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SUMMARY

As part of its commitment, in response to the Kyoto Protocol, to ensuring B.C.’s power
production is in the economic and environmental interest of the province, the government
commissioned this multiple account benefit-cost analysis of the operation of the Burrard
Thermal Generating Plant (Burrard). The following points summarize the findings and
conclusions.

• Burrard consists of six natural gas-fired generating units with a combined capacity of
950 MW.  Its principal role historically has been to back-up the hydroelectric
generating system.  It is a source of firm energy (8% of BC Hydro’s total firm supply)
which can be used when hydro capability is low due to low water conditions.  It also
provides transmission benefits.  It can be operated to maintain voltage stability in the
Lower Mainland and serves to  increase transmission transfer capability from the
Interior and across the intertie to the U.S.

• Burrard has been upgraded in recent years to reduce local pollutant emissions and to
increase plant availability and reliability.  It also is now a source of peak capacity,
available to meet peak hour loads throughout the year, because of a firm natural gas
transportation agreement BC Hydro recently entered into with BC Gas.

• The output from Burrard has contributed significantly to BC Hydro’s net revenues.
In 1999, Burrard produced 1,447 GWh  and contributed an estimated $20.9 million to
BC Hydro’s net revenues. In 2000, Burrard output increased to 3,078 GWh and the
value of power increased as well.  As a result, its contribution in that year was an
estimated $166 million. This year, because of a combination of very low water
conditions and very high market prices, Burrard’s output is planned to increase to
over 5000 GWh and its contribution to BC Hydro’s  net revenues is estimated to
amount to as much as $1 billion. That is how much BC Hydro’s costs would be
higher and/or revenues lower if not for the output from the plant.

• There have been concerns that BC Hydro’s purchases of natural gas for Burrard have
contributed to the sharp increases in natural gas prices this past year.  BC Hydro’s
purchases can amount to over 12% of Westcoast’s deliveries of natural gas at Sumas
on the B.C./U.S. border.  However, most analysts attribute the high price of gas to a
demand/supply imbalance throughout North America, exacerbated on the west coast
by pipeline capacity constraints.  If BC Hydro were not purchasing natural gas for
Burrard it is likely that other users in the U.S would have increased their purchases
with the  Sumas price little affected.

• There have also been concerns about the air emissions from Burrard.  NOx emissions
from Burrard peaked in 1989 when the plant output was 4,200 GWh and before
selective catalytic reduction control technology was installed. In that year NOx
emissions totalled 1,750 tonnes, about 2% of the Lower Fraser Valley total.  Over the
past three years, NOx emissions have averaged 175 tonnes/year, about 0.4% of the
regional total.  Burrard is a major local contributor of greenhouse gas (GHG)
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emissions, averaging 1,260 kilotonnes per year over the past three years, some 7% of
the regional total.  However, from a global perspective Burrard operations have had
little incremental effect.  Given the existing generating resources in place, if Burrard
were not operating, its output would likely be replaced by similar or less efficient gas-
fired or even coal-fired thermal production.  The average GHG emission rate from
existing thermal plants in the Western System Coordinating Council region is roughly
double the emission rate from Burrard.

• Burrard has been beneficial historically.  To assess whether the continued operation
of Burrard is in the provincial interest, a base case future expansion and operating
plan with Burrard was compared to a range of alternative scenarios in terms of their
financial impact on BC Hydro and the province; potential impact on domestic
customers; and air emission and other environmental effects.  The base case reflects
BC Hydro’s latest Integrated Electricity Plan, with Burrard continuing in its current
role until its assumed retirement date in 2020/21, and other resources and
transmission facilities added as required to meet domestic load.  The alternative
scenarios included constraining Burrard’s output (eliminating any contribution to
exports), shutting down the plant for generation purposes and replacing it with other
resources (new combined cycle gas turbines—CCGTs—located in the B.C. Interior,
additional green resources and Site C were all considered) and repowering the plant
with more efficient combined cycle technology.  Scenarios where CCGTs and Site C
were advanced while retaining Burrard were also considered.

• The alternative scenarios differ from the base case in terms of the timing of new
generation and transmission investments and annual system operations—the  level of
output by type of plant as well as exports and imports.  In the constrained scenario,
Burrard output and net exports are reduced.  In the shutdown scenarios,  Burrard
output is eliminated and other resource investment and output increased.  In the
repowering scenario, investment and output at Burrard is increased and investment in
other resources deferred.

• The financial consequences of these impacts are measured by their effect on the net
system costs of meeting BC Hydro’s load, that is, the present value of the incremental
capital expenditures and the annual system costs less export revenues. These were
calculated for the base case and each alternative scenario from both a BC Hydro and
provincial perspective.  The provincial perspective excludes BC Hydro expenditures
on water rentals and other taxes which are just a transfer to government.  The results
show that constraining Burrard operations or shutting it down will increase net system
costs.  Replacing Burrard by green resources increases net system costs by over $1
billion.  Constraining Burrard’s operations, immediately shutting it down before new
resources can be developed or replacing it with Site C increase net system costs by
$500 to $600 million (Site C less so from a provincial perspective).  The best option
from a financial perspective is to repower Burrard. Though it will increase capital
costs, the increased combustion efficiency will lead to a reduction in net system costs
relative to the base case of some $140 million.
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• With respect to impacts on domestic customers, while there are differences among the
scenarios in terms of location of plant, supply/demand balance, age of facilities and
other factors, they are not likely to differ significantly in terms of the reliability of
service.  However, there could be some differences in electricity rates if the financial
impacts on BC Hydro are passed through to domestic customers. Rates could be
higher in the shutdown and constrained operating cases and slightly lower in the
repowering case.

• All of the alternative scenarios would reduce greenhouse gas emissions.  The
constrained Burrard and Burrard shutdown cases also reduce local pollutant emissions
in the Lower Mainland, though in the shutdown cases there is some increase in local
pollutant emissions elsewhere because of the advancement of CCGTs in other parts of
the province.  The greatest emission reductions overall come from the green scenario,
followed by the replacement of Burrard by Site C.

• Table S-1 summarizes the financial, customer, emission and other impacts of the base
case and alternative scenarios.  To provide perspective, the emission impacts are
presented in terms of their estimated damage costs.  The basis for the indicative
damage values used in this study are provided in Appendix C of the report. The table
clearly indicates the trade-offs among the alternatives.  However, the results show
that repowering Burrard or advancing CCGTs while retaining Burrard are best
overall. They are the only scenarios that reduce both BC Hydro net system and
emission costs relative to the base case.  Replacing Burrard with green resources or
Site C offers significant emission benefits, but they would have to be valued 3 to 3.5
times the damage costs estimated in this study to offset the increased net system costs
they entail.  Sensitivity tests with respect to the discount rate and energy prices
generally confirm these results.

• Based on the results of the study it is concluded that constraining the operation of
Burrard or shutting it down is not in the overall interest of the province.  It is
therefore recommended that:

1) Burrard should not be artificially constrained beyond permit levels nor shut
down and replaced by other resources;

2) BC Hydro should review in detail the repowering of Burrard and bring
forward proposals for such an initiative if its detailed studies confirm the
benefits identified in this study; and

3) the provincial government, in consultation with the GVRD, should consider
imposing an emission charge reflecting the estimated damage costs associated
with the local pollutants generated at Burrard, with the revenues used to fund
cost-effective offset measures in the Lower Fraser Valley airshed.  That could
provide the basis for a more balanced, efficient policy with respect to Burrard
than the constrained or shutdown scenarios some would impose.
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Table S-1
Multiple Account Summary

ACCOUNT Base Case Constrained
Burrard

Immediate
shutdown

Phased
Shutdown-

CCGT

Phased
Shutdown-

Green

Phased
Shutdown-

Site C

Adv. CCGT +
Burrard

Adv. Site C +
Burrard

Repower
Burrard

FINANCIAL ACCOUNT
($ millions, p.v.@8%)

   -Net System Costs (BCH) 9,413 9,989 9,921 9,430 10,687 9,937 9,378 9,913 9,274
Difference from Base 576 508 17 1,274 524 -35 500 -139

   -Net System Costs (Prov) 5,793 6,451 6,366 5,818 7,178 6,233 5,689 6,184 5,650

Difference from Base 658 573 25 1,385 440 -104 391 -143

CUSTOMER SERVICE
   -Rate Impact (potential average
increase relative to base case)

2.3% 2.1% - 5.2% 2.1% - 2.0% -0.6%

   -Reliability Neutral Firm import
requirement

Neutral Neutral Neutral Neutral Neutral Neutral

EMISSIONS
($millions, p.v.@8%)

   -Local Pollutants 65 27 10 27 20 44 60 62 63
Difference from Base -38 -55 -38 -45 -21 -5 -3 -2

   -GHG 448 402 344 342 94 301 355 325 398
Difference from Base -46 -104 -106 -354 -147 -93 -123 -50

OTHER ENVIRONMENT Neutral: No
change in
resource
development

Negative:
Interior CCGT
advanced (10-15
ha footprint).
Interior T/Ls
advanced (1,875
ha footprints).

Negative:
Interior CCGT
and T/Ls
advanced as in
Immed.
Shutdown case)

Negative:
Interior CCGT
advanced;
advances Kelly
Lake-Cheekye
T/L (1,150 ha
footprint);
unknown facility
footprints and
T/Ls.

Negative:
Flooding
(~5,000 ha),
T/L (560 ha);
advances KLY-
CKY T/L
Positive: Delays
NIC-MDN T/L
by 2 yrs.

Negative:
Similar effects
to Phased
Shutdown-
CCGT case.

Negative:
Similar effects
to Phased
Shutdown-Site
C case.

Positive: Delays
Interior CCGT
(facility and T/L
footprints).
Negative:
Advances KLY-
CKY T/L



1.0   Introduction

On October 16, 2000, the British Columbia government released the BC Climate Change
Business Plan for 2000/01 - 2002/03.  This was B.C.’s contribution to Canada’s First
National Climate Change Business Plan produced in response to the Kyoto Protocol for
greenhouse gas (GHG) emission reductions.  The BC Plan lists some 50 actions aimed at
preparing a solid foundation for substantial GHG emission reductions.  Two specific
objectives in the Plan are: (i) to cut GHG emissions in energy supply and use, and (ii) to
encourage the production and use of alternative, renewable energy sources.

As part of this GHG effort, the government committed B.C. to ensuring its power
generation is in the economic and environmental interest of the province.  Because of
this, as well as more general air quality concerns, the government decided to commission
a multiple account benefit-cost analysis of the operation of the Burrard thermal
generating plant (Burrard).  The purpose of this report is to present the results of the
analysis of the Burrard plant that was undertaken in response to this government
initiative.

To estimate the benefits and costs of the Burrard plant, a base case scenario with
continued operations of the plant was compared to a range of alternative scenarios. The
base case scenario assumes Burrard is operated to its full extent whenever the value of its
output exceeds its fuel and other variable costs of supply, subject to existing permits and
authorizations. The alternative scenarios include constraining Burrard output (eliminating
any contribution to exports), shutting down the plant and replacing it with other resources
(combined cycle gas turbines in the B.C. interior, a mix of ‘green’ resources, and Site C
were all considered), and repowering the plant on site with more efficient combined cycle
technology.

The basic question addressed in the analysis was how the continued economic operation
of Burrard would differ from the alternative scenarios in terms of: (i) the development of
new generation and transmission facilities in the province; (ii) Burrard and other thermal
power production; (iii) hydro output and reservoir operations; and (iv) imports and
exports of electricity.  These were estimated for each scenario by BC Hydro based on its
system expansion planning criteria and system operation optimization model.  The results
provided the basic information required for the multiple account evaluation of benefits
and costs.

Three evaluation accounts are used for this report, each defined in accordance with the
government’s multiple account guidelines:

• Financial implications—impacts on BC Hydro and provincial government
revenues and expenditures;

• Customer Service—impacts on domestic rates and reliability;
• Environment—impacts on local and GHG air emissions and on land and resource

use.
These three accounts capture the principal economic and environmental implications of
the continued operation of Burrard relative to the alternative scenarios, the focus of this
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study.  There are local tax and employment implications too; they are discussed generally
in the overall evaluation.

2.0   Historical Background1

Construction of Burrard began in 1960.  The first two thermal power units were brought
in service in 1962 and 1963. It now consists of six gas-fired thermal units (the last unit
was brought in service in 1976) with a combined capacity of about 950 MW. It provides
about 8% of BC Hydro’s firm energy capability.

Though originally designed as a base load plant, Burrard’s principal role has been to
back-up the hydroelectric system.  It is a source of displaceable firm energy which BC
Hydro can use to meet demand when its hydro capability is low due to low run-off
conditions, but which can be displaced (not operated) in average or above average water
years when lower cost hydro or other low cost supply is available. Because of a recent
firm gas transportation agreement with BC Gas, Burrard now also provides firm
generation capacity, available as required to meet peak hour loads.

Burrard serves transmission as well as these generation functions.  Four of its six
generating units have been equipped to run as synchronous condensers, which BC Hydro
uses as required to maintain voltage stability in the Lower Mainland. The location of the
plant has also served to increase transfer capability across the U.S. intertie, as well as
enhance the reliability of the system—it provides a source of power in B.C.’s major load
center that can be relied upon in emergency circumstances if, for example, long distance
transmission were impaired.

Without Burrard, BC Hydro would have had to increase or advance expenditures on
alternative generation and transmission facilities.  The avoided or deferred expenditures
provide one indication of the value of the plant.  Another way to gain some perspective to
the historic economic contribution of the plant is to consider the value of the plant’s
output.  Through its operations, Burrard has contributed significantly to BC Hydro’s net
revenues.  In 1999, when the marginal value of power in B.C. averaged $34/MWh2,
Burrard produced 1,447 GWh of electricity and contributed $20.9 million to BC Hydro’s
net revenues.  In 2000, the marginal value of power increased to $116/MWh, primarily
because of escalating market prices.  Burrard produced 3,078 GWh of electricity in 2000
and contributed $166 million to BC Hydro’s net revenues. This is how much BC Hydro’s
import or other purchase costs would have been higher and/or export revenues lower if
not for the output from Burrard, with no alternatives in place.

                                                
1 See Appendix A for a more detailed discussion of the historical development, role and value of Burrard,
and Appendix C for impacts.
2 The marginal value of power is what BC Hydro would be willing to pay for an increment of electricity
either because of the import or other supply cost it can avoid or additional export revenue it can earn.  This
value is estimated by BC Hydro for each month over the course of the year and depends on water
conditions, market prices and alternative supply costs.  The specific values cited in this and the following
paragraph are in Canadian dollars.
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In 2001, the marginal value of power is forecast to average over $300/MWh because of
low water conditions as well as continuing very high market prices. BC Hydro expects to
produce over 5,000 GWh from Burrard this year, contributing as much as $1 billion to
BC Hydro’s net revenues.  While 2001 is unique in terms of both water and market
conditions, and particularly the extreme combination of the two, it does illustrate how
valuable a facility like Burrard can be under such circumstances.

BC Hydro’s purchases of natural gas for Burrard can amount to over 12% of the
deliveries through the Westcoast Energy pipeline at Sumas, the delivery point for
Burrard, BC Gas, other Lower Mainland users and U.S. customers. There have been
concerns that these purchases for Burrard have contributed to the sharp increase in
natural gas prices this past year.  BC Hydro’s total annual purchases of natural gas are not
responsible for the high prices—it purchased as much or more natural gas for Burrard in
previous years when gas prices were low.  BC Hydro’s winter peak purchases may be a
factor though; it now purchases natural gas even on peak demand days when it previously
would have been interrupted by BC Gas.  However, most analysts believe the impact of
Burrard has been minimal. Natural gas prices increased throughout North America
because of increased demand for power generation and other uses, and a willingness of
power generators to pay very high gas prices because of the very high electricity prices
that have prevailed this past year.  Natural gas prices at Sumas and along the entire West
Coast have been particularly high because of pipeline capacity constraints.  If BC Hydro
were not purchasing natural gas for Burrard, it is likely other users in the U.S. would
have increased their purchases with the Sumas price little affected.

There have also been concerns about the air emissions from Burrard. Emissions of
nitrogen oxides (NOx) have historically been the major concern.  In response to these
concerns, BC Hydro installed selective catalytic reduction (SCR) control technology in
all six units.  The NOx emission rate is now one-tenth what it was in the early 1980s.
The actual amount of emissions depends on the level of output from the plant.  Maximum
emissions from Burrard occurred in 1989 when the plant output was 4,200 GWh and
before the SCRs had been installed. In that year NOx emissions totalled 1,750 tonnes,
approximately 2% of the Lower Fraser Valley regional total.  Over the past three years,
output from Burrard has averaged 2,420 GWh and NOx emissions have averaged 175
tonnes per year, about 0.4% of the regional total.

With respect to greenhouse gases, Burrard produces 525 CO2e/GWh.3  Over the past
three years, its CO2e emissions averaged 1,260 kilotonnes per year, some 7% of the
Lower Fraser Valley regional total. Burrard is clearly a significant regional source of
GHGs.  However, the incremental effect of Burrard from a global perspective is quite
different. If Burrard were not operating, its output would likely be replaced by similar or
less efficient gas-fired or even coal-fired generation. If anything, the current operation of
Burrard serves to reduce greenhouse gas emissions overall. That need not be the case in
the future, when more combustion-efficient thermal or non-thermal sources of supply can

                                                
3 GHGs include CO2, CH4, and N2O. CO2e refers to the emissions in CO2 equivalent units.
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be developed, but it is the case now with the mix of generating plants currently in place in
western North America.4

3.0   Base Case and Alternative Scenarios

3.1 Base Case

BC Hydro’s current generation and transmission plans, as described in its latest
Integrated Electricity Plan (IEP)5, form the base case for this analysis.  Burrard continues
in its current role until 2020/21, its assumed retirement date, without any restrictions
other than those in existing permits and authorizations.  New generation projects, as
described in the IEP, are developed as required to meet domestic load, and Burrard and
all of the other plants are operated to minimize the net costs of supply6.

