual DSM contribution
and the final renewal terms of the BC Hydro PPA. Credible ranges for these important variables

have been considered in evaluating the resource portfolios in this 2012 Resource Plan.

57 Source: FortisBC Planning Reserve Margin Study (Appendix E)
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5.2.2.1 Key Input Parameters
The first key input parameter is the expected load forecast, less the energy avoided by the
targeted 50 percent DSM. This result is shown graphically by the solid blue line in Figure
5.2.2.1-A.

Secondly, a probabilistic analysis (see Section 4 for a more detailed discussion) was carried out
to determine the 80 percent confidence high/low range around the expected load forecast which
includes the potential variability associated with DSM achievement. This range is represented

graphically in Figure 5.2.2.1-A.

Figure 5.2.2.1-A - FortisBC Load Forecast (GWh)
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Finally, FortisBC has assumed the BC Hydro PPA will be renewed on comparable terms to the

existing PPA. This means the 200 MW and associated energy is available to meet demand.

5.2.2.2 Energy Resource/Load Gap
The annual load/resource gap is calculated by comparing the energy forecast with the known
supply resources (Figure 5.2.2.2-A). The expected forecast is represented by the dashed line,

with the bounds of the High/Low forecasts represented by the upper and lower solid lines.
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On the supply side resource stack, the base BC Hydro PPA energy (green) has an additional
light green shaded wedge labeled “BCH 3808 Renewal’, which represents the amount of energy
BC Hydro PPA called upon from the BC Hydro PPA to satisfy FortisBC’s load growth after 2013.

Figure 5.2.2.2-A shows how FortisBC'’s energy demand will grow into the future with and without
DSM. If the final terms of the renewed BC Hydro PPA are materially different from the existing
PPA, this may affect the resource stack and the timing of the development plans outlined in this
2012 Resource Plan.

Figure 5.2.2.2-A - Annual Energy Resource / Load Gap (GWh)
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5.2.2.3 Energy Gap Summary

The Low, Expected, and High energy gap forecasts are provided numerically in Table 5.2.2.3-A.

FortisBC will have a growing energy gap on an annual basis over the planning period of this
2012 Resource Plan. The Company is forecasting a deficit of 5 GWh in 2011, 35 GWh in 2020,
167 GWh in 2030, and 310 GWh in 2040.
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Table 5.2.2.3-A - Forecast Low/Expected/High Energy Gap by Year (GWh)

Year Low Expected High

2011 4 5 29.5
2012 6 9 30.9
2013 4 9 33.1
2014 5 12 38.5
2015 1 5 33.5
2016 2 6 36.6
2017 4 9 43.0
2018 7 14 60.9
2019 11 25 79.0
2020 17 35 96.6
2021 24 46 116.2
2022 30 58 137.9
2023 35 70 156.9
2024 42 82 179.8
2025 49 95 204.0
2026 56 107 226.4
2027 65 120 250.2
2028 73 135 277.7
2029 81 151 307.7
2030 88 167 331.8
2031 95 180 356.8
2032 102 195 382.7
2033 109 210 411.4
2034 115 224 441.6
2035 121 239 466.5
2036 129 253 499.9
2037 136 268 526.3
2038 143 282 556.1
2039 150 296 583.0
2040 157 310 609.6

Table 5.2.2.3-B shows the increasing additional cost of purchasing energy in each year of the
forecast period using expected Wholesale market prices. The incremental energy deficit would
translate into additional annual energy purchase costs of over $2.8 million by 2020, over $20
million by 2030 and over $52 million by 2040.

PAGE 66



2012 INTEGRATED SYSTEM PLAN FORTIS BC-
2012 LONG TERM RESOURCE PLAN

[N ) - NN ¢V)

Table 5.2.2.3-B - Forecast Expected Annual Additional Energy Purchase Costs

Forecast Expected Additional Forecast Expected Additional

Year Ene_rg_y Market Energy Year Ene_rg_y Mal_'ket Energy

Deficit Price Cost Deficit Price Cost

(GWh) ($/MWh) ($000s) (GWh) ($/MWh) ($000s)
2011 5 $51.79 $244 2026 107 $104.73 $11,239
2012 9 $54.68 $502 2027 120 $108.45 $13,037
2013 9 $57.30 $535 2028 135 $112.55 $15,192
2014 12 $61.18 $752 2029 151 $117.90 $17,795
2015 5 $64.49 $318 2030 167 $122.45 $20,404
2016 6 $68.47 $438 2031 180 $128.10 $23,076
2017 9 $72.36 $677 2032 195 $130.48 $25,435
2018 14 $76.15 $1,094 2033 210 $134.80 $28,259
2019 25 $79.67 $1,961 2034 224 $139.16 $31,209
2020 35 $82.59 $2,895 2035 239 $143.58 $34,289
2021 46 $88.77 $4,113 2036 253 $148.04 $37,497
2022 58 $92.27 $5,328 2037 268 $152.55 $40,838
2023 70 $94.19 $6,544 2038 282 $157.11 $44,311
2024 82 $96.78 $7,955 2039 296 $161.73 $47,924
2025 95 $100.90 $9,566 2040 310 $167.50 $52,016

5.2.3 CONCLUSION

FortisBC will face growing energy and capacity deficits over the 30-year forecast period.

Capacity gaps will be greatest during the December super peak period each year, when the
regional Wholesale market typically experiences its highest price periods, thus exposing the
Company to the risk of forced market electricity purchases due to extreme weather conditions or

facility contingencies at the least favourable times.

The growing energy deficit will involve additional expected energy purchase costs of over $2.8
million in 2020, increasing to over $20 million by 2030 and over $52 million by 2040 if all the

required energy is purchased from the Wholesale market.

Regardless of the strategy chosen to address these deficits it will not be possible to avoid

incremental energy and capacity acquisition costs over the forecast period.
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6 RESOURCE OPTIONS AND STRATEGIES

FortisBC assessed alternative resource options and each option’s ability to address the forecast

capacity and energy deficits. These options can be categorized into the following strategic

groupings:

1. New Resources (Build Strategy): Resource options that cover a variety of generation

technologies linked to a newly constructed generation facility.

2. Wholesale Market (Buy Strategy): A marketplace based source of capacity or energy.

FortisBC has considerable experience with the Buy Strategy, having regularly employed

this strategy over the past two decades.

3. Combination Strategy: A strategy that balances the attributes and risks of both the Buy

and Build strategies over time.

FortisBC evaluated the resource options against the forecast capacity and energy deficits over

the short, medium and long term as outlined in Table 6-A.

Table 6-A - Expected Energy and Capacity Gaps in the Short, Medium and Long Terms

Time Period

Short term
(2011 - 2015)

Medium term
(2016 — 2020)

Capacity Gap

Increasing capacity deficits through to
2014, by which time deficits are present in
10 months and range from 17 MW (April)
to 125 MW (March). However in 2015
deficits fall to 1 MW in March and 4 MW in
June following the commissioning of WAX
CAPA.

Capacity deficits start building again for
the months of June and December,
increasing to 20 MW (June) and 34 MW
(December) by 2020. There are few hours
of capacity gap exposure in any month in
2020.

58

Assumes the renewal of the BC Hydro PPA on similar terms.

Energy Gap>®

A small energy gap
exists, starting at 5
GWh in 2011.

Gap increasing to a
35 GWh by 2020.
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Time Period Capacity Gap Energy Gap>®

Long term December and June deficits present Gap increasing to
(2021 - 2040) throughout, eventually expanding to Nov- | approximately 310
Mar and May-Jul. Winter max deficit of GWh by 2040.
147 MW by 2030 and 223 MW by 2040;
summer max deficit of 62 MW by 2030
and 112 MW by 2040. By 2030, 53
percent of December super peak hours
have a capacity gap, growing to 90
percent by 2040.

The capacity and energy gaps described in Table 6-A are for the expected load forecast.
Complete gap analysis, including consideration of high and low ranges for both energy and

capacity, can be found in Section 5.2.

In order to determine the preferred resource option strategy the New Resources (Build Strategy)
options are compared to the costs and risks of the Wholesale market (Buy Strategy) options and
evaluated in each of the short term, medium term and long term time periods. The Build

Strategy timing will be affected by future market prices and the renewal of the BC Hydro PPA.

6.1 Resource Options: New Resources (Build Strategy)
When FortisBC pursues New Resources (Build) strategy, it is assumed that the Company will
either construct the new resource itself, or enter into a long term contract with a third party to
provide FortisBC the energy and/or capacity output from a new resource. For example, the
recently acquired WAX CAPA is a good example of this. Table 6.1-A describes the two

alternatives available to FortisBC to acquire new generation and capacity resources.
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Table 6.1-A - Acquiring New Resources: Alternatives

Acquisition Method Description
Clean Call request for Long term power purchase agreements with BC-based suppliers. The
proposals (RFP) resource output would be sold directly to FortisBC. Time of day and

monthly prices would be adjusted to match forecast FortisBC
demand, with higher prices paid during periods of higher demand
(e.g. winter months) than during other times of the year.

FortisBC Owned A traditional utility self-supply alternative where FortisBC would take
Infrastructure on the development of the new resource, including the risks and
benefits associated with ownership of the project.

6.1.1 RESOURCE IDENTIFICATION AND PRELIMINARY SCREENING
In preparation for this 2012 Resource Plan, Midgard was engaged to refresh FortisBC’s
previous resource option analysis and prepare a 2010 Resource Options Report (ROR)
(attached as Appendix C). The ROR identified and evaluated the resource options available for
consideration by FortisBC by assembling a comprehensive resource stack with each resource
option ranked according to its unit capacity cost (UCC) and unit energy cost (UEC) economic
comparison metrics, as described below in Section 6.1.1.1. Subsequently, FortisBC filtered the
comprehensive resource stack by selecting those resources from the resource stack that rank
well on the basis of UEC or UCC and that are practically available to FortisBC. Resources that
are both available® and most attractive on an economic (UCC or UEC) basis are shown in
Table 6.1.1-A for capacity resources and Table 6.1.1-B for energy resources. The key attributes

of these resource options are discussed in section 6.1.3.1.

5 BC Hydro’s Revelstoke, Mica and Resource Smart Bundle are not resources available to FortisBC.
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1 Table 6.1.1-A - FortisBC Capacity Resources Options — Available and Competitive UCC

2 (CAD 2010)
Proioct Dependable ng';ta' UCC @6% UCC @8%
) Capacity (MW) ($/MW-month) | ($/MW-month)
($000s)
Simple Cycle Gas Turbine
(SCGT) 39 44,269 8,481 10,163
Combined Cycle Gas Turbine
(CCGT) 243 329,445 10,624 12,708
Pumped Storage Hydro (PSH) 180 340,000 13,668 17,412
Similkameen Hydroelectric 60 283,117 29,274 38,003
Project with Capacity
3 Table 6.1.1-B - Competitive Unit Energy Cost Resource Options (CAD 2010)
Dependable Average .
. . Capital Cost UEC @6% | UEC @8%
Project Capacity | Annual Energy
(MW) Output (GWh) ($000s) ($/MWh) | ($/MWh)
Combined Cycle Gas
Turbine (CCGT) 243 1,916 329,445 90 93
S O ver Hydro - 28 255 248,000 88 108
oastal
Simjlkamgen Hydrqelectric 60 234 283117 97 124
Project with Capacity
Run Of River Hydro -
FortisBC Territory®" 10 250 280,000 101 124
Biomass - Roadside and Insufficient
Sawmill Woodwaste 15 145 Data 108-159 | 108-159
Wind - Low Cost® 3 65.7 61,152 111 127
Wind 3 65.7 76,640 133 154

6.1.1.1 Economic Metrics — Unit Capacity Cost and Unit Energy Cost
4  To enable consistent evaluation of resources across an array of technologies and fuel sources,
5 the economic characteristics of different resource options were evaluated and quantified using

6 two economic metrics: Unit Capacity Cost and Unit Energy Cost.

Project location: British Columbia’s western coast

o1 Project location: Okanagan or Kootenay regions

62 “Low cost” refers to a wind resource with high capacity factor and low capital costs. An example would be a wind farm with

superior wind conditions and lower than average per unit construction costs due to favourable site access and topography.
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Unit Capacity Cost (UCC): This metric, expressed in $/MW-month, represents
the annual cost of providing dependable capacity using a specific resource

option. The UCC calculation divides:

o the resource’s annual costs (interest on debt, return on equity,

amortization, fixed operating costs) by

¢ the average expected annual dependable capacity available from the

resource.

UCC is used to rank resources that can address capacity requirements, enabling
the assembly of a portfolio of lowest cost dependable capacity resources to

address a forecast capacity deficit

Unit Energy Cost (UEC): This metric, expressed in $/MWh, represents the
annualized cost of generating a unit of electrical energy using a specific resource

option. The UEC calculation divides:
¢ the sum of the all-in capital, fixed operating, and variable operating costs by

o the total amount of energy expected to be generated over the resource’s

anticipated service life.

UEC is used to rank a resource’s ability to address energy requirements. If an
energy shortfall has been identified, the UEC metric can be used to develop a
lowest cost energy resource portfolio to meet that need. Representative energy
resources include base load facilities such as large thermal plants as well as

intermittent resources such as wind, solar and run-of-river hydro generation.

It is important to note that UEC and UCC are not interchangeable metrics. Capacity focused
resources tend to rank well on a UCC basis but less well using a UEC metric. Energy rich
resources tend to be the opposite, ranking poorly under a UCC metric, but attractively under a
UEC metric.

The UEC and UCC values in the ROR were derived using generic operating assumptions.

These assumptions include:

Definitions of dependable capacity, annual energy, and firm energy;

Financial parameters such as rates of return expectations, economic life of asset, and

inflation indexation; and
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¢ Natural gas fuel price.

For a full discussion of the assumptions and how they are applied to the resource options,

please see Appendix C — FortisBC 2010 Resource Options Report.

6.1.2 RESOURCE OPTIONS RANKING AND EVALUATION CRITERIA
FortisBC further refined its resource option rankings by putting the resources options that
passed initial economic screening through a final set of filters that represent key FortisBC

resource option priorities and requirements:
1. Appropriate Size

The resource option must be appropriately sized to fit the forecast FortisBC
capacity and energy need. Because new infrastructure is constructed in fixed
blocks of installed capacity, a resource option may only be cost effective if the
size of the requirement approximately matches the unit size of the new resource.
For example, although a CCGT resource scores well using both the UCC and
UEC metrics, it would not be desirable for FortisBC unless the capacity and
energy gaps were large enough to match the size of the installed energy

resource. Scalable, flexible resource alternatives are preferred.

2. Environmental Impact and Adherence to the Directives of the Clean Energy
Act

Environmental impacts — particularly greenhouse gas emissions and land use
impacts associated with transmission — must be minimized. Furthermore, the
resource options and implementation strategy must be consistent with the
objectives of the Clean Energy Act. The Clean Energy Act objectives are

summarized in Table 2.4.2.1-A.
3. Appropriate Energy Shape (Energy Resource Evaluation Only)

Energy has a higher value during heavy load hours and high demand seasons
than during light load hours and low demand seasons. The expected seasonal
and diurnal production pattern, relative to the Company’s system’s ability to
shape that production, is an important consideration evaluating the suitability of

an energy resource.
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4. Comparative Resource Economics Test

FortisBC will target the least cost solution, conditional upon fidelity with the other

criteria.

FortisBC assessed each resource option against its ability to meet these criteria. FortisBC
applied a score ranging from one to three for each of the criteria, with a one representing the
most attractive score and three the least attractive. The lower the cumulative score of the
resource, the more attractive the resource was deemed to be for meeting FortisBC forecast
needs. Table 6.1.2-A summarizes the results of applying the rating criteria to the capacity
resource options from Table 6.1.1-A and Table 6.1.2-B summarizes results of applying the
rating criteria to the energy resource options from Table 6.1.1-B. The full analysis is found in

Appendix | — Detailed Resource Option Rating.

Table 6.1.2-A - Capacity Resource Rating Table (Sorted by Rating)

Criterion 1: Criterion 2: Criterion 3:

Gap Closure Environmental Resource Score
and Size Impacts Economics

Simple Cycle Gas Turbine (SCGT) 1 2% 1

Similkameen Hydroelectric Project
Pumped Storage Hydro (PSH) 2

Combined Cycle Gas Turbine
(CCGT)

63  When operating in a reserve capacity with limited expected production.

1
1

3

3
2

oo s
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able 6.1.2-B - New Clean Energy Resource Rating Table (Sorted by Rating
1 Table 6.1.2-B - New CI E R Rating Table (Sorted by Rati
Crltgrlon 1E Criterion 2: Criterion 3: Criterion 4:
Closu?: and Environmental Resource Energy Score
si Impacts Economics Shape
ize
Sim'ilkameen Hydroelectric y 1 2 1 5
Project
Run-Of-River Hydro - Coastal® 1 1 1 2 5
Biomass - Roadside and Sawmill
1 1 3 1 6
Woodwaste
Run Of River Hydro - FortisBC
Territory®® 1 1 2 3 7
Wind - Low Cost® 1 1 2 3 7
Combined Cycle Gas Turbine 67
(CCGT) 2 3 1 1 7
Wind 1 1 3 3 8

6.1.3 NEW RESOURCES (BUILD STRATEGY)
2  FortisBC has determined its preferred New Resources (Build Strategy) options based on the

3 ranking process described in Section 6.1.2. Table 6.1.3-A lists these preferred resource options.

4 Table 6.1.3-A - FortisBC — Preferred Build Strategy Resource Options
Rank Capacity Requirements Energy Requirements
1 Simple Cycle Gas Turbine Similkameen Hydroelectric Project
2 Similkameen Hydroelectric Project New Clean Energy Resources
3 Pumped Storage Hydro Combined Cycle Gas Turbine

6.1.3.1 Key Attributes of FortisBC’s Preferred Build Strategy
Resource Options

Simple Cycle Gas Turbines (SCGTSs) are a cost-effective capacity resource with the added
benefit of being able to provide energy if needed. However, SCGTs are not typically considered
to be economical energy resources due to low fuel to electricity conversion efficiencies. Aero-
derivative SCGT technology is available in relatively small sizes, and when a future need for

capacity resources is identified a scalable facility can be economically designed to meet those

o ©O© 0o N o O,

future needs.

64  Project location: British Columbia’s west coast
65  Project location: Okanagan or Kootenay region

66  “Low cost” refers to a wind resource with high capacity factor and low capital costs. An example would be a wind farm with
superior wind conditions and lower than average per unit construction costs due to favourable site access and topography.

67  While the CCGT energy production is too large compared to the Company’s expected energy gap forecast, if the actual gap
trends towards the high gap forecast then the CCGT production could match needs.
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Since SCGTs generate greenhouse gases, obtaining the social contract needed to permit and
site SCGTs is often difficult. However, once permits are obtained SCGTs can be constructed in

a relatively short period of time.

In the FortisBC context, an SCGT has the lowest environmental footprint when operated as a
planning reserve margin (PRM) resource because only a small volume of greenhouse gasses
would be produced due to the low utilization rate. Nevertheless, FortisBC may be required to

purchase carbon offsets to compensate for greenhouse gas emissions.

In summary, the attributes of the SCGT that demand FortisBC’s attention when considering

them as potential resource options include:

¢ Quick start/stop: SCGTs can be turned on or off quickly, responding to immediate

changes in load.

¢ Small footprint, not tied to specific sites: The fuel is natural gas, and therefore not tied to
sites predefined by a fuel source, as are hydro or wind facilities, for example. These
facilities can be located close to load centers and therefore this option involves minimal
transmission impacts and may defer otherwise necessary transmission reinforcements

to the load center.

e Fuel diversity: FortisBC’s existing fleet of owned and contracted firm supply sources all
depend upon water as the fuel — SCGTs do not, therefore injecting fuel diversity into the

Company’s portfolio.

Pumped Storage Hydro (PSH) is a method of storing and producing electricity to supply high
peak demands by moving water between reservoirs at different elevations. PSH can pump
water into its upper storage reservoir using low cost off-peak market energy or surplus
renewable resource production, and then generate during system peak hours using this stored

energy.

PSH is a unique capacity-only resource that has the ability to shape power demand within the
system. Although PSH is a net consumer of energy, such a facility would provide FortisBC
considerable operational flexibility. A PSH facility can rapidly switch from consuming excess
energy (pump mode) to injecting energy (generation mode), thereby providing both operating
reserves and planning reserve margin. A PSH facility is also able to provide other important

ancillary services including voltage and frequency support.
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PSH has no direct greenhouse gas emissions associated with its operation and is well suited to
facilitate the integration of intermittent green resources such as wind because it can both “firm
up” and “firm down” such intermittent resources. The ability of PSH to switch between pumping
and generating modes enables it to offset the sudden changes in production that are typical of
wind and other intermittent renewable resources. This capability also enables the electric
system to absorb and balance significant amounts of customer-owned distributed generation

resources, such as small wind mills or roof-top solar panels.

PSH facilities involve long lead times for siting, permitting and construction due to the
requirement for water storage sites, therefore development activities must be pursued prudently

long in advance of actual project commissioning.
In summary, the attributes of PSH as a resource option that attract FortisBC’s interest include:

¢ Rapid pump/generate mode change: PSH is able to firm intermittent renewable

resources such as wind and solar, and balance customer-owned distributed generation.

¢ Ancillary services: PSH can provide regulating and contingency operating reserves,

planning reserve margin, frequency support and reactive power/voltage support.
e Green resource: PSH does not directly generate greenhouse gases.

Similkameen Hydroelectric Project is a potential hydroelectric facility with water storage,
located near Princeton, British Columbia. As a result, this project is both a capacity resource
option and an energy resource option. The Similkameen Hydroelectric Project is appropriately

sized for FortisBC’s forecast needs, and located within FortisBC’s service territory.

No material greenhouse gases would be associated with energy produced by this facility. This
project would potentially increase Similkameen River stream flows during the dry summer
months by storing freshet water, thereby improving summertime water availability for

downstream users and aquatic life in both Canada and the United States.

Storage hydro projects typically have higher capital costs than other resource option
alternatives, and require long lead times to identify, design, permit and construct prior to
commissioning. In summary, the attractive attributes of the Similkameen Hydroelectric Project

as part of FortisBC’s resource portfolio are:

e Energy production: The Similkameen Hydroelectric Project will produce incremental
energy that is well sized to fit within the projected FortisBC energy gap in the medium to

long term forecast period.

PAGE 77



10
11
12
13
14
15

16
17
18
19
20
21
22

23
24

25
26
27

28
29

2012 INTEGRATED SYSTEM PLAN FORTIS BC-
2012 LONG TERM RESOURCE PLAN

¢ Firm capacity: The Similkameen Hydroelectric Project represents firm capacity since its
storage capabilities will enable energy to be dispatched as required, within the limits of

its storage volumes.

¢ Ancillary services: Similar to PSH, the Similkameen Hydroelectric Project can provide
regulating and contingency operating reserves, planning reserve margin, frequency

support and reactive power/voltage support.

e Green project: The Similkameen Hydroelectric Project will have positive environmental
attributes, including no material greenhouse gas production and favourable seasonal

stream flow enhancement.

Combined Cycle Gas Turbines (CCGT) are cost-effective energy resources that operate as
base load energy resources. Since CCGTs are base load resources that continuously generate
greenhouse gases, obtaining the social contract needed to permit and site CCGTs is often
difficult. However, once permits are obtained, CCGTs can be constructed in a relatively short
period of time. It is reasonable to expect that FortisBC would be required to purchase carbon

offsets to compensate for greenhouse gas emissions.

In the FortisBC context, CCGTs are typically large relative to the forecast energy gaps. For
example, a 243 MW CCGT can be expected to generate approximately 1,900 GWh® of energy
annually. This level of new energy output would only be required if actual load exceeded the
Company’s current high gap forecast. For example, if new uses of electricity, such as a general
take up of electric vehicles, were to become prevalent, then new significant sources of electricity
generation would be required. In that instance, power production costs from a CCGT would

compete favourably against the increased Wholesale market purchases.

In summary, the attractive attributes of a CCGT as part of FortisBC’s resource options portfolio

include:

o Cost-effective energy production: CCGTs represent the most cost effective method of
producing energy (on a per-unit basis) of the New Resources options reviewed,

assuming that the minimum energy block size is required.

¢ Rapid deployment: CCGTs can be rapidly developed once environmental permitting is

complete.

68  Actual energy output can be expected to decrease over time as the CCGT ages. Estimated energy output for a 243 MW
CCGT is 1,944 GWh in year one falling to 1,888 GWh in year 25 — Reference FortisBC 2010 ROR (see Appendix C).
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New Clean Energy Resources (wind, run of river, biomass, etc.) represent a collection of clean
energy resources that would be developed and constructed. The typical resources would
consist of intermittent energy resources such as wind and run of river hydro, but could also
include biomass or other resources. Intermittent energy is supplied if and when fuel is available,
meaning such resources have limited capacity value. Run of river projects with high freshet
flows supply energy in spring when Wholesale market prices are low, wind project generation
varies considerably from hour to hour with little predictability and its high ramp rates can cause
difficulties managing the transmission grid. These intermittent resources require commensurate
“balancing” firm capacity system capabilities. In contrast, biomass projects are similar to base
load energy resources because their fuel supply is controlled. However, unlike wind and water

projects, biomass fuel is not “free” so the cost of biomass energy is comparatively high.

In summary, the attributes of new clean energy resources that are of interest to FortisBC

include:

e Flexible size and timing: run-of river hydro, wind and biomass can be sized and timed to

meet the actual energy gap.
e Green energy: Projects would be “BC Clean” projects.

6.2 Resource Options: Wholesale Market (Buy Strategy)
FortisBC can purchase capacity and energy products directly from the US electricity market,
assuming that they are available for sale and no transmission constraints exist. Alternatively,
FortisBC can purchase capacity and energy products from BC Hydro’s trading subsidiary
Powerex within the limits of the existing transmission interconnections between the FortisBC
and BC Hydro systems. Significant additional draws may require commensurate reinforcements
to these transmission interconnections. Transactions with Powerex are typically cost
comparable with prevailing Mid-C prices plus the cost of wheeling to FortisBC’s service area

(see Section 3.3).

Reliance on market purchases of energy and capacity exposes FortisBC to market prices and
market price volatility. Although the recession that began in 2008 has dampened electricity
demand in the US and Canada, longer term economic growth will erode the region’s resource
surplus and could quickly increase prices for energy and capacity in the Wholesale market.
Therefore, although the market prices of energy and capacity appear attractive today, these

prices are subject to upward pressures in the future.
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A more complete discussion of market risks is covered in Section 3.4 as well as in Appendix B -

Midgard 2011 Energy Market Assessment.

In summary, assuming that transmission constraints do not prevent FortisBC from accessing the
Wholesale energy market, FortisBC can purchase the capacity and energy products it requires

from the market under a Wholesale market (Buy Strategy).

6.3 Resource Options: Combined Build and Buy
6.3.1 BUILD STRATEGY VS. BUY STRATEGY: TIMING
The Combined Strategy envisions selecting from both options. Making the correct strategy
decision depends largely on the projected relative economics of each for the timeframe and gap
involved. The recent addition of the WAX CAPA to FortisBC’s capacity supply portfolio means

that the Company’s capacity needs are no longer immanent.

6.3.2 CAPACITY COSTS COMPARISON
FortisBC compared the forecast cost of capacity obtained in the Wholesale market with the cost
of building new capacity resources (Section 3.3.3). Based on current assumptions, on a per unit
basis ($/MW-month) the BC Wholesale market price for capacity is less expensive than the
corresponding BC New Resources price until approximately 2019. When the Company’s
currently forecast capacity gap requirements are taken into consideration, the cost of the Build

Strategy becomes cost competitive with the forecast Buy Strategy cost in the late 2020s.

Figure 6.3.2-A, below, demonstrates this comparison by matching the Buy Strategy costs
associated with filling up to 42 MW of the forecast capacity gap with the Build Strategy’s least-
cost resource —a 42 MW SCGT. In the figure, the annual costs associated with building the
SCGT appear immediately, and continue throughout the planning period — because once built it
has to be paid for regardless of actual need. Conversely, Buy Strategy costs only appear when
there is a gap and with WAX CAPAs the majority of the forecast capacity gap for a time
following 2015 is eliminated, and the associated potential market purchase costs disappear. The
cost curves do not cross again until the late 2020s, when the forecast peak capacity gap has
grown enough to justify building the 42 MW capacity asset used in the comparison. The actual
timing of resource additions will take into account other factors such as price, demand,

opportunity, export opportunities, etc.
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Figure 6.3.2-A - Buy Strategy vs. Build Strategy — Capacity Costs (First 42 MW Block)
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Based upon this cost comparison, FortisBC expects that the pursuit of a Buy Strategy for

acquiring capacity resources during the short term and medium term periods is a prudent
approach. Further, the Company expects that implementation of a Build Strategy for capacity

will become economical in the long term.

6.3.3 ENERGY COSTS COMPARISON

FortisBC calculated the costs of purchasing energy to address the expected forecast energy
gaps from the Wholesale market (Buy Strategy) using the Wholesale market price curves

presented in Section 3.3.2 and compared them against the costs of purchasing energy from a

new clean energy resources (Build Strategy) option.

Figure 6.3.3-A graphically depicts this comparison.
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Figure 6.3.3-A - Buy vs. Build — New Clean Energy Resources
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Based on the current market assessment and demand, the cost of purchasing energy from the
market is initially lower than the comparable cost of purchasing from a newly constructed facility.
This cost advantage persists until approximately 2030, at which time new clean energy
resources energy is forecast to become less expensive than market-based energy purchases.
Based upon this cost comparison, in the short term and medium term FortisBC should plan to
follow a Buy Strategy for purchasing energy resources. However, in the long term FortisBC

should expect to transition to a Build Strategy.

6.3.4 RISK CONSIDERATIONS IN THE MEDIUM AND LONG TERM
In addition to the economic evaluation detailed in Sections 6.3.2 and 6.3.2, FortisBC also
evaluated the future resource option strategies in the context of the potential risks that the Buy
Strategy and the Build Strategy each face. The critical risks to consider are price risk and

availability risk.
Price Risk

Section 3.3.1 highlighted that the reliability of forecasts diminishes with time. Therefore, in the
short term (2011-2015) FortisBC has a reasonable expectation that the forecast BC Wholesale
market prices will remain accurate. However, in the medium term (2016-2020) and especially in
the long term (2021+), FortisBC can expect increasingly large deviations from the BC

Wholesale market price forecast.

Similarly, the cost of BC New Resources is also subject to price deviations from forecast.

However, BC New Resource pricing does not display the same price volatility as BC Wholesale
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market pricing. Rather, BC New Resource prices tend to move higher with the general rate of
inflation because development costs are tied to a spectrum of inputs (such as labour and

manufactured equipment) whose costs have historically escalated with inflation.
Availability Risk

Section 3.1.2 and 3.1.3 also discussed availability risk as a result of market shortages and
transmission constraints. These risks are a greater threat to Wholesale market supplies than
they are to the New Resources market. New Resources tend to be built locally for local
consumption, which minimizes the risks associated with transmission constraints. The

construction of New Resources is, of course, a natural solution to market shortages.

The renewal of the BC Hydro PPA is still under discussions. This Resource Plan assumes that
the BC Hydro PPA will be renewed on essentially the same terms and conditions. If this is not
the case, there may be a change to the timing or the nature of the resources needed. This will

be re-evaluated once the BC Hydro PPA is renewed.

In light of the relatively greater price and availability risks that threaten Wholesale market
supplies, FortisBC must take a prudent approach to mitigating these risks, particularly as the

risks increase in the medium term and long term.

Therefore, FortisBC’s resource options must weigh quantifiable economic factors more heavily
in the short term and less heavily in the long term. By contrast, the price and availability risks
must be weighed more heavily in the long term and less heavily in the short term. Table 6.3.5-A
and Table 6.3.5-B list FortisBC’s approach to addressing the short, medium and long term gaps
in capacity and energy needs. Section 6.4 will translate these recommendations into a preferred

strategy.
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6.3.5

Time Period

Short term
(2011 - 2015)

Medium term
(2016 — 2020)

Long term
(2021 — 2040)

Time Period

Short term
(2011 — 2015)

Medium term
(2016 — 2020)

Long term
(2021 — 2040)

SOLUTIONS SUMMARY

Expected Capacity Gap

Increasing deficits through 2014, by
which time deficits are present in 10
months and range from 17 MW (April)
to 125 MW (March). In 2015 there are
only small deficits of 1 MW in March
and 4 MW in June due to the
commencement of WAX CAPA.

Deficits continues in June and appears
in December starting in 2017,
increasing to 20 MW (June) and 34 MW
(December) by 2020. There are few
hours of capacity gap exposure in any
month in 2020.

December and June deficits present
initially, eventually expanding to
November through March and May
throughJuly. Winter max deficit of 147
MW by 2030 and 223 MW by 2040;
summer maximum deficit of 62 MW by
2030 and 112 MW by 2040. By 2030,
53 percent of December super peak
hours have a capacity gap, growing to
90 percent by 2040.

Expected Energy Gap

No gap with the exception of 4 GWh in
2011.

No gap through to 2018, increasing to a
13 GWh gap in 2020.

24 GWh in 2021, increasing by
approximately 14 GWh/year to 287 GWh
by 2040.

Table 6.3.5-A - Recommended Capacity Solutions

Capacity Solution

Wholesale market purchases as
required

Continue assessment of potential
capacity resources

Wholesale market purchases
(anticipated)

Option to accelerate construction
of new resources dependent upon
previous development work.

Anticipate building new resources
by mid-late 2020s

Additional new capacity resources
required in the 2030s

Table 6.3.5-B - Recommended Energy Solutions

Energy Solutions

Wholesale market purchases

Continue assessment work on
new clean energy resources
(run-of-river hydro, wind,
biomass)

Wholesale market purchases
(anticipated)

Option to accelerate new clean
energy resources

new clean energy resources
CCGT

6.4 Preferred Resource Strategy
3  The previous section compared the Wholesale Market (Buy Strategy) and the New Resources
4  (Build Strategy), and considered a Combined Strategy for acquiring resources to meet

5 FortisBC’s forecast energy and capacity gaps from 2012 through 2040. A variety of resource
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options that could be acquired by FortisBC were analyzed under the Build Strategy and then
compared to the Buy Strategy for energy and capacity.

While it is FortisBC’s objective to achieve 100 percent self sufficiency through a owned or long-
term contracted power supply resource stack, as a result of this comparison and based on the
forecast expected capacity and energy gaps following the commencement of the WAX CAPA, in
the short to medium term the Build Strategy is not expected to be cost competitive compared to
buying these products in the wholesale marketplace. Specifically, given the modest size of the
forecast energy and capacity gaps that FortisBC expects to fill in the next decade and especially
considering that there are few actual hours of exposure to capacity gaps, purchasing from the
Wholesale market in the short to medium term is the economically prudent solution for FortisBC

and its ratepayers.

However, it must be recognized that Wholesale Market prices are subject to more volatility than
the price of New Resources markets because Wholesale Market price behaviour is non-linear
when constraints or capacity shortages occur. Consequently, if FortisBC finds that in practice its
market purchases are correlated with Wholesale market price spikes, it may be prudent to
shorten its timelines for building new generation assets. In addition, if there are changes to the
contracted resources such as the BC Hydro PPA, this may also affect the timing or the nature of
the resource acquisitions. Similarly, if actual load growth exceeds expected load growth, energy
and capacity gaps will be larger than expected and the timing of new resource commissioning
will need to be advanced. In the interim, this caveat underlines the need for the Company to

maintain its Planning Reserve Margin at the levels defined in Section 5.2.1.1.

Consequently, FortisBC must maintain a portfolio of New Resources options to support
shortened timelines for New Resources commissioning because developing new facilities
typically involves many years of permitting, design, stakeholder engagement and construction

before these facilities can be put into service.

6.4.1 COMBINED BUILD AND Buy
Table 6.4.1 outlines the Company’s preferred resource acquisition strategy (Preferred Strategy).
This strategy represents a balanced and prudent solution to address FortisBC’s expected
forecast capacity and energy requirements while maintaining the flexibility required of an

uncertain future.
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Time
Period

Short term (2011 —
2015)

Medium term (2016 —
2020)

Long term (2021 — 2040)

Table 6.4.1 - FortisBC Preferred Strategy

Capacity Solution

Wholesale market purchases of
Capacity (Buy Strategy) as required
Early stage assessment of capacity
resource options:

iv. SCGT

v. PSH

vi. 60 MW Similkameen Hydroelectric

Project

Wholesale market purchases of
Capacity (Buy Strategy) as required

Be prepared to accelerate the
commissioning of one or more capacity
resources (Build Strategy):

iv. SCGT

v. PSH

vi. 60 MW Similkameen Hydroelectric
Project

New Resources (Build Strategy)
capacity resources by mid 2020s. One
or more of:

iv. 1-2x42 MW SCGT

v. 100 - 200 MW PSH

vi. 60 MW Similkameen Hydroelectric
Project

Additional New Resources (Build
Strategy) capacity resource in the
2030s.

