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Executive Summary and Recommendations

In January 2002, Alberta Environment asked CASAdweelop a new way to manage air emissions
from the electricity sector. Using a multi-stakedesl collaborative approach, CASA came up with
innovative solutions in the form of 71 recommenalasi comprising a management framework, and
presented it to the Government of Alberta in Noven003. The reporAn Emissions Management
Framework for the Alberta Electricity Sectavas promptly accepted by the Government, which,
along with the electricity generation industrynmwv implementing the recommendations for
reducing emissions.

To ensure continuous improvement and to keep them&work timely and relevant, a key
recommendation (#29) was that a multi-stakeholeleiew be done every five years. The intent of
the five-year review is to assess new emissionrabtgchnologies, update emission limits for new
generation units, determine if emission limitstfieww substances need to be developed, review
implementation progress and determine if the Fraonkevs achieving its emission management
objectives.

At the request of Alberta Environment, CASA estsiidid the Electricity Framework Review Project
Team, which began its work in the fall of 2007.mMaintain consistency and continuity, the project
team used the same definitions as in the 2003 kvanke which was adopted by the Government of
Alberta. This includes the understanding that trearfework and review activities apply to all
electricity generation units in Alberta. These d#ifons appear in section 1.2 and in the glossary.

To ensure a thorough review, the team establiskeeral task groups to consider specific aspects of
its terms of reference in more detail. These were:

The Implementation Task Group

The Health and Environmental Assessment Task Group

The Control Technologies and Reduction Strategaesk TGroup

The Public Consultation Task Group

The Particulate Matter Management System Task Group

Another important element of the review was thegration by the electricity generation industry of
a continuous improvement report. Greenhouse gakbsugh included in the original Framework,
were not part of the mandate for the five-yeareevi

The CASA Board approved ten (10) consensus recomatiens from the Electricity Framework
Review Project Team in June 2009. The team wasgidelitional time to investigate the non-
consensus issues regarding source standards fogase¥ired generation. This report presents the
results of the first five-year review, includingcoenmendations (consensus and non-consensus)
consistent with the intent and purpose of the figar review recommendations in the 2003
Framework.



Implementation

In general, non-government organizations (NGOs)iaddstry stakeholders were of the view that
the 2003 Framework recommendations have been ingplesd satisfactorily. Several areas where
more work is needed are the focus of recommendafighrough 3 below. The team has also
prepared terms of reference for a new task groujetelop a Particulate Matter Management Plan,
which is required under Recommendation 22 in tlzrfework.

Recommendation 1: Implementation Status of EmissianTrading Recommendations
The Electricity Framework Review Project Team renomends that:
In 2013, the next five-year review team should clatepa detailed evaluation of the
implementation of recommendations 8 and 9 of tr@8Zramework, regarding the
Emissions Trading System.

Recommendation 2: Public Availability of Monitoring, Reporting and Compliance Data

The Electricity Framework Review Project Team reowends that:
Alberta Environment ensure that monitoring, repaytiand compliance data is made
available to the public in an easily accessible meanand that this be considered a high
priority in Alberta Environment’s Integrated Monitog and Reporting Framework expected
to be completed by March 31, 2010.

Recommendation 3: Recommendations from CASA Renewbband Alternative Energy

Project Team and Electrical Efficiency and Conservion Project Team

The Electricity Framework Review Project Team reowends that:
The CASA board review the status of implementatibthe recommendations made by the
Renewable and Alternative Energy project team hadElectrical Efficiency and
Conservation project team by the end of 2009.

Health and Environmental Assessment

Based on the two literature reviews conducted asgbaéhe health and environmental assessment,
the team concluded that: a) no new air emissiostanbes were identified that should be of concern
to regulators; and b) no new environmental andthedfects information was identified that would
warrant a detailed review of the Framework. Recomaaéons 4 and 5 address the results of this
health and environmental assessment.

Recommendation 4: Health and Environmental Effecténformation

The Electricity Framework Review Project Team reowends that:
No additional work or revisions to the Framewor& egquired at this time based on new or
additional health and environmental effects infatiora

Recommendation 5: Analysis of Health and Environmetal Effects Research

The Electricity Framework Review Project Team renomends that:
For future five-year reviews, a multi-stakeholdesup with appropriate representation be
struck to oversee a study to identify any new aelMant studies or research findings
regarding potential environmental or health efféim air emissions from electricity
generation, and that an independent peer reviesoimpleted on the results.



Control Technologies and Reduction Strategies

Based on the results of an independent technolggw, the project team reached consensus
agreement on the Best Available Technology Econaltyié\chievable (BATEA) for new coal-fired
units. They also reached agreement on BATEA for gas«fired peaking units, but were unable to
agree on the BATEA for new gas-fired non-peakingsun

Recommendations 6, 7, and 8 were agreed to by ssas@nd address reduction strategies for new
coal-fired generation. Recommendation 9 is a narsensus recommendation; the CASA Board
agreed to forward this issue to the appropriatee@uwent of Alberta Ministers for a final decision.

Recommendation 6: Source Standards for New Coal-Fed Thermal Generation Units

The Electricity Framework Review Project Team renowends that:
The following standards apply to coal-fired boiliemerating units without carbon capture
technology that are approved on January 1, 2014tem.

Nitrogen Oxides (NOXx)
Emission standard: 0.47 kg/MWh net
Design specification: 0.40 kg/MWh net

(Note: In addition to requiring compliance with tN®x emission standards, the
environmental approval will include a conditiontthequires the proponent to design
the NOx control equipment with the capability tduee emissions to 0.40 kg/MWh
net, or less.)

Sulphur Dioxide (SO,
Emission standard: 0.65 kg/MWh net or 90% remowaichever is less stringent.

Particulate Matter (filterable %)
6.4 ng/J of heat input (~0.066 kg/MWh)

Mercury
75% capture design target
Optimization plans to meet 80% capture by 2013

The standards are conditional on emissions dutergups and shutdowns (using best
practices) excluded from compliance measurementeambnable flexibility by Alberta
Environment during new technology commissioningquer

Recommendation 7: NOx and S@Credit Generation Thresholds
The Electricity Framework Review Project Team reowends that:
The following deemed credit thresholds for the 2BRITEA standards be applied to new coal-
fired and gas-fired units:
A. NOx (coal-fired) — 0.38 kg/MWh net
B. SO, - 0.55 kg/MWh net
C. NOx (gas-fired) — “A” factor = 0.07 kg/MWh net ati@” factor = 0.008 kg/GJ
Non-Peaking Standard Formula:
NOx (kg/h) = [Net Power Output (MW net) x A] fHeat Output (GJ/h) x B]

! Alberta Environment Stack Sampling Code or EPARdEL5 — front half particulate catch



Recommendation 8: Credit for Early Action on Mercury Capture
The Electricity Framework Review Project Team reowends that:
The initiative on Credit for Early Action on Mergu€apture be implemented as follows:

The Credit for Early Action on Mercury initiativeilvenable operators to gain
recognition for past and upcoming Mercury captwe®ie the regulation deadline.
Operators will earn credits for kilograms of Merggaptured (as a result of Mercury
control activity demonstration, early installatiohMercury control equipment and other
combustion process modifications).
Credits can only be used on a site-basis (no tga@ind only when plants experience
upset conditions impacting their ability to achieasget removal requirements.
The credits for early action recognition cannoubed to delay installation of Mercury
control equipment.
January 1, 2011 is the compliance date. Comparniesarn credits for Mercury capture
rates greater than 75% before January 1, 2011.
Between January 1, 2011 and January 1, 2013, caegpaiil earn credits for Mercury
capture rates greater than 80%.
All credits will be earned at a discount value 6%&
All credits will expire on December 31, 2015.

Recommendation 9: Source Standards for New Gas-fed Non-Peaking Thermal Generation
Units
No consensus. Details of non-consensus recommendai available in section 5.4

Future Five-Year Reviews

The lessons learned for this project team thateaapplied to future Framework reviews center
around: (a) ensuring appropriate participation fldhpotential stakeholders with a vested intenmest
electricity generation in Alberta, and (b) devetapa realistic and appropriate timeline for the kvor
of the team. The next five-year review is schedtbedccur in 2013. The 2003 Framework
recommends that the review and recommendationsieleted within 12 months of the formation
of the project team. Pre-planning should posittengroject team to complete its work by December
2013. A suggested schedule for the completion gbnmailestones appears in section 7.

