
   
 

   

1 
 

 
 
 
 
 
August 30, 2017 
 
Commission Secretary 
B.C. Utilities Commission 
Sixth Floor, 900 Howe Street 
Vancouver, BC Canada V6Z 2N3 
Attention: Mr. Patrick Wruck 
 
RE: Site C Inquiry Submission  
 
 
Dear Mr. Wruck: 
 
In order to assist the BC Utilities Commission’s (“BCUC”) review of the Site C project, the 
Canadian Wind Energy Association (“CanWEA”) and the Clean Energy Association of BC 
(“CEABC”) have jointly engaged Power Advisory to provide an assessment of the benefits that 
renewable projects could provide in comparison to the Site C project (“Report”). We believe 
this independent report, based on real world market data and a financial model, will provide 
the factual information on the price of renewables the BCUC needs to fulfill its mandate. 
 
For administrative convenience only a summary of the report will appear in Part 2 of the 
separate submission that the CEABC is making in its own right in relation to the above noted 
inquiry and it will be attached as an appendix to this submission. 
 
CEABC and CanWEA hereby request that the working copy of the model referenced in the 
Report be kept confidential on the basis its form is proprietary to Power Advisory. The pro 
forma model is a proprietary model that was developed by Power Advisory and commonly used 
in projects such as this.  Power Advisory’s ability to deploy this element of intellectual capital 
helps it secure projects and provide services to clients more cost-effectively.  Making this model 
broadly available will harm that source of competitive advantage. A hard copy of the model is 
attached to the Report. In accordance with the BCUC protocol for confidential documents, the 
working copy of the model will be available to interested parties in the Site C proceeding 
pursuant to a confidentiality agreement. 
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Sincerely,  
 

 
 
Jean-François Nolet 
Vice-President – Policy and Communications, CanWEA 
 

 
 
Bryan MacLeod  
Manager, CEABC 
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Executive Summary  
Power Advisory LLC (Power Advisory) was engaged by the Canadian Wind Energy Association (CanWEA) 

and Clean Energy Association of British Columbia (CEBC) to provide an independent assessment of the cost 

of various renewable generation projects and the relative benefits of these projects compared to Site C.    

The analysis focuses on four renewable and clean energy technologies that are likely to be the most cost-

effective: onshore wind; solar PV; hydroelectric generation; and battery storage.  Power Advisory developed a 

financial pro-forma model to estimate prices that would be required for renewable energy technologies to 

achieve a target rate of return based on assumptions regarding the cost of constructing and operating these 

technologies in BC.     

Wind Pricing 

Installed costs of wind projects have been declining and their capacity factors increasing as a result of 

technological improvements.  Data from across Canada and the US shows a steady decline in unit energy cost 

of wind projects down to about CAD$65 to $73/MWh for 2016, depending on the region.  Reflecting future 

changes in project costs yields a real levelized price of about CAD$68/MWh for BC. Onshore wind costs are 

forecast to continue to decline through 2050 and a recent study indicates that the median estimate of the 

reduction from 2014 to 2020 is 10%.   Bloomberg New Energy Finance forecasts a 47% decline in the cost of 

electricity from onshore wind.   

Solar Pricing 

There have been dramatic decreases in the costs of solar energy.  Costs for utility scale projects have declined 

by 68% from Q4 2009 to Q1 2016, with further reductions experienced in 2016.  Continued cost reductions 

are anticipated going forward.  GTM Research expects a 27 percent drop in average global project prices by 

2022. 

Hydroelectric Generation Pricing 
Hydroelectric project capital and operating costs are project specific and reflect the project configuration 

required to most cost-effectively develop the underlying resource.   

Battery Storage Technology 

Batteries are particularly well-suited for grid integration of wind and solar technologies, primarily because of 

the ramping, load following and frequency control functions they provide.  More importantly, battery storage 

technology can also serve as incremental load and therefore assist with managing surpluses much more 

effectively than storage hydro.  The cost of battery technology has fallen 50% since 2014 – a direct result of 

growing demand and competition.  With predictions of an annual decline of 11.4% through 2020, battery 

storage will play an important role in providing variable generation like wind and solar with increased 

dependable capacity.     

Alternative Technology Benefits 
These benefits include: (1) smaller, targeted resource additions that avoid the risks and costs associated with 

large resource additions such as Site C; (2) lower development, construction, and operating risks; (3) tax 

payments to federal, provincial, and municipal governments; and (4) the opportunity to earn revenues from 

the sale of renewable energy credits.     

Incremental Resource Additions 
Site C would provide 1,100 MW of capacity and produce about 5.1 TWh per year of energy in an average 

water year.  Adding such a large volume of energy to the system relative to forecast net load growth would 

result in a large surplus of energy which would likely be sold at Mid-Columbia (Mid-C) for about $26/MWh 
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in 2024 and beyond.  This price, when compared to the cost of Site C power represents a significant cost to 

BC ratepayers. 

Comparative Risk Assessment 

Independent Power Producers (IPP) are responsible for managing project development, construction, 

financing and operating risks for IPP projects, with little to no risk to ratepayers.  Such projects have a very 

different risk profile than a utility project, which is built under the cost-of-service regulation model.  Under 

cost-of-service regulation, the costs incurred by the utility generally flow through to ratepayers.  Cost 

overruns must be borne by ratepayers and/or taxpayers, and the larger the project, the larger the risk.  This is 

readily apparent from large hydroelectric projects such as Muskrat Falls in Labrador (72% cost overrun) and 

Keeyask in Manitoba (35% cost overrun), both with schedule delays. 

IPP Tax Payments 

IPPs make major contributions to the federal, provincial and municipal budgets.  These financial 

contributions should be weighed when considering such investment and the value that these projects provide 

BC.  The taxes include corporate and personal income taxes, property taxes, and other taxes such as water 

rentals or royalties paid to the provincial government.  Based on analysis prepared for CEBC, Power 

Advisory estimates that the annual tax revenues produced by operating clean energy projects represent 

approximately $244 million per year, as compared to Site C that will not return one dollar on equity until 

2094.   

REC Eligibility and Pricing 

Another potential source of value offered by clean energy projects developed by IPPs is the sale of renewable 

energy credits or certificates (RECs) associated with the production of this renewable energy.  This is a source 

of incremental revenue that is available to the various renewable energy resources evaluated in this report, but 

which wouldn’t be available to Site C.    

California’s Renewable Portfolio Standard is based on three distinct Portfolio Content Categories or bundles. 

Portfolio Content Category 1 is the highest value REC market in the West and one in which Powerex 

participates presumably by reselling renewable energy that is under contract to BC Hydro. Category 1 RECs 

were recently priced at US$14. 

Integration Cost 
Power Advisory studied wind integration costs across many jurisdictions and they are generally estimated to 

be below $6/MWh and can be as low as $0.50 to $2/MWh even at wind capacity penetration levels beyond 

40%, with solar integration costs being lower.  This review of variable output renewable energy integration 

costs indicates that BC Hydro’s estimates are considerably higher than most estimates.    

Capacity and Diversity of Renewables 
Wind, solar and many hydroelectric projects are variable output renewable energy resources that generate 

electricity when the underlying renewable energy resource is available. The capacity value of these resources 

can be enhanced through the diversity of such resources.  This diversity can include different wind projects in 

different wind regimes as well as the diversity offered by combining the output of wind, solar PV, and run-of-

river hydroelectric projects.  This diversity benefit has been demonstrated in numerous studies including the 

Pan-Canadian Wind Integration Study which found, among things, that distributed solar can complement 

wind and that the combination of wind and hydro provides a firm energy resource for use within Canada or 

as an opportunity to increase exports to U.S.  This diversity enhances the capacity value of these resources as 

well as reduces the requirements for operating reserves to balance the variability of these resources.  The net 

effect is to increase the value offered by these resources as well as to reduce the costs associated with 

integrating these resources.     
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1. Introduction 
 
On August 2, 2017 the BC government instructed the British Columbia Utilities Commission (BCUC) to 

conduct a review of Site C based on the requirements set out in the government’s Terms of Reference.1  The 

Terms of Reference directed the BCUC to answer a series of questions including “Given the energy 

objectives set out in the Clean Energy Act, what, if any, other portfolio of commercially feasible generating 

projects and demand-side management initiatives could provide similar benefits (including firming; shaping; 

storage; grid reliability; and maintenance or reduction of 2016/17 greenhouse gas emission levels) to 

ratepayers at similar or lower unit energy cost as the Site C project?” 

Power Advisory LLC (Power Advisory) was engaged by the Canadian Wind Energy Association (CanWEA) 

and Clean Energy Association of British Columbia (CEBC) to provide an independent assessment of the cost 

of these commercially feasible generating projects and the relative benefits of these projects compared to Site 

C.   

