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The Boundary Dam Carbon Capture and Sequestration (CCS) facility is the worldôs 
first industrial-scale, post-combustion, CCS project. It is located outside Estevan, 

Saskatchewan and commenced operations in October 2014. 

To date there has been no publicly-available analysis of the costs, profitability and 
cash flows associated with this project. That information is urgently needed as 
decision-makers in Saskatchewan and around the word, consider the relative 

merits of CCS for mitigating CO2 emissions. 

This report addresses that information deficit and is the first which considers the 
cash and, to a lesser extent, carbon flows associated with the $1.467-billion 

Boundary Dam Carbon Capture and Enhanced Oil Recovery Project. This report 
does not concern itself with the technical viability of CCS. 

We welcome the debate which we trust that this report will stimulate. Critics of our 
conclusions might well ask themselves why, given the sizeable spend of public 

funds on this initiative, the proponents have not already shared their own detailed 
project justifications. 

________ 

In most instances all of the data that was required to complete this analysis was 
obtained from disparate public sources. References are provided where possible 
and, in the few instances where they are not, specific note of that fact is made.  

Although there are some minor data gaps in this analysis, we are confident in our 
conclusions and hope they serve as a useful foundation for others as they seek to 
better understand the economic and environmental merits of Carbon Capture vis-
à-vis superior alternatives.   

The report has been made possible through the support, advice and input of 
hundreds of people from across Saskatchewan and beyond. The vast majority of 
contributors did not wish to be identified and I would like to thank those persons for 
their valued strategic insight, technical advice and financial contributions.   

I would especially like to recognise the many people who provided extensive moral 
support by encouraging me to persist with this study despite the numerous 
obstacles along the way: you know who you are ï thank you! The cheerful 
encouragement, in particular, of my many colleagues at the TwoTwenty in 
Saskatoon brings to mind a particularly apposite observation by Margaret Mead; 

ñNever doubt that a small group of thoughtful, committed 
citizens can change the world; indeed, it is the only thing that 
ever has.ò                                         

Notwithstanding the extensive contributions from multiple sources; any errors or 
omissions, should they exist, are due solely to my oversight. 

James Glennie CFA. 26-Mar-2015  
Saskatoon, SK, Canada 
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1 ABSTRACT (MAJOR FINDINGS) 

1.1 Electricity users to be liable for losses on oil industry project 

This report indicates that SaskPower customers will be left carrying a loss of more than $1-
billion on a $1.5-billion investment the principal beneficiary of which would appear to be an 
Alberta-based oil company. The losses on this project will mean higher electricity prices for 
Saskatchewan electricity consumers for the foreseeable future.  

1.2 SaskPower mandate does not include cross-subsidies to oil industry 

It is not clear why SaskPower funds have been used to pay for a project the main purpose of 
which appears to be to assist the oil industry in increasing crude oil production. Cross-
subsidization of other industries, within Saskatchewan or Alberta, does not appear to be a 
part of SaskPowerôs mandate. 

1.3 Minimal economic justification for Boundary Dam CCS 

The analysis in this report indicates that the project is unable even to achieve an operating 
profit and has negative Earnings Before Interest Taxes, Depreciation and Amortisation 
(EBITDA). Given these weak economic metrics the justification, for the $1.5-billion spend on 
Boundary Dam Unit #3 CCS, appears to be lacking. 

1.4 Economically superior alternatives exist and merit serious consideration 

Economically superior alternatives to Boundary Dam CCS include energy efficiency, wind 
energy, imports, natural gas, solar or biomass. This report considers only one of those, wind 
energy, and finds that the use of wind turbines, in place of Boundary Dam Unit 3 CCS, could 
have saved electricity consumers more than $1-billion.  

1.5 Government may consider refund to SaskPower from crude oil royalties 

Systems exist to ensure that SaskPower investments are efficient and effective. It is not 
clear why those systems did not prevent the Boundary Dam CCS investment from taking 
place. Nonetheless and since the Government is, after the oil industry, the main financial 
beneficiary from SaskPowerôs $1-billion CCS loss, it may give consideration to refunding 
SaskPowerôs loss from additional royalties raised on Weyburn crude oil. 

1.6 Justification needed for additional CCS units at Boundary Dam  

SaskPower is currently considering two additional CCS units at Boundary Dam Units 4 & 5. 
The poor economics of the Boundary Dam Unit 3 retrofit, demonstrated in this report, should 
cause proponents of those additional CCS retrofits to provide significantly more rigorous 
economic justification prior to proceeding with any investment.  

1.7 Need for electricity industry reform 

The issues highlighted in this report confirm that the current, monopoly, structure of 
Saskatchewanôs electricity industry is ill-suited to the rigors of 21st century electricity markets. 
Consideration should be given to reforms. A óstraw manô proposal is outlined within this 
report: it is intended only to aid in a broader discussion about the various options. 
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4 REPORT SCOPE 

This report considers the cash and, to a much lesser extent, carbon flows associated with 
the $1.467-billion Boundary Dam Carbon Capture and Enhanced Oil Recovery Project in 
Estevan, Saskatchewan. It does not consider the technical viability of CCS.  

The Boundary Dam project consists of two distinct components:  

1) New coal fired power generation capacity (BD3Gen). The original 139 megawatt (MW) 
coal-fired Unit #3 was installed in 1969 and was approaching the end of its useful life. 
Consequently it was replaced in 2014 with a new, 160 MW, coal-fired unit. Fly Ash from it 
is being captured and sold. 

2) Carbon and Sulphur capture facility (BD3CCS).The second component of the project is 
the capture of Carbon and Sulphur Dioxide (C02 and SO2) and, to a lesser extent, oxides 
of Nitrogen (NOX) that are emitted from the coal-fired Unit #3 at Boundary Dam power 
station. Captured CO2 is being transported by pipeline to the privately-owned Weyburn Oil 
Field, 66 kilometres to the north-west, where it will be sold to Alberta-based Cenovus 
Energy, the field operator, and used by them to increase crude oil production. SO2 is 
captured and converted to Sulphuric Acid (H2SO4) which is being sold.  
This CCS component is referred to as BD3CCS throughout this report: this is to 
distinguish it from CCS being considered at Boundary Dam Units 4 & 5 (BD4&5CCS). 

These two components are being pursued as a single project - the Boundary Dam Carbon 
Capture and Enhanced Oil Recovery Project (BD3Gen+CCS). Project 2), BD3CCS, is the 
main focus of this report. On certain occasions we have nonetheless had cause to refer to 
both components together in which case BD3Gen+CCS is employed to denote the two. 

 

5 REPORT STRUCTURE 

INTRODUCTION, EXECUTIVE SUMMARY, FINDINGS AND RECOMMENDATIONS 
Explains the rationale for this report, the scope and structure together with the major 
conclusions and recommendations. Includes a Table of Contents + cash and carbon flow 
summaries and schematics. 

SECTION I. BD3Gen+CCS ECONOMIC ANALYSIS 
Presents the data, used in the analysis, and the derivation thereof. 

SECTION II. WIND ENERGY ï A SUPERIOR ALTERNATIVE 
Presents economic and technical data, together with practical experience from numerous 
North American jurisdictions, which demonstrates that wind energy is a superior option to 
BD3Gen+CCS and to the planned BD4&5CCS. 

SECTION III. DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS   
Demonstrates why common SaskPower statements in favor of BD3Gen+CCS and against 
wind energy, are inaccurate and unjustifiable. Considers the calculation methodology 
employed throughout the analysis, examines the results, highlights specific assumptions and 
omissions. Finishes with conclusions and recommendations. 
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6 EXECUTIVE SUMMARY 

The following summary is mainly drawn from Table 3: 30-year BD3Gen+CCS & Cenovus 
Cash Flow Summary and emissions data from Table 4: 30-year BD3Gen+CCS Carbon 
Flow Summary. All cash flows are present value. 

POWER GENERATION (BD3Gen). The capital investment in 160 MW of new coal-fired 
power generation capacity was $550-million. This is estimated to generate revenue from 
electricity sales of $2.0-billion and to have operating costs of $1.1-billion, i.e. a net profit of 
$391-million after deduction of the initial investment. This net profit is predicated on the 
fact that all electricity from the plant will be sold at $64.5/MWh (SaskPower's estimated 
average cost of electricity). The profitability of the power plant is taken as a given and is, 
for the purposes of this analysis, a secondary issue that will receive minimal consideration. 

CAPTURE FACILITY (BD3CCS). It would appear that the primary purpose of BD3CCS is to 
supply cheap CO2, for Enhanced Oil Recovery (EOR), to the ageing Weyburn Oil Field 60 
km. to the North-West of the facility. Weyburn is currently supplied with CO2 from North 
Dakota under a contract that appears due to expire this year. It therefore needs to secure 
additional sources of CO2 so that crude production can be maintained. BD3CCS is the 
new supplier and SaskPower/Saskatchewan ratepayers are paying for it. 

ECONOMICS. The capital investment in BD3CCS was $917-million. Operating costs are 
$544-million for electricity and $294-million for non-electrical O&M i.e. a total cost of 
$1.755-billion. Offsetting this is revenue of $690-million from the sale of CO2 to Cenovus 
Energy in addition to $23-million from the sale of Sulphuric Acid (H2SO4). The net result is 
that SaskPower/Saskatchewan ratepayers are left carrying a loss of just over $1-billion. 

Various assumptions were made about the costs of CO2-EOR at Weyburn for Cenovus. 
Although there is a certain degree of uncertainty in those assumptions, they nonetheless 
indicate that Cenovus Energy carries minimal BD3CCS investment risk but stands to 
make a considerable profit from CO2-EOR, at  Weyburn, made possible by BD3CCS.   

ENVIRONMENT. One of the project attributes that has been frequently touted, 
presumably to gain public licence to proceed, is that the project brings substantial 
environmental benefit in the form of reduced CO2 emissions. BD3CCS will capture 30-
million tonnes of CO2; 3.3-million tonnes will however be lost in the capture process and 9-
million tonnes will be lost during processing of the CO2/crude mix recovered from the 
Weyburn oil field. Consequently a net amount of only 17.7 million tonnes is permanently 
sequestered and that at a cost of $100/tonne of sequestered CO2. 

CHEAPER AND BETTER WITH WIND ENERGY 

Wind energy could achieve the same thing as BD3Gen+CCS (net production of 757 GWh 
of CO2- and SO2-free electricity) at a capital cost of $450-million. This is $1.017-billion less 
than the $1.467-billion BD3Gen+CCS. This would be a direct saving, to Saskatchewan 
ratepayers, of the same amount i.e. $1.017-billion. Since operating wind turbines emit no 
CO2 they would achieve this at a cost of $0/tonne of avoided CO2 vs. more than 
$100/tonne for BD3CCS.  

RECOMMENDATIONS 

These are summarised in the following section; 
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7 RECOMMENDATIONS 

7.1 Short term 

7.1.1 Govt. to consider refund, to SaskPower, of $1-billion BD3CCS loss  

This report demonstrates that BD3CCS is a $1-billion capital project which will 
benefit the oil industry yet which is being paid for by, carried on the balance sheet 
of, and will be significantly loss-making for, SaskPower (Figure 1: Schematic: 
BD3Gen+CCS & Cenovus 30-year CO2-related Cash Flows). 

This report also demonstrates that the BD3CCS will provide additional revenues, in 
the form of petroleum royalties, for the government while generating a loss of 
approximately $1-billion for SaskPower even before consideration of the cost of 
capital employed. That loss will be passed to Saskatchewan ratepayers in the form 
of higher electricity prices.  

The current Government may have strategic reasons for wishing to subsidize the oil 
industry. It is, however, not clear why Saskatchewanôs electricity consumers should 
have to pay for those subsidies: cross-subsidization of the oil industry does not 
appear to be a part of SaskPowerôs mandate. 

As a result and because both the Saskatchewan Rate Review Panel (22.3.4 Did 
Sask. Rate Review Panel adequately weigh CCS alternatives?) and CIC (22.3.3 
Has Crown Investments Corporation adequately supervised SaskPower) appear not 
to have fully exercised their oversight duties, Saskatchewanôs electricity consumers 
might reasonably expect the Saskatchewan Government to refund the $1-billion cost 
of BD3CCS to SaskPower for subsequent return to electricity consumers through 
rate adjustments. If the Government is not currently able to effect such a one-off 
transfer, it may instead choose to commit to ensuring that all future crude oil 
royalties from Weyburn CO2-EOR (13.5.3 Royalties) are transferred to SaskPower 
for subsequent refund to electricity consumers. 

7.1.2 Reduce planning effort for Boundary Dam 4 & 5 CCS 

SaskPower is planning similar CCS retrofits at Boundary Dam Units 4 & 5 (22.1.9 
BD4&5CCS retrofits contemplated. For real?). Given the information outlined in this 
report there is no clear financial justification for such retrofits. 