The major new generation projects that are planned to be developed over the next twenty
years in the base case include: a 240 MW combined cycle plant (CCGT) at Campbell
River; a 240 MW CCGT in Port Alberni; a two-unit 640 MW combined cycle plant
(CCGT) on Vancouver Island (2007/08); six CCGT units at Kelly Lake/Savona7 (to be
installed over the 2015-2021 period); and additional hydro generating capacity at Seven
Mile (2004/05) and Revelstoke (2013/14). The base case plan also calls for the
development of green energy projects to supply 10 percent of new load growth.

Major additions to the transmission system are required in the base case to maintain
reliable and fully flexible dispatch and transmission of power within the province.  A new
500 kV line from Nicola (in south central B.C.) to Meridian (in the Lower Mainland) is
required for 2013/14 and another new 500 kV line from Kelly Lake to Cheekye (north of
Squamish) is required for 2019/20.

3.2 Constrained Burrard Scenario

The first alternative scenario to the base case assumes Burrard operations are constrained
to eliminate its contributions to exports. This scenario is modelled by imposing the
equivalent of a Burrard export tax so that the export revenue from Burrard-origin power
is always below Burrard’s fuel and other variable costs.  In that way the optimization
model does not forecast Burrard generation to serve the export market.  In practice it
would be impossible to impose a constraint in that way because it is impossible to

                                                
4 While new combined cycle plants have emission rates of  340 t CO2/GWh  or less, the average emission
rate of existing, operating thermal plants in the Western System Coordinating Council (WSCC) region is
960 t CO2/GWh and of WSCC coal-fired plants, 1,200 t CO2/GWh.
5 BC Hydro (2000) Integrated Electricity Plan: An update to the 1995 IEP, January 2000 (load and price
forecast updated to January 2001).
6 See Appendix B for a summary description of the projects in BC Hydro’s base case and the alternative
scenarios considered in this study.  The Appendix also provides a summary of the key assumptions
underlying BC Hydro’s plans and forecasts.
7 Location of Interior CCGT facility to be determined. Preliminary design considerations suggest a site near
the southern terminus of the Williston-Kelly Lake transmission line near Clinton or near the natural gas
pipelines junction at Savona.
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identify the source of export-bound power at any given time.  Even if Burrard generation
and exports were occurring at the same time, the ‘source’ of the exports could have been
earlier imports.  Conversely, if Burrard were not operating, it still could have been the
imputed source of some exports by backing off hydro generation in a previous period.

Nevertheless, the scenario does provide some insight into the implications of trying to
constrain Burrard operations to serve only domestic requirements. There is no change in
the timing of new resource additions required to meet BC Hydro’s load, but Burrard’s
output is considerably less than in the base case.

3.3 Immediate Shutdown Scenario

In this scenario, Burrard is shut down for generation purposes8 by 2002 and imports are
used to meet BC Hydro’s load until new resources can be developed.  It is assumed the
Interior CCGTs would be advanced. They are the lowest cost source of new supply that
can be advanced that quickly. The first two units would be brought into service in
2006/07 (instead of 2015/16 in the base case). The second two units would be brought
into service in 2014/15 (instead of 2019/20) and the last two units would be brought into
service in 2018/19 (instead of 2020/21).

In addition to the advancement of the Interior CCGTs, the Revelstoke project would be
advanced one year and transmission facilities would be advanced.  The Nicola-Meridian
line would be advanced from 2013/14 to 2007/08 and the Kelly Lake-Cheekye line would
be advanced from 2019/2020 to 2014/15.

3.4 Phased Shutdown Scenarios

These scenarios all assume Burrard is shut down, but in a timeframe that permits the
development of alternative resources in B.C.

CCGT Case:- The first phased shutdown scenario assumes Burrard is replaced by
advancing the Interior CCGTs.  This scenario is exactly like the previous one in terms of
new resource and transmission development, but instead of Burrard being shut down
immediately, it is shutdown in 2006/07.  This eliminates the potential need for imports
until the Interior CCGTs can be developed.

Green Case:- The second phased shutdown scenario assumes Burrard is replaced by a
mix of green energy resources, including small hydro, woodwaste-fired thermal,
windfarms and geothermal. In this case, Burrard is shut down over 2004-2006 period.  It
is assumed that green energy resources to replace Burrard can be developed over the
2003 to 2007 period.

                                                
8 In this and all of the other shutdown scenarios it is assumed that the Burrard maintains its synchronous
condenser capability to provide voltage support in the Lower Mainland, as required, and that the local
transmission facilities on site remain in place.
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Site C Case:- The third phased shutdown scenario assumes Burrard is replaced by power
from Site C, a major 900 MW hydroelectric project on the Peace River.  The earliest Site
C can be brought in-service is estimated to be 2011/12.  In this scenario Burrard is phased
out over the 2011-2013 period.

In each of these scenarios additional transmission facilities are developed to connect the
new power sources and the planned new 500 kV transmission lines are advanced relative
to their timing in the base case.

3.5 Advancement With Burrard Scenarios

Comparing the shutdown scenarios, as described above, with the base case indicates the
combined effect of advancing the replacement projects and shutting down Burrard.  In the
CCGT case, and possibly the Site C case, there may be economic benefits from
advancement in itself.  Even though advancing these projects is not required to meet
domestic load, they may generate revenues in export markets in excess of their costs until
needed for the domestic market. Consequently, a finding of net benefits in the shutdown
cases could be an indication of the value of advancing CCGTs or Site C as opposed to the
value of shutting down Burrard.

In order to test for this, the CCGT and Site C advancement cases were simulated without
shutting down Burrard.  These scenarios assume the same expansion plans as in the
corresponding shutdown scenarios described above.  The only difference is that Burrard
continues to operate whenever it is economic to do so. Comparing the advancement cases
with Burrard to the corresponding shutdown cases (e.g., CCGT advancement with versus
without Burrard) serves to isolate the benefits and costs of shutting down Burrard
separately from the impacts of advancement.

3.6 Repowering Scenario

The final scenario assumes that three of Burrard’s existing units are retired in 2004/05
and replaced by two CCGT units in 2006/07. In addition to increasing the efficiency and
capacity of the Burrard plant, this scenario allows BC Hydro to defer two of the planned
CCGT units in the Interior by two years, and two of the other four planned units beyond
2020/2021.  The generation expansion plans in this scenario are otherwise like the base
case.

3.7 Summary

The generation and major transmission expansion plans for the base case and each
alternative scenario are summarized in Table 1.  The timing of the new projects is
designed to ensure BC Hydro has sufficient capacity to meet its domestic load in
accordance with its planning criteria.  The only exceptions are the immediate shutdown
scenario, which has insufficient firm capacity in the first few years, and the advancement
with Burrard scenarios, which have more than sufficient capacity for a number of years.
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Table 1
Expansion Plans in Base Case and Alternative Cases

Facility
Base
Case

Constrained
Burrard

Immediate
Shutdown

Phased
Shutdown-

CCGT

Phased
Shutdown-

Green

Phased
Shutdown-

Site C

Adv.
CCGT +
Burrard

Adv. Site C
+ Burrard

Repower
Burrard

GENERATION
Burrard
   Unit 1-3 retire 20/21 retire 20/21 retire 01/02 retire 06/07 retire 04/05 retire 11/12 retire 20/21 retire 20/21 retire 04/05

   Unit 4-6
Campbell River CCGT

Port Alberni CCGT

retire 20/21
2001

2003

retire 20/21
2001

2003

retire 01/02
2001

2003

retire 06/07
2001

2003

retire 05/06
2001

2003

retire 12/13
2001

2003

retire 20/21
2001

2003

retire 20/21
2001

2003

retire 20/21
2001

2003
VI-2 CCGT x2 07/08 07/08 07/08 07/08 07/08 07/08 07/08 07/08 07/08

KL CCGT-G x2 15/16 15/16 06/07 06/07 12/13 13/14 06/07 15/16 17/18
KL CCGT-G x2 19/20 19/20 14/15 14/15 17/18 18/19 14/15 - -

KL CCGT-G x2 20/21 20/21 18/19 18/19 - - 18/19 20/21 20/21

SEV4 04/05 04/05 04/05 04/05 04/05 04/05 04/05 04/05 04/05

REV5 13/14 13/14 12/13 12/13 13/14 13/14 12/13 13/14 14/15
Site C - - - - - 11/12 - 11/12 -

Green for BUR - - - - 03/04 - - - -
Repower BUR - - - - - - - - 06/07

TRANSMISSION (for full flexibility)
Nicola-Meridian 500 kV line 13/14 13/14 07/08 07/08 13/14 11/12 07/08 15/16 17/18
Kelly Lake-Cheekye 500 kV line 19/20 19/20 14/15 14/15 07/08 13/14 14/15 11/12 11/12
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4.0   BC Hydro System Impacts

In terms of the impacts on BC Hydro, the different expansion plans in the base case and
alternative scenarios have two principal consequences.  First, they determine the capital
expenditures BC Hydro will have to incur to develop new sources of supply and
transmission facilities.  Second, they determine the mix of generating sources in place at
any point in time that BC Hydro can use to meet its domestic load and, when it has
surplus capacity, supply export markets.  The mix of generating sources, together with
the forecast domestic load, operating costs, operating constraints and market prices, in
turn govern the level of output by type of plant, imports and exports, and their associated
physical and financial implications.

BC Hydro uses a system optimization model to forecast output by plant, imports and
exports.  The system is simulated with a wide range of historically observed water
conditions in order to calculate, on a probabilistic basis, the levels of output by type of
plant, imports and exports that will minimize, on average, BC Hydro’s net costs
(expenditures less export revenues) to meet the domestic load.  While actual values will
vary depending on actual water and other conditions, BC Hydro’s model is the best
available tool to estimate expected average values, and was used for purposes of this
study to estimate most likely effects of the different scenarios.

The results of BC Hydro’s system simulations for the period between 2002/03 and
2020/21, as well as the capital expenditures that would be incurred in the base case and
alternative scenarios are summarized below. The differences between the Burrard and
alternative scenarios indicate the expected average impacts of varying from the currently
planned continued use of Burrard. 9

4.1   Base Case

Incremental Capital Expenditures:- Capital expenditures for new generation projects
over the next twenty years in the base case are estimated to total $1.048 billion in present
value (at an 8% real discount rate).  Major transmission capital expenditures are
estimated to total $297 million in present value. The actual generation and transmission
capital expenditures would be much greater, but their discounted present value reflects
the future timing of the expenditures.

Output by Type of Plant:- Output from Burrard varies by year.  BC Hydro’s simulation
of the base case indicates an expected range in annual output of 1700 GWh to 6170
GWh.  The actual range could even be greater depending on water and other conditions.
The average annual output from Burrard over the next twenty years is estimated at 4900
GWh, approximately 70% of its maximum availability and permitted level.

                                                
9 These results, and the multiple account implications that follow in section 5, are based on BC Hydro’s
planning assumptions regarding electricity and gas prices and other factors.  Present values are reported at
an 8% real discount rate.  In section 6, the sensitivity of these results to different price and discount rate
assumptions is discussed.
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Hydro output is forecast to make full use of the reservoir capability.  On average the
annual hydro output will be 47,300 GWh.  Actual output will vary depending on water
conditions.

Output from CCGTs grows over the planning period as new plants are developed.  By the
end of the period, new CCGTs are estimated to produce over 20,000 GWh per year.  The
average annual CCGT output over the next twenty years is estimated at 5730 GWh.  The
annual output from other plants, including other thermal and new green energy plants, is
estimated to average 7670 GWh.

Imports and Exports:- Imports and exports will vary each year depending on water
conditions, the timing of new resource additions, forecast market prices and other factors.
Because under average water conditions BC Hydro’s total generating capability will
exceed the domestic load, BC Hydro is generally a net exporter. Annual imports in the
base case average 5760 GWh and annual exports 8710 GWh.  Most of the imports are
purchased during low price periods for resale in higher priced periods.

Net system costs:- Net system costs refers to the sum of the incremental capital
expenditures, fixed and variable generation and transmission operating costs, plus the
costs of imports less export revenues.  For the base case, net system costs over the next
twenty years are estimated to total $9.413 billion in present value at an 8% real discount
rate.

4.2 Constrained Burrard Scenario

Incremental Capital Expenditures:- Capital expenditures for the new generation and
major transmission projects in the constrained Burrard scenario are the same as in the
base case.  The generation and transmission expansion plans are the same.

Output by Type of Plant:- Output from Burrard in the constrained scenario, by design, is
much less than in the base case. The average annual output is estimated to average 1790
GWh as compared to the 4900 GWh estimated for the base case.

Hydro output, CCGT and other output are virtually the same in the constrained scenario
as  in the base case .

Imports and Exports:- Imports and exports are considerably less in this scenario than in
the base case.  Annual imports average 3590 GWh and annual exports 3570 GWh, as
compared to 5760 GWh and 8710 GWh respectively in the base case.  There are no net
exports and much less purchase of imports for later resale.

Net system costs:- Net system costs over the next twenty years in the constrained Burrard
scenario are estimated to total $9.989 billion in present value at an 8% real discount rate,
some $576 million (6%) more than in the base case.
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4.3 Shutdown Scenarios

4.3.1 Immediate Shutdown Case

Incremental Capital Expenditures:- Capital expenditures in the immediate shutdown
case are estimated to total a present value of $1.394 billion for generation and $379
million for transmission.  These are higher than in the base case because of the
advancement of generation and transmission facilities due to the shutdown of Burrard.

Output by Type of Plant:- Output from Burrard in this case is eliminated over the entire
planning period.

Hydro and other output are the same as in the base case, but CCGT output is considerably
higher.  Because of their earlier development, CCGT plants produce on average 9860
GWh per year, over 70% more than in the base case.

Imports and Exports:- Imports are greater (particularly in the early years) and exports
less than in the base case.  In this case annual imports average 6010 GWh and annual
exports 8140 GWh, as compared to 5760 GWh and 8710 GWh respectively in the base
case.

Net system costs:- Net system costs over the next twenty years in the immediate
shutdown case are estimated to total $9.921 billion in present value at an 8% real
discount rate, some $508 million (5%) more than in the base case.  Most of the higher
costs are incurred in the early years before new facilities can be advanced to replace the
output from Burrard.  It should be noted that the shutdown is assumed to take place at the
end of this fiscal year.  If operations were terminated sooner, the net system cost impact
would be much greater.  As noted earlier, because of the very low water conditions and
very high market prices expected this year, output from Burrard is planned to exceed
5000 GWh; without that output BC Hydro’s net system costs would increase some $1
billion.

4.3.2 Phased Shutdown- CCGT Case

Incremental Capital Expenditures:- Capital expenditures in this phased shutdown,
CCGT advancement case are virtually the same as in the immediate shutdown case.
They both reflect the effects of advancing CCGTs and transmission to replace Burrard.

Output by Type of Plant:- Output from Burrard in this case falls from an estimated
expected level of over  6000 GWh in 2002/03 to zero by 2006/07.

Hydro and other output are the same as in the immediate shutdown case.  Again CCGT
output is considerably higher than in the base case because of the earlier development of
new plants.
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Imports and Exports:- The average level of imports and exports in this case are very
similar to the base case, averaging 5660 GWh and 8720 GWh per year respectively (as
compared to 5760 GWh and 8710 GWh in the base case).

Net system costs:- Net system costs over the next twenty years in this phased shutdown,
CCGT advancement case are estimated to total $9.430 billion in present value at an 8%
real discount rate, almost the same as the $9.413 billion net system costs estimated for the
base case.  The greater capital expenditures in this case are largely offset by lower natural
gas and other operating costs.

4.3.3 Phased Shutdown- Green Case

Incremental Capital Expenditures:- Capital expenditures in this phased shutdown case,
with green resources advanced to replace Burrard, are estimated to total a present value
of $1.001 billion for generation and $384 million for transmission.  The generation is
slightly less, the transmission more than in the base case.

Output by Type of Plant:- Output from Burrard in this case falls from an estimated
expected level of over  6000 GWh in 2002/03 to zero by 2005/06, a year earlier than in
the previous case.  It is assumed that green resources could be advanced more quickly
than the Interior CCGTs.

Hydro output is the same as in the base case, but CCGT and especially other output are
higher.  Annual CCGT output averages 6790 GWh in this case, as compared to 5730
GWh in the base case, because of some advancement of CCGTs.  Other output averages
11,780 GWh in this case as compared to 7630 GWh in the base case because of the
additional green resources that are developed.

Imports and Exports:- The average level of imports in this case are somewhat less and
exports somewhat greater than in the base case.  They average 5380 GWh and 9250 GWh
per year respectively (as compared to 5760 GWh and 8710 GWh in the base case).

Net system costs:- Net system costs over the next twenty years in this phased shutdown,
green advancement case are estimated to total $10.687 billion in present value at an 8%
real discount rate,  $1.274 billion (over 13%) greater than in the base case.  The greater
net system costs is due to the much higher costs associated with the green resources.

4.3.4 Phased Shutdown- Site C Case

Incremental Capital Expenditures:- Capital expenditures in this phased shutdown, Site
C advancement case are higher than in all of the other cases because of the large capital
costs of the Site C project.  Generation capital expenditures are estimated to total a
present value of $2.141 billion, as compared to $1.048 billion in the base case;
transmission capital expenditures are estimated to total $411 million as compared to $297
million in the base case.
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Output by Type of Plant:- Output from Burrard in this case falls from an estimated
expected level of over  6000 GWh in 2002/03 to zero by 2012/13.