Wholesale market purchases (Buy
Strategy) remain an option to fill small
residual gaps after capacity resource
are commissioned.

Energy Solutions

Wholesale market purchases of Energy
(Buy Strategy)
Early stage assessment of energy
resource options:
ii. 234 GWh/year Similkameen
Hydroelectric Project

Wholesale market purchases of Energy
(Buy Strategy)
Early stage development of energy
resource options:
iii. 234 GWh/year Similkameen
Hydroelectric Project

iv. 200 —500 GWh New Clean Energy
Resources

New Resources (Build Strategy) energy
resources. One or both of:

iii. 234 GWh/year Similkameen

Hydroelectric Project

iv. New Clean Energy Resources
¢ Wholesale market purchases (Buy

Strategy) remain an option to fill small
residual gaps after energy resources are
commissioned.

The Preferred Strategy relies on the Wholesale capacity market to fill expected capacity gaps in
the short term (2011-2015) and medium term (2016-2020).
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Figure 6.4.1-A - FortisBC - Preferred Strategy Energy Gap Closure
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In the long term (2021-2040) FortisBC will transition from the Buy Strategy to a Build Strategy to
provide capacity. Because of the higher uncertainties associated with forecasting far into the
future and the market price risks, FortisBC is not currently planning specific commissioning
dates for specific capacity resources. Rather, FortisBC is planning to assess and maintain the
set of capacity resource options listed in the Preferred Strategy Table 6.4.1 and summarized as

follows:
e 1to2x42 MW SCGT
e 100 - 200 MW PSH
e 60 MW Similkameen Hydroelectric Project

Depending on actual load growth, BC Wholesale market prices and estimated market risks,
FortisBC will re-evaluate when and which resources to commission in the next FortisBC

Resource Plan to be filed with the Commission.

In conclusion, this Resource Plan contains no planned capital expenditures for capacity

resources at this time.

The Preferred Strategy also relies on the wholesale energy market in the short term (2011-
2015) and medium term (2016-2020). In the long term (2021-2040), FortisBC plans to transition
from the Buy Strategy (purchasing from the Wholesale market) to the Build Strategy. The
Preferred Strategy contemplates new clean energy resources and the Similkameen

Hydroelectric Project.
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New clean energy resources will likely stagger project commissioning over multiple years (e.g.
three years) to better match load growth with supplied energy. New Resource requirements may
vary in size from 200 GWh up to 500 GWh. This scalable resource solution can be sized closer

to the time of need to better align with the actual energy deficit.

The Similkameen Hydroelectric Project timing will depend on FortisBC’s need for both capacity
and energy. Therefore, depending on actual load growth and associated energy and capacity
gaps, the Similkameen Hydroelectric Project is expected to be commissioned in the mid 2020s
to early 2030s.

Similar to the resources identified for closing the forecast long term capacity gap, depending on
actual load growth, Wholesale market prices and estimated market risks, FortisBC will re-
evaluate when and which resources to commission in the next Resource Plan to be filed with

the BC Utilities Commission.

In conclusion, this Resource Plan contains no capital expenditures for assessment of energy

resources at this time.

6.5 Community Energy Development Program
In addition to the preferred resource strategy for closing the forecast energy and capacity gaps,
FortisBC proposes to investigate the merits of establishing a Community Energy Development
Program (FortisBC CEDP). The FortisBC CEDP would allow FortisBC the flexibility to negotiate
power purchase agreements with small, community and/or First Nation based project

proponents
The FortisBC CEDP concept is aligned with the Clean Energy Act goals:

o to foster innovative technologies that support energy conservation and the use of clean

or renewable resources and distributed generation;
e to encourage local economic development and the creation and retention of jobs; and

o to foster the economic growth of First Nation and rural communities through the

development and operation of clean or renewable resources.

The intent of the FortisBC CEDP concept is to facilitate the development of small community
scale renewable resource power projects in the FortisBC service territory by assuring a
dependable income stream for the project(s). It is anticipated that the program will foster

innovative technology and/or innovative uses of existing technology on small scales.
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The FortisBC CEDP concept is not expected to generate a material quantity of either energy or
capacity, and individual power purchase agreements coming out of the program are not
expected to provide long term contractual resources to the Company’s system. Therefore, the

FortisBC CEDP concept is not included in the resource plan as a source of capacity or energy.

FortisBC will continue to investigate the concept, potential design and costs of the CEDP. If, in
the Company’s opinion, the concept has merit, FortisBC will submit the final design FortisBC

CEDP to the BC Utilities Commission for review and acceptance.
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7 ACTION PLAN

The actions that FortisBC intends to pursue over the next two years based on the information

and evaluation provided in this Resource Plan are:

i. Continuing to review and optimize the energy and capacity portfolio resources, which
includes completing the renewal of the BC Hydro PPA, integrating the WAX CAPA into
the FortisBC resource stack, and assessing the potential requirements and timing for

new resource options;

ii. Continuing to monitor and evaluate FortisBC’s customer load growth, and assessing the

PRM requirements; and

ii. Liaising with provincial, regional and national energy and climate related policy makers,
providing the FortisBC Utilities’ expertise in energy issues and planning to the

development of policy that will impact British Columbia’s energy customers.
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BC Clean Energy: Resources and
technological applications that may
qualify as a source for Clean or
Renewable Electricity production may
include: Biogas Energy, Biomass
Energy, Energy Recovery Generation
(ERG), Geothermal Energy,
Hydrocarbon Energy, Hydro Energy,
Hydrogen, Municipal Solid Waste
(MSW), Solar Energy, Tidal Energy,
Wave Energy, and Wind Energy, if
they meet the definition of clean as
prepared by the Ministry of Energy and
Mines. This refers to energy
technologies that result in a net
environmental improvement relative to
existing energy production.

BC Energy Plan: A statement of
British Columbia government policy
related to provincial energy matters
issued by the Minister of Energy and
Mines in February 2007.

Bioenergy: A type of renewable
energy made available from materials
derived from biological sources.

Canal Plant Agreement (CPA): The
CPA aggregates the power production
from multiple hydro generation facilities
located upon the Kootenay and Pend
d’'Oreille Rivers, and apportions that
production for the use of the owners of
those hydro facilities in the form of
entittements of capacity and energy.
This usage effectively eliminates the
hydrological risk normally associated
with individual hydroelectric generation
facilities. In return for providing these
CPA Entitlements, BC Hydro receives
the right to dispatch plant generation to
maximize the benefits to the overall
Provincial system.

Canal Plant Agreement (CPA)
Entitlement: The average water year
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generation of the generating facilities
included in the Canal Plant Agreement.
Provided each unit is in-service, the
related entitlements are provided by
BC Hydro regardless of the actual
generation dispatched by BC Hydro
from the facilities.

Capacity:

(1) The instantaneous output of a
power plant at any given time, normally
measured in kilowatts (kW) or
megawatts (MW).

(2) The instantaneous  system
electricity demand at any given time,
normally measured in kilowatts (kW) or
megawatts (MW).

(3) The amount of electrical power that
can be safely transmitted by a
transmission facility at any instant.

Related terms:

e Maximum Capacity - The
highest generating plant output
or transmission loading that can
actually be achieved in situ.

e Dependable Capacity - The
amount of megawatts  of
generation available assuming
all units are in service for three
peak hours per day during the
coldest two-week period each
year. In BC, system peak
electrical demand  typically
occurs in December or January
sometime between the hours of
5 pm and 9 pm. Factors external
to the plant affect its dependable
capacity. For example,
streamflow conditions can
restrict the dependable capacity
of hydro plants and fuel supply
constraints can impact thermal
plant  dependable  capacity.
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Planned and forced outage rates
are not included.

e Installed Capacity (Also
referred to as Nameplate Rating)
- The maximum rating of a
generator or transmission station
equipment as identified by the
manufacturer under specified
conditions.

Capacity Purchase: The purchase of
capacity without energy.

Certificate of Public Convenience
and Necessity (CPCN): A certificate
issued to a public utility by the British
Columbia Utilities Commission for the
construction or operation of a
generating plant or other facility.

Columbia River Treaty: A treaty
signed in 1961 between Canada and
the United States of America that
enabled storage reservoirs to be built
and operated in British Columbia to
regulate Columbia River flows into the
United States for power production and
flood control.

Demand Reduction: A Demand Side
Management (DSM) action taken to
reduce consumer electricity demand, in
response to price, monetary incentives,
or utility directives so as to maintain
reliable electric service or avoid high
electricity prices.

Demand Side Management (DSM):
Actions that modify customer demand
for electricity, helping to defer the need
for new utility energy and capacity
supply additions.

Discount Rate: A rate wused to
determine the present value of receipts
and/or expenditures that will occur over
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a period of time, reflecting the cost of
capital.

Distributed Generation Resources:
Individual-use generation resources,
such as solar or small wind turbines,
distributed amongst and utilized by
customers. Typically offsets individual
customer power consumption and is
connected to the utility system via
some form of net metering facility.

Energy Information Administration
(EIA): A branch of the United States
Department of Energy that collects,
analyzes, and disseminates energy
information.

Energy: The electricity produced or
used over a period of time, usually
measured in KWh, MWh or GWh.

Entitlement Adjustment Agreement
(EAA): An agreement related to the
CPA that defines FortisBC
entittements. See also Canal Plant
Agreement Entitlement.

Exchange Accounts: Accounts
established under the Canal Plant
Agreement to track the varying use of
energy entitlements during the Storage
Draft Season and the Storage Refill
Season, to ensure that entitlement
usage is maintained within agreed
bounds during each season.

Firm Market Purchase: The highest
degree of reliable market power that
can be purchased. It can only be
curtailed due to the most severe
contingencies such as the loss of the
transmission path. See also Long-
Term Firm Resource.

Gigawatt-Hour (GWh): One billion
watt hours, one million kilowatt hours
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(an amount of electric energy that will
serve about 100 residential customers
for one year).

Green Energy: A term describing what
are thought to be environmentally
friendly sources of power and energy.
Typically, this refers to renewable and
non-polluting energy sources. Green
energy includes natural energetic
processes that can be harnessed with
little pollution. Anaerobic digestion,
geothermal power, wind power, small-
scale hydropower, solar power,
biomass power, tidal power and wave
power fall under such a category.
Some versions may also include power
derived from the incineration of waste.

Greenhouse Gases (GHG): Gases
that are thought to contribute to global
climate change, or the greenhouse
effect, including carbon dioxide (CO2),
carbon monoxide (CO) and methane
(CH4).

Heavy Load Hours (HLH): The time of
day in which peak demand occurs.
Heavy Load Hours are from 0600h
through 2200h, Monday to Saturday,
excluding holidays.

Heat Rate: A measure of generating
station thermal efficiency, computed by
dividing the heat content of the fuel by

the resulting net electric energy
generated.
Heritage Contract: A 49,000 GWh per

year contract (in perpetuity) between
BC Hydro’s Generation and
Distribution Lines of Business to
ensure BC Hydro customers (including
FortisBC) benefit from the existing low-
cost hydroelectric and thermal
resources in the BC Hydro system.
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Independent Power Producer (IPP):
A privately owned electricity generating
facility that produces electricity for sale
to utilities or other customers.

Kilowatt (kW): One thousand watts,
the commercial unit of measurement of
electric power. A kilowatt is the flow of
electricity required to light ten 100-watt
light bulbs.

Kilowatt Hour (kWh): One thousand
watts used for a period of one hour, the
basic unit of measurement of electric
energy. On average, residential
customers in British Columbia use
about 10,000 kWh per year.

Levelized Cost, Levelized Price:
Levelizing is a method of converting a
non-uniform stream of energy costs (or
prices) into a present value equivalent
uniform cost (or price).

Light Load Hours (LLH): All hours
that are not Heavy Load Hours. See
Heavy Load Hours.

Load: The amount of electricity
required by a customer or group of
customers.

Load Forecast: The expected load
requirements that an electricity system
will have to meet in the future.

Load Duration Curve: The variation in
electrical load over time, usually hour-
by-hour for a month or a year. The
curve is sorted with the highest load
over the period in question first
followed by the next highest load and
so on. This provides an effective way
to determine how many hours loads
exceeded a certain level.

Resource: A
Market Energy

Firm
facility,

Long-Term
generation
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Block purchase or other power contract
intended to meet load more than five
years in advance. See also Firm
Market Purchase.

Market: The network of electricity
trading options that allows the
purchase of wholesale electricity.

Market Volatility: Market prices vary
considerably depending on the time of
day, weather, fuel costs, and regional
resource availability. This leads to
potential market price shock risk.

Medium-Term  Purchase: Energy
Block market purchases made three to
five years in advance.

Megawatt (MW): One million watts,
one thousand kilowatts. A unit
commonly used to measure both the
capacity of generating stations and the
rate at which energy can be delivered.

Megawatt Hour (MWh): 1,000 kWh.

Net Present Value (NPV): The sum of
the present values (PVs) of a series of
individual cashflows.

Nominal Dollars: Amounts that have
not been adjusted to remove the effect
of changes in the purchasing power of
the dollar.

Non-spinning Reserve: The non-
spinning or supplemental reserve is the
extra generating capacity that is not
presently connected to the system but
can be brought online after a short
delay. This typically equates to the
power available from fast-start
generators, however could also include
the power available on short notice by
importing power from other systems or
retracting power that is presently being
exported to other systems.
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Off-Peak: See Light Load Hours.

Operating Reserve: The operating
reserve is the generating capacity
available to the system operator within
a short interval of time to meet demand
in case a generator is lost or there is
another disruption to the supply. Most
power systems are designed so that
under normal conditions the operating
reserve is always at least the capacity
of the largest generator plus a fraction
of the peak load.

The operating reserve can be divided
into two kinds of reserve power: the
spinning reserve and the non-spinning
or supplemental reserve. Generators
that intend to provide either spinning or
non-spinning reserve should be able to
reach their promised capacity within
ten or so minutes.

Peaking Plant: A generation plant that
typically only runs at times of peak
demand. See also Super-Peaking.

Peaking Purchase: The purchase of
energy that is required to meet load
due to system capacity constraints
during peak load days.

Planning Margin: Planning margin is
the difference between the electricity
supply capacity available and the
capacity required to serve the load
over a planning period. Intended to
protect against a 1 day in 10 year loss
of load possibility, the planning margin
typically is between 10-30 percent
over forecast load requirements,
dependent upon the type and size of
generation resources employed.

Power: The instantaneous rate at
which electrical energy is produced,
transmitted or consumed, typically
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measured in watts (W), kilowatts (kW),
or megawatts (MW). See also
Capacity.

Pumped Storage Hydro (PSH): A
Pumped Storage Hydro facility is a
method of storing and producing
electricity to supply high peak
demands by moving water between
reservoirs at different elevations.

Present  Value (PV): Today’s
discounted value of future receipts
and/or expenditures. Often also called
net present value. See also Discount
Rate.

Real Dollars: In economics, the
nominal values of something are its
money values in different years. Real
values adjust for differences in the
price level in those years. Examples
include a bundle of commaodities, such
as gross domestic product, and
income. For a series of nominal values
in successive years, different values
could exist because of differences in
the price level, an index of prices. But
nominal values do not specify how
much of the difference is from changes
in the price level. Real values remove
this ambiguity. Real values convert the
nominal values as if prices were
constant in each year of the series.

Reliability: A measure of the
adequacy and security of electric
service. Adequacy refers to the
existence of sufficient facilities in the
system to satisfy the load demand and
system operational constraints.
Security refers to the system’s ability to
respond to transient disturbances in
the system.

Resource: A source of electricity that
is available to help meet or reduce
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electricity demand, including
generation, purchases, demand side
management and transmission
facilities.

Short-Term Purchase: Energy Block
market purchases made several
months, up to a year, in advance.

Spinning Reserve: The extra
generating capacity that is available by
increasing the power output of
generators that are already connected
to the power system.

Spot Market: Real-time (hourly) and
day-ahead market purchases and
sales of electricity.

Super-Peaking Purchase: Electricity
required to meet Load during peak
usage periods. Generally considered to
be approximately four to six hours of
highest demand during the standard
HLH block each day.

Upgrade: An improvement to an
existing facility, which generally results
in an increased performance of the
integrated system.

Watt: The basic unit of measurement
of electric power, indicating the rate at
which electric energy is generated or
consumed.

(1 watt = 1 joule per second).

Watt-hour (Wh): An electrical energy
unit of measure equal to one watt of
power supplied to, or taken from, an
electric circuit steadily for one hour.

WAX CAPA: The Waneta Expansion
Capacity Purchase Agreement, a 40
year capacity purchase agreement with
the  Waneta Expansion  Power
Corporation to purchase all unused
WAX-related capacity that remains
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after BC Hydro has acquired the
energy entitlements associated with
the plant (as defined by the CPA). The
capacity entitlements obtained by
FortisBC under WAX CAPA begin in
2015 and vary by month.
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1 Executive Summary

FortisBC Inc. ("FortisBC") has retained Midgard Consulting Inc. ("Midgard") to assess the future outlook
of the electricity markets in BC and surrounding areas and forecast the cost and availability of energy and
capacity products accessible to FortisBC.

FortisBC is a regulated electric utility serving approximately 161,000 customers in the southern interior of
British Columbia. In 2010 it sold 3,046,000 MWh of electricity to its customers, of which approximately
half (1,530,000 MWh) came from the energy entitlements of its four hydroelectric generating facilities on
the Kootenay River. Peak demand in 2010 was 707 MW, 223 MW of which was met by the four
Kootenay River facilities'.

FortisBC’s service area peak system loads have exceeded the utility’s reliable capacity resources since
the 1990s. At that time it was both economical and reliable to address the relatively minor capacity gaps
with market purchases. Since then the service area loads have grown significantly and the winter peak
capacity gap presently exceeds 140 MW?2. During this period historical regional capacity surpluses have
eroded and regional transmission has become more constrained. Market prices have increased, as has
market price volatility, especially during extreme regional weather conditions.

The recent acquisition of surplus capacity from the Waneta Expansion (“WAX”) Project will satisfy
FortisBC’s capacity deficit after the project is commissioned in 2015. The WAX capacity is provided
under the terms of the Canal Plant Agreement. FortisBC has acquired contractual capacity rights from
Powerex to satisfy its capacity requirements in the interim.

The measures mentioned in the previous paragraph addresses FortisBC’s capacity requirements in the
medium term however they do not fully address immediate or long term capacity needs. As well, the
measures do not address FortisBC’s energy gaps in the short, medium, or long term (see Sections 3.2
and 3.4). FortisBC will choose to fill these gaps either by purchasing energy and/or capacity from the
wholesale market, or by causing the construction of a new generation facility (referred to within this
analysis as the new resources market).

1.1 Cost of Energy and Capacity in British Columbia

British Columbia is an integral member of the Western Electricity Coordination Council ("WECC"). Key
factors influencing the traded price of electricity in the WECC region and consequently the electricity
markets of British Columbia include the amount of annual precipitation in the region, the price of natural
gas and regional transmission constraints. An abundance of precipitation, low natural gas prices, and

' FortisBC 2010 Annual Information Form

2 Based upon the December 2011 peak load forecast and pre-Waneta Expansion Capacity Purchase Agreement (WAX CAPA)
resource stack. The interim capacity purchase from Powerex arranged as part of the WAX CAPA has now addressed most of this

gap.
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lack of transmission constraints will lead to lower overall power prices in WECC while low precipitation
levels, high natural gas prices and an abundance of transmission constraints push power prices higher.

The wholesale electricity market in British Columbia has a limited number of buyers and sellers and as a
consequence wholesale pricing in the province essentially amounts to the wholesale prices for the Mid-
Columbia ("Mid-C") market adjusted to take into account the costs of moving electricity into BC.
Conversely, the pricing of the new resources market in the Province is derived by estimating the energy
or capacity price that would be necessary to incent the construction of a new generation facility.

Figure 1.1-A graphs the forecast BC Wholesale Market Energy Curve against the BC New Resources
Market Energy Curve, while Figure 1.1-B graphs the forecast BC Wholesale Market Capacity Curve
against the BC New Resources Market Capacity Curve.

Figure 1.1-A: BC Wholesale Market Energy Curve vs. the BC New Resources Market Energy Curve
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Figure 1.1-B: BC Wholesale Market Capacity Curve vs. BC New Resources Market Capacity Curve
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1.2 WECC Trends Influencing the Wholesale and New Resources Markets

The market for energy and capacity in western North America is undergoing significant change, much of

which is related to the integration of renewable generation resources into the grid. Table 1.2-A

summarizes the potential impacts of key trends on the wholesale market and new resources market of

British Columbia.

Table 1.2-A: Potential Impacts of Market Trends on BC Markets

WECC Market Trend

Wholesale Market

New Resources Market

Renewable Portfolio Standards
& Additional Intermittent
Resources

Risk to supply-certainty; risk of
higher wholesale capacity prices

Limited impact

Demand Side Management
Programs

Limited risk to supply certainty

Limited impact, but potential
upward price pressure in long-
term

Delays in New Transmission
Construction

Risk to supply certainty; risk of
higher wholesale market prices

Potential impact, resulting in
upward price pressures

Clean Energy Act:
e Generation Surplus
e Export Mandate

Potential positive impact for
FortisBC / BC Wholesale Market
energy and capacity buyers

Potential upward price pressures
in medium-term

Alberta Market — Current State

Price risk and supply-certainty
risk

Limited impact

1.3 Summary Conclusions

Midgard concludes as follows:

e FortisBC’s continued reliance upon the wholesale electricity market to meet current and future

needs is not an unreasonable strategy - especially in light of the modest sizes of FortisBC’s

energy and capacity deficits.

o BC Wholesale Energy Market prices are projected to remain less expensive than

comparable BC New Resources Market Energy prices until approximately 2030.

o BC Wholesale Capacity Market prices for capacity products are projected to remain less

expensive than comparable BC New Resources Market Capacity prices until

approximately 2019.

e Overall market trends in the WECC region — chiefly renewable portfolio standards ("RPS"), DSM

and the current state of the Alberta electricity market — are of a greater threat to the price and

supply availability of capacity and energy in the wholesale markets than they are to the price and

supply availability of energy and capacity from the new resources markets. Meanwhile, the impact

of transmission delays and the BC Clean Energy Act are more ambiguous for both the wholesale
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and new resources markets; they appear to have the potential to improve the relative cost
competitiveness of the BC Wholesale Markets over the BC New Resources Markets.

o The BC New Resources Capacity Market is less expensive than the BC Wholesale Capacity
Market when longer term transactions are evaluated. Upward price pressures and product
availability concerns in both the wholesale market energy and wholesale market capacity markets
make new resources more competitive on a long term basis.
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2 Introduction

FortisBC Inc. ("FortisBC") engaged Midgard Consulting Inc. ("Midgard") to perform a 30 year
assessment of the electricity market in British Columbia. Midgard will also evaluate the relative risk of
competing procurement strategies in the context of FortisBC’s future energy and capacity needs.

The report contains the following deliverables:

1. British Columbia Wholesale Market Energy (electricitya) forecast curve
British Columbia New Resources Market Energy (electricity) forecast curve
British Columbia Wholesale Market Capacity forecast curve

British Columbia New Resources Market Capacity forecast curve

Natural Gas forecast price curve

S T

Greenhouse Gases forecast price curve

® Throughout the analysis, the term energy is defined as the electricity produced or used over a period of time, usually measured in
KWh, MWh, or GWh.
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3 Background on the Energy and Capacity Needs of FortisBC

FortisBC is a regulated electric utility serving approximately 161,000 customers in the southern interior of
British Columbia. In 2010 it sold 3,046,000 MWh of electricity to its customers, of which 1,530,000 MWh
came from the energy entitlements of its four hydroelectric generating facilities on the Kootenay River.
Peak demand in 2010 was 707 MW, 223 MW of which was provided by the four Kootenay River facilities.
FortisBC also owns a transmission and distribution network consisting of 1,400 km of high voltage
transmission lines, 5,600 km of distribution lines and 64 substations®.

As a member of Western Electricity Coordinating Council ("WECC"), FortisBC can, theoretically, draw
upon a large wholesale electricity market to help serve its load requirements. Energy and capacity are
available in the WECC market from various utilities and independent power producers that have surplus
power available for sale or exchange. These surpluses are typically the result of either the load demand
not being as high as forecast or the supplies of electricity being higher than forecast and/or higher than
needed. Additionally, energy may be procured from non-utility generation asset owners who have under-
utilized generation capacity and available fuel.

The WECC region is a dual peaking electricity system, with the south peaking in the summer and the
north peaking in the winter. FortisBC is primarily concerned about the availability and cost of energy and
capacity during the winter months when FortisBC experiences its peak demand.

Surplus power is typically available in BC and the Pacific Northwest ("PNW") during the spring freshets
(high river flows due to thaws and precipitation) and/or during years of above-average precipitation.
Some utilities, with BC Hydro being the most prominent, can store energy in their hydroelectric reservoirs
and for the right price are usually able to provide power to the market at any time.

3.1 Differentiating Between Energy and Capacity

The difference between energy and capacity is important to understand and key to thinking about the
requirements of a utility. Put simply, energy is the consumable and capacity is the assurance that the
consumable is available as and when required.

In practice, it is often impractical to completely separate energy from capacity since any agreement to
procure energy will include provisions addressing the delivery of the energy.

To the extent the energy is delivered at a time, rate and place of the buyer’s preference, it inherently
includes capacity characteristics. In other words, if the buyer dictates how much energy it receives and
where and when it receives that energy then in the act of buying, the buyer has purchased capacity by
having bought ‘the assurance’ that the consumable is available as and when required.

* FortisBC 2010 Annual Information Form
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Similarly, to the extent that energy is delivered at the seller’s discretion (time, rate & place), the product
will be characterized as an energy only product with poor capacity characteristics (i.e. energy that cannot
be reliably called upon when needed). An energy product that is not reliably available for the buyer’s use
to meet actual demand will not be as valuable to that buyer as an energy product with embedded capacity
characteristics’.

FortisBC obtains most of its capacity and energy through a combination of self-supply, long term power
purchase agreements and other contractual arrangements including the Canal Plant Agreement®. In this
report, these sources of capacity and energy are considered FortisBC resources.

After reaching the limits of its own resources, FortisBC covers its energy and capacity shortfalls with
purchases from the wholesale electrical energy market. Generally, wholesale electrical energy market
purchases are done by buying power in the spot market or through buying blocks of guaranteed delivered
power (or ‘firm power’).

As described in Sections 3.2 and 3.3, FortisBC is facing both energy gaps and capacity gaps in the
coming 30 years. This energy market analysis pays particular attention to the winter peak months, those
months which are deemed to be the highest demand months for the northern portion of the WECC region
and are therefore of greater importance to FortisBC.

3.2 FortisBC Energy Outlook

FortisBC is expected to require small but increasing amounts of new energy supplies over the coming
three decades. The energy requirements are anticipated to grow by approximately 11 GWh per annum
from a starting point of 5 GWh in 2011 to a gap of 311 GWh by 2040. FortisBC's energy load is expected
to outpace its available resources at a rate outlined in Table 3.2-A. It is important to note that this
forecast includes the effects of expected demand side management ("DSM") programs.

® BC Hydro’s recent Clean Power Call contracts include provisions to ensure that BC Hydro pays a different price for the energy that
is certain to be delivered (firm energy) and the energy that is not certain to be delivered (non-firm energy). The price differential
between the firm energy and the non-firm energy is approximately $75-100/MWh higher for the firm energy than for non-firm energy.

®Under the Canal Plant Agreement, FortisBC is permitted to instruct BC Hydro to provide delivery of energy at a time of FortisBC's
choosing, subject to certain capacity limitations — namely how much energy can be delivered in a given hour.
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Table 3.2-A: Forecast FortisBC Energy Gap by Year (GWh)
Year Energy Gap Year | Energy Gap Year | Energy Gap
2011 5 2021 46 2031 180
2012 9 2022 58 2032 195
2013 9 2023 69 2033 210
2014 12 2024 82 2034 224
2015 5 2025 95 2035 239
2016 6 2026 107 2036 253
2017 9 2027 120 2037 268
2018 14 2028 135 2038 282
2019 25 2029 151 2039 296
2020 35 2030 167 2040 311

3.3 FortisBC Capacity Outlook

Similar to energy, FortisBC faces capacity shortfalls over the next three decades. Until 2014 FortisBC

faces expected capacity gaps of up to 107 MW in the summer (July 2014) and 125 MW in the winter
(March 2014) (see Table 3.3-A).

After the Waneta Expansion Capacity Purchase Agreement comes into effect in 2015, FortisBC’s

expected peak summer and winter capacity gaps essentially fall to zero. The summer gap grows from 4
MW in 2015 to 112 MW in 2040. The winter gap remains at zero until 2017, but then expands at
approximately 10 MW per year, reaching 223 MW in 2040. It is important to note that these forecasts

take into account both the effects of DSM as well as FortisBC’s planning reserve margin requirements.

Table 3.3-A: Forecast FortisBC Capacity Gaps By Month and Year (MW)

Year | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
2011 | 4 39 | 101 0 0 34 | 84 | 36 0 29 | 40 | 74
2012 | 14 | 47 | 108 | 4 0 40 | 91 43 0 35 | 48 | 85
2013 | 24 | 56 | 117 | 11 0 47 | 100 | 50 0 43 | 58 | 96
2014 | 34 | 64 | 125 | 17 0 53 | 107 | 57 0 49 | 66 | 106
2015 0 0 1 0 0 4 0 0 0 0 0 0
2016 | O 0 0 0 0 6 0 0 0 0 0 0
2017 | O 0 0 0 0 9 0 0 0 0 0 2
2018 | O 0 0 0 0 12 0 0 0 0 0 13
2019 O 0 0 0 0 16 0 0 0 0 0 23
20201 O 0 0 0 0 20 0 0 0 0 0 34
2021 O 0 0 0 0 24 0 0 0 0 0 45
2022 | 0 0 0 0 0 28 0 0 0 0 0 56
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Year | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
2023 | O 0 0 0 0 32 0 0 0 0 0 67

2024 | 6 0 0 0 0 36 3 0 0 0 0 79

2025 | 17 0 0 0 0 41 11 0 0 0 0 90

2026 | 27 0 0 0 0 45 18 0 0 0 0 101
2027 | 37 0 0 0 0 49 | 26 0 0 0 0 113
2028 | 48 0 0 0 0 54 | 34 0 0 0 0 125
2029 | 59 0 0 0 0 58 | 42 0 0 0 0 136
2030 | 69 0 0 0 0 62 | 50 0 0 0 0 147
2031 | 78 0 0 0 0 66 | 57 0 0 0 0 156
2032 | 89 0 0 0 0 70 | 65 0 0 0 0 164
2033 | 99 0 0 0 0 74 | 72 0 0 0 0 171
2034 | 109 | 7 0 0 0 78 | 80 0 0 0 0 179
2035 | 118 | 15 3 0 0 82 | 87 0 0 0 0 186
2036 | 128 | 23 11 0 0 86 | 92 0 0 0 0 194
2037 | 138 | 31 19 0 1 90 | 97 0 0 0 0 | 201
2038 | 148 | 39 | 27 0 4 94 | 102 0 0 0 0 | 208
2039 | 155 | 47 | 34 0 8 98 | 107 0 0 0 7 | 216
2040 | 161 | 55 | 42 0 11 | 102 | 112 0 0 0 16 | 223
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4 Fundamentals of Market Pricing in the WECC Region

This section discusses the Western Electricity Coordinating Council region and factors that influence the
price of WECC traded electricity.

4.1 Western Electricity Coordinating Council

As its website reports, WECC is the “...Regional Entity responsible for coordinating and promoting bulk
electric system reliability in the Western Interconnection...(and) is geographically the largest and most
diverse of the eight Regional Entities that have Delegation Agreements with the North American Electric
Reliability Corporation ("NERC"). WECC's service territory extends from Canada to Mexico...(including)
the provinces of Alberta and British Columbia, the northern portion of Baja California, Mexico, and all or
portions of the 14 Western states between. Due to the vastness and diverse characteristics of the region,
WECC and its members face unique challenges in coordinating the day-to-day interconnected system
operation and the long-range planning needed to provide reliable electric service across nearly 1.8 million
square miles.”’

In 2010, the Total Internal Demand?® (or coincidental peak demand) for the WECC region was 148,000
MW? while the available generation was 184,000 MW; annual energy use is projected at 863,355 GWh for
2010"°. WECC is a dual peaking system, with the southern region experiencing peak demand during the
summer months, and the northern region, which includes British Columbia, Alberta and the Pacific
Northwest, experiencing peak demand during the winter months.

Within WECC, the two most heavily traded electricity hubs are SP-15 and Mid-Columbia ("Mid-C")”. SP-
15 is the electricity trading hub for Southern California; Mid-C the trading point for the Pacific Northwest.

The composition of generation within WECC is characterized by large amounts of thermal generation
(coal and natural gas fired generation), nuclear generation, and significant hydroelectric generation
capacity. In recent years, the quantity of renewable generation, particularly wind generation, has grown
appreciably.

7 http://www.wecc.biz/About/Pages/default.aspx

8 “Total Internal Demand is the sum of the metered (net) outputs of all generators within the system and the metered line that flows
into the system, less the metered line that flows out of the system. Total Internal Demand includes adjustments for indirect
Demand-Side Management programs such as conservation programs, improvements in efficiency of electric energy use, and all
non-dispatchable demand response programs.”

8 North American Electric Reliability Corporation, 2010 Long-Term Reliability Assessment, October 2010, page 28, Table 4.
® North American Electric Reliability Corporation, 2010 Long-Term Reliability Assessment, October 2010, page 267

1% North American Electric Reliability Corporation, 2010 Long-Term Reliability Assessment, October 2010, page 272

" Federal Energy Regulatory Commission, 2008 State of the Markets Report, August 2009, page 54
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4.2 Market Forecasting

In a market where electricity is traded, the prices are set by the marginal cost of the last megawatt hour
that was produced in order to meet the load requirement at that point in time. That marginal cost
determines the clearing price in the marketplace.

The marginal cost of electricity generated from a natural gas fired generator is typically more expensive
than the comparable cost of electricity from a nuclear or coal-fired plant. Load demand frequently rises
during on-peak periods to a level where the output of natural gas generation facilities is required and that
in turn determines the marginal cost of electricity in the wholesale market. Consequently, market
electricity prices (especially on-peak prices) in WECC and across much of North America are strongly
correlated to the price of natural gas that is fuelling that electrical generation.

During low demand periods, such as daily off-peak hours or certain days during the spring and fall
seasons, the marginal cost of electricity will be determined by the marginal cost of base load generation.
Base load generators include nuclear generators and coal-fired generators that produce power at a low
marginal cost and are designed to be operated at or near their full output all hours of the day and night.

Intermittent generators such as wind, run-of-river (or must-run) hydro and solar fueled generation facilities
are price takers. They sell their generation into the marketplace regardless of prevailing market prices
because their fuel is ‘free’. Their intermittent nature means that regardless of market price they will
generate when they have fuel - wind, water or sun - and will not generate when they do not have fuel.
They are never considered to be the marginal cost assets for forecasting purposes. However, during
times of abundant intermittent generation, such as during spring freshet or optimal wind conditions, the
quantity of power produced will depress market prices since the marginal cost of electricity generated will
be determined by the base load generators, rather than higher cost natural gas generators.

Hydroelectric assets will either behave as price takers - as described in the previous paragraph - or will
'shadow price’ the highest marginal cost generation asset at the time of production. Shadow pricing is
defined as the pricing of the generation at or just below the highest cost generation asset expected to be
dispatched. Asset owners shadow price in order to capture the highest expected profit margin.

Other smaller generation technologies like biomass and geothermal do not represent a large enough
source of energy to influence the forecast market price for electricity in the WECC region.

Transmission is required to move power from one location within the WECC region to another. The cost
of transmission to get power from a generator to a trading point and from a trading point to the point of
delivery adds to the price of electricity at the specified point of delivery (e.g. FortisBC territory). During
certain times of year, such as extreme weather events in July or January, the transmission system can
become fully utilized, at which point in time a transmission constraint is created. These transmission
constraints force the constrained sub-region’s load demands to be met by a limited number of alternative
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electrical sources (that still have unconstrained transmission access to the load). The impact of
transmission constraints is often to increase the market clearing price of electricity within the sub-region.

Forecasts of future electricity prices in the WECC region and sub-regions must account for the following
key factors:

e Hydrology
e Natural Gas Prices

e Transmission Availability (to facilitate intra-regional energy trade).

4.2.1 Precipitation (Hydrology)

Over 30% of the generating capacity in the WECC region is hydroelectric generation and almost 55% of
its northern region’s generation capacity is fueled by water'®. There are multiple major river basins in the
WECC region that feed hydroelectric generation and, depending on precipitation levels, the amount of
marketable energy available in a given year can vary dramatically in the different drainage basins. For
example, BC Hydro’s Heritage Hydro assets can experience annual generation variations of 10,000 GWh
between BC'’s wettest and driest years (annual BC generation is approximately 60,000 GWh13). The
variation in energy generated by the US Federal hydroelectric generation facilitates administered by
Bonneville Power Administration (BPA) varies by approximately 24,500 GWh between the region’s
wettest and driest years (97,900GWh to 73,400 GWh)™.

