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Introduction: The Shand CCS Feasibility Study
• 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.
• Collaboration between Mitsubishi Heavy Industries (MHI), Mitsubishi Hitachi Power Systems (MHPS),
SaskPower and The International CCS Knowledge Centre (Knowledge Centre).
Table 1. Division of Labour by Scope of Work

• SO2 Capture System

Stantec/Knowledge Centre
Scope
• Steam Supply to Battery Limit

• CO2 Capture System

• Feed-heating Modifications

• CO2 Compressor

• Condensate Preheating

• Turbine
Modifications

• Deaerator Replacement

MHI/MHPS Scope

• Flue Gas Supply

• Flue Gas Cooler
• Hybrid Heat Rejection System
• Waste Disposal
Figure 1. 3D model of the proposed Shand CCS facility

The Cost of CCS

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

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

The Cost of CCS

How is this possible?

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%

Steam to reboiler

Turbine

Figure 6. Proposed butterfly valve in IP-LP crossover

Figure 4. Proposed FGC and modules
Figure 5. Proposed installation of CPH

Figure 7. Proposed steam extraction line to the reboiler

Drivers for CCS Implementation and Key Findings of the Study
Thermal Integration and Host Selection

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

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

Figure 10. Proposed new hybrid heat rejection system
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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

Figure 13. Modularized facility

Flue Gas Cooler

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
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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

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 offtaker(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.
Figure 15. Location of potential CO2 EOR in south east Saskatchewan

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

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

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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Figure 17. Summary of % capture rate and energy consumption with variation
in flue gas flow rate

Net Electricity
Production
CO2 Emissions

(Tonnes)

CO2 Emission
Intensity

(kg/MWh)

(MWh)

90% Capture 95% Capture
1,539,815

1,526,057

163,521

108,991

106.2

71.4

Emissions Profile of a Shand CCS Retrofit
Flexible Load Operations and Integration with Renewable Energy Sources
• While renewable power sources lack CO2 emissions, their variability requires a backup power supply for when the
sun is not shining, or when the wind is not blowing
• Dispatchable fossil generation is used to firm the supply in these situations
• Proposed design of the Shand CCS retrofit considered planned curtailment; load following is a key design criteria
of Shand CCS
• The proposed CCS integration of Shand would allow the unit to maintain its range of dispatch and loading rate
with the CCS island operating, while allowing increased capture at lower loads
• Desirable scenario in which a capture plant supports the integration of renewable power sources, while further
reducing its own CO2 footprint; the opposite response is encountered at a traditional natural gas plant that
supports VRE integration
• The emissions intensity profile for CCS coal integrated with wind and NGCC integrated with wind were compared;
CCS coal offers the greatest gains in emissions reductions

Emissions Profile of a Shand CCS Retrofit

Figure 18. Emission intensity of an NGCC plant integrated with wind

Figure 19. Emission intensity of a CCS coal plant integrated with wind

Emissions Profile of a Shand CCS Retrofit
System Emission Intensity
Flue Gas Pre-Treatment and Emissions Credits From Fly Ash
System Emission
“Renewables at
Intensity “Renewables
System
Revenue
Maximum Capacity”
Unavailable” (CO2/GWh)
• Current SO2 removal technology at Shand prevents fly ash
(CO2/GWh)
from being sold for concrete manufacturing
NGCC
350
200
• Sale of fly ash for concrete use is itself a carbon
Coal CCS
143
30
offset when compared to the emissions associated
Coal CCS +
with producing cement
Fly Ash
65
-28
• A wet-limestone FGD would replace the current SO2
Credit
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

Emissions Profile of a Shand CCS Retrofit

Net
negative
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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

Conclusions

• A second generation CCS facility on coal is in sight
• Capital costs have been reduced by 67%

• Calculated cost of capture would be $45US/tonne of CO2
• Novel optimizations and lessons learned have de-risked aspects of CCS

• Emissions are significantly lower than Canadian regulations
• Carbon Neutral Coal Power is Possible

Complete Report

Link to Report https://ccsknowledge.com/pub/documents/publications/.Shand%20CCS%20Feasi
bility%20Study%20Public%20Report_NOV2018.pdf

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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