Hydro output is higher than the other cases because of the Site C plant.  Once
constructed, Site C increases hydro output by approximately 4000 GWh.  The average
increase in hydro output over the entire planning period is only some 2200 GWh greater
than in the base case because of the timing of the project.

CCGT output in this case averages 6260 GWh, somewhat greater than in the base case
because of the need to advance some CCGT projects.  Other output is the same as in the
base case.

Imports and Exports:- Imports and exports in this case are similar to the base case,
averaging 5740 GWh and 8830 GWh per year respectively (as compared to 5760 GWh
and 8710 GWh in the base case).

Net system costs:- Net system costs over the next twenty years in this phased shutdown,
Site C advancement case are estimated to total $9.937 billion in present value at an 8%
real discount rate, $524 million (over 5%) greater than the $9.413 billion net system costs
estimated for the base case.  The greater net system costs in this case are due to the
relatively high cost of Site C.

4.4 Advancement with Burrard

4.4.1 CCGT Case

Incremental Capital Expenditures:- Capital expenditures in this CCGT advancement
case with Burrard are very similar to the corresponding shutdown case.  Generation
capital expenditures are somewhat less at $1.373 billion in present value, as compared to
$1.391 in the shutdown case.  The difference is that this case avoids the capital costs
associated with shutting down Burrard.  Transmission capital expenditures are the same,
with the same major facilities required to accommodate the production from the new
CCGTs.

Output by Type of Plant:- Output from hydro, CCGT and other facilities are the same in
this case as in the shutdown case.  The difference is Burrard output.  In this case it
averages 4080 GWh per year.  While not needed to meet domestic demand, the
simulation results indicate it will be economic to run a significant proportion of the time.

Imports and Exports:- The average level of imports are considerably less and exports
greater than in the shutdown case, averaging 4690 GWh and 10,980 GWh per year
respectively (as compared to 5660 GWh and 8720 GWh in the shutdown case).
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Net system costs:- Net system costs over the next twenty years in this CCGT
advancement case with Burrard are estimated to total $9.378 billion in present value at an
8% real discount rate, about $50 million less than in the corresponding shutdown case
and $35 million less than the base case.  In terms of net system costs, the results suggest
that there are benefits from retaining Burrard even if CCGTs are advanced and it is not
required to meet domestic load.  The results further indicate that if Burrard is retained,
advancing CCGTs is somewhat preferable to the base case in terms of net system cost.

4.4.2 Site C Case

Incremental Capital Expenditures:- Capital expenditures in this Site C advancement
case with Burrard are similar to, though slightly less than the shutdown case. Capital
costs associated with shutting down Burrard and some transmission expenditures are
avoided or deferred in this case.  Generation capital expenditures are estimated to total a
present value of $2.075 billion, as compared to $2.141 billion in the corresponding
shutdown case; transmission capital expenditures are estimated to total $399 million as
compared to $411 million in the base case.

Output by Type of Plant:- Output from Burrard in this case averages 4620 GWh per year,
greater of course than in the shutdown case.  Output from CCGTs averages 5330 GWh,
almost 1000 GWh less than in the shutdown case because, with Burrard, the CCGTs
planned for the Interior can be deferred.  Hydro and other output are the same as in the
shutdown case

Imports and Exports:- Imports are less and exports greater than in the shutdown case,
averaging 5360 GWh and 9850 GWh per year respectively (as compared to 5740 GWh
and 8830 GWh in the shutdown case).

Net system costs:- Net system costs over the next twenty years in this Site C
advancement with Burrard case are estimated to total $9.913 billion in present value at an
8% real discount rate.  The net system costs are somewhat ($24 million) lower than the
corresponding shutdown case, again indicating there would be some benefit in retaining
Burrard even if Site C were advanced.  However this case, like the shutdown case, still
exhibits significantly higher net costs than the base case because of the relatively high
cost of Site C.

4.5 Repowering Scenario

Incremental Capital Expenditures:- Capital expenditures for the new generation and
major transmission projects in the repowering scenario total a present value of $1.229
billion for generation and $335 million for transmission, as compared to $1.048 billion
for generation and $297 million for transmission in the base case.  The expenditures are
greater than in the base case because of the cost of installing CCGTs at Burrard and
consequent changes in the timing of new transmission projects.
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Output by Type of Plant:- Output from Burrard in this scenario averages 6970 GWh per
year as compared to 4900 GWh in the base case. Hydro and other output are the same as
the base case, but new CCGT output  (excluding Burrard) is less (at 4790 as compared to
5730 in the base case) because the repowering eliminates some of CCGT investments
elsewhere.

Imports and Exports:- Imports are somewhat less and exports greater than in the base
case, averaging 5350 GWh and 9460 GWh per year respectively, as compared to 5769
GWh and 8710 GWh in the base case.

Net system costs:- Net system costs over the next twenty years in the Burrard repowering
scenario are estimated to total $9.274 billion in present value at an 8% real discount rate,
$140 million less than in the base case.  This scenario exhibits the lowest system costs of
all of the scenarios.

4.6 System Impact Summary

Table 2 below provides a summary of the capital expenditures, output, imports and
exports and net system costs in the base and alternative scenarios.

Table 2
BC Hydro System Impacts

Base
Case

Constrained
Burrard

Immediate
shutdown

Phased
Shutdown-

CCGT

Phased
Shutdown-

Green

Phased
Shutdown

-Site C

Adv.
CCGT +
Burrard

Adv.
Site C +
Burrard

Repower
Burrard

Capital Expenditures
($ millions p.v. @8%)

Generation 1048 1048 1394 1391 1001 2141 1373 2075 1229
Transmission 297 297 379 379 384 411 379 399 335

System operations
(average GWh/yr over the
planning period)

Burrard 4900 1790 0 860 630 2300 4080 4620 6970
Hydro 47300 47300 47300 47300 47300 49500 47300 49500 47300

CCGT 5730 5730 9860 9860 6790 6260 9860 5330 4790
Other

Total

7670

65600

7670

62490

7670

64830

7670

65690

11780

66495

7670

65730

7670

68910

7670

67120

7670

66730

Imports 5760 3590 6010 5660 5380 5740 4690 5360 5350

Exports
Net Exports

8710
2950

3570
-20

8140
2130

8720
3060

9250
3870

8830
3090

10980
6290

9850
4490

9460
4110

Net System Costs
($ millions p.v. @8%)

9413 9989 9921 9430 10687 9937 9378 9913 9274
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5.0   Multiple Account Evaluation

5.1   Financial Account

The BC Hydro net system costs, as discussed in the previous section, provide one
indicator of the financial implications of Burrard—more specifically, of retaining Burrard
in its current role as opposed to any of the alternative scenarios.  They show how BC
Hydro’s incremental costs less export revenues over the next twenty years are affected by
each of the alternative scenarios.

Another indicator of the financial implication of Burrard is net costs from a provincial
perspective.  Incorporated in BC Hydro’s expenditures are water rentals, fuel taxes on
natural gas, grants in lieu of property taxes, school taxes and sales tax payments.  These
for the most part are transfers to the province, and therefore not costs from a provincial
perspective.  Deducting these from BC Hydro’s expenditures indicates the net system
costs of meeting BC Hydro’s domestic load from a provincial perspective.

In Table 3 below, net system costs from a BC Hydro and a provincial perspective are
shown for the base case and the alternative scenarios.10 Differences from the base case
are shown in italics.

Table 3
System and Provincial Costs

($millions, p.v. @ 8%)

Base
Case

Constrained
Burrard

Immediate
Shutdown

Phased
Shutdown-

CCGT

Phased
Shutdown-

Green

Phased
Shutdown-

Site C

Adv. CCGT
+ Burrard

Adv. Site C
+ Burrard

Repower
Burrard

BC Hydro Net System Costs 9413 9989 9921 9430 10687 9937 9378 9913 9274

Difference from Base 576 508 17 1274 524 -35 500 -139

Net Costs-Provincial Perspective 5793 6451 6366 5818 7178 6233 5689 6184 5650

Difference from Base 658 573 25 1385 440 -104 391 -143

The implications of the alternatives are generally similar from both perspectives.
Constraining the use of Burrard so as not to serve the export market, immediately
shutting down Burrard before replacement power can be developed, or advancing green
resources to replace Burrard will all significantly increase the net costs of electricity
supply.   Advancing Site C to replace Burrard will also significantly increase the net costs
of electricity supply, though less so from a provincial perspective because of the water
rental component of Site C’s costs.

                                                
10 It is important to note that these two indicators are not additive since the net costs from a provincial
perspective incorporate the BC Hydro costs that are not transfers to the government.  They are different
measures of the same effects.
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Advancing Interior CCGTs to replace Burrard will not significantly increase the net costs
of electricity supply relative to the base case—the difference is only $17 million from a
BC Hydro perspective and $25 million from a provincial perspective.  However, if
CCGTs are advanced, it would be financially preferable to maintain Burrard.  From a
provincial perspective there would be a saving of over $100 million.  The financially best
option would be to repower Burrard. The net costs in this case are some $140 million
better than the base case from both a BC Hydro and provincial perspective.

5.2 Customer Service

With the exception of immediate shutdown, all of the scenarios meet BC Hydro’s
planning criteria.  There is sufficient firm capability and peak capacity to reliably meet
B.C.’s requirements.  Even in the immediate shutdown case, requirements can be met
with imports, as required, to make up for any domestic supply shortfall until new
resources can be developed.

In the shutdown cases, there will be less generating capacity in the Lower Mainland, with
consequent greater reliance on the transmission system from interior sources.  However,
any additional risk this entails is less significant than it might have been in previous
years.  There is new and planned additional generation on Vancouver Island which can be
relied upon in response to a major transmission failure.  As well, there is a more ‘liquid’
market for power in the U.S. which can be purchased to make up for interruptions from
interior B.C. supply.  Given these sources, as well as the redundancies built into the
transmission system to ensure reliable delivery of power, shutting down Burrard is not
likely to reduce the overall reliability of supply.  Indeed, while there are differences
among the scenarios, not only in terms of reliance on interior production, but age of
facilities and supply/demand balance,  there is not likely to be any significant difference
to customers in terms of the probability of interruptions to their supply.

There may, however, be some differences in domestic electricity rates.  The differences
in BC Hydro net system costs as shown in Table  3 above may be passed on, in whole or
in part, to domestic customers.  For example, the constrained Burrard scenario is
estimated to increase BC Hydro’s net system costs by some $576 million in present
value.  If this were to be recovered over the 2002/03 to 2020/21 planning period,
domestic revenues would have to increase by some $56 million per year.  That would
require rates, on average, being 2.3% higher over the planning period.   The immediate
shutdown and Site C cases would have a similar effect.  Because of its greater impact on
system costs, the green case could have a proportionately greater impact on rates, with
the potential for rates to average more than 5% greater than otherwise.  The CCGT -
Burrard shutdown case would have virtually no average impact on rates, while the CCGT
with Burrard and the repowering case could have some small positive average impact on
rates.

Two points are important to note here. First, it is not clear to what extent BC Hydro’s net
system cost impacts would in fact be passed on in higher rates. That would depend on the
regulatory treatment of BC Hydro’s trade earnings and other factors.  Second, the impacts
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that do occur could be greater in some years and less in than others depending on the
timing of the differences in expenditures between the scenarios.  The average rate
impacts discussed in this section are simply illustrative of the potential for differences in
the average level of rates each year over the next twenty years.

5.3 Environment

The different generation and transmission expansion plans and system operations
between the base case and alternative scenarios will have a wide range of environmental
effects.  The different levels of thermal power production and exports and imports will
affect air emissions at Burrard and elsewhere.  The different mix of generating resources
can affect hydro reservoir operations. The new project developments will affect land and
resource use.  The nature of these impacts is discussed below.  The most detail is
provided for emission impacts in keeping with the background and purpose of this study.

5.3.1 Emissions

Quantity of emissions:- Table 4 below summarizes the total amount of local and
greenhouse gas emissions estimated for the base case and alternative scenarios over the
2002/03 – 2020/21 planning period.  Local emissions (NOx and PM) are shown for the
Lower Fraser Valley and the rest of B.C.  Greenhouse gas (GHG) emissions are shown
for within and outside B.C.   The Lower Fraser Valley emissions are those associated
with Burrard.  The rest of B.C. emissions are those associated with thermal power
production outside the Lower Fraser Valley (in particular, on Vancouver Island and at
Kelly Lake/Savona).  The outside B.C. emissions are those attributable to BC Hydro
imports or displaced by BC Hydro exports.11

The factors used to calculate emission levels are summarized in Appendix C. For NOx,
the current actual, measured NOx emission factor for Burrard fully equipped with SCR
emission controls (70 kg NOx/GWh) was used.  NOx emission factors at new CCGTs
and PM and CO2 emission factors at all thermal facilities were provided by BC Hydro.
Emissions outside B.C. were estimated by BC Hydro based on known average emission
factors for the region of supply (Western System Coordinating Council/Northwest Power
Pool). The CO2 equivalent emissions (CO2e) were assumed to be 1.06 times the estimated
CO2 emissions. This is the factor used for natural gas combustion by BC Hydro in its
greenhouse gas Voluntary Challenge and Registry reporting. This scaling factor varies by
form of fuel combustion, but it is small enough that it does not materially affect the
relative impacts of the scenarios for the purposes of this analysis.

With respect to local pollutant emissions, as shown in the table, the scenarios in which
Burrard is constrained or shut down show significant reductions over the planning period.
The largest reductions in NOx and PM emissions occur for the green  and immediate

                                                
11 GHG emissions outside B.C. are shown because while the location of the emissions may affect
responsibilities for reductions in any national or international agreements, they do not affect their global
impact.
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shutdown scenarios.  In these and the other shutdown scenarios, however, some of the
reduction in the Lower Fraser Valley is offset by increases in local pollutant emissions
elsewhere in the province.  The increases are due to the advancement of CCGTs in the
Interior in these scenarios.  The repowering option exhibits reductions in NOx emissions
in the Lower Fraser Valley and the rest of the province relative to the base case.
However, the total reduction is smaller than the shutdown cases.  The one scenario that
exhibits an increase in local pollutant emissions is when CCGTs are advanced with
Burrard continuing to operate.

With respect to GHG emissions, the largest reduction would occur if Burrard were
shutdown and replaced by green resources. The next best scenarios in terms of GHG
reductions are when Site C is developed, with or without the retention of Burrard.  All of
the alternative scenarios exhibit some GHG reduction relative to the base case over the
planning period because of the advancement of non-thermal or more efficient thermal
facilities.  In the immediate shutdown case, however, there is in fact an increase in GHG
emissions in the first few years until the CCGTs are developed.
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Table 4
Local Pollutant and GHG Emissions

(2002/03 to 2020/21 total)

Case NOx (t) PM (t) CO2 (Mt) CO2e (Mt)
 Actual Diff Base Actual Diff Base Actual Actual Diff Base
Base Case    

Internal 8750 0 2606 0 84 89 0
External 3482 0 1632 0 -24 -25 0

Total 12233 0 4239 0 60 64 0
Constrained BUR    

Internal 3202 -5548 954 -1653 54 57 -32
External 3482 0 1632 0 2 2 27

Total 6684 -5548 2586 -1653 56 59 -5
Immed BUR Shutdown    

Internal 0 -8750 0 -2606 63 67 -22
External 5993 2510 2809 1177 -16 -17 8

Total 5993 -6240 2809 -1430 47 50 -14
Phased Shutdown - CCGT    

Internal 1540 -7210 459 -2148 72 76 -13
External 5993 2510 2809 1177 -24 -26 -1

Total 7533 -4700 3268 -971 47 50 -14
Phased Shutdown - Green    

Internal 1124 -7627 335 -2272 50 53 -36
External 4128 646 1935 303 -32 -34 -9

Total 5252 -6980 2270 -1969 18 19 -45
Phased Shutdown - Site C    

Internal 4112 -4639 1225 -1382 62 66 -23
External 3806 324 1784 152 -25 -26 -1

Total 7918 -4315 3009 -1230 38 40 -24
Adv CCGT + BUR    

Internal 7289 -1461 2171 -435 103 109 20
External 5992 2510 2809 1177 -54 -57 -32

Total 13282 1049 4980 741 49 52 -12
Adv Site C + BUR    

Internal 8248 -503 2457 -150 79 83 -6
External 3239 -243 1518 -114 -37 -40 -15

Total 11487 -746 3975 -264 41 44 -20
Repower BUR    

Internal 8176 -575 2751 144 89 94 5
External 2915 -567 1366 -266 -34 -36 -11

Total 11091 -1142 4117 -122 55 58 -6

Note: 'Internal' = within the Lower Fraser Valley for local air pollutants and within BC for global pollutants
(greenhouse gases). 'External' = outside of the Lower Fraser Valley but within BC for local air pollutants and
outside of BC for global pollutants.
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Valuation of emissions:- To provide some perspective to the different emission levels in
the different scenarios, the quantities of emissions were valued in terms of estimated
damage costs. Table 5 shows ranges for NOx, PM and CO2e damage costs that have been
estimated in previous studies.  The indicative values used for the valuations in this study
are also shown.  The bases for and sources of the damage cost estimates are provided in
Appendix C. These values are dominated by the estimated impacts on human health.
Mitigation and offset cost estimates (i.e., the cost of reducing emissions an equivalent
amount on site or elsewhere) are also presented in Appendix C, and are generally similar
to the indicative damage cost estimates used in this study, though the range for GHG
offsets is wider (from zero to as much as $60).

Table 5.
Indicative Damage Costs

Value NOx PM CO2e

Nominal Current $CDN/tonne

Damage cost range 1,100-2,000 2,100-75,000 5-25

Indicative damage cost value
(Lower Fraser Valley/’Internal’)

2,000 45,000 20

Indicative damage cost value
(Elsewhere/’External’)

400 9,000 20

The damage cost estimates shown for NOx and PM are those that would apply to the
Lower Fraser Valley with its population in the order of 2,000,000.  Damage costs for
local pollutants outside the Lower Mainland have been adjusted (by a factor of 1/5) to
reflect the much smaller exposed population near the locations on Vancouver Island or in
the B.C. Interior where new thermal resources may be located.