4.2.2 Natural Gas

Over 40% of the generating capacity in the WECC region is produced from either natural gas fired
generation plants or dual fired generation plants (which typically use natural gas as the default fuel).
Within the Pacific Northwest region, approximately 60% of merchant generation capacity is natural gas
fuelled (see Table 4.2.2—A)15. A merchant plant owner will sell to the market when the market price of
electricity will cover or exceed the variable cost of production; that cost is primarily dependent on the cost
of natural gas and the plant’s efficiency (heat rate) but also includes secondary non-fuel cost items like
operating and maintenance costs (e.g. shut down / start up costs, overhaul costs etc.).

North American Electric Reliability Corporation, 2009 Long-Term Reliability Assessment, October 2009, page 139 & 156
3 BC Hydro, 2011 IRP Technical Advisory Committee Summary Brief: Exports, January 2011, page 1

' Bonneville Power Administration, 2010 Pacific Northwest Loads and Resources Study, May 2010, page 32, Table 6

'® Bonneville Power Administration, 2010 Pacific Northwest Loads and Resources Study, May 2010, page 63, Table 15
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Table 4.2.2-A: Expected Uncommitted PNW IPP'® Resources

Project W) Peak | (@Wh) | Energy | FuelType
Big Hanaford CCCT 248 6.9% 1964 7.1% Natural Gas
Hermiston Power Project 630 17.4% 4979 17.9% Natural Gas
Klamath Cogeneration Project 484 13.4% 3822 13.7% Natural Gas
Klamath Peaking Unit 100 2.8% 123 0.4% Natural Gas
Satsop 650 18.0% 5128 18.4% Natural Gas
SP Newsprint Cogen 104 2.9% 912 3.3% Natural Gas
Natural Gas Subtotal 2216 61.3% 16927 60.8%
Centralia #1 670 18.5% 5487 19.7% Coal
Centralia #2 670 18.5% 4856 17.4% Coal
Coal Subtotal 1340 37.1% 10344 37.1%
Sierra Pacific Aberdeen (Sierra Pacific) 15 0.4% 123 0.4% Wood Waste
Weyerhaeuser Longview (Weyerhaeuser) 44 1.2% 307 1.1% Wood Waste
Wood Waste Subtotal 59 1.6% 430 1.5%
Star Point 0 0.0% 140 0.5% Wind
White Creek Wind (1.5%) 0 0.0% 9 0.0% Wind
Wind Subtotal 0 0.0% 149 0.5%
Total | 3615 | 100.0% | 27849 | 100.0%

4.2.3 Transmission Availability and Constraints

As noted WECC is a dual peaking system with seasonal demand diversity; the southern portion of WECC
is summer peaking and the northern portion is winter peaking. This dual peaking system with demand
diversity means that power flows tend to be from north to south during the summer months and south to
north during winter months. Given these transfer patterns it is common that these summer and winter
peaks result in regional or localized transmission constraints. For example, during the summer months
when freshet energy is abundant in the Pacific Northwest and the economic dispatch of this energy to the
southern and southwestern WECC regions makes sense, total southbound transmission is constrained at
several key points, notably the California-Oregon border'”. Numerous other constraints occur

'® Independent Power Producer

" North American Electric Reliability Corporation, 2010 Long-Term Reliability Assessment, October 2010, page 275
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throughout the WECC region, including localized constraints both within British Columbia as well as
between British Columbia and its neighbours, Alberta and the US'®.

Seasonal North-South transmission constraints can be amplified by extreme weather events such as an
extended cold snap in the north during the winter peak. During a cold snap, local hydroelectric assets
typically do not produce enough energy to satisfy sub-regional needs and additional energy is imported
from the south, potentially creating transmission constraints.

In response to emerging renewable portfolio standards (and generous US tax incentives), substantial
amounts of intermittent generation are being built in the WECC region. Because these intermittent
generation resources are primarily energy sources characterized by poor capacity attributes, local
balancing authorities and utilities will be required to introduce measures to effectively manage them.
These measures may include tapping into existing capacity resources to firm the energy produced by
intermittent generation resources'”. The need to retain and access additional capacity resources will
likely change historical transmission flow patterns and potentially create new transmission constraints.

Although additional transmission has been added in recent years in WECC, and further additions are
planned for the coming decade, north-south transmission constraints are expected to persist in both
directions for the foreseeable future, dependent upon the season and the sub-regional electrical
supply/demand balances.

4.3 Competition with Neighbouring Jurisdictions

The FortisBC service territory abuts BC Hydro service territory, which in turn interconnects with Alberta
and the US Pacific Northwest. The transmission transfer limit at the three interconnections on the British
Columbia / United States border® and at the two interconnections on the British Columbia / Alberta
border are:

e  British Columbia / United States: 2,000 MW northbound into British Columbia and 3,150 MW
southbound into the United States. These limits reflect the combined capability of the two 500 kV
lines between BC Hydro’s Ingledow substation and Bonneville Power Administration’s Custer
substation, and the two 230 kV lines between Boundary and Nelway near Trail, BC.

e  British Columbia / Alberta: 1000 MW westbound into British Columbia and 1200 MW eastbound
into Alberta. These limits reflect the combined capability of two 138 kV lines and one 500 kV line
connecting the Alberta and BC Hydro integrated systems. In practice, the transfer capabilities
with Alberta are far lower (approximately half) due to transmission constraints within Alberta?'.

¥ As part of their Integrated Resource Plan, BC Hydro is examining transmission requirements to facilitate export activities.
"% North American Electric Reliability Corporation, 2010 Long-Term Reliability Assessment, October 2010, page 279
P|ncludes the one merchant transmission line owned by Teck Metals at Trail, BC.

2! Alberta Electric System Operator, AESO Long-term Transmission System Plan, 2009, Appendix H, page 303
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Both the British Columbia / Alberta® and the British Columbia / United States interconnections are often
at their maximum transmission limit, which means wheeling additional power between utilities in the
region is frequently not possible. Given that the key source of external (non-BC) wholesale market
electricity for FortisBC is the United States, these constraints are a potential problem for FortisBC
because they restrict access to the energy and capacity from the US market. As electricity demand
continues to grow, absent sufficient new transmission infrastructure, transmission constraints between
British Columbia and the United States will become ever more restrictive.

Figure 4.3-A illustrates that the summer peak demand and winter peak demand periods in the Pacific
Northwest coincides with the demand peaks within FortisBC territory. This coincidence of demand peaks
is of particular interest during the winter peak because during extreme regional weather events, such as
an extended cold period, both FortisBC and the Pacific Northwest region would seek additional power
supplies to meet their increased local demands. As a result it is reasonable to expect that FortisBC will
be in competition with nearby regions for both energy supplies and transmission capacity during such
peak demand periods.

Figure 4.3-A: Projected Loads in the FortisBC and PNW Regions
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Figure 4.3-A also shows that the forecast monthly loads for the PNW region and for FortisBC will continue

to grow into the future, resulting in increased competition for generation and transmission resources. This

22 The current Alberta market situation will be discussed in more detail in Section 7 — Market Trends
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potential scarcity of accessible energy is further illustrated in Figure 4.3-B*®, which shows the trend
towards a deficit of one hour capacity resources in the Pacific Northwest region. In the 2011 operating
year, the Pacific Northwest region has a forecast surplus one hour capacity but by the 2020 operating
year the region is forecast to be in a deficit position during both the winter peak and summer peak
months. Moving from surplus to deficit implies that during critical winter peak and summer peak months
the Pacific Northwest region will move from a potential net source of one hour capacity to a net consumer
of one hour capacity, thus becoming a competitor to FortisBC.

Figure 4.3-B: Projected Pacific Northwest Trends in 1-Hour Capacity Surplus/Deficit
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2 Bonneville Power Administration, 2010 Pacific Northwest Loads and Resources Study, May 2010, pg 66
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5 British Columbia Energy Market Analysis

FortisBC has two broad alternatives they can employ to address their forecast energy shortfalls:

1. BC Wholesale Market Energy Purchases: FortisBC can continue to purchase energy in the
wholesale electricity market as it has historically done in recent years.

2. New Resource Market Energy: FortisBC could contract for new generation resources either by
developing and constructing a new generation resource that is owned and operated by FortisBC,
or by entering into a long term Power Purchase Agreement24 with a third party to supply FortisBC
energy from a new generation resource.

This section will discuss the BC Wholesale Market Energy prices relevant to FortisBC, the forecast
market price for new resources in BC, and then compare the two energy price curves.

5.1 BC Wholesale Market Energy Analysis

Pricing of BC Wholesale Market Energy is influenced by the cost of electricity in neighbouring
jurisdictions. The BC market has two immediate neighbours: Alberta to the east and the United States to
the south. Because of the limited transmission linkages (see Section 4.3) between BC and Alberta
relative to those between BC and the United States, Alberta’s electricity market price curves play only a
limited role in determining the expected cost of energy (and capacity) in British Columbia. As a result, in
this report it is the Mid-Columbia electricity market and not the Alberta market that serves as the primary
driver for forecast wholesale electricity prices in BC.

5.1.1 Mid-Columbia Electricity Market

The Mid-Columbia electricity market is one of the most important electricity trading hubs in North America
and, as measured by volume on the Intercontinental Exchange, the third largest electricity trading point in
the US and second largest in the WECC region®®. FortisBC benefits from its proximity to this large liquid
and price transparent Mid-C market and, if it chooses, is able to obtain market supplies of energy priced
against the Mid-C index.

The Mid-C market is dominated by bilateral trading, which is generally the case throughout the WECC
region. Mid-C has traditionally been influenced by large asset owning entities that engage in physical
transactions of power, including BC Hydro in the form of Powerex, Bonneville Power Administration and
other investor owned utilities. However, a growing quantity of the trading transaction volume in the
electricity market is moving to the financial arena, typically the purview of banks and financial trading
houses. This trend underpins the liquidity of the Mid-C market and expands the number of potential

# It is common for the contract for new generation to have a term of 20 years or longer.

% Federal Energy Regulatory Commission, 2008 State of the Markets Report, August 2009, page 52
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energy market counterparts with whom FortisBC could conduct business. In 2008, the volume of Mid-C
financial transactions was larger than the volume of physical transactions®.

Similar to most other electricity markets, electricity prices are prone to spiking during high demand
periods, such as those induced by extreme weather events (e.g. a cold spell in December, or a heat wave
in July), or during times of supply scarcity. Given the large quantity of hydro capacity in the WECC region
in general, and the Pacific Northwest region in particular, a large freshet tends to depress electricity
prices, while a drought boosts prices. Figure 5.1.1-A provides a snapshot of historical market prices and
a sketch of the price volatility in the Mid-C market. Figure 5.1.1-A also shows the historical prices of the
California-Oregon border (COB) electricity index as well as the Northern California (North Path 15 or NP-
15) index, both of which are highly correlated to Mid-C.

Figure 5.1.1-A: Historical Mid-C Electricity Price (Daily and Monthly Averages)
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Energy markets in general and electricity markets in particular have experienced substantial price
volatility over the past decade. The most infamous bout of electricity price volatility in WECC occurred in
2000 and 2001 when California suffered a series of rotating blackouts and the western electricity market
experienced unprecedented price spikes that were facilitated by factors including high natural gas prices,
capacity shortages and transmission constraints.

The western transmission system continues to remain very constrained, and as growth returns to the
economy and electricity demand rises, price volatility should continue to worry electricity buyers in the
foreseeable future.

% Federal Energy Regulatory Commission, 2008 State of the Markets Report, August 2009, page 52, Figure 26
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5.1.2 Mid-Columbia Forecast Price Curve

As part of their 2011 Integrated Resource Plan activities, BC Hydro established several projections for the
Mid-C forecast price curve. Midgard used BC Hydro’s “mid scenario” price curve as the basis for this
report’'s Mid-C forecast price curve. For the years 2032 through 2040, Midgard extrapolated the forecast
curve based upon the “mid scenario” price forecast for the years 2022 through 20317,

The BC Hydro Mid-C “mid-scenario” price forecast was constructed based upon the following key
assumptions®:

e A “mid scenario” projected natural gas prices (discussed further in Appendix A)
e A “mid scenario” projected greenhouse gas prices (discussed in Appendix B)
e Projections of other project fuel costs, including coal and uranium

e A description of the architecture of WECC, the sub-regional demand forecasts and the
transmission constraints.

Figure 5.1.2-A and Table 5.1.2-A shows the 30 year BC Hydro Mid-C forecast price curve®. The black
line represents the all-hours price forecast, the red line represents the high-load hours price forecast and
the blue line represents the low-load hours price forecast.

Figure 5.1.2-A: BC Hydro Mid-C Forecast Price Curve (30 Years) (USD)
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7 |n Addition to the “mid scenario” Mid-C price forecasts, BC Hydro also published four other scenarios and their subsequent price
forecasts. The scenarios combined various permutations of high, medium, and low price forecasts for natural gas and greenhouse
gas prices. Midgard selected the “mid scenario” as the base case for the purposes of this report.

% BC Hydro, 2011 IRP Technical Advisory Committee Summary Brief: Electricity Spot Market Price Forecast, January 2011, page 2-
3, and 2011 IRP Presentation to the Technical Advisory Committee, Meeting #2 — Day 1, January 2011

% Note that the years 2032 to 2040 of the Mid-C Forecast Price Curve were interpolated from the previous 10 years (2022-2031).

Page 19

Page 22 of 54



2012 Long Term Resource Plan
Appendix B - Energy and Capacity Market Assessment

\fMIDGARD 2011 FortisBC Electricity Market Assessment

Table 5.1.2-A: BC Hydro Mid-C Forecast Price Curve (30 Years) (USD)

Year Expected HLH LLH Year Expected HLH LLH

2011 $48.91 $51.31 $46.42 2026 $88.74 $93.10 $84.23
2012 $51.26 $53.78 $48.65 2027 $91.23 $95.72 $86.59
2013 $53.31 $55.93 $50.60 2028 $94.02 $98.64 $89.24
2014 $56.53 $59.31 $53.66 2029 $97.82 $102.63 $92.85
2015 $59.16 $62.07 $56.15 2030 $100.90 $105.86 $95.77
2016 $62.38 $65.45 $59.21 2031 $104.85 $110.01 $99.52
2017 $65.46 $68.68 $62.13 2032 $106.01 $111.23 | $100.62
2018 $68.39 $71.75 $64.91 2033 $108.76 $114.11 | $103.23
2019 $71.03 $74.52 $67.42 2034 $111.51 $116.99 | $105.84
2020 $73.08 $76.67 $69.37 2035 $114.26 $119.88 | $108.45
2021 $78.05 $81.89 $74.08 2036 $117.01 $122.76 | $111.06
2022 $80.54 $84.50 $76.45 2037 $119.76 $125.64 | $113.67
2023 $81.57 $85.58 $77.42 2038 $122.50 $128.53 | $116.28
2024 $83.18 $87.27 $78.95 2039 $125.25 $131.41 | $118.89
2025 $86.11 $90.34 $81.73 2040 $128.00 $134.30 | $121.50

The high load hours (“HLH”) and low load hours (“LLH”") price forecasts were derived by multiplying the
all-hours forecast price curve by 104.9% and 94.9% respectively. The HLH premium (and LLH discount)
is the average of the monthly variations for HLH (and LLH) versus the annual mean forecast price. The
monthly variation of Mid-C forecast prices versus the all hours annual forecast prices is detailed in Table
5.1.2-B%.

®BC Hydro, 2011 IRP Presentation to the Technical Advisory Committee, Meeting #2 — Day 1, January 2011, page 86

Page 20

Page 23 of 54



2012 Long Term Resource Plan
Appendix B - Energy and Capacity Market Assessment

\fMIDGARD 2011 FortisBC Electricity Market Assessment

Table 5.1.2-B: BC Hydro Monthly Mid-C Price Variations

Month HLH Multiplier LLH Multiplier
Jan 116% 105%
Feb 111% 102%
Mar 104% 96%
Apr 95% 89%
May 89% 81%
Jun 90% 82%
Jul 105% 91%
Aug 113% 97%
Sep 102% 94%
Oct 107% 95%
Nov 111% 101%
Dec 116% 106%

Average 104.9% 94.9%

For the purposes of this analysis, Midgard’s Mid-C wholesale market forecast price curve is the exact
same as the BC Hydro Mid-C Forecast Price Curve, as represented in Table 5.1.2-A. The forecast Mid-C
wholesale market price curve is the starting point from which the BC Wholesale Market forecast price
curve was generated.

5.1.3 Translating the Mid-C Forecast Price Curves to the BC Wholesale Market Energy
5.1.3.1 Forecast Curves

Midgard calculated the British Columbia Wholesale Market Energy Forecast Curve by taking the Mid-C
Forecast Price Curve as the starting point, adding the cost of transmitting power from Mid-C to FortisBC
territory, and then converting the resulting price into Canadian dollars.

5.1.3.2 Transmission Costs

The projected cost of transmitting a megawatt hour of electrical energy from Mid-Columbia to FortisBC
territory is $1 917/MWh*". Midgard assumed that the transmission tariff will escalate in cost at 100% of
CPI®%,

% Bonneville Power Administration, 2010 Transmission and Ancillary Service Rate (summary), October 2009, page 1

% The consumer price index - or CPI - utilized throughout this analysis is pegged at 2.1% per annum. Not coincidentally, this is the
CPI projection commonly employed by BC Hydro.
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In addition to the transmission tariff, the cost of moving electricity must also take into account the line
losses. Line losses were forecast at 1.9%°°. Midgard assumed that the transmission losses would
remain constant for the 30 year period.

Midgard also assumed that the power would be delivered from the US to Teck Metals’ Line 71 and then
transmitted into FortisBC territory at no additional cost or charge to FortisBC. Teck Metals’ Line 71 has a
transmitting capacity of several hundred megawatts. Teck Metals does not use the line to import power
and BC Hydro has no import transmission rights on the line. Consequently, Midgard has assumed that
the transmission capacity on the line would be available unconstrained to FortisBC for imports of energy
from the US.

5.1.3.3 Foreign Exchange Conversion

Midgard forecast the USD to CAD conversion rate as a linear trend starting at 1 USD = 1 CAD in 2011
and ending at 1 USD = 1.25 CAD in 2040. This foreign exchange conversion rate was employed to
recognize the historical norm of the Canadian dollar trading at a discount to the US dollar. Midgard chose
to represent this foreign exchange conversion forecast in a simplistic manner because a more elaborate
foreign exchange forecast, in Midgard’s opinion, would not significantly improve the validity of the final BC
Wholesale Market Energy Curve.

The resultant British Columbia Wholesale Market Energy Curves (all hours, HLH, and LLH) are shown in
Figure 5.1.3.3-A and Table 5.1.3.3-A.

Figure 5.1.3.3-A: BC Wholesale Market Energy Curves (CAD)
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% Bonneville Power Administration, Open Access Transmission Tariff, August 2010, Schedule 9 "Real Power Loss Calculation”
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Table 5.1.3.3-A: British Columbia Wholesale Market Energy Curve (CAD)

Year Expected HLH LLH Year Expected HLH LLH

2011 $51.79 $54.24 $49.26 2026 $104.73 $109.73 $99.56
2012 $54.68 $57.27 $52.00 2027 $108.45 $113.63 | $103.09
2013 $57.30 $60.01 $54.49 2028 $112.55 $117.93 | $106.99
2014 $61.18 $64.08 $58.17 2029 $117.90 $123.53 | $112.07
2015 $64.49 $67.55 $61.32 2030 $122.45 $128.31 | $116.40
2016 $68.47 $71.73 $65.11 2031 $128.10 $134.23 | $121.77
2017 $72.36 $75.81 $68.80 2032 $130.48 $136.72 | $124.03
2018 $76.15 $79.77 $72.40 2033 $134.80 $141.25 | $128.13
2019 $79.67 $83.46 $75.74 2034 $139.16 $145.82 | $132.28
2020 $82.59 $86.52 $78.52 2035 $143.58 $150.45 | $136.47
2021 $88.77 $93.00 $84.39 2036 $148.04 $155.12 | $140.72
2022 $92.27 $96.68 $87.72 2037 $152.55 $159.85 | $145.00
2023 $94.19 $98.68 $89.54 2038 $157.11 $164.63 | $149.34
2024 $96.78 $101.40 $92.00 2039 $161.73 $169.47 | $153.72
2025 $100.90 $105.72 $95.92 2040 $167.50 $175.52 | $159.22

5.2 BC New Resources Market Energy Analysis

The alternative approach to procuring energy in the BC Wholesale Market is to self supply (or contract
with a third party) to provide energy from a newly constructed generation resource.

BC Hydro has been actively procuring new generation resources from independent power producers
("IPPs") for the past decade. As such, the cost and conditions of competitive new generation
procurement can be rationally forecast because activity over the past decade has created a well-
developed IPP industry in BC with market tested pricing.

At present, BC Hydro is operating a Standard Offer Program ("SOP") that presents IPP developers the
opportunity to sign long-term contracts with BC Hydro whereby the IPP may sell their generation output to
BC Hydro at a preset price. The SOP has recently been through a two-year review which produced a
number of changes and updates. The eligibility requirements for the program include a 15SMW maximum
size limit, the need for generation to meet government defined clean or renewable qualification standards
and for the generation to be located within British Columbia™.

*BC Hydro, Standard Offer Program: Program Rules, Version 2.0, January 2011, page 1

Page 23

Page 26 of 54



2012 Long Term Resource Plan
Appendix B - Energy and Capacity Market Assessment

WMIDGARD 2011 FortisBC Electricity Market Assessment

Unlike the recent BC Hydro Clean Power Call, the SOP does not discriminate between firm energy and
non-firm energy. Consequently, after adjusting for month of delivery and time of day, all energy
generated under an SOP contract receives the same preset price regardless of the certainty of
production®. Stated another way, BC Hydro assumes the intermittent and volumetric risk on the
generation and therefore is in essence procuring an energy only product.

As a result, the current BC Hydro SOP represents an accurate estimate of the cost of procuring a BC
based energy only product (with the added benefit of being consistent with the prescriptions of the Clean
Energy Act). Because of this, Midgard has estimated the forecast price curve for the BC New Resources
Market Energy based on the current SOP price offering which is $101.39/MWh in 2011 CAD®®. Therefore
the 2011 price point for the Midgard British Columbia New Resources Market Energy curve is
$101.39/MWh. This price was escalated at 50% of cPi® annually between 2011 and 2040 to generate
the remainder of the BC New Resources Market Energy Curve. The BC New Resources Market Energy
Curve is represented in Figure 5.2-A and Table 5.2-A.

Figure 5.2-A: BC New Resources Electricity Market Curve (CAD)
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% In contrast with this treatment, BC Hydro’s Clean Power Call contract stipulates a different price for power that is certain to be
provided (i.e. firm power) than for power that is uncertain to be generated (i.e. non-firm power). Consequently, the prices paid for
firm power can be a multiple of that paid for non-firm power. The firm power price notionally includes a premium for the inherent
capacity of that power.

% $99.30/MWh in 2010 CAD

¥ The 50% of CPI escalation factor was selected to match the escalation factor embedded in an executed SOP contract. A 100%
CPI escalation factor would overstate the future cost of contracted energy, although it might better represent the starting price for
the energy at the time it is first contracted.
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Table 5.2-A: BC New Resources Market Energy Curve (CAD)

Year Price Year Price Year Price

2011 $101.39 2021 $112.55 2031 $124.94
2012 $102.45 2022 $113.73 2032 $126.25
2013 $103.53 2023 $114.92 2033 $127.58
2014 $104.61 2024 $116.13 2034 $128.92
2015 $105.71 2025 $117.35 2035 $130.27
2016 $106.82 2026 $118.58 2036 $131.64
2017 $107.94 2027 $119.83 2037 $133.02
2018 $109.08 2028 $121.09 2038 $134.42
2019 $110.22 2029 $122.36 2039 $135.83
2020 $111.38 2030 $123.64 2040 $137.26

5.3 BC Wholesale Market Energy vs. BC New Resources Market Energy

The analysis has taken two distinct approaches to valuing the price of energy in British Columbia. The
first approach started with a forecast Mid-C electricity curve and translated it into an electricity price
equivalent for delivery into FortisBC territory. The second approach estimated the required contractual
price to procure energy from a newly constructed generation resource. Figure 5.3-A graphs these two
curves together.

Figure 5.3-A: Projected BC Wholesale vs. BC New Resources Market Energy (CAD)
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Figure 5.3-A shows that BC Wholesale Market Energy costs are projected to remain less expensive than
BC New Resources Market Energy costs until 2030. Therefore, from an energy only product standpoint
BC Wholesale Market Energy solutions are projected to be less expensive that new contracted
generation solutions from BC New Resources Market sources until 2030.
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6 British Columbia Capacity Market Analysis

FortisBC has two alternatives to address their forecast capacity shortfalls. One strategy is to purchase
capacity in the wholesale market and the other strategy is to acquire it from new generation resources.

Purchasing capacity in the wholesale market is a strategy that FortisBC has historically employed.
Typically this can only be done on a short term basis and is achieved by contracting for short-term
supplies of firm power38 to be delivered to FortisBC during the peak demand months of December,
January, and/or February. The advantage of this procurement method is that FortisBC has flexibility with
regards contract timings, quantity of contracts and contract durations. The disadvantage of this strategy
is that FortisBC may misread the market and either pay a high price for the firm power or be unable to
secure the quantity and quality of firm power that FortisBC is seeking. Short term market prices of
electricity can be volatile (see Section 5.1.1) and unanticipated spikes in prices or scarcity of available
supply cannot be predicted. Consequently, relying upon short term market purchases in the wholesale
electricity market entails certain cost and supply-certainty risks for FortisBC and its ratepayers.

The second strategy is to contract for new generation resources either by developing and constructing a
new firm capacity generation resource that is owned and operated by FortisBC, or by contracting with a
third party to provide long term supply of firm capacity to FortisBC from a new generation resource.
Similar to the case for energy, it is common for the power purchase agreement to have a term of 20 years

or longer.

This section will discuss the wholesale market price curve for capacity available to FortisBC, the forecast
market price for new contracted generation in BC and compare the two BC capacity price curves with
each other.

6.1 BC Wholesale Capacity Price Curve
Capacity is essentially the timing and rate of energy delivery.

6.1.1 Translating the BC Wholesale Market Energy Curve into the BC Wholesale Market
Capacity Curve

Starting from the BC Wholesale Market Energy Curve that was presented in Section 5.1.3, the cost (in
$/MW-month) of a series of wholesale market purchases of firm delivered power can be estimated. This
assumes that a block of firm energy could and would be procured today for delivery over multiple years
into the future.

% In practice, FortisBC has been unable to procure a pure capacity option product whereby they could call on the energy as and
when needed. Rather FortisBC has had to contract for firm power deliveries in order to ensure delivery and then resell any
unneeded power back to the spot market at the then prevailing market price.
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The block of energy would cover the high load hours of the four FortisBC high load months of January,
July, November, and December. The notional cost of procuring this block of power for a year is summed
and then divided by twelve months to obtain an annualized price ($/MW month) estimate.

The wholesale market price for high load hours during the months of January, July, November, and
December was estimated by multiplying the annual BC Wholesale Market Energy Curve by the monthly
average premiums for these four months. 112% is the average premium that these four months trade
above the annual average price, as per Table 5.1.2-b (Jan=116%, Jul = 105%, Nov=111%, and
Dec=116%).

Wholesale markets tend to be very liquid in the short term but increasingly less so in the medium and
long term, as you move further out the forecast curve. The cost premium of purchasing a ten year hedge
is far more than the premium for purchasing a one year hedge. These additional costs relate to a number
of factors including:

e Credit costs required to secure the transaction (such as letters of credit requirements)
e The low number of credit worthy counterparts with whom to transact
¢ The liquidity cost premium that long-term transactions incur

e The wider bid/ask spreads that extraordinary transactions attract

Consequently, the cost of a wholesale market transaction was adjusted upwards to take into account the
above factors. Specifically, the annual price estimates were increased by 2% per year to represent the
increasingly costly nature of long term wholesale market transactions.

Table 6.1.1-A shows the results of all these calculations and includes a subjective assessment of the
likelihood of being able to find a party with whom to transact. The table reveals that today’s cost of
procuring wholesale market supply of capacity becomes increasingly expensive as the term of the
transaction extends into the future.
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Table 6.1.1-A: BC Wholesale Market Capacity Curve Estimations (CAD)

Epected Fos | Lilnood o Eipected Pt Likelinood o
Year J_an-JuI_-Nov-Dec pri%tﬁr?::é a Year J_an-JuI_-Nov-Dec pr?)%tljjr?% a

incl. Fin. Costs hedge incl. Fin. Costs hedge

(CAD/MW.mo) (CAD/MW.mo)
2011 $6,942 very likely 2026 $18,894 unlikely
2012 $7,476 likely 2027 $19,955 unlikely
2013 $7,991 likely 2028 $21,125 unlikely
2014 $8,702 potentially 2029 $22,571 unlikely
2015 $9,356 potentially 2030 $23,912 unlikely
2016 $10,133 difficult 2031 $25,515 unlikely
2017 $10,923 difficult 2032 $26,509 unlikely
2018 $11,724 difficult 2033 $27,934 unlikely
2019 $12,512 difficult 2034 $29,415 unlikely
2020 $13,230 difficult 2035 $30,955 unlikely
2021 $14,504 unlikely 2036 $32,555 unlikely
2022 $15,379 unlikely 2037 $34,219 unlikely
2023 $16,012 unlikely 2038 $35,947 unlikely
2024 $16,781 unlikely 2039 $37,742 unlikely
2025 $17,846 unlikely 2040 $39,872 unlikely

6.2 BC New Resources Market Capacity Curve

The alternative strategy for closing FortisBC’s forecast capacity gaps is to procure the capacity product
from a new power generation facility (e.g. self-supply or IPP). A new power generation facility is a more
concrete means of ensuring long term supply-certainty, especially if the facility is constructed close to the
load requirement. Nevertheless, this strategy carries its own risks; the cost of fixing the price of long-term
supply may prove to be more expensive than the cost of a series of short term wholesale market
purchases.*

6.2.1 Resources Options Report

In 2010, FortisBC contracted Midgard to renew the Company’s resource option analysis and prepare a
2010 Resource Options Report (“2010 ROR”). The 2010 ROR reviewed potential resources and
estimated various resource costs for both capacity and energy. This section will draw on the 2010 ROR

% This opportunity cost can only be assessed after the fact, and is not dissimilar to the decision that households face when they
decide whether to lock in a fixed rate or a floating rate mortgage.

Page 28

Page 31 of 54



2012 Long Term Resource Plan
Appendix B - Energy and Capacity Market Assessment

WMIDGARD 2011 FortisBC Electricity Market Assessment

findings, specifically the conclusions of the least costly capacity resources that met FortisBC’s
requirements; it will use those findings to help generate the BC New Resources Market Capacity Curve.

6.2.1.1 Evaluation Criteria

To enable consistent evaluation of resources that represent a wide range of technologies and fuel
sources, the 2010 ROR employed a simplified cost metric named Unit Capacity Cost ("UCC"). The metric
condensed the economic characteristics of the different resource options4° into a resource specific Unit
Capacity Cost.

The Unit Capacity Cost is the annual cost of providing dependable capacity using each resource option,
expressed in $/MW-month units. Annual costs used in the calculation include the interest on debt, return
on equity and amortization, all derived from the project capital cost. Annual costs also include the fixed
operating costs that must be spent to keep the project’'s dependable capacity available regardless of the
amount of energy generated each year. UCC was used to rank the various capacity resources under
consideration.

Non-Economic Criteria

In addition to economic criteria the resources identified in the 2010 ROR were passed through additional
filters that measured the resource’s effectiveness in meeting FortisBC’s planning needs. The filters
included an assessment to ensure that the resources:

o Were based upon proven commercially viable technology

¢ Adhered to the directives and principles of the Clean Energy Act including assessing the
resources’ environmental impacts

o Were assessed based upon the ancillary benefits*’ they might provide to the FortisBC system
6.2.1.2 Results of the 2010 Resource Options Report

Table 6.2.1.2-A summarizes the least expensive capacity resources available to FortisBC, ranked using
the UCC metric. The list includes a simple cycle gas turbine followed by a combined cycle gas turbine,
pumped storage hydro, and a small hydro resource with capacity.

“° Representative capacity resources included Simple Cycle Gas Turbines ("SCGT") and pumped storage hydro plants.

“'Examples of ancillary benefits include reactive power/voltage support, AGC/load following, spinning reserves, dispatch ability and
most notably Transmission Must Run service, where the resource can be dispatched as required to relieve transmission path
congestion.
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Table 6.2.1.2-A: Competitive Unit Capacity Cost Resource Options (CAD 2010)

Project Depepdable Capital UCC @6% UCC @8%
Capacity (MW)|Cost (k$) |($/MW-month) [($/MW-month)
Simple Cycle Gas Turbine 39 44,269 8,481 10,163
Combined Cycle Gas Turbine 243 329,445 10,624 12,708
Potential Pumped Storage Hydro 180 340,000 13,668 17,412
Similkameen - Small Hydro with Capacity 60 283,117 29,274 38,003

6.2.1.3 Translating UCC Results into a BC New Resources Market Capacity Curve

The result of the 2010 ROR analysis was that a simple cycle gas turbine would be FortisBC’s most cost
effective capacity resource solution. Based upon this conclusion, and the UCC metric of $10,163/MWh-
month, Midgard derived a BC New Resources Market Capacity Curve.

The UCC derived cost of $10,163 was used as the starting point and escalated at 100% of CPI for years
2011 through 2040. Table 6.2.1.3-A depicts the results of the exercise.

Table 6.2.1.3-A: BC New Resources Market Capacity Curve: Based on Escalated UCC Cost of

SCGT (CAD)
Year New Resources: UCC Costs Year New Resources: UCC Costs
(SCGT) (CAD/MW-Mo) (SCGT) (CAD/MW-Mo)
2011 $10,376 2026 $14,172
2012 $10,594 2027 $14,470
2013 $10,817 2028 $14,774
2014 $11,044 2029 $15,084
2015 $11,276 2030 $15,401
2016 $11,513 2031 $15,724
2017 $11,754 2032 $16,054
2018 $12,001 2033 $16,391
2019 $12,253 2034 $16,736
2020 $12,511 2035 $17,087
2021 $12,773 2036 $17,446
2022 $13,042 2037 $17,812
2023 $13,315 2038 $18,186
2024 $13,595 2039 $18,568
2025 $13,881 2040 $18,958
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6.3 BC Wholesale Market Capacity vs. BC New Resources Market Capacity

Figure 6.3-A compares the capacity cost of the two methods of deriving British Columbia based capacity
cost curves.

Figure 6.3-A: BC Wholesale Market Capacity Curve vs. BC New Resources Market Capacity Curve
(CAD)
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Comparing the "wholesale" and "new resources" curves shows that wholesale market capacity is more

cost effective than building new resources until 2019.
This conclusion must be qualified by two important considerations:

1. Contracting a new resource (the "BC New Resources" curve is intended to represent the cost of
this option) is typically done on a long term basis of up to 20 years or more. In contrast,
contracting in the wholesale market is typically done on a one to five year basis. Consequently, if
FortisBC is looking to secure long term sources of capacity, the BC New Resources Market
Capacity becomes progressively more cost competitive versus the BC Wholesale Market
Capacity as the term length increases.

2. The potential price volatility of wholesale markets tends to be higher than is the case for the price
volatility of new resources markets. This is because the underlying price drivers for wholesale
markets, such as the price of natural gas, tends to display much greater price volatility than the
underlying price drivers for new resources markets*? (e.g. labour costs and cost of equipment).

Section 7 will take a closer look at several market trends that could have an impact upon the availability
and price of energy and capacity products within wholesale markets and for new resources markets in the
future.

2 Note that the price of natural gas does not affect the capacity cost estimate (UCC calculation) of a SCGT. See Appendix 3 for
details.
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7 Market Trends

The market for energy and capacity in western North America is undergoing significant change. This
section is an overview of the current trends impacting the energy and capacity markets in the WECC
region that may have a material impact upon FortisBC’s interests.

The trends that will be examined are:

e Changes to WECC supply mix due to mandatory Renewable Portfolio Standards ("RPS")
e Potential impact of DSM on energy and capacity markets

e Delays to new transmission construction in WECC

e British Columbia’s Clean Energy Act

e The current state of the Alberta electricity market

Note that these regional trends are more likely to have an impact upon wholesale market prices than they
are to impact new resources market prices. Wholesale market prices are influenced, as discussed in
Section 4, by regional factors, such as natural gas prices and regional transmission constraints.