1.1 Review of Power Advisory’s Relevant Experience  
 
In late 2016, Power Advisory was engaged by BC Hydro, in conjunction with CEBC, to provide an 

independent assessment of the appropriate price for BC Hydro’s Standing Offer Program (SOP), which is 

open to renewable and qualifying clean energy projects that are 15 MW and smaller.   For this project, Power 

Advisory conducted a comprehensive review of the costs of developing qualifying SOP projects in BC.  This 

analysis recognized the additional costs and foregone economies of scale that smaller generation projects 

experience.   

Power Advisory is regularly engaged to develop independent or critically assess renewable generation project 

cost estimates.  We advised the Ontario Power Authority with respect to the initial prices for its feed-in tariff 

program, which procured the full range of renewable energy technologies.  From 2009 to 2013, we advised 

the Vermont Public Service Board with respect to the appropriate prices for its standard offer program for 

various renewable energy technologies and testified as an independent expert of behalf of the Vermont Public 

Service Board with respect to appropriate standard offer prices for the full range of qualifying renewable 

energy technologies.  In addition, we advised the Alberta Department of Energy with respect to appropriate 

assumptions and cost estimates for a wide range of alternative energy technologies, including all of the 

generation technologies that we assess in this report.   

With respect to how variable output renewable energy technologies fit within the existing electricity 

infrastructure, Power Advisory was recently engaged by Natural Resources Canada to draft a white paper 

regarding variable output renewable energy resources, changes to the electricity supply mix and the 

implications for the need for the essential reliability services identified by the North America Electric 

Reliability Corporation (NERC).2  In 2013, Power Advisory drafted a report for Natural Resources Canada 

on the role of storage hydroelectric resources in facilitating the integration of variable output renewable 

energy resources. 

                                                      
1 Province of British Columbia, Order of the Lieutenant Governor in Council, Order in Council No. 244, August 2, 
2017. 
2 NERC has identified as essential reliability services as the operational attributes of conventional generation to provide 
reactive power to maintain system voltages, physical inertia to maintain system frequency, and load following to balance 
demand and supply in real time. 
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2. Levelized Unit Energy Costs 
 
Power Advisory employed a financial pro forma model to estimate prices that would be required for the 

renewable energy technologies evaluated to achieve a target rate of return based on assumptions regarding the 

cost of constructing and operating these technologies in BC.  This is the same financial pro forma model that 

we used for BC Hydro to estimate an appropriate range of prices for SOP projects.  For the SOP pricing 

analysis, prices were escalated at 50% of CPI over the assumed contract term, consistent with the current 

provisions in the SOP contract.  To approximate the Levelized Unit Energy Costs (LUECs) calculated by BC 

Hydro, for this analysis we assumed that the price would escalate at an assumed inflation rate of 2% such that 

the price derived is a real levelized price (i.e., the price is constant in real terms).  In addition, project cost and 

performance assumptions were updated to reflect current technology cost data and modified to reflect the 

fact that the renewable energy projects could be larger than the 15 MW project size limit that applied to SOP 

projects and as a result are able to achieve lower capital and operating costs. 

To ensure that our analysis is transparent and assist the BCUC in reviewing our assumptions and hopefully 

provide a basis for the use of this information in their assessment, we devote considerable effort to reviewing 

the assumptions that we have employed and the basis for any adjustments to the underlying referenced data 

sources.3  Furthermore, we have sought to use reliable and credible sources to ensure that the assumptions 

employed are reasonable and the prices derived are an accurate reflection of the prices required to develop, 

construct, and operate these renewable generating technologies. 

The capital, operating and maintenance costs, operating performance and financial assumptions for these 

technologies are reviewed below.   Projects are assumed to have a long-term power purchase agreement 

(PPA) with BC Hydro.  This PPA presumably would be able to support project financing as under the 

financial assumptions reviewed below.  The target rate of return was determined to be an 10% after-tax 

return on equity (ROE).  We used an 11% after-tax ROE to estimate appropriate prices for BC Hydro’s SOP.  

The SOP has a number of distinct differences that warrant a higher after-tax ROE for SOP projects.  First of 

all, the projects are relatively small and as such require a higher return to attract capital.  In addition, with any 

PPAs for larger wind projects to be awarded through a competitive process we expect that the competitive 

discipline will induce IPPs to accept a lower ROE in an effort to be successful.  In Power Advisory’s 

professional judgment it represents a reasonable return assumption for such projects. 

A 26% corporate tax rate was assumed and reflected in the pro forma analysis.4 A 5.5% cost of debt, 20-year 

debt term and a debt/equity ratio that provides an average 1.5 debt service coverage ratio over the term were 

also assumed.5  We used an 18-year debt term for the SOP pricing analysis.  Various developers indicated that 

with a 25-year PPA, they have been able to secure longer debt terms and that a 20-year debt term was a 

reasonable assumption if a 25-year PPA was available.6,7 Given the useful life of the technologies, a 25-year 

                                                      
3 Attached as Appendix A is a copy of our financial pro forma model specified for a wind project in BC using the 
assumptions outlined in this report. 
4 Power Advisory has not reviewed the methodology that BC Hydro used to develop its LUEC for Site C.  We 
understand that the models used to calculate these LUECs have not been made available.  We note that to the degree 
that the Site C LUEC doesn’t consider tax payments or payments in lieu of taxes, then the LUECs that we developed 
overstate the relative cost of the IPP clean energy generation projects relative to Site C.   
5 The 1.5 debt-service coverage ratio was a target.  We’d expect that debt repayments would be sculpted to reflect project 
cash flows, whereas we calculated a constant debt and interest payment over the term of the loan. 
6 For wind projects this will also likely require that wind turbine manufacturers secure type certificates with at least an 
equivalent design life. 
7 The reasonableness of a 20-year debt term and 5.5% cost of debt for such projects was confirmed by Travelers Capital 
Corporation and Corpfinance International Limited. SaskPower and Hydro-Quebec commonly offer PPAs with 25-year 
terms for wind projects. 
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amortization period was assumed for wind and solar projects.  Technology specific assumptions are reviewed 

in the following sections. 

Our analysis focuses on four renewable and clean energy technologies that are likely to be the most cost-

effective: (1) onshore wind; (2) solar PV; (3) hydroelectric generation; and (4) battery storage.  Recognizing 

that BC Hydro has relied on requests for proposals (RFPs) that create competitive tension between 

proponents and promote the selection of the lowest cost generating resources, the project assumptions that 

we employ reflect “efficient projects” that are able to offer the lowest prices.  This will result in the 

development of the most attractive sites, which offer the most favorable renewable resources or minimize the 

cost of developing these resources.  

2.1 Wind Pricing 
 

To provide context regarding the cost of wind generation, we first review announced prices for various PPAs 

that have been awarded.  The two most recent competitive solicitations for wind generation for which pricing 

data is publicly available were in Ontario and Quebec.  Ontario’s Large Renewable Procurement 1 had a 

proposal submission date of September 1, 2015.  Contracts were offered to four proponents offering five 

projects, with contract pricing ranging from $64.5 to $105.50/MWh.  The broad range of pricing reflects the 

impact of: (1) transmission constraints that limited development of more cost-effective locations; and (2) 

non-price evaluation considerations that were weighed when awarding contracts and allowed proposals with 

higher prices to be evaluated more favorably to the degree that they performed better than other proposals 

with respect to these non-price considerations.8  In December 2014, Hydro-Quebec awarded three contracts 

for 446 MW.  Hydro-Quebec reported the average price was $76/MWh, including $13/MWh for 

transmission costs.9  Competitive bidding processes are underway in both Alberta for 400 MW and 

Saskatchewan for 200 MW, but proposals have not been submitted. 

