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The Climate Technology Centre and Network
Organisation
•

Operational arm of the UNFCCC Technology Mechanism

•

Consortium of organizations from all regions + Network

Mission and scope
•

Mission to stimulate technology cooperation and enhance the
development and deployment of technologies in developing countries

•

Technologies include any equipment, technique, knowledge and skill
needed for reducing greenhouse gas emissions and for adapting to
climate change effects

Core services
•
•
•

Technical assistance to developing countries
Knowledge platform on climate technologies
Capacity building and support to collaboration and partnerships
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CTCN Technical Assistance
Country-driven
•
•

Any organization from developing countries can express need
Request endorsed and submitted by the NDE

Support to remove barriers to
technology transfer (financial,
technical, institutional)
✓

Fast and easy access to assistance
•
•

User-friendly access: 4-pages submission, in all UN languages
Appraisal of request within 1-2 weeks and response design within 2-12 weeks

CTCN selects and contracts relevant experts

•

Assistance provided through Consortium and Network (value up to 250,000
US$)
Collaboration with financial organizations to trigger funding

•

✓

✓

✓

✓
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Identification of needs and
prioritization of technology,
depending on country context
Technical recommendation for
design and implementation of
technology
Feasibility analysis of
deploying specific
technologies
Support to scale up use and
identify funding for specific
technologies
Support legal and policy
frameworks

Networking and Collaboration
Join our network! Easy and free of cost.
Access commercial opportunities: respond to competitive bidding for delivery of
CTCN technical assistance services
Create connection: network with national decision makers and other network members
to expand your partnership opportunities and learn about emerging areas of practice
Increase visibility: broaden your organization or company’s global reach, including
within UNFCCC framework
Exchange knowledge: keep updated on the latest information and share via the
CTCN’s online technology portal
Examples of collaboration
•

Co-host climate related events

•

Twinning arrangements with research institutions

•

Engage in new technology projects
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How to use the webinar platform
To listen to the webinar (select audio mode):
1. Listen through your computer: Please select the “mic and speakers” radio button on the right hand audio pane display
2. Listen by telephone: Please select the "telephone” option in the right-hand display, and a phone number and PIN will
display.

To ask a question
Select the “questions” pane on your screen and type in your questions, at any time during the presentation
If any technical difficulty
Contact the GoToWebinars Help Desk: 888.259.3826
The presentations will be made available after the webinar
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Shand CCS Feasibility Study
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A member of CTCN since October 2017

C. Beth Hardy

BA, LLB, LLM

Vice-President, Strategy & Stakeholder Relations
As Vice-President, Strategy & Stakeholder Relations, Beth leads the Knowledge Centre’s
considerations of policies and regulations that foster CCS; and focuses on helping to link CCS
knowledge with other countries to reduce locked-in investments and collaboratively support the
goals of the Paris Agreement. Her understanding of complex climate change matters, capacity
building requirements, and international financing concerns act as a solid basis for assisting both
national and international implementation strategies for technologies that support environmental
targets.
Prior to joining the Knowledge Centre Beth worked briefly as legal counsel for the provincial Crown
utility – SaskPower – and has been seconded to her current role. She pairs this industrial
perspective with regulatory knowledge as Acting Director of Climate Change with the Government
of Saskatchewan. These positions are reflective of Beth’s time with the National Round Table on the
Environment and the Economy where she focused on analysing provincial/territorial climate action
plans and making recommendations for low cost and sustainable pathways. Beth’s legal education,
teaching at the University of Saskatchewan College of Law, and practice have explored balancing
energy, the environment and social implications.
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Corwyn Bruce

P.Eng.

