
FINALIZING THE 
DESIGN 

AND APPROVAL
FOR
CONSTRUCTION

Many tasks were completed in parallel during 

2010 in the sprint to gain final construction 

approval for the ICCS project at BD3. A number 

of hurdles were overcome and decisions were 

made in the face of uncertainty regarding the 

performance of the CO2 capture unit. Some of 

these activities ultimately affected the overall 

schedule for completion of the project.
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DEVELOPMENT 
OF A CUSTOMIZED 
PROCESS 
SIMULATOR

MANAGING
UNCERTAINTY
AND CHANGE

A high fidelity process simulator was developed 

somewhat late in the engineering design work to 

support integration of the power plant and capture 

plant, as well as incorporation of the distribution of 

by-products to “off-takers”, principally high-purity 

CO2. However, the simulator proved invaluable 

for training of the power plant and capture plant 

operators before the construction work was 

completed. By the time it came to commissioning 

and operating the retrofitted BD3 unit, they were 

all completely comfortable with operations and 

suitably experienced in normal operations to 

address surprises and initial startup “pains”. The 

simulator will also be a critical tool to assist with the 

design and engineering of any future retrofits of 

additional coal-fired power units contemplated 

by SaskPower.

During the design stage, uncertainty was 

managed using bow-tie analysis on major pieces 

of equipment to define what-ifs, barriers, issues, 

actions and consequences, and specifications 

for related equipment. In the power plant, the 3D 

model of the pre-existing plant was a powerful tool 

to test possibilities, and reduce risk and uncertainty 

regarding choices in design, engineering and 

construction. Process unpredictability in the 

integrated power unit design was managed by 

performance margins that could be tolerated on 

each piece of equipment, which were the basis for 

selecting equipment for procurement. Uppermost in 

the decision-making process to manage uncertainty 

and change throughout the entire power unit was 

an overriding lack of compromise on the emissions 

standards for BD3 and requiring stable power 

generation with or without emissions capture. 
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FIRST-TIME,  
ONE-TIME COSTS/
EQUIPMENT

PROCUREMENT

It is hardly surprising there were some significant 

costs associated with undertaking a project 

that was the first of its kind. There were many 

uncertainties about the integration of a power 

plant with SO2/CO2 capture and there were 

technical risks associated with operation of CO2 

capture, something that had never been done at 

commercial power-plant scale previously. 

The following areas were associated with first-time 

costs that could be significantly reduced in the next 

project(s) due to better understanding, operational 

experience, quicker decision making and fewer 

contingencies to mitigate risks:

Built-in redundancy in the power plant 

and the capture plant to reduce the risk 

of technologies meeting performance 

specifications, or the “cost of performance 

uncertainty”

SaskPower ensured that technology and 

equipment choices were available until key 

stakeholders were comfortable enough to 

make a final decision on how to proceed, or 

the “cost of technology confidence”

There were additional costs incurred that were 

partially due to the economic pressure placed on 

skilled labour resources in Western Canada45. The 

BD3 ICCS project was undertaken at a time when 

SaskPower had to compete for that labour with 

major oil and gas activities in Fort McMurray and 

Edmonton (oil sands related), in Western Alberta/

Eastern BC (high natural gas production activity 

using hydraulic fracturing), and locally (CO2–

EOR expansion at Weyburn and high Bakken oil 

production activity using hydraulic fracturing).

Procurement for the BD3 retrofit began early in the 

design and engineering process. The lead time on the 

power plant equipment was three years. SaskPower 

had a high bar to meet to ensure fairness of process 

and open competition, a requirement for any publicly-

owned entity in Saskatchewan, as well as the need 

to meet the requirements of the New West Trade 

Partnership Agreement . Every major item selected 

during procurement had a ripple effect that impacted 

choices of other pieces of equipment and their 

specifications, which necessitated an engineering 

review by the SaskPower design team. The 

consequence was a laborious and time-consuming 

design and engineering exercise that took nearly two 

years to accomplish from late 2008 to the end of 2010.

All of the EPC contracts and the majority of the 

equipment procurement contracts were in place 

before the power plant and the capture plant 

construction plans were sent to the SaskPower Board 

of Directors and Crown Investments Corporation 

for approval. There was clear recognition that 

there was little tolerance for changes and overruns 

after approval. This advance planning was critical 

to assuage stakeholder concerns about design 

and associated costs, as well as to ensure that the 

construction schedule could be maintained.