Another point of reference is wind power purchase agreement (PPA) pricing reported in the US Department 

of Energy’s (DOE’s) 2016 Wind Technologies Market Report.  Figure 1 summarizes these PPA prices and breaks 

them out by region.  Rising PPA prices from 2003 to 2009 follow a trend of increasing costs for wind 

turbines, with decreasing costs thereafter reflecting declining turbine prices and installed costs and increased 

project capacity factors.  When evaluating US PPA pricing one needs to consider that these projects benefit 

from a federal production tax credit (PTC), which is currently 2.4 cents/kWh (or $24/MWh), for the first ten 

years of commercial operation.10   The US DOE estimates that this has an effective value of at least 1.5 

cents/kWh (or $15/MWh).11  Therefore, the price for the Western Region of about $40/MWh in 2016, 

would be about $55/MWh without the PTC.  Converting this to CAD$ using the average exchange rate for 

2016, yields a PPA price of about CAD$73/MWh for 2016.12,13    

                                                      
8 These non-price considerations included evidence of community support and aboriginal participation. 
9 Power Advisory notes that bidders have reported that transmission costs were liberally interpreted and in some 
instances included the costs of collection facilities. 
10 The PTC increased from 2.3 cents/kWh ($23/MWh) to 2.4 cents/kWh ($24/MWh) in 2017. 
11 The PTC’s estimated impact on PPA pricing is less than its value because the credit is realized over a ten-year period, 
whereas many PPAs are for 20 years.  In addition, project developers are typically unable to utilize the PTC and require 
parties that have a “tax credit appetite” to participate in the project financing, with developers realizing an effective value 
for the PTC that is somewhat less than its “face value.” 
12 Based on an annual average exchange rate of US$.7551 to CAD$1.00. 
13 Care needs to be taken when comparing these PPA costs with the real levelized price that we calculate.  Wind project 
PPA prices generally don’t escalate or escalate at a specified percent of inflation, such that these reported PPA prices 
would be higher than would be required for a PPA price that escalates with inflation. 
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Figure 1: Levelized PPA Prices by Execution Date and Region 

 

Source: Berkley Lab, Energy Information Administration 

2.1.1 Recent Pricing Trends and Projections 
 

Historical US wind project installed costs (2016$/kW) are presented in Figure 2.14  The installed costs for 

onshore wind in the US declined by 33% from 2010 to 2016.15 From a Canadian perspective to a large degree 

these cost declines have been offset by the depreciation of the Canadian dollar relative to the U.S. dollar, 

which over the same six-year period has increased from an annual average of around $1.05 to $1.32 CAD to 

$1.00 US.  Nonetheless, declines in the LUECs in CAD$ have been realized by increases in project capacity 

factors from higher hub heights and larger rotor diameters per capacity rating.16  

These declines in LUECs are supported by the increases in capacity factors that have been realized recently 

and these declines are meaningful.17  The US DOE notes that in 2016 the average capacity factor among 

projects built in 2014 and 2015 was 42.6% compared to 32.1% among all projects built from 2004 to 2011.18   

Recognizing that the most favourable wind regimes are typically developed first this increase in project 

capacity factors for 2014 and 2015 vintage projects is significant and clear evidence of the improvements in 

wind turbine technology and the resulting reductions in LUECs for wind. 

                                                      
14 Reported project costs reflect turbine purchase and installation, balance of plant, and any substation and/or 
interconnection expenses. 
15 2016 Wind Technologies Market Report, p. 49. 
16 The energy output of a turbine is roughly proportional to the swept area of the rotors. Similarly, all other things being 
equal, the energy yield is roughly proportional to the square root of the hub height due to higher wind speeds at greater 
heights. 
17 To the degree that wind project fixed costs are stable, increases in capacity factors will result in lower LUECs. 
18 2016 Wind Technologies Market Report, p. 39. 
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Figure 1: Wind Project Installed Costs Over Time (US$) 

 
Source: US DOE, 2016 Wind Technologies Market Report 

 

Onshore wind LUECs are forecast to continue to decline through 2050. Figure 3 is from a recent study that 

summarized LUEC projections based on expert opinion. It indicates that the median estimate of the LUEC 

reduction from 2014 to 2020 is 10%, and 35% by 2050. These estimates also consider cost reductions from 

higher capacity factors (e.g., higher tower heights, larger rotor diameters) as wind turbine technology 

improves.  Similar cost reductions are forecast by Bloomberg New Energy Finance who forecasts a 47% 

decline in the levelized cost of electricity from onshore wind and the International Renewable Energy Agency 

(IRENA) who indicates that onshore wind farm costs could be 12% lower by 2020 than they are in 2011 and 

23% lower by 2040.19,20  The cost reductions estimated by IRENA are just for installed costs and don’t reflect 

additional cost reductions attributable to enhanced project performance from higher capacity factors and 

lower operating and maintenance costs.  

Figure 2 : Reduction in LUECs for Onshore Wind 

 
Source: Nature, Energy Expert Elicitation Survey on Future Wind Energy Costs, September 2016. 

                                                      
19 New Energy Outlook 2017, p. 2. 
20 Renewable Energy Technologies: Cost Analysis Series, Volume 1: Power Sector Issue 5/5, Wind Power, June 2012. 
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2.1.2 Projected Wind Costs 
 

The starting point for our wind pricing estimate was the analysis of SOP pricing in which we estimated a 

range of required prices for a 15 MW wind project participating in BC Hydro’s SOP.    For this analysis, we 

relied upon a BC Hydro commissioned study performed by Hatch in early 2015 to estimate wind project 

costs for the Resource Options Update conducted as part of the Integrated Resource Plan.  Hatch developed 

estimates for a range of sites across BC for project sizes ranging from 48 MW to 195 MW.  We used the 

capital cost estimate for a 117 MW project in the Southern Interior as the starting point for our analysis.21  At 

a cost of CAD$2,248/kW, these capital costs tied to the capital cost derived from the US Department of 

Energy’s (DOE’s) 2015 Wind Technologies Market Report.22  The alignment between these two installed cost 

estimates supports our use of the Wind Technologies Market Report to present more recent information regarding 

the installed costs of wind projects in BC. 

We updated the cost estimate to reflect changes in wind project costs reported by the US DOE and changes 

in foreign exchange rates that are likely to affect wind project costs in BC given that wind turbine costs are 

more likely to be dominated in US$ or Euros.  The 2016 Wind Technologies Market Report indicated a weighted 

average installed cost of $1,590/kW (US$), reflecting a 5.9% decline relative to the installed costs reported in 

the 2015 report.23  US DOE indicates that “early indications from a limited sample of twenty projects (3.0 

GW) currently under construction and anticipating completion in 2017 suggest that capacity-weighted 

installed costs in 2017 will be similar to those in 2016.”24  Compounding the decline in installed costs with the 

escalation in CAD$ relative to the 2015 average exchange rate (and recognizing that the exchange rate is only 

likely to result in lower turbine and associated equipment costs) results in a 6.9% decline in the capital cost of 

wind projects, resulting in capital costs in CAD$ of about $2,328/kW for 2016-2017.  Based on the US DOE 

indications that installed costs in 2016 appear to be similar to 2017, we assume that the CAD$2,328/kW 

installed cost is appropriate for 2017.    

There is the potential for additional cost reductions from larger projects given economies of scale.  Based on 

information presented by Hatch on wind project installed costs in BC,25 we estimate that a 200 MW project 

offers an installed cost about 10% lower than a 100 MW wind project.    There is a trend of larger wind 

project sizes to realize such economies of scale.  For example, among the proposals recently selected by 

Emera Inc. as part of a recent request for proposals for renewable energy delivered to New Brunswick were 

proposals for a 402 MW and four 150 MW wind projects. 

We scale this capital cost up by 2.5% to reflect interest during construction.  To put these wind costs on a 

consistent basis with Site C, assumptions are required with respect to costs for the 2024 period.  We note that 

the expert elicitation survey referenced above indicated a 10% reduction in LUEC’s from 2014 to 2020, with 

continued reductions anticipated beyond that.  To reflect that this capital cost was a 2017$ estimate, this cost 

                                                      
21 These capital costs were increased to reflect foregone economies of scale. 
22 The reported weighted average installed cost for 2015 in US$ was $1,690/kW.  The cost for installed cost for wind 
projects in the West Region was about $2,000/kW.  Recognizing that this is an installed cost and doesn’t reflect owners’ 
costs of about 8% and that a portion of this cost (i.e., the 60% associated with wind turbines and associated equipment) 
must be converted to CAD$, the adjusted cost was estimated to be $2,520/kW.  The average US$ to CAD$ exchange 
rate for 2015 was $.783 to $1.00.   The CAD$ has subsequently strengthened and on August 22, 2017 was at US$.796 to 
CAD$1.00.  Foreign exchange futures markets reflect a future strengthening of the CAD$ relative to the US$. 
23 Interestingly, the 2015 report indicated that “Early indications from a preliminary sample of projects currently under 
construction and anticipating completion in 2016 suggest no material change in installed costs in 2016.” (p. ix) 
24 2016 Wind Technologies Market Report, p. 49. 
25 Hatch, Figure 1: CapEx Trend with Project Size 
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was then escalated by 2% per annum to reflect costs in 2024, with a 5% real cost reduction to reflect the cost 

reductions (approximately 50% of the 10% forecast) anticipated by industry experts.26   

Another critical cost component are project fixed operations and maintenance (O&M) costs.   For a 102 MW 

wind project, Hatch estimated these to range from $68 to $79/kW-year.   These costs are considerably higher 

than those identified by the US Energy Information Administration (EIA) in its Assumptions to the Annual 

Energy Outlook, which were US$46.71/kW-year or about CAD$58.39/kW-year at the current exchange rate. 27   

Alternatively, the US DOE’s Wind Technologies Market Report indicates fixed O&M costs for recently 

installed projects of about US$30/kW-year.  See Figure 4.  For a project in Ontario that would be able to take 

advantage of a better developed wind industry service sector, we estimated fixed O&M costs of 

CAD$43.20/kW-year.28,29  This fixed O&M cost estimate was based on current technology, which has more 

reliable component design, manufacturing and predictive maintenance software to allow for lower fixed 

O&M costs than earlier wind turbine models. 