Head of Technical Services
Corwyn grew up on a farm in South-East Saskatchewan with a passion for making things
work. Corwyn holds a Mechanical Engineering degree from the University of Saskatchewan,
and is registered as a Profession Engineer, and a Project Management Professional.
Corwyn is the lead author of the Shand CCS Feasibility Study. He has been working on the
Boundary Dam 3 CCS project since early 2009. During this time, he served as both an
engineer and a project manager focusing on: building the original business case; scope
definition and delivery of the power plant upgrades and capture plant integration; and most
recently has spent the past 3 years leading the effort to resolve deficiency and operational
issues at the facility.
Prior to joining the clean coal initiative, Corwyn spent 5 years with SaskPower leading the
control system replacement projects at Poplar River Power Station in 2006 and again in
2008. Previously, he spent 10 years with ABB / Bailey Controls, designing, commissioning and
tuning control system upgrades on thermal power plant and industrial facilities in Western
Canada.
Corwyn joined the International CCS Knowledge Centre in August 2017.
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MISSION:
Accelerate the understanding and use of CCS
as a means of managing GHG emissions.
Sharing lessons learned from hands-on operations
ensures for experienced-based decision making.
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LEARNING STARTS HERE
1 ST I N T E G R A T E D L A R G E - S C A L E P O S T - C O M B U S T I O N C C S F A C I L I T Y
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The Shand CCS Feasibility Study
Focuses on technical aspects of retrofitting
Shand Power Station.
Summary for Decision Makers on Second
Generation
How the Study’s information can be broadly
applied.
Significant Cost Reductions Found
Reasons:
1. Lessons learned from building and
operating CCS
2. Construction at a larger scale using
extensive modularization
3. Integration of the bigger unit’s steam cycle
11
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SECOND GENERATION DESIGN
•

Designed to capture 2Mt

•

67% capital cost reduction
(per tonne CO2)

•

Cost of capture at
USD$45/t CO2

•

Can capture up to 97%
while integrating with
renewables

•

Fly ash sales can further
reduce CO2 – net-negative
emissions

•

No new water
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The Shand CCS Feasibility Study
•

•
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The Shand CCS Feasibility Study was
undertaken to evaluate the economics
of a CCS retrofit and life extension on
what was believed to be the most
favorable host coal fired power plant in
SaskPower’s fleet.

Table 1. Division of Labour by Scope of Work
MHI/MHPS Scope

Stantec/Knowledge Centre Scope

• SO2 Capture System

• Steam Supply to Battery Limit

• CO2 Capture System

• Feed-heating Modifications

• CO2 Compressor

• Condensate Preheating

• Turbine Modifications

• Deaerator Replacement

Collaboration between Mitsubishi
Heavy Industries (MHI), Mitsubishi
Hitachi Power Systems (MHPS),
SaskPower and The International CCS
Knowledge Centre (Knowledge Centre).
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• Flue Gas Supply
• Flue Gas Cooler
• Hybrid Heat Rejection System
• Waste Disposal

The Cost of CCS

•

•
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The Shand CCS project would produce the second,
full-scale capture facility in Saskatchewan with a
design capacity of 2 million tons of CO2 capture per
year – twice the initial design capacity of BD3.
Reductions in capital costs have been evaluated
and are projected at 67% less expensive than they
were for BD3 on a cost per tonne of CO2 basis. This
extensive reduction may be attributed to:
a) lessons learned from building and operating
BD3,
b) construction at a larger scale using
extensive modularization, and
c) integration advantages afforded by the
bigger 300MW units steam cycle.

Cost ($USD)/Tonne CO2 Captured

Capital Costs reductions of the next CCS facility are expected at 67%

0

BD3
SHAND

Power Station
Capture Island Build
Modifications Costs
Capital Costs

Cost of Electricity
Lost

Figure 2. Cost reduction of the Shand 2nd generation CCS facility as
compared to the BD3 project
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The Cost of CCS

The Calculated Cost of Capture from the Shand CCS Facility would be $45US/tonne of CO2

•

Economies of scale contribute to cost savings
realized by moving to the larger 300 MW unit
Factors considered when calculating the Levelized
Cost Of Capture (LCOC) included:
• 30-year sustained run-time of the power plant
• capture island capital costs
• capture island OM&A and consumables costs
• power island modifications costs
• cost of the power production penalty
assuming purchasing of power lost due to CO2
capture-related generation losses at costs
consistent with new Natural Gas Combined
Cycle (NGCC) power supply
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Figure 3. Cost reduction of the Shand 2nd generation CCS facility as
compared to the BD3 project
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The Cost of CCS

How is this possible?
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Drivers for CCS Implementation and Key Findings of the Study
Thermal Integration and Host Selection
•
Steam extraction to reboiler sourced from IP-LP
crossover; addition of butterfly valve enables continued
capture operations at reduced loads
•
Use of rejected flue gas heat for LP condensate
preheating using a FGC and novel condensate preheating
loop configuration (3 CPHs aligned in series with LP
FWHs 1 and 2) helps to reduce the energy penalty
•
Overall parasitic load was determined at 22.9%

Figure 4. Proposed FGC and modules
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Figure 5. Proposed installation of CPH
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Steam to
reboiler
Turbine