Unless SaskPower can demonstrate that the information in this report is flawed, it 
may wish to cease further planning for the BD4&5CCS retrofits. Resources may 
instead be diverted to new generation projects which are profitable without sizeable 
public subsidies. 

7.1.3 Consider replacing Boundary Dam 4 & 5 with wind energy 

The combined post-retrofit output of BD4&5CCS would be 1.5 terawatt hours. This 
amount, given expected demand growth, will be equivalent to 5 percent of total 
province-wide generation. If wind energy was to supply this amount it would mean 
that wind, after consideration of the amount of wind energy that will already be 
operating, will be supplying about 10 percent of Saskatchewanôs electricity needs.  

There is no known economic or technical reason why wind energy should not supply, 
as an absolute minimum, 10 percent of Saskatchewanôs electricity. Iowa and South 
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Dakota already generate more than a quarter of their total electricity using wind 
turbines. If wind energy was to take the place of BD4&5CCS, it would be a profitable 
proposition and would reduce SaskPowerôs capital expenditure requirements by at 
least $1.2-billion but more likely double that (22.2.4 Replace Boundary Dam Units 4 
& 5 with wind).  

7.1.4 Engage in meaningful dialogue with wind & solar industries 

There is a significant amount of material on SaskPowerôs web site, concerning wind 
energy and solar power, which is worded in such a way as to be misleading about 
the relative merits of those resources. Despite various requests, SaskPower has 
been unwilling to correct or remove that material (10.2 Misinformation concerning 
wind energy) and continues to make inaccurate public statements concerning wind 
energy. (20 Justifications used by SaskPower and why they donôt add up) 

SaskPower discriminates against variable renewables in other more subtle but more 
significant, ways: principle amongst these is a Transmission and Connection tariff 
which is more than twice as high for wind and solar as it is for coal. (Figure 5: 
SaskPowerôs Open Access Transmission Tariff ï by Generation Type) 

We, and others, have asked SaskPower on a number of occasions to address these 
deficiencies. Thus far they have been unwilling to do so.  

7.1.5 Independent electro-technical study of wind (& solar) potential  

In 2007 SaskPower stated that it was studying wind energy. In 2015 it said the 
same thing. While SaskPower has been engaged in its 8-year wind study, almost no 
new wind energy has been installed in Saskatchewan (Table 10: Wind projects of 
Saskatchewan). As a result and given the rapid increase in electricity demand over 
the period, the amount of our electricity generated by wind turbines has declined 
from 3.0 percent to 2.8 percent. In that same 8-year period the use of wind energy 
has grown considerably across Canada (564 percent), the U.S. (467 percent) and 
the World (397 percent). (22.3 Electricity System of Saskatchewan) and Figure 18: 
Relative Wind Growth: SK, Canada, U.S. and the World. 2006-2014) 

Clearly SaskPower has the technical capability to undertake the requisite electro-
technical study. Given the information in this report; one suspects that the company 
is unwilling to act due to other priorities. Consideration should therefore be given to 
employing a credible third party, such as GE Energy, to undertake an independent 
and comprehensive electro-technical study on the potential of wind (& solar) energy 
in Saskatchewan. Many such studies have already been undertaken in regions 
across North America, Europe and Australasia (16.1 Variability and electrical 
integration).  

The Pan-Canadian Wind Integration Study cannot and should not be used as 
justification for ignoring this recommendation (16.1.3 Canada). 
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7.2 Where do we go from hereé 

7.2.1 Future rate reviews might better assess cost of alternatives 

The April 2014 conclusion of the Saskatchewan Rate Review Panel (SRRP) did 
make reference to Boundary Dam but did not appear to give significant 
consideration to its high price relative to significantly more cost effective options.  

Had such a comparison been undertaken, it is not clear that SRRP would have 
concluded that SaskPowerôs rate request was ñreasonable and justifiedò. (22.3.4 Did 
Sask. Rate Review Panel adequately weigh CCS alternatives?) 

7.2.2 Greater public scrutiny of contracts involving public funds  

One of the notable features associated with the preparation of this report has been 
the number of instances where justification for the denial of material has been ñthis 
information is commercially confidentialò. Some of the issues identified in this report 
may have been avoided if there had been greater transparency from the outset. As 
a matter of principle contracts involving the expenditure of public funds might 
usefully be subject to more, not less, public scrutiny.  

7.2.3 Electricity sector reform with genuine public dialogue 

The new market structure proposed in this report is not intended to be 
definitive. Instead it is offered as a óstraw manô to illustrate only one possible 
alternative and to assist in initiating the requisite public debate about the 
relative merits of this and other, alternatives. 

The issues highlighted in this report, coupled with the challenges facing SaskPower 
as it seeks to respond to the complexities of modern electricity markets, are due in 
no small part to the fact that Saskatchewanôs electricity sector remains as a 
vertically integrated monopoly. This is a model that contains various conflicts of 
interest and which is increasingly challenged to respond effectively and efficiently to 
the demands of the modern age.  

Public concerns regarding electricity market reforms are frequently based on the 
belief that the electricity system can only be either 100% Crown-owned or 100% 
privately owned. Such a view fails to recognise that a modern electricity system 
consists of multiple interdependent components with separate functions and 
interests. 

A 21st century electricity system should see SaskPower continue as a Crown-owned 
entity located firmly at the heart of Saskatchewanôs electricity system. SaskPower 
would retain its existing mandate to ensure the provision of electricity networks to all 
Saskatchewan consumers. SaskPower would retain ownership and control of the 
natural monopoly portions of the network (Transmission, Distribution and Retailing).  

A government-owned Independent System Operator (ISO) would be established. It 
would have overall control and coordination responsibilities and may include 
regulatory functions. It would be tasked with ensuring fair, equitable and non-
discriminatory access by all to the electricity grid. 

Multiple independent generators would compete to supply power to an electricity 
ópoolô which will be independently managed by the ISO and from which all 
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consumers, including SaskPower, Saskatoon Light & Power and Swift Current 
Power, would source their electricity.  

In order for any such reform of the electricity market to have public legitimacy it is 
critical that it is centrally informed by genuine, comprehensive, extensive, impartial 
and meaningful public dialogue and debate. Nova Scotiaôs ongoing óElectricity 
System Reviewô provides an excellent blueprint (22.3.7 New electricity market 
structure for Saskatchewan).  
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8 CASH & CARBON SUMMARIES 

 

 

Table 1: Year 1 BD3Gen+CCS & Cenovus Cash Flow Summary 

 

 

 

Table 2: Year 1 BD3Gen+CCS Carbon Flow Summary 

 

 

 

Source: Multiple. Saskatchewan Community Wind calculations and estimates. 
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Table 3: 30-year BD3Gen+CCS & Cenovus Cash Flow Summary 

 

 

Table 4: 30-year BD3Gen+CCS Carbon Flow Summary 

 

 

Source: Multiple. Saskatchewan Community Wind calculations and estimates. 
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Table 5: Summary of Key Variables Used in Analysis 

BD3Gen    

total investment (BD3Gen+CCS) $-billion 1.467 Paragraph 12.2 

project life (BD3Gen+CCS) years 30  12.1 

nameplate capacity MW 160 11.1 

net capacity MW 120 12.4.1 

capacity factor % 72 12.3.2 

gross generation GWh per annum 1,010 12.3.1 

net generation GWh per annum 757 12.4.1 

electricity revenue $/MWh 64.48 12.3.4 

o&m $/MWh 34.50 12.3.6 

carbon emissions kg CO2 per MWh 1,100 12.3.3 

BD3CCS    

parasitic load GWh per annum 253 12.4.1 

cost of parasitic load $/MWh 71.78 12.4.2 

o&m (exc. electricity) $/MWh 9.80 12.4.4 

CO2 capture amount million tonnes per annum 1 12.5.1 

CO2  sales to Cenovus $ per tonne CO2 23 12.5.3 

OTHER    

EOR performance Ratio bbl crude per tonne CO2 2.5 13.5.4 

EOR site CO2 emissions % 30.4 14.1 

30-year crude oil price $/bbl 90 13.4 

EOR crude oil royalty rate $/bbl 12 13.5.3 

sales of sulphuric acid  tonnes per annum 15,500 12.6.3 

net revenue from sulphuric acid sale $/tonne 50 12.6.3 



Boundary Dam - Cash & Carbon flows             March-2015 

 

 

 

22-of-99 

 

9 MAP: BD3GEN+CCS, WEYBURN OIL FIELD & BEULAH, NORTH DAKOTA 

Figure 3: Map Showing Location of BD3Gen+CCS, Weyburn Oil Field and Beulah, ND 

 

 

 

Source: Google Maps 
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10 MOTIVATION FOR COMPILING THIS REPORT 

Some may wonder why we have spent considerable time, effort and resource on this report.  

10.1 Saskatoon Community Wind: initial work gets underway 

Our rationale for setting up Saskatchewan Community Wind was because this province has 
one of the best wind resources in Canada (Figure 9: Wind Resource Map of Canada and the 
U.S.), but one of the lowest uses of that resource relative to other provinces (Figure 13: 
Percent Electricity from Wind. SK Compared with Canadian Provinces) and, for that matter, 
relative to US States (Figure 23: Saskatchewan Compared with Top-10 U.S. Wind States. 
2006 & 2014). Saskatchewan also has one of the highest per capita power sector GHG 
emissions in Canada (Figure 4: Per Capita Power Generation GHG Emissions by Province) 
and the world. 

Another major incentive was and remains, Saskatchewanôs high usage of coal-fired 
generation and the upcoming Federal GHG regulations. These regulations require either the 
closure, or the expensive retrofit of, a significant portion of Saskatchewanôs coal-fired power 
generation capacity. (11.2 Federal GHG regulations for coal-fired plant). We initially assumed 
that these new regulations would provide added incentive to investigate cost competitive 
renewable energy options such as wind. 

Figure 4: Per Capita Power Generation GHG Emissions by Province 

 

Source: Canada National Inventory Report 1990-2012 - Part 3.  A11 2012 GHG Emission Summary by 
Province. StatsCan - Population by Year & Province. 

We began our efforts, to create a community-owned wind project, in Saskatoon in June 2012. 
Matters initially progressed well with productive discussions with the City of Saskatoon over a 
number of months starting in October 2012 through to April 2013. Communications slowed 
through the summer of 2013 but we assumed that was due to the usual summer vacations. 
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We received our first major surprise in October 2013 when, without warning, discussion or 
justification, the City of Saskatoon buried a clumsily worded rejection of our community-
owned wind energy proposal as the last item in the agenda of an Administration and Finance 
Committee meeting1.  

The October 2013 report was then followed in January 2014 with another similar report to the 
Planning and Operations Committee2. We asked to speak at that meeting and our President 
used the opportunity to present information3 on the financial attractiveness of wind energy, 
relative to all other generation options being considered by the City. He also outlined our 
organisationôs concerns with the Cityôs report. Those comments were not adopted by the 
Committee and were followed two days later by an error-filled editorial in the Star Phoenix4 
which was critical of wind energy generally and Saskatoon Community Wind specifically.  
The author of that article sought the opinion of City Administration, at least one City 
Councillor and the then-CEO of SaskPower (Robert Watson), but did not see fit to contact 
our organization to learn about the relative merits of our proposal. 

It became clear at this stage that the City had, for reasons unknown, lost whatever initial 
interest it may have had in our proposal and did not wish to pursue further dialogue. 

10.2 Misinformation concerning wind energy 

What was particularly noteworthy about the aforementioned Star Phoenix editorial was a 
comment from the CEO of SaskPower that new generation ñwill have to come from sources 
that donôt have to be subsidizedò. Our organization was struck by this since, as this report 
demonstrates, it would be difficult to justify an assertion that subsidies in Saskatchewan are 
exclusive to wind energy.  

Natural gas enjoys a substantial hidden subsidy by virtue of the fact that gas price volatility 
risk is socialized onto electricity users: in other words if gas prices rise, the cost of that gas 
price rise is not borne by the generator but rather is simply passed straight through to the 
consumer. This is achieved by Power Purchase Agreements which are ócommercially 
confidentialô and consequently not open to public scrutiny.  

Even before BD3Gen+CCS was online, coal enjoyed substantial subsidies by virtue of the 
fact that the transmission tariff paid by coal-fired generators is less than half the amount of 
that paid by wind generators5 (Figure 5: SaskPowerôs Open Access Transmission Tariff ï by 
Generation Type). There are also substantial negative health and environmental externalities 
for which coal currently has no financial liability6. 

                                                

1 óCommunity Power Projects Feasibility. WT-7550-29ô. City of Saskatoon Administration and Finance 
Committee. 26-Sep-2013. 