Power Advisory understands that O&M costs in BC are likely to be higher given the more remote locations 

of projects and the reduced ability to capitalize on economies of scale associated with the provision of these 

services given the smaller size of BC’s wind sector.30  However, we believe that the magnitude of the 

difference between the Hatch estimate and the figures reported for the US when converted to CAD$ calls 

into question the Hatch estimate.  We used Hatch’s fixed O&M estimate for the SOP pricing analysis because 

it was viewed as reasonable for a smaller 15 MW SOP project.  However, we believe that it is high for a 200 

MW wind project.  Considering the EIA and US DOE data, but recognizing that fixed O&M costs in BC are 

likely to be higher given the remoteness of sites, we apply a 15% discount to the Hatch fixed O&M cost 

estimates and then adjust these to account for the reductions in fixed O&M for a 200 MW project.31     

                                                      
26 In an effort to be conservative we only consider 50% of the anticipated cost decline. 
27 An exchange rate of US$.80 to CAD$1.00. 
28 Ontario currently has 4,781 MW of installed wind capacity almost ten times that of BC, which has 489 MW. 
29 This fixed O&M cost was anticipated to increase by about 13% in real terms in year 12 or 13 and then to remain 
constant in real terms of the remainder of the project’s life. 
30 Power Advisory believes that the fixed O&M cost premium that Hatch appears to have reflected for BC is likely to be 
reduced as the wind industry in BC develops and additional wind projects are developed in Alberta and Saskatchewan, 
which will provide better access to various specialized O&M services for BC projects.  
31 This economies of scale adjustment was also derived from the Hatch analysis.  Hatch presented fixed O&M estimates 
for a 102 MW and a 195 MW project on the North Coast.  Power Advisory used the ratio of these two fixed O&M 
estimates to reflect the economies of scale offered by a 200 MW project.  Economies of scale for the provision of O&M 
services are likely to be more significant in BC where there is a less well-developed wind industry support infrastructure 
than Ontario. 
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Figure 4: Average Annual O&M Costs from 2000 to 2016 by COD 

 
      Source: US DOE 

 

In addition, to the fixed O&M costs estimated by Hatch we included the cost of land leases or royalties at 

$1.4/MWh.32  With respect to project output, we assumed a 40% capacity factor, which reflects increases in 

output realized from higher tower heights and greater rotor diameters relative to project capacity ratings.  BC 

developers indicated that they were able to achieve a 40% capacity for SOP projects,33 which suggests that 

higher capacity factors could be realized for larger projects that can support longer transmission lead lines to 

access more favourable wind regimes.  Assuming a 25-year amortization period and contract term, these 

assumptions yield a real levelized price of $68/MWh.34  Recent estimates of the levelized cost of energy from 

IPP projects for direct comparison to Site C were $85/MWh.  This reduction in costs likely reflects lower 

project installed costs and increased project capacity factors.  The major assumptions and projected real 

levelized price are presented in Table 1.  The capital (before consideration of interest during construction) 

and fixed O&M costs are costs in 2017CAD$ before escalation to 2024. 

Table 1: Wind Project Levelized Costs 2024 

 
                   Source: Power Advisory analysis 

 

To put a wind project costs on a consistent basis as Site C, cost estimates are required for a replacement wind 

project given the longer useful life of a comparable hydroelectric project.  Estimating wind project costs in 

                                                      
32 We assumed a royalty payment of $1.00/MWh for the SOP pricing review. 
33 Furthermore, a number of BC wind project developers indicated that a 40% capacity factor was reasonable for BC 
with the application of new wind turbines and higher tower heights. 
34 Project developers typically reflect 25-year amortization periods in their project pricing and some wind turbine 
manufacturers are able to secure type certificates with a 30-year design lifetime.  This assists developers in securing 
financing for projects that are based on such amortization periods. 

Capital Cost Fixed O&M Capacity Factor Amortization Real Levelized Price

$/kW $/kW- Year % Years $/MWh

2,095$            56.31$           40% 25 $68
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2049 (25-year useful life) or 2054 (assuming a 30-year useful life) is difficult.  As above various industry 

experts are predicting a 35% reduction in costs by 2050 (See Figure 3).  Alternatively, Bloomberg New 

Energy Finance forecasts a 47% reduction by 2040.   To be conservative (i.e., understate potential cost 

reductions) we use the lower cost reduction estimate of 35%. 

In addition, to these cost reductions such a project would be able to realize economies associated with the 

existing site including transmission substation, interconnection, some cabling, access roads, and various 

support facilities.  This is likely to represent savings of 10 to 15% to project installed costs.   Combining these 

cost reductions and savings, but recognizing that we have already assumed a 5% cost reduction in our 2024 

estimate results in cost reductions of from 40 to 45%.  Inflation at 2% per annum for 25 years results in an 

64% increase in costs.  This suggests that cost of wind in 2049 would be about 2 to 10% less than the 2024 

cost.35   

2.2  Solar Pricing 

2.2.1  Recent Pricing Trends and Projections 
 

There have been dramatic decreases in the costs of solar energy.  The decline for utility scale (100 MW) PV 

system costs in US$ for the last six years are illustrated in Figure 5. Costs for utility scale projects have 

declined by 68% over that period, with further reductions experienced in 2016.  A 100 MW solar project is 

likely to be large for BC given the relatively limited experience in the Province with utility scale projects.  In 

addition, dual axis trackers are more appropriate for BC.  The cost reductions shown are indicative of those 

that are being realized by large solar PV projects.  

Figure 5: PV System Cost Summary (2016 USD/Watt DC) 36  

 
Source: NREL, U.S. Solar Photovoltaic System Cost Benchmark: Q1 2016 

                                                      
35 1.64 x (1-40%) = 98% or 1.64 x (1-45%) = 90% . 
36 The various colours represent cost components for a PV system, with the all-in cost for the system displayed at the 
top of the bar chart.   
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Recent solar prices are considerably below the projections presented in Figure 5, with continued cost 

reductions anticipated going forward.  For example, GTM Research expects a 27 percent drop in average 

global project prices by 2022, or about 4.4 percent each year.37  Figure 6 below reflects a 5% compound 

annual reduction in solar PV costs from 2017 to 2022. 

Figure 6: US Utility Solar PV Fixed Tilt EPC Pricing - 2016 H1 to 2021E ($/Watt DC) 

 
Source: GTM 2016 

 

2.2.2  Projected Costs 
 

A range of sources were used to consider likely solar PV costs in BC for a utility scale project.   BC Hydro 

commissioned a report from Compass Renewable Energy Consulting Inc. (Compass) to provide price and 

performance estimates for solar PV technology in BC.  This June 2015 study was reviewed and is used as the 

basis of our project output estimates. In our review of SOP pricing we indicated that “the report’s cost 

estimates to be overly optimistic (low) and to heavily rely on Ontario cost estimates that couldn’t be 

independently verified.”  However, continued reductions in PV costs have caused these cost estimates to 

become more reasonable.    

We also reviewed the previously identified National Renewable Energy Laboratory (NREL) study that 

benchmarked solar PV costs. This study disaggregated project costs into discrete items that readily allowed 

these costs to be estimated for BC.  Costs were presented for a 10 MW project and for a 50 MW project, 

which allowed costs to be estimated for a 25 MW utility scale project.   In light of the continued declines in 

solar PV costs in the final three quarters of 2016, additional cost reductions from the NREL estimates are 

                                                      
37 Green Tech Media 2016 https://www.greentechmedia.com/articles/read/solar-costs-are-hitting-jaw-dropping-lows-
in-every-region-of-the-world 

https://www.greentechmedia.com/articles/read/solar-costs-are-hitting-jaw-dropping-lows-in-every-region-of-the-world
https://www.greentechmedia.com/articles/read/solar-costs-are-hitting-jaw-dropping-lows-in-every-region-of-the-world
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appropriate.  We reflected recent pricing information on module costs (i.e., assume module cost of 

US$.3/watt dc rather than the US$.64/watt dc reflected in the NREL cost estimate) and used that along with 

the NREL cost estimates for other cost elements adjusted to CAD$.38   

Recognizing the pace of decline in solar PV costs that are being experienced, low and base capital cost 

estimates were derived. The base estimate reflects a 3% annual decline in solar costs through 2024, just below 

the GTM estimates indicated above.  The low estimate reflects an additional 10% decline in installed costs 

and a 5% annual decline in solar costs through 2024.39,40  Table 2 presents capital and fixed O&M costs 

estimates and assumed capacity factor and the resulting real levelized price for a low and base case.  The 

capital cost estimates reflect 2024 costs and the fixed O&M estimates reflect 2017 costs. 