Figure 6. Proposed butterfly valve in IP-LP crossover

Figure 7. Proposed steam extraction line to the reboiler

Drivers for CCS Implementation and Key Findings of the Study
Thermal Integration and Host Selection
•
Pressure at the crossover of the 300MW units allows for easier
conversion and option for minor modifications
•
Contrasts BD3 which, due to age, experienced a costly total
turbine rebuild
•
Bolt in turbine modifications for CCS integration at Shand would
significantly reduce costs and recover gross output lost from
degradation
•
In comparison gross output increase is greater in the BD3 facility
and steam requirements are less (per tonne of CO2 captured) due
to complete turbine overhaul
•
In aggregate, the net change in energy consumption for the
Shand facility is greater than BD3 by approximately 5% but
significant savings in capital costs are realized
18
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Figure 9. Comparing efficiency penalty of CO2 capture between
BD3 and Shand CCS

Drivers for CCS Implementation and Key Findings of the Study
Heat Rejection Design Considerations
• CCS retrofit of Shand increases the heat rejection requirement by 50%
• Shand operates as a Zero Liquids Discharge (ZLD) facility; additional
water draw is not possible
• New hybrid wet surface air cooler heat rejection system consists of air
cooled heat exchangers (ACHE) and wet surface air coolers (WSAC)
connected in series
• Water requirements satisfied solely by flue gas condensate
• Designed at the 85 percentile of a 26 years survey of Estevan
weather data
• Dry cooling favored during summer months while wet cooling is
dominant at cooler temperatures
• Average colder climate in Saskatchewan shifts the annual average
of heat rejection load in favour of wet cooling
• Overall power consumption for the design case is 4.96 MWe; the
annual average of 2.58 MWe which is 52% of the design case
19
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Figure 10. Proposed new hybrid heat rejection system

Figure 11. Variation in annual heat reject load

Drivers for CCS Implementation and Key Findings of the Study
Fuel Pricing and Common Services
•
High fixed costs in coal mining
•
Scaling back on coal increases costs of fuel
•
Shand and Boundary Dam feed from common mine
•
Due to CCS conversion of BD3 this coal fuel source
has the best long-term viability

Site Layout and Modularization
• Availability of space for the CCS plant footprint is a factor
in determining a suitable location
• Distance between the power facility and the capture
facility on BD3 resulted in significant capital expenditures
for interconnections between the two plants
• Shand site is un-congested and open
• Modularization reduces onsite construction costs

Figure 12. Coal mining in Saskatchewan
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Figure 13. Modularized facility
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Drivers for CCS Implementation and Key Findings of the Study
Power Plant Reliability / Capture Plant Partial Capacity
•
“Dual mode” is a risk mitigation strategy that allows continued power
plant operations when experiencing issues with the capture facility
•
Diverter dampers allows partial flue gas diversion
Grid Support and Ancillary Services
• Load adjustments of large thermal power stations are dictated by the
supply-demand balance in the electricity grid
• Viable CCS would have to maintain the flexible operating range

Figure 14. Proposed flue gas supply to the capture facility

Plant Maintainability
• Current coal fired power plant designs are the product of multiple generations of revision
• This level of refinement has not yet been achieved with amine based CCS facilities
• Experience at BD3 highlighted key process isolations and redundancy at selected locations in the process; these
have been considered in the Shand CCS design
21
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Drivers for CCS Implementation and Key Findings of the Study
CO2 Market
• CO2 EOR opportunities exist within 100 km of
Estevan, Saskatchewan
• Economical development of these opportunities is
key to a successful CCS retrofit
• Opportunity exists to join the Shand CO2 pipeline to
the BD3 pipeline; this would increased reliability of
CO2 supply and reduce penalties associated with
delivery challenges
• CO2 from BD3 that is currently not sold to off-taker(s)
could be used to develop the CO2-use market prior
to the completion of the Shand CCS facility
• Excess CO2 capture volumes could be sequestered
within the capacity of the existing Aquistore
dedicated geological storage project.
22

Figure 15. Location of potential CO2 EOR in south east Saskatchewan
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Drivers for CCS Implementation and Key Findings of the Study
Matching Capture Capacity to Regulatory
Requirement
•
The Reduction of Carbon Dioxide Emissions
from Coal-fired Generation of Electricity
Regulations (July 2015), set performance
standards at 420 tonnes CO2/GWh
•
Designing a capture facility at minimum
capture requirements increases the per ton
cost of CO2 capture
•
Mitigating long-term risks of increased costs
from tightening CO2 policy is accomplished by
implementing projects exceeding rates of 90%
CO2 capture
Figure 16. Summary of various industrial CO2 emission intensities
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Drivers for CCS Implementation and Key Findings of the Study
Over-Capture at Reduced Load
•
At lower loads the capture rate exceeds 90%
•
Sensitivity analysis indicated capture rates reaching
in excess of 96% at 75% load
•
CCS equipped coal-fired power plant could be
made responsive to variable renewable generation