2 óCommunity Power Projects Feasibility. CK. 2000-5 & WT. 7550-29ô. City of Saskatoon Planning and 
Operations Committee. 28-Jan-2014  

3 óSaskWind oral presentation to City of Saskatoonô James Glennie, SaskWind President. 28-Jan-2014.  

4 óWind project just not viable.ô 30-Jan-2014. Editorial: The Star Phoenix 

5 óAnother SaskPower bias against wind?ô SaskWind blog: 30-Sep-2014 

6 óA Costly Diagnosis: subsidizing coal power with Albertansô healthô. Asthma Society of Canada, 
Canadian Association of Physicians for the Environment, The Lung Association ï Alberta and the 
Northwest Territories, The Pembina Institute.  March 2013 

https://saskatchewancommunitywind.squarespace.com/s/140128-SCW-City-Council.pdf
http://www.saskwind.ca/blogbackend/2014/9/30/another-subsidy-for-coal
http://www.saskwind.ca/blogbackend/2014/9/30/another-subsidy-for-coal
http://asthma.ca/pdf/costly-diagnosis.pdf
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Figure 5: SaskPowerôs Open Access Transmission Tariff ï by Generation Type 

 

Source: SaskPower Open Access Transmission Tariff. Effective 1-Sep-2011. Saskatchewan 
Community Wind calculations. 

Over the last few months our organization has written to SaskPower regarding these issues 
and others including; 

1) The inaccuracies and generally negative tone, in the public information on SaskPowerôs 
web site regarding wind and solar energy7 8. 

2) The Open Access Transmission Tariff appears to discriminate against wind (and solar)9. 
3) The $1.5-billion BD3Gen+CCS conversion 10 : the subject of this report. This heavily 

subsidized project was opened only a few months after the then-CEO of SaskPower 
justified dismissal of our community-owned wind proposal by stating that ñmore wind 
generation will have to come from sources that donôt have to be subsidizedò11. 

SaskPower has chosen not to provide a substantive response to any of our questions12 and, 
it would appear, to those of others as well13.  

                                                

7 óWind energy facts & public debate on supply optionsô. SaskWind letter to SaskPower. 1-Aug-2014 

8 óWind energy facts & public debate on supply optionsô. SaskWind letter to SaskPower. 18-Aug-2014 

9 óSaskPower OATT tariff: 2X higher for wind than coal.ô SaskWind letter to SaskPower. 10-Nov-2014 

10 óSaskPower OATT Tariff: 2X higher for wind than for coal. Preferential subsidies for coal.ô SaskWind 
letter to SaskPower. 11-Dec-2014 

11 óWind project just not viableô. Editorial. The Star Phoenix. 30-Jan-2014 

12 SaskPower response to óSaskPower OATT tariff: 2X higher for wind than for coalô. SaskPower letter 
to Saskwind. 10-Dec-2014 

http://static1.squarespace.com/static/5394a3cbe4b032d797fe179c/t/53f38dcbe4b0554a7ae9e219/1408470475317/140801-SCW-Wind+facts-letter+to+SaskPower.pdf
http://static1.squarespace.com/static/5394a3cbe4b032d797fe179c/t/53f38d84e4b097ededc0abf4/1408470427046/140818-SCW-Wind+facts-letter+to+SaskPower.pdf
http://static1.squarespace.com/static/5394a3cbe4b032d797fe179c/t/5460f82ce4b0a8164006a4dd/1415641132030/141110-SCW-SaskPower+OATT+charges.pdf
http://static1.squarespace.com/static/5394a3cbe4b032d797fe179c/t/5489ff7de4b09cb7481d38ee/1418329981794/141211-SCW-SaskPower+OATT-BoundaryDam.pdf
http://static1.squarespace.com/static/5394a3cbe4b032d797fe179c/t/5488f062e4b041e0262b0d30/1418260578627/141210-SaskPower-OATT-Response.pdf
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10.3 Uncritical analysis of BD3Gen+CCS in rate review 

On October 25, 2013 SaskPower presented a multi-year rate application to the 
Saskatchewan Rate Review Panel (SRRP) requesting a system-average rate increase of 5.5% 
to take effect January 1, 2014, with a 5% increase to take effect January 1, 2015, and a 
further 5% increase effective January 1, 2016.  

At the time of that review our organization was not in a position to make a formal submission 
and, due to Saskatchewanôs monopoly electricity market structure and the market power 
afforded to its sole incumbent, we did not wish to challenge costs on Boundary Dam. 
Nonetheless we followed the process with interest in the hopes that the SRRP would query 
the high costs of BD3Gen+CCS relative to more economically attractive alternatives such as 
energy efficiency, wind energy and solar power. 

In April 2014 we were disappointed when the SRRP concluded their review of SaskPowerôs 
3-year rate application apparently without substantive query of the very high cost of 
BD3Gen+CCS. Instead SRRP noted that the rate increase application was óreasonable and 
justifiedô (22.3.4 Did Sask. Rate Review Panel adequately weigh CCS alternatives?). That 
comment does not, as this report demonstrates, appear to be justified by the facts. 

 

 

 

In summary: Our initial intention was to focus on a profitable wind energy project which 
should have led to substantial economic, social and environmental benefits for cities and 
towns across Saskatchewan.  

It was only the pervasive systemic resistance that we have encountered over the last 2 years 
which caused us to put the wind project to one side and instead to focus on trying to 
understand the reason for that resistance.  

The data contained within this report indicates that there is a political directive to use public 
funds, from the electricity industry, to subsidise the aging Saskatchewan oil industry. It would 
appear that wind energy, despite its vastly superior economics, is not going to be allowed to 
interfere with the execution of that directive. 

  

                                                                                                                                                  

13 óHanley: questions remain over SaskPower project.ô Paul Hanley. The Star Phoenix. 18-Nov-2014 

http://www.thestarphoenix.com/technology/Hanley+Questions+remain+over+SaskPower+project/10390489/story.html
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SECTION I: 

BOUNDARY DAM CCS ECONOMIC ANALYSIS 

11 BACKGROUND  

11.1 SaskPowerôs power generation fleet and Boundary Dam within it 

There are 27 power generation facilities in Saskatchewan of which 11 are Independent 
Power Producers and 16 are operated by SaskPower. Of the 16, three are coal fired, with a 
total capacity of 1,591 MW, of which the largest is the Boundary Dam Power Station14. 
Boundary Dam is the largest lignite burning power station in Canada and is also the oldest in 
SaskPowerôs fleet with the first module within it (Unit 1) having been commissioned in 195915. 

The plant originally consisted of 6 separate units, housed in a single facility, with a combined 
capacity of 824 MW (Table 6: Boundary Dam Unit Detail). 

Table 6: Boundary Dam Unit Detail 

Unit  No. Capacity (MW) Construction Status 

1 62 1959 Decommissioned 

2 65 1960 Decommissioned 

3 (139)/160 (1969)/2014 Operating 

4 139 1970 Operating 

5 139 1973 Operating 

6 300 1977 Operating 

Unit 1 (62 MW) was decommissioned in 2013 16 .  Unit 2 (65 MW) was subsequently 
decommissioned in August 2014 after 53 years in service17 . The original Unit 3 had a 
capacity of 139 MW although this was removed and replaced in 2014 with a new 160 MW 
unit as part of the Boundary Dam CCS project.  Boundary Dam Units 4 and 5 each have a 
capacity of 139 MW. Unit 6 (300 MW) underwent a major refurbishment in 2003 which was 
projected to extend its life until 202818. 

                                                

14 SaskPower Report and Accounts 2013 

15 óOverview of SaskPowerô. Standing Committee on Crown and Central Agencies. 6-Oct-2009.  

16 óOldest Boundary Dam Unit retired from SaskPower generating fleet after more than 50 years of 
serviceô. SaskPower press release. 1-May-2013 

17 óNo jobs lost as Unit 2 comes off lineô. Estevan Lifestyles. 21-Aug-2014. 

18 ó$80-million upgrade completed at Boundary Dam Power Stationô. Govt. of Saskatchewan. 12-Sep-
2003 

http://www.saskpower.com/about-us/media-information/news-releases/oldest-boundary-dam-unit-retired-from-saskpower-generating-fleet-after-more-than-50-years-of-service/
http://www.saskpower.com/about-us/media-information/news-releases/oldest-boundary-dam-unit-retired-from-saskpower-generating-fleet-after-more-than-50-years-of-service/
http://www.sasklifestyles.com/news/local-news/no-jobs-lost-as-unit-2-comes-off-line-1.1632010
http://www.gov.sk.ca/news?newsId=00000a1c-0774-4b93-a883-b136bb7cbbe8
http://www.gov.sk.ca/news?newsId=00000a1c-0774-4b93-a883-b136bb7cbbe8
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11.2 Federal GHG regulations for coal-fired plant 

In September 2012 the federal government released the new rules for coal-fired power 
plants - óThe Reduction of Carbon Dioxide Emissions from Coal-fired Generation of 
Electricity Regulationsô. 

Under those rules, companies will not be able to commence construction of a new coal-fired 
power plant after July 1, 2015, unless it is equipped with carbon-capture and storage (CCS) 
technology that would bring greenhouse gas emissions down to a level comparable with 
high-efficiency gas plants. 

More importantly for Saskatchewan, SaskPower and Boundary Dam: companies will also 
have to close coal plants, built before 1975, by the year 2020. Any plant built after 1975 will 
have to close by 2030 unless it is equipped with CCS19. In other words: SaskPower will have 
to close all but one of its six Boundary Dam coal-fired power generation units by 2020 or it 
will have to fit those units with carbon capture technology. 

It is this legislation which provided the explicit reason for BD3Gen+CCS and which 
SaskPower notes is causing it to consider similar retrofits for Units 4 & 520,21. The implicit and 
less well known reason for the Unit 3, 4 & 5 retrofits is to do with the provision of CO2 for the 
aging Weyburn Oil Field.  

11.3 Weyburn Oil Field and Boundary Dam Units 3, 4 & 5. A tangled webé 

11.3.1 The Weyburn Oil Field 

The Weyburn oil field is located near Midale, Saskatchewan (Figure 3: Map Showing 
Location of BD3Gen+CCS, Weyburn Oil Field and Beulah, ND) approximately 60km. to the 
Northwest of the Boundary Dam facility. There are 37 partners in the Weyburn field 
consortium: Cenovus Energy is the 62% owner and operator of the field (see 11.3.3 
Cenovus Energy).  

The field was discovered in 1954 and has been producing since 1957. Figure 6: Weyburn Oil 
Field Production (1955 to 2010) illustrates that Weyburn production peaked at 45,000 
bbl/day in the late 1960's before a sharp decline through to the late eighties. At that time the 
decline was halted and partially offset, by infill drilling, followed by water injection in the 
nineties and then CO2 flooding (CO2-EOR) starting in 200022.  

                                                

19 óOttawa unveils new coal-fired plant emission rulesô. Shawn McCarthy. The Globe & Mail. 5-Sep-
2012 

20 óSaskPower Signs 10-year Deal with Cenovusô. Bruce Johnstone. The Regina Leader Post. 20-Dec-
2012 

21 óPresentation to University of Kentuckyô. Max Ball (Manager of Coal Technologies at SaskPower) 
19-Feb-2014. University of Kentucky website as @ Feb 2015 

22 'Increasing Oil Production and Reducing Greenhouse Gas Emissions'. Weyburn Facility Profile 
Cenovus Energy: June 2014.  

http://www.theglobeandmail.com/report-on-business/industry-news/energy-and-resources/ottawa-unveils-new-coal-fired-plant-emissions-rules/article4522237/
http://www.caer.uky.edu/podcast/Ball-CAER-Seminar-2-19-14-secured.pdf
http://www.cenovus.com/operations/docs/Weyburn-Facility-Profile.pdf
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Figure 6: Weyburn Oil Field Production (1955 to 2010) 

 

Source: Cenovus Energy via Wikipedia  

11.3.2 Weyburn EOR, CO2 from North Dakota and an expiring contract 

The basic idea behind CO2-EOR, i.e. Enhanced Oil Recovery using CO2, is that CO2 is 
injected into mature oil fields. When it contacts oil at high pressure it acts as a solvent 
making the oil thinner and hence more fluid. This causes the oil to flow to producing oil wells 
within the field. Although simple in concept, the challenge with CO2-EOR lies in finding a 
reliable and cost competitive, source of CO2. Enter, for a time at least, the Great Plains 
Synfuels Plant of the Dakota Gasification Company of North Dakota (Figure 3: Map Showing 
Location of BD3Gen+CCS, Weyburn Oil Field and Beulah, ND). 