Recommendation 10: Pre-consultation Phase for Nekive-Year Review

The Electricity Framework Review Project Team renomends that:
The working group formed to develop terms of refeeeand timelines for the next five-year
review build in a pre-consultation phase, which ldaavolve focused public outreach about
CASA as well as the Electricity Framework and pesgrin its implementation.

Public Consultation

Input from consultation participants suggests that2003 Framework is focused on the right
priorities. Concerns were expressed about emissiadsig, and recommendation 1 should help to
address those concerns. Participants also wanszktanore focus on developing clean, renewable
electricity sources; increasing efficiency at gatien units; and more effort to improve

conservation. These concerns were recognized, &g sutside the scope for this review. There is
an ongoing need to share information, both in corex communities and across Alberta, about what
is being done to reduce emissions from electrgigeration. This need is partly addressed by



recommendation 10 for a pre-consultation phaskamext five-year review, and by
recommendation 11 below.

Recommendation 11: Higher Profile for the Electricty Emissions Management Framework

The Electricity Framework Review Project Team renomends that:
CASA maintain a website that is updated twice a ye@th information about the Framework
and its implementation.

Continuous Improvement in the Electricity Sector

In line with the Framework’s direction, electricigggnerators prepared a continuous improvement
report as information. The report examined Albartaad history and forecast, looked at the changes
in generation (both added and retired) between 20032008, and described the continuous
improvement initiatives undertaken between 20032018 in the sector. It also identified goals for
further continuous improvement between 2008 an@2Pfogress against these goals will be
assessed at the next five-year review.



1 Alberta’s Emissions Management Framework for the

Sector

1.1 Electricity Generation in Alberta

Albertans count on having a reliable support ofteieity — an important commaodity in our everyday
lives. Alberta’s electricity sector has seen magpiicant changes in the last ten years, including
deregulation and a growing demand for power duapa industrial development and population
growth. At the same time, concerns have been raibedt the health and environmental impacts of

air emissions due to electricity generated fronsifdaels, mainly coal.

Figure 1 shows the installed capacity in the progjrby source for 2007. “Installed capacity” is the
total amount of electricity that theoretically cddde produced if all the facilities in Alberta were

generating power.

Figure 1. Alberta’s Electric Energy Capacity by Souce, 2007
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Source: Alberta Utilities Commission. “Other” indes oil, diesel, geothermal and solar.
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In 2007, Alberta produced 69,212 gigawatt-hours {G0f electricity; sources of this generation are
shown in Figure 2.

Figure 2. Alberta’s Electric Energy Generation by $urce, 2007

B Other, 2%
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Source: Alberta Electric System Operator. “Otherirges are biomass and waste heat.

Electric power generation is a significant emitieseveral major air pollutants: sulphur dioxide
(SO,), nitrogen oxides (NOXx), and mercury (Hg)s well, coal-fired units produce primary
particulate matter, and electricity generated leylibrning of fossil fuels also creates greenhoase g
emissions. In 2006, this sector produced 30% oéAlis total S@and 10% of its total NOx
emissions. Coal-fired power plants emit about 90% of Albestsotal reported annual mercury
emissions.

1.2 The Emissions Management Framework
In January 2002, Alberta Environment asked CASAdweelop a new way to manage air emissions
from the electricity sector. Using a multi-stakedesl collaborative approach, CASA came up with
innovative solutions in the form of 71 recommenolasi comprising a management framework,
which it presented to the Government of Albert&lovember 2003. The reportAn Emissions
Management Framework for the Alberta Electricitgt®e Report to Stakeholdérs and its
recommendations focused on:

new emission limits for new electricity generatiamits,

an emissions trading and credit generation system,

design life limits for existing units, after whictew emission limits would apply,

2 See the Glossary in Appendix A for more informatim these substances.

% Sourcewww.ec.gc.ca/pdb/cac/Emissions1990-2015/2006/2086 eAcfm Natural and open sources are included
in the total Alberta emissions.

* The Framework is available onlinevatvw.casahome.org/?cat=08 www.environment.alberta.ca/642.htor on
request to CASA or Alberta Environment.




stakeholder review at five-year intervals,
monitoring transparency and accountability,
continuous improvement,

renewable and alternative energy,

energy efficiency and conservation, and
response to potential hot spots.

The Framework was promptly accepted by the GovenmtimfeAlberta, which, along with the
electricity generation industry, is now implemegtthe recommendations.

Although CASA considered a wide range of factordeneloping the Framework, it was based on
certain economic assumptions and emissions foreolsite day, as well as best available
technology economically achievable (BATEA) at timd. CASA also identified five priority
substances that were the focus of the Framewaio@ein oxides, sulphur dioxide, mercury, primary
particulate matter, and greenhouse gasksowing that new priority substances could eraéngthe
future.

To ensure continuous improvement and to keep thm&work timely and relevant, a key
recommendation was that a multi-stakeholder reWiewdone every five years. The intent of the five-
year review is not to re-do the original Framewdmkt rather to assess new emission control
technologies, update emission limits for new geti@maunits, determine if emission limits for new
substances need to be developed, review implen@miartogress and determine if the Framework is
achieving its emission management objectives.

To maintain consistency and continuity, the profjeam used the same definitions as in the 2003
Framework, which was adopted by the Governmentlloéa. This includes the understanding that
the Framework and review activities apply to adlotticity generation units in Alberta. These
definitions are noted below.

Generation Unit

For the purposes of the 2003 Emissions Framewdide@eration unit” refers to separate
components of a power plant facility that resulthia production of electricity energy and, where
relevant, the combustion of fossil fuel (e.g., @dyegenerator pair or a gas turbine-generator) pair

Existing Units
For the purposes of this management frameworkeaisting” thermal generation unit be defined as
follows:
An existing coal or gas unit is one that, priothe most recent review and update of the BATEA
emission limits,
1) has valid EUB and Alberta Environment approvalplace for the eventual unit start-up
dates contemplated in the approvals, or plannatdoproject proponent, AND

® Greenhouse gases are being addressed throughsalimate change initiatives, including Albert&€bmate
Change Strategy and were not considered in theyiae review.



2) in addition to any conditions of EUB and Albertavitonment approvals regarding dates
for commencement of construction or formal comnoissig of the units, has
a) within three years of receiving its Alberta Envinoent approval
continuous and substantive onsite construction, or
boiler foundation in place.
AND
b) has received formal commissioning and is availédoleommercial service
within eight years of receiving its Alberta Enviraant approval for coal-fired
units, or within five years of receiving its AlbarEnvironment approval for gas-
fired units.

New units

For the purposes of the 2003 Framework, a “newntla¢ generation unit, be defined as any unit that
does not meet the criteria for an “existing” umtlawill therefore be required to comply with the
BATEA or other emissions limits in effect at theé.

Design Life

The Design Life for coal-fired units, except foettWabamun generating facility, is defined as the
date of expiry of the PPA term or 40 years fromdh&e of commissioning, whichever is greater. The
end of Design Life for Wabamun units 1, 2, and Besember 31, 2010, according to their EPEA
approval (Approval 10323-02-00), which states tfeatjecision must be made by December 2005
whether to modify the unit to meet applicable eomimental standards or to commence
decommissioning by 2010.”

Design Life for gas-fired units is the date of eymf the PPA term or 30 years from the date of
commissioning, whichever is greater.

Design Life for peaking gas-fired units is the datexpiry of the PPA term or 60 years from the
date of commissioning, whichever is greater.