In contrast, new resources market prices (in BC) are influenced to a great extent by factors local to British
Columbia, such as labour costs, the cost of permitting new projects, and competition in BC for new
generation resources. The closer the capacity resource is installed to the load centre, the easier it
becomes for the load to access it as a capacity or energy resource. Therefore, construction of new
generation is largely built to serve local needs.

7.1 Renewable Portfolio Standards

Table 7.1-A displays the current NERC resource mix and the resource mix that is anticipated in 2019.
The percentages indicate the contribution to the on-peak capacity for each type of generation resource.
Renewables’ capacity is anticipated to experience a fivefold increase between 2010 and 2019. The
changes to the supply mix are being driven to a great extend by Renewable Portfolio Standards.
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Table 7.1-A: On-Peak Capacity by Resource Type: 2010 and 2019*

Fuel Type 2010 2019 Projected
Coal 31% 26%
Gas 29% 30%
Nuclear 11% 12%
Hydro 13% 9%
Renewables 1% 5%
Dual Fuel 11% 13%
Other 4% 5%
TOTAL 100% 100%

Most provinces and states in the WECC region have a mandated Renewable Portfolio Standard or a
renewable energy goal. Table 7.1-B lists the US states that are WECC members and their RPS

mandates**.

Table 7.1-B: RPS Standards in WECC US States

State RPS
Arizona 15% by 2025
California 33% by 2020
Colorado 30% by 2020

Idaho none
Montana 15% by 2015
Nevada 25% by 2025
New Mexico 20% by 2020
Oregon 25% by 2025
Utah 20% by 2025
Washington 15% by 2020

Wyoming none

States that have adopted an RPS have chosen a minimum of 15% of energy to come from renewable
resources, with the latest of those occurring by 2025 (Arizona). California has the most aggressive

standard at 33% of energy supplied from renewables by 2020.

3 North American Electric Reliability Corporation, 2010 Long-Term Reliability Assessment, October 2010, page 45

“PEW Center on Global Climate Change: http://www.pewclimate.org/what s being done/in_the states/rps.cfm
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California’s RPS is arguably the most significant in the WECC region (if not the US) given that the state
consumes almost 300,000 GWh*® of energy annually (approximately one third of WECC’s annual load).
As of 2009 the state received 13.9% of its power from renewables, leaving a further 19.1% requirement to
be fulfilled. This suggests a need to more than double its current installed renewable generation capacity
in the 11 years leading up to 2020.

7.1.1 Wind Resource Introduction

Wind is being increasingly relied upon to meet the demand for renewable resources in WECC, with
19,000 MW of capacity planned for installation in the WECC region by 2019*. Wind can be expected to
generate a reliable amount of yearly energy but it is not dependable because its capacity is entirely
dependent on the weather; hence only a small fraction of its installed capacity amount is being counted

upon.

The majority of the non-construction/transmission costs associated with integrating wind into the grid
relate to reserving flexible resources to ensure reliable service despite wind’s variability‘”. Integration of
wind power requires some firming of its energy. Although short-term wind forecasting techniques have
diminished the need for regulating reserves, there remain challenges associated with integrating an
intermittent resource such as wind into the transmission grid.

Impact upon Energy and Capacity Availability

Larger quantities of intermittent resources are likely to consume currently available wholesale market
capacity resources within WECC as regulating authorities are required to commit what was previously
excess capacity to act as regulating reserves for wind capacity. This will threaten the supply certainty of
wholesale market capacity resources for FortisBC. As it pertains to wholesale market energy resources,
the new intermittent resources will add energy supply to the market and create downward pressure on
wholesale market energy prices during periods of optimal wind and/or renewable fuel conditions.

RPS standards generally require that the renewable generation resources be located within the
jurisdiction mandating the RPS standard. Therefore, the impact upon BC New Resources Markets is
expected to be immaterial (aside from those impacts discussed in section 7.4 below).

7.2 Demand Side Management

Demand Side Management programs are being widely introduced into WECC jurisdictions. Actual
measurement of DSM results can be difficult given that actual consumption levels can only be compared
to projected consumption levels that would have existed in the absence of the DSM program. It may be
some years before actual DSM successes can be properly discerned from theoretical successes as many

“>California Energy Almanac Total System Power Reporting: http://www.energyalmanac.ca.gov/electricity/total_system power.html

“6 North American Electric Reliability Corporation, 2010 Long-Term Reliability Assessment, October 2010, page 271, Table WECC-4

4 Utility Wind Integration Group Northwest Wind Integration Action Plan, 2007
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of the DSM measures do not have a long ‘in service’ history, particularly for proactive ‘demand response’
programs. Aggressive DSM targets are a potential peril to the wholesale capacity markets because:

e they may be used to rationalize the delay of installing new resources

e load shaping and peak shaving measures of DSM programs may not materialize in practice as
theorized (not the least because voluntary DSM participants may simply decide not to abide by
their promised behaviour)

Impact upon Energy and Capacity Availability

DSM programs will have a material impact upon resource planning for the foreseeable future as they are
predicted to have a mitigating impact upon load growth. However, there may be a gap between the
theoretical impact and the reality. Consequently, DSM programs may end up tying up currently available
capacity resources within the WECC region in the event that the load that DSM is intended to displace
does not get fully displaced. This may jeopardize supply certainty of wholesale market capacity
resources for FortisBC. That said the impact of DSM programs on the wholesale markets is likely to be
less than that of RPS.

The impact of DSM programs on the new resources markets for energy and capacity is unlikely to be
material, although their failure, or partial failure, may put pressure on new resource markets in the
medium to long term if it triggers a boom in the construction of new resources.

7.3 Potential Delays in WECC Transmission Construction

Table 7.3-A lists transmission construction plans in NERC. Although WECC totals may seem high in
comparison to other NERC jurisdictions, the physical distances involved with the western grid mean that
longer transmission lines are generally needed to make any given supply-load connection.

Table 7.3-A: Current and Planned Transmission in NERC by Circuit Mile Additions™®

Area 200_9 Planped Total by
Existing Additions 2019
FRCC 12,016 377 12,393
MRO 49,763 4,773 54,536
NPCC 59,294 2,289 61,583
RFC 60,088 1,831 61,919
SERC 98,296 5,013 103,309
SPP 23,814 2,766 26,580
TRE 28,665 5,090 33,755
WECC 120,763 17,249 138,012

8 North American Electric Reliability Corporation, 2010 Long-Term Reliability Assessment, October 2010, page 22
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Of the 27,000 miles of transmission projects in NERC that are either under construction or in the planning
stage, roughly 6,500 miles of these transmission projects are currently considered "delayed“49 (as
illustrated by Figure 7.3-A). In the event that the transmission construction patterns in WECC (and British
Columbia) prove to be consistent with those of NERC, delays can be expected in the addition of new
transmission capacity, especially for higher voltage lines.

Figure 7.3-A: Transmission Project Delays in Currently Planned Projects®
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Impact upon Energy and Capacity Availability

Delays in new transmission construction will have an adverse impact upon FortisBC’s ability to access
wholesale markets. Growing regional loads without corresponding additional transmission capacity will
certainly lead to more serious transmission constraints. This trend will generally have a negative impact
upon both wholesale energy markets and wholesale capacity markets.

The impact on the new resources markets for energy and capacity in BC is unlikely to be material unless
it increases the transmission constraints between the location of the new resources and FortisBC. In
other words, if transmission constraints to move power from the interior of the Province to the Lower
Mainland become more severe, it does not necessarily have an adverse impact upon FortisBC.

However, if transmission constraints made it more difficult to move power from a newly constructed facility
to FortisBC territory, it would have a negative impact upon the new resources market prices that
FortisBC’s would face.

7.4 British Columbia’s Clean Energy Act

The Clean Energy Act was passed into law by the BC government in 2010. The Clean Energy Act
advanced 16 specific energy objectives, which can be grouped into three priority areas”":

1. Ensuring Electricity Self-Sufficiency at Low Rates

2. Harnessing B.C.’s Clean Power Potential to Create Jobs in every Region

“9 North American Electric Reliability Corporation, 2010 Long-Term Reliability Assessment, October 2010, page 23
% North American Electric Reliability Corporation, 2010 Long-Term Reliability Assessment, October 2010, page 24
" BC news release 2010PREMO0090-000483:http://www2.news.gov.bc.ca/news_releases_2009-2013/2010PREM0090-000483.htm
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3. Strengthening Environmental Stewardship and Reducing Greenhouse Gases
The two provisions within the Clean Energy Act that will be examined here are:

i. The provision for BC Hydro to target creating an energy surplus52

ii. The provision for BC Hydro to facilitate the export of power out of BC*

The Clean Energy Act also mandates aggressive DSM targets; however these were covered earlier in
this section and will therefore not be repeated here.

Under the Clean Energy Act, BC Hydro is mandated to secure, by 2020, rights to 3,000 GWh of energy
above its anticipated needs. This amount of energy is equivalent to approximately 5% of BC'’s current
annual energy consumption. This is on top of the fact that BC Hydro has been mandated to become self-
sufficient, defined as being able to meet their domestic electricity demand during a critical water year (i.e.
a low water year) by 2016. The combination of the 3,000 GWh surplus energy with the surplus energy
BC Hydro would have available for sale in the average year would mean that BC Hydro (and Powerex)
will be active sellers of energy in the medium term.

Related to the above, BC Hydro is mandated “to be a net exporter of electricity from clean or renewable
resources with the intention of benefiting all British Columbians and reducing greenhouse gas emissions
in regions in which British Columbia trades electricity”. Increased exports from British Columbia would
obviously be facilitated by the construction of new transmission both within BC and inter-regionally.

Impact upon Energy and Capacity Availability

BC Hydro’s securing of 3,000 GWh of energy beyond their critical water year requirements suggests an
abundance of conveniently located energy potentially available for sale to FortisBC. Improvements to
BC’s interconnection infrastructure with neighbouring jurisdictions also implies potentially positive impacts
for FortisBC and their ability to access to wholesale markets outside of BC.

BC Hydro may be active in the BC New Resources Markets in order to secure the 3,000 GWh of surplus
energy and achieve self-sufficiency. As they contract for the most cost effective new resources (the ‘low
hanging fruit’), their activities are likely to put upwards pressure on the BC New Resources Market
Capacity and Energy curves.

7.5 Alberta Electricity Market
The Alberta electricity market is approximately the same size as the British Columbia electricity market.

The Alberta electricity market is deregulated, which means that the price of electricity can and does vary
by the hour and that decisions to add new generation capacity are driven by market forces.

%2 Clean Energy Act, Part 1, 6 (2) (b)
%% Clean Energy Act, Part 1, 2 (n)
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The Alberta projected 2010-2011 winter reserve margin is equal to or below the prescribed target reserve
margin of 13.2%>*, highlighting the need for Alberta to add generation resources. Alberta loads are
expected to grow by 2.6% annually® for the next decade, a rate that is higher than most other sub-
regions in WECC. Moreover, a considerable amount of wind generation has been constructed in Alberta
over the past fifteen years, with more planned. This wind generation adds limited dependable capacity
despite the much larger nameplate capacity of the generators56.

Alberta, like British Columbia, is a winter-peaking system. There is a high coincidence between British
Columbia (including FortisBC territory) and Alberta for extreme winter weather events.

From a transmission point of view, Alberta can theoretically export 1000 MW to British Columbia and
import 1200 MW from British Columbia. However, the transfer capabilities are rated at approximately half
these amounts due to transmission constraints within Alberta®”. (Alberta also has a 150 MW intertie with
Saskatchewan.)

Alberta’s electrical system faces some challenges in the coming years.

Impact upon Energy and Capacity Availability

The combination of healthy economic growth, tight reserve margins, and intermittent generation resource
additions suggest that Alberta requires new generation capacity (and transmission additions) sooner
rather than later. To the extent Alberta does not construct new capacity in its own jurisdiction it sets the
stage for the province to be a potential competitor for WECC wholesale market capacity resources in the
coming years. Given the similarity of Alberta’s peak demand patterns with those of FortisBC, FortisBC
must be aware of the likelihood of competing with Alberta when seeking to secure firm capacity supplies
(and potentially energy supplies) from the wholesale markets.

The impact on the new resources markets in BC for energy and capacity is unlikely to be material, since
Alberta is unlikely to seek to have new resources constructed in British Columbia that are meant to
service domestic Alberta requirements.

7.6 Market Trend Conclusions

Overall, the risks of the market trends have limited or delayed impact upon the expected cost of procuring
energy and capacity from the new resources markets. This is because new resources markets are more
prone to local cost influences and, particularly in the short run, region wide trends do not tend to impact

% North American Electric Reliability Corporation, 2010 Long-Term Reliability Assessment, October 2010, page 284
% North American Electric Reliability Corporation, 2010 Long-Term Reliability Assessment, October 2010, page 284

* North American Electric Reliability Corporation, 2010 Long-Term Reliability Assessment, October 2010, page 287;
“the WECC-Canada sub-region [currently] has 591 MW[of installed nameplate capacity —wind], which is derated to 33 MW during
the summer peak period.”

57 Alberta Electric System Operator, AESO Long-term Transmission System Plan, 2009, Appendix H, page 303
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local new resources markets. The exception to this is the Clean Energy Act, which will have an important

impact upon BC and will influence the cost of constructing new resources in BC.

These same market trends could have a more serious impact upon prices in the wholesale markets. This

is particularly true with wholesale capacity markets as all the trends, except the Clean Energy Act and

certain BC transmission line delays, could have an adverse impact upon the availability of capacity

resources in the BC Wholesale Market. The potential impacts of all five trends are summarized in Table

7.6-A.

Table 7.6-A: Summary of Market Trends’ Impacts on BC Markets

WECC Market Trend

Wholesale Market

New Resources Market

Renewable Portfolio Standards
& Additional Intermittent
Resources

Risk to supply-certainty; risk of
higher wholesale capacity prices

Limited impact

Demand Side Management
Programs

Limited risk to supply certainty

Limited impact, but potential
upward price pressure in long-
term

Delays in New Transmission
Construction

Risk to supply certainty; risk of
higher wholesale market prices

Potential impact, resulting in
upward price pressures

Clean Energy Act:
e Generation Surplus
e Export Mandate

Potential positive impact for
FortisBC / BC Wholesale Market
energy and capacity buyers

Potential upward price pressures
in medium-term

Alberta Market — Current State

Price risk and supply-certainty
risk

Limited impact
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8 Conclusions

FortisBC faces some gaps between its currently contracted supply of energy and capacity and its forecast
load requirement over the next 30 years. Midgard Consulting Inc. was contracted to assess the future
outlook of the electricity markets in BC and surrounding areas and assess the cost and availability of
energy and capacity products therein. This report analyzed the cost and availability of power supply to
FortisBC over the next 30 years and compared the cost of procuring these power supplies from either
British Columbia’s Wholesale Market or its New Resources Market.

For the purposes of this paper, the wholesale market referred to any transaction whereby the power is
procured by means of a short term, physically or financially settled transaction that is tied to a notional or
actual existing generation assets. The new resources market referred to a transaction that would lead to
the installation of new generation resources, which is to say ‘steel in the ground’.

Given the findings of this report, Midgard concludes as follows:

o FortisBC’s continued reliance upon the wholesale electricity market to meet current and future
needs is not an unreasonable strategy, particularly given the size of FortisBC’s energy and
capacity gaps over the next few years.

o BC Wholesale Energy Market prices are projected to remain less expensive than
comparable BC New Resources Market Energy prices until approximately 2030.

o BC Wholesale Capacity Market prices for capacity products are projected to remain less
expensive than comparable BC New Resources Market Capacity prices until
approximately 2019.

e Overall WECC market trends — chiefly RPS, DSM and the current state of the Alberta electricity
market — are of a greater threat to the price and supply availability of capacity and energy in the
wholesale markets than they are to the price and supply availability of energy and capacity from
the new resources markets.

e The impact of transmission delays and the BC Clean Energy Act are more ambiguous for both
the wholesale and new resources markets, although they potentially improve the relative cost
competitiveness of the BC Wholesale Markets versus the BC New Resources Markets.

o The BC New Resources Capacity Market is less expensive than the BC Wholesale Capacity
Market when longer term transactions are evaluated. Upward price pressures and product
availability concerns in both the wholesale market energy and wholesale market capacity markets
make new resources more competitive on a long term basis.

Page 40

Page 43 of 54



2012 Long Term Resource Plan
Appendix B - Energy and Capacity Market Assessment

WMIDGARD 2011 FortisBC Electricity Market Assessment

Appendix A: Natural Gas and Greenhouse Gas Forecast Price Curves

Natural gas generation resources rank higher in the dispatch stack than base load generation resources.
In other words, the marginal cost of electricity generated from a natural gas fired generator is typically
more expensive than the comparable cost of electricity from a nuclear or coal-fired plant. Load demand
frequently rises during on-peak periods to the point where natural gas generation facilities are required
and hence determine the marginal cost of electricity in the wholesale market. Consequently, market
electricity prices (and especially on-peak prices) in the ("WECC") region, and across much of North
America, are strongly correlated to the price of natural gas.

Over 40% of the generating capacity in the WECC region is produced from natural gas fired generation
plants (or dual fired generation plants, which typically use natural gas as the default fuel). In addition, as
per WECC’s 2008 Information Summary, almost 50% of new resources in the WECC region are expected
to be natural gas-fired®®. A plant owner will sell to the market when the expected market price of
electricity will cover the variable cost of production, which is primarily dependent of the cost of natural gas
and the efficiency or heat rate of the plant59.

Natural gas prices have a history of volatility as evidenced by the experience of the last 10 years. On an
annual average basis from 1997 to 2008 the price ranged from US$1.96 to US$8.07 with an annual
average price of US$4.63 and a standard deviation of $2.10 (all in nominal US doIIars)GO. Mid-2008 spot
prices were near to or at an all-time high (over US$13 per MMBtu in July 2008 for example), while current
prices, US$4.38%, are significantly lower. Long-term forecasts tend to be influenced by current spot
prices, suggesting that current pricing would tend to have brought longer term price forecasts down
relative to forecasts in 2008. In short, natural gas prices are unpredictable, potentially causing material
variations in their price forecasts from one year to the next.

The remainder of this section presents a forecast curve for natural gas spot pricing. A statistical analysis
has been prepared to define an upper and lower bound for the natural gas forecast curve to account for
the commodity’s historical price volatility.

Sourcing a Base Case Forecast Curve

The Base Case Curve relies on the early release of the United States Department of Energy’s Energy
Information Agency’s (EIA) Annual Energy Outlook 2011 (AEO2011), specifically the Henry Hub natural
gas price forecast®®. The EIA is the primary US Federal Government authority on energy statistics and

% Western Electricity Coordinating Council, 2008 Information Summary

% There are other contributing factors such as non-fuel operating, overhaul and maintenance costs.
% E|A Historic Natural Gas Wellhead Prices

" NYMEX Henry Hub price as of March 23, 2011

62 US Energy Information Administration, AEO 2011 Early Release Overview, December 2010, Table 13: Natural Gas Supply,
Disposition, and Price
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analysis. EIA data and forecasts are a widely quoted and relied upon source of energy data throughout
the world.

The AEO2011 projections are based on results from the EIA's National Energy Modeling System (NEMS).
NEMS is a computer-based, energy-economy modeling system of the US (looking forward until 2035).
NEMS projects the production, imports, conversion, consumption, and prices of energy (prices subject to
assumptions on macroeconomic and financial factors). NEMS also projects world energy markets,
resource availability, resource costs, behavioral and technological choice criteria, cost and performance
characteristics of energy technologies and the demographics. The EIA has been forecasting natural gas
prices since 1982, although the NEMS model has only been in use since 1994%,

Midgard views the AEO2011 Henry Hub price forecast as a reasonable estimate of natural gas pricing.
This view is based on the following facts:

e The AEO2010 forecast price curve is transparent and readily available. The forecast is derived
from a model based upon fundamental inputs. Furthermore, the EIA is a non-political entity and
is recognized as an independent agent. The EIA has no inherent bias in forecasting natural gas
spot prices.

e Henry Hub natural gas is the benchmark trading point for natural gas in North America, with other
natural gas trading (or transfer) points being priced as a basis (that is, as a premium or discount)
to Henry Hub natural gas prices.

e The benchmark natural gas futures contract that trades on the New York Mercantile Exchange
(NYMEX), North America’s primary energy commaodities exchange, physically settles at the Henry
Hub natural gas delivery point.

e The EIA forecast price curve resembles the current short-term NYMEX natural gas futures curve
although it escalates less acutely than does the NYMEX natural gas futures curve. While the
NYMEX futures curve is not necessarily a more accurate predictor of future spot prices as
compared to forecasts derived from a computer model, it is a legitimate reference against which
the base case price curve should be checked. In particular, the shorter end of the NYMEX curve
(where trading is more frequent) represents a fair and transparent measure to assess the wider
markets’ valuation of expected spot prices.

e The EIA forecast price is frequently referenced by natural gas industry stakeholders throughout
North America. For example, California’s key energy regulatory agencies, namely the California
Energy Commission and the California Public Utilities Commission frequently reference the EIA
price forecasts in their analysis and decisions. As a significant consumer of energy, California
and its regulatory agencies invest a great deal of resources in assessing the future prices of

% Description taken from “The National Energy Modeling System: An Overview” found at:
http://www.eia.doe.gov/oiaf/aeo/overview/index.html
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energy. In Canada, our Federal and Provincial regulatory agencies also rely frequently on the
data and analysis produced by the EIA.

There are a number of potential sources of natural gas price forecasts from government organizations as
well as private sector consultants. Nevertheless, weighing the sum of the advantages and disadvantages
of the various sources, Midgard is confident in the reasonableness of the EIA natural gas price forecast.
Consequently, it forms the basis of the base case natural gas price forecast for this 2011 FortisBC Energy
and Capacity Market Assessment.

Accounting for Price Volatility

Given the uncertainty inherent in forecasting it is helpful to forecast a range of possibilities in order to
improve the usefulness of the forecast. The objective of this exercise is to present a range within which
natural gas spot prices are expected to fall 19 times out of 20, that is to say a 95% confidence interval.

The EIA has been forecasting natural gas prices since 1982, and has been using the NEMS model since
1994. Annually, the EIA reviews its prior years’ forecasts, measures their accuracy versus the actual
results and summarizes their findings in a document called “Annual Energy Outlook Retrospective

Review: Evaluation of Reference Case Projections in Past Editions”®*

. The review analyses the accuracy
of the AEO forecasts and compares the actual figures versus the forecast figures. It is worth noting that
the accuracy of the forecasts has improved measurably since 1994. It is also important to note that the
underpinning assumption from which the NEMS results are derived is that the major factors impacting the
supply and demand (and hence price) of natural gas will continue to trend in a manner that resembles

their recent historical record.

In order to derive the high case and low case natural gas price curves, Midgard assumed that the AEO
forecasts going forward will be approximately as accurate as they have been going back to 1994. That is
to say, Midgard believes that the accuracy of the AEO2011 natural gas price forecast will be similar to its
accuracy for the years 1994 to 2008%.

In order to derive the high and low natural gas curves, Midgard assessed the variance of previous years’
forecasts versus the actual natural gas price, grouping the data into forecasts by years into the future.
For example, the AEO1994 forecast for the 1994 natural gas price was bucketed into the 1 year-ahead
grouping, the AEO1994 forecast for the 1995 natural gas price was bucketed into the 2 year-ahead
grouping, and so forth. The sample size for the 1 year-ahead grouping was the largest (at 15) and the
sample sizes for each proceeding year was reduced by one (i.e. the sample size for the 2 year-ahead
was 14, the sample size for the 3 year-ahead grouping was 13, and so forth).

| ocated at: http://www.eia.doe.gov/oiaf/analysispaper/retrospective/index.html

2009 figures were not analyzed as part of the most recent Retrospective Review.
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Once the standard deviations for each grouping were assessed (using a normalized data set)66, Midgard
calculated a 95% confidence interval based upon the forecast price curve acting as the mean price67

The calculation of the high and low price curves for the years 2016 to 2040 assumes a standard deviation
equal to that calculated for 2016 (the 6th year-ahead)®®

The end result is a long-term low case price scenario that is approximately 45% lower than the base
case, and a long-term high case scenario that is approximately 80% higher than the base case.

Final Midgard Natural Gas Forecast Curve (with High & Low Cases)

Given the statistical price volatility analysis performed in the previous section, a final FortisBC natural gas
forecast curve (with high and low boundaries) was established. The Figure A-1 below graphically
represents the low/mid/high curves. Table A-1 presents the same data in tabular form.

Figure A-1: Midgard Henry Hub Natural Gas Price Forecast (2010 USD/MMBtu)
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85pecifically, the differences between forecast and actual were translated into a percentage of actual

’Given that natural gas pricing cannot fall below zero, its pricing curve is expected to resemble that of a log-normal distribution
curve. Therefore, the calculated confidence interval was based upon a log-normal distribution.

%The 7th year-ahead grouping and longer had a sample sizes which Midgard judged to be too small to use for this exercise.
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Table A-1: Midgard Henry Hub Natural Gas Price Forecast: Expected and High and Low
Boundaries [95% Confidence Interval] (2010 USD/MMBtu)

Year | Expected | Low End | High End
2011 $4.61 $4.23 $5.03
2012 $4.70 $3.02 $7.33
2013 $4.84 $2.83 $8.29
2014 $4.91 $2.96 $8.14
2015 $4.95 $2.69 $9.09
2016 $4.98 $2.75 $9.02
2017 $5.03 $2.77 $9.10
2018 $5.11 $2.82 $9.25
2019 $5.19 $2.86 $9.39
2020 $5.33 $2.94 $9.66
2021 $5.49 $3.03 $9.94
2022 $5.65 $3.12 $10.23
2023 $5.83 $3.22 $10.57
2024 $6.02 $3.32 $10.90
2025 $6.19 $3.42 $11.21
2026 $6.33 $3.50 $11.47
2027 $6.47 $3.57 $11.71

BC Hydro Natural Gas Forecast Curves

In preparation for its 2011 Integrated Resource Plan, BC Hydro produced and released a set of forecast
price projections for natural gas. Their predictions are based on a California Energy Commission price
forecast and accounts for the introduction of abundant supplies of shale gas into the natural gas market
(predicted to lower the long-term price of natural gas). Figure A-2 represents BC Hydro’s forecast natural
gas curves for 2010 as well as those used in the 2008 LTAP.
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Figure A-2: BC Hydro Henry Hub Natural Gas Price Forecast: 2011 IRP (2010 USD/MMBtu)
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It is noteworthy that the 2010 BC Hydro forecast natural gas curves are lower than the natural gas price
forecasts used in the 2008 LTAP (except for the high case, which is the same).

Figure A-3 graphs BC Hydro’s expected natural gas forecast against the Midgard expected natural gas
forecast. Prices are in US dollars per MMBtu. Table A-2 compares the differences in the two data sets
(and also includes the differences from the respective high and low forecasts).

Figure A-3: BC Hydro vs. Midgard Henry Hub Natural Gas Price Forecast (2010 USD/MMBtu)
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Table A-2: Hydro vs. Midgard Henry Hub Natural Gas Price Forecast (2010 USD/MMBtu)

BCH Curve - Midgard Curve ($) BCH Curve - Midgard Curve (%)
Date | Expected Low High Date | Expected Low High
2011 | ($0.25) ($0.22) n/a®® 2011 -5% -5% n/a”’
2012 $0.09 $1.08 $2.17 2012 2% 35% 29%
2013 $0.21 $1.57 $1.49 2013 4% 54% 18%
2014 $0.60 $1.63 $2.26 2014 12% 54% 27%
2015 $0.94 $2.25 $1.68 2015 19% 82% 18%
2016 $1.28 $2.46 $2.33 2016 25% 87% 25%
2017 $1.47 $2.60 $2.39 2017 29% 91% 26%
2018 $1.68 $2.58 $2.27 2018 32% 90% 24%
2019 $1.77 $2.54 $2.06 2019 33% 87% 21%
2020 $1.65 $2.29 $1.56 2020 30% 76% 16%
2021 $1.55 $2.30 $1.47 2021 28% 74% 14%
2022 $1.36 $2.23 $1.41 2022 23% 70% 13%
2023 $1.19 $2.13 $1.29 2023 20% 64% 12%
2024 $1.20 $2.02 $1.18 2024 20% 59% 1%
2025 $1.15 $1.92 $1.09 2025 18% 55% 9%
2026 $1.03 $1.87 $1.05 2026 16% 52% 9%
2027 $1.04 $1.80 $1.04 2027 16% 49% 9%

Midgard’s natural gas price forecasts are consistently below those used by BC Hydro, although for the
most important of these pairings, the mid scenario, the forecasts are similar.

Interestingly, the BC Hydro mid scenario natural gas forecast begins at a similar spot but is thereafter
consistently higher than the Midgard mid-scenario natural gas forecast. This is not unlike how the
NYMEX Henry Hub natural gas futures curve compares with the Midgard mid scenario natural gas
forecast curve.

Despite differences, it is Midgard’s opinion that the similarities between the two sets of natural gas curves
— and particularly the mid scenario curves — are sufficient to conclude that the BC Hydro natural gas
curves are both reasonable and viable. And as such they represent a pragmatic basis from which the
Mid-Columbia electricity curves could justifiably be derived.

% The Midgard methodology of generating high scenario natural gas curve renders the comparison of the 2011 high case findings
with the BC Hydro method of generating the high scenario natural gas curve for 2011 moot.
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Appendix B: Greenhouse Gas Cost Forecast Curve

Background

With various levels of government policy increasingly favoring and encouraging renewable and clean
energy sources, there has been growing consideration of taxing carbon emissions. Such taxes are meant
to discourage carbon emissions and, in some cases, provide funding for investment in cleaner energy
generation sources.

In BC the Carbon Tax Act taxes greenhouse gas emissions and sets price increases through 2012
(increasing $5/Tonne CO2 per year to $30/Tonne CO2 in 201270) with the price set to remain at 2012
levels until further notice.

BC is currently one of few regions in North America to have a carbon tax system, with neither Canada nor
the US having national policies’". The futures of such national policies will have a direct impact on
greenhouse gas ("GHG") prices. It should be highlighted that there is a limited history to the pricing of
GHGs and that pricing is largely a function of government regulation rather than being driven by a
genuine market demand.

BC Hydro Forecast GHG Curves

Consultants Black and Veatch (B&V) were retained by BC Hydro to forecast GHG prices72. Their analysis
focused on policy and economic recovery as the main influencing factors of GHG prices.

BC currently has aggressive GHG reduction policies (specified in the Clean Energy Act). The B&V report
suggests that in the future, US policy will have a strong impact on worldwide GHG prices (given the size
and importance of their economy in the global context). However, it also suggests that a US national
GHG policy is unlikely in the near future. Given Canada’s propensity to align its national policies with
those of the US, a national GHG pricing policy in Canada is equally unlikely in the near future.

The report also links GHG prices to economic recovery, suggesting that the increased GHG emissions
resulting from strong economic growth, combined with increased public and government interest in GHG
reduction resulting from said growth, would result in aggressive environmental policies. Conversely, slow
economic growth is predicted to mean slower growth of GHG emissions which, combined with
government focus on issues other than environmental protection, would reduce interest in such
environmental policies.

™ BC Budget and Fiscal Plan 2011/12-2013/14
™ US National Renewable Energy Laboratory, "Carbon Taxes: A Review of Experience and Policy Design Considerations", 2009

2BC Hydro, 2011 IRP Technical Advisory Committee Summary Brief: GHG Price Forecast, January 2011
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Using a variety of scenarios that combine possible outcomes of the above factors, B&V developed the
following forecast (see Figure B-1and Table B-1), with the various lines representing the different
scenarios presented.

Figure B-1: BC Hydro Forecast GHG Price Curves (2010 CAD)
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Table B-1: BC Hydro Forecast GHG Price Curves (2010 CAD)
Year A B C D E
2014 $50.07 $22.19 $8.82 $30.44 $0.00
2015 $53.20 $23.90 $9.39 $32.43 $0.00
2016 $57.18 $25.89 $10.24 $34.14 $0.00
2017 $60.31 $27.31 $10.81 $36.42 $0.00
2018 $64.30 $29.02 $11.38 $38.98 $0.00
2019 $68.28 $31.29 $11.95 $41.54 $0.00
2020 $72.83 $33.29 $12.80 $44.10 $0.00
2021 $77.38 $42.67 $6.26 $46.66 $0.00
2022 $82.50 $45.23 $6.26 $49.79 $0.00
2023 $87.62 $48.65 $6.83 $53.20 $0.00
2024 $93.03 $51.78 $7.40 $56.33 $0.00
2025 $99.00 $55.19 $8.25 $59.46 $0.00
2026 $105.55 $58.32 $8.25 $63.73 $0.00
2027 $111.81 $62.30 $8.82 $67.43 $0.00
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Year A B C D E
2028 $118.92 $66.29 $9.39 $72.26 $0.00
2029 $126.32 $69.99 $9.96 $76.53 $0.00
2030 $134.85 $74.82 $10.81 $81.37 $0.00
2031 $143.10 $79.37 $11.38 $86.49 $0.00
2032 $152.20 $84.50 $11.95 $92.46 $0.00
2033 $162.16 $89.62 $12.80 $98.15 $0.00
2034 $171.83 $95.59 $13.94 $104.13 $0.00
2035 $182.93 $101.28 $14.51 $110.67 $0.00
2036 $194.59 $107.82 $15.93 $117.78 $0.00
2037 $207.15 $115.22 $16.79 $125.46 $0.00
2038 $220.30 $122.62 $17.92 $133.43 $0.00
2039 $234.30 $130.30 $19.35 $141.68 $0.00
2040 $249.18 $137.98 $19.91 $151.07 $0.00
2041 $265.01 $147.08 $21.05 $160.17 $0.00
2042 $281.84 $156.19 $23.04 $170.70 $0.00

BC Hydro defines the five scenarios as follows”>:

e Scenario A: High global economic growth leads to high commodity demand and broad
environmental regulation

e Scenario B: Slow but steady global economic growth sees regional leaders paving the way for
national GHG markets

e Scenario C: Low economic growth delays national GHG market development

e Scenario D: Delayed high economic growth and lower international cooperation stifles national
action, leaving the regions to regulate GHG emissions

e Scenario E: Low economic growth and activity lead to lower GHG emissions and the absence of
market prices

Validation of GHG Curves

While the B&V report was prepared for BC Hydro, it addresses GHG costs in a very general, regional
context. Forecasting GHG prices is inherently uncertain, perhaps even more so than most commaodities
given the greater influence of politics in their price setting. Despite the very wide range of the B&V

BC Hydro, 2011 IRP Technical Advisory Committee Summary Brief: GHG Price Forecast, January 2011
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predictions (an unavoidable product of said uncertainty), Midgard finds no fault with their logic and
consequently no reason to disagree with their conclusions.

Midgard recommends the use of the Scenario B GHG price curve as the most likely GHG price forecast.
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1 Introduction

This report provides an evaluation of the cost metrics and feasibility of various capacity and
energy resource options that are expected to be available to FortisBC over a 30 year planning
period. These resource options include potential projects that could be developed within the
FortisBC service area, as well as projects that would be situated outside the service area and
would therefore require external transmission arrangements to serve FortisBC load. Also
included in this evaluation are large projects under consideration by others that may materially
impact the market for capacity and energy within British Columbia (“BC”), such as BC Hydro’s
Peace River Site C project and prospective unit additions at Mica and Revelstoke.

In its 2009 Resource Plan, FortisBC anticipated a peak capacity shortfall of 145 MW in 2009
and predicted that this capacity gap would increase to nearly 240 MW by 2028 based on
forecast load growth. The same plan identified a 2009 energy shortfall of 18 GWh growing to
over 130 GWh by 2028.

Since filing the 2009 Resource Plan, FortisBC has purchased a seasonal block of firm capacity
through February 2015 that alleviates short-term winter capacity shortfalls. After accounting for
system operating reserves, this capacity block provides for dispatch of 50 MW of capacity in
November, 125 MW in December, 150 MW in January, and 75 MW in February. FortisBC will
still experience lesser capacity shortfalls during their summer demand sub-peak.

The 2009 Resource Plan used a 20 year planning period. FortisBC has now extended its
planning horizon to 30 years. An update to the forecast load / resource balance has been
completed using this 30 year planning period and taking the recently acquired seasonal capacity
block into account. This 30 year forecast update now predicts a capacity shortfall growing from
42 MW in 2010 (which occurs during the July summer demand sub-peak) to 263 MW in 2039
(during the January winter demand peak). The updated forecast also predicts an annual energy
shortfall growing from 64 GWh in 2010 to 304 GWh in 2039.

In conformity with the BC Energy Plan,’ FortisBC stated its intention to achieve 50% of its
incremental resource needs by 2020 through implementing Demand Side Management (“DSM”)
measures. To address the remaining post-DSM resource gap the FortisBC 2009 Resource
Plan evaluated three different resource option portfolios: “P1 — BC Markets”, “P2 — Gas” and “P3
— Hybrid”, ultimately determining that portfolio option “P3 — Hybrid” provided the optimum
solution in terms of environmental protection, operating flexibility and long term generation
capacity sustainability.