Applying these damage cost estimates to the quantities reported in Table 4 yields
estimates of the total emission cost impacts associated with the different cases. The
results are shown in Table 6 below.  All of the scenarios exhibit significant reductions in
emission costs relative to the Base Case.  In the green case, the estimated reduction in
damage costs totals $400 million in present value at an 8% real discount rate.  The
emission cost reductions in the other shutdown cases vary, but are generally in the order
of $150 million.  The emission cost reduction for Burrard repowering is estimated at
some $50 million, almost all due to the reduction in GHG emissions in this case.
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Table 6
Estimated Local Pollutant and GHG Damage Costs

In Base Case and Alternative Scenarios

20-year Externality Emission Cost Difference
Case Local Global Total from Base

($ million, p.v. @ 8% discount rate) (neg = benefit)
Base Case

Internal 59 706 765 0
External 5 -258 -253 0

Total 65 448 512 0

Constrained BUR

Internal 22 417 439 -326
External 5 -15 -10 243

Total 27 402 429 -83

Immediate shutdown

Internal 0 463 463 -302
External 10 -119 -109 143

Total 10 344 353 -159

Phased shutdown-CCGT

Internal 18 600 618 -147

External 10 -258 -249 4
Total 27 342 370 -143

Phased shutdown-Green

Internal 14 404 417 -348

External 6 -310 -303 -51
Total 20 94 114 -399

Phased shutdown-Site C

Internal 38 566 604 -161
External 6 -265 -259 -7

Total 44 301 345 -167

Adv CCGT + BUR

Internal 51 853 904 139
External 10 -497 -488 -235

Total 60 355 416 -96

Adv Site C + BUR

Internal 57 675 732 -33
External 5 -350 -345 -92

Total 62 325 387 -125

Repower BUR

Internal 59 750 809 44

External 4 -352 -348 -95
Total 63 398 461 -51

Note: 'Internal' = within the Lower Fraser Valley for local air pollutants and within BC for global pollutants
(greenhouse gases). 'External' = outside of the Lower Fraser Valley but within BC for local air pollutants and
outside of BC for global pollutants.



22

5.3.2 Reservoir operations

In all of the scenarios, BC Hydro’s storage reservoirs operate within their licensed limits
and the annual drawdowns will depend largely on water run-off conditions. However,
there may be differences among the scenarios in the hourly and daily operations and
consequent flow discharges.  Burrard is a flexible source of power; its output can be
increased or reduced to some degree on relatively short notice in response to market or
other conditions.  The replacement of Burrard by less flexible resources, including green
or base load CCGTs,  will require the hydro system to respond that much more to short
term requirements.  That could increase the daily or hourly fluctuations in water
discharges from Mica, Williston or other reservoirs, with potential downstream effects.
The extent and significance of the differences in short term reservoir operations is
uncertain.

5.3.3 Land and Resource Use

The different scenarios affect the timing and in some cases the extent of new generation
and transmission developments.  While it is beyond the scope of this study to document
the environmental impacts these developments entail, the nature of their land and
resource use effects is discussed below.   In adopting any plan to retire or otherwise
change the operations at Burrard, these effects would have to be considered in detail.

Burrard:- All of the cases require BC Hydro to maintain the existing Burrard site,
whether for generating electricity or for providing system stabilization (synchronous
condenser mode or equivalent capability) in the absence of power generation on the site.
The site is not reclaimed in any of the scenarios considered in this study.

New gas-fired plants (CCGTs):- New CCGTs are likely to be located on industrial land
near gas pipelines and transmission lines to minimize project costs. The footprints of the
generation facilities themselves will vary according to the power output. The 240 MW
Island Cogeneration Project currently being commissioned at Campbell River occupies
about 2.25 ha adjacent to the Elk Falls pulp mill. The proposed 660 MW Sumas Energy 2
plant would occupy about 10-15 ha of land. BC Hydro estimates a similar footprint for
the Interior CCGT facility included in the resource options for this study (12-13 ha).

New biomass-fired plants:-New biomass plants will generally have less capacity than
new natural gas-fired facilities, but they will have a proportionately larger footprint
because of the fuel (wood waste) storage requirement. They will generally be located
near the industrial facilities that generate the waste wood, so will likely be on industrial
land. Additional truck traffic through nearby communities can be an issue. For example,
the assessment of the Skookumchuk plant indicated that about 50 truck trips per GWh of
generation would be required with an average round trip length of 130 km.

Wind power:- Wind farms require appreciable land area depending on the terrain and
wind field characteristics of each site. In Alberta, it has been estimated that about 8 ha per
MW is required. BC Hydro estimates that a 100 MW facility would require 90 ha (a
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much lower land area/MW ratio), with the disturbed land comprising 5% to 10%—the
remainder being available for other uses. Only about 1% to 5% of this area is required for
the turbines and ancillary equipment. Other impacts, such as noise or potential
interference with birds, are likely to be  minimal with appropriate design.

New hydro facilities:- The only large hydro project that is introduced in the alternative
scenarios is Site C. This project would cause about 5,000 ha to be flooded, about 120 ha.
of which would be ecologically sensitive land. There are issues of impacts of Site C on
the water flow regime downstream of the project, and associated fisheries, ecosystem and
community use impacts.

Small hydro facilities, which would be run-of-river or similar configuration, are likely to
have minimal impact with appropriate siting and design.  There could be some impact
from the development of required access roads and transmission rights-of-way.

Transmission lines:- Transmission rights-of-way for most of the proposed BC Hydro
projects in the resource mix would be along existing corridors, requiring widening for the
major lines. The necessary substation upgrades and developments would also generally
be on existing sites. The width of any new transmission facilities may vary from 30 to 75
meters, the latter for major 500 kV lines. Transmission requirements for the new green
resources have not been determined. The potential locations of the new facilities and,
therefore, the length of associated transmission line runs are not known.

BC Hydro estimates that the Nicola-Meridian 500 kV transmission line would occupy
about 725 ha, 400 of which might be ecologically sensitive. BC Hydro estimates that the
Kelly Lake-Cheekye 500 kV transmission line would require about 1,150 ha of land, an
undetermined amount of which might be ecologically sensitive.

5.4 Other

Because of the different resource developments and operations in the different scenarios
there can be a range of other differences in impacts, in particular impacts on employment
and local tax payments.    The shutting down of Burrard, for example, would cause a loss
of employment and local tax payments there, but there would be increases in employment
and tax payments in other areas because of projects advanced in the shutdown scenarios.
A summary of the employment and local taxes associated with the different projects in
the different scenarios is presented in Appendix B.
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5.5 Multiple Account Summary

In Table 7 below, the financial, customer service, environmental and other implications
of the base case and alternative scenarios, as discussed above, are summarized.   It is
clear from the summary table that there are significant differences and trade-offs among
the alternatives.  From a financial perspective, repowering Burrard or advancing CCGTs
while continuing to operate Burrard would be most preferred. From an emissions
perspective, shutting down Burrard and replacing it with green resources would be best.
Next best would be replacing Burrard with Site C.  Differences in reliability and potential
average impacts on rates are for the most part relatively minor12, but there could be
significant other differences associated with the different timing or development of new
resources and transmission lines in the different scenarios.

With respect to the financial and emissions accounts, it would appear that repowering
Burrard or advancing CCGTs while retaining Burrard would be best overall.  They are
the only two scenarios that reduce system as well as emission costs.  Greater reductions
in local emissions could be achieved by shutting down Burrard, but that would increase
net system costs.  Repowering or advancing CCGTs while retaining Burrard  offer the
greatest system and emission cost saving relative to the base case.

Despite its significant emission benefit, replacing Burrard with green resources would not
be beneficial overall.  The high cost of the green resources needed to replace Burrard
(resources that would be needed in addition to those already planned for in the base case)
would raise BC Hydro net system costs by $1.3 to $1.4 billion.  The value of the emission
reductions would have to be over 3 to 3.5 times greater than what was estimated in this
study to justify the much higher system costs.  One would have to assume, for example,
that GHG damage costs were greater than $60 to $70/tonne.  Not only is $60 to $70/tonne
well in excess of current damage cost estimates, it exceeds the estimated costs of
offsetting  GHG emissions through carbon sequestering or other means.  In other words,
there are more efficient ways of reducing GHG emissions than requiring BC Hydro to
replace Burrard with green generating resources.

With respect to Site C, the results show significant emission benefits, but also a
significant increase in system costs.  As with CCGTs, if Site C were to be advanced, the
overall benefit would be greater with rather than without Burrard.

                                                
12 The potential rate impacts are what could occur if the net system cost increases were passed on to
domestic customers.  If those rate impacts did materialize, the financial impacts to BC Hydro and the
government would be correspondingly less.  In short, the potential rate impacts are not additive to the
financial impact but rather an indicator of its significance if redistributed to consumers.
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Table 7
Multiple Account Summary

ACCOUNT Base Case Constrained
Burrard

Immediate
shutdown

Phased
Shutdown-

CCGT

Phased
Shutdown-

Green

Phased
Shutdown-

Site C

Adv. CCGT +
Burrard

Adv. Site C +
Burrard

Repower
Burrard

FINANCIAL ACCOUNT
($ millions, p.v.@8%)

   -Net System Costs (BCH) 9,413 9,989 9,921 9,430 10,687 9,937 9,378 9,913 9,274
Difference from Base 576 508 17 1,274 524 -35 500 -139

   -Net System Costs (Prov) 5,793 6,451 6,366 5,818 7,178 6,233 5,689 6,184 5,650

Difference from Base 658 573 25 1,385 440 -104 391 -143

CUSTOMER SERVICE
   -Rate Impact (potential average
increase relative to base case)

2.3% 2.1% - 5.2% 2.1% - 2.0% -0.6%

   -Reliability Neutral Firm import
requirement

Neutral Neutral Neutral Neutral Neutral Neutral

EMISSIONS
($millions, p.v.@8%)

   -Local Pollutants 65 27 10 27 20 44 60 62 63
Difference from Base -38 -55 -38 -45 -21 -5 -3 -2

   -GHG 448 402 344 342 94 301 355 325 398
Difference from Base -46 -104 -106 -354 -147 -93 -123 -50

OTHER ENVIRONMENT Neutral: No
change in
resource
development

Negative:
Interior CCGT
advanced (10-15
ha footprint).
Interior T/Ls
advanced (1,875
ha footprints).

Negative:
Interior CCGT
and T/Ls
advanced as in
Immed.
Shutdown case)

Negative:
Interior CCGT
advanced;
advances Kelly
Lake-Cheekye
T/L (1,150 ha
footprint);
unknown facility
footprints and
T/Ls.

Negative:
Flooding
(~5,000 ha),
T/L (560 ha);
advances KLY-
CKY T/L
Positive: Delays
NIC-MDN T/L
by 2 yrs.

Negative:
Similar effects
to Phased
Shutdown-
CCGT case.

Negative:
Similar effects
to Phased
Shutdown-Site
C case.

Positive: Delays
Interior CCGT
(facility and T/L
footprints).
Negative:
Advances KLY-
CKY T/L
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6.0 Sensitivity Analysis

The multiple account results presented in the previous section are based on the energy
price and other assumptions BC Hydro is currently using for its planning purposes, as
discussed in Appendix B.  The present value calculations also adopt the BC Government
recommended 8% real discount rate.  Sensitivity runs were undertaken to test for the
impact of two key variables—the energy price outlook  and the discount rate.  The energy
price outlook, in particular the price of natural gas, is critically important as it bears on
the financial implications of combined cycle units relative to Burrard and of thermal
versus non-thermal resources.  It also affects the financial benefits and costs of electricity
trade.  The discount rate greatly affects the weight placed on future benefits and costs, as
well as the relative financial implications of capital intensive facilities like Site C
compared to other alternatives.

6.1   Energy Price Outlook

Differences in the energy price outlook will have some impact on production levels and
emissions from thermal facilities.  Generally, the lower the price of natural gas, the more
will Burrard be utilized and the greater will be the cost of constraining or shutting down
Burrard.  Higher gas prices will have the opposite effect.

With the low price assumption, there are still benefits from repowering Burrard or
advancing CCGTs, but they are much smaller than with higher gas price assumptions.
By the same token, in the high gas price case, there is significantly greater benefit from
repowering Burrard.  The cost of replacing Burrard with green resources falls with the
high gas price assumption, but net system costs still far exceed the estimated emission
benefits.  The net system costs for Site C also fall with the high gas price assumption.
They are still greater than the estimated benefits from reduced emissions, but only by
some $50 million.
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Table 8
Financial and Emission Account Summary with Alternative Energy Price Outlooks

ACCOUNT Base
Case

Constrained
Burrard

Immediate
shutdown

Phased
Shutdown-

CCGT

Phased
Shutdown-

Green

Phased
Shutdown-

Site C

Adv.
CCGT +
Burrard

Adv. Site
C +

Burrard

Repower
Burrard

FINANCIAL ACCOUNT
($ millions, p.v.@8%)

   -Net System Costs (BCH)

HiGas 10,161 10,641 10,523 10,043 10,923 10,438 10,056 10,466 9,880

Difference from Base 480 362 -118 762 278 -105 306 -281

LoGas 8,647 9,381 9,331 8,814 10,459 9,412 8,679 9,345 8,605

Difference from Base 734 684 167 1,813 765 32 698 -42

   -Net System Costs (Prov)

HiGas 6,512 7,060 6,906 6,377 7,375 6,713 6,326 6,720 6,176

Difference from Base 548 394 -135 863 201 -185 209 -336

LoGas 5,082 5,892 5,837 5,255 6,986 5,746 5,053 5,661 5,043

Difference from Base 810 755 173 1,905 664 -29 579 -39

EMISSIONS
($millions, p.v.@8%)

   -Local Pollutants

HiGas 49 24 10 23 19 32 45 46 63

Difference from Base -25 -39 -26 -30 -17 -4 -3 14

LoGas 76 30 10 33 23 54 75 74 72

Difference from Base -46 -66 -43 -53 -22 -1 -2 -4

   -GHG

HiGas 443 410 345 341 94 298 351 320 398

Difference from Base -33 -98 -102 -349 -145 -92 -123 -45

LoGas 449 395 340 341 92 302 359 327 327

Difference from Base -54 -109 -108 -357 -147 -90 -122 -122
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6.2   Discount Rate

In Table 9, the  net system costs and value of emission impacts are shown at a 6%
discount rate.  As shown in the table,  repowering or advancing CGGTs while retaining
Burrard remain the best scenarios overall.  At the 6% rate, advancing Site C appears to be
preferable to the base case, at least in terms of financial effects and emissions.  The
impact on net system cost from a provincial perspective is relatively small and less than
the estimated emission benefits from this project.

Table 9
Financial and Emission Account Summary @ 6% Discount Rate

ACCOUNT Base
Case

Constrained
Burrard

Immediate
shutdown

Phased
Shutdown

-CCGT

Phased
Shutdown

-Green

Phased
Shutdown

-Site C

Adv.
CCGT +
Burrard

Adv. Site
C +

Burrard

Repower
Burrard

FINANCIAL ACCOUNT
($ millions, p.v.@6%)

   -Net System Costs (BCH) 13,599 14,237 14,027 13,515 15,485 13,863 13,453 13,853 13,381

Difference from Base 638 427 -84 1,886 263 -147 254 -218

   -Net System Costs (Prov) 8,638 9,373 9,136 8,562 10,682 8,766 8,406 8,723 8,419

Difference from Base 734 497 -76 2,043 127 -232 85 -219

EMISSIONS
($millions, p.v.@6%)

   -Local Pollutants 77 33 12 31 22 50 72 74 76

Difference from Base -44 -65 -46 -55 -27 -5 -3 -1

   -GHG 571 517 440 438 131 376 455 407 510

Difference from Base -54 -131 -133 -440 -195 -116 -164 -61
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7.0 Conclusions and Recommendations

The fundamental question underlying this study is whether the continued operation of the
Burrard plant is in the economic and environmental interest of the province.  The
alternative scenarios developed for this study were specifically designed to assess
whether different operating policies, projects or development strategies would be
preferable overall.

The system impact and multiple account results, as discussed above, indicate the
following:

• Constraining the operation of Burrard with the intent of serving only the domestic
market is not in the interest of the province.  There are some reductions in local
pollutant and GHG emissions in this scenario, but the GHG emission reductions from
a global perspective are relatively small.  Constraining Burrard operations has the
effect of increasing thermal operations elsewhere. The estimated value of the
emission reductions is far less than (about one-eighth) the increase in net system costs
this scenario would entail.

• Immediately shutting down Burrard is not in the interest of the province.  Even if
shutting down the plant were deemed to be desirable, phasing the shutdown in step
with new resource development would achieve almost as much emission benefit, and
would avoid some $500 million in extra cost over the 2002/03 to 2020/21 planning
period.  Shutting down Burrard operations this year would result in considerably
more extra cost—as much as $1 billion more.

• Advancing additional green resources beyond the current target of 10% of new
resources or advancing Site C to replace Burrard would not appear to be in the
interest of the province. Both offer significant emission benefits, but they would
increase net system costs by far more (over three times more) than the estimated
value of the emission reductions.

• The best alternative, taking both economic and environmental impacts into account,
would be to repower Burrard.  The increased combustion efficiency would reduce net
system costs and GHG emissions.  Despite the increase in output, there would be
virtually no increase in local pollutant emissions because of the improved emission
factors.  There also would not be the increase in emissions in other parts of the
province or the land and resource impacts associated with advancing other projects
as in the other scenarios.