The genesis of the Great Plains Synfuels Plant near Beulah, North Dakota, lay in the OPEC 
oil crisis of the early 1970's when rising crude oil prices, in combination with U.S. price 
controls, choked production of natural gas. In this environment, the concept behind the plant 
was to use North Dakota's vast reserves of lignite to manufacture a ósyntheticô hydrocarbon 
gas ('syngas') which could be converted to CH4 (methane: the main component of natural 
gas) and then fed into the North American natural gas pipeline system. The project would 
also produce a large waste stream of CO2 and other chemicals.  

Construction eventually began in the early 1980's after the Reagan administration agreed to 
back the project with federal loan guarantees. It was complete in 1984 but barely a year later 
was in financial trouble with loan defaults23.  

                                                

23 'Synthetic Natural Gas From Coal: Process & Commercialization'. National Energy Technology 
Laboratory, US Department of Energy website @ Mar-2015 

http://www.netl.doe.gov/research/coal/energy-systems/gasification/gasifipedia/coal-to-sng-process
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In 1988 the Basin Electric Power Cooperative of Bismarck, North Dakota, purchased the 
troubled chemical plant (The Dakota Gasification Company). At the time it was 
manufacturing 4.8 million m3 daily of syngas. The CO2 at that time was simply a waste by-
product and had no value24: but Basin Electric had other plans. They intended to ship that 
waste stream northwards to the Weyburn Oil Field for use in enhanced oil recovery. In 1997 
a 15-year CO2 supply contract was signed between the Dakota Gasification Company and 
PanCanadian Petroleum (the then-operator of the Weyburn field)25. With this contract as 
security the Dakota Gasification Company was able to proceed with construction of the CO2 
pipeline to Saskatchewan as well as the various plant modifications required. 

Three years later, in September 2000, the Dakota Gasification Company turned on a new 
320 km. CO2 pipeline (The Souris Valley Pipeline) which runs from The Great Plains 
Synfuels Plant to the Weyburn Oil Field 26 . (Figure 3: Map Showing Location of 
BD3Gen+CCS, Weyburn Oil Field and Beulah, ND).  

As of 2014 the plant was exporting about 152 million ft3 daily of CO2 to the Weyburn and 
Midale oil fields in Saskatchewan27. This is equivalent to 4.3 million m3 daily, 1,500 million m3 
annually or, given the density of CO2, approximately 3 million tonnes every year. Wikipedia 
has some additional information on volumes and gross margins of CO2 sales. The 
information may be of value to researchers but is not referenced and consequently is not 
included herein. 

CO2-EOR, which as noted has been underway at Weyburn since 2000, ñis expected to 
extend the life of the Weyburn field by about 30 yearsò 28.  

11.3.3 Cenovus Energy 

Cenovus began independent operations in December 2009 when Encana Corporation split 
into two distinct companies: one an oil company (Cenovus) and the other a natural gas 
company (Encana). Cenovus has retained the assets from PanCanadian Energy Corp. and 
Alberta Energy Co., the two Canadian oil and natural gas companies that merged to form 
Encana in 2002.  

Cenovus is headquartered in Calgary, Alberta, and is the 62% owner and operator of the 215 
km2 Weyburn Oil Field. 

11.3.4 BD3Gen+CCS project 

In February 2008 the Saskatchewan government announced that it would proceed with a 7-
year reconstruction and repowering of SaskPower's Unit #3 at the Boundary Dam coal-fired 

                                                

24 'Carbon Dioxide for Sale: Dakota Gasification Company was once a defunct coal mine. Now its a 
thriving CO2 recycling plant'. MIT Technology Review July 2005 

25 'Big Canadian Miscible CO2-EOR Project, Pipeline Advance'. Oil and Gas Journal. 7-July-1997 

26 óCenovus Energy Proposed Rafferty CO2 Pipeline Projectô. Cenovus Energy Jan-2013 factsheet. 
Website @ Mar-2015 

27 óGas Pipeline: CO2 Pipelineô. Dakota Gasification Company web site @ Mar-2015 

28 óIncreasing Oil Production and Reducing Greenhouse Gas Emissionsô. Weyburn Project Overview. 
Cenovus Energy Jun-2014 factsheet. Web site @ Mar 2015 

http://www.technologyreview.com/article/404350/carbon-dioxide-for-sale/
http://www.technologyreview.com/article/404350/carbon-dioxide-for-sale/
http://www.ogj.com/articles/print/volume-95/issue-27/in-this-issue/general-interest/big-canadian-miscible-co-2-eor-project-pipeline-advance.html
http://www.cenovus.com/operations/oil/docs/rafferty-landowner.pdf
http://www.dakotagas.com/Gas_Pipeline/
http://www.cenovus.com/operations/docs/Weyburn-Facility-Profile.pdf
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power station located near Estevan (Figure 3: Map Showing Location of BD3Gen+CCS, 
Weyburn Oil Field and Beulah, ND)29, 30.  

It was proposed that CO2 (together with SO2) would be removed by means of a sequential 
and integrated process - the CANSOLV SO2/CO2 Integrated Capture System31.  

The stated purpose of the project was to comply with the new federal emissions 
requirements (11.2 Federal GHG regulations for coal-fired plant) however it was made clear 
from the initial announcement that the captured CO2 was to be used for Enhanced Oil 
Recovery (CO2-EOR) 32, 33.  

As the Global CCS Institute itself notes "CO2 injection has been used for many years for 
enhanced oil recovery (EOR), in which case, the goal has been to get more oil per well 
rather than for environmental concerns."34 

11.3.5 CO2 deficit at Weyburn? New Federal regs. & BD3CCS to the rescue!  

As noted (11.3.2 Weyburn EOR, CO2 from North Dakota and an expiring contract), the 
original CO2 supply contract from North Dakota appears to expire in September 2015. It 
seems likely that the rapidly expanding oil industry in the Dakotas has finally created the 
opportunities, long ago identified by the Dakota Gasification Company35, to sell CO2 for EOR 
to reservoirs within the huge Williston Basin underlying parts of North and South Dakota.  

It therefore appears that Cenovus, as current operator of Weyburn, must secure an 
alternative CO2 source so that it can maintain existing crude oil production from Weyburn. 

The new Canadian federal coal-plant regulations provide just such a CO2 source and all 
conveniently packaged as a progressive federal environmental initiative. In accordance with 
these regulations SaskPower will have to close all but one of its six Boundary Dam coal-fired 
power generation units by 2020 or it will have to fit those units with carbon capture 
technology. (11.2 Federal GHG regulations for coal-fired plant)   

This opportunity might therefore appear, at first blush, to be advantageous for both parties. It 
would appear to give SaskPower the revenue it needs to justify the CCS which will allow it to 
continue operating aging coal-fired power plants such as Boundary Dam.  It gives Cenovus 
access to the CO2 it badly needs to continue with crude oil production from the Weyburn Oil 
Field. For Cenovus the arrangement also significantly reduces CO2 transport costs: the 

                                                

29 'Saskatchewan Plans Clean Coal-Carbon Capture Project'. 27-Feb-2008. Power Engineering 

30 'Boundary Dam Fact Sheet: Carbon Dioxide Capture and Storage Project'. Carbon Capture and 
Sequestration Technologies MIT.edu website @ Mar-2015 

31 óThe CANSOLV SO2/CO2 Integrated Systemô. Shell Global website @ Mar-2015 

32 'Saskatchewan Plans Clean Coal-Carbon Capture Project'. 27-Feb-2008. Power Engineering 

33 óSaskatchewan approves carbon-capture projectô. Shawn McCarthy. The Globe & Mail. 26-Apr-2011 

34 'CO2 Gets Grounded: As Major CCS Projects Enter the Startup Phase, R&D Efforts to Reduce the 
Costs for Capturing CO2 Continue." Newsfront: The Global CCS Institute. April 2014 via Shell 
website @ Mar-2015 

35 óCO2 Recovery and Sequestration at Dakota Gasification Company.ô Myria Perry and Daren Eliason. 
Dakota Gasification Company. Oct-2004. Via Gasification.org website @ Mar 2015. 

http://www.power-eng.com/articles/2008/02/saskatchewan-plans-clean-coal-carbon-capture-project.html
https://sequestration.mit.edu/tools/projects/boundary_dam.html
http://www.shell.com/global/products-services/solutions-for-businesses/globalsolutions/shell-cansolv/shell-cansolv-solutions/so2-co2.html
http://www.power-eng.com/articles/2008/02/saskatchewan-plans-clean-coal-carbon-capture-project.html
http://www.theglobeandmail.com/report-on-business/industry-news/energy-and-resources/saskatchewan-approves-carbon-capture-project/article534715/
http://s00.static-shell.com/content/dam/shell-new/local/corporate/global-solutions/downloads/pdf/shell-cansolv-feature-chemical-engineering-2014.pdf
http://s00.static-shell.com/content/dam/shell-new/local/corporate/global-solutions/downloads/pdf/shell-cansolv-feature-chemical-engineering-2014.pdf
http://www.gasification.org/uploads/eventLibrary/11ELIA_Paper.pdf
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distance from Boundary Dam to Weyburn (66 kilometres) is significantly less than from 
Boundary Dam to Beulah, North Dakota (320 kilometres). 

 

However and as this report demonstrates, the advantages of this arrangement would appear 
to accrue to only one of the parties: and it is not SaskPower. 

12 PROJECT VARIABLES/MODEL INPUTS 

This section considers the major inputs to the cash- and carbon-flow models in this report. 
Items highlighted in red are key inputs. 

12.1 BD3Gen+CCS project life 

SaskPower has advised that the project will have a life of 30 years36. This is the figure which 
has been assumed but see 18.3 BD3Gen+CCS life for discussion. 

12.2 BD3Gen+CCS capital cost 

The initial project cost was $1,240-million 37  of which $240-million was from the federal 
government38. All non-federal funds have been provided by SaskPower39. 

In October 2013 SaskPower announced that the project was $115-million over budget40 i.e. a 
total amount of $1,355-million.   

In February 2015 SaskPower noted that total costs had risen by a further $112-million to a 
total of $1.467-billion: of which SaskPowerôs investment is $1.23-billion and Federal 
investment is $240-million. Notwithstanding that additional cost overrun, SaskPower has 
advised that the ñfinal costs are still to be tallied.ò41.  

A portion of the $1.467-billion total was used to install a new 160 MW coal-fired unit in place 
of the old Unit #342. Although the actual amount was not disclosed, it can be estimated with 
reasonable accuracy. 

A SaskPower presentation from March 201343  notes that of a total BD3Gen+CCS cost 
(which was then $1.24-billion), 50% will be for óCO2 Captureô, 30% will be for the óPlant 

                                                

36 óHanley: Questions remain over SaskPower project.ô Paul Hanley. The Star Phoenix. 18-Nov-2014 

37 'Boundary Dam Integrated Carbon Capture and Storage Demonstration Project'. April-2012. Fact 
sheet. SaskPower website @ Mar-2015 

38 'Boundary Dam Fact Sheet: Carbon Dioxide Capture and Storage Project'. Carbon Capture and 
Sequestration Technologies @ MIT website @ Mar-2015  

39 óMaking the Big Decision: Premier Brad Wallô. Pipeline News. Volume 7, Issue 5. Pp A15. Oct-2014 

40 'Boundary Dam Carbon Capture Project Over Budget'. 19-Oct-2013. Global Saskatoon 

41 óCCS Performance Data Exceeding Expectations at World-First Boundary Dam Power Station #3ô. 
SaskPower press release. 11-Feb-2015 

42 óAlberici to Install Turbine for SaskPower Carbon Capture Pilot Project'. 1-Sep-2013. Electric Light & 
Power 

43 'SaskPower CCS Global Consortium - Bringing Boundary Dam to the World'. March 2013 by Mike 
Monea. US Energy Association web site as at Sep-2014. 

http://www.thestarphoenix.com/technology/Hanley+Questions+remain+over+SaskPower+project/10390489/story.html
http://www.saskpower.com/wp-content/uploads/clean_coal_information_sheet.pdf
https://sequestration.mit.edu/tools/projects/boundary_dam.html
http://www.pipelinenews.ca/Newspaper/2014_10/2014_10_section_a.pdf
http://globalnews.ca/news/912758/boundary-dam-carbon-capture-project-over-budget/
http://www.saskpower.com/about-us/media-information/news-releases/ccs-performance-data-exceeding-expectations-at-world-first-boundary-dam-power-station-unit-3/
http://www.elp.com/articles/2013/01/alberici-to-install-turbine-for-saskpower-carbon-capture-pilot-project.html
http://www.elp.com/articles/2013/01/alberici-to-install-turbine-for-saskpower-carbon-capture-pilot-project.html
http://www.usea.org/sites/default/files/event-/SaskPower%20CCS%20Presentation%20-%20USEA%20-%20March%202o13%20.pdf
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Refurbishmentô - i.e. the new generation capacity - and the remaining 20% will be for 
óEmission Controls and Efficiency Upgradesô.   