Table 2: Solar Pricing 2024 

 
      Source: Power Advisory  

 

These solar costs and capacity factors are for projects with a one-axis tracker.  Dual axis trackers are more 

likely to be employed in BC given its latitude, with the incremental capital cost more than offset by the higher 

project output.  Compass estimated that a dual-axis tracker project would have an annual energy output that 

was 14.6% higher than fixed tilt. However, Power Advisory was unable to find detailed project cost estimates 

for utility scale dual-axis tracker projects in the time allotted to complete this report.  We believe that our 

pricing estimate for solar could be high because we haven’t reflected the economies offered by such 

technology. 

2.2 Hydroelectric Generation 
 

Hydroelectric project capital and operating costs are project specific and reflect the project configuration 

required to most cost-effectively develop the underlying hydraulic resource.  This makes “generic” estimates 

of the costs of hydroelectric generation less meaningful.  For its 2015 Resource Options Update, BC Hydro 

commissioned a study that developed project specific cost estimates presented as LUECs.41  Aggregate 

project information was presented for projects that had similar LUECs, making it impossible to 

independently derive estimates of the costs and required prices for these projects.  The LUECs presented in 

the referenced study are presented below in Table 3. 

The study indicated that the unit energy costs were derived using a 5% real discount rate.  While the 

amortization period for this study wasn’t indicated, the previous report relied on a 40-year amortization 

period.42 

                                                      
38 We assumed a 35% premium for labour costs in BC. 
39 UBS, US Solar & Alternative Energy, It's Not Just Solar Panel Costs Dropping, September 27, 2016. 
40 Power Advisory has employed a $1.00 US to $1.25 CAD$ exchange rate forecast for 2020.  An earlier reference to a 
$.75 US to $1.33 CAD$ exchange rate is more reflective of current conditions.   
41 Kerr Wood Leidal, Run-of-River Hydroelectric Potential for British Columbia, Summary of 2015 Updates 
42 BC Hydro, IRP, Appendix 3A-27, 2013 Resource Options Report Update, Run-of-River 2013 Update Memorandum 
and 2010 Report 

Capital Cost Fixed O&M Capacity Factor Amortization Real Levelized Price

$/kW $/kW- Year % Years $/MWh

Low Case $1,276 $22.88 16.5% 25 $100

Base Case $1,606 $27.45 16.0% 25 $129
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Table 3: Hydroelectric LUECs  

 
Source:  Kerr Wood Leidal 

 

2.4 Battery Storage Technology 
 

Storage technologies have an important role to play in supporting increased levels of renewable energy 

investment and allowing variable output renewable energy technologies such as wind, solar PV and run-of-

river hydro to provide the large volume of energy that would otherwise be provided by Site C.43  Specifically, 

energy storage technologies are well-suited to provide the ramping, load following and frequency control 

functions that higher penetrations of renewable energy technologies require.  Battery storage is particularly 

well-suited for wind and solar integration given that it can also serve as an incremental load and therefore 

assist with managing surpluses more effectively than storage hydro.  In addition, as a modular technology they 

can be located to address specific transmission and distribution constraints and potentially avoid costly 

upgrades to resolve these constraints.  Furthermore, with the significant decline in cost of battery storage, 

these technologies are able to more cost effectively provide longer duration energy storage services.  

California relied on battery technology to provide 70 MW of required peaking capacity to replace a portion of 

the natural gas-fired generation that was unavailable when the Aliso Canyon gas storage facility was shut 

down last year.   

 

One of the primary contributors to the increased attention being paid to battery storage technologies is the 

dramatic cost reductions being experienced.  Storage prices are falling faster than solar PV or wind 

technologies.  Bloomberg New Energy Finance reports that as of year-end 2016 lithium-ion battery prices 

had fallen by almost 50% since 2014.   Further cost declines are being realized and forecast.  A recent study 

by a research team from the University of California and Technical University of Munich in Germany 

forecast the cost per MWh of a lithium-ion battery to decline at an average annual rate of 11.4% through 

2020.44   This research indicated that the primary contributors to these cost declines are increases in 

production output capacity and patent activity and that the learning rates for lithium-ion batteries are greater 

than for solar PV and wind technologies.   This fall in prices is allowing combinations of solar, wind, and 

energy storage projects to offer costs that are more competitive than coal and natural gas plants.45  
 

Clearly, a critical contributor to future cost declines will be increases in the deployment of the technology as a 

result of the “learning” that occurs with the increases in production capacity.  With learning rates often 

measured in terms of percentage increases in capacity or production capacity, the cost declines realized 

overtime typically decline.  However, in the case of lithium ion batteries these cost declines will support the 

                                                      
43 Such battery storage facilities would be able to supplement the ability of BC Hydro’s existing storage hydroelectric 
facilities to provide these services.  (See discussion in Section 3.2.)   
44 Noah Kittner, Felix Lill and Daniel M. Kammen, Nature Energy, Volume 2, Energy storage deployment and 
innovation for the clean energy transition, July 31, 2017. 
45 Noah Kittner, Felix Lill and Daniel M. Kammen. 

Price Bundle 

($/MWh)

Number of 

Projects

Average Annual 

Energy (GWh/yr)

Annual Firm 

Energy (GWh/yr)

Installed 

Capacity (MW)

Dependable 

Capacity (MW)

80 - 84 2 220 187 65 1

85 - 89 1 69 64 16 2

90 - 94 3 484 422 126 9
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increased adoption of electric vehicles as well as other applications, which in turn will support greater 

learning.  This suggests that significant cost declines are likely continue to be realized. 

3. Other Costs and Benefits of These Resources 
 

This section reviews other costs and benefits associated with these clean energy resources.  Costs include 

variable generation integration costs, which BC Hydro typically considers when comparing wind resources to 

hydroelectric generation, and capacity value.  To reflect the lower capacity value of wind and other variable 

output renewable resources, BC Hydro typically adds a cost to such resources.   

Benefits offered include: (1) smaller, targeted resource additions that avoid the risks and costs associated with 

large resource additions such as Site C; (2) lower development, construction, and operating risks; (3) tax 

payments to federal, provincial, and municipal governments; and (4) the opportunity to earn revenues from 

the sale of renewable energy credits.  These costs and benefits are discussed further below.   

3.1 Variable Generation Integration Cost 
 

As part of its 2013 Integrated Resource Plan (IRP), BC Hydro conducted a study of wind integration costs in 

BC.46  The study evaluated the impacts and costs of 15, 25, and 35 percent wind penetration levels,47 

representing about 1,500, 2,500, and 3,500 MW of installed wind capacity.  The study considered two 

scenarios for how these wind resources could be developed within BC.  The first assumed that the lowest 

cost wind resources were developed first and the second assumed that there was diversity to the portfolio of 

wind resources developed.  Two types of wind integration costs were identified: (1) operating reserve costs, 

which reflect capital and variable operating expenses associated with reserving generating resources so that 

sufficient generation is available to respond to system contingencies. These include the requirements for 

regulation, load-following and imbalance reserves and assume sufficient reserves are carried to cover a 97.7% 

(three standard deviation) confidence level; and (2) day-ahead opportunity costs, which reflect the 

opportunities lost from having to reduce BC Hydro’s participation in the day-ahead market given the need to 

reserve hydroelectric resources to respond to the variability of wind generation. The results of this study are 

presented in Table 4. 

Table 4: BC Hydro Wind Integration Cost Estimates 

 
Source:  BC Hydro 

                                                      
46 BC Hydro, 2013 IRP, Appendix 3E, Wind Integration Study Phase II.  This was a Phase II study because BC Hydro 
undertook a wind integration study previously as part of its 2008 Long-Term Acquisition Plan.  The Wind Integration 
Phase II Study was completed in November 2010.   
47 Wind penetration was measured in terms of the proportion of BC Hydro’s capacity. 

Operating 

Reserve Costs

Day Ahead 

Opportunity Costs

Total 

Costs

($/MWh) ($/MWh) ($/MWh)

15%  (1,500 MW) $7.83 $8.02 $15.85

25%  (2,500 MW) $9.33 $14.85 $24.17

35%  (3,500 MW) $8.67 $11.90 $20.57

15%  (1,500 MW) $4.03 $3.46 $7.49

25%  (2,500 MW) $4.36 $4.66 $9.03

35%  (3,500 MW) $5.36 $5.23 $10.59

Lowest 

Initial Cost

High 

Diversity

Wind Penetration 

Level
Scenario
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3.1.1 Comparison to Other Variable Generation Integration Cost Estimates 
 

While BC Hydro’s analysis focused on the costs of integrating wind generation, the analysis is generally 

applicable to all variable output resources.  Similar analyses are commonly performed by other electric utilities 

for a broader range of variable output renewable energy technologies.  