• Advancing CCGTs also appears advantageous relative to the base case taking
economic and environmental implications into account, but not as advantageous as
repowering.  However, if CCGTs are advanced, the results indicate it would be
preferable to retain Burrard.  Advancing CCGTs with Burrard serves to reduce net
system costs relative to the base case (as opposed to the CCGT advancement Burrard



30

shutdown case where net system costs increase).  As well, almost as much GHG
emission benefits are achieved.  Furthermore, retaining Burrard maintains the option
or insurance value it provides.  While years like this one, with very low water and
very high market prices are rare, they can occur.  In such years, Burrard has
considerable value, much greater than average conditions and forecasts would
suggest.

In summary, the continued operation of the Burrard plant is in the interest of the
province.  To artificially constrain its operations or shut it down prematurely would
impose costs that ultimately will be borne by B.C. taxpayers or BC Hydro ratepayers and
that would not be justified by the value of the emission reductions achieved.  Rather than
impose inefficient operations or replacement requirements on BC Hydro, it would be far
better to let BC Hydro realize the value of Burrard and indeed the additional value from
a repowered Burrard.  The benefits from Burrard could then be used in part to fund cost-
effective measures to offset its emissions, particularly the local pollutant emissions  since
from a global perspective Burrard operations are not a significant net contributor of
GHGs.13  In that way, BC taxpayers and/or ratepayers would still benefit from Burrard
operations with little or no net impact on local air quality. Accordingly, based on the
results of this study, it is recommended:

• Burrard operations should not be artificially constrained beyond permit levels, nor
should it be shut down and replaced by other resources.

• BC Hydro should review in detail the repowering of at least three of the units at
Burrard, and bring forward proposals for such an initiative if its detailed studies
confirm the benefits identified in this study.14

• The provincial government, in consultation with the GVRD, should consider
imposing an emission charge per kWh produced at Burrard reflecting the estimated
damage costs associated with the local pollutants generated. The charge would serve
to ensure that Burrard is not operated unless the value of its output exceeds its
economic and local pollutant costs.  As well, the revenues from the charge could be
used to fund cost-effective offset measures in the Lower Fraser Valley airshed, for
example to support increased energy efficiency investments and design, transit and
other alternatives to single occupant travel, less polluting vehicle engine technology.
Ideally such a charge should be developed in the context of a comprehensive system
of region-wide charges and/or other measures, including regional emission caps, to
ensure air quality objectives are met and to internalize to industry and others the cost
of pollution.  At a minimum any emission charge imposed on BC Hydro should apply
to all generators of electricity in the airshed. Subject to that, a charge on Burrard

                                                
13 The South Coast Air Quality Management District in California instituted a similar strategy with its Air
Quality Investment Program, where investors contribute to a fund dedicated to achieving efficient emission
reductions in mobile or stationary applications.
14 Repowering at the existing Burrard site would trigger a review under the B.C. Environmental
Assessment Act, in accordance with the Reviewable Projects Regulation, Part 3 (30), and by extension, re-
permitting under the Waste Management Act and GVRD Bylaws.
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generation could be instituted relatively quickly and would provide the basis for a
more balanced, efficient policy with respect to the plant than the constrained or
shutdown scenarios that some would propose for Burrard.
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Appendix A

Historical Role and Value of the Burrard Thermal Plant

1.0   Historical Overview1

High rates of electricity load growth led the B.C. Electric Company (the predecessor to
BC Hydro) to begin engineering and design work on the Burrard Thermal Generating
Station (Burrard) in 1958. Construction of the plant commenced in 1960, and the first two
of six units were brought into production in 1962 and 1963.

Burrard is located on the north shore of Burrard Inlet (Port Moody Arm) in the City of
Port Moody.  The plant was designed to fire natural gas as the primary fuel with heavy
fuel oil (Bunker C) backup capability.  Oil firing was discontinued in 1978.  The oil
storage tanks were removed in 1995.

Burrard consists of six units – each unit includes a steam boiler, steam turbine, and
generator.  Of the six units, Units 1 through 5 are rated at 157.5 MW each and Unit 6 is
rated at 162.5 MW, for a total of 950 MW.  The last unit (Unit 6) was commissioned in
1976.  Burrard is the largest thermal generation facility in the BC Hydro system, and
represents about 8 percent of BC Hydro’s dependable energy capacity.

Although Burrard was designed as a base load plant, it has been used primarily to back
up BC Hydro’s hydroelectric system.  It is a source of displaceable firm energy available
to generate electricity when water run-offs are low and hydroelectric generating
capability is not sufficient to meet demand.

As shown in the chart below, from the mid 1960s through the mid 1970s, Burrard output
was relatively high.  Load growth was high during this period and in a number of years,
water run-offs were low, limiting hydro capability.  From 1977 to 1988, on the other
hand, Burrard output was generally minimal.  Load growth fell owing to a downturn in
the B.C. economy and the Revelstoke hydro project came into service, increasing hydro
capability. The situation changed again after 1988 when low run-off conditions and new
loads resulted in a need for electricity from Burrard.  In 1989, Burrard generated 4,200
GWh, a record level of output.

                                                          
1 Three documents provided background for this section: BC Hydro (1993), The Burrard Utilization Study
Report: Review and Analysis of the Future Role of Burrard Thermal Generating Station, March 1993; BC
Hydro (1994), Burrard Thermal Upgrade Project: Multiple Account Evaluation of Project Options, BC
Hydro power Supply, Power Planning and Acquisition, December 1994; and BC Hydro (2000), Integrated
Electricity Plan: An Update to the 1995 IEP, January 2000.
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The limited use of Burrard in the early 1980s resulted in deferrals of investment in
preventative maintenance and equipment upgrades.  To address the future role of Burrard
and other issues (most notably NOx emissions), BC Hydro established a project team in
April 1991 to conduct the Burrard Utilization Study (BUS).  The scope of work covered
three key issues:

• Could Burrard play a reliable and profitable role in electric generation in B.C.,
and if so, under what operating conditions?

• What options were feasible and cost-effective to deal with the air quality issue
in particular, and environmental issues in general?

• What were the choices, what were the implications of choosing one versus
another?

The BUS confirmed that Burrard contributed substantial value to the BC Hydro system,
and that the optimal role for Burrard was to provide displaceable firm energy to back up
the system’s hydroelectric capability.  A maintenance and upgrade program to bring the
plant to a target of 85% availability (from 75%) was recommended.  As well, it was
recommended that one selective catalytic reduction (SCR)2 unit be installed by 1995, and
that steps be taken to manage other environmental issues.

Repowering Burrard with combined cycle gas turbine technology was also raised as a
possible future means of providing electric generation and acceptable emissions at the
Burrard site.   The repowering concept envisioned redevelopment of half the plant with
three existing units replaced by two gas turbines and one steam turbine, resulting in an
increase in capacity of about 300 MW.  It was recognized that BC Hydro would need to
consider natural gas supply options in concert with Burrard upgrading and possible
repowering.

                                                          
2 Selective catalytic reduction (SCR) emission control units inject gaseous ammonia (NH3) into the boiler
flue gas stream.  The NOx in the flue gas stream is reduced on the surface of the catalyst and forms water
and nitrogen gas.
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The Burrard Task Force3 followed the Burrard Utilization Study and focused on the
options for upgrading Burrard, particularly in the context of the regulatory requirements
to improve the NOx emissions of the plant.  Nineteen options were considered ranging
from immediate retirement of the plant to full repowering (increasing capacity to 1530
MW).  Reporting in March 1993, the Burrard Task Force recommended that:

• an upgrade program should be undertaken to increase plant availability to 85
percent, returning Burrard to its full capability, and to achieve a 75 percent
reduction in NOx emissions based on installation of SCR control equipment;

• a declining daily cap should be issued for NOx emissions, equivalent to the
installation of SCR equipment on one unit per year, consistent with provincial
and regional air management policy;

• an air emissions permit should be of sufficient duration to allow for recovery
of investment costs; and

• Burrard repowering options should continue to be studied.

Based on the BUS and the Burrard Task Force report, BC Hydro began the upgrade of
Burrard and the installation of SCRs.  The first SCR was installed in 1995, with one
additional SCR installed each year until the sixth and final SCR was installed in 2000.
To date, approximately $150 million had been spent on the upgrading of Burrard,
including the six SCRs.

The 1995 Integrated Electricity Plan (IEP) recommended continued study of Burrard
repowering, specifically 640 MW of CCGT generation (two gas turbines, one steam
turbine) with an in-service date as early as October 1999.  Burrard repowering continued
to be studied until early 2000, when the project was deferred indefinitely.

In November 1999, BC Hydro signed an agreement with BC Gas (Burrard Bypass
Transportation Agreement) that provides for firm gas deliveries to Burrard Thermal
during the winter heating season.  Previously, BC Gas could interrupt gas deliveries to
Burrard if the pipeline capacity was needed for BC Gas’ residential and commercial
customers.  The firm pipeline capacity from the interconnect of Westcoast Pipeline and
BC Gas to Burrard made the plant a firm source of peak capacity as well as displaceable
energy.

The January 2000 IEP (an update of the 1995 IEP) shows a CCGT facility on Vancouver
Island as the next major generation project (in-service date 2007/08), and Burrard
continuing to operate in its present configuration.

The table below provides a summary of the history of the Burrard Thermal plant.

                                                          
3 The Burrard Task Force included representatives from the Province, BCUC, GVRD, BC Hydro and a
public member from the GVRD Air Quality Advisory Committee, and was charged with recommending a
program to reduce NOx at Burrard.
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Key Events in History of Burrard

Event Date Comments
Construction commenced.  Period of high load
growth

1960 • B.C. Hydro’s predecessor
company, B.C. Electric initiated
project in 1958.

First two units commissioned 1962-
1963

Sixth (last) unit commissioned 1975 • Units 1 though 5 rated at 157.5
MW, Unit 6 rated at 162.5 MW.

While constructed as a baseload plant, main
role for Burrard has been to supplement
energy generation at times of high demand, or
during periods of low run-off when supply of
hydroelectric energy is low.

1961-
1978

• Designed to fire natural gas as
primary fuel, but capable of firing
heavy fuel oil (Bunker C).

• Oil firing discontinued in 1978.

Use of Burrard declined. 1978-
1987

• Slower load growth owing to
recession.

• Revelstoke hydroelectric project
enters service

Burrard records maximum output to date of
4,200 GWh.

1989 • Low run-off conditions combined
with new load growth resulted in
need for energy from Burrard.

Burrard Utilization Study (BUS).  Project team
established to conduct in-depth study of
Burrard

1991 • Increased use of Burrard leads to
BUS.

• Also, emissions performance
(NOx) of Burrard becomes issue.

• BUS (1992) recommends
upgrading of Burrard (to 85%
availability from 75%).

BCUC hearing into Hydro’s Energy Removal
Certificate focuses on Burrard’s role

1992 • GVRD intervenes on air quality
issues

Burrard Task Force issues report
recommending selective catalytic reduction
(SCR) control equipment in order to reduce
NOx emissions.

1993 • SCRs to be installed in
conjunction with upgrading of
Burrard.

GVRD Air Emission Permit 1994 • Updated
MoELP Effluent Permit 1995 • Updated
BCH Environmental Impact Study 1997 • Cooling Water Environmental

Impact Study approved by MoELP
SCRs installed to reduce NOx emissions 1995-

2000
• One unit per year fitted with SCR,

last unit completed in 2000.
Integrated Electricity Plan (IEP) prepared:
New resources included repowering Burrard
(640 MW two-on-one CCGT), with possible in-
service date of 2004/2005.

1995 • IEP states full repowering of
Burrard conditional, and subject to
further detailed investigation.

Burrard Environmental Management System
certified ISO 14001

1998

Agreement with BC Gas  for firm gas transport 1999 • Burrard capacity firmed up.
January 2000 Integrated Resource Plan
shows CCGT on Vancouver Island as next
major generating project

2000 • Burrard repowering deferred
indefinitely
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2.0   Principal Functions

The Burrard plant serves both generation and transmission functions in the BC Hydro
system.

2.1 Generation

BC Hydro plans its generating system to be able to meet its forecast annual load with
firm sources of supply. The largest source of supply comes from its hydroelectric
facilities.  In an average year, these facilities can generate some 48,000 GWh of
electricity.  However, BC Hydro only includes in its firm supply the amount of electricity
the hydro system can generate under historically low water years (43,080 GWh). A key
and historically primary function of Burrard has been to back-up the hydro system –
providing a displaceable firm source of energy that BC Hydro can use to meet its demand
when its hydro capability is low due to low run-off conditions, but which can be
displaced (not operated) in average or above average water years when lower cost hydro
(or other low cost supply) is available.

Both the firming and displaceability of Burrard are important factors underlying its value.
Without the firm capability it offers, BC Hydro would have to develop or purchase other
firm sources of supply to be certain of its ability to meet demand.  Without its
‘displaceability’, BC Hydro would have to generate power at the plant even when lower
cost hydro or other sources were available. The displaceability made Burrard a lower cost
source of firming than, for example, a base load thermal power plant or power purchase
that must be operated (or paid for) all of the time.

While Burrard has always been a firm source of energy, it did not always offer firm peak
capacity. The winter natural gas supply to Burrard was interruptible, and as a result
Burrard could not be relied upon to meet peak requirements in the specific hours they
might arise. That changed with the 1999 Bypass Transportation Agreement between BC
Hydro and BC Gas, which provides firm transportation of gas through the BC Gas system
throughout the year.  Burrard now can be relied upon to meet peak requirements, and as a
result contributes 950 MW of firm capacity to the BC Hydro system.  This has allowed
Hydro to defer the development or purchase of other sources of firm peak capacity it
would otherwise need.

2.2 Transmission / System Reliability

The main sources of hydroelectric generation in the province are on the Columbia and
Peace Rivers, remote from BC Hydro’s major load center in the Lower Mainland.  A
network of long distance, high-voltage transmission lines carry the electrical energy to
the Lower Mainland.

The transfer capability of the interior to Lower Mainland transmission system can be
constrained by different factors: thermal overloads, transient stability or voltage stability.
Beginning in the 1980s, BC Hydro’s system was constrained by voltage
stability—specifically, the ability to control peak load hour voltage at the load centre. To
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resolve this problem, Burrard was used by operating one or more of its generators in
synchronous condenser mode4, or by operating at minimum generation output.  By the
late 1980s, four of the six Burrard units had been equipped to run as synchronous
condensers.  Two of the six units were not equipped to run as synchronous condensers
because of the operating requirement that at least two of the plant’s six generators remain
on-line during heavy load periods to maintain reliable local area transmission.  The
alternative to using Burrard to provide voltage stability would have been to add new
sources of reactive power supply in the Lower Mainland and this would have required the
development of additional transmission line capacity from the interior.

Owing to its location near not only BC Hydro’s load centre but also B.C.’s major intertie
with the U.S., Burrard provides additional transmission and reliability benefits. BC
Hydro estimates that Burrard operations increase transmission capacity from the interior
by some 800 MW and, depending on the system load, intertie capacity with the U.S. by
600 to 1850 MW.  Without Burrard, additional long distance transmission and local area
transmission reinforcements would be required to meet Hydro’s domestic load and
maintain the intertie transfer capacity with the U.S.

Burrard also enhances the reliability of the system. It provides a significant source of
power at the load center if required under emergency conditions, for example, if power
from interior sources were not available due to catastrophic storms or other events that
damage transmission lines into the Lower Mainland5.

3.0   Actual Operating and Financial Contribution of Burrard

The benefits from the generation and transmission functions of Burrard, as discussed in
Section 2.0, derive simply from the existence of the plant.  The opportunity to generate
electricity if and when required, and the peak capacity, voltage stability and transfer
capability it provides, has allowed BC Hydro to defer investments in facilities that would
otherwise be required.  For example, the capital costs of the transmission facilities that
would be required without Burrard are estimated at $250 million. There would as well be
additional transmission operating costs and losses.  These avoided costs give some
perspective to the magnitude of the benefits that the plant has provided.

                                                          
4 The turbine is disconnected from the generator and the generator is operated as a lightly loaded motor. In
this mode the generator takes power from the system rather than delivering it to the system, and the field
current of the unit’s exciter is adjusted to hold a set (target) voltage value at a specified point in the system.
Each Burrard unit when operating in synchronous condenser mode controls the high voltage side of its unit
transformer.

5 An actual example of this occurred in the early 1970’s when an ice storm caused several 500 kV towers in
the Fraser Valley to collapse and Burrard generation was needed to maintain supply in Vancouver and
Victoria.
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Another way of gaining some perspective to the benefits from the plant is to consider the
value of the output it has generated.6 The Burrard plant is operated to generate power
whenever the value of its output exceeds its natural gas and other variable costs of
production.  The value of its output depends on water conditions, the price for imports or
other non-firm sources of supply, and export prices.  Those factors determine what
additional supply of electricity is worth to BC Hydro because of the imports or other
purchases it can avoid or the incremental export revenues it can earn with additional
power delivered (and used or stored) at that point in time.

Water conditions are key in determining this value, and therefore the value and output
from Burrard, because they govern hydro generating capability (the need for additional
supply) and storage capacity (the ability to back-off hydro generation and store the water
for later use).  The table below shows Burrard and B.C. hydroelectric output from 1988 to
2000.  For the most part, low levels of hydro output are accompanied by high levels of
output from Burrard (e.g., 1989, 1993-95).