On June 3, 2010, the BC Clean Energy Act (“CEA”) was passed into law. The Act contains a
revised set of 16 specific energy objectives for the Province of BC. Overall, the CEA provides a
guide to assist the Province to meet its self-sufficiency goals, to support job creation and
retention, and to reduce greenhouse gas (“GHG”) emissions. In the context of resource
planning, the CEA sets a more aggressive DSM target of 66% avoidance (up from the previous
50% objective) for BC Hydro’s future electricity demand growth.

In light of these recent developments, FortisBC engaged Midgard Consulting Inc. to update and
validate the resource option cost and feasibility information used for resource planning.

'“The BC Energy Plan: A vision for clean energy leadership”, Government of BC, February 27, 2007
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The Resource Options information in this report draws extensively upon BC Hydro’s 2008 Long
Term Acquisition Plan (“LTAP”) and 2006 Integrated Electricity Plan (“IEP”) as primary sources.
The resource evaluation methodology and technical data presented in these comprehensive
and well-researched BC Hydro documents has been validated by the British Columbia Utilities
Commission (“BCUC”), and can therefore be treated as reliable reference material. Where
appropriate and excepting specific projects for which new cost information has been made
available by project proponents, costs drawn from these BC Hydro sources have been
escalated to current Canadian dollars using the consumer price index (“CPI”).

In addition to information originally sourced from the LTAP and IEP documents, this report has
been supplemented with current cost information for projects which are now under development
or undergoing feasibility assessment by FortisBC, BC Hydro and others. Since the LTAP and
IEP were first prepared, BC Hydro has also undertaken the Clean Power Call, Phase | of the
Bioenergy Call for Power, and the ongoing Standing Offer Program. BC Hydro has also
advanced its Peace River Site C project through an initial Project Definition Consultation Phase.
Publicly available material related to these important initiatives has been incorporated in this
report. Midgard knowledge of the current BC market for construction labour, equipment and
materials has also been utilized as noted in the Resource Option sheets.

Resource options such as nuclear and non-sequestered coal that are not permitted in BC under
the BC Energy Plan are not evaluated in this report.

2 Evaluation Methodology

2.1 Resource Categories

Depending on the type of energy conversion technology and fuel source, prospective resources
can be grouped into three distinct dispatch categories: base load resources, peaking resources,
and intermittent resources.

1. Base Load Resources — provide dependable capacity and are expected to operate at
a high capacity utilization rate, generating significant amounts of electrical energy over
the entire year. Such resources can be reasonably evaluated for both energy and
capacity attributes. Examples include:

e Hydroelectric installations with large storage reservoirs and mandatory water
releases

Nuclear and coal fired thermal generation

Combined Cycle Gas Turbines (“CCGT”")

Biomass wood waste thermal generation

Geothermal generation

2. Peaking Resources — provide dependable capacity but are expected to operate at a
low capacity utilization rate, generating electricity when it is needed and/or highly
valued. Peaking plant resources typically have a low cost to construct per unit of
capacity, but high per unit of energy costs. These plants can also act as planning
margin assets — assets that can be brought into service quickly following a contingency
event (e.g. loss of a base load facility), or if short term system load growth materially

PROJ-0104-RPT-001-03 FortisBC Resource Option Report Page 2
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outstrips forecast growth. Although these resources produce energy when generating,
they are primarily evaluated for their capacity attributes. Examples include:

e Simple Cycle Gas Turbines (“SCGT”)
e Hydro generation with moderate or limited storage
e Pumped Storage Hydro (“PSH”)

3. Intermittent Resources — do not provide dependable capacity and typically operate at
medium to low capacity utilization rates. Intermittent resources — which are often
renewable resources — generate electricity when their fuel source is present. Their
generation may not coincide with high system load demand or high market prices.
Intermittent resources’ generation is more consistent and predictable when averaged
over a long period of time, or when bundled into a portfolio of geographically diverse
intermittent resources. Although most intermittent resources provide at least a small
quantity of dependable capacity, these facilities are not dispatchable and therefore are
primarily valued for their (non-greenhouse gas emitting) energy attributes. Examples
include:

e Wind turbines
e Small run-of-river hydro generation
e Solar (both photoelectric and thermal)

A balanced resource portfolio will normally consist of a combination of these resource types to
provide an environmentally sound, reliable and economical electrical supply to address daily
and seasonal variations in system load.

2.2 Unit Cost Metrics

To enable consistent evaluation of resources that represent a wide range of technologies and
fuel sources, the economic characteristics of the different resource options are condensed into
three simplified cost metrics: Unit Construction Cost, Unit Capacity Cost and Unit Energy Cost.

Unit Construction Cost — a metric to rank the capital intensity of different resource
options, expressed as $/MW. It is calculated by dividing the capital cost of a project by
its Dependable Capacity (defined below). The capital cost includes the direct
development costs and the interest that is incurred on funds spent during construction
(interest during construction, or “IDC”). It does not consider operating costs or plant
capacity utilization rates.

The Unit Construction Cost can be used to evaluate the capital intensity of any resource,
regardless of the technology employed.

Unit Capacity Cost (“UCC”) — the annual cost of providing Dependable Capacity using
each resource option, expressed as $/MW-month. Annual costs include the interest on
debt, return on equity (“ROE”) and amortization, which are derived from the project
capital cost. Annual costs also include the fixed operating costs that must be spent to
keep the project’s dependable capacity available regardless of the amount of energy
generated each year.

PROJ-0104-RPT-001-03 FortisBC Resource Option Report Page 3
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UCC is used to rank resources being considered to address capacity requirements. If a
capacity shortfall has been identified, the UCC metric can be used to assemble a
portfolio of lowest cost capacity resources to address that need. Representative
capacity resources include Simple Cycle Gas Turbines and Pumped Storage Hydro
plants.

Unit Energy Cost (“UEC”) — the annualized cost of generating a unit of electrical energy
using a specific resource option, expressed as $/MWh. The UEC calculation divides the
all-in capital, fixed operating and variable operating costs by the total amount of energy
expected to be generated over the resource’s anticipated service life.

UEC is used to rank resources under consideration to address energy requirements. If
an energy shortfall has been identified, the UEC metric can be used to develop a lowest
cost energy resource portfolio to address that need. Representative energy resources
include base load facilities such as large thermal plants and must-run hydro (such as
facilities on the Columbia River that must release minimum flows as per the downstream
flow provisions of the Columbia River Treaty), along with intermittent or non-dispatchable
resources such as wind, solar and run-of-river hydro.

UEC and UCC are not interchangeable metrics for use when comparing unlike resources. It is
important to note that the UEC and UCC values in this report are derived using generic
operating assumptions. When resources are actually operated to meet specific system
demands their unit costs may vary from the standardized results.

2.3 Generation Operational Parameters

Since the available capacity and actual energy production of different resources can vary
materially from unconstrained nameplate values the following definitions are used:

Dependable Capacity — defined as generation available for three peak hours per day during
the coldest two-week period each year. In BC, system peak electrical demand typically occurs
in December or January sometime between the hours of 5 pm and 9 pm.

Annual Energy — defined as the total energy that can be generated annually on average for the
entire expected service life of each resource.

Firm Energy — defined as the total energy that can be generated reliably every year using
conservative plant availability and fuel supply assumptions?.

2.4 Key Evaluation Assumptions

The following legislative, financial and fuel cost assumptions were used in the resource option
evaluations.

2 BC Hydro considers firm energy for its hydro facilities to be the total energy that could be generated
during the lowest flow water year (October to September) on record.
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The BC Energy Plan and the Clean Energy Act

The Assessment has been conducted to be consistent with the 2007 BC Energy Plan and the
Clean Energy Act. These requirements apply predominantly to the Provincial Crown owned
utility and its resource planning, however FortisBC also considers those requirements when it
makes its own planning decisions.

Important elements that were considered in this report are:

o BC must be self-sufficient in electricity by 2016 — There must be adequate BC-based
generation to supply the BC requirement for electrical energy. Consequently, the
evaluations in this report are restricted to BC-based resources.

o 93% of electricity must come from clean or renewable sources — This directive limits to a
maximum of 7% of its generation resources, FortisBC’s ability to add thermal natural gas
plants and other fossil fuel plants to meet its load growth.

o Coal-fired generation facility will only be permitted in BC if the plant’s CO, emissions are
fully sequestered — A detailed evaluation of a CO, emissions sequestered coal plant as a
resource option was not conducted because the technology to sequester CO, emissions
is not yet commercially available on a utility scale.

Financial Assumptions

The financial assumptions used to calculate the cost metrics have been standardized to ensure
that all resource options are evaluated consistently, regardless of the return expectations and
cost of capital that might be applicable to a given project. The assumptions used throughout
this report are:

a. Pre-tax cashflows are in real (un-inflated) dollars and discounted using real pre-tax
discount rates of 6% and 8% (2006 Integrated Electricity Plan Appendix F — Chapter
4.2.1).

b. The same discount rate is applied to all resource options regardless of the developer of
the resource (2006 Integrated Electricity Plan Appendix F — Chapter 4.2.2).

c. Economic life (or “project life” or “service life”) rather than contract life is used when
calculating the future costs and benefits of all projects (2006 Integrated Electricity Plan
Appendix F — Chapter 4.2.3).

d. Federal government subsidies are excluded from cost calculations (2006 Integrated
Electricity Plan Appendix F — Chapter 4.2.4).

e. All costs are escalated to 2010 Canadian dollars (“CAD”) using year-on-year January
CPI values (2008 = 111.8; 2009 = 113.0; and 2010 = 115.1).

f. Construction costs escalate at CPI.

g. Cost estimates taken from BC Hydro’s previous resource options reports escalated to
2010 dollars at CPI.

h. All financial results are expressed in pre-tax dollars.

Fuel Cost Assumptions

Forward Gas Curves — Forward natural gas prices used in this report were referenced against
the Henry Hub Spot Price curve provided in the 2010 Annual Energy Outlook — Early Release
(“AEO 2010”) produced by the Energy Information Administration (“EIA”) of the US Department
of Energy.
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The 2010 EAO Henry Hub curve extends to 2035. To enable full life-cycle costing of gas fuelled
resources, gas prices were assumed to hold constant at the 2035 price for 2036 through 2041.
The resulting forward curve is shown in the table below, and represents Henry Hub prices
expressed in US dollars (“USD”) $2008/MMBtu.?

In Midgard’s opinion the EIA’s Henry Hub forward price curve represents a credible benchmark
for future gas prices (see Appendix A for more detail).

Table 2.1: Natural Gas Forward Price Curve
(USD/MMBtu) $2008 Spot Price at Henry Hub

Year Price Year Price
2010 4.50 2026 7.15
2011 5.68 2027 7.29
2012 6.17 2028 7.53
2013 6.13 2029 7.77
2014 6.09 2030 8.05
2015 6.27 2031 8.39
2016 6.38 2032 8.50
2017 6.38 2033 8.53
2018 6.43 2034 8.75
2019 6.51 2035 8.88
2020 6.64 2036 8.88
2021 6.74 2037 8.88
2022 6.93 2038 8.88
2023 6.96 2039 8.88
2024 6.91 2040 8.88
2025 6.99 2041 8.88

For the purpose of calculating the UCC for gas fuelled generation resources this curve was
converted to CAD/GJ using a forward exchange rate (see below) and a unit conversion of 1
MMBtu = 1.055 GJ. The prices were then escalated to 2010 dollars using CPI (financial
assumption e.) and the resulting forward price curve was used as a reference proxy for the cost
of natural gas delivered to a plant gate in South Central BC.*

Forward USD/CAD Fx Curve — The following forward looking exchange rates between USD
and CAD were used to convert the USD gas prices in the forward gas curve into CAD:

% This price curve is similar to the base case natural gas price curve that BC Hydro used in the 2008
LTAP.

4 Midgard assumed that the cost of natural gas delivered to a large user in South Central BC would be
slightly higher than the cost of natural gas delivered to the Sumas natural gas hub. The Sumas natural
gas hub is located near the BC — Washington border. The forward price curve for Sumas delivered gas
trades at an approximately U$0.10/MMBtu discount to Henry Hub prices.
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2010 to 2014 = 0.95 USD/CAD
2015 to 2041 = 0.90 USD/CAD

Cost of Carbon Emissions — The prevailing BC tax on carbon emissions was used as a proxy
for carbon offset costs. The tax is set at:

2010 = $20

2011 = $25

2012 and beyond = $30

CAD per metric tonne of CO2 emissions.

2.5 Discounted Cashflow and Annualized Cost Method Calculations

In the 2006 IEP and 2008 LTAP, BC Hydro identified two methods to calculate UCC and UEC:
the Discounted Cashflow Method (“DCF”) and the Annualized Cost Method (“ACM”)°.

Discounted Cashflow Method (DCF)

The DCF method sums the discounted future costs to determine the Net Present Value (“NPV”
of these cashflows. Only the direct capital cost is included, as the inferred interest during
construction (“IDC”) is captured through discounting. Each future year’s capacity benefits or
energy benefits are also discounted at the discount factor to create a notional Net Present
Capacity (“NPC”) or Net Present Energy (“NPE”).

The UCC or UEC is simply the NPV divided by the NPC or NPE as the case may be. This
method allows for changing future costs or unequal benefits over time.

An example calculation of UCC is presented below:

Figure 2.1 - Example of DCF UCC Calculation

UNIT CAPACITY COST CALCULATION - BY DCF ($000s)
Project Combined Cycle Gas Turbine

Project in-service date 4lyears out
Capital Cost $ 329,445

Project Economic Life 25|years
Discount Rate 6%)|(real)

DISCOUNTED CASHFLOW CALCULATION OF UNIT COST

2010 2011 2012 2013 2014 2015 2016 EE. 2036
Year| 1 2 3 4 5 3 7 EE. 27

Direct Capital Cost $ 109,815 ¢$ 109,815 $ 109,815 »
Fixed Operations & Maintenance $ 3,294 $ 3,294 $ 3,294 $ 3,294 EE. $ 3,294
Annual Operating Cost $ - $ - $ - $ 3,294 $ 3,294 $ 3,294 $ 3,294 EE. $ 3,294
Total Cost $ 109,815 $109,815 $109,815 $ 3,294 $ 3,294 $ 3,294 $ 3,294 EE. $ 3,294
Discount factor formula =1/(1+i)"(years-1) -
Discounting factor 1 0.94 0.89 0.84 0.79 0.75 0.70 EE. 0.22
Total Cost x discounting factor |'$ 109,815 $ 103,599 $ 97,735 §$ 2,766 $ 2,610 $ 2,462 $ 2,322 EE. $ 724
NPV Total Cost $ 348,631
Annual Dependable Capacity Benefit (MW) 0 0 0 243 243 242 242 EE. 236
Dependable Capacity x discounting factor | 0.0 0.0 0.0 204.0 192.2 181.1 170.7 EE. 51.9
NPC ("Net Present Capacity") 2734.5
Unit Capacity Cost (UCC - $/kW-yr) = NPV/"NPC" $ 127
UCC - $/MW-month $ 10,624

®The methodology of these two calculations is further described in BC Hydro’s 2006 Integrated Electricity
Plan Appendix F — Chapter 4 — Financial Assumptions.
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Annualized Capital Cost (“ACC”)

The ACC method is applicable when all future annual costs and energy/capacity benefits are
constant from year to year. Interest incurred during construction is capitalized and the full
capital cost is then amortized over the economic life of the project at the discount rate. A
levelized annual capital cost for the project is added to the annual operating costs. The result is
divided by the average annual energy or dependable capacity as the case may be. An example
calculation of UCC is presented below.

Figure 2.2 - Example of ACC UCC Calculation

PROJECT Run-Of-River Hydro - Coastal
RESOURCE Hydro - Greenfield
REFERENCE Midgard Files, BC MOE Water License Apps, Water Survey Canada
CALCULATION METHOD Annualized Cost
TECHNICAL PARAMETERS CONSTRUCTION CASH FLOW :
Installed Capacity (MW) 62 Year Direct 6% 8%
Average Annual Energy (GWh/yr) - Note 1 255 1 82,667 92,884 96,422
Dependable Capacity (MW) - Note 2 28 2 82,667 87,627 89,280
Annual Firm Energy (GWh/yr) - Note 1 229 3 82,667 82,667 82,667
Heat Rate (GJ/GWh) 4 0 0
5 0 0
FINANCIAL PARAMETERS (FISCAL 2010 $) 6 0 0
Direct Capital Cost (k$) - Note 3 248,000 7 0 0
Project Life (years) - Note 4 40 8 0 0
Project Lead Time (years) 3 9 0 0
10 0 0
OPERATING COSTS: 11 0 0
Fixed OMA (k$/yr) - Note 5 3,720 12 0 0
Variable OMA ($/MWh) 0 13 0 0
Grants-in-lieu of Taxes ($/kW-yr) 0 14 0 0
Fixed Taxes (k$/yr) - Note 6 722 15 0 0
Variable Taxes ($/MWh) 0 16 0 0
Water Rentals - Capacity ($/kW-yr) 4.095 17 0 0
Water Rentals - Energy ($/MWh) 1.229 18 0 0
Fuel Price ($/GJ) 0 19 0 0
Fuel Tax (%) 0% 20 0 0
Firm Fuel Transporation ($/GJ) 0 Total 248,000 263,178 268,369
Annualized 17,491 22,505
UCC Based on Dependable Capacity:
6% 8%
Investment Cost (Annualized Capital) (k$/yr) 17,491 22,505
Fixed Investment ($/kW-yr) 622 800
Fixed Operations ($/kW-yr) 162 162
Variable Operations ($/kW-yr) 0 0
Fuel Cost ($/kW-yr) 0 0
Unit Capacity Cost ($/MW-month) 65,350 80,212
Unit Capacity Cost ($/kW-yr) 784 963
UEC Based on Average Energy Capability:
6% 8%
Investment Cost (Annualized Capital) (k$/yr) 17,491 22,505
Fixed Investment ($/MWh) 69 88
Fixed Operations ($/MWh) 18 18
Variable Operations ($/MWh) 1 1
Fuel Cost ($/MWh) 0 0
Unit Energy Cost ($/MWh) 88 108
PROJ-0104-RPT-001-03 FortisBC Resource Option Report Page 8

Page 12%1‘ 82



WMIDGARD

3 Resource Options

FortisBC - 2010 Resource Options Report

2012 Long Term Resource Plan

Appendix C - Resource Option Report

The summary table below identifies the resource options that were considered in this report.
Detailed data sheets are provided on the following pages for resource options considered to be
feasible resource portfolio candidates and for which detailed evaluations were conducted. A
listing of the resource options that were not deemed to be presently technically or commercially
feasible candidates and the reasons for their exclusion is provided at the end of this section.

Table 3.1: Resource Options List

Fuel Source Resource Project Details Resource Status
Type
Natural Gas CCGT Generic Base Load Evaluated
Natural Gas SCGT Generic Peaking Evaluated
Plant
Natural Gas Co-generation | Generic Base Load Not Evaluated
Hydroelectric Large Hydro — Mica 5 Peaking Evaluated
Capacity Only Plant
Hydroelectric Large Hydro — Mica 6 Peaking Evaluated
Capacity Only Plant
Hydroelectric Large Hydro — Revelstoke 6 Peaking Evaluated
Capacity Only Plant
Hydroelectric Large Hydro— | Site C Base Load Evaluated
Capacity with
Energy
Hydroelectric Hydro — Resource Smart Bundle Peaking Evaluated
Capacity Only (w/o Mica & Revelstoke) Plant
Hydroelectric Large Hydro— | Waneta — BC Hydro Base Load Evaluated
Capacity with Acquisition of 1/3 interest
Energy from Teck
Hydroelectric Small Hydro — Similkameen Base Load Evaluated
With Storage
Hydroelectric Run-of-River Cluster of ROR within Intermittent Evaluated
FortisBC Service Area
Hydroelectric Run-of-River Generic BC Coastal Cluster | Intermittent Evaluated
Hydroelectric Pumped Generic Project in FBC Peaking Evaluated
Storage Service Area Plant
Biomass Cogeneration Roadside Wood Waste and | Base Load Evaluated
Sawmill Woodwaste
Biomass Municipal Solid | MSW Base Load Not Evaluated
Waste
Biomass Biogas Biogas Base Load Not Evaluated
Wind Onshore Generic Intermittent Evaluated
Wind Coastal Generic Intermittent Not Evaluated
Coal Coal Generic with Carbon Base Load Not Evaluated
Sequestration
Tidal Tidal Generic Intermittent Not Evaluated
Wave Wave Generic Intermittent Not Evaluated

PROJ-0104-RPT-001-03 FortisBC Resource Option Report
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Geothermal Geothermal Generic Base Load Not Evaluated
Solar PV Array Generic Intermittent Not Evaluated
Solar Solar Collection | Generic Intermittent Not Evaluated
Nuclear Nuclear Generic Base Load Not Evaluated
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3.1 Natural Gas — CCGT

PROJECT: Generic Combined Cycle Gas Turbine — 250 MW

Resource Category: Base Load
Level of Study: Conceptual Level

PROJECT DESCRIPTION:

This project involves a generic greenfield combined cycle power station located in the southern
interior of BC, based upon a similar resource described in BC Hydro’s 2008 LTAP. The project
consists of an F Class 1x1x1 Combined Cycle Gas Turbine (“CCGT”) configuration with nominal
output of 250 MW. Combined cycle generation involves recovery of exhaust heat from a natural
gas-fired turbine generator to produce steam which then drives a steam turbine generator.

TECHNICAL INFORMATION

Installed Capacity (MW) 243
Average Annual Energy (GWh/year) 1,916
Dependable Capacity (MW) 243 to 236"
Annual Firm Energy (GWh/yr) 1,944 to 1,888*
Average Heat Rate (GJ/GWh) 7,460 to 7,241*

*NOTE: Dependable Capacity, Firm Energy and Heat Rate degrade over time

FINANCIAL INPUTS (CAD 2010)

Capital Cost ($000s) $329,445
Fixed Operating & Maintenance Cost ($000s/year) $3,294
Variable Operating & Maintenance Cost ($/MWh) $4.60
Direct Capital Cost excludes Interest during Construction ("IDC") and Corporate Overhead.

Fuel Cost ($/MMBtu) as per AEO forward curve
Fuel Tax 7%
BC Carbon Tax (from 2012) ($/tonne equivalent) $30
Firm fuel transport cost ($/GJ) N/A
Project Life (Years) 25
Project Construction Lead Time (Years) 3

FINANCIAL SUMMARY (CAD 2010)

6% (real) WACC* 8% (real) WACC*
Unit Construction Cost ($000s/MW) $1,356 $1,356
Annualized Unit Energy Cost ($/MWh) $91 $93
Annualized Unit Capacity Cost ($/MW - $10,624 $12,708
month)
*Weighted Average Cost of Capital (“WACC”)
PROJ-0104-RPT-001-03 FortisBC Resource Option Report Page 11
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GHG FOOTPRINT

Meets Eco-Logo Criteria No
GHG Emission Factor (tonnes CO2 equivalent/GWh) 365
Upstream GHG Emission (tonnes CO2 equivalent/GWh) unknown

UNCERTAINTY

Development Medium
Price Uncertainty (UCC) Low
Price Uncertainty (UEC) Medium-High
DISCUSSION:

The installed capacity provided is net of auxiliary plant losses. Dependable capacity is 97% of
net capacity to account for 3% average degradation over the project life. Availability is assumed
to be 91.3% or 8,000 hours per year. Dependable capacity estimates were based on the
assumption that a firm fuel contract (transportation and commodity) would be available.

The heat rate estimate is expressed in terms of the higher heating values (“HHV”) for natural
gas, which is the basis for natural gas purchases. Over time there will be degradation in the
“clean and new” heat rate on the order of 1% to 3% depending on the location of the unit, the
maintenance schedule and time between turbine overhauls. The above estimate assumes the
clean and new value adjusted for 3% average degradation over the project life.

The assumed heat rate is within +/-4% of estimated heat rates used in the Energy Information
Administration/Assumption to the Annual Energy Outlook 2009, page 89; Conventional
Combined Cycle and Advanced Combined Cycle turbines/generators.

Unit Costs were calculated using the DCF method. The change in plant efficiency was
modelled using clean and new conditions in year 1 and the stated degradation at end of life,
with straight-line interpolation in the intervening years.

The capital cost is an “all-in” estimate that includes an allowance of $9.2 million for all permitting
and infrastructure connection costs (e.g. transmission, gas, water supply and effluent). The
capital costs also include an allowance for Selective Catalytic Reduction (“SCR”) equipment,
which will reduce the plant’s NOx emissions by up to 90%.

Social and environmental approval of large natural gas projects can depend on site location.
Sites located away from populations are estimated as having medium development risk. Based
on recent regulatory and public acceptance experience, the development risk for other sites
could be high.

No site specific studies have been conducted; however, the capital cost for CCGT turbines is
well established. Therefore, price uncertainty is judged to be low but would be subject to some
variation with exchange rates and market conditions. The price uncertainty rating is based on
the capital cost and does not include uncertainty in gas prices. Natural gas prices have
displayed significant volatility in recent years. Quoting from a recent California Energy
Commission report on this topic: “historic [natural gas price] forecast results have been poor vis-
a-vis actual prices, and unfortunately, the future may include more market volatility and even
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greater forecasting uncertainty.” Therefore, the price uncertainty regarding the UEC — in which
the natural gas price forecast plays an important part — is deemed to be medium to high.

REFERENCES:

Project Identification

Appendix F1 to the 2008 BC Hydro
Long Term Acquisition, Resource
Options Database Sheets
(“RODAT”)

Capacity and Energy

Appendix F1 to the 2008 BC Hydro
Long Term Acquisition, Resource
Options Database Sheets
(“RODAT")

Construction and O&M Costs

Appendix F1 to the 2008 BC Hydro
Long Term Acquisition, Resource
Options Database Sheets
(“RODAT")

Gas Price Forward Curve

EIA — AEO 2010 Early Release
future curve for spot prices at
Henry Hub

Firm Fuel Transport Cost

Appendix F1 to the 2008 BC Hydro
Long Term Acquisition, Resource
Options Database Sheets
(“RODAT”)

View on gas price volatility

“Natural Gas Price Volatility”,
Randy Roesser, CEC-200-2009-
009-SD, June 2009, page 42
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3.2 Natural Gas — SCGT

PROJECT: Generic Simple Cycle Gas Turbine — 40 MW

Resource Category: Peaking Plant
Level of Study: Conceptual Level

PROJECT DESCRIPTION:

This project involves a generic greenfield 40 MW (nominal) General Electric LM 6000 PD
Simple Cycle Gas Turbine (“SCGT”), based upon a similar resource described in BC Hydro’s
2008 LTAP. It is assumed that this unit would be equipped with a dry low NO, (“DLN") emission
control system. SCGT plants are typically employed to meet peak load because of their high
heat rates and resulting relatively high UECs, when compared with Combined Cycle Gas
Turbines (“CCGT”) that would normally be used to meet base load energy requirements
because of their superior heat rate and lower UECs.

TECHNICAL INFORMATION

Installed Capacity (MW) 42
Average Annual Energy (GWh/year) 16.7
Dependable Capacity (MW) 39 to 38*
Annual Firm Energy (GWh/yr) 68 to 66*
Average Heat Rate (GJ/GWh) 9,843 to 9,745*

*NOTE: Dependable Capacity, Firm Energy and Heat Rate degrade over time

FINANCIAL INPUTS (CAD 2010)

Capital Cost ($000s) $44,269
Fixed Operating & Maintenance Cost ($000s/year) $515
Variable Operating & Maintenance Cost ($/MWh) $4.00
Direct Capital Cost excludes Interest during Construction ("IDC") and Corporate Overhead.

Fuel Cost ($/MMBtu) as per AEO forward curve
Fuel Tax 7%
BC Carbon Tax (from 2012) ($/tonne equivalent) $30
Firm fuel transport cost ($/GJ) $0.30
Project Life (Years) 30
Project Construction Lead Time (Years) 2

FINANCIAL SUMMARY (CAD 2010)

6% (real) WACC* 8% (real) WACC*
Unit Construction Cost ($000s/MW) $1,147 $1,147
Annualized Unit Energy Cost ($/MWh) $167 $180
Annualized Unit Capacity Cost ($/MW - $8,481 $10,163
month)
*Weighted Average Cost of Capital (“WACC”)
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GHG FOOTPRINT

Meets Eco-Logo Criteria No
GHG Emissions relative to CCGT 1.37
GHG Emission Factor (tonnes CO2 equivalent/GWh) 500
Upstream GHG Emission (tonnes CO2 equivalent/GWh) Unknown

UNCERTAINTY

Development Medium
Price Uncertainty (UCC) Low
Price Uncertainty (UEC) Medium-High
DISCUSSION:

This is a conceptual level generic greenfield project located in the southern interior of BC. The
capital cost is an “all-in” estimate including an allowance of $4 million for all permitting and
infrastructure connection costs (e.g. transmission, gas, water supply, and effluent). Fixed
operation and maintenance costs assume unattended operation and remote supervision with
periodic site inspection by operating staff. Variable operation and maintenance costs are for the
power plant only and do not include fuel costs.

The installed capacity of 42.3 MW is net of auxiliary plant losses, based on integrated system
operator (“ISO”) conditions at sea level. Dependable capacity is adjusted for 2% degradation
and assuming an ambient annual mean temperature of 15° C at elevation 600 m. As this is a
peaking plant, a maximum probable annual dispatch duration of 20% is used to estimate a firm
energy value for calculation of a representative UEC. The actual annual dispatch duration is
more likely to be near 5% and the average annual energy production will be proportionately
less. Firm energy estimates were based on the assumption that a firm fuel contract would be
available.

The heat rate estimate is expressed in terms of the higher heating values (“HHV”) for natural
gas which is the basis for natural gas purchases. Over time there will be degradation of the
“clean and new” heat rate of 1% to 3% depending on the unit location, maintenance schedule
and time between turbine overhauls. Consistent annual maintenance would limit heat rate
degradation to 1% to 2%. The above estimate of the average heat rate assumes the clean and
new value adjusted by an average degradation of 1% over the project life.

Unit Costs were calculated using the DCF method. The change in plant efficiency was
modelled using clean and new conditions in year 1 and the stated degradation at end of life,
with straight-line interpolation in the intervening years.

Social and environmental approval of large natural gas projects can depend on site location.
Sites located away from population centres are assumed to have a medium development risk.
Based on recent regulatory and public acceptance experience, the development risk for more
densely populated sites could be high.

No site specific studies have been conducted. However, this is a proven technology with a
large number of similar projects in service in North America. Information from BC Hydro’s Fort
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Nelson facility and information received from BC Hydro’s 2004 Vancouver Island Call for
Tenders (“VICFT”) are consistent with the information used in this evaluation.

Natural gas prices have displayed significant volatility in recent years. Quoting from a recent
California Energy Commission report on this topic: “historic [natural gas price] forecast results
have been poor vis-a-vis actual prices, and unfortunately, the future may include more market
volatility and even greater forecasting uncertainty.” Therefore, the price uncertainty regarding
the UEC — in which the natural gas price forecast plays an important part — is deemed to be
medium to high.

REFERENCES:

Project Identification Appendix F1 to the 2008 BC Hydro
Long Term Acquisition, Resource
Options Database Sheets
(“RODAT")

Capacity and Energy Appendix F1 to the 2008 BC Hydro
Long Term Acquisition, Resource
Options Database Sheets
(“RODAT")

Construction and O&M Costs Appendix F1 to the 2008 BC Hydro
Long Term Acquisition, Resource
Options Database Sheets
(“RODAT”)

Gas Price Forward Curve EIA — AEO 2010 Early Release
future curve for spot prices at
Henry Hub

Firm Fuel Transport Cost Appendix F1 to the 2008 BC Hydro
Long Term Acquisition, Resource
Options Database Sheets
(“RODAT”)

View on gas price volatility “Natural Gas Price Volatility”,
Randy Roesser, CEC-200-2009-
009-SD, June 2009, page 42
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3.3 Similkameen Hydroelectric Project — Small Hydro with Capacity

PROJECT: Similkameen Hydroelectric Project

Resource Category: Base Load with some Potential Peaking Capability
Level of Study: Conceptual Level

PROJECT DESCRIPTION:

This project involves a 60 MW Hydroelectric Plant with a small reservoir located on the
Similkameen River upstream of Princeton, BC.

TECHNICAL INFORMATION

Installed Capacity (MW) 60
Average Annual Energy (GWh/year) 234
Dependable Capacity (MW) 60
Annual Firm Energy (GWh/yr) 174

FINANCIAL INPUTS (CAD 2010)

Capital Cost ($000s) $283,117
Fixed Operating & Maintenance Cost ($000s/year) $1,670
Variable Operating & Maintenance Cost ($000s/year) $0
Direct Capital Cost excludes Interest during Construction ("IDC") and Corporate Overhead.

Fixed Taxes ($000s/year) $824
Variable Taxes ($000s/year) $0
Water Rental — Installed Capacity ($/kW-year) $4.095
Water Rental — Annual Energy Production ($/MWh) $6.896

Project Life (Years)

70
Project Development Lead Time (Years) 5
Project Construction Lead Time (Years) 3

FINANCIAL SUMMARY (CAD 2010)

6% (real ) WACC* 8% (real ) WACC*
Unit Construction Cost ($000s/MW) $5,007 $5,106
Annualized Unit Energy Cost ($/MWh) $97 $124
Annualized Unit Capacity Cost ($/MW - $29,274 $38,003
month)
*Weighted Average Cost of Capital (“WACC”)
GHG FOOTPRINT
Meets Eco-Logo Criteria Yes
GHG Emission Factor (tonnes CO2 equivalent/GWh) 0
Upstream GHG Emission (tonnes CO2 equivalent/GWh) 0
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UNCERTAINTY

Development Medium-High
Price Uncertainty (UCC) Medium-High
Price Uncertainty (UEC) Medium-High

DISCUSSION:

The project concept is based on engineering and environmental studies and stakeholder
consultation carried out since the early 1990s that indicate a hydro storage facility could be

feasible upstream of Princeton.

REFERENCES:

Conceptual Design, Capacity and Energy

Hatch Engineering Report

Construction and O&M Costs

Hatch Engineering Report

Water Rental Rates

BC MOE Web Site rev Dec 2009

Property Taxes Assumed general rural mill rate of
$4.16 per $1000 of 70% of fixed
capital cost.
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3.4 Hydro — Run of River — In FortisBC Service Area

PROJECT: Cluster of 9 Run-of-River Projects within FortisBC’s Service Area

Resource Category: Intermittent
Level of Study: Inventory Level

PROJECT DESCRIPTION:

A 70 MW cluster of 9 run-of-river projects within FortisBC’s service area which are presently
under early stage development by Independent Power Producers.

TECHNICAL INFORMATION

Installed Capacity (MW) 70
Average Annual Energy (GWh/year) 250
Dependable Capacity (MW) 10
Annual Firm Energy (GWh/yr) 205

FINANCIAL INPUTS (CAD 2010)

Capital Cost ($000s) $280,000
Fixed Operating & Maintenance Cost ($000s/year) $4,200
Variable Operating & Maintenance Cost ($000s/year) $0
Direct Capital Cost excludes Interest during Construction ("IDC") and Corporate Overhead.

Fixed Taxes ($000s/year) $815
Variable Taxes ($000s/year) $0
Water Rental — Installed Capacity ($/Kw-year) $4.095
Water Rental — Annual Energy Production ($/MWh) $1.229
Project Life (Years) 40
Project Development Lead Time (Years) 5
Project Construction Lead Time (Years) 3

FINANCIAL SUMMARY (CAD 2010)

6% (real ) WACC* 8% (real ) WACC*
Unit Construction Cost ($000s/MW) $29,714 $30,300
Annualized Unit Energy Cost ($/MWh) $101 $124
Annualized Unit Capacity Cost ($/MW - $206,704 $253,881
month)
*Weighted Average Cost of Capital (“WACC”)
GHG FOOTPRINT
Meets Eco-Logo Criteria Yes
GHG Emission Factor (tonnes CO2 equivalent/GWh) 0
Upstream GHG Emission (tonnes CO2 equivalent/GWh) 0
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UNCERTAINTY

Development High
Price Uncertainty (UCC) Medium
Price Uncertainty (UEC) Medium
DISCUSSION:

There have been 9 water licence applications for water power projects within FortisBC’s service
area. These are on Koch Creek, Norns Creek, Goat River, Next Creek, Midge Creek,
Woodbury Creek, Bernard Creek, Powder Creek and Enterprise Creek. These water license
applications are not held by FortisBC, nor are they expected to be acquired by FortisBC.

For the purpose of this report, it is assumed that the diversion quantity applied for was
determined through reasonable analysis on the part of the individual project proponents and
represents an optimal flow based on the hydrological characteristics of the individual creeks.

A cursory map search was used to determine the magnitude of available head for the individual
projects based on the specified Point of Diversion and relative topography.