If the same proportion is assumed for the current total project cost of $1.467-billion; this 
implies a generation plant cost of $440-million. If the amount for óEmissions Controls and 
Efficiency Upgradesô is allocated proportionately to ñPlant Refurbishmentô and óCO2 Captureô 
- it implies a cost, for BD3Gen, of $550-million. For comparison and as a óreasonablenessô 
check: this amount is similar to data from the US Energy Information Administration which 
annually publishes capital costs of power generation plants. That material44 indicates that it 
would be reasonable to assume a figure of $3,000/kW: in other words a total amount of 
$480-million.  

Hence the capital cost of BD3CCS is assumed to be the remainder i.e. $1.467-billion less 
$550-million = $917-million.  

These calculations are summarised in Table 7: Capital Cost: BD3Gen+ CCS. 

Table 7: Capital Cost: BD3Gen+ CCS 

Item 

 

Cost 
Allocation  

(%) 

Cost 
Allocation 

($-mln) 

 Emission 
Controls 
($-mln) 

 Total 
 

($-mln) 

Power Station 30% 440 + 110 = 550 

Emission Controls 20% 293     

CCS 50% 734 + 183 = 917 

TOTAL 100% 1,467  293  1,467 

 

12.3 BD3Gen 

12.3.1 Annual electricity generation 

Since the project will capture a total of 1 million tonnes of CO2 annually (12.3.3 CO2 

emissions) with an efficiency of 90% (12.5.2 CO2 capture efficiency), total emissions = 1/0.9 
= 1.11 million tonnes. And since the emission intensity = 1,100 kg CO2/MWh (12.3.3 CO2 
emissions); gross annual generation of BD3Gen = 1.11 million tonnes / 1.1 tonnes CO2/MWh 
= 1,010 GWh.  

12.3.2 Load factor 

The Load Factor, also known as the Capacity Factor, is a measure of the actual annual 
generation relative to the theoretical maximum generation. 

Load factor of BD3Gen = 1,010 GWh / (160 MW * 8,765 hours per year) = 72% 

                                                

44  'Updated Capital Cost Estimates for Utility Scale Electricity Generation Plants'. US Energy 
Information Administration. 12 April 2013 

http://www.eia.gov/forecasts/capitalcost/pdf/updated_capcost.pdf
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12.3.3 CO2 emissions 

The CO2 emissions of a thermal power station are a function of the;  

1) heat rate of the power plant,  

2) energy content of the fuel (i.e. lignite), and the;  

3) carbon content of that fuel.  

One could calculate the emissions from basic principles or instead one can use published 
data. The latter option in this instance is more accurate because it was not possible to locate 
information about the heat rate of BD3Gen or the specific energy and carbon composition of 
the lignite that fuels it. 

Emission factors of 1,100 kg CO2/MWh for lignite are reported as compared with 1,000 kg 
CO2/MWh for coal45. 

These figures compare reasonably well with the average emission rate for the US coal-fired 
fleet (1,020 kg/MWh46) reported by the U.S. government. They also compare favourably with 
the system-wide average SaskPower-reported emissions of 840 kg/MWh. This, significantly 
lower 840 kg/MWh figure, is to be expected because, when it was calculated, 54% of 
Saskatchewan's electricity was generated using lignite, 19% from natural gas (emissions 
factor of 515 kg/MWh47) and most of the remainder from non-emitting sources.  

Consequently this analysis employs a BD3Gen emissions factor of 1,100 kg/MWh. 

12.3.4 Revenue from electricity sales 

SaskPower's weighted average electricity sales price is $91/MWh however it would not be 
valid to use this because it includes 'Residential', 'Farm' and 'Commercial' categories which, 
by definition, contain distribution costs. More accurate would be a weighted average of 
'Oilfield', 'Power', 'Reseller' and 'Export' prices: this equates to $71.78/MWh48.  

However the $71.78 includes SaskPower's Open Access Transmission Tariff49 (OATT)50. 
This charge, which is levied on individual generators based on their generation capacity, will 
obviously not accrue to the generator and so needs to be backed off. The OATT charge can 
be converted to a workable figure (i.e. energy rather than capacity-based) by using 
SaskPower's posted tariffs and the capacity factor calculated earlier (12.3.2 Load factor), it 
equates to $7.3/MWh of generation from Unit #3. 

                                                

45  'A guide to Life Cycle GHG Emissions from Electric Supply Technologies'. Daniel Weisser, 
PESS/IAEA, Vienna. Undated. Via IAEA web site @ Mar 2015 

46 óCoal: Electricity from Coalô. US Environmental Protection Agency website @ Mar 2015 

47 óNatural Gas: Electricity from Natural Gas ï Air Emissionsô. US Environmental Protection Agency. 
Website @ Mar 2015 

48 'SaskPower Annual Report.'  Five Year Revenue Statistics (Pp 126). SaskPower.  

49 óOpen Access Transmission Tariffô. Effective Sep 1, 2011. SaskPower website @ Mar 2015  

50 OATT - Open Access Transmission Tariff. The amount SaskPower levies to recover the cost of its 
transmission network ($83-million total revenue requirement (Attachment G Pp 135)) + associated 
ancillary services (Schedule 1 ï 6. Page 89 to 95). This amount is allocated on a capacity-based 
mechanism. 

https://www.iaea.org/OurWork/ST/NE/Pess/assets/GHG_manuscript_pre-print_versionDanielWeisser.pdf
http://www.epa.gov/cleanenergy/energy-and-you/affect/coal.html
http://www.epa.gov/cleanenergy/energy-and-you/affect/natural-gas.html
http://www.saskpower.com/wp-content/uploads/2013_saskpower_annual_report.pdf
http://www.saskpower.com/wp-content/uploads/open_access_transmission_tariff.pdf
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Since this amount is required to pay for transmission and balancing services, that revenue 
will not accrue to the generator and needs to be backed off leaving an implied total BD3Gen 
revenue of $64.48/MWh. 

12.3.5 Revenue from Fly Ash sales 

Also known as Flue Ash, this is one of the residues generated following the combustion of 
lignite (and coal) in the power generation industry. For that reason cash flows associated 
with Fly Ash capture and sale have been included under BD3Gen.  

In the past fly ash was simply released into the atmosphere during combustion however 
pollution control equipment mandated in recent decades has put an end to this practice. Fly 
ash from coal-fired power stations is generally stored at coal plants, placed in landfills or 
recycled - typically where it replaces Portland cement in concrete production. 

Typical fly ash recovery rates are 31 kg/MWh51. As noted BD3Gen will generate 1,010 GWh 
p.a. which equates to 31,000 tonnes of fly ash annually. Depending on the use to which the 
fly ash is put, it can attract a range of prices. The best, in terms of potential revenue, is 
concrete quality fly ash which can attract $22 - $49 per tonne52: the mid-point in this range, 
i.e. $35/tonne, is assumed.  

This calculation assumes no operating cost for capturing and processing fly ash even though 
such is likely to be significant. 

12.3.6 Operations and Maintenance (inc. fuel) 

There is no public information on the O&M costs for BD3Gen therefore estimates have been 
employed. The US EIA calculates the levelized O&M cost for conventional coal plant 
(including fuel) at $34.5/MWh53. Since gross annual generation for BD3Gen is 1,010 GWh 
(12.3.1 Annual electricity generation) this implies annual O&M (inc. fuel) of $34.8-million or 
$1.045-billion over the project life.  

12.4 BD3CCS: General 

12.4.1 Parasitic electrical load 

The largest operating cost for implementation of a CO2/SO2 amine-based capture unit in a 
coal-fired power plant is the energy required for solvent regeneration54. In addition to this 
there is also significant electrical load required to run other emission control facilities (e.g. 
NOX and Mercury capture) as well as all the associated pumps and other equipment. This 
energy is termed the 'Parasitic Load' and its magnitude for BD3GenCCS is not public. As a 
result it was necessary to make some assumptions. 

                                                

51 Source withheld at author request. 

52 'How Much are Coal Combustion Products Worth' FAQ #5. The American Coal Ash Association 
website @ Sep-2014 

53 'Levelized Cost and Levelized Avoided Cost of New Generation Resources in the Annual Energy 
Outlook 2014'. U.S. Energy Information Administration. Annual Energy Outlook 2014 

54 'Cansolv CO2 Capture: The Value of Integration'. Devin Shaw. Cansolv Technologies Inc. Oct-2008. 
Shell website @ Mar-2015 

http://www.acaa-usa.org/About-Coal-Ash/CCP-FAQs#Q5
http://www.eia.gov/forecasts/aeo/pdf/electricity_generation.pdf
http://www.eia.gov/forecasts/aeo/pdf/electricity_generation.pdf
http://s02.static-shell.com/content/dam/shell-new/local/corporate/global-solutions/downloads/pdf/cansolv/ghgt-9-cansolv-shaw-march-2009.pdf
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SOX and NOX 

SOX and NOX refer to oxides of Sulphur and Nitrogen which arise on combustion of fossil 
fuels - especially coal and lignite. For various health and environmental reasons there are 
increasing regulatory requirements to remove these from power station emissions. However 
there is a major additional reason to remove SOX and NOX at Boundary Dam: they 
contaminate the Cansolv CO2 capture process55.    

For this reason and also because there is no information on how much of the parasitic load 
is for SOX/NOX and how much for CO2 capture, this report attributes the entire SOX/NOX 
parasitic load cost to BD3CCS. This is justified by the fact that all revenues from Sulphuric 
Acid sales are also attributed to BD3CCS (12.6 BD3CCS: H2SO4). 

Estimating Parasitic Load 

BD3Gen gross annual generation is 1,010 GWh (12.3.1 Annual electricity generation) and 
the load factor is 72% (12.3.2 Load factor). A SaskPower fact sheet notes that the project 
would have a net output equivalent to 110 MW56  although SaskPower has since advised 
that the plant, now that it is operational, is achieving a net generation equivalent to 120 
MW57.  

120 MW operating at a 72% capacity factor will generate 757 GWh annually. This implies a 
BD3CCS parasitic load of 1,010 - 757 = 253 GWh annually or 25% of gross generation. 
Although this amount may seem large, it is at the lower end of estimates for the energy 
penalty of post combustion CCS systems58. 

12.4.2 Cost of electricity for parasitic load 

Some might argue that the unit cost of the parasitic load should be set at the marginal cost of 
generation which, for one of SaskPower's coal-fired power stations, is about $20/MWh59 for 
fuel alone and $10/MWh for variable O&M (exc. fuel)60. However to use $30/MWh would be 
unjustified for two reasons. 

1) Standard practice is to assess the cost of parasitic load using the Opportunity Cost i.e. the 
value of the best alternative forgone. 

2) Extensive pricing at marginal cost in new plant will lead to significant under-recovery of 
invested capital. This is because marginal costs include only those required to produce 

                                                

55 Ibid. 

56 'Boundary Dam Integrated Carbon Capture and Storage Demonstration Project'. April-2012 fact 
sheet. SaskPower website @ Mar-2015  

57 óSaskPower disagrees with Boundary Dam Criticismsô. Andrew Shepherd. 11-Feb-2015. News Talk 
650 CKOM. 

58  'The Energy Penalty of Post-Combustion CO2 Capture & Storage and Its Implications for 
Retrofitting the U.S. Installed Base'. Kurt House et al. Energy and Environmental Science. January 
2009 Via Harvard.edu website 

59  óSaskPower 2013 Report & Accountsô. Cost of Purchased Coal Power (Pp 53) / Gross coal 
generation (Pp 127) 

60 óLevelized Cost and Levelized Avoided Cost of New Generation Resources in the Annual Energy 
Outlook 2014ô. U.S. Energy Information Administration.  

http://www.saskpower.com/wp-content/uploads/clean_coal_information_sheet.pdf
http://cjme.com/story/saskpower-disagrees-boundary-dam-criticisms/534805
http://dash.harvard.edu/bitstream/handle/1/12374812/1239214136-mja188.pdf?sequence=1
http://dash.harvard.edu/bitstream/handle/1/12374812/1239214136-mja188.pdf?sequence=1
http://www.saskpower.com/wp-content/uploads/2013_saskpower_annual_report.pdf
http://www.eia.gov/forecasts/aeo/pdf/electricity_generation.pdf
http://www.eia.gov/forecasts/aeo/pdf/electricity_generation.pdf
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one more unit of output (in this case electricity) and do not include such things as debt 
repayment, interest charges and fixed O&M.   

As noted (12.3.4 Revenue from electricity sales) SaskPower can sell electricity at a 
wholesale price of $64.48. However, as a consumer of electricity and as with any other load 
in Saskatchewan, BD3CCS will have to pay SaskPower's OATT 61  which was estimated 
(12.3.4 Revenue from electricity sales) at $7.3/MWh. The total cost, for electricity required to 
run BD3CCS, is therefore $71.78/MWh.  