Burrard vs Hydroelectric Output- 1988-2000
(GWh)

Year Burrard Hydroelectric
1988 80 51965
1989 4189 44817
1990 1252 50100
1991 672 52772
1992 1599 53110
1993 3539 45658
1994 3223 46520
1995 4177 42218
1996 486 54591
1997 1261 49448
1998 2703 48275
1999 1447 48557
2000 3079 48407

With deregulation and open access to power markets in neighbouring jurisdictions,
market prices have played an increasingly important role in determining the value and
output from Burrard.  The relatively high level of output in 2000, for example, resulted in
part from below normal water conditions anticipated for 2001; however the high level of
output was largely due to unprecedentedly high market prices.  These market prices
dramatically increased the value of the output from Burrard (both for exports and
avoiding imports) and, despite equally unprecedented high gas prices, have greatly
increased Burrard’s contribution to BC Hydro’s net revenues.

                                                          
6 The avoided costs (particularly avoided generation facility costs) and value of output cannot simply be
added to determine total benefits from Burrard.  If alternative generation facilities had to be developed
without Burrard, they too would have provided benefits from the output they produced.  The total benefits
or value of Burrard can only be estimated with system studies as done in the main body of this report.
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Burrard’s contribution to BC Hydro’s net revenues in 1999 and 2000 is shown in the
table below.  The value of the output is based on BC Hydro’s monthly estimates of the
marginal value of electricity in B.C., what BC Hydro terms its ‘Rbch’ price.7 The cost of
natural gas for Burrard is based on daily natural gas use and daily Sumas prices. The
annual payment to BC Gas for firm pipeline capacity ($9.8 million) has been charged for
2000, but not 1999, since the agreement (Burrard Bypass Transportation Agreement)
only became effective November 1999. Other variable operating costs (labour,
consumables, etc.) are estimated at $1.25 per MWh, and the cost of the fresh water drawn
from Buntzen Lake for boiler water make-up is based on the opportunity cost of foregone
production at the Buntzen hydroelectric plant.  No fixed costs associated with the plant
are included in this calculation of the net financial contribution from operations.

Net Financial Contribution from Burrard Operations

1999 2000
Revenues
Electric generation – MWh 1,447,000 3,078,500
Value of Output– $ 49,022,200 357,152,700

Costs
Natural gas – MM Btu 14,730,100 30,244,000
Natural gas – $ 26,345,700 176,567,500
Annual Cost of Firm Natural Gas Pipeline Capacity – $ 0 9,800,000
Variable Operating Costs – $ 1,808,800 4,464,400
Opportunity Cost of Boiler Water Makeup – $ 8,700 55,700
Total Variable Costs– $ 28,163,200 190,887,600

Net Contribution – $ $20,859,000 $166,265,100

As shown in the table, in 1999, when the value of Burrard’s output averaged
approximately $34/MWh, Burrard operations contributed $20.9 million to BC Hydro’s
net revenues. In 2000, the value of Burrard’s output increased to approximately
$116/MWh. Burrard operations in that one year contributed over $166 million to BC
Hydro’s net revenues, more than the entire cost of the installation of SCRs.

In 2001, the contribution of Burrard is expected to be even greater, indeed much greater.
Because of low water run-offs in the Pacific Northwest and continuing very high market
prices, the value of Burrard’s output, the Rbch value, is expected to be over $300/MWh.
Output is forecast to increase to over 5000 GWh.  With the forecast very high value per
MWh and increased level of output, Burrard’s net financial contribution for 2001 is

                                                          
7 The Rbch price is correlated with but not exactly the same as spot prices in neighbouring jurisdictions
(e.g., the mid-Columbia price).  Differences arise because of transmission costs and constraints and storage
opportunities within B.C.  Generally, the Rbch price is less volatile than neighbouring spot prices. In 2000,
for example, the average Rbch price was approximately one third less than the average mid-Columbia spot
price; in 1999 the Rbch price averaged one third more.
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currently forecast to total some $1 billion.  That is the amount by which BC Hydro’s
costs would be higher and/or revenues lower if not for the availability and operation of
the plant with no alternative in place.

It should be noted that while large, these estimates of the net financial contribution from
Burrard operations understate its full value.  Firstly, the Rbch values used in the
calculations are averages over every hour of each month.  They do not reflect the average
value of Burrard’s output in the hours it is actually operated.  Because Burrard’s output
can be varied in accordance with the spread between gas prices and electricity prices, the
average value of its output in the hours in which it is produced is generally higher than
the average value over the entire month—the value used in the calculations.

Secondly, the output from Burrard in 1999 and 2000 was constrained because of the
installation of the final two SCRs.  As well, in the fall of 2000, BC Hydro management
imposed a cap on Burrard production.   Without the construction constraints and
management-imposed cap, output and the net financial contribution in those years would
have been significantly higher.

4.0   Natural Gas Market Impacts

Natural gas for Burrard is supplied from northeast British Columbia.  Westcoast Energy
transports gas to Sumas via its gathering, processing and pipeline system and BC Gas
delivers the gas via its facilities from Huntington/Sumas to Burrard.  Historically, most of
the natural gas fired at Burrard has been ‘valley gas’—natural gas purchased from BC
Gas during off-peak months (April through October) when heating loads are low (the
‘valley’ in BC Gas’ annual demand curve). BC Hydro has purchased gas during the
November through March heating season, but on an interruptible basis.  BC Gas could
interrupt transportation service to Burrard when cold weather necessitated the delivery of
more gas to residential and commercial gas customers. BC Hydro’s agreement with BC
Gas for ‘valley gas’ delivery ended September 19988.

In November 1999 BC Hydro entered the Burrard Bypass Transportation Agreement with
BC Gas to ensure the ability to deliver 200 TJ per day throughout the entire year,
including the November to March heating season.  Under the new agreement, BC Hydro
has ‘firm capacity’ for delivery of 200 TJs per day.  The agreement gave BC Hydro the
option to increase the firm capacity to 275 TJs per day, which Hydro has recently
exercised.

This past year, natural gas prices increased dramatically.  As shown in the table below,
between December 1999 and December 2000, natural gas prices in Alberta more than
doubled; in Chicago (the U.S. midwest) they almost tripled; and at Sumas (Lower
Mainland/ Pacific Northwest) and California they increased by a factor of six.  Prices
have fallen considerably at Sumas since December 2000, but they are still some three
times greater this year than last.
                                                          
8 BC Hydro has 6 PJ of natural gas (equivalent to 600 GWh) still owing under the valley gas agreement.
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Monthly Index Prices

December
1999

December
2000

US$/GJ
Alberta 2.13 5.07
Chicago 2.09 5.83
Sumas 2.16 13.44

California 2.28 13.70
Source: BC Gas

Concerns have been expressed that BC Hydro’s purchase of gas for Burrard has been
responsible for this dramatic increase in natural gas prices.  Burrard can consume over
12% of the gas Westcoast transmits to Sumas.  Westcoast’s pipeline capacity at Sumas is
approximately 1600 TJ/day.  The peak demand for Burrard has been 200 TJ/day. That
will likely increase next year to 275 TJ/day9. BC Gas transports around 600 TJ/day in the
winter for its customers and the balance (currently some 800 TJ/day) goes to Pacific
Northwest customers.

The total annual amount of gas purchased for Burrard is not responsible for the recent
surge in prices. BC Hydro’s purchases of gas in 2000 were double 1999 levels.  However,
they were only 10% greater than 1998 levels and they were less than the amount of gas
BC Hydro purchased in 1993, 1994 and 1995.  Throughout the 1990s, even in the years
of large gas purchases for Burrard, the price of gas at Sumas was less than $2.50 per GJ
(US).

The seasonal pattern of BC Hydro’s purchases, however, may have been a contributing
factor.  The firm gas transportation agreement with BC Gas has eliminated the constraints
on BC Hydro’s utilization and firm purchase of gas.  It now can operate Burrard even on
those peak demand days when BC Gas previously would have curtailed pipeline capacity.
This can put added pressure on daily prices during very cold days and may have
contributed to some degree to the very high peak daily prices during December. BC
Hydro’s willingness to pay the very high gas price at Sumas because of the
extraordinarily high prices being paid for electricity in California and the Pacific
Northwest, and its consequent continued demand for gas through this peak demand
period, may have kept prices at Sumas somewhat higher than they would have been
otherwise.

To most industry analysts, however, the magnitude of Burrard’s impact on the Sumas
price has been minimal. The high Sumas prices have been due to a combination of
increased demand for gas for electric power production in the Pacific Northwest and
California, coincident cold weather from California to British Columbia, and limited
                                                          
9 The 275 TJ/day is based on 240 TJ/day to Burrard, sufficient for full operation of all 6 existing units; and
35 TJ/day to Centra at Eagle Mountain, near Burrard, for transmission by Centra to ICP at Campbell River.
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pipeline capacity to west coast markets. The high gas demand combined with very high
electricity prices has pulled up gas prices in all markets. The increases have been
particularly pronounced at Sumas and all along the west coast because of pipeline
capacity constraints.  Because of these supply constraints, if BC Hydro were not
purchasing gas for Burrard then other electric generators (or other users) in the U.S.
would likely have increased their purchases, and the Sumas price would still have been at
or close to current levels.

Aside from the possible, though likely limited impact on Sumas gas prices, the firm
transportation agreement between BC Hydro and BC Gas has provided some benefit to
domestic gas customers. Under the agreement, BC Hydro makes an annual payment to
BC Gas of $9.8 million.  The annual payment was based on the cost of BC Hydro
bypassing the BC Gas system by constructing its own pipeline from Sumas to Burrard
Thermal.  BC Gas has calculated that its cost of providing firm capacity is $5.0 million
per year; consequently the agreement reduces BC Gas’ revenue requirements by $4.8
million compared to what it would otherwise be, a value that flows directly to BC Gas’
customers. BC Hydro is liable for the undepreciated value of the capital cost of
equipment BC Gas installed under the agreement, should Burrard Thermal be shut down
permanently.  BC Gas estimates that the liability is $31 million today, and about $36
million when the firm delivery is increased to 275 TJs per day.
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Appendix B

Planning Assumptions and Projects in Base Case and
Alternative Scenarios

1.0   System Planning Assumptions

BC Hydro reports its generation and transmission plans for meeting future electricity load
growth in its integrated electricity plans (IEP).  The most recent IEP was published in
January 200010, and updates its earlier 1995 IEP.

The system planning for new generation resources begins with a forecast of future
electricity loads for BC Hydro’s integrated system.  BC Hydro has updated its load
forecast (November 2000), and it is this forecast that the Base Case in this study meets.

1.1   BC Hydro Load Forecast

BC Hydro’s load forecast includes domestic wholesale and retail sales on the provincial
interconnected grid, and ongoing firm sales to the US (i.e. Seattle City Light as a result of
the Skagit River Treaty, and Hyder Alaska). The sales (load) forecast is adjusted upward
to include estimated transmission losses.

The electricity demand is estimated from models that rely on population and economic
forecasts.  Electricity demand for industrial sectors and major customers is based on
industry and sector outlooks. Technological trends, fuel choices and related factors are
considered in the load forecasting process.

Table B-1 presents the load forecast. Total load grows from 54,000 GWh in 2002/03 to
71,600 in 2020/21, or an average of about 1.6 percent throughout the study period.

The load forecast includes the cumulative and future demand reductions attributable to
BC Hydro’s existing Power Smart programs. It also includes anticipated ongoing
improvements in energy efficiency.

                                                          
10  BC Hydro (2000) Integrated Electricity Plan: An Update to the 1995 IEP, January 2000.
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Table B-1

Forecast of Electricity Demand for BC Hydro Integrated System

Year Energy Required
GWh

Year Energy Required
GWh

2002/03 53,960 2012/13 63,700
2003/04 54,660 2013/14 64,160
2004/05 55,190 2014/15 65,200
2005/06 56,370 2015/16 66,260
2006/07 57,580 2016/17 67,330
2007/08 58,860 2017/18 68,400
2008/09 60,140 2018/19 69,480
2009/10 61,330 2019/20 70,550
2010/11 62,260 2020/21 71,610
2011/12 63,240
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1.2   BC Hydro Electricity and Natural Gas Market Price Forecast

BC Hydro’s forecasts of electricity and natural gas market prices are confidential.
General price trends, price ranges, and the general principle behind the price forecasts are
summarized in Table B-2.

Electricity and natural gas prices have increased significantly in the last eighteen months.
Average electricity prices for 2000 were more than three times the 1999 average, and
natural gas prices for 2000 were two and half times the 1999 average. Prices were
particularly high in December 2000.

The increased electricity and natural gas prices are attributed to a natural gas supply
demand imbalance in North America. On the west coast, gas pipeline constraints and
insufficient generating capacity in California exacerbated the price pressures. This year
(2001/02), low water run-offs in British Columbia and the Pacific Northwest will put
further upward pressure on prices.

In this context, BC Hydro’s electricity and natural gas price forecasts (in real terms) can
be characterized as follows (See Table B-2):

• Electricity Prices: Electricity prices will continue at their current high level
for the next year (Can$300 to $400 per MWh), and decline in the next two
years as generation capacity catches up to electricity demand.  In the long
term, CCGT technology and costs are forecast to set average electricity price
levels, i.e., Can$35 to $50 per MWh.  The upper and lower limits of the
electricity price forecast reflect the forecast high and low natural gas prices.

• Natural Gas Prices - Base Forecast: Natural gas prices (Sumas spot price
particularly) have spiked during the winter heating season owing to a shortage
of pipeline capacity and demand for gas for power generation. BC Hydro’s
Base Case forecast for natural gas prices is that the current higher level (not
the spikes) will hold in 2001 declining over the next two years (from $7/GJ to
$4/GJ), and decline further to about $3/GJ and stabilize at that level.  The
Base Case forecast implies that natural gas prices will decline from the
unusually high current level, but will stabilize at above historical levels.

• Natural Gas Prices - Low Forecast. The Low forecast follows a similar
pattern to the Base Case, only the decline is price levels happens more quickly
and stabilizes at historic levels.

• Natural Gas Prices - High Forecast.  The High forecast assumes natural
prices stabilize in the future at a higher level than in the past, rough twice
historical price levels.



47

Table B-2
BC Hydro’s Electricity and Natural Gas Price Forecasts

Historical Prices Forecast Prices
1999
average

2000
average

Dec
2000

Short Term
2001-2003

Medium Term
2004-2010

Long Term
2011-2021

Electricity
Rbch –
Can$/MWh

34 116 400 High prices owing to
shortage of
generating capacity
in Pacific Northwest
and California. Price
in 2001 of the order
of Can$300-400 per
MWh, declining in
the subsequent two
years.

Prices stabilize in
the range of
Can$50 to $60 per
MWh as additional
generation capacity
built and supply
and demand come
into a closer
balance.

Prices in the
Can$35 to $50 per
MWh range as
CCGT technology
dominates and
prices stabilize.

Natural
Gas
Sumas
Spot
Can$/GJ

1.91 4.67 17.35

Base

Average price for
2001 ($7.00 per GJ)
somewhat above
2000 average,
declining to $4.00
per GJ in the
subsequent years.

Prices do not go
back to 1999
levels, but stabilize
at a higher level
(say $3.00 to $4.00
per GJ).

Prices stable at a
higher price (say
$3.00 per GJ).

Low

Average price for
2001 about the
same as the 2000
average (say $6.00
per GJ), declining
gradually in the
subsequent years.

Prices return to
historical level (say
about $2.00 per
GJ).

Prices stable at
about $2.00 per
GJ.

High

Average price for
2001 (say $7.00 per
GJ) somewhat
above 2000
average, declining to
$5.00 per GJ in the
subsequent years.

Prices do not go
back to 1999
levels, but stabilize
at a higher level
(say $4.00 to $5.00
per GJ).

Prices stable at a
higher price (say
$4.00 per GJ).
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2.0   Project Summaries

2.1   Base Case

The Base Case assumes the following projects will meet BC Hydro’s load over the next
twenty years, as outlined in its January 2000 IEP11.

Generation Project In-service
Date

Capacity
MW – dependable

Firm Energy
GWh – firm

Current Hydro Existing 9,649 43,080
Current Thermal Existing 996 7,230
Purchases Existing 359 3,045
Committed
   Island Cogeneration Project 2001/02 240 2,140
   Purcell Woodwaste 2001/02 14 90
   Port Alberni CCGT 2002/03 240 1,995
   Keenleyside 2002/03 170 750
   Green Resources All years 10% of load growth 10% of load growth
Planned
   Seven Mile (Additional turbine) 2004/05 213 135
   CCGT (on Vancouver Island) 2007/08 640 5,055
   Revelstoke (additional turbine) 2013/14 500 60
   CCGT (at Kelly Lake/Savona) 2015/16 640 5,055
   CCGT (at Kelly Lake/Savona) 2019/20 640 5,055
   CCGT (at Kelly Lake/Savona) 2021/22 640 5,055
   Retire Burrard 2021/22 (950) (7,050)

Source: IEP, January 2000.

BC Hydro system planners have identified Combined Cycle Gas Turbine (CCGT)
technology as the most cost effective generation source in the future.  Other than
additional hydro turbines at Seven Mile and Revelstoke (they added capacity primarily),
all of the additional major generation is from CCGTs – one installation on Vancouver
Island, followed by three at Kelly Lake/Savona. (The location of CCGTs in the BC
interior has yet to be determined; the general location is expected to be between Kelly
Lake and Savona.).

BC Hydro has a 10 percent ‘green’ resources policy, i.e., 10 percent of new load growth
is met by Green Projects in the Base Case. The 10 percent Green generation is expected
to be met by a series of unidentified small hydro projects.

The CCGT technology, based on integration of one or more high efficiency gas turbines
with a steam turbine, has superior energy efficiency over simple cycle gas turbines or
conventional gas or coal fired steam plants.  A CCGT (G series) is rated at 51 percent
energy efficient, compared to about 38 percent for other thermal generation alternatives.

