EMISSIONS
REGULATION
APPLICABLE TO
COAL-FIRED POWER
GENERATION

SaskPower began its clean coal power

generation in the absence of regulatory direction.

The Boundary Dam Unit 3 (BD3) retrofit was
completed and operational by October 2014.
The Reduction of Carbon Dioxide Emissions
from Coal-Fired Generation of Electricity
Regulations ("Regulations”) were enacted in
Canada in September 2012 pursuant to The
Canadian Environmental Protection Act* (CEPA).

The Regulations came into effect on July 1, 2015.

However this was well after the decision had
been taken to proceed with the BD3 retrofit, and

construction was in full swing.

The performance standard under the
Regulations for all coal-fired power generation

is a CO, emissions limit of 420 tonnes per GWh,
which is equivalent to the emissions intensity
level of a modern, high efficiency, base loaded
Natural Gas Combined Cycle ("NGCC") power
plant. This standard applies to new power plants
constructed after July 2015 and End-of-life units
constructed before July 2015.

Under the Regulations, Cumulative CO,
Reduction from coal-fired power generation is
estimated at 214 million tonnes of CO, across
Canada by July 2036. As a point of reference, the
GHG emissions for the energy sector in Canada
in 2012 is shown in Figure 5. The electricity
generation by fuel type in Canada for 2013 is
shown in Figure 6.
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FIGURE 5 | GREENHOUSE GAS (GHG) EMISSIONS IN CANADA FOR THE ENERGY SECTOR (2012)
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Source: Environment Canada National Report, 1990-2012
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*Includes all the other energy sector emission sources,
such as mining, manufacturing, and construction, fugitive
sources and agriculture/forestry/fisheries.

TOTAL GHG EMISSIONS IN CANADA, 2012 = 699 MEGA TONNES CO, EQUIVALENT

FIGURE 6 | ELECTRICITY GENERATION IN CANADA BY FUEL TYPE (2013)

TOTAL ELECTRICITY GENERATED IN CANADA, 2013 =611.31 TWh

Courtesy of the Canadian Electricity Association

*Numbers may not total 100% due to rounding

M HYDROG63.4%
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NUCLEAR 15.9%
COMBUSTION TURBINE 4.5%
WIND 1.5%
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SOLAR 0.04%
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FIGURE 7 | ANTICIPATED CANADIAN COAL FLEET REDUCTION FROM 2007 ONWARD

(MW)

CA PA CITY

18000
16000

14000

Courtesy of the
12000 Canadian Electricity

Association
10000

8000
6000
4000
2000

N W S S S U MU MU N
2 % % % % 2 OB % 2 % % %

*Retirement age 45-50 years as per the 2012 Reduction of Carbon Dioxide Emissions from Coal-
Fired Generation of Electricity Regulations. Includes Ontario voluntary coal shutdown by 2014.

BY COMPARISON, the UK carbon emissions performance standard for coal-fired power
units was legislated in December 2013 at 450 tonnes per GWh. Although the EU has not set a
performance standard for power plants, the European Investment Bank has adopted a policy

that it will no longer fund any power plant that is designed to emit more than 550 tonnes per

GWh. The EC has recommended a limit of 450 tonnes per GWh following the UK's lead. In the
USA, while a target reduction in power-generation-related carbon emissions was set at 30% in

2013, the Environmental Protection Agency (EPA) is still working out the details of the impact on
existing coal-fired power plants. Compliance in the USA will not be required until 2020.




In Canada, under CEPA, End-of-life Coal Units are defined as follows:

Units commissioned before Units commissioned after 1974 Units commissioned in or
1975% will reach their End-of- but before 19861 will reach their after 1986+ will reach their
life on December 31, 2019, or End-of-life on December 31, 2029 End-of-life on December 31
on December 31 of the 50th or on December 31 of the 50th year of the 50th year following
year following commissioning, following commissioning, whichever commissioning

whichever comes first comes first

Under the Regulations, Carbon Capture and Storage (CCS) for new and End-
of-life coal units incorporating CCS technology can apply to receive a temporary
exemption from the performance standard until December 31, 2024 and must have
documented evidence of the following construction milestones:

BY JANUARY 1 BY JANUARY 1 BY JANUARY 1 BY JANUARY 1 BY JANUARY 1

2020 2021 2022 2022 2024

Complete Front End Purchase all major Obtain regulatory All contracts for Begin commissioning
Engineering and carbon capture approvals for carbon  transportation and of CO, capture,
Design (FEED). equipment. capture. storage of CO5 in transportation and
place. storage elements of
the CCS system.
Substitution of a power plant to meet its performance standard [t may be possible for each province to
compliance obligation at another power unit can only take place negotiate a federal-provincial Equivalency
under the Regulations if the two power units have the same Agreement with the Government of Canada
owner and they are of similar size (e.g. nominally 300 MW). The to enable each provincial jurisdiction to
substitution will only last until the substituted unit reaches its regulate the reduction of carbon emissions
own End-of-life. After June 30, 2015, a unit that is permanently by coal-fired power generation (i.e. possibly
shut down ahead of its End-of-life date may swap any leftover a different approach to meeting the overall
operating time to one or many other units with the same owner, targeted reduction in CO, emissions
in the same province, and with equivalent total potential power associated with coal-fired power generation
production over the period of the swap. for a province).

The Regulations that came into effect on July 1, 2015 are also expected to result in
significant reductions in SO, and NOy emissions as shown in Figure 8.

*Including Units 1 through 5 at SaskPower’s Boundary Dam Power Station
fIncluding Unit 6 at SaskPower's Boundary Dam Power Station and Units 1 and 2 at SaskPower'’s Poplar River Power Station

*Including SaskPower's Shand Power Station



FIGURE 8 | ANTICIPATED NOx AND SO, REDUCTIONS DUE TO CO, REGULATION IN CANADA
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Other air emissions regulations pertaining to coal-fired power generation plants

apply across Canada as follows:

Mercury (Hg) emissions standards were set for
the year 2010 to ensure a reduction of 60% of the

2695 kg of Hg emitted in the baseline year of 2003.

The Council of Canadian Ministers of Environment
(CCME) is monitoring Hg emissions reductions to

ensure the target is reached.

Proposed changes to CEPA as of July 2015 apply to other

emissions as follows:
| Sulphur dioxide (SO5) at 0.47 - 4.91 kg per MWh*
| Nitrogen oxides (NOy) at 0.47 - 0.66 kg per MWh'

| Particulates (PMy + PM; 5) at 7.5 - 12 g per MWh!

*The precise limit imposed on a power plant depends upon the thermal output anticipated for the coal fuel used and its sulphur content.

TRegulatory harmonization with the USA is sought. The low end of the range is the current US EPA regulation. The higher end of the

range is anticipated new US EPA regulation.
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ABBREVIATIONS

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)

CO,e - 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 CO,. 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

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 COs.

IEAGHG - IEA Greenhouse Gas R&D Programme

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

generating capacity
PCC - Post-Combustion Capture

PM, 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.

PM, - 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
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