Midgard’s professional experience suggests that these types of projects typically have an
optimal utilization factor of 40%.

These assumptions were used to derive the bundle’s installed capacity and annual average
energy potential.

A representative creek in the south Kootenays with a long-term hydrometric record (Keen
Creek) was selected as a proxy for hydrograph characteristics for the bundle of creeks and its
hydrometric record was used to model dependable capacity and annual firm energy for the
bundle.

REFERENCES:

Project Identification BC MOE — Water Licence
Applications

Flow, Head, Capacity and Energy BC MOE, TRIM map search,

Water Survey of Canada and
Midgard professional judgement

Construction and O&M Costs Midgard files for 2010 unit
construction costs suggest a range
of cost between $3.8 million to
$4.2 million per installed MW.

Water Rental Rates BC MOE Web Site rev Dec 2009

Property Taxes Assumed general rural mill rate of
$4.16 per $1000 of 70% of fixed
capital cost.
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3.5 Hydro — Small Run of River with Minor Storage — Coastal

PROJECT: Cluster of 5 Run-of-River Projects in the Coastal BC Region

Resource Category: Intermittent
Level of Study: Inventory Level

PROJECT DESCRIPTION:

This project would involve a 62 MW cluster of 5 run-of-river hydro projects in the coastal BC
region, with minor lake tap storage.

TECHNICAL INFORMATION

Installed Capacity (MW) 62
Average Annual Energy (GWh/year) 255
Dependable Capacity (MW) 28
Annual Firm Energy (GWh/yr) 229

FINANCIAL INPUTS (CAD 2010)

Capital Cost ($000s) $248,000
Fixed Operating & Maintenance Cost ($000s/year) $3,720
Variable Operating & Maintenance Cost ($000s/year) $0
Direct Capital Cost excludes Interest during Construction ("IDC") and Corporate Overhead.

Fixed Taxes ($000s/year) $722
Variable Taxes ($000s/year) $0
Water Rental — Installed Capacity ($/kW-year) $4.095
Water Rental — Annual Energy Production ($/MWh) $1.229
Project Life (Years) 40
Project Development Lead Time (Years) 5
Project Construction Lead Time (Years) 3

FINANCIAL SUMMARY (CAD 2010)

6% (real ) WACC* 8% (real ) WACC*
Unit Construction Cost ($000s/MW) $9,360 $9,545
Annualized Unit Energy Cost ($/MWh) $88 $108
Annualized Unit Capacity Cost ($/MW - $63,350 $80,212
month)
*Weighted Average Cost of Capital (“WACC”)
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GHG FOOTPRINT

Meets Eco-Logo Criteria Yes
GHG Emission Factor (tonnes CO2 equivalent/GWh) 0
Upstream GHG Emission (tonnes CO2 equivalent/GWh) 0

UNCERTAINTY

Development High
Price Uncertainty (UCC) Medium-High
Price Uncertainty (UEC) Medium-High
DISCUSSION:

A 62 MW cluster of small run-of-river projects that recently won a BC Hydro EPA as part of the
2008 Clean Power Call has been selected as a proxy for other similar potential clusters that are
anticipated to exist in the coastal region. This project cluster consists of a combination of pure
run-of-river projects and projects with some storage due to the presence of an intake tap in an
existing lake.

This project will require transmission wheeling to the FortisBC service area. Energy and
Dependable Capacity have both been de-rated 6.28% to account for average system losses on
BC Hydro’s transmission grid as per BCTC Rate schedule 101. It is assumed that wheeling will
be accomplished by scheduling on a Non-firm or Short Term Firm basis to minimize wheeling
costs. Counter flow transmission from the coastal region into FortisBC’s service area is not
expected to encounter scheduling constraints under most operating conditions because the
notional flow will result in a reduction of normal bulk system transmission flows from the BC
Interior towards the Lower Mainland.

The economic life of these projects has been assumed to be the maximum tenure of a water
licence in BC. In reality, this represents the maximum amortization practical for most IPP
developers and is reflected in the costs expected to seen by FortisBC.

REFERENCES:

Project Identification Proponent submission to BC EAO

Capacity and Energy Proponent submission to BC EAO

Construction and O&M Costs Midgard files for 2010 unit
construction costs suggest a range
of cost between $3.8 million to
$4.2 million per installed MW.

Water Rental Rates BC MOE Web Site rev Dec 2009

Property Taxes Assumed general rural mill rate of
$4.16 per $1000 of 70% of fixed
capital cost.

Transmission and Wheeling Costs BCTC Rate Schedule 01 rev Jan
14, 2010 and Rate Schedule 110
rev Oct 21 2009.
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3.6 Hydro - Site C = BC Hydro

PROJECT: 900 MW Storage Hydro Project on the Peace River

Resource Cateqgory: Base Load
Level of Study: Project Definition

PROJECT DESCRIPTION:

The Site C project has been proposed by BC Hydro as the third major hydroelectric dam on the
Peace River. The project would be located approximately seven kilometres southwest of Fort
St. John, downstream of the Peace River’s confluence with the Moberly River. The reservoir
would be 83 kilometres long and would inundate just over 5,300 hectares.

As currently proposed, the Site C project would consist of a 1.1 km earth fill dam across the
Peace River valley, with 300 m wide concrete spillway and power intake structures located on
the south bank. The powerhouse would incorporate 900 MW of hydro generation capacity and
would produce 4,600 GWh annually on average.

TECHNICAL INFORMATION

Installed Capacity (MW) 900
Average Annual Energy (GWh/year) 4,600
Dependable Capacity (MW) 888
Annual Firm Energy (GWh/yr) 4,000

FINANCIAL INPUTS (CAD 2010)

Capital Cost ($000s) $5,907,788
Fixed Operating & Maintenance Cost ($000s/year) $9,909
Variable Operating & Maintenance Cost ($000s/year) $0
Direct Capital Cost excludes Interest during Construction ("IDC") and Corporate Overhead.

Fixed Taxes ($000s/year) $2,879
Variable Taxes ($000s/year) $0
Water Rental — Installed Capacity ($/kW-year) $4.095
Water Rental — Annual Energy Production ($/MWh) $6.896

Project Life (Years)

70
Project Development Lead Time (Years) 5
Project Construction Lead Time (Years) 6

FINANCIAL SUMMARY (CAD 2010)

6% (real ) WACC* 8% (real ) WACC*
Unit Construction Cost ($000s/MW) $7,733 $8,133
Annualized Unit Energy Cost ($/MWh) $102 $137
Annualized Unit Capacity Cost ($/MW-month) $40,921 $56,058

*Weighted Average Cost of Capital (“WACC”)
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GHG FOOTPRINT

Meets Eco-Logo Criteria Yes
GHG Emission Factor (tonnes CO2 equivalent/GWh) 0
Upstream GHG Emission (tonnes CO2 equivalent/GWh) 0

UNCERTAINTY

Development Medium-Low
Price Uncertainty (UCC) Medium
Price Uncertainty (UEC) Medium
DISCUSSION:

The Site C project has been under study for several decades and the project concept and
general configuration are well understood. On April 19, 2010, the BC Government announced
that it will move forward with the Site C project. BC Hydro has since moved into a detailed
regulatory review phase, which is stage 3 of a 5 stage development process leading through
completion of construction.

The project is expected to have a very high capacity factor due to the multiyear storage capacity
of the upstream Williston Reservoir. The project will also have its own reservoir and will
therefore be considered as a dispatchable capacity resource.

REFERENCES:

Project Identification BC Hydro LTAP

Capacity and Energy BC Hydro LTAP

Construction and O&M Costs BC Hydro Peace River Site C
Hydro Project, Round 2 Summary
Report

Water Rental Rates BC MOE Web Site rev Dec 2009

Property Taxes Assumed general rural mill rate of
$4.16 per $1000 of 70% of fixed
capital cost.

Transmission and Wheeling Costs BCTC Rate Schedule 01 rev Jan
14, 2010 and Rate Schedule 110
rev Oct 21 2009.
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3.7 Hydro —Waneta - BC Hydro Purchase of 1/3 Interest From Teck

PROJECT: BC Hydro Purchase of 1/3 Interest in Waneta from Teck

Resource Category: Base Load
Level of Study: Not Applicable (Asset in Operation)

PROJECT DESCRIPTION:

Waneta is an existing hydroelectric asset in BC of which BC Hydro acquired a 1/3 interest from
Teck. It does not represent a direct resource option for FortisBC but is included herein as an
indicator of future market based prices for capacity and energy in BC.

TECHNICAL INFORMATION

Installed Capacity (MW) 256 to 162*
Average Annual Energy (GWh/year) 1008 to 884*
Dependable Capacity (MW) 256 to 162*
Annual Firm Energy (GWh/yr) 1008 to 884*

*NOTE: The dependable capacity and annual energy benefit is reduced over time

FINANCIAL INPUTS (CAD 2010)

Capital Cost ($000s) $850,000°
Fixed Operating & Maintenance Cost ($000s/year) Variable — See DCF Calculation
Variable Operating & Maintenance Cost ($000s/year) $0
Direct Capital Cost excludes Interest during Construction ("IDC") and Corporate Overhead.

Fixed Taxes ($000s/year) Incl. above
Variable Taxes ($000s/year) $0
Water Rental — Installed Capacity ($/kW-year) $4.095
Water Rental — Annual Energy Production ($/MWh) $6.896
Project Life (Years) 30’
Project Development Lead Time (Years) None
Project Construction Lead Time (Years) None

FINANCIAL SUMMARY (CAD 2010)

6% (real ) WACC* 8% (real ) WACC*
Unit Construction Cost ($000s/MW) $3,320** $3,320**
Annualized Unit Energy Cost ($/MWh) $76 $88
Annualized Unit Capacity Cost ($/MW - $21,054 $24,854

® BCUC Current Application “BC HYDRO - Application dated July 06, 2009 for the Acquisition from Teck
Metals Ltd. of an Undivided One-third Interest in its Waneta Dam and Associated Assets”, Project No.
3698565, Section 1.1.1

" BCUC Current Application “BC HYDRO - Application dated July 06, 2009 for the Acquisition from Teck
Metals Ltd. of an Undivided One-third Interest in its Waneta Dam and Associated Assets”, Project No.
3698565, Exhibit B-13: BC Hydro response to CECBC IR 1.3.9.6
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| month)

*Weighted Average Cost of Capital (“WACC”)

**Note: This transaction is financial and no construction occurs

GHG FOOTPRINT

Meets Eco-Logo Criteria Yes
GHG Emission Factor (tonnes CO2 equivalent/GWh) 0
Upstream GHG Emission (tonnes CO2 equivalent/GWh) 0
UNCERTAINTY

Development Low
Price Uncertainty (UCC) Low
Price Uncertainty (UEC) Low

DISCUSSION:

The calculation of UCC for the Waneta Acquisition by BC Hydro (“WAN”) used the discounted
cashflow method because the ACM requires that the annual benefits be uniform over the
economic life of the project (BC Hydro 2006 Integrated Electricity Plan Appendix F — Chapter 4
— Financial Assumptions). The Waneta acquisition is not expected to have uniform annual
capacity or energy benefits nor does it have constant future operating expenses and capital
reinvestments. The decision was made to use the DCF method exclusively rather than
attempting to annualize these future different capacities and expenses.

REFERENCES:

Project Identification

BCUC Current Application “BC
HYDRO - Application dated July 06,
2009 for the Acquisition from Teck
Metals Ltd. of an Undivided One-third
Interest in its Waneta Dam and
Associated Assets”, Project No.
3698565

Capacity and Energy

BCUC Current Application “BC
HYDRO - Application dated July 06,
2009 for the Acquisition from Teck
Metals Ltd. of an Undivided One-third
Interest in its Waneta Dam and
Associated Assets”, Project No.
3698565

Construction and O&M Costs

BCUC Current Application “BC
HYDRO - Application dated July 06,
2009 for the Acquisition from Teck
Metals Ltd. of an Undivided One-third
Interest in its Waneta Dam and
Associated Assets”, Project No.
3698565

Water Rental Rates

BC MOE Web Site rev Dec 2009
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PROJECT: Proposed 500 MW Unit Addition at BC Hydro’s Mica Dam

Resource Category: Peaking Plant
Level of Study: Project Definition

PROJECT DESCRIPTION:

The existing Mica Generating Station consists of four 4560 MW generating units and includes
empty bays for two additional units. This project involves the addition of a fifth generating unit at

the existing powerhouse.

TECHNICAL INFORMATION

Installed Capacity (MW) 500
Average Annual Energy (GWh/year) 130
Dependable Capacity (MW) 465
Annual Firm Energy (GWh/yr) 130
FINANCIAL INPUTS (CAD 2010)

Capital Cost ($000s) $347,432
Fixed Operating & Maintenance Cost ($000s/year) $1,030
Variable Operating & Maintenance Cost ($000s/year) $0
Direct Capital Cost excludes Interest during Construction ("IDC") and Corporate Overhead.

Grants in lieu of taxes ($/kW/year) $0.58
Variable Taxes ($000s/year) $0
Water Rental — Installed Capacity ($/kW-year) $4.095
Water Rental — Annual Energy Production ($/MWh) $6.896
Project Life (Years) 50
Project Development Lead Time (Years) Incl. below
Project Construction Lead Time (Years) 7

FINANCIAL SUMMARY (CAD 2010)

6% (real ) WACC*

8% (real ) WACC*

Unit Construction Cost ($000s/MW)

$831

$860

Annualized Unit Energy Cost ($/MWh)

$221

$284

Annualized Unit Capacity Cost ($/MW-month)

$4,965

$6,435

*Weighted Average Cost of Capital (“WACC”)

GHG FOOTPRINT

Meets Eco-Logo Criteria

Yes

GHG Emission Factor (tonnes CO2 equivalent/GWh)

Upstream GHG Emission (tonnes CO2 equivalent/GWh)
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UNCERTAINTY

Development Medium-Low
Price Uncertainty (UCC) Medium
Price Uncertainty (UEC) Medium
DISCUSSION:

The project would provide additional capacity but relatively little incremental energy.

REFERENCES:

Project Identification BC Hydro LTAP

Capacity and Energy BC Hydro LTAP

Construction and O&M Costs BC Hydro LTAP

Water Rental Rates BC MOE Web Site rev Dec 2009
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3.9 Hydro — Mica 6 — BC Hydro

PROJECT: Proposed Second 500 MW Unit Addition at BC Hydro’s Mica Dam

Resource Category: Peaking Plant
Level of Study: Project Definition

PROJECT DESCRIPTION:

The existing Mica Generating Station consists of four 450 MW generating units and includes
empty bays for two additional units. This project involves the addition of a sixth generating unit
at the existing powerhouse.

TECHNICAL INFORMATION

Installed Capacity (MW) 500
Average Annual Energy (GWh/year) 50
Dependable Capacity (MW) 460
Annual Firm Energy (GWh/yr) 50

FINANCIAL INPUTS (CAD 2010)

Capital Cost ($000s) $347,432
Fixed Operating & Maintenance Cost ($000s/year) $1,030
Variable Operating & Maintenance Cost ($000s/year) $0
Direct Capital Cost excludes Interest during Construction ("IDC") and Corporate Overhead.

Grants in lieu of taxes ($/kW/year) $0.58
Variable Taxes ($000s/year) $0
Water Rental — Installed Capacity ($/kW-year) $4.095
Water Rental — Annual Energy Production ($/MWh) $6.896
Project Life (Years) 50
Project Development Lead Time (Years) Incl. below
Project Construction Lead Time (Years) 7

FINANCIAL SUMMARY (CAD 2010)

6% (real ) WACC* 8% (real ) WACC*

Unit Construction Cost ($000s/MW) $840 $870

Annualized Unit Energy Cost ($/MWh) $564 $728

Annualized Unit Capacity Cost ($/MW-month) $5,015 $6,501

*Weighted Average Cost of Capital (“WACC”)

GHG FOOTPRINT

Meets Eco-Logo Criteria Yes

GHG Emission Factor (tonnes CO2 equivalent/GWh) 0

Upstream GHG Emission (tonnes CO2 equivalent/GWh) 0
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UNCERTAINTY

Development Medium-Low
Price Uncertainty (UCC) Medium
Price Uncertainty (UEC) Medium
DISCUSSION:

The project would provide additional capacity but relatively little incremental energy.

REFERENCES:

Project Identification BC Hydro LTAP

Capacity and Energy BC Hydro LTAP

Construction and O&M Costs BC Hydro LTAP

Water Rental Rates BC MOE Web Site rev Dec 2009
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3.10 Hydro — Revelstoke 6 —= BC Hydro

PROJECT: Proposed 500 MW Unit Addition at BC Hydro’s Revelstoke Dam

Resource Category: Peaking Plant
Level of Study: Project Definition

PROJECT DESCRIPTION:

The existing Revelstoke Generating Station consists of four generating units with a combined
capacity of 1,980 MW. A fifth 500 MW is slated to come on line in October 2010. This project
would involve filling the sixth and final open generating unit position in the Revelstoke dam.

TECHNICAL INFORMATION

Installed Capacity (MW) 500
Average Annual Energy (GWh/year) 26
Dependable Capacity (MW) 470
Annual Firm Energy (GWh/yr) 26

FINANCIAL INPUTS (CAD 2010)

Capital Cost ($000s) $317,767
Fixed Operating & Maintenance Cost ($000s/year) $1,030
Variable Operating & Maintenance Cost ($000s/year) $0
Direct Capital Cost excludes Interest during Construction ("IDC") and Corporate Overhead.

Grants in lieu of taxes ($/kW/year) $0.58
Variable Taxes ($000s/year) $0
Water Rental — Installed Capacity ($/kW-year) $4.095
Water Rental — Annual Energy Production ($/MWh) $6.896
Project Life (Years) 50
Project Development Lead Time (Years) 5
Project Construction Lead Time (Years) 5

FINANCIAL SUMMARY (CAD 2010)

6% (real ) WACC* 8% (real ) WACC*

Unit Construction Cost ($000s/MW) $733 $752

Annualized Unit Energy Cost ($/MWh) $977 $1,248

Annualized Unit Capacity Cost ($/MW-month) $4,445 $5,696

*Weighted Average Cost of Capital (“WACC”)

GHG FOOTPRINT

Meets Eco-Logo Criteria Yes

GHG Emission Factor (tonnes CO2 equivalent/GWh) 0

Upstream GHG Emission (tonnes CO2 equivalent/GWh) 0
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UNCERTAINTY

Development Medium-Low
Price Uncertainty (UCC) Medium
Price Uncertainty (UEC) Medium
DISCUSSION:

The project would provide additional capacity but relatively little incremental energy.

REFERENCES:

Project Identification BC Hydro LTAP

Capacity and Energy BC Hydro LTAP

Construction and O&M Costs BC Hydro LTAP

Water Rental Rates BC MOE Web Site rev Dec 2009
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3.11 Hydro — Resource Smart Bundle (w/o Mica & Revelstoke) = BC Hydro

PROJECT: Proposed expansions at various existing BC Hydro assets

Resource Category: Peaking Plant
Level of Study: Varies across different projects

PROJECT DESCRIPTION:

The Resource Smart Bundle of opportunities only consist of expansion projects:
Duncan Dam New Generation - 103 GWh/yr (30 MW added)

Kootenay Canal-Grohman Narrows - 28 GWh/yr (0 MW added)
Strathcona Additional Unit - 0 GWh/yr (30 MW added)

Ashe River Additional Unit - 30 GWh/yr (9 MW added)

Puntledge Additional Unit - 18.2 GWh/yr (10 MW added)

Lajoie Additional Unit - 80 GWh/yr (30 MW added).

OORWON=

TECHNICAL INFORMATION

Installed Capacity (MW) 109
Average Annual Energy (GWh/year) 259
Dependable Capacity (MW) 109
Annual Firm Energy (GWh/yr) 259

FINANCIAL INPUTS (CAD 2010)

Capital Cost ($000s) $279,904
Fixed Operating & Maintenance Cost ($000s/year) 3,642
Variable Operating & Maintenance Cost ($000s/year) $0
Direct Capital Cost excludes Interest during Construction ("IDC") and Corporate Overhead.

Grants in lieu of taxes ($/kW/year) $0
Variable Taxes ($000s/year) $0
Water Rental — Installed Capacity ($/kW-year) $4.095
Water Rental — Annual Energy Production ($/MWh) $6.896
Project Life (Years) 50
Project Development Lead Time (Years) Not Stated
Project Construction Lead Time (Years) 3 (Estimate)

FINANCIAL SUMMARY (CAD 2010)

6% (real ) WACC* 8% (real ) WACC*
Unit Construction Cost ($000s/MW) $2,725 $2,779
Annualized Unit Energy Cost ($/MWh) $95 $118
Annualized Unit Capacity Cost ($/kW-yr) $17,534 $22,055
*Weighted Average Cost of Capital (“WACC”)
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GHG FOOTPRINT

Meets Eco-Logo Criteria Yes
GHG Emission Factor (tonnes CO2 equivalent/GWh) 0
Upstream GHG Emission (tonnes CO2 equivalent/GWh) 0

UNCERTAINTY

Development High
Price Uncertainty (UCC) High
Price Uncertainty (UEC) High
DISCUSSION:

BC Hydro has stated that this bundle of projects is comprised of expansion projects, not
maintenance projects, and therefore individual projects do not have planned implementation
dates. The project bundle would provide additional capacity and energy, but the primary
purpose of these expansions would be to provide additional capacity. Although the construction
period of the entire bundle of projects will likely take longer than 3 years, each individual project
will be developed in 3 years or less.

The bundle does not represent direct resource options for FortisBC but is included herein as an
indicator of potential future market based pricing for capacity in BC.

REFERENCES:

Project Identification BC Hydro LTAP

Capacity and Energy BC Hydro LTAP

Construction and O&M Costs BC Hydro LTAP

Water Rental Rates BC MOE Web Site rev Dec 2009
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3.12 Hydro — Pumped Storage — Indicative Estimate in the Okanagan

PROJECT: Generic 180 MW Pumped Storage Hydro Project — Okanagan

Resource Category: Peaking Plant
Level of Study: Project Identification Level

PROJECT DESCRIPTION:

Several potential pumped storage project sites have been identified in the Okanagan and South
eastern BC region. This generic project consists of upper and lower reservoirs and associated
dams and other infrastructure. Indicative pricing has been developed based upon cost
modelling done for prospective projects at several sites and an average pumped storage project
has been provided in this report.

TECHNICAL INFORMATION

Installed Capacity (MW) 180
Average Annual Energy (GWh/year) N/A
Dependable Capacity (MW) 180
Annual Firm Energy (GWh/yr) N/A

FINANCIAL INPUTS (CAD 2010)

Capital Cost ($000s) $340,000

Fixed Operating & Maintenance Cost ($000s/year) $5,100

Variable Operating & Maintenance Cost ($000s/year) $0

Direct Capital Cost excludes Interest during Construction ("IDC") and Corporate Overhead.

Fixed Taxes ($000s/year) $990
Variable Taxes ($000s/year) $0
Water Rental — Installed Capacity ($/kW-year) $4.095
Water Rental — Annual Energy Production ($/MWh) N/A

Project Life (Years)

70
Project Development Lead Time (Years) 5
Project Construction Lead Time (Years) 4

FINANCIAL SUMMARY (CAD 2010)

6% (real ) WACC*

8% (real ) WACC*

Unit Construction Cost ($000s/MW) $2,066 $2,128
Annualized Unit Energy Cost ($/MWh) N/A N/A
Annualized Unit Capacity Cost ($/MW- $13,668 $17,412

month)

*Weighted Average Cost of Capital (“WACC”)
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GHG FOOTPRINT

Meets Eco-Logo Criteria Yes
GHG Emission Factor (tonnes CO2 equivalent/GWh) 0
Upstream GHG Emission (tonnes CO2 equivalent/GWh) 0
UNCERTAINTY

Development Medium-High
Price Uncertainty (UCC) Medium-High
Price Uncertainty (UEC) Medium-High
DISCUSSION:

A pumped storage hydro project uses electric energy from the low cost off peak spot market to
pump water from a lower elevation water body to an upper reservoir. The stored water is used
to generate power as required.

Overall the project would be a net consumer of electrical energy therefore a UEC was not
calculated. Round-trip efficiency for these projects is typically in the range of 70% due to
combined hydraulic losses due to pumping and water conduit as well as electrical losses.

A price spread of 35% or greater between high cost on peak spot market prices and low cost off
peak spot market prices would enable electrical energy price arbitrage. This in turn could
provide a positive economic contribution to subsidize the UCC of the project.

There are numerous other associated benefits to the project such as providing transmission
ancillary services and spinning reserve, the discussion of which is beyond the scope of this
report.

REFERENCES:

Project Identification FortisBC Files

Capacity and Energy Midgard files

Construction and O&M Costs Midgard files

Water Rental Rates BC MOE Web Site rev Dec 2009

Property Taxes Assumed general rural mill rate of
$4.16 per $1000 of 70% of fixed
capital cost.
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3.13 Wind — Within FortisBC Service Area — Low Construction Cost

PROJECT: Low Capital Cost 30 MW Wind Farm in the FortisBC Service Area

Resource Category: Intermittent
Level of Study: Conceptual Level

PROJECT DESCRIPTION:

A 30 MW wind farm pro-rated from a 150 MW southeast Wind bundle as described in the BC
Hydro LTAP, using the low end of the construction cost range.

TECHNICAL INFORMATION

Installed Capacity (MW) 30
Average Annual Energy (GWh/year) 65.7
Dependable Capacity (MW) 3
Annual Firm Energy (GWh/yr) N/A

FINANCIAL INPUTS (CAD 2010)

Capital Cost ($000s) $61,152
Fixed Operating & Maintenance Cost ($000s/year) $1,455
Variable Operating & Maintenance Cost ($000s/year) $0
Direct Capital Cost excludes Interest during Construction ("IDC") and Corporate Overhead.

Fixed Taxes ($000s/year) $174
Variable Taxes ($000s/year) $0
Water Rental — Installed Capacity ($/kW-year) N/A
Water Rental — Annual Energy Production ($/MWh) N/A
Project Life (Years) 20
Project Development Lead Time (Years) 5
Project Construction Lead Time (Years) 3

FINANCIAL SUMMARY (CAD 2010)

6% (real ) WACC* 8% (real ) WACC*
Unit Construction Cost ($000s/MW) $21,632 $22,058
Annualized Unit Energy Cost ($/MWh) $111 $127
Annualized Unit Capacity Cost ($/MW - $202,405 $232,467
month)
*Weighted Average Cost of Capital (“WACC”)
GHG FOOTPRINT
Meets Eco-Logo Criteria Yes
GHG Emission Factor (tonnes CO2 equivalent/GWh) 0
Upstream GHG Emission (tonnes CO2 equivalent/GWh) 0
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UNCERTAINTY

Development Medium
Price Uncertainty (UCC) Medium
Price Uncertainty (UEC) Medium
DISCUSSION:

A number of potential wind generation investigative use permits have been taken out by
developers within or near the FortisBC service area. None of these projects are presently under
construction but it is anticipated that some could be ready for development within the forecast
period.

The quality of the wind resource in the FortisBC service area is very site specific due to the
rugged topography and the lack of constant prevailing wind. The topography creates
development hurdles - access and construction challenges - since the best local wind resource
sites are located atop mountain ridges or high plateaux.

For the purpose of this resource option report two hypothetical 30 MW projects are presented to
demonstrate the range of unit costs that could be expected from a high quality wind resource
site with either low or high construction costs.

Dependable capacity is assumed to be 10% of nameplate capacity as proposed in the WECC
2008 Power Supply Assessment issued November 5, 2008. The assessment stated "[f]or this
analysis, summer wind turbine capacity was derated, on average, based on utility submissions,
to approximately 16% of nameplate capacity, and winter wind capacity was derated to
approximately 10% of nameplate capacity.”

REFERENCES:

Project Identification BC Hydro LTAP

Capacity and Energy BC Hydro LTAP

Construction and O&M Costs BC Hydro LTAP

Water Rental Rates N/A

Property Taxes Assumed general rural mill rate of
$4.16 per $1000 of 70% of fixed
capital cost.
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3.14 Wind — Within FortisBC Service Area — High Construction Cost

PROJECT: High Capital Cost 30 MW Wind Farm in the FortisBC Service Area

Resource Category: Intermittent
Level of Study: Conceptual Level

PROJECT DESCRIPTION:

A 30 MW wind farm pro-rated from a 150 MW southeast wind bundle as described in the BC
Hydro LTAP, using the high end of the construction cost range.

TECHNICAL INFORMATION

Installed Capacity (MW) 30
Average Annual Energy (GWh/year) 65.7
Dependable Capacity (MW) 3
Annual Firm Energy (GWh/yr) N/A

FINANCIAL INPUTS (CAD 2010)

Capital Cost ($000s) $76,640
Fixed Operating & Maintenance Cost ($000s/year) $1,455
Variable Operating & Maintenance Cost ($000s/year) $0
Direct Capital Cost excludes Interest during Construction ("IDC") and Corporate Overhead.

Fixed Taxes ($000s/year) $218
Variable Taxes ($000s/year) $0
Water Rental — Installed Capacity ($/kW-year) N/A
Water Rental — Annual Energy Production ($/MWh) N/A
Project Life (Years) 20
Project Development Lead Time (Years) 5
Project Construction Lead Time (Years) 3

FINANCIAL SUMMARY (CAD 2010)

6% (real ) WACC* 8% (real ) WACC*

Unit Construction Cost ($000s/MW) $27,110 $27,645

Annualized Unit Energy Cost ($/MWh) $133 $154

Annualized Unit Capacity Cost ($/MW-month) $243,432 $281,108

*Weighted Average Cost of Capital (“WACC”)

GHG FOOTPRINT

Meets Eco-Logo Criteria Yes

GHG Emission Factor (tonnes CO2 equivalent/GWh) 0

Upstream GHG Emission (tonnes CO2 equivalent/GWh) 0
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UNCERTAINTY

Development Medium
Price Uncertainty (UCC) Medium
Price Uncertainty (UEC) Medium
DISCUSSION:

A number of potential wind generation investigative use permits have been taken out by
developers within or near the FortisBC service area. None of these projects are presently under
construction but it is anticipated that some could be ready for development within the forecast
period.

The quality of the wind resource in the FortisBC service area is very site specific due to the
rugged topography and the lack of constant prevailing wind. The topography creates
development hurdles - access and construction challenges - since the best local wind resource
sites are located atop mountain ridges or high plateaux.

For the purpose of this resource option report two hypothetical 30 MW projects are presented to
demonstrate the range of unit costs that could be expected from a high quality wind resource
site with either low or high construction costs.

Dependable capacity is assumed to be 10% of nameplate capacity as proposed in the WECC
2008 Power Supply Assessment issued November 5, 2008. The assessment stated "[f]or this
analysis, summer wind turbine capacity was derated, on average, based on utility submissions,
to approximately 16% of nameplate capacity, and winter wind capacity was derated to
approximately 10% of nameplate capacity.”

REFERENCES:

Project Identification BC Hydro LTAP

Capacity and Energy BC Hydro LTAP

Construction and O&M Costs BC Hydro LTAP

Water Rental Rates N/A

Property Taxes Assumed general rural mill rate of
$4.16 per $1000 of 70% of fixed
capital cost.
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3.15 Biomass — Bundle of Woodwaste Projects

PROJECT: Bundle of Potential Sawmill Woodwaste, Roadside Woodwaste and
Standing Beetle Kill Wood Projects

Resource Category: Base Load
Level of Study: Conceptual Level

PROJECT DESCRIPTION:

Potential wood based biomass projects have been identified throughout BC based upon various
government studies and information derived from recent calls for proposals. The project fuel
types fall into three broad categories: sawmill woodwaste, roadside woodwaste, and standing
beetle kill timber. It is expected that potential projects will be a combination of co-generation
and stand alone projects with a combination of the three project fuel types and sizes ranging
from 8 MW to 65 MW.

TECHNICAL INFORMATION

Installed Capacity (MW) See Discussion
Average Annual Energy (GWh/year) 145 GWh/yr - See Discussion
Dependable Capacity (MW) 15MW - See Discussion
Annual Firm Energy (GWh/yr) 145 GWh/yr - See Discussion

FINANCIAL INPUTS (CAD 2010)

Capital Cost ($000s) See Discussion
Fixed Operating & Maintenance Cost ($000s/year) See Discussion
Variable Operating & Maintenance Cost ($000s/year) See Discussion
Direct Capital Cost excludes Interest during Construction ("IDC") and Corporate Overhead.

Fixed Taxes ($000s/year) See Discussion
Variable Taxes ($000s/year) See Discussion
Project Life (Years) 20
Project Development Lead Time (Years)

Project Construction Lead Time (Years) 1

FINANCIAL SUMMARY (CAD 2010)

6% (real ) WACC* 8% (real ) WACC*
Unit Construction Cost ($000s/MW) See Discussion See Discussion
Annualized Unit Energy Cost ($/MWh) $108/MWh to $108/MWh to
$159/MWh $159/MWh

See Discussion See Discussion
Annualized Unit Capacity Cost ($/MW - N/A N/A
month) See Discussion See Discussion
*Weighted Average Cost of Capital (“WACC”)
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GHG FOOTPRINT

Meets Eco-Logo Criteria Yes
GHG Emission Factor (tonnes CO2 equivalent/GWh) 0
Upstream GHG Emission (tonnes CO2 equivalent/GWh) 0

UNCERTAINTY

Development Low
Price Uncertainty (UCC) N/A
Price Uncertainty (UEC) Low
DISCUSSION:

Escalating the biomass project UEC values provided in the BC Hydro 2008 LTAP Appendix F1
and the Willis Energy Resource Options Report? yield a UEC range of $107/MWh to $162/MWh
in CAD 2010.

In the recent BC Hydro Bioenergy Call Phase 1, the four successful proponents had levelized
plant gate prices in the $101/MW to $108/MW range (CAD 2010); the median bid price for all
submissions was $159/MW. The total firm energy provided by the four winning projects was

579 GWh/year and the total dependable capacity was 60 MW.

These results confirm the validity of the biomass energy UEC values calculated by BC Hydro
and Willis Energy. A UEC range of $108/MW to $159/MW for new biomass projects with firm
energy of 145 GWh/year and dependable capacity of 15 MW is reasonable. Due to a lack of
biomass plant construction cost and operating cost details, an estimate of UCC was not
calculated for this report.

REFERENCES:

Conceptual Design BC Hydro 2008 LTAP Appendix F1, Willis
Resource Options Report 2009

Capacity and Energy Cost Estimates BC Hydro 2008 LTAP Appendix F1, Willis

Resource Options Report 2009,
BCUC Order Number E-8-09

8 FortisBC 2009 Resource Plan, Appendix | - 1
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3.16 Excluded Resource Options

Although other potential resources options exist for providing energy and/or capacity, detailed
evaluations of the resource options identified in the following table were not included in this
report for the reasons listed.

Table 3.2: Excluded Resource Options List

Resource Primary Discussion and Notes
Option Reason For
Exclusion
Geothermal Insufficient Potential geothermal projects exist in BC (e.g.: South
Current Cost Meager Creek), but no geothermal projects are in
Information commercial operations within BC and none were bid into
the most recent BC Hydro Clean Power Call. As a result,
this resource was excluded due to the lack of current
commercial operating information.
Nuclear Not Allowed as The BC Energy Plan explicitly prohibits nuclear power
per BC Energy generation in BC.
Plan
Coal (IGCC Not See IGCC with CCS discussion below this table.
with CCS) Commercially
Available
Tidal Not Utility Scale | Tidal power has not yet been proven commercially viable
on a scale that is suitable for a utility such as FortisBC.
Wave Not Utility Scale | Wave power has not yet been proven commercially viable
on a scale that is suitable for a utility such as FortisBC.
Solar - PV Not Utility Scale | Solar power in BC is not yet commercially viable on a scale
and Solar that is suitable for a utility such as FortisBC. Solar
Array generation is expensive but viable for some summer peak
utilities in high solar irradiance regions, but it is not
economically viable in the FortisBC service area.
Biomass — Insufficient One potential site has been identified in, or near, FortisBC
Municipal Current Cost territory. Current cost information about the potential site,
Solid Waste Information its location, fuel quality, tipping fees and other fuel cycle
costs are not readily available.
Biomass - Not Utility Scale | Biogas sites require larger landfills and generate relatively
Biogas small total output (e.g. 5-8 MW). As a result, this resource

lacks sufficient scale in the FortisBC territory to be
considered a material resource option solution.