                                                          
11 BC Hydro (2000) Integrated Electricity Plan: An Update to the 1995 IEP, January 2000.
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CCGT plants are available in several configurations. The latest commercially available,
high efficiency gas turbines are commonly referred to as the F-series and the G-series.
The F series is a ‘one-on-one’ configuration, and has one gas turbine, with the exhaust
heat recovered in one steam turbine, producing about 240 MW. The Island Cogeneration
Project and the Port Alberni Project are F-series CCGT.  The G-series is a ‘two-on-one’
configuration, with two gas turbines matched with one steam turbine, producing about
640 MW. Turbine manufacturers are constantly working to improve the overall energy
efficiency of their equipment and to increase their rated capacities.

The key additions to the transmission system to support the Base Case generation sources
are two 500 KV lines – one from Nicola to Meridian (in-service 2013), and a second
from Kelly Lake to Cheekye (in-service 2019). As well as the two major transmission
lines, a number of local improvements are required to connect new generation facilities.

2.2   Projects in the Alternative Cases

Additional CCGT Projects:- As discussed above, BC Hydro has determined that CCGT
technology is the most cost effective new source of power generally available. One
option for replacing Burrard is additional CCGTs at Kelly Lake/Savona.

The electricity output, costs, emissions, and land required for major facilities required for
this case are:

Transmission (500 KV lines)Generation
CCGT

(at Kelly Lake/Savona)
Nicola-Meridian Kelly Lake-

Cheekye
Electric Output
  Capacity-dependable (MW) 642.3 NA NA
  Energy-average (GWh) 5,055 NA NA
  Energy-firm (GWh) 5,055 NA NA
Cost
  Capital ($000) 557,000 206,000 195,500
  Fixed O&M ($000 Annual) 5,525 NA NA
  Variable O&M* ($/MWh) 2.38 NA NA
  Taxes ($000 Annual) 3,100 NA NA
Emission Factors
  CO2 (tonnes/GWh) 338.8 0 0
  NOx (kg/GWh) 32 0 0
  Particulate (kg/GWh) 15 0 0
  SOx (kg/GWh) 1.6 0 0
Land Required
  Hectares 12 725 1150
Employment
  Construction (person-years) 90 to 400 570 415
  Permanent (# of jobs) 15 to 28 0 0

*Not including fuel
Source: 1995 IEP (Appendix E)
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Additional Green Resources:- An aggressive program to develop more green sources of
supply is an alternative to Burrard. Green projects are renewable energy projects, and
include small hydro, woodwaste-based thermal, geothermal, and windfarms. Major
hydroelectric projects (such as Site C) are not included in the Green project designation.
No single green project can replace Burrard; in fact, the assumption is that 40 small
generation projects are needed to replace Burrard.  The 40 projects are presented in four
tranches with increasing prices per kWh, and total 598 MW of dependable capacity
(windfarms provide no dependable capacity) and 6,519 GWh annually:

Green Projects No. of
Projects

Estimated
Levelized Price
(c/kWh)

In-Service
Date
(first project)

Tranche 1  (about 30% of the 6,500 GWh/yr) 5.0

Small hydro   119 GWh/ 11 MW dependable each 8 2003
woodwaste    193 GWh/24 MW each 5 2003

Tranche 2 (about 25% of the 6,500 GWh/yr) 5.5

Small hydro   119 GWh / 11 MW dependable each 9 2004
woodwaste    193 GWh/24 MW each 3 2005

Tranche 3 (about 20% of the 6,500 GWh/yr) 6.0

Small hydro   119 GWh/ 11 MW dependable each 7 2006
woodwaste    193 GWh/24 MW each 3 2006

Tranche 4 (about 25% of the 6,500 GWh/yr) 6.0/7.0

Geothermal  one project at 70 MW/ 500 GWh 1 2006
windfarms     100MW/260GWh each
                     (0 MW dependable capacity)

4 2004

 Source: BC Hydro

The land required and employment impacts of the Green case (all four tranches) are
estimated below:

Land Required
(ha)

Employment

Construction
(person-years)

Permanent
(# of jobs)

Small hydro 240 1200 24
Woodwaste 55 1100 110
Geothermal 17 570 25
Wind Farms 360 200 50
Total 672 3070 209

Source: 1995 IEP (Appendix E), BC Hydro, and Constable Associates



51

Site C:- Burrard can be replaced by a major hydroelectric project, specifically the Site C
dam and powerhouse of the Peace River near Ft. St. John. The electricity output, costs,
emissions, and land required for major facilities required for this case are:

Site C Transmission
Site C Tie-in

Electric Output
  Capacity-dependable (MW) 900 NA
  Energy-average (GWh) 4,710 NA
  Energy-firm (GWh) 4,570 NA
Cost
  Capital ($000) 1,853,000 99,000
  Fixed O&M ($000 Annual) 8,900 NA
  Variable O&M ($/MWh) Water tax NA
  Taxes ($000 Annual) 3,600 NA
Emissions None NA
Land Required
  Hectares 4,960
Employment
  Construction (person-years) 5,700 NA
  Permanent 25 0

Transmission system facilities for Site C include a 500 KV line (70 kilometers) from Site
C to Peace Canyon where it will tie-in with the main transmission grid.
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Repowering Burrard:- The Repowering option considered in this study is where units
1-3 at Burrard are retired in 2004, and a ‘two-on-one’ CCGT is installed in the same
physical location as the retired units. The CCGT installation takes two years, resulting in
an in-service for the CCGT of 2006.  Units 4-6 at Burrard are maintained in their present
role.

The electricity output, costs, emissions, land required, and employment effects for the
repowered units ate Burrard are:

Repowered Units at
Burrard

Electric Output
  Capacity-dependable (MW) 644.2
  Energy-average (GWh) 5,071
  Energy-firm (GWh) 5,071
Cost
  Capital ($000) 465,700
  Fixed O&M ($000 Annual) 6,600
  Variable O&M ($/GWh) 2.23
  Taxes ($000 Annual) 1,750
Emission Factors*
  CO2 (tonnes/GWh) 386.3
  NOx (kg/GWh) 36
  Particulate (kg/GWh) 15
  SOx (kg/GWh) 1.6
Land Required
  Hectares Existing
Employment
  Construction (person-years) 806
  Permanent (# of jobs) 38

   *Emission rates for CCGT not overall plant

To replace the voltage support provided by the synchronous condenser operation of units
1-3, static VAR compensation equipment will need to be added at the Burrard switchyard
($22 million project).



53

APPENDIX C

Emissions and Environmental Effects

1.0   Environmental Setting and General Impacts of Burrard

The Burrard plant site comprises about 75 hectares, most of which is owned by BC
Hydro and about 5 hectares of which is leased from the Vancouver Port Authority. It is
located on the north shore of the Port Moody Arm of the Burrard Inlet at the foot of steep
hills. Much of the foreshore of the site is landfill based on granite rock excavated from
the hillside to provide space for the turbine  hall basement and tank storage area when the
site was first developed.

Cooling water for the turbine condensers is seawater taken from Burrard Inlet. Fresh
water for boiler makeup, fire protection and potable use is taken from Buntzen Lake.
Cooling water discharge quantity and quality are governed by a BC Waste Management
Act Effluent Permit (PE-07178, most recently amended in 1995). The Buntzen Lake
withdrawal is governed by a Provincial water licence (CWL 113127, issued 1998).

The potential impact of the cooling water impact on Burrard Inlet has been studied
extensively. The principal concerns were discharge plume temperature and residual
chlorine content resulting from addition of chlorine at the intake to control biofouling. A
number of stakeholders involved in the Burrard Inlet Environmental Improvement Action
Plan (BIEAP) and the Burrard Environmental Review Committee (BERC) participated in
the design and interpretation of the results of the research studies. The 1995 permit
includes a requirement to install a cooling water discharge dechlorination plant and limits
on the discharge temperature. Other potential contaminants in the cooling water
discharge, such as ammonia and trace boiler water chemicals, were found not to be
significant. A 1997 environmental impact study of the cooling water plume required as a
condition of the revised permit was accepted by the Ministry of Environment, Lands &
Parks. A monitoring program of effluent quality is on-going.

2.0   Burrard’s Emissions

The principal emissions of concern from natural gas-fired power generation are nitrogen
oxides (NOx)12 and carbon dioxide (CO2). NOx is of interest because of its contribution
to local air quality impacts, both directly and through acting as a precursor to ozone and
secondary fine particle formation in the airshed. CO2 is of interest as a greenhouse gas
and its contribution to climate change, rather than impacts on local air quality. Because of
current health impacts concerns, particulate matter (PM) emissions and formation are also
important to address. Similarly, the other major greenhouse gases, methane (CH4) and
nitrous oxide (N2O), which are produced in small quantities from natural gas combustion,
are of interest.

                                                          
12 NOx represents the sum of nitric oxide (NO) and nitrogen dioxide (NO2), expressed as equivalent
quantity of NO2. Most NOx emitted from BGS is in the form of NO as it leaves the stacks—90-95% of
NOx. NO is slowly converted to NO2 in the atmosphere.
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The selective catalytic reduction (SCR) emission control units that have been installed at
Burrard require gaseous ammonia (NH3) to be injected into the flue gas stream. A very
small fraction of the ammonia slips through the system unreacted (‘ammonia slip’) and is
emitted to the atmosphere. Ammonia is of interest as an air contaminant in its own right
and as a precursor to the formation of particulate ammonium compounds (sulphates and
nitrates) downwind of the plant.

NOx emissions13:- Prior to the modifications required to reduce emissions of NOx in the
1994 permit conditions, engineering and operational modifications had reduced the NOx
emission factor significantly between the issuance of the original GVRD Air Permit for
Burrard in 1985 and 1994. The following table shows the change in the NOx emission
factor in terms of emission rate per unit of energy input (g/GJIN) and per unit of electrical
power output (kg/MWh). The table shows the average values across the six generating
units.

Burrard NOx emission rates with natural gas firing prior to 1994

Time Period NOx Emission Rate

g/GJIN t/GWh

1979-80 64.9 0.70

1989-91 39.8A 0.39B

A. Permitted value: 49.2
B. Permitted value: 0.57

For comparison, an Environment Canada Order in Council (1993) specified a guideline
for NOx emissions from utility natural gas-fired boilers of 50 g/GJIN for new power
generation utility boilers beginning January 1, 1995.

Burrard’s Air Permit was revised materially in 1994. The permit conditions required a
staged installation of selective catalytic reduction technology on each of the six units. The
NOx emission factor for a typical unit with SCR installed is about 8.1 g/GJIN (0.08
kg/MWh). The actual measured NOx emission rate for Burrard units on which SCRs
have been installed is 6.9 g/GJIN (0.068 t/GWh), approximately 10% of the original
emission rate.

The total amount of NOx emissions each year depends on the annual electricity
generation.  The maximum historical amount of NOx emissions was some 1,750 tonnes
in 1989 when Burrard output was 4200 GWh. That represented about 2 percent of the
Lower Fraser Valley regional emission inventory.  With the SCRs in place, the maximum

                                                          
13 Historical emissions information is provided by a number of studies and reports commissioned by BC
Hydro. The principal sources of data for this report are an emissions and air quality overview assessment
that was prepared as part of the Burrard Utilization Study in 1992 (Concord Environmental, 1992), a
dispersion modelling study that was carried out based on the 1994 GVRD Air Permit revisions (BOVAR-
Concord Environmental, 1994) and actual plant operating data for recent years supplied by BC Hydro, as
well as Sumas Energy 2 Generation Facility Air Quality Issue Summary (Canadian members of Lower
Fraser Valley Air Quality Coordinating Committee, September 2000).
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emissions permitted are 715 tonnes/year if Burrard were operated at its permitted
capacity of 7,073 GWh per year. Burrard’s actual NOx emissions over the past three
years averaged 175 tonnes/year, representing about 0.4% of the regional total.

Burrard’s air permit contains a provision for curtailment of operations during smog
advisory periods, when directed by GVRD (Air Quality Index forecast to reach the
Maximum Acceptable Level, Index = 50). This provision has not had to be invoked to-
date.

Particulate matter emissions:- The fine fraction of PM, designated PM2.5, is the form of
PM of greatest interest respecting health effects and visibility. PM2.5 is emitted from
natural gas combustion in very small amounts (primary PM2.5). A fraction of the NOx
emitted also ends up forming fine particulate nitrates downwind of the plant through
chemical reactions that take place in the atmosphere, ultimately forming particulate
ammonium nitrate (secondary PM2.5).

14

Over the period 1998-2000, Burrard emitted on average 74 tonnes/year of PM2.5. This
estimate is based on an emission factor of 0.03 kg/MWh, which is used by BC Hydro and
GVRD and is based on US EPA data.15 The total quantity was about 0.8% of the 1998
regional inventory total for PM2.5 (including revised road dust estimates). A rough
estimate of the additional amount of secondary particulate nitrate produced from
chemical conversion of gaseous NOx emitted from Burrard is about 1.3% of emitted
NOx. The NOx contribution would therefore add about 2 tonnes/year to the PM2.5 impact
for 1998, or about 2.5% of Burrard’s direct PM2.5 emissions.16

Ammonia emissions:- Ammonia slip from Burrard is limited by the Air Permit to 10
ppm in the exit flue gas. Actual, measured ammonia emissions have averaged 2 to 3 ppm
in flue gas, corresponding to about 0.004 tonnes/GWh (about 28 tonnes/year at maximum
permitted output of 7,073 GWh/year)17. These emissions comprise about 0.3% of the
Lower Fraser Valley regional ammonia emission inventory of about 10,000 tonnes/year
in 1995.

Greenhouse Gas Emissions:- Greenhouse gas (GHG) emissions from Burrard depend
directly on the amount of natural gas burned, since CO2, CH4 and N2O emissions are all
directly related to thermal efficiency of the plant. Historical emissions of GHGs are
documented in BC Hydro’s annual report to the Voluntary Challenge and Registry

                                                          
14 Ammonium nitrate is a component of the white haze phenomenon in the eastern Lower Fraser Valley.
15 It is comprised of a factor of 0.008 kg/MWh for filterable PM and 0.025 kg/MWh for condensable PM.
All PM emitted from gas-fired plants is thought to be in the PM2.5 or smaller size fraction. Early
measurements at Burrard showed an emission of 0.007 kg/MWh determined by a method that would have
collected the filterable portion—a very similar value to the regulatory factor. US EPA considers the
reliability of the total factor to be “below average” and of that for the filterable portion to be “above
average,” which reflect the difficulty of measuring these small emission quantities.
16 See BC Clean Transportation Analysis Project for more information on the Lower Fraser Valley air
quality model (Alchemy Consulting and Levelton Engineering, 2000).
17 The allowance between actual ammonia emissions and permit limits is to accommodate reduced catalyst
effectiveness during the planned catalyst life and for instrument and control variability.
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(VCR).18  GHG totals for the BC Hydro system include small contributions from the non-
integrated area diesel generation units and the two gas turbine generators, as well as a
small contribution from non-power sources (including sulphur hexafluoride losses from
switch gear), but the annual total is dominated by Burrard.

Burrard’s thermal efficiency has been improved over the years, leading to small
decreases in emission factors for all three principal combustion-related GHGs. The CO2

emission factor for Burrard in 2000 was 520 tonnes CO2e/GWh.19 BCH consultant,
Pacific Power Consultants (PPC), has estimated that the planned replacement of the
existing unit controls with a modern unit control system will provide a further efficiency
gain of 3% to 10%.

Burrard emission summary:- The  table below summarizes Burrard’s emissions for the
last three years.  Included in the table are estimates of the relatively minor amounts of
CO, SO2 and VOCs emitted.

Burrard Emission Summary (tonnes/year) 1998-2000

Year Gen.
(GWh)

NOx PM2.5 SO2 VOC CO CO2

(kt)
CH4 N2O CO2e

(kt)

1998A,B 2,703 189 82 27 60 83 1,390 25 24 1,398

1999B 1,474 101 45 15 33 45 774 14 13 777

2000B 3,084 234 94 31 68 95 1,594 29 27 1,604

Avg.

(%LFV)C

2,420 175

(0.4)

74

(0.8)

24

(0.5)

54

(0.08)

74

(0.03)

1,253

(8.5)

23

(0.03)

21

(4.5)

1,260

(7.2)

Notes:
A. Published 1998 Lower Fraser Valley Emission Inventory (GVRD/FVRD, 1999).
B. Actual values (GWh, NOx, CO2) or scaled from 1998 LFV inventory based on annual
generation (GWh).
C. Value in parentheses is percent of published Lower Fraser Valley 1998 Emission Inventory.
Estimated road dust emissions have been added to the PM2.5 inventory (as revised by Levelton,
1998).

                                                          
18 See BC Hydro Climate Change Progress Report, September 2000.
19 Burrard’s monitored emission factor is slightly lower than other Canadian gas-fired plants and compares
with the reported values for Canadian coal-fired plants of about 975 tonnes CO2e/GWh and Canadian oil-
fired plants of about 775 tonnes CO2e/GWh. State-of-the-art CCGT plants emit about 340 tonnes
CO2e/GWh.
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3.0   Pollutant Damage & Offset Values

Estimates of the damage and offset costs associated with local pollutant and GHG
emissions have been developed in Lower Fraser Valley and other studies.20  While rough,
these estimates do provide some perspective to the significance of the emissions from
Burrard.  The damage costs indicate the estimated loss of social welfare due to health and
other adverse effects.  The offset costs indicate how much would have to be invested to
reduce emissions a corresponding amount elsewhere. 21

As shown in the table below, estimated damage costs for NOx in the Lower Fraser Valley
range from $1,100-2,000/tonne. Offset costs have been estimated at $0-5,000/tonne. For
PM, damage cost estimates range from $2,100 to 74,000/tonne. Cost-effective offset
mitigation costs for PM range from $1,000 to 10,000/tonne. Finally for greenhouse gases,
damage cost estimates have been estimated very approximately to range from $5 to
$25/tonne CO2e. Offset costs for CO2 range from $0-50/tonne, possibly higher.