2 The Five-Year Review of the Framework

Recommendation 29 in the 2003 Framework commitiecgbvernment to a five-year review of
certain Framework elements, with the first revievihaive begun no later than April 2008. In March
2007, Alberta Environment asked CASA to establishudti-stakeholder project team to lead the first
review, focusing on the following elements as diésct in recommendation 29:

A technology review to identify the BATEA emissibmit standards,

The air emission substances subject to limits on& management,

Co-benefits of possible emission management stestdgr priority and other substances,

A review of economic and environmental triggerseisout in the Framework,

Additional information that illustrates potentisdith effects associated with emissions from
the electricity sector, and

6. Reports from electricity companies on continuouprionement.

ahrwNE

The CASA Electricity Framework Review Project Té€dmegan its work in the fall of 2007, guided
by the terms of reference noted in Appendix C. fidwew also looked at progress to date in
implementing the Framework. Public consultationseasn important part of the review and are
described in more detail in Section 8 of this répor

® Team members and their affiliations along with ¢benposition of the task groups are noted in AppeBd



To ensure a thorough review, the team establistveelal task groups to consider specific aspects of
its terms of reference in more detail. These were:

The Implementation Task Group

The Health and Environmental Assessment Task Group

The Control Technologies and Reduction Strategaesk TGroup

The Public Consultation Task Group

Each task group produced a report with its anaBssésrecommendations, which were adopted by

the team and appear in the body of this reports@laad other documents prepared by and for the
team are listed in Appendix D.

3 Managing Emissions from the Electricity Sector in Alberta

3.1  Progress in Implementing the 2003 Framework

With the assistance of Alberta Energy and Alberéalth and Wellness, Alberta Environment took
the lead in implementing most of the recommendatmontained in the 2003 Electricity Framework.
Implementation products included two new regulai¢fmissions Trading Regulation, Mercury
Regulation), nevAir Emission Standards for Electricity Generati@pprovals clauses, and a
document outlining the protocol for implementing ttecommendations on “hot spots.”

Throughout the implementation process, stakeholders kept informed of the work and had many
opportunities to give advice and confirm that inmpéatation met the intent of the recommendations
in the Framework. The following sections examinglementation progress and make
recommendations where appropriate. In general gomernment organizations (NGOs) and industry
stakeholders agree that the Framework recommemddt@ve been implemented satisfactorily.
However, in some areas, specifically the manageggmtoaches for mercury and greenhouse gases,
and energy efficiency and conservation, stakehsldgfered on the extent to which Framework
recommendations had been implemented; those viewsaded in the full report of the
Implementation Task Group, which is onlineratw.casahome.org/?page_id=3196

3.1.1 Management Approach for NOx and SO
Framework recommendations 6 through 12 and 37 g¢firdd address a management approach for
NOx and SQ.

Recommendations 8 and 9 pertain to an emissiodmgaystem and are intended to provide
incentives and rewards for better than requireeixpected performance, encourage early shutdown
of older units, encourage implementation of newssions controls at existing units, and allow
companies some flexibility in meeting new emisdiomts at the end of a unit’s design life. Alberta
Environment has implemented these recommendatimosgh the Emissions Trading Regulation
and electronic data submission of monitoring infation. Since the Emissions Trading System has
only been in place for two years, it may be todyetar assess whether it is achieving the desired
objectives, and no trades have yet occurred.

Recommendation 9 also included: a) the possilmlityxpanding the Emissions Trading System to

other industries, and b) consideration of a capteadk system for the electricity sector. The EFR
team does not believe this recommendation shouttbbsidered as fully implemented and the multi-

10



stakeholder committee to Alberta Environment shaaldtinue to advise on any adjustments that
may be needed to achieve the original intent oféltcemmendation.

Recommendation 1: Implementation Status of EmissianTrading Recommendations
The Electricity Framework Review Project Team renomends that:
In 2013, the next five-year review team should clatepa detailed evaluation of the
implementation of recommendations 8 and 9 of tr@8Zaramework, regarding the
Emissions Trading System.

3.1.2 Management Approach for Mercury
Framework recommendations 13 through 18, 43 arablddess a management approach for
mercury.

These recommendations were intended to reduce ngegoussions from coal-fired power plants,
and to inform the Canadian Council of Ministergla# Environment (CCME) in developing
standards and a monitoring protocol for mercurye Wrercury control technology on which the 2003
recommendations were based was carbon injectioc@mgact hybrid fabric filters (COHPAC). To
implement these recommendations, Alberta Environnmeroduced:
- A mercury regulation, which was developed throughstltation and input from a multi-
stakeholder advisory group.
The mercury control program, which is being impletee through Regulation 34/2006
required the operators of coal-fired power plaatsubmit plans for mercury reduction to
Alberta Environment by March 31, 2007. These plaaxs to be based on capture of at least
70% of the mercury in the coal being combusted,ardsubject to ongoing review and
refinement, with the goal of capturing at least 89¢2013.
The mercury monitoring protocol, which was compdeite 2007. Alberta will use the CCME
monitoring protocol to ensure the CCME requiremevitsbe met.

3.1.3 Management Approach for Primary Particulate M atter
Framework recommendations 19 through 22, 42 arabldfess a management approach for
particulate matter (PM). Alberta Environment regpeoh to these recommendations by implementing
the following policies in the approvals process:

Air Emissions Standards for Electricity Generatiand

Electronic data submission of monitoring informatio

In 2003, the technology expected to be appliearfercury control included activated carbon and
compact bag houses (COHPAC); this was expectedue the co-benefit of reducing particulate
matter emissions. The initial challenges with teeedlopment of COHPAC technology were not
overcome and it was found that advanced sorbenhtéagy allowed a sufficiently high mercury
capture rate with existing particulate control tealogy (i.e., electrostatic precipitators). Enhahce
activated carbon sorbents and electrostatic ptatgps, in conjunction with existing electrostatic
precipitators became the preferred technology fercory removal; thus the expected co-benefits of
mercury control for PM will not be realized.

The Framework described potential issues with aahgethe co-benefits of mercury control, and
recommendation 22 indicates that if mercury cord®s not provide a co-reduction of PM, then the

" See thdAlberta Gazettef March 15, 2006, online at
www.gp.alberta.ca/alberta_gazette.cfm?page=gaZ&t@$ pt2.cfm

11



2008 framework review should develop a primaryipalate matter management system for existing
units. The team has developed terms of referengaitte the work of the task group that will
develop a PM management system.

3.1.4 Greenhouse Gases
Framework recommendations 23 through 28, 46 arebdvess the management of greenhouse
gases.

In July 2007, Alberta facilities emitting more tha@0,000 tonnes of greenhouse gases a year were
required to reduce their greenhouse gas emisswbassity by 12% under th@limate Change and
Emissions Management Aétacilities can make their reductions through iovements to their
operations, by purchasing Alberta-based creditbyarontributing to the Climate Change and
Emissions Management Fund. Clean fuel technologies;gy efficiency and increased conservation
and development of renewable energy have also dmphasized. Alberta is committed to alignment
with evolving federal policy and to being in linatlwthe rest of North America as an integrated
carbon market advances.

The federal government is developing the domestiméwork for industrial greenhouse gas
emissions and intends to put the regulatory franmkwao law in the near future. The federal
government has set an objective that 90% of Caraacttricity needs be provided by non-emitting
sources, such as hydro, nuclear, clean coal or pameer by 2020, and will continue to provide
support for biofuels, wind and other energy altéues in support of this goal.

With these other activities underway, greenhouseg®ere considered to be outside the scope of
this five-year review.

3.1.5 Five-Year Review
Framework recommendations 29 through 31, 34, 35a@@ 71 address the five-year reviews.

At the request of Alberta Environment, CASA estsitdid the EFR project team to lead the first five-
year multi-stakeholder review of the Frameworkdascribed previously in section 2. This report is
the result of the review.

3.1.6 Identifying and Addressing Hot Spots
Framework recommendations 32 and 33 address e ashot spots.

With advice from a multi-stakeholder group, AlbelElavironment developed and publishe@uide

for Responding to Potential “Hot Spots” Resultimgrh Air Emissions from the Thermal Electric
Power Generation Sect¢November 2005). The guide outlines both intermal external processes
for identifying and managing potential hot spotased or potentially caused by air emissions from
thermal electrical generation facilities. The guspecifies key stakeholders and agencies, including
Alberta Health and Wellness, Alberta Sustainablsdiece Development, the (Alberta) Energy and
Utilities Board (now the Alberta Utilities Commissi), regional health authoritiésocal airshed
zones, municipalities, environmental non-governnagganizations, stakeholder groups, and federal
government departments. The team considers theeGaiilde thorough and appropriate, but because

8 Regional health authorities were in place whengthide was developed but were disbanded with rezfearges to
Alberta’s health system.
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no hot spot has yet been identified, the Guidenloa®een tested and thus it is difficult to asstsss
effectiveness at this time.