Co-Generation

Insufficient
Current
Information

Co-generation projects are highly site specific and utility
scale developments are viable only with an appropriately
large heat host. As a result, the opportunity to develop co-
generation projects may arise on an opportunistic basis but
it is not practical to create a generic economic model.
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Coal based Integrated Gasification Combined Cycle with carbon capture and
sequestration (IGCC with CCS)

There is no coal-fired electrical generation capacity in BC today. Under current BC Government
policy®, the most viable coal-fired generation technology would be an integrated gasification
combined cycle coal fired unit equipped with carbon dioxide capture and storage capabilities.
Nevertheless, the 2008 BC Hydro LTAP recommended that coal-fired power generation with
CCS not be included as a commercially viable option in BC for the purposes of the BC Hydro
resources option report. The recommendation was prompted by the conclusions of a
Powertech report which was commissioned by BC Hydro. Among the conclusions quoted in the
2008 LTAP:

“At this time, the state of key components of CCS technology is such that it cannot be
considered in commercial application of coal-fired generation. Although pilot plants are
being considered and pursued, the viability of these technologies on a commercial
application scale may not be known until 2017 or later.”"°

” There are legal, regulatory and public acceptance issues that likely need to be
addressed before CO, CCS technology can be considered on a commercial scale in
B-C-”11

Since the Powertech study in 2008, there has been insufficient progress in the field of carbon
capture to reverse the conclusions reached in the 2008 BC Hydro LTAP. That s to say, IGCC
with Carbon Capture remains at a pre-commercial stage, and therefore should not be included
in the Resource Option Stack.

° The BC Energy Plan: A Vision for Clean Energy Leadership (http://www.energyplan.gov.bc.ca/) Policy
#20 stipulates: “that coal-fired generation must meet a zero green house gas (GHG) emission standard
through a combination of ‘clean coal’ fired generation technology, carbon sequestration and offset for any
residual GHG emissions.”
1‘1) BC Hydro 2008 Long Term Acquisition Plan, section 3.3.6.2, page 3-22

Ibid.

PROJ-0104-RPT-001-03 FortisBC Resource Option Report Page 44
Page 48 of 82


http://www.energyplan.gov.bc.ca/

2012 Long Term Resource Plan
Appendix C - Resource Option Report

FortisBC - 2010 Resource Options Report

WMIDGARD

4 Capital Cost Confidence Ranges

The following table gives an estimate of the confidence interval surrounding the different capital
cost estimates provided in this report.

Table 4.1: Capital Cost Confidence Ranges

Project Cost Estimate | Comments
Range

Mica New Unit 5 N/A Brownfield Development, Well Defined
Scope, Cost estimate by others

Mica New Unit 6 N/A Brownfield Development, Well Defined
Scope, Cost estimate by others

Revelstoke New Unit 6 N/A Brownfield Development, Well Defined
Scope, Cost estimate by others

Waneta - BC Hydro Purchase N/A Capital Cost is defined as part of the

of 1/3 Interest From Teck financial transaction

Resource Smart Bundle (w/o N/A Brownfield Development early in scoping

Mica & Revelstoke) stages, Cost estimate by others

Hydro - Site C N/A Complex Development, Cost estimate by
others

Biomass - Roadside and N/A Well Defined but Complex Plant Type,

Sawmill Woodwaste Cost estimate by others

Simple Cycle Gas Turbine

-10% to +20%

Well Defined Plant Type

Combined Cycle Gas Turbine

-10% to +20%

Well Defined Plant Type

Similkameen - Small Hydro
with Capacity

-20% to +30%

Complex Development

Wind - Low Cost - FortisBC
Territory

-20% to +30%

Site Dependent

Wind - High Cost - FortisBC

-20% to +30%

Site Dependent

Territory

Run Of River Hydro - FortisBC | -20% to +50%

Territory

Site Dependent

Run-Of-River Hydro - Coastal -20% to +50% Site Dependent

Indicative Pumped Storage -20% to +50%

Opportunities for Okanagan

Site Dependent

For several resource options, Midgard relied on published cost estimates from a variety of
sources, including BC Hydro, which did not indicate confidence ranges on cost. As a result of
this Midgard is not in a position to comment the level of cost estimating used and as such no
ranges for those resources are proved herein.

Where Midgard developed costs through primary effort, or had access to discussion of level of
estimating effort used by others, the cost estimates were classified according to the Association
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)12

for the Advancement of Cost Engineering (“AACE”) classification system (18r-97)“. These cost

estimates typically fell into Class 4 or 5.

2 AACE International Recommended Practice No. 18R-97, Cost Estimate Classification System — As
Applied in Engineering, Procurement, and Construction for the Process Industries - TCM Framework: 7.3
— Cost Estimating and Budgeting
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The key characteristics of the different resource options evaluated in this report are summarized
in the following table. Resource options listed in Table 3.2 are not included in this summary.

Table 5.1: Summary of Resource Option Key Characteristics

Project Resource Installed Dependable | Average | Greenhouse | Project
Type Capacity Capacity Annual Gas (C0O2) Life
(MW) (MW) Energy Emissions
(GWh) (t/GWh)
Mica New Unit 5 Peaking 500 465 130 0 50
Plant
Mica New Unit 6 Peaking 500 460 50 0 50
Plant
Revelstoke New Peaking 500 470 26 0 50
Unit 6 Plant
Waneta - BC Hydro | Base Load 256 256 1008 0 30
Purchase of 1/3
Interest From Teck
Run Of River Hydro | Intermittent 70 10 250 0 40
- FortisBC Territory
Similkameen - Base Load 60 60 234 0 70
Small Hydro with
Capacity
Run-Of-River Intermittent 62 28 255 0 40
Hydro - Coastal
Resource Smart Peaking 109 109 259 0 50
Bundle (w/o Mica & Plant
Revelstoke)
Indicative Pumped Peaking 180 180 0 0 70
Storage Plant
Opportunities for
Okanagan
Hydro - Site C Base Load 900 888 4600 0 70
Wind - Low Cost - Intermittent 30 3 65.7 0 20
FortisBC Territory
Wind - High Cost - Intermittent 30 3 65.7 0 20
FortisBC Territory
Simple Cycle Gas Peaking 39 39 68 500 25
Turbine Plant
Combined Cycle Base Load 243 243 1944 365 25
Gas Turbine
Biomass - Base Load Insufficient 15 145 0 20
Roadside and Information
Sawmill
Woodwaste
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The following table summarizes the Unit Energy Cost (“UEC”) and Unit Capacity Cost (“UCC”)
for the resource options available to FortisBC. It should be noted that for certain generic
resource options, such as SCGT, multiple installations may be required to meet FortisBC'’s

resource planning requirements. For unique or site-specific projects (e.g. Small Hydro with
Capacity - Similkameen), only one instance of that project exists for inclusion in the FortisBC
resource portfolio. The Capacity or Energy column in the table below indicates whether or not
the project primary purpose is to provide energy, capacity or both energy and capacity. The

table is sorted in ascending order of UCC.

Table 5.2: Unit Energy Cost and Unit Capacity Cost for Resource Options (CAD 2010)

Project Energy Dependable | Capital UEC UEC ucc ucc
or Capacity Cost (k$) | @6% @8% @6% @8%
Capacity | (MW) ($/MWh) | ($/MWh) | ($/MW- | ($/MW-

month) | month)

Revelstoke New | Capacity | 470 317,767 977 1,248 4,445 5,696

Unit 6

Mica New Unit5 | Capacity | 465 347,432 221 284 4,965 6,435

Mica New Unit6 | Capacity | 460 347,432 564 728 5,015 6,501

Simple Cycle Capacity | 39 44,269 167 180 8,481 10,163

Gas Turbine

Combined Cycle | Energy 243 329,445 90 93 10,624 | 12,708

Gas Turbine

Indicative Capacity | 180 340,000 N/A N/A 13,668 | 17,412

Pumped Storage

Opportunities

Resource Smart | Capacity | 109 279,904 95 118 17,534 | 22,055

Bundle (w/o Mica

& Revelstoke)

Waneta - BC N/A 256 850,000 76 88 21,054 | 24,854

Hydro Purchase

of 1/3 Interest

From Teck

Similkameen - Energy & | 60 283,117 97 124 29,274 | 38,003

Small Hydro with | Capacity

Capacity

Hydro - Site C Energy & | 888 5,907,788 | 102 137 40,921 | 56,058
Capacity

Run-Of-River Energy 28 248,000 88 108 65,350 | 80,212

Hydro - Coastal

Wind - Low Cost | Energy 3 61,152 111 127 202,405 | 232,467

Run Of River Energy 10 280,000 101 124 206,704 | 253,881

Hydro - FortisBC

Territory

Wind Energy 3 76,640 133 154 243,432 | 281,108

Biomass - Energy 15 Insuffici- 108-159 108-159 | N/A N/A

Roadside and ent Data

Sawmill

Woodwaste

The following table is a summary of unit construction costs which as defined previously is the
Capital Cost divided by the dependable capacity.
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Table 5.3: Resource Option Unit Construction Cost (CAD 2010)
Project Installed Dependable Capital Unit Project
Capacity Capacity Cost (k$) Construction Life
(MW) (MW) Cost @8%
(k$/MW)
Mica New Unit 5 500 465 347,432 860 50
Mica New Unit 6 500 460 347,432 870 50
Revelstoke New 500 470 317,767 752 50
Unit 6
Waneta - BC Hydro 256 256 850,000 3,320 30

Purchase of 1/3
Interest From Teck

Run Of River Hydro 70 10 280,000 30,300 40
- FortisBC Territory

Similkameen - 60 60 283,117 5,106 70
Small Hydro with

Capacity

Run-Of-River Hydro 62 28 248,000 9,545 40
- Coastal

Resource Smart 109 109 279,904 2,779 50

Bundle (w/o Mica &
Revelstoke)

Indicative Pumped 180 180 340,000 2,128 70
Storage

Opportunities for

Okanagan

Hydro - Site C 900 888 5,907,788 8,133 70
Wind - Low Cost - 30 3 61,152 22,058 20
FortisBC Territory

Wind - High Cost - 30 3 76,640 27,645 20
FortisBC Territory

Simple Cycle Gas 39 39 44,269 1,147 25
Turbine

Combined Cycle 243 243 329,445 1,356 25
Gas Turbine
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Appendix A — Natural Gas Curves

The base case natural gas curve that Midgard supports in this appendix is listed in Appendix A - Table 1
below, along with a high case scenario and a low case scenario. The natural gas price curve is quoted in
US dollars per million British thermal units (“MMBtus”) for the average annual price.

The natural gas curve is the estimate of the spot market price for Henry Hub natural gas. Henry Hub
natural gas is the benchmark trading point for natural gas in North America™®. The benchmark natural gas
futures contract that trades on the New York Mercantile Exchange (“NYMEX”) - North America’s primary
energy commodities exchange - physically settles at the Henry Hub natural gas delivery point.

Appendix A - Table 1 - Annual Base Case [LowCase [High Case
Average Spot Price of Henry Hub 2010 |$ 450 |$ 413|$ 491
Natural Gas (USD / MMBtu) 2011 S 568|S 381|S 848
2012 $ 617 ]S 434]|S 878
Base Case Curve 2013 $ 613]S 419]|$ 895
The Base Case Curve relies on the US Department of Energy’s 2014 |$ 609|$ 39|35 929
Energy Information Agency’s (“EIA”) Annual Energy Outlook 2015 $ 627|$ 409|S$ 962
2Q1O (“AEOZQ}O”) - specifically, the Henlry Hub lngtura.I gas 2016 |S 6385 416|S 9.79
price forecast. © The U.S. Energy Information Administration is 2017 S 6385 4165 980
the_primary us ngeral Government authority on energy T T s s Jnls o8
statistics and analysis. EIA data and forecasts are a widely
quoted and relied upon source of energy data throughout the __ 2019 |5 651|% 42415 998
world. 2020 S 664]$ 4333 1019
2021 S 674|S 439 ]S 1034
2022 S 693]$ 451 |$ 1063
The AEO2010 projections are based on results from the EIA's 2023 $ 69 |S 453 |S 1068
Nation?I ItE)ner%y Modeling System (“I\(leIIYIS”). {\lEMSfistha 2024 S 691|S 451 1061
computer-based, energy-economy modeling system o e
U.S.E’)—\ through 2030. [\%MS pronF:ts the pr%du}c/:tion, imports, ;g;z z ji z 2'22 i 13';2
conversion, consumption, and prices of energy, subject to . . .
assumptions on macroeconomic and financial factors, world __ 2027 |$ 72915 475]% 1119
energy markets, resource availability, resource costs, behavioral 2028 $ 753|$ 4915 1156
and technological choice criteria, cost and performance 2029 S 777|$ 507 |S 1193
characteristics of energy technologies, and demographics. 2030 S 805]|5 52 |5 1235
NEMS was delsilgnedl and implemented by the Energy 2031 S 839 |5 54715 128
Information Administration (“EIA”) of the U.S. Department of
Energy (“DOE”).'® 2032 $ 850 S 554 |S 13.04
2033 S 853 |S$ 556 |$ 13.09
The EIA has been forecasting natural gas prices since 1982, 2R > 875)5 570[9 1343
although the NEMS model has only been in use since 1994. 2035 |5 885 5795 1363
2036 S 88 |S$ 579]|S 1363
2037 S 88 ]S 579|S 1363
Why the AEO2010 EIA Forecast Price? 2038 $ 88 [|S 5795 1363
2039 S 88 ]S 579|S 1363
2040 S 88 ]S 579|S 1363

'3 Other natural gas trading (or transfer) points throughout North America are priced as a basis (that is, as
a premium or discount to) Henry Hub natural gas prices.

“ Supplemental Tables to the Annual Energy Outlook 2010, Table 114, http://www.eia.doe.gov/oiaf/
aeo/supplement/sup_ogc.xls
™ http://www.eia.doe.gov/oiaf/aeo/overview/index.html
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Midgard views the AEO2010 Henry Hub price forecast as the most sensible estimate of natural gas
pricing available for this exercise. The view is based upon the following facts:

e The AEO2010 forecast price curve is transparent and readily available. The forecast is derived
from a model based upon fundamental inputs. Furthermore, the EIA is a non-political entity and
is recognized as an independent agent. The EIA has no inherent bias in forecasting natural gas
spot prices.

e The EIA forecast price curve resembles the current | Appendix A - Table 2 — Base Case
NYMEX natural gas futures curve. Although the | Henry Hub Natural Gas (USD /
NYMEX futures curve is not necessarily a more | MMBtu) versus NYMEX Futures
accurate predictor of future spot prices as compared to | Price Curve

forecasts derived from a computer model, it is a Base Case | NYMEX Fut.| Delta

legitimate reference against which the base case price .

curve should be checked. In particular, the shorterend |2010] S 4.50 | S  4.64 |-s 0.14

of the NYMEX curve - where trading is more frequent - 2011| ¢ 5.68]$ 5.46 | 022

represents a fair and transparent medium to assess , , i

the wider markets’ valuation of expected spot prices. 2012| S 6.17|S 5.81|s 036
e The EIA forecast price is frequently referenced by 2013| 5 6.13|5 6.07 |5 0.0

natural gas industry stakeholders throughout North [2014| S 6.09 | S 6.36 |-s 0.27

America. For example, California’s key energy

regulatory agencies, namely the California Energy 2015| 5 6.27|5 6.63 |5 036

Commission (“CEC”) and the California Public Utilities

Commission (“CPUC”) frequently reference the EIA price forecasts in their analysis and
decisions. As a significant consumer of energy, California and its regulatory agencies invest a
great deal of resources in assessing the future prices of energy. In Canada, our Federal and
Provincial regulatory agencies also rely frequently on the data and analysis produced by the EIA.

There are a number of potential sources of natural gas price forecasts from government organizations as
well as private sector consultants. Nevertheless, weighing the sum of the advantages and disadvantages
of the various sources, Midgard is confident in the reasonableness of the EIA natural gas price forecast.
Consequently, it forms the basis of the base case natural gas price forecast for the FortisBC 2010
Resource Options Report.

The Nature of Forecasting

Given the uncertainty inherent in forecasting, it is important to forecast a range of possibilities in order to
improve the usefulness of the forecast. In particular, this is the case when forecasting natural gas prices
given its highly volatile nature. The objective of this exercise is to present a range within which natural
gas spot prices are expected to fall 19 times out of 20, that is to say a 95% confidence interval.

The EIA has been forecasting natural gas prices since 1982, and has been using the NEMS model
since1994. Annually, the EIA reviews its prior years’ forecasts, measures their accuracy versus the
actual results and summarizes their findings in a document which they name: “Annual Energy Outlook
Retrospective Review: Evaluation of Reference Case Projections in Past Editions”. The review analyses
the accuracy of the AEO forecasts and compares the actual figures versus the forecast figures. It is worth
noting that the accuracy of the forecasts has improved measurably since 1994. It is also important to
note that the underpinning assumption from which the NEMS results are derived is that the major factors
impacting the supply and demand (and hence price) of natural gas will continue to trend in a manner that
resembles their recent historical record.

In order to derive the high case and low case natural gas price curves, Midgard assumed that the AEO
forecasts going forward will be approximately as accurate as they have been going back to 1994. That is
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to say, Midgard believes that the accuracy of the AEO2010 natural gas price forecast will be similar to its
accuracy for the years 1994 to 2008.*

In order to derive the high and low natural gas curves, Midgard assessed the variance of previous years’
forecasts versus the actual natural gas price, grouping the data into forecasts by years into the future.
For example, the AEO1994 forecast for the 1994 natural gas price was bucketed into the 1 year-ahead
grouping, the AEO1994 forecast for the 1995 natural gas price was bucketed into the 2 year-ahead
grouping, and so forth. The sample size for the 1 year-ahead grouping was the largest (at 15) and the
sample sizes for each proceeding year was reduced by one (i.e. the sample size for the 2 year-ahead
was 14, the sample size for the 3 year-ahead grouping was 13, and so forth).

Once the standard deviations for each grouping were assessed (based upon a normalized data set, i.e.
the differences between forecast and actual were translated into a percentage of actual and then
converted into its natural logarithmic value), Mldgard calculated a 95% confidence interval based upon
the forecast price curve acting as the mean price.” The calculation of the high and low price curves for
the years 2016 to 2040 assumes a standard deviation equal to that calculated for 2015 (the 6" year-
ahead)

The end result is a low case price scenario that is approximately two-thirds the value of the base case
price scenario and a high case is approximately 50% higher than the base case scenario.

Sources:

Energy Information Agency, Office of Integrated Analysis and Forecasting, “The National Energy
Modeling System: An Overview 2009”, October 2009, www.eia.doe.gov/oiaf/aeo/overview/

Energy Information Agency, Office of Oil and Gas, “An Analysis of Price Volatility in Natural Gas Markets”,
August 2007,
www.eia.doe.gov/pub/oil _gas/natural gas/feature articles/2007/ngprivolatility/ngprivolatility.pdf

Randy Roesser, California Energy Commission, Electricity Analysis Office, “Natural Gas Price Volatility”,
June 16, 2009, www.energy.ca.qov/2009publications/CEC-200-2009-009/CEC-200-2009-009-SD.PDF

Energy Information Agency, “Annual Energy Outlook Retrospective Review: Evaluation of Reference
Case Projections in Past Editions (1982-2009)”, March 16, 2010,
www.eia.doe.qov/oiaf/analysispaper/retrospective/pdf/0640(2009).pdf

Natural Resources Canada, Natural Gas Division, “Canadian Natural Gas Outlook, Review of 2007/20085
& Outlook to 2020”, December 2008, www.nrcan.gc.ca/eneene/sources/natnat/revrev-eng.php

Richard Newell, Energy Information Agency, “Annual Energy Outlook 2010, Reference Case”,
www.eia.doe.gov/neic/speeches/newell121409.pdf

2009 figures were not analysed as part of the most recent Retrospective Review.

” Given that natural gas pricing cannot fall below zero, its pricing curve is expected to resemble that of a
Iog normal distribution curve. Therefore, the calculated confidence interval was based upon a log-normal
distribution.
¥ The 7" year-ahead grouping and longer had a sample sizes which Midgard judged to be too small to
use for this exercise.
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Appendix B — Resource Option Calculation Summaries

The following are the summary sheets for the resource option calculations.
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Mica New Unit 5

Hydro - Resource Smart
BC Hydro 2008 LTAP - Appendix F1 adjusted for $2010

Annualized Cost

TECHNICAL PARAMETERS
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CONSTRUCTION CASH FLOW :

Year

©CoO~NO OB WN-

10
11
12
13
14
15
16
17
18
19
20
Total
Annualized

Direct 6% 8%
4,976 7,058 7,896
10,724 14,352 15,758
19,793 24,989 26,929
33,439 39,826 42,123
109,810 123,383 128,083
132,642 140,600 143,253
36,048 36,048 36,048
0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

347,432 386,256 400,089
24,506 32,704

Installed Capacity (MW) 500
Average Annual Energy (GWh/yr) 130
Dependable Capacity (MW) 465
Annual Firm Energy (GWh/yr) 130
Heat Rate (GJ/GWh) 0
FINANCIAL PARAMETERS (FISCAL 2010 $)
Direct Capital Cost (k$) 347,432
Project Life (years) 50
Project Lead Time (years) 7
OPERATING COSTS:
Fixed OMA (k$/yr) 1,030
Variable OMA ($/MWh) 0
Grants-in-lieu of Taxes ($/kW-yr) 0.58
Fixed Taxes (k$/yr) 0
Variable Taxes ($/MWh) 0
Water Rentals - Capacity ($/kW-yr) 4.095
Water Rentals - Energy ($/MWh) 6.896
Fuel Price ($/GJ) 0
Fuel Tax (%) 0%
Firm Fuel Transporation ($/GJ) 0
UCC Based on Dependable Capacity:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) 24,506 32,704
Fixed Investment ($/kW-yr) 53 70
Fixed Operations ($/kW-yr) 7 7
Variable Operations ($/kW-yr) 0 0
Fuel Cost ($/kW-yr) 0 0
Unit Capacity Cost ($/MW-month) 4,965 6,435
Unit Capacity Cost ($/kW-yr) 60 77
UEC Based on Average Energy Capability:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) 24,506 32,704
Fixed Investment ($/MWh) 189 252
Fixed Operations ($/MWh) 26 26
Variable Operations ($/MWh) 7 7
Fuel Cost ($/MWh) 0 0
Unit Energy Cost ($/MWh) 221 284
Unit Construction Cost

6% 8%
All in Capital Construction (k$) $ 386,256 400,089
Dependable Capacity (MW) 465 465
Unit Construction Cost (k$/MW) $ 831 § 860
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CONSTRUCTION CASH FLOW:

Year

©CoO~NO O WN-

10
11
12
13
14
15
16
17
18
19
20
Total
Annualized

Direct 6% 8%
4,976 7,058 7,896
10,724 14,352 15,758
19,793 24,989 26,929
33,439 39,826 42,123
109,810 123,383 128,083
132,642 140,600 143,253
36,048 36,048 36,048
0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

347,432 386,256 400,089
24,506 32,704

TECHNICAL PARAMETERS
Installed Capacity (MW) 500
Average Annual Energy (GWh/yr) 50
Dependable Capacity (MW) 460
Annual Firm Energy (GWh/yr) 50
Heat Rate (GJ/GWh) 0
FINANCIAL PARAMETERS (FISCAL 2010 $)
Direct Capital Cost (k$) 347,432
Project Life (years) 50
Project Lead Time (years) 7
OPERATING COSTS:
Fixed OMA (k$/yr) 1,030
Variable OMA ($/MWh) 0
Grants-in-lieu of Taxes ($/kW-yr) 0.58
Fixed Taxes (k$/yr) 0
Variable Taxes ($/MWh) 0
Water Rentals - Capacity ($/kW-yr) 4.095
Water Rentals - Energy ($/MWh) 6.896
Fuel Price ($/GJ) 0
Fuel Tax (%) 0%
Firm Fuel Transporation ($/GJ) 0
UCC Based on Dependable Capacity:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) 24,506 32,704
Fixed Investment ($/kW-yr) 53 71
Fixed Operations ($/kW-yr) 7 7
Variable Operations ($/kW-yr) 0 0
Fuel Cost ($/kW-yr) 0 0
Unit Capacity Cost ($/MW-month) 5,015 6,501
Unit Capacity Cost ($/kW-yr) 60 78
UEC Based on Average Energy Capability:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) 24,506 32,704
Fixed Investment ($/MWh) 490 654
Fixed Operations ($/MWh) 67 67
Variable Operations ($/MWh) 7 7
Fuel Cost ($/MWh) 0 0
Unit Energy Cost ($/MWh) 564 728
Unit Construction Cost

6% 8%
All in Capital Construction (k$) $ 386,256 400,089
Dependable Capacity (MW) 460 460
Unit Construction Cost (k$/MW) $ 840 $ 870
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PROJECT

RESOURCE
REFERENCE
CALCULATION METHOD

Revelstoke New Unit 6

Hydro - Resource Smart
BC Hydro 2008 LTAP - Appendix F1 adjusted for $2010

Annualized Cost

2012 Long Term Resource Plan
Appendix C - Resource Option Report

CONSTRUCTION CASH FLOW:

Year

©CoO~NO O WN-

10
11
12
13
14
15
16
17
18
19
20
Total
Annualized

Direct 6% 8%

12,381 15,631 16,844
27,646 32,926 34,826
81,112 91,137 94,608
133,226 141,219 143,884
63,403 63,403

D
w
N
o
[o%)
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317,767 344,316 353,565
21,845 28,901

TECHNICAL PARAMETERS
Installed Capacity (MW) 500
Average Annual Energy (GWh/yr) 26
Dependable Capacity (MW) 470
Annual Firm Energy (GWh/yr) 26
Heat Rate (GJ/GWh) 0
FINANCIAL PARAMETERS (FISCAL 2010 $)
Direct Capital Cost (k$) 317,767
Project Life (years) 50
Project Lead Time (years) 5
OPERATING COSTS:
Fixed OMA (k$/yr) 1,030
Variable OMA ($/MWh) 0
Grants-in-lieu of Taxes ($/kW-yr) 0.58
Fixed Taxes (k$/yr) 0
Variable Taxes ($/MWh) 0
Water Rentals - Capacity ($/kW-yr) 4.095
Water Rentals - Energy ($/MWh) 6.896
Fuel Price ($/GJ) 0
Fuel Tax (%) 0%
Firm Fuel Transporation ($/GJ) 0
UCC Based on Dependable Capacity:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) 21,845 28,901
Fixed Investment ($/kW-yr) 46 61
Fixed Operations ($/kW-yr) 7 7
Variable Operations ($/kW-yr) 0 0
Fuel Cost ($/kW-yr) 0 0
Unit Capacity Cost ($/MW-month) 4,445 5,696
Unit Capacity Cost ($/kW-yr) 53 68
UEC Based on Average Energy Capability:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) 21,845 28,901
Fixed Investment ($/MWh) 840 1,112
Fixed Operations ($/MWh) 129 129
Variable Operations ($/MWh) 7 7
Fuel Cost ($/MWh) 0 0
Unit Energy Cost ($/MWh) 977 1,248
Unit Construction Cost

6% 8%
All in Capital Construction (k$) $ 344,316 353,565
Dependable Capacity (MW) 470 470
Unit Construction Cost (k$/MW) $ 733 $ 752

Page 60 of 82




PROJECT

RESOURCE
REFERENCE
CALCULATION METHOD

UNIT CONSTRUCTION COST CALCULATION
Project

Capital Cost

Dependable Capacity (MW)

Unit Construction Cost (k$/MW)

UNIT CAPACITY COST CALCULATION - BY DCF
Project

2012 Long Term Resource Plan
Appendix C - Resource Option Report

Waneta - BC Hydro Purchase of 1/3 Interest From Teck
Hydro

Discounted Cash Flow Method - DCF method employed because benefits from Waneta are not constant over time

Waneta - BC Hydro Purchase of 1/3 Interest From Teck

$ 850,000
256
3 3,320

Waneta - BC Hydro Purchase of 1/3 Interest From Teck

Project in-service date 1]years out
Capital Cost $ 850,000
Project Economic Life 30]years
Discount Rate 6%]|(real)
DISCOUNTED CASHFLOW CALCULATION OF UNIT COST
2010 2011 2012 2013 2014 2015 2016 2017 2038 2039

Year| 1 2 3 4 5 6 7 8 29 30]
Direct Capital Cost $ 850,000
Operations & Maintenance $ 1,300 $ 1,300 $ 1,300 $ 1,300 $ 1,300 $ 1,300 ¢ 1,300 $ 1,300 $ 1,300 $ 1,300
Property Taxes $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700
Insurance & Administration $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700
Sustaining Capital $ 400 $ 400 $ 400 $ 400 $ 400 $ 400 $ 400 $ 400 $ 400 $ 400
Major Capital (dam anchoring) $ - $ - $ - $ - $ 3,695 $ - $ - $ - $ - $ -
Major Capital (ULE) $ - $ - $ - $ - $ - $ 3,623 $ - $ - $ - $ -
Water Rental Fees - capacity only (4.095/kW) $ 673 $ 673 $ 673 $ 673 $ 673 $ 673 $ 673 $ 673 $ 673 $ 673
Admin Costs $ 150 ¢ 150 $ 150 $ 150 $ 150 $ 150 $ 150 $ 150 $ 150 $ 150
Annual Operating Cost $ 3,923 $ 3,923 % 3,923 % 3,923 $ 7,618 $ 7,546 $ 3,923 $ 3,923 $ 3,923 $ 3,923
Total Cost $ 853,923 $ 3,923 $ 3,923 $ 3,923 $ 7,618 $ 7,546 $ 3,923 $ 3,923 $ 3,923 $ 3,923
Discount factor formula =1/(1+i)"(years-1)
Discounting factor 1 0.94 0.89 0.84 0.79 0.75 0.70 0.67 0.20 0.18
Total Cost x discounting factor | $ 853,923 $ 3,701 $ 3,491 $ 3,294 $ 6,034 $ 5639 $ 2,766 $ 2,609 $ 767 $ 724 |
NPV Total Cost $ 912,873
Annual Dependable Capacity Benefit (MW) 256 256 256 256 256 249 249 249 162 162
Dependable Capacity x discounting factor | 256.0 241.5 227.8 214.9 202.8 186.1 175.5 165.6 31.7 29.9 |
NPC ("Net Present Capacity") 3613.2
Unit Capacity Cost (UCC - $/kW-yr) = NPV/"NPC" $ 253
UCC - ($/MW-month) $ 21,054
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UNIT CAPACITY COST CALCULATION - BY DCF

Project Waneta - BC Hydro Purchase of 1/3 Interest From Teck
Project in-service date 1]years out

Capital Cost $ 850,000

Project Economic Life 30]years

Discount Rate 8%]|(real)

DISCOUNTED CASHFLOW CALCULATION OF UNIT COST

2010 2011 2012 2013 2014 2015 2016 2017 2038 2039

Year| 1 2 3 4 5 6 7 8 ... 29 30]
Direct Capital Cost $ 850,000
Operations & Maintenance $ 1,300 ¢ 1,300 $ 1,300 $ 1,300 $ 1,300 $ 1,300 ¢ 1,300 $ 1,300 $ 1,300 $ 1,300
Property Taxes $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700
Insurance & Administration $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700
Sustaining Capital $ 400 $ 400 $ 400 $ 400 $ 400 $ 400 $ 400 $ 400 $ 400 $ 400
Major Capital (dam anchoring) $ - $ - $ - $ - $ 3,695 $ - $ - $ - $ - $ -
Major Capital (ULE) $ - $ - $ - $ - $ - $ 3,623 $ - $ - $ - $ -
Water Rental Fees - capacity only (4.095/kW) $ 673 $ 673 $ 673 $ 673 $ 673 $ 673 $ 673 $ 673 $ 673 $ 673
Admin Costs $ 150 $ 150 $ 150 $ 150 $ 150 $ 150 $ 150 $ 150 $ 150 $ 150
Annual Operating Cost $ 3,923 $ 3,923 $ 3,923 $ 3,923 $ 7,618 $ 7,546 $ 3,923 $ 3,923 $ 3,923 $ 3,923
Total Cost $ 853,923 $ 3,923 $ 3,923 $ 3,923 $ 7,618 $ 7,546 $ 3,923 $ 3,923 $ 3,923 $ 3,923
Discount factor formula =1/(1+i)"(years-1)
Discounting factor 1 0.93 0.86 0.79 0.74 0.68 0.63 0.58 0.12 0.11
Total Cost x discounting factor | $ 853,923 $ 3,632 $ 3,363 $ 3,114 $ 5599 $ 5136 $ 2,472 $ 2,289 $ 455 ¢ 421 |
NPV Total Cost $ 902,878
Annual Dependable Capacity Benefit (MW) 256 256 256 256 256 249 249 249 162 162
Dependable Capacity x discounting factor | 256.0 237.0 219.5 203.2 188.2 169.5 156.9 145.3 18.8 17.4 |
NPC ("Net Present Capacity") 3027.3
Unit Capacity Cost (UCC - $/kW-yr) = NPV/"NPC" $ 298
UCC - $/MW-month $ 24,854
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UNIT ENERGY COST CALCULATION - BY DCF

Project

Project in-service date
Capital Cost

Project Economic Life
Discount Rate

DISCOUNTED CASHFLOW CALCULATION OF UNIT COST

Direct Capital Cost

Operations & Maintenance

Property Taxes

Insurance & Administration

Sustaining Capital

Major Capital (dam anchoring)

Major Capital (ULE)

Water Rental Fees - capacity only (4.095/kW)
Water Rental Fees - energy only (6.896/GWh)
Admin Costs

Annual Operating Cost

Total Cost

Discount factor formula
Discounting factor

Total Cost x discounting factor
NPV Total Cost

Annual Energy Benefit (GWh)
Annual Energy x discounting factor

NPE ("Net Present Energy")

Unit Energy Cost (UEC - $/MWh) = NPV/"NPE"

Year|

Waneta - BC Hydro Purchase of 1/3 Interest From Teck

2012 Long Term Resource Plan
Appendix C - Resource Option Report

1]years out
$ 850,000
30]years
6%]|(real)
2010 2011 2012 2013 2014 2015 2016 2017 2038 2039
1 2 3 4 5 6 7 8 29 30]
$ 850,000
$ 1,300 $ 1,300 $ 1,300 $ 1,300 $ 1,300 $ 1,300 ¢$ 1,300 $ 1,300 $ 1,300 $ 1,300
$ 700 % 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700
$ 700 % 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700
$ 400 $ 400 $ 400 $ 400 $ 400 $ 400 $ 400 $ 400 $ 400 $ 400
$ - $ - $ - $ - $ 3695 % - $ - $ - $ - $ -
$ - $ - $ - $ - $ - $ 3623 % - $ - $ - $ -
$ 673 $ 673 $ 673 $ 673 $ 673 $ 673 $ 673 $ 673 $ 673 $ 673
$ 6,951 $ 6,951 $ 6,951 $ 6,951 $ 6,220 $ 5965 $ 5965 $ 5,965 $ 6,096 $ 6,096
$ 150 ¢ 150 $ 150 $ 150 $ 150 $ 150 $ 150 $ 150 $ 150 $ 150
$ 10,874 ¢ 10,874 ¢$ 10,874 ¢$ 10,874 ¢$ 13,838 $ 13,511 $ 9,888 $ 9,888 $ 10,019 ¢ 10,019
$ 860,874 $ 10,874 $ 10874 $ 10,874 $ 13,838 $ 13,511 $ 9,888 $ 9,888 $ 10,019 $ 10,019
=1/(1+i)"(years-1)
1 0.94 0.89 0.84 0.79 0.75 0.70 0.67 0.20 0.18
| s 860,874 $ 10,259 $ 9,678 $ 9,130 $ 10,961 $ 10,096 $ 6,971 $ 6,576 $ 1,960 $ 1,849 |
$ 1,003,837
1008 1008 1008 1008 902 865 865 865 884 884
| 1008.0 950.9 897.1 846.3 714.5 646.4 609.8 575.3 172.9 163.1 |
13190.9
$ 76
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UNIT ENERGY COST CALCULATION - BY DCF

Project Waneta - BC Hydro Purchase of 1/3 Interest From Teck
Project in-service date 1]years out

Capital Cost $ 850,000

Project Economic Life 30]years

Discount Rate 8%]|(real)