Figure 17. Summary of % capture rate and energy consumption with
variation in flue gas flow rate
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Increasing Capture Capacity From 90% to 95%
• 95% capture is possible
• Overall increase in capital costs required to facilitate
the increase in capture produces a lower overall cost
per tonne

Table 2. Average performance for Shand CCS with 90% and
95% design capture at full load
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Emissions Profile of a Shand CCS Retrofit
Emission Intensity of Natural Gas Combined Cycle with Wind

Figure 19. Emission intensity of a NGCC plant integrated with wind
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Potential Emission Intensity of Shand Abated with CCS Combined with Wind

Figure 18. Emission intensity of a CCS coal plant integrated with wind
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Emissions Profile of a Shand CCS Retrofit
Flue Gas Pre-Treatment and Emissions Credits From Fly Ash Revenue
• SO2 emissions control is currently required at Shand
• SO2 removal is a pre-requisite for the amine solvent based carbon capture process
• Current SO2 removal technology at Shand prevents fly ash from being sold for concrete manufacturing
• Sale of fly ash for concrete use is itself a carbon offset when compared to the emissions associated
with producing cement
• A wet-limestone FGD would replace the current SO2 abatement system
• Up to 140,000 tonnes/ year fly ash would be saleable for the concrete market (valuable revenue stream,
subject to demand)
• CO2 emission offset from fly ash sales would be approximately 0.9 tons of CO2 reduction / ton of fly ash;
potential net emission reduction of 125,000 tons / year.
• (It is not yet clear if / how these reductions could be translated into credits)
• Combining this credit with the reduced emission profile associated with a 95% capture rate on Shand
would result in a plant without any net CO2 emissions
A carbon-neutral coal-fired power plant is within reach
26
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Emissions Profile of a Shand CCS Retrofit
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Potential Emission Intensity of Shand Abated with CCS Combined with Wind

Potential Emission Intensity of Shand Abated with CCS Combined with
Wind + Fly Ash Credit

Figure 20. Emission intensity of a CCS coal plant integrated with wind

Figure 21. Emission intensity of a CCS coal plant with added carbon
credits from fly ash concrete usage sales
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Applying Shand CCS Feasibility Study to a Global Multi-Sector Context
CCS technology is proven
• Novel optimizations and lessons learned have de-risked
aspects of CCS
Reliable and affordable energy with reduced emissions are
imperative for energy security
• A second generation CCS facility on coal is in sight
• Carbon Neutral Coal Power is Possible
• Emissions are significantly lower than Canadian
regulations
Implementation of CCS can:
• allow existing generating assets to operate cleanly
• aid to decarbonize industrial emissions.
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Second Generation Application
•

Selecting the right facility for CCS
o Age
o Size & Layout
o Proximity

•

Incentives and cost savings
o Policy (ie. 45Q tax credit)
o CO2 infrastructure hubs
o Cost recovery with EOR
o Modularization and
o Byproduct sales decisions

•

Can apply beyond coal to other industrial sources
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Driving Future Opportunities
Cooperative Approaches:
•
Multi-stakeholder initiatives are important to
drive development
•
Government funding goes farther when
leveraged with private funding
•
Get involved early
•
Don’t reinvent the wheel!

Reduce Administrative Burden:
•
Build on existing regulations as much as possible
•
Create flexible enforcement regulations
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Business Case:
•
Account for economic considerations and energy
security issues
•
Find value in by-products
•
Use enhanced oil recovery & align with oil
companies where possible
Incentives & Financing:
•
Enable support for first-movers
•
Create a variety of financial incentives for projects
•
Drive policy parity with other clean energy
technology (ex. subsidies)
•
Multilateral Development Bank involvement is
critical for Asia
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Shand CCS Feasibility Study

For more information please
visit our website at:

Thank You

Contact us by email:

info@ccsknowledge.com
Don’t forget to follow us on Twitter
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Thank you

info@ccsknowledge.com

www.ctc-n.org

ctcn@unep.org