3.1.7 Public Availability of Monitoring, Reporting, and Compliance Data
Framework recommendations 36 through 47 addregsshe of public availability of monitoring,
reporting and compliance data.

Some stakeholders believe that this data is ndiyeaxessible to the public and that these
recommendations should be fully implemented as ssgpossible.

Recommendation 2: Public Availability of Monitoring, Reporting and Compliance Data

The Electricity Framework Review Project Team reomends that:
Alberta Environment ensure that monitoring, repaytiand compliance data is made
available to the public in an easily accessible meanand that this be considered a high
priority in Alberta Environment’s Integrated Monitog and Reporting Framework expected
to be completed by March 31, 2010.

3.1.8 Enhancing Transparency, Accountability and Pu  blic Participation
Framework recommendations 48 through 54 addresmenty transparency, accountability and
public participation.

While implementing the Framework’s recommendatidinge,Government of Alberta worked closely
with stakeholders and provided a number of oppdrasfor the public to learn about the
Framework and comment on the implementation planaddition to meetings with implementation
and adwsory groups, the following opportunities fablic information and input were provided:

Meeting with community members in the Wabamun area

Overall implementation meetings held in Stony Pkama Calgary

Meeting on emissions trading in Calgary

Meeting on mercury in Edmonton

Baseline workshops for industry in Edmonton andy&al.

Public involvement is reflected in specific elenweat the Framework as described below.

Public Involvement in Developing an Emissions Tmgdsystem

The Emission Trading Regulation was developed utigEnvironmental Protection and
Enhancement Act (EPEAjIberta Environment has established a public regist track the

creation, transfer, and retirement of credits. Canigs and individuals can buy and sell credits
privately and the registry records the transfecreflits between companies and individuals. Clauses
are inserted into approvals, authorizing the usaedits to meet the new emissions limits in Alaert

The Framework gives industry flexibility to meetwwnstandards for nitrogen oxides and sulphur
dioxide emissions, and encourages early emissazhgctions and early shutdown of older units. For
more information, seAn A to Z Guide to Emissions Tradipgblished by Alberta Environmeht.

° This document is online &ttp://www.environment.alberta.ca/1376.html
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Emissions Trading Technical Advisory Group

This small group consisted of stakeholders and owent staff, as well as people with expertise in
market design and emissions trading systems. Txeyi@ed the possible expansion of the
emissions trading system and its conversion tqpaaad trade system. The overall system was
designed in conjunction with this stakeholder agigisyroup.

3.1.9 Renewable and Alternative Energy
Framework recommendations 55 through 64 addressvadsle and alternative energy.

Net Metering and Net Billing

On February 1, 2008, the Government of Alberta tththeMicro-Generation Regulatioallowing
Albertans to generate their own electricity anceiee credit for any excess power they don’t use and
which is sent into the electricity grid. Micro-geagon options include producing power via solar
panels, small-scale hydro, wind, biomass, microecegation and fuel cells. The Alberta Utilities
Commission (AUC) is overseeing the implementatibthe regulation, and has developed processes
to simplify approvals and interconnection with ted.

Renewable and Alternative Energy Project Team

Following the recommendations made in the 2003 Ervaonk, CASA’s Renewable and Alternative
Energy (R&A) Project Team explored potential opti@a increase Alberta’s supply of renewable
and alternative electrical energy. In the end, memmdecided to recommend that the Government of
Alberta develop a renewable and alternative eladtenergy policy framework, and to forward the
results of the team’s work to the Government farsideration'® Alberta Energy subsequently led
the development of a Provincial Energy Strategy was announced on December 11, 2808.
Recommendations from the R&A project team were iciemed in the development of the Energy
Strategy. The EFR team is of the view that the menendations of the 2003 Framework were
addressed by the work of the R&A project team,itmpiementation of recommendations 55 through
64 in the Framework depend on successful implentientaf the R&A team’s recommendations.

3.1.10 Energy Efficiency and Conservation
Framework recommendations 65 through 68 addresgyréiciency and conservation.

Electrical Efficiency and Conservation Project Team

The Electrical Efficiency and Conservation (EEC9jBct Team was formed in January 2004 with
the goal of implementing the Framework’s energjcefficy and conservation recommendations by
increasing electrical efficiency and expanding eowation efforts in Alberta. A significant task was
to develop an energy efficiency target for the prog. The team was also asked to identify the
resources required to implement the various progn@wommended to meet the provincial target.

The team agreed that an overarching energy eftigilmamework was needed within government to
make progress on its tasks. In its final repos,tbam made five recommendations related to
establishing an energy conservation and efficidrampework for Albertd? Alberta Energy
subsequently led the development of a Provinciar§y Strategy, announced on December 11,

1 The team’s reporRecommendations for a Renewable and Alternativetritial Energy Framework for Alberta,
was released in March 2007, and is available omitiétp://www.casahome.org/?page id=114

" The Provincial Energy Strategy is available onkkttp://www.energy.gov.ab.ca/lInitiatives/strategp.as

12 This report, entitled@he Need for an Overarching Energy Conservation Bffidiency Framework in Alberfa
was released in November 2006 and is availableewlihttp://www.casahome.org/?page id=109
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2008. Recommendations from the EEC Project Tears w@nsidered in the development of the
Energy Strategy.

Some stakeholders believe that recommendationad®&need more work and should be referred
to the appropriate implementing agency. Implemématf the rest of the Framework
recommendations in this area relies on the suadasgblementation of the EEC team’s
recommendations.

Recommendation 3: Recommendations from CASA Renewhband Alternative Energy

Project Team and Electrical Efficiency and Conservaon Project Team

The Electricity Framework Review Project Team reowends that:
The CASA board review the status of implementatibthe recommendations made by the
Renewable and Alternative Energy project team hadElectrical Efficiency and
Conservation project team by the end of 2009.

3.1.11 Information Gathering
Framework recommendation 69 addresses the gatremohgvailability of information.

The materials developed by and for the original @A3ectricity Project Team are on file with
Alberta Environment, in both electronic and priotrhat.

3.2 Continuous Improvement in the Alberta Electrici ty Sector

Recommendation 29, which is the basis for the ywar review of the Electricity Framework,
specified six elements that were to be addresst#tineview, one of which was continuous
improvement. The expectation was that electricégarators would prepare a continuous
improvement report as part of each five-year reviéle report would summarize emission control
initiatives taken during the previous five years &fentify goals for further continuous improvement
during the next five-year period. Progress agahmeste goals would then be assessed at each
subsequent review, starting in 2013. If appropyidite multi-stakeholder review team could
recommend modifications to the Framework that irmpropportunities for supporting continuous
improvement efforts.

The electricity generation industry prepared aiomous improvement report as part of this first
five-year review'® which it presented to the team as information. fép®rt examines Alberta’s load
history and forecast, looks at the changes in gioer (both added and retired) between 2003 and
2008, and describes the continuous improvemertinis undertaken between 2003 and 2008 in
the electricity sector, which include:
- An IGCC development project

Clover Bar Landfill gas generating station

Genesee Units 1 and 2 combustion optimization

Turbine efficiency improvement

Sundance upgrades

Mercury monitoring programs

Mercury capture tests

13 The industry continuous improvement report appeafppendix E.
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Transmission upgrades. Specifically, improvemeatgeheen made to the transmission
infrastructure to reduce line losses and to connexat generation in different regions of the
province.

Initiatives planned for 2009 to 2013 include:
Continuation of the IGCC project. The future of tireject depends on technical and
economic factors and on the availability of a fipeline and storage infrastructure.
Development of carbon capture and storage (CCS)
Clean coal development
Micro-Generation. The Micro-Generation Regulaticasvenacted on February 1, 2008 and
was fully implemented on January 1, 20@@llows Albertans to generate their own
electricity and receive credit for any excess eleity that is delivered to the grid.
Companies have supported this initiative and ace@ting the electricity from micro-
generators.
Coal-fired generators will continue with their merg control program to complete the
technology test program; engineer, install and ca@sion the control equipment by the
January 1, 2011 regulatory deadline; evaluate ¢tnéral technology during longer-term
commercial operations; and review possible optititorameasures.
Several projects are planned in various parts beA& to improve transmission reliability
and efficiency and to connect new sources of rebageneration.