Power Advisory offers the following comments on BC Hydro’s wind integration cost estimates.  They are 

generally high relative to those for other jurisdictions.  Figure 7 reviews wind integration costs of various 

other electricity systems.  These estimates are from US DOE’s 2016 Wind Technologies Market Report. Each 

series on the graph represents a different cost study for different utilities or markets between 2003 and 2016. 

The US DOE report indicates that wind integration costs are generally estimated to be below $6/MWh and 

can be as low as $0.50 to $2/MWh even at wind capacity penetration levels beyond 40%.48  The study 

indicates that variances in cost estimates are attributable, in part, to differences in methodologies, definitions 

of integration costs, differences in power system and market characteristics, fuel prices, wind output 

forecasting details and assumptions, and the degree to which thermal plant cycling costs are considered. 

Figure 7: Integration Costs at Various Levels of Wind Penetration 

 

Source: U.S. DOE, “2016 Wind Technologies Market Report” August 2017, p.70 (Modified Figure 53). 

Given the factors influencing wind integration costs discussed above, a case can be made that integration 

costs are more likely to align within a region or market.  Therefore, Power Advisory surveyed recent 

renewables integration costs for both wind and solar resources in Western Electricity Coordinating Council 

(WECC) jurisdictions beyond BC. In the case of Portland General Electric, wind and solar are captured by 

the integration cost category of ‘variable energy resources’. Partially due to a decline in natural gas prices, the 

                                                      
48 The Western Wind and Solar Integration Study Phase 2 found that “from the perspective of the average fossil-fueled 
plant, 33% wind and solar penetration causes cycling costs to increase by $0.47–$1.28/MWh, compared to total fuel and 
variable operations and maintenance (VOM) costs of $27–$28/MWh.” (p. vii) 
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integration cost estimates used in recent resource planning are significantly lower than in previous integrated 

resource plans. This trend is documented in the notes column of the table. Power Advisory notes that the 

wind integration costs average about US$3/MWh or about CAD$4/MWh, with one less than $1/MWh. Solar 

integration costs are generally lower than those for wind resources.  

Table 5: Survey of Recent WECC Renewables Integration Costs  

 

This review of variable output renewable energy integration costs indicates that BC Hydro’s estimates are 

considerably higher than most estimates.   This is surprising given that BC Hydro has a predominately hydro 

system and such systems have greater operating flexibility than predominately fossil systems given the greater 

ramping and storage capability of many hydroelectric resources.  A Power Advisory report for Natural 

Jurisdiction
Integration 

Cost ($/MWh) 
Year $*

Penetration Level 

(Capacity Basis)
Notes

Wind

Arizona Public Service 

(APS)
3.25 / 4.08 2010

6% (468 MW) /                   

15% (1,185 MW)

As of the 2017 IRP, APS continues to base integration costs on 

its 2007 Wind Integration Cost Impact Study. Cost said to be 

updated "to increased penetration levels of wind in the APS 

systems and current fuel prices", but the specific value is not 

provided in the IRP. 

PacifiCorp 0.57 2016 30% (3,007 MW)

2017 Flexible Reserve Study (FRS) conducted as part of the 2017 

PacifiCorp IRP. Down from $3.06/MWh in the 2014 Wind 

Integration Study. 

Pacific Gas and Electric 

(PG&E)
4.00 2014 Benchmark Average

Interim variable integration cost for wind approved by the 

California Public Utilities Commission in the 2014 RPS and IRP 

off-year proceeding.

Public Service Company 

of Colorado (PSCo) 

[Xcel Energy] 

2.93 2016 28% (2,000 MW) 

2016 ERP. Value based on 2011 Wind Integration Study 

methodology and updated natural gas prices. PSCo did not allow 

for gas prices below $3.24/MMBtu, while recognizing current 

and forecasted gas prices below this value. Average wind 

integration costs from 2011 were $3.68/MWh for 2 GW of wind. 

Solar

Arizona Public Service 

(APS)
2.00 2020 13% (1,038 MW)

Similar to wind, APS solar integration costs are currently 

benchmarked to a 2012 Black & Veatch Corporation study based 

on penetration levels and fuel prices. The costs reported in the 

2012 study range from $1.53/MWh to $3.04 MWh. The planning 

value of $2.00/MWh in 2020 has been cited in the last two IRPs. 

PacifiCorp 0.6 2016 20% (2,050 MW) 
2017 Flexible Resource Study (FRS) conducted as part of the 

2017 PacifiCorp IRP.

Pacific Gas and Electric 

(PG&E)
3.00 2014 Benchmark Average

Interim variable integration cost for solar approved by the 

California Public Utilities Commission in the 2014 RPS and IRP 

off-year proceeding.

Public Service Company 

of Colorado (PSCo) 

[Xcel Energy] 

0.01 / 0.41 2016
14% (1,000 MW) /               

25% (1,800 MW)

May 2016 "An Integration Cost Study for Solar Generation 

Resources on the Public Service Company of Colorado System" 

cited in 2016 ERP. Assumes annual natural gas costs of 

$4.37/MMBtu. The average solar integration costs in the 2011 

ERP ranged from $1.25/MWh to $6.06 /MWh based on solar 

capacity and gas prices. 

VER

Portland General 

Electric (PGE)
0.92 2021 23% (1,160 MW) 

2016 IRP Variable Energy Integration Study. Assumes 1,160 MW 

of VER capacity (3,210 GWh). Study is Phase 5 to previous wind 

integration studies. The reported cost of renewables integration 

was $4/MWh in the 2013 PGE IRP.  

*All costs presented are in USD, with variance in the currency year indicated in this column. 
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Resources Canada found that hydroelectric systems such as BC Hydro’s are well suited to the integration of 

variable output wind resources and that they can allow large amounts of wind generation to be integrated at 

relatively low costs.49   

A similar finding was made in the Pan-Canadian Wind Integration Study, which found that: (1) “Hydro 

generation, particularly hydro with pondage, provides a valuable complement to wind generation.”; and (2) 

“The combination of wind and hydro provides a firm energy resource for use within Canada or as an 

opportunity to increase exports to U.S. neighbours.”50  The Pan-Canadian Wind Integration Study also found 

that: (1) “Regulation reserve requirements to mitigate wind variability appear to be a small fraction of the 

additional installed wind capacity;” and (2) Overall the additional regulation reserve requirements across all of 

Canada were less than 1.7% of the installed wind.”  The regulation reserve requirements (i.e., increased 

regulation requirement relative to wind capacity) for BC under the 35% penetration scenario were just .9%, 

representing about 50 MW.  While curtailment of wind was required in high wind resource scenarios there 

was little need for such curtailment in BC. 

3.1.2 Evaluation of BC Hydro’s Wind Integration Estimate 

 

CanWEA engaged Brendan Kirby, a noted utility industry expert who participated in the referenced Western 

Wind and Solar Integration Study Phase 2 among other similar studies, to assess BC Hydro’s wind integration 

cost estimates.51  The Kirby study found that there have been a number of changes since the 2010 BC Hydro 

study was conducted and that when the study assumptions are modified to reflect this new information, 

estimated wind integration costs are dramatically lower.   In particular, Kirby noted that the 2010 study 

calculated costs based on MW installed, but expressed results as $/MWh.  Therefore, the higher capacity 

factors realized by wind projects in BC than assumed in BC Hydro’s wind integration study is likely to result 

in lower per MWh integration costs.   

In addition, Kirby noted that BC Hydro relied upon ancillary service prices from the California ISO (CAISO) 

and that these prices have declined significantly (from 50 to 80%) since the data relied upon in the study.  

Furthermore, Power Advisory notes that the CAISO market has a dramatically higher proportion of thermal 

generation than BC and as such is likely to have significantly higher costs for ancillary services than would be 

appropriate for BC. The BC Hydro wind integration noted that “To ensure that the CAISO ancillary service 

pricing used in this study are reasonable, a comparison between the CAISO ancillary services market prices 

and existing contracts for ancillary services in the Pacific Northwest held by Powerex was undertaken. The 

findings confirm good agreement between these Pacific Northwest contract prices and the CAISO ancillary 

service market pricing.”  The fact that Powerex’s contracts for ancillary services in the Pacific Northwest 

(PacNW) reflect “good agreement” with CAISO ancillary service market pricing doesn’t mean that CAISO 

prices are appropriate for this analysis.  This “good agreement” suggests that ancillary service pricing in the 

PacNW is aligned with that of CAISO.  This isn’t surprising given the close integration between these 

markets.   The question regarding the wind integration study should be what is the cost to BC Hydro of 

providing these services?  The difference is between costs and market value.  When making resource 

investment decisions for the benefit of BC consumers and the required services are being provided by BC 

Hydro, Power Advisory believes that the cost of providing the service should be considered, not its 

theoretical value in a somewhat distant market. 