...a laborious and 

time-consuming 

design and 

engineering exercise 

that took nearly two 

years to accomplish.
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THIRD-PARTY
REVIEW

DESIGN AND 
ENGINEERING 
LEARNINGS

The power plant retrofit was approved by the 

SaskPower Board of Directors at the end of 2010. As 

the time approached to face a decision to approve 

the capture plant construction, the SaskPower Board 

of Directors astutely initiated a third-party investment 

review in mid-2010. This was a fortuitous decision 

that proved critical to persuade Crown Investments 

Corporation, SaskPower’s “owner”, to approve the 

capture plant construction in Spring 2011, while 

it provided a compelling body of evidence to the 

public (SaskPower’s “shareholders”) that the selected 

capture plant technology was sensible. The need and 

requirements of the review had not been foreseen by 

the SaskPower engineering team. Quite simply, this 

was a first-time project and the decision makers hadn’t 

understood what they might need to know in order to 

support a decision at the outset of the project. 

A Chicago-based banking investment advisory 

firm, R.W. Beck46, conducted the third-party review 

that included investment, business and technology 

considerations. This fell right in the middle of 

finalization of the design and engineering details for 

the integration of the power and capture plants in 

the lead-up to seek construction approval, as well as 

advanced procurement for major equipment. The 

SaskPower engineering team was consequently 

overworked during the period of the third-party review. 

However their efforts paid off. The third party review 

supported the capture technology recommendation 

by SaskPower and CIC approved the capture plant 

construction in April 2011, which began immediately. 

It is anticipated that any future clean coal retrofit of an 

existing thermal plant will require a third-party review. 

However, the time required to support the review will 

be built into the planning schedule and the needs 

of the review will be anticipated based on the 2010 

technology and business review of the BD3 retrofit. 

SaskPower learned some 

important lessons during the 

design and engineering phases of 

the BD3 retrofit:

A technology must be piloted at a level that 

allows for meaningful engineering scale-up to 

commercial size.

The technology chosen must be commercially 

viable at the time it is selected NOT when 

operation begins. There will be a lag of 3–5 

years between those dates.

Commercial proposals for each technology 

are required before the costs of implementing 

each one can be understood.

A fully-engineered cost estimate with a 

detailed process design is essential to be 

certain of the required capital investment and 

operating costs, as well as the associated 

environmental and operating implications.

Simple and predictable are the best indicators 

for technology and equipment selection when 

required to expend significant capital funding.

Plan for the time required to build confidence 

by the key stakeholders in the project. This 

would include the time required to conduct a 

third-party investment review.



ICCS – Integrated Carbon Capture and Storage, 

which is the name of the combined BD3 power 

plant retrofit project and the geological storage of 

its captured CO2.

IEAGHG – IEA Greenhouse Gas R&D Programme

MW – Mega-Watt, the energy unit used for power-

generating capacity 

PCC – Post-Combustion Capture

PM2.5 – Fine Particulate Matter found in the air that 

is less than or equal to 2.5 mm (micrometres) in 

diameter and normally only observed by electron 

microscope. This material is often associated with 

energy combustion and the fine particulate matter 

is believed to cause serious health issues upon 

entering lungs of air-breathing animals.

PM10 – Coarse Particulate Matter found in the air 

that is less than or equal to 10 (mm) micrometres 

in diameter. It can be seen with the human eye 

in the air as soot, dust, dirt and liquid droplets. 

This material is often associated with energy 

combustion.

PTRC – Petroleum Technology Research Centre, 

a non-profit R&D corporation located in Regina, 

Saskatchewan

R&D – Research and Development

QA/QC – Quality Assurance and Quality Control

SE - Southeast

SaskPower – Saskatchewan Power Corporation

  

This is not a comprehensive list.

BD3 – Boundary Power Plant Station Unit 3

CCS – Carbon Capture, Transportation and Storage

CCPC – Canadian Clean Power Coalition

CCTF – SaskPower’s Carbon Capture Test Facility (at 

Shand Power Station)

CEPA – The Canadian Environmental Protection Act

CIC – Crown Investments Corporation of the 

Government of Saskatchewan (owner of all Crown 

corporations such as SaskPower)

CO2e – The climate forcing factor associated with 

a greenhouse gas expressed as “carbon dioxide 

equivalents”. For example, the climate forcing factor of 

methane (CH4) is 21 times the factor for CO2. Hence, 

one methane molecule is equivalent to 21 carbon 

dioxide molecules in terms of greenhouse impact on 

the climate.

C$ – Canadian Dollars

EC – European Commission

ECRF – SaskPower’s Emissions Control Research 

Facility (at Poplar River Power Station)

EOR – Enhanced Oil Recovery

EU – European Union

GHG – Greenhouse Gas

GWh – Giga-Watt-Hour, the energy unit of total power 

generation

ABBREVIATIONS
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