The industry noted that confidentiality issues timhat goals or predictions can be included in the
continuous improvement report, but the stated mdnnitiatives reflect commitments the industry is
making. Some are not efficiency gains (e.g., C@8)will contribute to an overall improvement in
environmental performance. The plans focus mainlyhig ticket” items and many of the smaller
improvements cannot be identified in a public doenmThe continuous improvement report done
for the 2013 review is expected to describe allsigaificant continuous improvement activities that
were implemented between 2009 and 2013.

4 Health and Environmental Assessment

As part of this five-year review, the project teastablished a multi-stakeholder Health and
Environmental Assessment Task Group to:
- Assess new information related to possible newtanbges not yet regulated, but which
should be considered based on potential impacts;
Compile and review any new or additional informattbat illustrates potential health effects
associated with emissions from the electricity @eahd determine how any new information
impacts the framework; and
Make recommendations for future five-year reviews.

In addition, consultants were hired to review relygoublished research or reports (2002-2007) and
provide reports pertaining to any new informatientiee magnitude and/or nature of: 1) health
effects or impacts, and 2) environmental effectsnmacts of air emissions associated with fossil
fuel-based electrical generation. The recommendsiwising from the health and environmental
assessment are based on research and report$pdhlis to December 31, 2007.
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The consultants prepared annotated bibliographileat surveyed and documented any new
information, studies and reports related to thedior indirect health and environmental effects of
air emissions from fossil fuel fired electrical geation facilities, with a focus on:

Direct and indirect health and environmental eBebtt could be associated with air

emissions from fossil fuel fired electrical geneatfacilities, and

New information related to emissions from fossélftired electrical generation facilities.

4.1  Environmental Effects Literature Review

The objective of this review was to report on regesearch that addresses: 1) atmospheric
emissions from thermal electricity generation, ahthe direct and indirect environmental effects of
these emissions. Although all of the abstractsgmiesl in the report were screened for relevance, no
attempt was made to critically evaluate the quaiftthe science. Some of the papers included in the
report are quite broad in scope (e.g., they inchmliitant sources other than thermal electricity).

The vast majority of papers published on thermetteicity generation since 2002 have focused on
pollutant reduction, pollutant monitoring and reagoly evaluations. There has been considerable
emphasis on research related to mercury emissiahalaatement. Recent studies on direct and
indirect environmental effects of air emissionsrirthermal electricity generation were primarily
limited to local and regional studies (especiatlfeastern Europe and Greece) and to toxicity
research on some List 2 substances. For certdutats, especially for particulate matter and
polycyclic aromatic hydrocarbons (PAHS), receneagsh was primarily directed toward human
health effects; these abstracts were screened thisaeport. Further investigation revealed it
bulk of research projects relating to environmeattdcts of thermal electricity generation were
published between 1985 and 1999, and that thedmdjs appear to be so well-documented that
focus has now shifted to pollutant reduction. Ashsypart of this review is focused on technology
and standard/guideline changes that have evolveg 2002. Many researchers are now conducting
“life cycle” emissions studies, where the total ssions of electricity generation (including upstnea
processes such as mining and fuel transport) a@uated for and evaluated in economic and
environmental terms.

No attempt was made to search for new or “emerguogfutants from thermal electricity generation.
Despite this, a number of studies on radionuclidessions were encountered during the course of
the review; these are included in the section phegents results for List 2 substances. Research
continues to advance in the field of PAH speciation

4.2  Health Effects Literature Review

The objective of this review was to report on rec¢ermite” and “grey” literature articlés assessing
the health effects of electrical generation emissid he search was limited to studies published
between 2002 and 2007 that examined the relatipris#tiveen electrical generation from fossil fuel
combustion and adverse health effects. For theevitérature, articles were identified and collecte
using the databaséSI Web of Sciengc®vid EMBASEToxnet andPubmedFor the grey literature,
reports and other scientific articles were obtaittredugh searches of individual websites of
government agencies and environmental groupstdh ®7 white literature and 19 grey literature
articles were found. Most studies evaluated at leas of the five priority substances (Hg, 50

4 The documents prepared by consultants as pareakwiew are available online at
www.casahome.org/?page_id=3196

15 “White” articles have been peer-reviewed and plteil in the scientific literature. “Grey” articlage not peer-
reviewed and appear in other sources, such asmoeet and industry publications.
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NOx, particulate matter, and greenhouse gases (phn@(,)). A few studies assessed one or more
of the List 2 substances, and no health effectiiesuvere found assessing any new “emerging
chemicals.” A vast amount of research continudsetdone on the potential health impacts of
particulate matter, especially BMThis report offers the findings of the literats@arches and
provides a compilation of suitable abstracts.

4.3  Other Considerations

Information on projects and initiatives relatecetaissions from the electricity sector was provided
through presentations from government and indu€ifyspecific note, TransAlta and EPCOR made
a presentation to the task group on their envirartalenonitoring programs at the Genesee,
Wabamun, Sundance, and Keephills generating sgation

4.4  Health and Environmental Effects Conclusions an d Recommendations
Conclusions based on the two literature reviewstsat
No new emission substances from fossil fuel conmbustere identified that should be of
concern to regulators; and
No new environmental and health effects informati@s identified that would warrant a
detailed review of the Framework.

Recommendation 4: Health and Environmental Effect$nformation

The Electricity Framework Review Project Team reowends that:
No additional work or revisions to the Framewor& egquired at this time based on new or
additional health and environmental effects infatiora

Recommendation 5: Analysis of Research

The Electricity Framework Review Project Team reomends that:
For future five-year reviews, a multi-stakeholdesup with appropriate representation be
struck to oversee a study to identify any new ahelant studies or research findings
regarding potential environmental or health efféis air emissions from electricity
generation, and that an independent peer revievoimpleted on the results.

5 Control Technologies and Reduction Strategies

As part of this five-year review, the team estdids a multi-stakeholder Control Technologies and
Reduction Strategies Task Group to:
- Collect and review relevant information on emissias per recommendation 34 (Emissions
Growth Review Trigger);
Review technologies to identify the Best Availabkechnology Economically Achievable
(BATEA) appropriate for Alberta’s electricity sectancluding aspects such as generation,
combustion efficiency, control technology, monit@yimethodologies and air emission
characteristics;
Identify the BATEA emission limit standards andresponding deemed credit threshold for
new electric power plants, which will be effectiiee plants approved after January 1, 2011.
These standards are also expected to apply torexfscilities at end of their design life as
defined in the framework; and
Determine whether BATEA emission limit standardech&o be set for other fuel types
(including synthetic gas, bitumen etc.) and ifwbat these standards will be.
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To assist with this work, consultants were hiredljoupdate the 2003 Emissions Forecast, and 2)
review technologies and advise on BATEA and relgidormance limits for certain generation and
fuel types. The results are summarized below aaduthconsultants’ reports along with the final
report of the Control Technologies and Reductioat8gies Task Group are available from CASA
upon request and on the CASA website.

5.1  Summary of Generation and Emissions Forecasts

The emission forecast was an important tool indéneelopment of the 2003 Framework as it allowed
the original CASA team to project the impact of Framework on emission reductions over time for
nitrogen oxides, sulphur dioxide, particulate madted mercury). To determine if there had been
significant changes since 2003, an update of trec&st was completed in 2008, as part of the five-
year review. The emission forecast encompassasettte?0+ years, until 2030, as it was recognized
that most emission reduction actions identifiethm 2003 Framework would occur in that
timeframe!®

Overall, absolute mercury emissions levels havechahged significantly from the 2003
report with the exception of a shift of the regidatimplementation date from the end of
2009 to the beginning of 2011.

Absolute particulate matter emissions follow a famirend as in the 2003 forecast but are
considerably higher in the 2008 forecast. This @nhy due to differences in the technology
applied, which is described in section 3.1.3 of thicument. Particulate matter intensity
levels across the forecast period have remainatively flat when compared with the 2003
forecast.