DISCOUNTED CASHFLOW CALCULATION OF UNIT COST

2010 2011 2012 2013 2014 2015 2016 2017 2038 2039

Year] 1 2 3 4 5 6 7 8 .. 29 30]
Direct Capital Cost $ 850,000
Operations & Maintenance $ 1,300 ¢ 1,300 $ 1,300 $ 1,300 $ 1,300 $ 1,300 ¢ 1,300 $ 1,300 $ 1,300 $ 1,300
Property Taxes $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700
Insurance & Administration $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700 $ 700
Sustaining Capital $ 400 $ 400 $ 400 $ 400 $ 400 $ 400 $ 400 $ 400 $ 400 $ 400
Major Capital (dam anchoring) $ - $ - $ - $ - $ 3695 $ - $ - $ - $ - $ -
Major Capital (ULE) $ - $ - $ - $ - $ - $ 3,623 $ - $ - $ - $ -
Water Rental Fees - capacity only (4.095/kW) $ 673 $ 673 $ 673 $ 673 $ 673 $ 673 $ 673 $ 673 $ 673 $ 673
Water Rental Fees - energy only (6.896/GWh) $ 6,951 ¢ 6,951 ¢ 6,951 ¢ 6,951 ¢ 6,220 $ 5965 ¢$ 5965 $ 5,965 $ 6,09 $ 6,09
Admin Costs $ 150 $ 150 $ 150 $ 150 $ 150 $ 150 $ 150 $ 150 $ 150 $ 150
Annual Operating Cost $ 10,874 ¢ 10,874 ¢$ 10,874 ¢$ 10,874 $ 13,838 ¢ 13,511 ¢$ 9,888 ¢ 9,888 $ 10,019 $ 10,019
Total Cost $ 860,874 $ 10,874 $ 10874 $ 10,874 $ 13,838 $ 13,511 $ 9,888 $ 9,888 $ 10,019 $ 10,019
Discount factor formula =1/(1+i)"(years-1)
Discounting factor 1 0.93 0.86 0.79 0.74 0.68 0.63 0.58 0.12 0.11
Total Cost x discounting factor | 860,874 $ 10,069 $ 9,323 $ 8,632 $ 10,171 $ 9,195 ¢$ 6,231 $ 5770 .. $ 1,161 $ 1,075 |
NPV Total Cost $ 979,182
Annual Energy Benefit (GWh) 1008 1008 1008 1008 902 865 865 865 884 884
Annual Energy x discounting factor | 1008.0 933.3 864.2 800.2 663.0 588.7 545.1 504.7 102.5 94.9 |
NPE ("Net Present Energy") 11064.9
Unit Energy Cost (UEC - $/MWh) = NPV/"NPE" $ 88
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PROJECT

RESOURCE
REFERENCE
CALCULATION METHOD

Run Of River Hydro - FortisBC Territory

Hydro - Greenfield

2012 Long Term Resource Plan
Appendix C - Resource Option Report

Midgard Files, BC MOE Water License Applications, Water Survey Canada

Annualized Cost

CONSTRUCTION CASH FLOW:

Year
1

2
3
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
Total
Annualized

Direct 6% 8%
93,333 104,869 108,864
93,333 98,933 100,800
93,333 93,333 93,333

0

(=]

[eNeoNeoNoNeoloNoloNoloelNoloNoNo o)
OO OO0 OO0OO0OO0 O OO0 O0 O

o
(=]

280,000 297,136 302,997
19,748 25,409

TECHNICAL PARAMETERS
Installed Capacity (MW) 70
Average Annual Energy (GWh/yr) 250
Dependable Capacity (MW) 10
Annual Firm Energy (GWh/yr) 205
Heat Rate (GJ/GWh)
FINANCIAL PARAMETERS (FISCAL 2010 $)
Direct Capital Cost (k$) - Note 1 280,000
Project Life (years) - Note 2 40
Project Lead Time (years) 3
OPERATING COSTS:
Fixed OMA (k$/yr) - Note 3 4,200
Variable OMA ($/MWh) 0
Grants-in-lieu of Taxes ($/kW-yr) 0
Fixed Taxes (k$/yr) - Note 4 815
Variable Taxes ($/MWh) 0
Water Rentals - Capacity ($/kW-yr) 4.095
Water Rentals - Energy ($/MWh) 1.229
Fuel Price ($/GJ) 0
Fuel Tax (%) 0%
Firm Fuel Transporation ($/GJ) 0
UCC Based on Dependable Capacity:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) 19,748 25,409
Fixed Investment ($/kW-yr) 1,975 2,541
Fixed Operations ($/kW-yr) 506 506
Variable Operations ($/kW-yr) 0 0
Fuel Cost ($/kW-yr) 0 0
Unit Capacity Cost ($/MW-month) 206,704 253,881
Unit Capacity Cost ($/kW-yr) 2,480 3,047
UEC Based on Average Energy Capability:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) $19,748 $25,409
Fixed Investment ($/MWh) $79 $102
Fixed Operations ($/MWh) $21 $21
Variable Operations ($/MWh) $1 $1
Fuel Cost ($/MWh) $0 $0
Unit Energy Cost ($/MWh) $101 $124
Unit Construction Cost

6% 8%
All in Capital Construction (k$) $ 297,136 302,997
Dependable Capacity (MW) 10 10
Unit Construction Cost (k$/MW) $ 29,714 $ 30,300

Notes
1) Range: $266M to $294M

2) Assume project fully amortized over maximum duration of water license

3) Daily O&M - .5% / Capital Maintenance - .5% / Insurance - .5% of cap cost
4) Fixed asset cost (assume 70% of total) x municipal mill rate of $4.16
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PROJECT Similkameen - Small Hydro with Capacity
RESOURCE Hydro - Greenfield
Midgard Files, Hatch Engineering Report, BC MOE Water License
REFERENCE Applications, Water Survey Canada
CALCULATION METHOD Annualized Cost
TECHNICAL PARAMETERS CONSTRUCTION CASH FLOW :
Installed Capacity (MW) 60 Year  Direct 6% 8%
Average Annual Energy (GWh/yr) 234 1 94,372 106,037 110,076
Dependable Capacity (MW) 60 2 94,372 100,035 101,922
Annual Firm Energy (GWh/yr) 173.6 3 94,372 94,372 94,372
Heat Rate (GJ/GWh) 4 0 0
5 0 0
FINANCIAL PARAMETERS (FISCAL 2010 $) 6 0 0
Direct Capital Cost (k$) 283,117 7 0 0
Project Life (years) 70 8 0 0
Project Lead Time (years) 3 9 0 0
10 0 0
OPERATING COSTS: 1 0 0
Fixed OMA (k$/yr) 1,670 12 0 0
Variable OMA ($/MWh) 0 13 0 0
Grants-in-lieu of Taxes ($/kW-yr) 0 14 0 0
Fixed Taxes (k$/yr) - Note 1 824 15 0 0
Variable Taxes ($/MWh) 0 16 0 0
Water Rentals - Capacity ($/kW-yr) 4.095 17 0 0
Water Rentals - Energy ($/MWh) 6.896 18 0 0
Fuel Price ($/GJ) 0 19 0 0
Fuel Tax (%) 0% 20 0 0
Firm Fuel Transporation ($/GJ) 0 Total 283,117 300,444 306,370
Annualized 18,337 24,622

UCC Based on Dependable Capacity:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) 18,337 24,622
Fixed Investment ($/kW-yr) 306 410
Fixed Operations ($/kW-yr) 46 46
Variable Operations ($/kW-yr) 0 0
Fuel Cost ($/kW-yr) 0 0
Unit Capacity Cost ($/MW-month) 29,274 38,003
Unit Capacity Cost ($/kW-yr) 351 456
UEC Based on Average Energy Capability:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) 18,337 24,622
Fixed Investment ($/MWh) 78 105
Fixed Operations ($/MWh) 12 12
Variable Operations ($/MWh) 7 7
Fuel Cost ($/MWh) 0 0
Unit Energy Cost ($/MWh) 97 124
Unit Construction Cost

6% 8%
All in Capital Construction (k$) $ 300,444 306,370
Dependable Capacity (MW) 60 60

R

5,007 $ 5,106

Unit Construction Cost (k$/MW)

Notes
1) Fixed asset cost (assume 70% of total) x municipal mill rate of $4.16
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PROJECT

RESOURCE
REFERENCE
CALCULATION METHOD

Run-Of-River Hydro - Coastal

Hydro - Greenfield

2012 Long Term Resource Plan
Appendix C - Resource Option Report

Midgard Files, BC MOE Water License Apps, Water Survey Canada

Annualized Cost

CONSTRUCTION CASH FLOW :

Year

©CoO~NO O WN-

10
11
12
13
14
15
16
17
18
19
20
Total
Annualized

Direct 6% 8%
82,667 92,884 96,422
82,667 87,627 89,280
82,667 82,667 82,667

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0
248,000 263,178 268,369
17,491 22,505

TECHNICAL PARAMETERS
Installed Capacity (MW) 62
Average Annual Energy (GWh/yr) - Note 1 255
Dependable Capacity (MW) - Note 2 28
Annual Firm Energy (GWh/yr) - Note 1 229
Heat Rate (GJ/GWh)
FINANCIAL PARAMETERS (FISCAL 2010 $)
Direct Capital Cost (k$) - Note 3 248,000
Project Life (years) - Note 4 40
Project Lead Time (years) 3
OPERATING COSTS:
Fixed OMA (k$/yr) - Note 5 3,720
Variable OMA ($/MWh) 0
Grants-in-lieu of Taxes ($/kW-yr) 0
Fixed Taxes (k$/yr) - Note 6 722
Variable Taxes ($/MWh) 0
Water Rentals - Capacity ($/kW-yr) 4.095
Water Rentals - Energy ($/MWh) 1.229
Fuel Price ($/GJ) 0
Fuel Tax (%) 0%
Firm Fuel Transporation ($/GJ) 0
UCC Based on Dependable Capacity:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) 17,491 22,505
Fixed Investment ($/kW-yr) 622 800
Fixed Operations ($/kW-yr) 162 162
Variable Operations ($/kW-yr) 0 0
Fuel Cost ($/kW-yr) 0 0
Unit Capacity Cost ($/MW-month) 65,350 80,212
Unit Capacity Cost ($/kW-yr) 784 963
UEC Based on Average Energy Capability:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) 17,491 22,505
Fixed Investment ($/MWh) 69 88
Fixed Operations ($/MWh) 18 18
Variable Operations ($/MWh) 1 1
Fuel Cost ($/MWh) 0 0
Unit Energy Cost ($/MWh) 88 108
Unit Construction Cost

6% 8%
All in Capital Construction (k$) $ 263,178 268,369
Dependable Capacity (MW) 28 28
Unit Construction Cost (k$/MW) $ 9360 $ 9,545

Notes

1) Energy is derated 6.28% for transmission losses - short term firm and non-firm wheeling is free
2) Dependable capacity has been derated 6.28% to account for BC Hydro average system losses

3) Range = $235 million to $260 million

4) Assume project fully amortized over maximum duration of water license

5) Daily O&M - .5% / Capital Maintenance - .5% / Insurance - .5% of cap cost
6) Fixed asset cost (assume 70% of total) x municipal mill rate of $4.16
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PROJECT

RESOURCE
REFERENCE
CALCULATION METHOD

2012 Long Term Resource Plan

Appendix C - Resource Option Report

Resource Smart Bundle (w/o Mica & Revelstoke)

Hydro - Resource Smart

LTAP - Apendix F-1 page 44

Annualized Cost

CONSTRUCTION CASH FLOW:

Year
1

2
3
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
Total
Annualized

Direct 6%
93,301 104,833
93,301 98,899
93,301 93,301

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
279,904 297,034
18,845

8%
108,827
100,765

93,301

OO OO0 O0OO0OO0OO0 OO0 OO

(=]

302,894
24,759

TECHNICAL PARAMETERS
Installed Capacity (MW) 109
Average Annual Energy (GWh/yr) 259
Dependable Capacity (MW) 109
Annual Firm Energy (GWh/yr) 259
Heat Rate (GJ/GWh)
FINANCIAL PARAMETERS (FISCAL 2010 $)
Direct Capital Cost (k$) 279,904
Project Life (years) 50
Project Lead Time (years) 3
OPERATING COSTS:
Fixed OMA (k$/yr) 3,642
Variable OMA ($/MWh) 0
Grants-in-lieu of Taxes ($/kW-yr) 0
Fixed Taxes (k$/yr) 0
Variable Taxes ($/MWh) 0
Water Rentals - Capacity ($/kW-yr) 4.095
Water Rentals - Energy ($/MWh) 6.896
Fuel Price ($/GJ) 0
Fuel Tax (%) 0%
Firm Fuel Transporation ($/GJ) 0
UCC Based on Dependable Capacity:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) 18,845 24,759
Fixed Investment ($/kW-yr) 173 227
Fixed Operations ($/kW-yr) 38 38
Variable Operations ($/kW-yr) 0 0
Fuel Cost ($/kW-yr) 0 0
Unit Capacity Cost ($/MW-month) 17,534 22,055
Unit Capacity Cost ($/kW-yr) 210 265
UEC Based on Average Energy Capability:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) $18,845 $24,759
Fixed Investment ($/MWh) $73 $96
Fixed Operations ($/MWh) $16 $16
Variable Operations ($/MWh) $7 $7
Fuel Cost ($/MWh) $0 $0
Unit Energy Cost ($/MWh) $95 $118
Unit Construction Cost

6% 8%
All in Capital Construction (k$) $ 297,034 302,894
Dependable Capacity (MW) 109 109
Unit Construction Cost (k$/MW) $ 2725 $ 2,779
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REFERENCE
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2012 Long Term Resource Plan
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Indicative Pumped Storage Opportunities for Okanagan

Pumped Storage

Midgard Files, FortisBC, BC MOE Water License Apps, Water Survey Can.

Annualized Cost

CONSTRUCTION CASH FLOW :

Year

O©CoOoO~NO O WN-

10
11
12
13
14
15
16
17
18
19
20
Total
Annualized

Direct 6% 8%

85,000 101,236 107,076
85,000 95,506 99,144
85,000 90,100 91,800
85,000 85,000 85,000

0

(=]
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340,000 371,842 383,020
22,695 30,782

TECHNICAL PARAMETERS
Installed Capacity (MW) 180
Average Annual Energy (GWh/yr) 0
Dependable Capacity (MW) 180
Annual Firm Energy (GWh/yr) 0
Round Trip Efficiency 70%
FINANCIAL PARAMETERS (FISCAL 2010 $)
Direct Capital Cost (k$) 340,000
Project Life (years) 70
Project Lead Time (years) 4
OPERATING COSTS:
Fixed OMA (k$/yr) - Note 1 5,100
Variable OMA ($/MWh) 0
Grants-in-lieu of Taxes ($/kW-yr) 0
Fixed Taxes (k$/yr) - Note 2 990
Variable Taxes ($/MWh) 0
Water Rentals - Capacity ($/kW-yr) 4.095
Water Rentals - Energy ($/MWh) 6.896
Fuel Price ($/GJ) 0
Fuel Tax (%) 0%
Firm Fuel Transporation ($/GJ) 0
UCC Based on Dependable Capacity:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) 22,695 30,782
Fixed Investment ($/kW-yr) 126 171
Fixed Operations ($/kW-yr) 38 38
Variable Operations ($/kW-yr) 0 0
Fuel Cost ($/kW-yr) 0 0
Unit Capacity Cost ($/MW-month) 13,668 17,412
Unit Capacity Cost ($/kW-yr) 164 209
Unit Construction Cost

6% 8%
All in Capital Construction (k$) $ 371,842 383,020
Dependable Capacity (MW) 180 180
Unit Construction Cost (k$/MW) $ 2066 $ 2128

Notes

1) Daiily O&M - .5% / Capital Maintenance - .5% / Insurance - .5% of cap cost
2) Fixed asset cost (assume 70% of total) x municipal mill rate of $4.16
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PROJECT
RESOURCE

REFERENCE
CALCULATION METHOD

Hydro - Site C
Hydro

2012 Long Term Resource Plan

Appendix C - Resource Option Report

BC Hydro 2008 LTAP - Appendix F1 adjusted for $2010
BC Hydro Peace River Site C Hydro Project, Project Definition Consultation, Round 2

Summary Report, February 9, 2009, Kirk & Co. Consulting Ltd.

and Synovate Ltd.
Annualized Cost

CONSTRUCTION CASH FLOW:

Year

©CoOoO~NO OB WN-

10
11
12
13
14
15
16
17
18
19
20
Total
Annualized

Direct
984,631
984,631
984,631
984,631
984,631
984,631

5,907,788

6%
1,317,659
1,243,074
1,172,712
1,106,332
1,043,709

984,631
0

[cNeoNoNoNeloNolNoNolNolNolNo)

o

6,868,117
419,183

8%
1,446,746
1,339,580
1,240,352
1,148,474
1,063,402

984,631
0

OO OO0 O0O0OO0OO0 O OO

(=]

7,223,185
580,510

TECHNICAL PARAMETERS
Installed Capacity (MW) 900
Average Annual Energy (GWh/yr) 4600
Dependable Capacity (MW) 888
Annual Firm Energy (GWh/yr) 4000
Heat Rate (GJ/GWh) 0
FINANCIAL PARAMETERS (FISCAL 2010 $)
Direct Capital Cost (k$) - Note 1 5,907,788
Project Life (years) 70
Project Lead Time (years) 6
OPERATING COSTS:
Fixed OMA (k$/yr) 9,909
Variable OMA ($/MWh) 0
Grants-in-lieu of Taxes ($/kW-yr) 0.59
Fixed Taxes (k$/yr) 2,879
Variable Taxes ($/MWh) 0
Water Rentals - Capacity ($/kW-yr) 4.095
Water Rentals - Energy ($/MWh) 6.896
Fuel Price ($/GJ) 0
Fuel Tax (%) 0%
Firm Fuel Transporation ($/GJ) 0
UCC Based on Dependable Capacity:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) $419,183 $580,510
Fixed Investment ($/kW-yr) $472 $654
Fixed Operations ($/kW-yr) $19 $19
Variable Operations ($/kW-yr) $0 $0
Fuel Cost ($/kW-yr) $0 $0
Unit Capacity Cost ($/MW-month) $40,921 $56,058
Unit Capacity Cost ($/kW-yr) $491 $673
UEC Based on Average Energy Capability:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) $419,183 $580,510
Fixed Investment ($/MWh) $91 $126
Fixed Operations ($/MWh) $4 $4
Variable Operations ($/MWh) $7 $7
Fuel Cost ($/MWh) $0 $0
Unit Energy Cost ($/MWh) $102 $137
Unit Construction Cost

6% 8%
All in Capital Construction (k$) $ 6,868,117 7,223,185
Dependable Capacity (MW) 888 888
Unit Construction Cost (k$/MW) $ 7733 $ 8,133

Notes

1) The range of capital costs is: $5,000M to $6,600M in 2009$. The average was chosen for calculation purposes.
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PROJECT
RESOURCE
CALCULATION METHOD

Wind - Low Cost - FortisBC Territory

Wind
Annualized Cost

TECHNICAL PARAMETERS

2012 Long Term Resource Plan
Appendix C - Resource Option Report

CONSTRUCTION CASH FLOW :

Year

©CoOoO~NO O WN-

10
11
12
13
14
15
16
17
18
19
20
Total
Annualized

Direct 6%
20,384 22,903
20,384 21,607
20,384 20,384

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
61,152 64,895
5,658

8%
23,776
22,015
20,384

OO OO0 O0OO0OO0OOO0OO0OO0OO0O0O OO

(=]

66,175
6,740

Installed Capacity (MW) 30
Average Annual Energy (GWh/yr) 65.7
Dependable Capacity (MW) - Note 2 3
Annual Firm Energy (GWh/yr) 0
Heat Rate (GJ/GWh) 0
FINANCIAL PARAMETERS (FISCAL 2010 $)
Direct Capital Cost (k$) 61,152
Project Life (years) 20
Project Lead Time (years) 3
OPERATING COSTS:
Fixed OMA (k$/yr) 1,455
Variable OMA ($/MWh) 0
Grants-in-lieu of Taxes ($/kW-yr) 0
Fixed Taxes (k$/yr) 174
Variable Taxes ($/MWh) 0
Water Rentals - Capacity ($/kW-yr) 0
Water Rentals - Energy ($/MWh) 0
Fuel Price ($/GJ) 0
Fuel Tax (%) 0%
Firm Fuel Transporation ($/GJ) 0
UCC Based on Dependable Capacity:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) 5,658 6,740
Fixed Investment ($/kW-yr) 1,886 2,247
Fixed Operations ($/kW-yr) 543 543
Variable Operations ($/kW-yr) 0 0
Fuel Cost ($/kW-yr) 0 0
Unit Capacity Cost ($/MW-month) 202,405 232,467
Unit Capacity Cost ($/kW-yr) 2,429 2,790
UEC Based on Average Energy Capability:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) 5,658 6,740
Fixed Investment ($/MWh) 86 103
Fixed Operations ($/MWh) 25 25
Variable Operations ($/MWh) 0 0
Fuel Cost ($/MWh) 0 0
Unit Energy Cost ($/MWh) 111 127
Unit Construction Cost

6% 8%
All in Capital Construction (k$) $ 64,895 66,175
Dependable Capacity (MW) 3 3
Unit Construction Cost (k$/MW) $ 21632 $ 22,058

Notes

1) FortisBC Territory 30 MW Wind Bundle (modified from BC Hydro 2008 LTAP base case of 150 MW)
A number of possible sites exist in FortisBC territory

2) Excerpt from Western Electricity Coordinating Council 2008 Power Supply Assessment 11/5/2008

"For this analysis, summer wind turbine capacity was derated, on average, based on utility

submissions, to approximately 16% of nameplate capacity, and winter wind capacity was derated

to approximately 10% of nameplate capacity. "
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PROJECT

RESOURCE
REFERENCE
CALCULATION METHOD

Wind - High Cost - FortisBC Territory

Wind

Annualized Cost

TECHNICAL PARAMETERS

2012 Long Term Resource Plan
Appendix C - Resource Option Report

CONSTRUCTION CASH FLOW :

Year
1

2
3
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
Total
Annualized

6% 8%
28,704 29,798
27,079 27,590
25,547 25,547

0

(=]

[eNeoNeoNoNeoloNoloNoloelNoloeNoNo ol
OO OO0 O0OO0OO0OO0 O OO0 O0O O

o
(=]

81,330 82,935
7,091 8,447

Installed Capacity (MW) 30
Average Annual Energy (GWh/yr) 65.7
Dependable Capacity (MW) - Note 2 3
Annual Firm Energy (GWh/yr) 0
Heat Rate (GJ/GWh) 0
FINANCIAL PARAMETERS (FISCAL 2010 $)
Direct Capital Cost (k$) - Note 3 76,640
Project Life (years) 20
Project Lead Time (years)* 3
OPERATING COSTS:
Fixed OMA (k$/yr) 1,455
Variable OMA ($/MWh) 0
Grants-in-lieu of Taxes ($/kW-yr) 0
Fixed Taxes (k$/yr) 218
Variable Taxes ($/MWh) 0
Water Rentals - Capacity ($/kW-yr) 0
Water Rentals - Energy ($/MWh) 0
Fuel Price ($/GJ) 0
Fuel Tax (%) 0%
Firm Fuel Transporation ($/GJ) 0
UCC Based on Dependable Capacity:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) 7,091 8,447
Fixed Investment ($/kW-yr) 2,364 2,816
Fixed Operations ($/kW-yr) 558 558
Variable Operations ($/kW-yr) 0 0
Fuel Cost ($/kW-yr) 0 0
Unit Capacity Cost ($/MW-month) 243,432 281,108
Unit Capacity Cost ($/kW-yr) 2,921 3,373
UEC Based on Average Energy Capability:

6% 8%
Investment Cost (Annualized Capital) (k$/yr) 7,091 8,447
Fixed Investment ($/MWh) 108 129
Fixed Operations ($/MWh) 25 25
Variable Operations ($/MWh) 0 0
Fuel Cost ($/MWh) 0 0
Unit Energy Cost ($/MWh) 133 154
Unit Construction Cost

6% 8%
All in Capital Construction (k$) $ 81,330 82,935
Dependable Capacity (MW) 3 3
Unit Construction Cost (k$/MW) $ 27110 $ 27,645

Notes

1) FortisBC Territory 30 MW Wind Bundle (modified from LTAP base case of 150 MW)
A number of possible sites exist in FortisBC territory

2) Excerpt from Western Electricity Coordinating Council 2008 Power Supply Assessment 11/5/2008

"For this analysis, summer wind turbine capacity was derated, on average, based on utility

submissions, to approximately 16% of nameplate capacity, and winter wind capacity was derated

to approximately 10% of nameplate capacity.

3) Garrard Hassan Wind Project Assumptions - 2008 LTAP
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PROJECT

RESOURCE
REFERENCE
CALCULATION METHOD

UNIT CONSTRUCTION COST CALCULATION

Project

Capital Cost

Dependable Capacity (MW)
Unit Construction Cost (k$/MW)

DISCOUNTED CASH FLOW COMMON PARAMETERS

Project

Dependable Capacity (MW)

Heat Rate (GJ/GWh)

Firm Annual Energy (GWh)

Fuel Use (GJ)

Fuel Use (MMBtu)

Forward Fuel Curve (Real $USD 2010)
Assumed Exchange Rate (USD to Cdn)
Forward Fuel Curve (Real $CDN 2010)
Fuel Cost ($/MWh)

BC Carbon Tax ($/metric ton)

Firm Fuel Transport Cost ($/GJ)

2012 Long Term Resource Plan

Appendix C - Resource

Simple Cycle Gas Turbine
Natural Gas

Discounted Cash Flow Method - DCF method employed because benefits from SCGT are not constant over time

Simple Cycle Gas Turbine

$ 44,269
38.6
3 1147

Simple Cycle Gas Turbine

2010 2011 2012 2013 2014 2015 2016 2040
0 0 38.6 38.6 38.5 38.5 38.5 37.9
0 0 9843 9839.6 9836.2 9832.9 9829.5 9748.6
0 0 68 68 68 67 67 66
0 0 665342.0929 664678 664013 663349 662686 646847
0 0 630656.0122 630026 629396 628767 628138 613125
$ 4.64 % 585 % 635 $ 631 § 6.27 % 646 % 6.57 $ 9.
$ 095 $ 095 § 095 $ 095 § 095 § 090 % 0.90 $ 0.
$ 488 § 6.16 § 669 $ 664 § 6.60 $ 717§ 7.29 $ 10.
$ 6241 § 61.95 § 6149 § 66.86 $ 67.97 $ 93.
$ 20.00 % 25.00 % 30.00 % 30.00 $ 30.00 $ 30.00 $ 30.00 $ 30.
$ 030 $ 030 % 030 $ 030 % 030 % 030 % 0.30 $ 0

Option Report

2041
37.8
9745
66
645758
612093
14 % 9.14
9 3§ 0.90
16 $ 10.16
86 $ 93.83
00 $ 30.00
.30 § 0.30
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UNIT CAPACITY COST CALCULATION - BY DCF ($000s)

Project

Project in-service date
Capital Cost

Project Economic Life
Discount Rate

DISCOUNTED CASHFLOW CALCULATION OF UNIT COST

Direct Capital Cost

Fixed Operations & Maintenance
Fuel Transport Cost

Annual Operating Cost

Total Cost

Discount factor formula
Discounting factor

Total Cost x discounting factor
NPV Total Cost

Annual Dependable Capacity Benefit (MW)
Dependable Capacity x discounting factor

NPC ("Net Present Capacity")

Unit Capacity Cost (UCC - $/kW-yr) = NPV/"NPC"

UCC - $/MW-month

Simple Cycle Gas Turbine

Year|

2012 Long Term Resource Plan
Appendix C - Resource Option Report

3|years out
$ 44,269
25]years
6%]|(real)
2010 2011 2012 2013 2014 2015 2016
1 2 3 4 5 6 7
$ 22,135 $ 22,135
$ 515 ¢ 515 % 515 % 515 % 515
$ 73 $ 73 $ 73 $ 73 $ 73
$ - - $ 588 $ 588 ¢ 588 ¢ 588 $ 588
$ 22,135 $ 22,135 $ 588 $ 588 $ 588 $ 588 $ 588
=1/(1+i)"(years-1)
1 0.94 0.89 0.84 0.79 0.75 0.70
| $ 22,135 $ 20,882 $ 523 $ 493 $ 465 $ 439 $ 414
$ 50,642
38.582 38.5566594 39 39 38
| 0.0 0.0 34.3 32.4 30.5 28.8 27.1
497.6
$ 102
$ 8,481

2040 2041
31 32
$ 515 ¢ 515
$ 72 $ 72
$ 586 $ 586
$ 586 $ 586
0.17 0.16
$ 102 $ 96
38 38
6.6 6.2
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UNIT CAPACITY COST CALCULATION - BY DCF ($000s)

2012 Long Term Resource Plan
Appendix C - Resource Option Report

Project Simple Cycle Gas Turbine
Project in-service date 3|years out
Capital Cost $ 44,269
Project Economic Life 25]years
Discount Rate 8%]|(real)
DISCOUNTED CASHFLOW CALCULATION OF UNIT COST

2010 2011 2012 2013 2014 2015 2016 ... 2040 2041

Year| 1 2 3 4 5 6 7 e 31 32

Direct Capital Cost $ 22,135 ¢ 22,135
Fixed Operations & Maintenance $ - $ - $ 515 ¢ 515 % 515 % 515 % 515 ... $ 515 % 515
Fuel Transport Cost $ - $ - $ 73 3 73 3 73 3 73 3 73 $ 72 3 72
Annual Operating Cost $ - $ - $ 588 $ 588 ¢ 588 ¢ 588 ¢ 588 $ 586 ¢ 586
Total Cost $ 22,135 $ 22,135 $ 588 $ 588 $ 588 $ 588 $ 588 $ 586 $ 586
Discount factor formula =1/(1+i)"(years-1)
Discounting factor 1 0.93 0.86 0.79 0.74 0.68 0.63 ... 0.10 0.09
Total Cost x discounting factor | $ 22,135 ¢ 20,495 § 504 $ 467 $ 432  $ 400 $ 370 ... $ 58 $ 54
NPV Total Cost $ 48,752
Annual Dependable Capacity Benefit (MW) 38.6 38.6 38.5 38.5 38.5 ... 37.9 37.8
Dependable Capacity x discounting factor | 0.0 0.0 33.1 30.6 28.3 26.2 24.2 ... 3.8 3.5
NPC ("Net Present Capacity") 399.7
Unit Capacity Cost (UCC - $/kW-yr) = NPV/"NPC" $ 122
UCC - $/MW-month $ 10,163
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UNIT ENERGY COST CALCULATION - BY DCF ($000s)

Project Simple Cycle Gas Turbine
Project in-service date 3|years out
Capital Cost $ 44,269

Project Economic Life 25]years
Discount Rate 6%]|(real)

DISCOUNTED CASHFLOW CALCULATION OF UNIT COST

2012 Long Term Resource Plan
Appendix C - Resource Option Report

2010 2011 2012 2013 2014 2015 2016 2040 2041
Year| 1 2 3 4 5 6 7 31 32

Direct Capital Cost $ 22,135 ¢ 22,135
Operations & Maintenance $ 515 ¢ 515 % 515 % 515 % 515 $ 515 % 515
Variable Operations and Maintenance ($4/MWh) $ 270 $ 270 $ 270 $ 270 $ 270 $ 265 % 265
Fuel Cost $ 4,219 $ 4,185 $ 4,151 ¢ 4,510 $ 4,582 $ 6,228 $ 6,218
Fuel Tax (%) $ 295 ¢ 293 $ 291 ¢ 316 $ 321 $ 436 $ 435
BC Carbon Tax $ 1,014 $ 1,013 $ 1,013 ¢ 1,012 $ 1,011 ... $ 995 ¢ 994
Firm Fuel Transporation ($/GJ) $ - $ - $ - $ - $ - e $ $ -
Annual Operating Cost $ - $ - $ 6,313 $ 6,276 $ 6,239 $ 6,622 $ 6,699 ... $ 8,439 $ 8,427
Total Cost $ 22,135 $ 22,135 $ 6,313 $ 6,276 $ 6,239 $ 6,622 $ 6,699 ... $ 8,439 $ 8,427
Discount factor formula =1/(1+i)"(years-1)
Discounting factor 1 0.94 0.89 0.84 0.79 0.75 0.70 ... 0.17 0.16
Total Cost x discounting factor | $ 22,135 ¢ 20,882 $ 5618 $ 5,269 $ 4,942 $ 4,949 $ 4,722 ... $ 1,469 $ 1,384
NPV Total Cost $ 135,404
Annual Energy Benefit (GWh) 68 68 67 67 66 66
Annual Energy x discounting factor | 0.0 0.0 0.0 56.7 53.5 50.4 47.5 11.6 10.9
NPE ("Net Present Energy") 811.6
Unit Energy Cost (UEC - $/MWh) = NPV/"NPE" $ 167
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UNIT ENERGY COST CALCULATION - BY DCF ($000s)

Project

Project in-service date
Capital Cost

Project Economic Life
Discount Rate

DISCOUNTED CASHFLOW CALCULATION OF UNIT COST

Direct Capital Cost
Operations & Maintenance

Variable Operations and Maintenance ($4/MWh)

Fuel Cost

Fuel Tax (%)

BC Carbon Tax

Firm Fuel Transporation ($/GJ)

Annual Operating Cost
Total Cost

Discount factor formula
Discounting factor

Total Cost x discounting factor
NPV Total Cost

Annual Energy Benefit (GWh)
Annual Energy x discounting factor
NPE ("Net Present Energy")

Unit Energy Cost (UEC - $/MWh) = NPV/"NPE"

Simple Cycle Gas Turbine

2012 Long Term Resource Plan
Appendix C - Resource Option Report

....... 2040 2041
....... 31 32
$ 515 ¢ 515
$ 265 $ 265
$ 6228 $ 6218
$ 436 $ 435
....... $ 995 ¢ 994
....... $ - $ -
....... $ 8439 $ 8,427
....... $ 8439 $ 8,427
....... 0.10 0.09
....... $ 839 $ 775
....... 66.3525558  66.2637624
6.6 6.1

3
$ 44,269
25
8%]|(real)
2010 2011 2012 2013 2014 2015 2016
Year| 1 3 4 5 6 7
$ 22,135 $ 22,135
$ 515 ¢ 515 ¢ 515 ¢ 515 ¢ 515
$ 270 ¢ 270 ¢ 270 ¢ 270 ¢ 270
$ 4219 ¢ 4,185 $ 4,151 $ 4,510 $ 4,582
$ 295 ¢ 293 ¢ 291 ¢ 316 ¢ 321
$ 1,014 ¢ 1,013 ¢ 1,013 $ 1,012 $ 1,011
$ - $ - $ - $ - $ -
$ - $ $ 6,313 $ 6,276 $ 6,239 $ 6,622 $ 6,699
$ 22,135 $ 22,135 $ 6313 $ 6276 $ 6,239 $ 6,622 $ 6,699
=1/(1+i)~(years-1)
1 0.93 0.86 0.79 0.74 0.68 0.63
| $ 22,135 $ 20,495 $ 5412 ¢ 4,982 $ 4,586 $ 4,507 $ 4,221
$ 115,749
67.5512673 67.5068706 67.4624738 67.4180771
| 0.0 0.0 0.0 53.6 49.6 45.9 42.5
642.4
$ 180
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PROJECT

RESOURCE
REFERENCE
CALCULATION METHOD

UNIT CONSTRUCTION COST CALCULATION
Project

Capital Cost

Dependable Capacity (MW)

Unit Construction Cost (k$/MW)

DISCOUNTED CASH FLOW COMMON PARAMETERS
Project

Dependable Capacity

Heat Rate (GJ/GWh)

Firm Annual Energy (GWh)

Fuel Use (GJ)

Fuel Use (MMBtu)

Forward Fuel Curve (Real $USD 2010)
Assumed Exchange Rate (USD to Cdn)
Forward Fuel Curve (Real $CDN 2010)
Fuel Cost ($/MWh)

BC Carbon Tax ($/metric ton)

Combined Cycle Gas Turbine
Natural Gas

Discounted Cash Flow Method - DCF method employed because benefits from CCGT are not constant over time

Combined Cycle Gas Turbine

$ 329,445
243
3 1,356

Combined Cycle Gas Turbine

©» © » B

2010

cocoocoo®

4.64
4.88

20.00

2

coocoo®

1

5.85
6.16

25.00

©» © » »

cocoocooo®

6.35
6.69

30.00

©®» B P BB

2013
243
7460
1944
14502726
13746660
6.31
0.95
6.64
46.97
30.00

©®» ® P Bw B

2014
242.7
7451
1942
14467612
13713376
6.27
0.95
6.60
46.58
30.00

©®» B P BB

14432540
13680132
6.46
0.90
717
50.60
30.00

©®» B P BB

14397510
13646929
6.57
0.90
7.29
51.39
30.00

2012 Long Term Resource Plan
Appendix C - Resource Option Report

©®» B PO BB

2036 2037
236.3 236
7250 7241
1890 1888
13705860 13671724
12991336 12958980
9.14 § 9.14
090 § 0.90
10.16 $ 10.16
69.81 § 69.72
30.00 $ 30.00
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UNIT CAPACITY COST CALCULATION - BY DCF ($000s)

Project

Project in-service date
Capital Cost

Project Economic Life
Discount Rate

DISCOUNTED CASHFLOW CALCULATION OF UNIT COST

Direct Capital Cost
Fixed Operations & Maintenance

Annual Operating Cost
Total Cost

Discount factor formula
Discounting factor

Total Cost x discounting factor
NPV Total Cost

Annual Dependable Capacity Benefit (MW)
Dependable Capacity x discounting factor

NPC ("Net Present Capacity")
Unit Capacity Cost (UCC - $/kW-yr) = NPV/"NPC"
UCC - $/MW-month

Combined Cycle Gas Turbine

Year|

2012 Long Term Resource Plan
Appendix C - Resource Opti