                                                      
49 Case Study Analysis of Hydro-Variable Renewable Electricity Integration Strategies, July, 2013.  
50 Pan-Canadian Wind Integration Study, Overview Presentation, p. 41. 
51 He retired from the Oak Ridge National Laboratory’s Power Systems Research Program. He has 39 years of electric 
utility experience and has published over 180 papers, articles, book chapters, and reports on ancillary services, wind 
integration, restructuring, the use of responsive load as a bulk system reliability resource, and power system reliability. 
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Kirby also noted that sub-hourly scheduling reduces reserve requirements and the requirements for operating 

reserves for wind.  In 2010, when the study was performed BC Hydro only had a 1-hour schedule.  However, 

when he performed his assessment in 2014 15-minute scheduling was in place in BC.  Kirby estimated that 

15-minute scheduling would reduce incremental operating reserve requirements for wind by 51%.  As 

discussed below, further reductions in these reserve requirement costs could likely be achieved through 

participation in Western Energy Imbalance Market, which is a 5-minute market. 

As indicated in Table 4, day-ahead opportunity costs represent about half of the total wind integration costs.  

BC Hydro notes that “given the liquidity limitations of the real time market, BC Hydro does not anticipate 

relying on real time power trading markets to manage wind integration impacts to any significant degree. 

Therefore, the DA power trading market is the focus of this wind integration study.”52  Power Advisory notes 

that the Western Energy Imbalance Market was instituted in 2014 and now includes CAISO, PacifiCorp, 

Puget Sound, NV Energy, and Arizona Public Service, with many other market participants including 

Powerex scheduled to join.  This energy imbalance market has clearly addressed the liquidity limitation of the 

real-time market.  Furthermore, experience elsewhere suggests that with the presence of real-time and day-

ahead markets allows market participants to arbitrage price differences between these markets such that there 

is unlikely to be significant sustained price differentials between these markets such as are assumed in BC 

Hydro’s day-ahead opportunity cost estimate. 

Kirby also notes that BC Hydro determines the maximum swing in wind generation within any hour based on 

a 99.7% day-ahead forecast confidence level.  In the 2010 Wind Integration Study this required 100% backup 

of wind. However, BC Hydro’s day-ahead forecast error for 487 MW of wind in February-April 2014 was just 

±51.3 MW (i.e. ± 10.5% of installed capacity), indicating that a considerably lower forecast error estimate is 

appropriate.  Considerable effort is being devoted to reducing the errors associated with forecasting wind 

output and this is producing more reliable forecasts, suggesting further reductions in integration costs.   Kirby 

conservatively assumed a ±32% day-ahead reserve, three-times the forecast error from February-April 2014 

period.53   This along with the move to 15-minute scheduling and the resulting 51% reduction in reserve 

requirements, results in an 84% reduction in day-ahead opportunity costs.54   

3.2 Capacity and Diversity Benefits of  Variable Output Renewables 
 

Wind, solar and many hydroelectric projects are variable output renewable energy resources that generate 

electricity when the underlying renewable energy resource is available.  As a result, the inherent capacity value 

of these resources, or ability to generate electricity when needed to satisfy customer electricity demands, or 

respond to generator or transmission outages can be less than that of a conventional fossil or storage 

hydroelectric generation resource.  The Pan-Canadian Wind Integration Study also found that at penetration 

rates of 20%, wind would have a capacity value of about 20 to almost 30% of its rated capacity.55  However, 

the capacity value of these resources can be enhanced through the diversity of such resources.  This diversity 

can include different wind projects relying on different wind regimes (e.g., differences in wind speeds on 

Vancouver Island, Kootenays, Okenagan, and lower Mainland) as well as the diversity offered by combining 

the output of wind, solar PV, and run-of-river hydroelectric projects.  This diversity benefit has been 

demonstrated in numerous studies including the Pan-Canadian Wind Integration Study which found, among 

other things, that distributed solar can complement wind and that the combination of wind and hydro 

                                                      
52 BC Hydro, 2013 IRP, Appendix 3E, Wind Integration Study Phase II, p. 3E-12.  DA stands for day-ahead, i.e., a 
market that is organized around day-ahead financial or physical commitments for the delivery or purchase of power. 
53 This estimate takes no credit for improvements in wind forecasting that are being realized elsewhere and presumably 
can be realized in BC.  
54 The 84% is based on 51% x 32%, which is 16% of the original estimate, or an 84% reduction. 
55 Pan-Canadian Wind Integration Study, Final Report, p. 61 



Power Advisory: Renewables Costs & Benefits Compared to Site C  18 
 

provides a firm energy resource for use within Canada or as an opportunity to increase exports to U.S.  With 

respect to this last point, Massachusetts has recognized the value of such potential clean energy imports by 

enacting legislation to support the procurement of a large block of clean energy (i.e., 9.45 TWh per year) and 

specifically allowing a combination of variable output renewable energy resources along with hydroelectric 

resources that firm up this variable output energy.56 

This diversity enhances the capacity value of these resources as well as reduces the requirements for operating 

reserves to balance the variability of these resources.  The net effect is to increase the value offered by these 

resources as well as to reduce the costs associated with integrating them.     

3.2 Benefit of Small, Targeted Resource Additions 
 

Site C would provide 1,100 MW of capacity and produce about 5.1 TWh per year of energy in an average 

water year.  This 5.1 TWh per year of energy represents about 9% of forecast load for 2024 or at current 

electricity demand growth rates about 6 years of demand growth after DSM impacts are considered.    Absent 

major system retirements, this implies that it will take BC about six years to “grow into” the volume of energy 

provided by Site C.  (See Table 6 where it takes six years for BC Hydro’s load growth less increases in DSM 

to increase by the 5.1 TWh provided by Site C.) Adding such a large volume of energy to the system relative 

to forecast net load growth would result in a large surplus of energy.  The energy surplus that would be 

produced by Site C, as reported by BC Hydro in its 2017-2019 Revenue Requirements Application (RRA), is 

shown in Table 6.  BC Hydro’s energy surplus as a percentage of net load increases from 105% in 2024 to 

109% in 2025 after Site C is scheduled to enter commercial operation.   

Given the limits on BC Hydro’s energy storage capability this energy surplus will result in an increase in 

energy exports and the majority of these energy exports are likely to be during the off-peak when BC 

electricity demand is low.  Off-peak electricity futures prices at Mid-Columbia (Mid-C) in 2024 are about 

$26/MWh, increasing to about $27/MWh in 2025, and $28/MWh in 2026.57  With the cost of Site C well 

over twice this, the sale of such surplus energy represents a high cost to BC ratepayers and needs to be 

considered when comparing Site C to alternatives such as the smaller hydroelectric, wind, solar resources 

evaluated in this report that can be added in increments to better fit load growth and represent less risk to 

ratepayers.  This cost can be quantified by calculating the difference between the cost of Site C and the export 

revenues earned on the resulting increase in exports attributable to Site C.   

                                                      
56 In July 2016, the Massachusetts legislature directed the state’s investor-owned electric distribution companies to solicit 
long-term contracts for 9.45 TWh per year of clean energy from renewable energy resources and/or large hydroelectric 
projects.  
57 Mid-C off-peak futures prices as reported for August 23, 2017.   
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Table 6: BC Hydro Energy Load Resource Balance 

 

Source:  BC Hydro, 2017-19 RRA 

As the BC Hydro energy load resource balance indicates, BC’s need for the energy from Site C is based on 

forecast demand growth.  This load growth is uncertain.  A considerably lower risk supply alternative is to 

rely on smaller renewable resources that can be developed and built more quickly than Site C and as such 

would allow BC Hydro to expand its supply as needed to address increases in customer requirements.  This 

includes the wind, solar and smaller hydroelectric projects considered as part of this assessment.   

3.4 Comparative Risk Assessment 
 

The LUECs that Power Advisory has derived for these alternative clean energy technologies are predicated 

on costs of capital and financing assumptions that are appropriate for IPP projects where the project 

proponent is responsible for managing project development, construction, financing and operating risks.  

IPPs are able to bear development, financing, construction and operating risks and to offer long-term fixed 

prices because the projects that they are developing typically have shorter development time frames;58 a high 

proportion of capital costs are associated with modular components that provide a high measure of cost 

certainty and allow developers to take advantage of competitive tension from competing equipment 

manufacturers; have shorter construction timeframes which reduce construction risks; and finally, the 

performance of these generating technologies in different operating conditions can be accurately modeled to 

produce reliable estimates of output and operating costs. 