Absolute S@ emissions in both the 2003 and 2008 forecasteetatvely similar. However

in the 2008 update, post-2017 absolute emissiansarsiderably higher than were
previously forecast due to higher output from qaahts. 2008 S@emissions intensity levels
are appreciably below the 2003 case until 2022.

NOx emitted from coal-fired generation is roughhcbhanged from the 2003 forecast to the
2008 forecast until 2017; after 2017, the data sh@wonsiderable increase in the 2008
predictions compared to the 2003 predictions. Eonssitensity, as in the previous emission
cases, is well below the 2003 projection prior G@@

5.2  Control Technologies Review

The objective of the control technologies revievswadetermine the BATEA for emission control
technology that would apply to Alberta electriaifignerating units approved after January 1, 2011.
To assist with this work, two consultants were ¢hirehe Eastern Research Group conducted a broad
analysis for control technologies to reduce emissaf NOx, SQ, PM, and mercury. Possible

retrofit technologies for existing units were nesassed as the review was entirely focused on new
units. The energy requirements for any controlhetbgies analyzed were also identified, and the
resulting greenhouse gas emissions were estimBtedstudy also reviewed future technologies,
control techniques, and the use of alternativesfapplicable to electric generating units. Later,
Jacobs Consulting was hired to conduct specifiearesh on control technologies for co-generation
units in non-peaking service.

% The full report of the CTRS Subgroup illustrates emissions forecasts graphically for each substan
"BATEA is defined in the glossary, using the sarafinition as in the 2003 Framework.
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Based on the results of this technology review pitogect team reached consensus agreement on the
following:

Coal-Fired Units

New source standards for Nitrogen Oxidi@scoal-fired units in Alberta will be based dret
demonstrated performance of selective catalytioecgon (SCR).

New source standards for Sulphur Dioxfdecoal-fired units in Alberta will be based dret
demonstrated performance of spray dryer adsorbéndabric filter baghouses.

New source standards for Mercdoy coal-fired units in Alberta will be based dret
demonstrated performance of sorbent injection.

New source standards for primary Particulate Mdttecoal-fired units in Alberta will be
based on the demonstrated performance of fabiés ilaghouses.

Gas-Fired Units

5.3

New source standards for Nitrogen Oxides for gasifpeaking unité Alberta will be

based on the demonstrated performance of dry low/éit§ low emissions (DLE/DLN)
combustion technology subject to the definitionghils document. (Note: The new sources
standards recognize that a peaking unit is noteidnio a generating unit that has reached the
end of its design life.)

Consensus could not be reached on the BATEA forsmwce standards for Nitrogen

Oxides for gas-fired non-peaking unitsAlberta.

Source Standards for New Coal-Fired Thermal Gen eration Units

Recommendation 6: Source Standards for New Coal-Fed Thermal Generation Units
The Electricity Framework Review Project Team reowends that:

The following standards apply to coal-fired boig@nerating units without carbon capture
technology that are approved on January 1, 2014tem.

Nitrogen Oxides (NOXx)
Emission standard: 0.47 kg/MWh net
Design specification: 0.40 kg/MWh net

(Note: In addition to requiring compliance with tN®x emission standards, the
environmental approval will include a conditiontthequires the proponent to design
the NOx control equipment with the capability tdwee emissions to 0.40 kg/MWh
net, or less.)

Sulphur Dioxide (SO,
Emission standard: 0.65 kg/MWh net or 90% remowaichever is less stringent.

Particulate Matter (filterable %)
6.4 ng/J of heat input (~0.066 kg/MWh)

18 Alberta Environment Stack Sampling Code or EPAWdEL5 — front half particulate catch
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Mercury
75% capture design target
Optimization plans to meet 80% capture by 2013

The standards are conditional on emissions dutergups and shutdowns (using best
practices) excluded from compliance measurementeambnable flexibility by Alberta
Environment during new technology commissioningquer

Recommendation 7: NOx and S@Credit Generation Thresholds
The Electricity Framework Review Project Team reowends that:
The following deemed credit thresholds for the 2BRITEA standards be applied to new coal-
fired units:
A. NOx (coal-fired) — 0.38 kg/MWh net
B. SG — 0.55 kg/MWh net

[C. NOx (gas-fired) — this credit threshold shob&ldetermined once the BATEA and
corresponding NOx emission standard has been detealn]

Recommendation 8: Credit for Early Action on Mercury Capture
The Electricity Framework Review Project Team reowends that:
The initiative on Credit for Early Action on Mergu€apture be implemented as follows:

The Credit for Early Action on Mercury initiativeilvenable operators to gain
recognition for past and upcoming Mercury captwette the regulation deadline.
Operators will earn credits for kilograms of Merggaptured (as a result of Mercury
control activity demonstration, early installatiohMercury control equipment and other
combustion process modifications).
Credits can only be used on a site-basis (no tga@ind only when plants experience
upset conditions impacting their ability to achieasget removal requirements.
The credits for early action recognition cannoubed to delay installation of Mercury
control equipment.
January 1, 2011 is the compliance date. Comparniesamn credits for Mercury capture
rates greater than 75% before January 1, 2011.
Between January 1, 2011 and January 1, 2013, caegpaiil earn credits for Mercury
capture rates greater than 80%.
All credits will be earned at a discount value 6%&
All credits will expire on December 31, 2015.
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5.4  Source Standards for New Gas-Fired Generation U  nits (Non-consensus)
The EFR project team could not agree on updatestsatandards for new gas-fired thermal
generation units. The main blocks to consensus are:

A. the treatment of simple cycle units and peakings, and

B. the choice of BATEA and the corresponding sowteadard for non-peaking units.

5.4.1 Treatment of simple cycle units and peakingu  nits

All stakeholders agree that the BATEA for peakimgtaiis a Dry Low NOx/Dry Low Emission
(DLN/DLE) combustion system. However, determinihg torresponding source standard has been
a complicated task. Through many discussions, stakeholders reached agreement on a standard.
However, one stakeholder was concerned that tissititation of peaking units is too broad and
could potentially capture units that are not adyualoviding peaking service.

The CASA Board discussed the treatment of simptéecgnd peaking units in June 2009. The board
agreed that Alberta Environment and industry pigdicts should work together to resolve the issue
related to peaking units. When finalized, the rssof this work will be available upon request from
CASA and will be posted on the CASA website.

5.4.2 Choice of BATEA and corresponding source stan  dard for non-peaking units

In June 2009, the CASA Board reviewed the non-casiseissues regarding gas-fired non-peaking
units. The board directed the EFR project teanotdioue to work to resolve the issue of choice of
BATEA and a corresponding source standard for nead<img units, noting that all involved
stakeholders need to participate, and all optiolido on the table. The team reported back to the
CASA board in March 2010 that they were unablestich consensus on this issue. The board agreed
to forward the issue to the appropriate GovernméAiberta Ministers for a final decision. When
finalized, the decision of the Minister/s will beaglable upon request from CASA and will be posted
on the CASA website.

Recommendation 9: Source Standards for New Gas-FideNon-Peaking Thermal Generation
Units (non-consensus)

The main block to consensus is the choice of BAHBEA the corresponding source standard. All
NGO sectors, all government sectors, and theiasilgector were able to reach agreement on a
source standard for new gas-fired non-peaking (@ipgion A). The chemical manufacturers sector,
the petroleum products sector, and the oil andsgetor did not agree with the original proposal and
offered an alternate solution (Option B). The disaghg parties’ positions and rationale for
supporting each proposal are summarized belowilsletn be found in Appendix F. In addition,
Appendix G includes individual submissions fronenetsted stakeholders.

The EFR project team had already completed a braadessions control technology review with
Eastern Research Group (ERG). However, some stialerhdelt that the ERG review did not
consider the unique economic and operational issugeunding cogeneration facilities. To further
assist with this particular issue, Jacobs Conscytavas hired to undertake a review of natural gas
and alternate fuel combustion and control techneign order to establish the best available
technology economically achievable (BATEA) for N@&missions control for cogeneration units.
Both the ERG report and the Jacobs Consultancytrep® available upon request and on the CASA
website.
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Although the EFR project team could not agree atetgd source standards for new gas-fired non-
peaking thermal generation units, stakeholdersrgépeagreed that they had similar interests in the
following areas:

- The emission standard should be based on the perfme of a technology that is considered
BATEA. Stakeholders could not reach agreement oatwdchnology constituted BATEA.
Cost-effectiveness and economic achievability amgartant factors to consider.