12.4.3 Parasitic load cost: putting it all together 

BD3CCS consumes 253 GWh annually at a cost of $71.78/MWh i.e. an annual parasitic load 
cost of $18.1-million is required to produce a net annual output of 757 GWh = $24.04/MWh 
of electrical output or $544-million over 30 years.  

12.4.4 Operations & Maintenance (exc. parasitic electric load) 

SaskPower advises (August 2014) that it is currently preparing estimates of BD3CCS O&M 
costs and consequently there is no public data. O&M information has therefore been 
acquired from other sources.  

The U.S. Energy Information Administration (EIA) annually compiles Levelised Cost 
estimates for all the major forms of generation62. These data sets do not include specific 
CCS O&M costs however do include O&M estimates for Integrated Coal-Gasification 
Combined Cycle (IC-GCC) with and without, CCS. While BD3CCS may not employ coal-
gasification technology, this U.S. EIA data has nonetheless been employed given the lack of 
alternatives. 

The difference, of $9.8/MWh, between the 'with-' and 'without-' CCS cases for the U.S. EIA 
data is shown in Table 8: U.S. EIA Cost Estimates of IC-GCC O&M With and Without, CCS 
and is assumed to be the O&M cost for BD3CCS. 

Table 8: U.S. EIA Cost Estimates of IC-GCC O&M With and Without, CCS 

US$/MWh With CCS Without CCS Delta 

Fixed O&M 9.8 6.9 2.9 

Variable O&M 38.6 31.7 6.9 

TOTAL 48.4 38.6 9.8 

Source: US Energy Information Administration ï 2014 Levelized Cost Analysis 

                                                

61 OATT - Open Access Transmission Tariff. The amount SaskPower levies to recover the cost of its 
transmission network + associated ancillary services. The total required annual return is $83-million. 
This amount is allocated on a capacity-based mechanism. Details in Attachment G of SaskPower's 
OATT notification. 

62 'Levelized Cost and Levelized Avoided Cost of New Generation Resources in the Annual Energy 
Outlook 2014'. US Energy Information Administration. 

http://www.eia.gov/forecasts/aeo/pdf/electricity_generation.pdf
http://www.eia.gov/forecasts/aeo/pdf/electricity_generation.pdf
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It is of note that the U.S. EIA estimate for variable O&M states that it includes fuel. It would 
appear that the U.S. EIA refers only to the fuel (i.e. coal) required to run the Generation 
facility and does not refer to the fuel (i.e. the parasitic electrical load), needed to run the CCS 
facility.  

The justification for making this statement lies in the fact that the annual cost of the BD3CCS 
parasitic load is $18-million (Table 1: Year 1 BD3Gen+CCS & Cenovus Cash Flow Summary 
12.4.1 Parasitic electrical load and 12.4.2 Cost of electricity) and BD3CCS net electrical 
output is 757 GWh annually (12.4.1 Parasitic electrical load): consequently the BD3CCS 
parasitic load cost alone will be $24/MWh. This figure is more than two times greater than 
the U.S. EIA O&M figure of $9.8/MWh and as a result the parasitic electrical load of the 
BD3CCS facility is considered as a separate line item in Table 3: 30-year BD3Gen+CCS & 
Cenovus Cash Flow Summary.   

Although not ideal and in the absence of any other information, this analysis therefore 
assumes an O&M amount of $9.8/MWh (or $294-million over 30 years) not including 
electrical parasitic load (12.4.1 Parasitic electrical load).  

12.5 BD3CCS: CO2 

12.5.1 Annual capture volume 

SaskPower's Boundary Dam fact sheet advises "The project will transform the aging unit 3 at 
Boundary Dam Power Station ... while... reducing greenhouse gas emissions by capturing 
one million tonnes of CO2 per year ..".63  

12.5.2 CO2 capture efficiency 

The CO2 capture facility will operate with an efficiency of 90%.64,65 In other words the plant 
will capture 90% of total carbon dioxide emitted from the power station. 

12.5.3 Revenue from CO2 sales 

CO2 will be sold to Cenovus Energy - the operator of the Weyburn field and a publicly traded 
oil company based in Calgary, Alberta - at an undisclosed price. The December 2012 press 
release announcing this deal quotes SaskPower CEO Rob Watson as saying that CO2 can 
be purchased for $15 to $50 per tonne and "Probably to start with, it's at the lower part of the 
range".66 In November and in response to a question from MLA Cathy Sproule about the sale 

                                                

63 'Boundary Dam Integrated Carbon Capture and Storage Demonstration Project'. SaskPower April-
2012 fact sheet.  

64  'SaskPower Boundary Dam Project'. July-August 2010 Carbon Capture Journal. Cansolv.com 
website @ Mar-2015 

65 'Cansolv CO2 Capture: The Value of Integration'. Devin Shaw. Cansolv Technologies Inc. Oct-2008. 
Shell website @ Mar-2015 

66 'SaskPower signs 10-year deal with Cenovus for CO2 Supply.' 19-December-2012. The Leader Post. 
Bruce Johnstone  

http://www.saskpower.com/wp-content/uploads/clean_coal_information_sheet.pdf
http://www.cansolv.com/rtecontent/document/Saskpower.article.in.Carbon.Capture.July.pdf
http://s02.static-shell.com/content/dam/shell-new/local/corporate/global-solutions/downloads/pdf/cansolv/ghgt-9-cansolv-shaw-march-2009.pdf
http://www2.canada.com/reginaleaderpost/news/business_agriculture/story.html?id=c5b2304d-c56d-461e-b7e8-74a9de9817fc
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price of CO2, Hon Bill Boyd noted ñI believe it is in the range of $25 per tonneò.67 A reputable 
third party, who requested anonymity, advised that the figure is closer to $22.50. 

Given the aforementioned comments and until the actual amount is made public, it seems 
reasonable to assume a rate of $23/tonne. 

12.6 BD3CCS: H2SO4 

As noted the BD3CCS also captures sulphur dioxide (SO2)68. The intent is to use this sulphur 
to manufacture and then sell, sulphuric acid (H2SO4). This section considers how much SO2 
is liable to be captured and how much H2SO4 manufactured and sold, from it. 

12.6.1 Sulphur Dioxide (SO2) emissions 

On combustion, sulphur in coal can oxidize to either sulphur dioxide (SO2) or sulphur trioxide 
(SO3) and can also be retained in the ash - typically 10-25% at Boundary Dam69. SO2 

released to the atmosphere dissolves in water and then hydrolyses in a series of reactions to 
form SO3 which reacts with H2O to form H2SO4 - the main cause of acid rain: this is the 
primary reason for seeking to capture atmospheric sulphur emissions.  

When considering atmospheric emissions from a power station almost all sulphur is released 
as SO2 70, consequently SO3 emissions will receive no further consideration. 

Before discontinuing their annual 'Sustainability Report' SaskPower advised an SO2 
emission intensity of 5 tonnes/GWh of net system generation71. In 2011 coal generated 53% 
of Saskatchewan's total electricity. Sulphur emissions from natural gas generation (the only 
other hydrocarbon used to generate electricity) are negligible72 therefore it can be assumed 
that SO2 emissions are approximately 10 tonnes/GWh of Saskatchewan generation.  

The atomic mass of sulphur is 32.06 and of oxygen 16. In other words elemental sulphur 
emissions = 32.06/64.06 * 10 = 5 tonnes/GWh of coal generation.  

12.6.2 SO2 capture 

SaskPowerôs intention is to convert the captured SO2 to Sulphuric Acid (H2SO4) and to then 
sell it. No information was found on SaskPower's site regarding Sulphur capture. However 

                                                

67 óDebates and Proceedingsô. N.S. Vol 57, No 12A, Page 5836, 10:00 a.m. Thursday 13 November 
2014. Hansard. 4th Session, 27th Legislature of the Legislative Assembly of Saskatchewan.  

68 óThe CANSOLV SO2/CO2 Integrated Systemô. Shell Global website @ Mar-2015 

69 Details withheld at author request 

70 'Estimating Sulfuric Acid Aerosol Emissions from Coal-Fired Power Plants'. Hardman et al. U.S. 
Department of Energy Conference on Formation, Distribution, Impact and Fate of Sulfur Trioxide in 
Utility Flue Gas Streams. March 1998. NETL website @ Mar-2015 

71 'SaskPower Sustainability Report 2011'. No longer available @ SaskPower website 

72 'Electricity from Natural Gas: Air Emissions'. U.S. Environmental Protection Agency website @ Mar-
2015 

http://docs.legassembly.sk.ca/legdocs/Legislative%20Assembly/Hansard/27L4S/141113Debates.pdf
http://www.shell.com/global/products-services/solutions-for-businesses/globalsolutions/shell-cansolv/shell-cansolv-solutions/so2-co2.html
http://www.netl.doe.gov/publications/proceedings/98/98fg/hardman.pdf
http://www.epa.gov/cleanenergy/energy-and-you/affect/natural-gas.html
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material from other sources indicates that the intent is to construct a sulphur capture unit 
with an H2SO4 output of 50 tonnes daily73. 

The plant, by design, is unlikely to operate at full capacity however the capacity utilisation of 
it can be estimated either by assuming it is the same as the estimated capacity factor of Unit 
#3 (12.3.2 Load factor) (72%) or by calculating it from knowledge of the amount of sulphur in 
the exhaust gases of Unit #3. The first option would almost certainly be incorrect so the latter 
one was employed. 

Since, as noted above, elemental sulphur emissions will be 5 tonnes/GWh; total emissions 
will be 5 * 1,010 GWh (12.3.1 Annual electricity generation) = 5,050 tonnes i.e. SO2 
emissions of 10,100 tonnes annually. The plant is expected to have a capture efficiency of 
100%74, consequently 5,050 tonnes of sulphur will be retained annually.  

12.6.3 Manufacture and sale of Sulphuric Acid (H2SO4) 

The molecular mass of H2SO4 is (1*2) + 32.06 + (16*4) = 98.06 grams per mol. Therefore 
and if it is assumed that all of the captured sulphur can be converted to H2SO4, expected 
H2SO4 production will be 5,050 tonnes of sulphur / ((32.06 (atomic mass of sulphur) / 98.06 
(molecular mass of H2SO4)) = 15,500 tonnes p.a. or 42.4 tonnes daily, or a capacity factor of 
85% given the 50 tonne daily capacity of the H2SO4 plant (12.6.2 SO2 capture). This 
capacity factor seems logical and confirms the validity of these calculations. 

SaskPower has not advised how much it expects to derive from the sale of H2SO4. 
Consequently this report has referenced public sources such as Figure 7: 2013 Sulphuric 
Acid prices ï CFR Gulf Coast ($/tonne).  

Figure 7: 2013 Sulphuric Acid prices ï CFR Gulf Coast ($/tonne) 

 

Source: óAround the word in 12 months: A sulphur & sulphuric acid perspectiveô. CRU Group. Feb-2014 

                                                

73 'SaskPower Boundary Dam Project'. July-August 2010 Carbon Capture Journal via Cansolv.com 
website @ 2015 

74 Ibid. 

http://www.cansolv.com/rtecontent/document/Saskpower.article.in.Carbon.Capture.July.pdf
http://www.cansolv.com/rtecontent/document/Saskpower.article.in.Carbon.Capture.July.pdf
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Although the information shown is from 2013; spot quotes confirm these prices are reflective 
of the current market. The price shown in Figure 7 for the US Gulf Coast references óCFRô. 
This means that the seller is responsible for all expenses associated with moving the product 
to the specified location. It may be that SaskPower has located a major user of Sulphuric 
Acid near to Boundary Dam; however and in the absence of any such information, this report 
assumes a transport cost of $10/tonne and consequently net revenue of $50/tonne.  

12.6.4 Operations and Maintenance 

There are no public details on SaskPower's expected operating costs (including fuel + 
solvents) for the SO2 capture process or for the SO2 Ÿ H2SO4 conversion. However this 
report assumes that those operating costs, whatever their amount, are included in the 
BD3CCS O&M figure (12.4.4 Operations & Maintenance (exc. parasitic electric load)). In any 
event the overall impact on net revenue is not considered to be material. 

13 CENOVUS ENERGY, WEYBURN & ENHANCED OIL RECOVERY 

Included below is an estimate of the margin that Cenovus will make on the CO2-EOR deal. 
This estimate is based on the volume of crude oil produced as a result of that CO2 and the 
costs associated with producing it. All of this material is summarised in Table 9: Estimate of 
Cenovusô net profit/bbl from Weyburn CO2-EOR Crude with explanations included below it.  