IPP projects have a very different risk profile than a utility project, which is built under the cost-of-service 

regulation model.  Under cost-of-service regulation, the costs incurred by the utility generally flow through to 

                                                      
58 This advantage is less apparent for the smaller hydroelectric projects developed by IPPs given their long development 
time frames.  However, because IPPs are generally awarded contracts after a considerable amount of development work 
has been performed, these risks are more manageable.   
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ratepayers, except when these costs are disallowed by the regulator.   When large projects are being built by 

investor-owned utilities, the costs of building these projects are generally added to the utility’s rate base and 

the utility is allowed to recover these costs and earn a return on the rate base.  Where the investor-owned 

utility is found to have been imprudent with respect to the construction of such a project, the imprudently 

incurred costs are generally not allowed to be recovered from customers and these costs are effectively paid 

by shareholders.  However, when the cost-of-service model is applied to Crown-owned utilities, where the 

Province is the shareholder, there is little opportunity for the risk-sharing that can occur with investor-owned 

utilities.  As a result, cost overruns must be borne by ratepayers and/or taxpayers, and there’s generally 

relatively limited differences between these two groups.     This is significant given the risks posed by the 

development and construction of large hydroelectric projects.   

Given their long development time frames, difficult construction environments, extended construction 

schedules, and relatively high proportion of construction costs that are site related, the risks profiles of large 

hydroelectric projects such as Site C are dramatically greater than for most IPP projects.   This is readily 

apparent from the construction cost overruns that have recently been experienced by such projects.   Total 

costs, including financing costs,59 for the Muskrat Falls Hydroelectric project (824 MW producing 4.9 TWh 

per year) in Labrador have escalated from $7.4 billion at project sanctioning to $12.7 billion, a 72% increase 

and these increased costs are forecast to contribute to an almost doubling of domestic electricity rates in 

Newfoundland to 23.34 cents/kWh in 2022 from 11.7 cents/kWh currently.60  Similarly, the costs of the 695 

MW Keeyask Hydroelectric Project in Manitoba have increased from $6.5 billion to $8.7 billion, a 34% 

increase, with a 21-month delay in the project’s scheduled commercial operation date.61 

Recent experience with Muskrat Falls and Keeyask clearly indicate the cost and schedule risks associated with 

large hydroelectric projects.  These are risks that BC Hydro ratepayers are exposed to with the continued 

development of Site C. 

3.6 REC Eligibility and Pricing 
 

Another potential source of value offered by clean energy projects developed by IPPs is the sale of renewable 

energy credits or certificates (RECs) associated with the production of this renewable energy.  This is a source 

of incremental revenue that is available to the various renewable energy resources evaluated in this report, but 

which wouldn’t be available to Site C.    

While project developers would sell BC Hydro a bundled product that would include energy, capacity, and 

renewable and environmental attributes, BC Hydro, or its affiliate Powerex, could sell these RECs in the 

various markets in the Pacific Northwest and California where they have incremental value.  As discussed, 

further below in most markets this would require the sale of the REC and the associated energy.     

The Western Renewable Energy Generation Information System is the independent REC issuance, tracking, 

and retirement system for the WECC interconnection region, to which BC Hydro, Pacific Northwest utilities 

and the CAISO belong.62 A REC represents 1 MWh of qualifying renewable energy. The qualifications for 

                                                      
59 It is appropriate to consider financing costs because the costs associated with accrued interest during construction 
increase significantly from project delays. 
60 Nalcor Energy, Muskrat Falls Project Update, June 23, 2017. 
61 https://www.hydro.mb.ca/corporate/news_media/news/2017-03-07-control-budget-for-keeyask-generating-station-
revised.shtml 
62 The one exception is that Nevada uses both the WREGIS and NVTREC systems.  

https://www.hydro.mb.ca/corporate/news_media/news/2017-03-07-control-budget-for-keeyask-generating-station-revised.shtml
https://www.hydro.mb.ca/corporate/news_media/news/2017-03-07-control-budget-for-keeyask-generating-station-revised.shtml
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producing such RECs vary by state and are typically specified in the rules and regulations that establish their 

Renewable Portfolio Standards (RPS).63    

California’s RPS is based on three distinct Portfolio Content Categories or bundles. Portfolio Content 

Category 1 requires a minimum procurement of eligible renewable energy resources that are at least 50%, 

65%, and 75% of a utility’s retail sales RPS obligations by the end of 2013, 2016, and 2020, respectively. This 

category is to be filled by electricity generation directly connected, scheduled into, or dynamically transferred 

to a California Balancing Authority (CBA) that is primarily located in California. This is the highest value 

REC market in the West and one in which Powerex participates presumably by reselling renewable energy 

that is under contract to BC Hydro. Portfolio Content Category 2 comprises firmed and shaped electricity 

products providing incremental electricity. Portfolio Content Category 3 comprises eligible electricity 

products, including unbundled RECs, that do not qualify under Categories 1 or 2. Maximum procurement for 

Category 3 is 10 % of retail sales RPS obligations for the 2017-2020 compliance period.   

Imports of renewable energy resources, namely solar and wind, from BC are eligible as bundled or unbundled 

products in Categories 1, 2 or 3. However, the California Energy Commission (CEC) has found that BC run-

of-river hydro projects do not qualify, as they do not meet the environmental protections as similar 

hydroelectric facilities in California. Four BC wind projects, representing 487.2 MW of nameplate capacity, 

are known to be certified facilities under California’s RPS - Cape Scott Wind Farm, Bear Mountain Wind 

Park, Dokie Wind Energy Project and Quality Wind Project.64 The 180 MW Meikle Wind Project near 

Tumbler Ridge was also pre-certified as of early 2017.  

Each of the three Portfolio Content Categories are associated with distinct REC pricing. Category 1 RECs 

were recently priced at US$14; Category 2 RECs at US$6/MWh and Category 3 RECs at US$1.50/REC.65 

Washington State’s Renewable Energy Standard requires that the facility must be located in the Pacific 

Northwest or the electricity from the project is delivered to Washington on a real-time basis.66 The location 

definition of Pacific Northwest excludes BC. RPS compliance REC prices for the years of 2011-2014 were 

US$2.13.67 For the 2015-2018 compliance years the Washington RPS REC prices are indexed to be 

US$4.25/REC.  

In Oregon the RPS, as increased by SB 1547 in 2016, is 50% by 2040 for the large investor-owned utilities 

(IOU) that serve a majority of the state and lower for other types of utilities.68 Solar, wind, and hydropower 

are all eligible technologies, with additional restrictions on the amount of hydro based on type and vintage. 

Eligible resources must be located within WECC, which includes BC. Unbundled RECs can meet 20% of a 

large IOUs obligation and a majority percentage of smaller utilities’ compliance obligations, with the 

generation facility also located in the WECC territory.   

Miller Creek Generating Facility Units 1 & 2 (combined 32.8 MW) and Brown Lake Generating Station (7.2 

MW) are the only BC facilities currently approved under Oregon’s RPS.69 Power Advisory sought to find 

market data on REC prices for Oregon, but was unable to find reliable data. A PacifiCorp RPS compliance 

                                                      
63 RPS are the broader programs that typically create RECs as a compliance mechanism and allow RECs to be traded to 
provide greater flexibility for prospective buyers (e.g., entities with an RPS compliance obligation) and sellers (e.g., 
renewable generators that produce RECs).  
64 CEC “California’s Renewables Portfolio Standard (RPS) List of Facilities” Updated January 23, 2017.  
65 Platts, California Renewable Energy Certificate Markets, August 24. 
66 State of Washington Chapter 19.285 RCW “Energy Independence Act”.  
67 SNL “Renewable Energy Credits (Data)” Accessed August 21, 2017. Indexes for “WA RPS REC.”   
68 Oregon Department of Energy “Renewable Portfolio Standard” Accessed August 21, 2017. 

http://www.oregon.gov/energy/energy-oregon/Pages/Renewable-Portfolio-Standard.aspx 
69 Oregon Department of Energy “List of RPS Approved Facilities” July 31, 2017.  
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filing suggested that its costs for RECs was about $1.33/REC.70  At best these costs reflect prior purchases 

and aren’t necessarily reflective of current market prices.  

3.5 IPP Tax Payments 
 

IPPs make major contributions to the federal, provincial and municipal budgets.  These financial 

contributions should be weighed when considering such investment and the value that these projects provide 

BC.  The taxes include corporate and personal income taxes, property taxes, and other taxes such as water 

rentals or royalties paid to the provincial government.  Based on analysis prepared for CEBC, Power 

Advisory estimates that the annual tax revenues produced by operating clean energy projects represent 

approximately $244 million per year.71   

  

                                                      
70 PacifiCorp Renewable Portfolio Standard Oregon Compliance Report for 2015, June 1, 2016. 
71 Independent Power Producers Association of British Columbia, Economic Impact of Independent Power Projects in 
British Columbia, December 2009.  
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Appendix A: Pro Forma Model for Calculating Real Levelized Price for Wind 
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