Alberta should set standards to reduce emissi@isite comparable to leading jurisdictions
in attainment areas (i.e. areas of good air gyality

The emission standard is not intended to createadistives for cogeneration development.
There should be flexibility to meet the emissicenstard with any processes and/or
technology that make sense to each operator.

OPTION A:

It is recommended that, effective January 1, 283 NOx BATEA standard for new gas-fired nor
peaking units will be:

Non Peaking Standard Formula:
NOx (kg/h) = [Net Power Output (MW net) x A] [Heat Output (GJ/h) x B]

Where:

A = Power Output Allowance — the total electricyd shaft power energy production

B = Heat Recovery Allowance — the total useful tha&renergy recovered from the cogeneration
combined cycle facility

Power Output Allowance (“A”)

Net Power Output Non Peaking (“A”)

(per gas turbine train) (kg NO,/MWh net)
Greater than 25 MW 0.09
Less tharR5 MW 0.60

Heat Production Allowance “B”Natural Gas = 0.01 kg N£i5J

Based on the reports prepared by the Eastern Rés@aoup and Jacobs Consultancy, the
government, NGO, and utilities sectors support @p#, and agree that Selective Catalytic
Reduction (SCR) is the best available technologmemically achievable (BATEA). These sectors
agree that SCR is a proven technology used indigtisns with climate conditions similar to
Alberta. SCR technology is installed and operatea variety of applications, including co-
generation, in the United States. Several of tifeesties operate in cold weather and there ar&SC
units operating in Alberta. These sectors alsoeatirat the use of SCRs can be cost effective in
larger installations and that ammonia slip/collatemissions are only a concern at very low
emission limits (far below the emission limits gpiecommended in Option A). There are a large
number of SCR systems in operation that safely leaN#l; (ammonia).
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During the team’s discussions, these sectors rezafieement that, due to limited operating
experience with SCRs in Alberta, the source stahdghould allow for some fluctuation during non-
ideal operations, commissioning, and short-ternil-defined, transient periods.

Those stakeholders supporting Option A felt that Dow NOx technology was not the BATEA
because, according to the definition of BATEA ie tBmissions Management Framework, BATEA
technologies are those that have “been demonstiateel economically feasible through successful
commercial application across a range of regionsfael types”19. The reports from the Eastern
Research Group and Jacobs Consultancy clearly dgratathat SCRs are applied widely across the
U.S., the technology is increasingly being use@amada and is used in both gaseous and non-
gaseous fuel applications. There are two simpléegyeaking units equipped with SCRs currently
operated in Edmonton — the operator (Capital P@egporation) believes that they are economical
and do not have any outstanding environmentalfetysaoncerns. The stakeholders note that while
there is the potential for new developments in OkbBhnology, this equipment has yet to be installed
and operated in Alberta. In addition, turbine mactidirers will not provide a performance guarantee
for DLN units that achieve very low emissions lignthere these units are operating below a certain
ambient temperature (this would be a concern ireA#s climate conditions).

OPTION B:

It is recommended that, effective January 1, 2@id NOx BATEA standard for new gas-fired nor
peaking units will be:

Non Peaking Standard Formula:
NOXx (kg/h) = [Power Output (MW net) x A] + [Heat @uit (GJ/h) x B]

Where:

A = Power Output Allowance — the total electricyd shaft power energy production

B = Heat Recovery Allowance — the total useful tha&renergy recovered from the cogeneration
combined cycle facility

Power Output Allowance (*A”)

Power Rating Natural Gas Non-Peaking
(per gas turbine only) (kg/MWh)
Greater than 25 MW 0.18°
Less than 25 MW 0.60

Heat Recovery Allowance (“B”)
For All Units: 0.04 kg/GJ

19 An Emissions Management Framework for the AlbBttricity Sector — Report to Stakeholders. Novemb
2003. p. 117.
2 To be applied on an annual average basis
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Applicability
- Effective for units approved after January 1, 2@#rInew and for end of life installations
- Natural gas fired systems
o0 Dry low NOx burners — on which this BATEA stand@dased — are designed and
engineered for natural gas as fuel
o Systems fueled by alternate gaseous fuels to bdléthon a permitting, case-by-case basi
(e.g., systems fired with a mix of natural gas veiyhgas, off-gas or refinery fuel gas)
- Start-up and shut-down and upset conditions areptedl from the standard

UJ

Basis
- Non-peaking standards expressed as output standards
o Consistent with CCME’s National Emission Guideliri@esStationary Combustion Turbines$
(December 1992)
o Considers the environmental benefits afforded ®rgnefficiency gains of cogeneration and
combined cycle installations
- The BATEA basis for the power output standard (“A’Dry Low NOx (DLN) burners
o0 The standard is applied on an annual basis taatige kurbines (>25 MW) to account for cald
ambient weather conditions where denser air caumabustion instability in DLN burners
- The BATEA basis for the heat recovery allowance’)'iB consistent with manufacturers’
standard burner configuration
o Captures the efficiency gains from cogeneration@mdbined cycle systems.

Based on the report prepared by Jacobs Consultdreyjl and gas sector, the petroleum products
sector, and the chemical manufacturers sector su@mtion B,and believe that proven Dry Low
NOx (DLN) burners meet the definition of BATEA. Tdeesectors agreed that DLN technology is
proven reliable in Alberta. The latest proven DLiNer technology achieves a significant reduction
in NOx emissions without requiring significant cia@biand operating costs. Recognizing DLN
technology as BATEA incents and accelerates tecigyalievelopment and deployment in new DLN
technology. This technology may result in NOx parfance levels approaching those attainable
with SCR for a fraction of the cost and without Bormental and safety liabilities of SCRs. The
timeline for this forecasted technological develemtns unknown. These sectors assert that DLN
technology does not present a risk of disincerfimthher installations of cogeneration systems,
whereas a requirement for SCR might.

The sectors supporting Option B believe that SC&dwmt meet the definition of BATEA. They
have concluded that the incremental benefit in M&buctions from SCR technology do not
outweigh the additional safety and environmengdlilities, costs, and reliability issues associated
with SCR. In addition, the sectors conclude thati@ A may be more stringent for cogeneration
facilities than for combined cycle facilities.

Alternate Fuels

The new source standard for NOx for gas-fired neaking units in Alberta was determined based
on natural gas as the principal energy source tdd® considered other forms of gaseous fuels,
including produced-, synthetic- and refinery-gasjuesting input from relevant industry
representatives. Due to limited availability ofarhation and expected limited use of alternate
gaseous fuels, the team did not complete a fudssssent of the applicability of this standard iIn al
cases. Therefore, the team advises that this hafassbased NOx emission limit standard be applied
to all natural gas-fired units. Units with a sigrant variation in fuel composition should be deal
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with on an approval-by-approval basis, basing thession limits on the capabilities of appropriate
air pollution control technologies, as determingdapplying the principles of Best Available
Technology Economically Achievable (BATEA). It sHdbe noted that the team did not reach
agreement on the definition of a “significant véina” in fuel composition.

5.5  15% Growth Trigger

In the 2003 Framework, Recommendation 34 direath &ae-year review team to assess whether
emissions from the previous five-year forecast hiageeased more than 15%. The 2008 Generation
and Emissions Forecast indicated that emissioms fhe electricity sector would be higher than
those projected in the original 2003 forecast andld/likely exceed the 15% emissions growth
trigger for PM, as well as for NOx and Séfter 2020.

For PM emissions, the 2003 Framework anticipatpdtantial issue, and Recommendation 22
indicates that if mercury control does not prouide anticipated co-reduction of PM, then the 2008
framework review should develop a primary partiteilmatter management system for existing
units. Terms of Reference have been establisheal sk group to develop a PM Management
System. The group will convene in September 2009.

For NOx and S@ a key reason for the difference in these forscasss the impact of the higher cost
of natural gas in limiting the role of gas-firectilties in replacing older coal plants as theyctezd
their end-of-life.