Full access to Cenovusô cost information was not available and as a result the following 
material is at best an estimate and is clearly not definitive. That fact should not however 
detract from the purpose of this section which is to demonstrate that, while BD3CCS is 
generating substantial financial losses for SaskPower, it appears to be profitable for 
Cenovus.  

It is important to note that all of the variables discussed in this section will affect Cenovusô 
profits but none of them will change SaskPowerôs losses. 

Table 9: Estimate of Cenovusô net profit/bbl from Weyburn CO2-EOR Crude 

 $/bbl 

Revenue from sales 90.0 

Expenses  

Investment (27.0) 

Operations (17.5) 

Royalties (12.0) 

Carbon Dioxide (9.2) 

Estimate of Net Profit 24.3 

Source: Cenovus Energy + Saskatchewan Community Wind estimates & calcs. 
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13.1 Enhanced Oil Recovery  

Enhanced Oil Recovery (EOR), at the Weyburn Field, is introduced and explained in 11.3.2 
Weyburn EOR, CO2 from North Dakota and an expiring contract and (11.3 Weyburn Oil 
Field and Boundary Dam Units 3, 4 & 5. A tangled webé).   

The operational data and associated cash flows related to EOR at Weyburn, are as follows; 

13.2 Annual CO2 injection 

It is assumed that 100% of the captured CO2 (i.e. 1 million tonnes annually) will be injected 
into the Weyburn oil field. This assumption is supported by an industry report which notes 
that the actual figure is 99.9%.75  

13.3 Additional crude oil production 

Cenovus estimates that CO2-EOR will allow it to extract an additional 13,500 barrels per day 
of crude oil from Weyburn 76. It further expects CO2-EOR to extend the field life by 30 years77. 
Since CO2-EOR started in 2000 (Figure 6: Weyburn Oil Field Production (1955 to 2010), one 
assumes that Cenovus expects CO2-EOR to extend the life of Weyburn to 2030). 

13,500 bbl/day is equivalent to 5 million bbl p.a.. That production rate does not just stop 
suddenly at the end of 30 years (2030) but rather declines steadily (as indicated by Figure 6: 
Weyburn Oil Field Production (1955 to 2010)). If one therefore assumes an average 
production rate of 2.5 million bbl p.a. over the 15-year remaining life of Weyburn ï this 
implies additional CO2-EOR crude production from Weyburn of 2.5 mln bbl p.a. * 15 years of 
remaining Weyburn life = 37.5 million bbl.  

13.4 Crude oil sales price 

Crude oil prices are notoriously difficult to forecast as is perfectly illustrated by the sharp 
decline in global prices since June 2014. Nonetheless the US Energy Information 
Administration makes an effort each year in its Annual Energy Outlook (AEO). The 2014 
AEO contains three scenarios for oil prices: 'High Oil Price', 'Reference' and 'Low Oil Price'. 
In the óReferenceô case West Texas Intermediate (WTI) crude prices dip from $112/bbl in 
2012 to $92 in 2017 before increasing steadily to $141 in 204078. This implies an average 
global crude price over the period of around $100/bbl.  

However and due mainly to lack of physical export capacity, crude prices in Saskatchewan 
were trading at a deep discount to WTI in 2012 and early 2013 - typically 20% below WTI. 
This discount has been partially alleviated by increased rail exports and is likely to be further 

                                                

75 'Net Greenhouse Gas Impact of Storing CO2 through Enhanced Oil Recovery - An Analysis of On-
Site and Downstream GHG Emissions from CO2-EOR Crude Oil Production in Western Canada.' 
Wong, Goehner & McCulloch. January-2013. Pembina Institute for ICO2N.  (www.ico2n.com) 

76 'Increasing Oil Production and Reducing Greenhouse Gas Emissions'. Weyburn Facility Profile 
Cenovus Energy June 2014 factsheet  

77 Ibid. 

78 'AEO 2014 Early Release Overview. Energy Prices - Crude Oil'. Pp 6. US Energy Information 
Administration  

http://www.ico2n.com/wp-content/uploads/2013/06/Ico2n_EOR-Final-Report.pdf
http://www.ico2n.com/wp-content/uploads/2013/06/Ico2n_EOR-Final-Report.pdf
http://www.cenovus.com/operations/docs/Weyburn-Facility-Profile.pdf
http://www.eia.gov/forecasts/aeo/er/pdf/0383er%282014%29.pdf
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reduced in future79 particularly following the aforementioned sharp fall in crude prices. This 
report therefore assumes that Saskatchewan crude trades at a 10% discount to WTI i.e. 
$90/bbl or $566/m3.   

It is fully appreciated that this amount is well above current crude prices: however it is also 
well below July 2008 when crude prices peaked at $145/bbl. The point is that good oil 
forecasting assumes a price which reflects long-term fundamentals, rather than short-term 
dynamics: the $90 price appears to do that. 

13.5 Production costs 

13.5.1 Capital investment 

As at June 2014 Cenovus investments, to prepare Weyburn for CO2-EOR, have been "more 
than $1-billion"80.  

It would seem logical to assume that the bulk of investment required would have taken place 
in the nineties before the CO2 flooding process started in 2000. Consequently and while 
additional capital investments will be required, it would seem logical to assume that they will 
be less than those made in the first 15 years of the 30-year field extension. It is therefore 
assumed that an additional $1-billion of capital investment remains to be recovered, from 
Weyburn CO2-EOR crude, by 2030. 

Consequently this implies that the capital investment recovery per barrel of CO2-EOR crude 
will be $1-billion / 37.5 million bbls of production = $27/bbl. 

13.5.2 Operating costs 

Cenovus Energy advises 81  that average operating cost per barrel of conventional oil 
produced from Weyburn is $17.50. In the absence of any other information the same 
($17.50/bbl) is assumed per barrel of CO2-EOR crude.  

13.5.3 Royalties 

Proponents note the substantially increased royalties which would flow to the Province when 
the additional 50 million barrels 82  of crude oil are recovered. These revenues will be 
significant and consequently need to be considered. 

                                                

79 'Statoil halts multibillion-dollar Alberta oil sands project'. Jeffrey Jones. The Globe and Mail. 25 
September 2014 

80 'Increasing Oil Production and Reducing Greenhouse Gas Emissions'. Weyburn Facility Profile 
Cenovus Energy June 2014 factsheet 

81  pers. comm. ex Cenovus. 21-Nov-2014. ñAverage operating costs for our conventional oil 
operations are $17.50/bblò. 

82 We are aware of the discrepancy between the 50 million bbls mentioned here and the 37.5 million 
bbls estimated to remain in Weyburn (13.3 Additional crude oil production). This mismatch is 
discussed in 21.2.2 C02 sales contract. Price, Volume & Duration Nonetheless and because the 50 
million bbl figure used here is the higher of the two figures, it over-estimates potential royalties and 
consequently is considered to be conservative since it is favorable to the economics of Boundary 
Dam.  

http://www.cenovus.com/operations/docs/Weyburn-Facility-Profile.pdf
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Royalty rates are contained in Saskatchewan regulations. The basic rates outlined in the 
Crown Oil and Gas Royalty Regulations83 are relatively straightforward. However those in the 
Weyburn Unit CO2 Crown Oil Royalty Regulations84, although more relevant, are less easy to 
interpret since they depend on a large number of variables details of which are not public.  

Consequently Saskatchewan government royalties were estimated using the Crown Oil and 
Gas Royalty Regulations. In accordance with those regulations there are different royalty 
tariff structures depending on the type of crude extracted, the location of the oil field within 
Saskatchewan, average crude production from each well and the average crude oil price. 

As noted; the average Saskatchewan crude price over the project life is assumed to be 
$90/bbl or $566/m3 (13.4 Crude oil sales price). 

The 'Third Tier, New and Old Oil' classification (as per the óCrown Oil and Gas Royalty 
Regulationsô) has been assumed together with crude production per producing well in the 
25.1 to 136.2 m3/month category. When these are applied to the appropriate royalty formula 
per the regulations, a royalty rate of 13% is calculated85 which, at an average price of 
$90/bbl, equates to $12/bbl. The validity of this figure is supported by reference to CAPP 
data which shows average Saskatchewan crude oil royalties of $12/bbl in 201386.  

There are a variety of tax deductions and incentives (e.g.  'allowable transportation expense') 
many of which are likely applicable to EOR crude. These will serve to reduce the royalty 
payment and need to be considered in any future analysis. Nonetheless this report assumes 
a royalty rate of 13% of the average well-head price of crude oil or $12/bbl.    

13.5.4 The Performance Ratio and CO2 cost/bbl 

A critical metric for assessing the efficacy of CO2-EOR is the Performance Ratio. This is the 
ratio of produced oil to the total volume of CO2 injected and its value fluctuates based on the 
reservoir characteristics, injection pressures and several other factors. Units: barrels of oil 
produced per tonne of CO2 injected. (bbl/tonne CO2) 

Typical values, noted in an ICO2N report for the Western Canada region, range between 1.1 
and 5 bbl/tonne of CO2 injected87. The operational case used in that report is from a single 
site in Western Alberta and employs a figure of 1.1 barrels. However that report advises 
(Section 3.2) that 1.1 bbl/tonne CO2 is well below the amount typically assumed by industry. 
That statement is confirmed by an ongoing Weyburn Oil Field CO2 monitoring project that 

                                                

83 'The Crown Oil and Gas [Saskatchewan] Royalty Regulations, 2012'. (as amended 2013) 

84 'The Weyburn Unit CO2 Crown Oil Royalty Regulations.' (as amended 2008) 

85 The Crown Oil and Gas [Saskatchewan] Royalty Regulations, 2012'. (as amended 2013) 

86  'Statistical Handbook for Canada's Upstream Petroleum Industry'. Canadian Association of 
Petroleum Producers. September 2014. Table 3.1b (Page 84) 'Canadian Crude Oil Production by 
Province 1971-2013' and Table 4.4b (Page 120) 'Net Cash Expenditures of the Saskatchewan 
Petroleum Industry'.    

87 'Net Greenhouse Gas impact of storing CO2 through enhanced oil recovery - an analysis of on-site 
and downstream GHG emissions from CO2-EOR crude oil production in Western Canada.' Wong, 
Goehner & McCulloch. January-2013. The Pembina Institute 

http://www.qp.gov.sk.ca/documents/English/Regulations/Regulations/C50-2R28.pdf
http://www.qp.gov.sk.ca/documents/PIT/Regulations/C/C50-2r13-2009-01-05.pdf
http://www.qp.gov.sk.ca/documents/English/Regulations/Regulations/C50-2R28.pdf
http://www.capp.ca/GetDoc.aspx?DocId=241200&DT=NTV
http://www.ico2n.com/wp-content/uploads/2013/06/Ico2n_EOR-Final-Report.pdf
http://www.ico2n.com/wp-content/uploads/2013/06/Ico2n_EOR-Final-Report.pdf
http://www.ico2n.com/wp-content/uploads/2013/06/Ico2n_EOR-Final-Report.pdf
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has been running since 2000. It finds that "each tonne of CO2 increases oil production in 
Weyburn by two to three barrels [of crude oil]"88.  

Cenovus advises that currently 5,550 tonnes/day of CO2 is sourced from the Dakota 
Gasification Company in Beulah, ñup to 3,014 tonnes/day from SaskPowerò89 and also that 
additional CO2-EOR increases production by 13,500 bbl/day (13.3 Additional crude oil 
production). This therefore implies a Performance Ratio of between 13,500/5,550 = 2.4 and 
13,500/(5,550+3,014) = 1.6 bbl/tonne CO2. 

Given a number of uncertainties regarding the Cenovus data and the quality of the IEAGHG 
material, the figure of 2.5 bbl/tonne CO2 has been assumed. Consequently the CO2 cost per 
barrel of produced oil = CO2 price of $23/tonne (12.5.3 Revenue from CO2 sales) / 2.5 bbl = 
$9.2/bbl. 

14 GHG EMISSIONS ASSOCIATED WITH CO2-EOR 

14.1 On site emissions 

As noted (11.3.2 Weyburn EOR, CO2 from North Dakota and an expiring contract) the CO2 
injected into Weyburn combines with crude oil in the field and is returned to the surface as 
an emulsion where it is separated into its constituent parts. The crude oil is sold to 
consumers, some CO2 is lost to the atmosphere and recovered CO2 is returned to the oil 
field. In other words critical to assessing how much CO2 is permanently sequestered is 
having knowledge of On Site Emissions:  the amount of CO2 lost to the atmosphere 
between the time when the crude/CO2 mix is bought to the surface and the CO2 is 
subsequently separated and returned to the oil field. Oil industry estimates of on-site 
emissions are 0.304 tonnes CO2 per tonne of CO2 brought to site.90  

14.2 Emissions from crude oil combustion by final consumers 

Taking U.S. EIA91 and University of Delaware92 data on refinery yields from a typical U.S. 
barrel of crude and combining that with U.S. EIA data on CO2 yields from burning gasoline, 
diesel and fuel oil; indicates that a barrel of U.S. crude will typically release 412 kilograms of 
CO2 when its constituent refined products are combusted.  