Indicative Damage and Offset Costs

Value NOx PM CO2e

$CDN/tonne

Damage cost range 1,100-2,000 2,100-74,000 5-25

Indicative damage cost value 2,000 45,000 20

Mitigation/offset cost range 0-5,000 1,000-10,000 0-50

Indicative offset cost 3,000 3,000 35

Applying the indicative damage cost estimates as shown in the table to the 1999 and 2000
level of emissions from Burrard provides an estimate of the social cost of the emissions
in those years. With respect to the local pollutants (NOx and PM) the total social cost is
estimated at $2.1 million in 1999 and $4.5 million in 2000. While significant, they are
                                                          
20 Sources include:  BC Hydro, Resource Acquisition Policy, June 1994;   ARA et al., 1995. Potential
Economic Instrument Approaches to Air Quality Management in the GVRD;   BOVAR-Concord, 1995.
Economic Analysis of Air Quality Improvement in the Lower Fraser Valley. Prepared for B.C. Ministry of
Environment, Lands & Parks; Joint Industry/Government Study, Sulphur in Gasoline and Diesel Fuels,
1997. Health and Environmental Impact Assessment Panel Report and Atmospheric Science Expert Panel
Report; BC Clean Transportation Analysis Project, Clean Transportation Analysis Project Steering
Committee, prepared by Alchemy Consulting and Levelton Engineering, January 2000;  Levy, J.I., J.K.
Hammitt, Y. Yanagisawa and J.D. Spengler, Development of a New Damage Function Model for Power
Plants: Methodology and Applications, Environmental Science & Technology, 33, 4364-4372 (1999);
Constable Associates, Alchemy Consulting and Levelton Engineering, Greenhouse Gas Offset
Opportunities Study, prepared for BC Hydro, May 1998;  Concord Environmental & ARA Consulting,
Offsite Mitigation Opportunities Discussion Paper, Burrard Utilization Study, February 1993.
21 Offsets are emission reductions that might be purchased or funded by BC Hydro at sites other than
Burrard, including international trading markets in reduction credits. Examples are BC Hydro’s
investments in current GEMCo offset projects in Canada and the US. A local example is the proposed
project to sell steam to the Imperial Oil IOCO Terminal Facility that will displace the existing uncontrolled
IOCO boilers.   Steam supplied from Burrard will result in a reduction in  NOx of 36.8 tonnes per year and
a reduction in CO2 of 2,400 tonnes per year.
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considerably less than the estimated financial contribution of Burrard of $20.9 million
and $166.3 million in those two years respectively as discussed in Appendix A.

The estimated social cost of the greenhouse gas emissions is much greater, at $15.5
million in 1999 and $32.5 million in 2000.  These estimates, however, overstate the
incremental effect of Burrard in those years. If Burrard were not operating, it is likely that
its output would have been replaced by less efficient or similar gas-fired or less efficient
coal-fired production elsewhere.22  The net effect would likely be a net increase in
greenhouse gas emissions overall.  In other words, the operation of Burrard, if anything,
is currently serving to reduce emissions of greenhouse gases.  That need not be the case
for the future when reduced production at Burrard could be replaced by the development
of new more efficient thermal or non-thermal sources of electricity. But it is the case now
with the power generating plants currently in place.

3.1   Damage value derivation

The methods of emissions impact damage valuation are evolving and somewhat
controversial. A Royal Society of Canada Expert Panel is soon to table its report on the
approach taken by Health Canada and Environment Canada to valuation of air quality
impacts in various studies. The estimates offered here are provided in the context of this
evolving framework.

The BC Hydro Resource Acquisition Policy provides the following suite of damage costs
for pollutants emitted from thermal power stations:

1994 BC Hydro RAP Damage Costs

Value SOx NOx PM CH4 CO2

$/tonne
($1993)*

4,900 1,200 2,100 165 15

* Local air pollutant (SOx, NOx, PM) values to be scaled by relative human population exposed; formula
provided in the RAP; table values are based on 1 million population.

On this basis, the RAP provides sample emission damage cost estimates for selected
thermal plant types, as shown in the following table:

                                                          
22 1997 data for the Northwest Power Pool (NWPP) show that the available simple cycle combustion
turbine gas-fired plants emit CO2 at an average rate of 722 t/GWh, and coal plants at 1,224 t/GWh,
considerably worse than Burrard. Combined-cycle gas-fired plants in the NWPP emitted at 463 t/GWh on
average, somewhat better than Burrard but probably not marginally displaceable by Burrard.
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1994 BC Hydro Resource Acquisition Policy Project Emission Costs

Project

Pop.
FactorC

SOx NOx PM CH4 CO2 Total
Emissions

Emission Costs (¢/kWh)

Burrard 1.9 0.006 0.123 0.003 0.0002 0.900 1.03

Burrard w SCR 1.9 0.006 0.025 0.003 0.0002 0.900 0.93

CCGT w BACT 1.0 0.000 0.010 0.000 0.0002 0.570 0.58

WoodwasteA 0.19 0.000 0.021 -0.028 0.0000 0.000 -0.01

Alberta CoalB 1.0 1.36 0.33 0.10 0.0000 1.500 3.29
A. Displacing incineration (produces a reduction in PM).
B. Not in RAP table – added for completeness.
C. Scaling factor to adjust costs by population exposed to emissions for typical siting of these
facilities: Burrard, 1.9 million population; CCGT, 1 million; Wood waste, 100,000; Alberta coal, 1
million.

The RAP provides a formula for scaling the damage values to the relevant population
base. We have used that formula in this study to scale the indicative damage values to
populations outside of the Lower Fraser Valley. The formula is as follows:

LocalValue = Local POP LFV POP + 0.1( ) × LFV Value

Thus, for an assumed exposed population of 200,000 for emissions from projects in BC
outside of the Lower Fraser Valley (population 2 million), the local damage value would
be 0.2 times the LFV value.

A range of other possible damage value costs from economic valuation studies of air
quality changes is shown in the following table. In the table, estimated damage values are
expressed in terms of $/tonne/year of pollutant emitted into the Lower Fraser Valley
airshed. The values in the table are total estimated direct and social welfare damages and
are dominated by human health effects associated with PM. The latter include both direct
health care system costs and damages measured by citizens’ revealed preferences of
willingness-to-pay to reduce the risk of experiencing various health effects. The latter
comprise the largest fraction of the total and are dominated by the value of reduced life
expectancy associated with exposure to airborne fine particulate matter.
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Lower Fraser Valley Air Pollutant Damage Values

Pollutant
“CABC-EI”23 “Economic

Analysis-LFV”24
“Sulphur in Fuels”

Study25
BC CTA
Project26

(1993 CDN$/tonne)

CO < 1 N/A N/A

VOCC, E 84 Approx. same N/A 2,000F

NOX
C 120G (1100A) as Column 1 N/A 2,000F

SO2 320 (2050A) 5,750D N/A

PM10 75,150 62,000 N/A 74,000

Sulphates Same as PM10 Same as PM10 250,000 N/A

CO2 15 20 N/A N/A

Notes:
A) NOX and SO2 are converted into ambient PM10 mass at rates of about 1.3% and 2.3%, respectively, in the LFV. The

value in parentheses includes a proportionate share of the PM10 value in addition to the value for the gaseous forms.
B) Reduction in SO2 emissions → compensating increase in NO3 formation (net ≈ no change in PM2.5 and PM10) as

modelled for the LFV in the “Sulphur in Gasoline and Diesel Fuel Study”—not accounted for here.

C) Photochemical modeling of the LFV airshed suggests that VOC and NOX reductions have similar effects in reducing
ground level ozone maximum levels.27 Secondary organic aerosol (SOA)—which contributes to PM10—forms
primarily from the heavier carbon- and sulphur-containing (semi-volatile) VOCs, while the lighter, chemically
reactive organic gases among the VOCs act with NOX as precursors to ground-level ozone formation.

D) Assuming the high value for sulphate shown in the reference cited in footnote 25.

E)  Including health effects of hazardous air pollutants (HAPs) and contribution to ozone damage as precursors (health
and vegetation effects).

F) Contribution of NOx and VOC to secondary PM10 formation apportioned equally between the two. The damage
value of their contribution to ozone formation is estimated to be small relative to the PM10 contribution.

For comparison with the values in the previous table, a recent analysis of economic
damages attributable to power plant emissions in the US provided the following data for a
hypothetical plant located in Boston, MA. These values would be applicable to the LFV
airshed, which has a similar (somewhat smaller) population density. The values are based
on up-to-date willingness-to-pay data and direct health care costs.

                                                          
23 ARA et al., 1995. Potential Economic Instrument Approaches to Air Quality Management in the GVRD.
Based on data from Clean Air Benefits and Costs in the GVRD, BOVAR-Concord & ARA, 1994. Both
reports prepared for the Cost-Benefit/Economic Instruments Steering Committee multi-stakeholder group,
Vancouver.
24 BOVAR-Concord, 1995. Economic Analysis of Air Quality Improvement in the Lower Fraser Valley.
Prepared for B.C. Ministry of Environment, Lands & Parks.
25 Joint Industry/Government Study, Sulphur in Gasoline and Diesel Fuels, 1997. Health and
Environmental Impact Assessment Panel Report and Atmospheric Science Expert Panel Report.
26 BC Clean Transportation Analysis Project, Clean Transportation Analysis Project Steering Committee,
prepared by Alchemy Consulting and Levelton Engineering, January 2000.
27 Canadian 1996 NOX/VOC Science Assessment, 1997. Modelling of ground-level ozone in the Lower
Fraser Valley. Report of the Lower Fraser Valley Modelling and Measurement Working Group,
September.
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Damage cost estimates for an electrical power plant in Boston, MA28

Units PM10 SO2 NOx CO2

1997 USD/ton 12,000 790 770 3.40A

CAD/tonne 16,500 1,100 1,100 4.67A

A. Direct health impacts of global warming only.

The US values have been converted to Canadian dollars at the historical exchange rate of
about $0.80, which is approximately the current purchasing power parity.

The unit damage values ($/t) in the tables above cover a significant range (roughly an
order of magnitude), but their consistency is encouraging, since the BC Hydro, LFV
economic analysis studies and the recent US study were based on independent
approaches to the analysis (within the framework of contemporary welfare economics
damage cost analysis).

3.2   Offset / mitigation costs

As an alternative to damage costs as the basis for valuing Burrard’s emissions, one could
use offset costs—either in the form of direct emission control costs at the plant or off-site
mitigation projects. This approach applies to both local pollutants (common air
contaminants) and greenhouse gases. Offsets for impacts of PM, SO2 and NOx need to be
in the same airshed as Burrard – the Lower Fraser Valley. Greenhouse gas offsets can
occur anywhere, since there are no local impacts of CO2 or other GHGs.

BC Hydro has sponsored a number of studies of offset costs for both NOx and
greenhouse gases (Concord Environmental, 1993; Alchemy Consulting et al., 1998;
Constable Associates, Alchemy Consulting and Levelton Engineering, 1998; Bridges &
Associates/Willis Engineering, 2000). The range of selected offset costs from these
studies is shown in the following table (excluding the most recent study – not yet
available).

                                                          
28 Levy, J.I., J.K. Hammitt, Y. Yanagisawa and J.D. Spengler, Development of a New Damage Function
Model for Power Plants: Methodology and Applications, Environmental Science & Technology, 33, 4364-
4372 (1999).
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Summary of Selected Burrard NOx and GHG Offset Costs

Measure/Project NOx CO2

$CDN/tonne

SCR installation at Burrard (as built, first 3 units) 1,200 NA

Power Smart® (or other DSM measures) ≤0 (ROI) ≤0 (ROI)

Incentives for ground source heat pumps ≤0 (ROI) ≤0 (ROI)

Open market emission reduction credits NA 3-5A

Contribution to Scrap-It vehicle retirement program 2,200-3,800 1,000

Contribution to industrial boiler retrofit 4,200-5,100 NA

Fuel cell power generation (other distributed generation) 3,300-4,200 NA

National Climate Change Process range (“promising”)B NA ≤0 to 50C

Summary range of cost-effective measures 0-5,000 0-50
A. Options to purchase in future, $0.50-$1.50 currently.
B. See “An Assessment of the Economic and Environmental Implications for Canada of the Kyoto
Protocol,” Analysis & Modelling Group, National Climate Change Process, November 2000; or  “Cost
Curve Estimations for Reducing CO2 Emissions in Canada: An Analysis by Province and Sector,” Energy
Research Group, Simon Fraser University, November 1998.
C. $0-$35 USD.

The offset cost range for PM has not been studied with reference to Burrard but from
other studies (California Air Resources Board, South Coast Air Quality Management
District and US EPA databases) would be in the range of $1,000-$10,000/tonne for
various industrial applications.

4.0   Multiple Account Evaluation: Environment account

Indicators of environmental impact should in principle address the full range
atmospheric, aquatic, terrestrial and social/human effects.  In recognition of the nature of
this assessment and to facilitate an identification of the major impact issues, a simpler
framework is used in this study

The air emissions indicators address the impacts of major interest or concern associated
with changes in the mix of electricity production. The other indicators address impacts of
major interest or concern associated primarily with new generation and transmission
developments.  Only very broad indicators are documented in these accounts (e.g.,
quantity of land flooded and alienated by new projects). It is beyond the scope of this
study to document detailed impacts of each of the projects advanced or deferred as a
result of the various Burrard scenarios.

The principal air emissions associated with natural gas combustion at Burrard, and new
thermal generation elsewhere in BC, are NOx and to a lesser extent, PM (especially the
smaller size fraction, PM2.5). The small amounts of SO2, CO and VOCs from combustion
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of natural gas and ammonia from use of selective catalytic reduction emission control
technology are considered to be of minor importance for the purposes of this comparative
assessment of operating scenarios.

For the purposes of this study, CO2 is used as the indicator greenhouse gas. Methane and
nitrous oxide are also associated with fossil fuel firing of thermal facilities, but generally
add only a small increment to the emissions expressed in terms of CO2 equivalents. For
example, the methane and nitrous oxide emissions from Burrard are estimated to increase
the total CO2 equivalent (CO2e) emission by 6%.

The air emissions that are addressed in the MAE assessment are nitrogen oxides (NOx),
particulate matter (effectively, PM2.5) and CO2.

Evaluation Methodology:  The basis for the analysis of the NOx and PM and CO2

impacts are the changes in emissions as estimated in the BC Hydro scenario analysis.
Local impacts of NOx and PM were assessed for the Lower Fraser Valley and elsewhere
in BC (pro-rated for population), where new thermal resources may be located. CO2

emissions associated with generation in BC as well as generation increased or displaced
outside BC were assessed.

The importance of the change in the magnitude of emissions varies by type of pollutant
and location of emissions.  Generally, emissions, like PM, that are most strongly
associated with increased mortality, are of far greater importance than others.  Recent
damage cost estimates for PM have been estimated as 100 to 1000 times greater on a
tonne for tonne basis than for NOx and SO2. If gaseous ozone, NO2 and SO2 become
more strongly implicated in human mortality than previously, as suggested by some
studies, this would change.

The frequency of health impacts, however, depends very much on location.  Proximity to
dense, large populations is critical as that determines the number of persons exposed and,
therefore, expected number of cases of illness or premature death.  Thus, generally
speaking, the population impacts of the emission changes vary greatly for urban and rural
locations.  BC Hydro, for example, for its social costing purposes, values rural emissions
at one-tenth those in large urban areas.29 The basis for this is the exposed population.

The impacts of secondary products of emissions may in fact be more severe in rural areas
than urban because of atmospheric transport and deposition effects, but these have not
been evaluated in studies to-date. The regional formation of ground-level ozone and
secondary PM that may impact human populations depends on emissions occurring in
regions in which atmospheric conditions favour the chemistry necessary for these
processes. Impacts of emissions that lead to formation of secondary pollutants are
considered to be marginal compared with the primary pollutants and were not assessed
explicitly in this analysis. The assessment of NOx, however, includes an allocation for its
secondary impacts (ozone and secondary fine particles).

                                                          
29 BC Hydro, Resource Acquisition Policy, 1994.
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Air Emission Summary

Indicators Concern Importance

NOx (tonnes)

• Ozone precursor
- respiratory health &
mortality
- crop damage

• Precursor of PM2.5

• Impacts greatest in urban
regions with elevated
ozone or secondary PM

PM, PM2.5, PM10

(primary and
secondary tonnes)

• Respiratory health &
mortality

• Visibility
• Materials soiling

• Health impact greatest in
urban areas

• Visibility impact on
aesthetics & tourism
(urban & rural areas)

CO2 (kilotonnes)
• Atmospheric warming
• Climate change

• Damage apportioned
globally

• No significant local direct
impact

The development and operation of new hydro, gas turbine, wind, biomass and
transmission facilities have a wide range of potential environmental effects.

For hydro developments, impacts related to flooding and water flows dominates.
Flooding and water flow changes can affect fisheries and aquatic resources, forestry,
agriculture, wildlife, recreational and tourism opportunities and archaeological sites.
These resource impacts in turn can affect the people and communities who depend on
them for traditional, commercial and recreational purposes.  Communities can as well be
directly affected through displacement, construction-related and other development
effects.

For all types of developments, significant impacts can arise from the land required both
for the project site and for related rights-of-way (e.g., for roads or transmission).  The
alienation of land for project purposes can directly diminish or affect resources and
related activities, depending on the nature of the land involved.  In the case of new rights-
of-way there can also be effects on adjacent lands and resources due to changes in access,
particularly in the remote areas.

The accelerated development of green resources such as wind or small hydro will have an
effect of additional transmission and distribution systems that would be required to bring
energy produced from remote locations into local distribution or the system grid.

There are other impacts that can arise from new projects, related, for example, to waste
management, water discharges, noise and other aspects of operations.  Generally,
however, these are managed within acceptable limits, without significant residual
environmental concern.