                                                

88 óThe IEAGHG Weyburn-Midale CO2 Monitoring and Storage Projectô. The Petroleum Technology 
Research Centre web site  as at August 2014 

89 Pers. Comm. Rhona DelFrari (Cenovus Director of External Communications) to Paul Hanley. 21-
Nov-2014. 

90 'Net Greenhouse Gas Impact of Storing CO2 through Enhanced Oil Recovery - An Analysis of On-
Site and Downstream GHG Emissions from CO2-EOR Crude Oil Production in Western Canada.' 
Wong, Goehner & McCulloch. January-2013. Pembina Institute for ICO2N.  (www.ico2n.com) 

91 '2013 Refinery Yield'. US Energy Information Administration  

92 'What is Crude Oil and What is it Used For'. University of Delaware 

http://ptrc.ca/projects/weyburn-midale
http://www.ico2n.com/wp-content/uploads/2013/06/Ico2n_EOR-Final-Report.pdf
http://www.ico2n.com/wp-content/uploads/2013/06/Ico2n_EOR-Final-Report.pdf
http://www.eia.gov/dnav/pet/pet_pnp_pct_dc_nus_pct_a.htm
http://www.ceoe.udel.edu/oilspill/crudeoil.html
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However one also needs to consider carbon emissions associated with the extraction and 
refining of the crude together with the transport and distribution of its products: consequently 
total emissions are in the region of 550 kg/bbl.93  

Whether or not to net these emissions from the total sequestered at Weyburn is considered 
in 21.2.9 EOR crude combustion emissions: To include or not?. 

  

                                                

93 'Upstream Greenhouse Gas Emissions from Canadian Oil Sands as a Feedstock for European 
Refineries'. Data from this paper is for non-tar sands crude. Adam R Brandt. Stanford University. 
January 2011. 
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SECTION II: 

WIND ENERGY ï A SUPERIOR ALTERNATIVE  

15 A BETTER USE OF $1.467-BILLION? 

Few would argue with the need to reduce carbon and sulphur emissions from power 
generation. Given that imperative; this study really only has value if, in addition to identifying 
the financial failings of Boundary Dam, it also identifies cheaper ways of generating the 
same amount of electricity and avoiding the same amount of carbon emissions. 

15.1 Global GHG cost abatement curve 

An excellent starting point for any such consideration is a seminal 2009 McKinsey study 
which provides a quantitative basis for discussions about what actions would be most 
effective in delivering emission reductions, how much of a reduction each would provide and 
what they might cost94. It provides a global mapping of opportunities to reduce emissions of 
GHGs across regions and sectors. The GHG Cost Abatement Curve from that study is 
shown in Figure 8: Global GHG Abatement Cost Curve Beyond Business As Usual - 2030. 

Figure 8: Global GHG Abatement Cost Curve Beyond Business As Usual - 2030 

 

Source: McKinsey. Pathways to a Low-Carbon Economy. The Global GHG Cost Abatement Curve. Exhibit 1. 
February 2009. 

                                                

94  'Pathways to a Low-Carbon Economy. The Global GHG Cost Abatement Curve'. McKinsey. 
February 2009. 

http://www.mckinsey.com/client_service/sustainability/latest_thinking/pathways_to_a_low_carbon_economy
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Some may disagree with the specifics of this analysis, however almost no one would argue 
with its central tenet which is that emission reductions are best achieved by employing the 
lowest-cost technologies first.   

McKinseyôs analysis illustrates that one of the most expensive ways to reduce CO2 
emissions and in fact one which can achieve only relatively limited emission reductions, is 
retrofitting of existing coal plants ï in other words what has been done at Boundary Dam Unit 
3. It also shows that one of the cheapest, indeed one which has negative cost and which has 
the potential to achieve the greatest GHG reductions, is energy efficiency. 

While efficiency may be the most cost effective option, Saskatchewan undeniably also needs 
new generation capacity to replace coal-fired units which are at the end of their useful 
operating lives.  

15.2 Options for GHG abatement with new generation 

Figure 8, taken from the McKinsey study, shows that Geothermal is the form of generation 
with the lowest CO2 abatement cost. However this assumes that there is an available 
geothermal resource and none has yet been demonstrated in Saskatchewan. The next 
cheapest resource shown is nuclear, however and since the study was completed, the cost 
of nuclear has risen significantly95. In any event it is generally recognized that nuclear, 
because it has indeterminate capital costs96 and is not currently modular, is not a suitable 
option for Saskatchewan. 

Wind energy is not only the next available option but also one which provides significant 
potential for carbon reductions. Wind should be of particular interest to Saskatchewan as we 
have a world-class wind resource as demonstrated by Figure 9: Wind Resource Map of 
Canada and the U.S.. That figure clearly indicates that there is a high wind region stretching 
from the Texas Gulf Coast to areas just north of Saskatoon. It also shows that 
Saskatchewan has one of the best wind resources in Canada and one of the better ones in 
North America. 

The attractiveness of wind is further increased by virtue of the fact that wind installation costs 
have fallen 58% from 2009 - the year the McKinsey study was released - to 201397. Wind 
costs continue to decline98  (16.2.1 The decline in cost of wind energy 1980 to 2014) and 
wind energy is now cost competitive with new-build natural gas plant and significantly 
cheaper than new-build coal99 (Figure 15: Levelised Cost of Electricity. New Generating 
Capacity). 

                                                

95 'World Nuclear Industry Status Report. Report 2014': Executive Summary 

96 óSupply Options - Nuclearô. SaskPower Fact Sheet.  

97 'Lazard's Levelized Cost of Energy Analysis-Version 8.0'  Lazard. September 2014  

98 '2013 Wind Technologies Market Report'. Figure 39, Pp 49. U.S. Department of Energy. Energy 
Efficiency and Renewable Energy 

99 'Levelized Cost and Levelized Avoided Cost of New Generation Resources in the Annual Energy 
Outlook 2014'. U.S. Energy Information Administration 

http://www.worldnuclearreport.org/IMG/pdf/201408msc-worldnuclearreport2014-hr-v4.pdf
http://www.saskpower.com/our-power-future/our-electricity/supply-options/nuclear/
http://www.lazard.com/PDF/Levelized%20Cost%20of%20Energy%20-%20Version%208.0.pdf
http://energy.gov/eere/wind/downloads/2013-wind-technologies-market-report
http://www.eia.gov/forecasts/aeo/electricity_generation.cfm
http://www.eia.gov/forecasts/aeo/electricity_generation.cfm
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Figure 9: Wind Resource Map of Canada and the U.S. 

 

Source: IRENA Global Atlas and 3TIER Global Wind Resource Data 

16 WIND ENERGY ï MYTHS AND BENEFITS 

An objective analysis of wind energy is complicated by the substantial volume of 
misinformation currently in circulation (10.2 Misinformation concerning wind energy) which 
itself may explain why so little wind energy has been installed in Saskatchewan in the 8 
years since 2006 (Table 10: Wind projects of Saskatchewan). 

Table 10: Wind projects of Saskatchewan 

 

Source: Multiple. By: Saskatchewan Community Wind 
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The section addresses some of the most common wind fallacies. 

16.1 Variability and electrical integration: electro-technical studies 

Wind turbines only generate electricity when the wind is blowing. A logical conclusion from 
that observation is that wind requires 100% back-up for those occasions when there is no 
wind. This logic is intuitively appealing but is nonetheless factually incorrect. This section 
presents evidence from around the world. 

16.1.1 Global  

Numerous and extensive electro-technical studies have examined this issue. The broad 
conclusion of those studies is that wind turbines do not need extensive backup and in many 
instances the backup requirements are less than for conventional generation. Those studies 
have also found that, from an electrical integration perspective, it is economically and 
technically feasible for wind turbines to generate at least 20% of a regionôs electricity.  

A graphical summary of the financial conclusions from the most significant of those recent 
global studies is included as Figure 10: Increase in System Balancing and Operating Costs 
Due to Wind Power. 

By way of explanation of the provenance of Figure 10: The Paris-based International Energy 
Agency (IEA) has established a number of 'Implementing Agreements' to assist IEA member 
countries in advancing various energy technologies. The IEA 'Wind Agreement' was 
established in 1977: it sponsors cooperative research tasks and provides a forum for 
international discussion of research and development issues. It has divided its activities into 
various tasks one of which, Task 25, is to provide information to facilitate the highest 
economically feasible wind energy penetration within electricity power systems worldwide. 

In 2013 Task 25, consisting of representation from utilities in Canada, the US, Europe and 
Japan, published 'Design and operation of power systems with large amounts of wind power. 
Final summary report, IEA WIND Task 25, phase two 2009-2011'.  That report provides a 
summary of the results from recent wind integration studies. Those studies address 
concerns about the impact of wind power's variability and uncertainty on power system 
reliability and costs as well as grid reinforcement needs. Observable results are presented 
as summary graphs. 

Figure 10 is taken from that report and shows the increased balancing and operating costs 
associated with wind penetration levels ranging from 0 to 30% of gross (i.e. total) electricity 
demand.  

The data indicates that even at 30% wind penetration, additional balancing and operating 
costs are only $7/MWh which is equivalent to 0.7 cents/kWh or about 10% of the wholesale 
price of electricity.  

This amount is not considered to be significant especially since, as demonstrated (16.2 The 
economics of wind energy and 17 Making the Comparison: Wind vs. BD3Gen+CCS), wind 
energy is less than half the price of coal with CCS and is directly competitive with natural 
gas.  
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Figure 10: Increase in System Balancing and Operating Costs Due to Wind Power 

 

Source:  IEA Wind task 25. 'Design & Operation of Power Systems with Large Amounts of Wind Power'. Figure 14. 

16.1.2 United States 

Within North America multiple studies have been undertaken looking at the additional 
balancing costs associated with integrating variable wind. The two largest, both in terms of 
geographic extent and technical detail, are the Eastern Wind Integration and Transmission 
Study (EWITS) 100 which was completed in 2010 as well as the Western Wind and Solar 
Integration Study (WWSIS) 101: both are backed by the US Department of Energyôs National 
Renewable Energy Laboratory. When the terms of reference for these studies were being 
set Canada was invited to participate but declined. 

The purpose of the EWITS was to examine the operational impact of 20%ï30% wind energy 
penetration on the power system of the Eastern half of the U.S. electricity grid. WWSIS 
examined the same issue, with significant solar included, for the Western half of the U.S. grid.  

                                                

100 'Eastern Wind Integration and Transmission Study: Executive Summary and Project Overview'. 
Prepared for the US Department of Energy's National Renewable Energy Laboratory by EnerNex 
Corporation. Revised February 2011 

101 'The Western Wind and Solar Integration Study'. Prepared for the US Department of Energy's 
National Renewable Energy Laboratory by GE Energy. May 2010 

http://www.nrel.gov/docs/fy11osti/47086.pdf
http://www.nrel.gov/docs/fy10osti/47781.pdf
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The study findings are detailed and the main conclusions are summarised in Figure 11: U.S. 
Western Wind and Solar Integration Study and Figure 12: U.S. Eastern Wind Integration & 
Transmission Study. EWITS notes a cost of integration for 20% wind of $5/MWh. This can 
be put in context by reference to 17 Making the Comparison: Wind vs. BD3Gen+CCS and 
specifically Figure 15: Levelised Cost of Electricity. New Generating Capacity which shows 
that wind has a cost advantage, relative to BD3Gen+CCS, of at least $70-80/MWh. It should 
be apparent that the addition of a $5/MWh balancing charge does not materially change this 
differential.  

It is interesting to note that WWSIS found that the costs of wind energy integration are 
substantially reduced when it is used in combination with solar. The reason for this is due to 
the fact that the production of both is inversely correlated: the wind resource is strongest in 
the winter months whereas solar achieves greatest output through the summer. This 
negative correlation significantly reduces reserve requirements. 

In March of this year the U.S. Department of Energy announced Wind Vision: this strategic 
vision builds on the 2008 ó20% wind energy by 2030ô report by conceptualizing a vision for 
35% of U.S. electricity from wind energy by 2050102.  

Figure 11: U.S. Western Wind and Solar Integration Study 

 

Source: Western Wind and Solar Integration Study. Phase I May 2010. Prepared by GE Energy 

 

                                                

102 óWind Vision: A New Era for Wind Power in the United States.ô U.S. Department of Energy website 
@ Mar-2015 

http://energy.gov/eere/wind/wind-vision
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