5.6 Impact of the Proposed New BATEA Standards on P rojected Future

Emissions
Concern about these projected exceedances wag seeaval important factors considered by the
team during its discussions to set new emissioit §tandards. With the projected 15% emission
growth trigger in mind, the team developed updateddards that would be adequate to bring long-
term projected emissions back within the 15% tniggeeshold. The team then arranged for the
emissions forecast to be updated accordingly. Hewen the process of preparing an updated
forecast, the consultant discovered and correctedsan the 2008 version that materially affected
the emissions forecasts. In the corrected 200&#&stgcompleted April 2009), the level of projected
NOx and SQ@emissions post-2020 is higher than first thougiat greater than the 15% trigger value.
Applying the proposed new emission standards deksth reduce the scale of emission increase,
but the exceedances over the 2003 forecast callldesas high as 40-50% by 2025.

The team feels that the proposed new emissionatda@re the best that can be agreed to at this
time through the CASA consensus process. Howevisrrecommended that the next five-year
review team look closely at the need for furthdrsstantial reductions in emissions standards
beginning with the 2016-2021 period with the aimensuring that emissions in the post-2020 period
will not be more than 15% above the 2003 forecdsdtlitionally, other structural changes to the
broader Framework may be necessary to ensurehth&indamental objective of “meaningful
reductions over timé® will be realized. It is also recommended that fetieams be actively

involved with the development of such forecastsaofirm their accuracy.

21 An Emissions Management Framework for the AlbettctEcity Sector, November 2003, p. 25.
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6 Particulate Matter Management

The 2003 Electricity Framework envisioned that @niynparticulate matter would be addressed
through the installation of mercury controls. Recoamdation 22 on the Co-Benefits of Mercury
Control stated:
“For existing and transitional coal-fired units, @k mercury controls include fabric filters,
the primary particulate matter target of 0.095 kK@/Nshall apply. If mercury control
identified in the 2005 review does not provide ttosreduction of primary particulate matter,
then the 2008 system review should develop a pyiparticulate matter management system
for existing units.”

When the Framework was developed, the applied mgoantrol technology was expected to
include activated carbon and compact bag houseBlB2Q@); this technology was expected to have
the co-benefit of significantly reducing particdanhatter (PM) emissions. The potential co-benéfit o
improved primary PM capture was not realized duseteeral factors. The initial challenges with the
development of COHPAC technology were not overcameit was found that advanced sorbent
technology allows a higher mercury capture raté wiisting particulate control technology
(electrostatic precipitators). Enhanced activatthen sorbents and electrostatic precipitators, in
conjunction with existing electrostatic precipitatdecame the preferred technology for mercury
removal, and thus the expected co-benefits of nmgi@antrol for PM will not be realized.

With no further action, emissions for PM after 2@8 projected to be more than 15% higher than
forecast in 2003. The 2003 Framework anticipate&liisue, as reflected in Recommendation 22.
Because the mercury reduction technology thatirsgienplemented does not result in the expected
co-reduction of primary particulate matter, thedtleity Framework Review Project Team needed
to propose a specific plan to manage primary paeie matter. The team has drafted terms of
reference for a new CASA task group to develop aagament plan for primary particulate matter.
The team intends that the new task group will refmothe current EFR team, which will not be
disbanded until the PM Management Plan has begrapreé and approved by the CASA board.

7 Future Five-Year Reviews

The Electricity Framework Review (EFR) project tebegan work in 2007 on the first five-year
review ofAn Emissions Management Framework for the AlbeleatEcity Sector This review was
a learning experience and the purpose of this@edito help the secretariat and the CASA Board
apply these lessons to future Electricity FramewRekiew project teams. The lessons learned for
this project team center around: (a) ensuring gpte participation from all potential stakehokler
with a vested interest in electricity generatio\lberta, and (b) developing a realistic and
appropriate timeline for the work of the team.

The EFR project team believes that all parties withital interest in electricity generation in Attse
should be involved in the five-year reviews. Irstheéview, the team endeavored to make the process
as inclusive as possible by specifically requestivegparticipation of those organizations that wloul
have an interest in the work. Despite these effodsall interested parties actively participaied

the process from the beginning, when much of thmte time together was spent building the
foundation for its work and establishing a commaderstanding of the issues and the
responsibilities of the team. In the CASA processablishing this common understanding is
essential to developing consensus. The lack ofiweweoent from all interested parties at the start of
the review made it more challenging for the tearoaimplete its work. The team’s experience has
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confirmed the importance of ensuring that all gasrire informed to enabéetive participation in
the process and meetings from the start. The telses that for future five-year reviews, the
CASA Board should provide assistance to ensurgeaptrticipation from all interested parties.

The next five-year review is scheduled to occu2@d3. The 2003 Framework recommends that the
review and recommendations be completed within @8ths of the formation of the project team.
Pre-planning should position the project team togiete its work by December 2013. This
groundwork should include:

- Securing funding and hiring consultants and to cemce:

0 An updated emissions and generation forecast.

0 A technology review to identify the BATEA emissibmit standards.

o0 Areview of any new information (January 2008 - Bber 2012) that examines
potential health and environmental effects assediaiith emissions from electricity
generation.

0 A pre-consultation phase.

Securing any additional funding.

Developing a realistic and detailed timeline fag firoject team’s work.

Based on the experience and learnings of the EBfegirteam, the following timeline has been
drafted to ensure that the appropriate steps keata a timely manner to build a solid foundation
for the work of the 2013 EFR project team.

2013 Electricity Framework Review Project Team

Date Milestone

September 2011 Alberta Environment, in consultation with Alberta Energy and other regulatory
agencies, presents a Statement of Opportunity to the CASA Board to initiate the
2013 Five-Year Electricity Framework Review (EFR).

September to A working group develops Terms of Reference for the 2013 EFR.

December 2011

(1 meeting)

December 2011 CASA Board approves the Terms of Reference for the project team to begin work in
January 2012.

January to EFR Project Team develops a work plan and budget, and establishes scope of work

February 2012 (1 for sub-groups.

meeting) - 2008 Project Team Expenses: $270,000

March 2012 EFR Project Team develops Request for Proposals (RFPs) for the:

(1 meeting) - Technology Review (hired June 2012)

Emissions Forecast (hired July 2012)
Health and Environmental Effects Review (hired October 2012)

April to June 2012 | EFR Project Team retains a consultant to conduct the Technology Review
RFP issued April 2012

Consultant hired June 2012

Final report March 2013

2008 budget: $160,000

June to July 2012 | EFR Project Team retains a consultant to conduct the Emissions Forecast
RFP issued June 2012

Consultant hired July 2012

Final report April 2013

2008 budget: $35,000
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Date

Milestone

September to
October 2012

EFR Project Team retains a consultant to conduct the Health and Environmental
Effects Review

RFP issued September 2012

Consultant(s) hired October 2012

Final report(s) January 2013

2008 budget: $20,000

April 2012 to
January 2013

Multi-stakeholder representatives from the team monitor the progress of the
consultants.

January to June
2013

Sub-Group reviews the Emissions Forecast and Technology Review and develops
recommendations.

January 2013

Sub-Group prepares and implements 2013 EFR public consultation process.

February to June

Sub-Group reviews the Health and Environmental Effects review and develops

2013 recommendations.

May to June 2013 | Pre-consultation phase. This phase of consultation serves to:
- Educate the public on the Electricity Framework and the Five-Year
Review.
Gather information about public issues and concerns related to
emissions from electricity generation.

2008 budget: $50,000

Sub-Group reports and recommendations finalized and forwarded to EFR Project
Team.

June 30, 2013

Public Consultation occurs.
2008 budget: ?
(Example: 2008 Clean Air Strategy consultation cost $210,000)

September 2013

October 2013 EFR report is finalized for the December CASA Board meeting.

2008 budget for team report: $10,000

December 2013 EFR Project Team presents to the CASA Board.

The team is of the view that additional effort eeded to raise awareness about the Electricity
Framework specifically, and CASA generally, and tt@nsultations for future five-year reviews
would benefit by a pre-consultation phase with s@mipublic outreach.

Recommendation 10: Pre-consultation Phase for Nekive-Year Review

The Electricity Framework Review Project Team renomends that:
The working group formed to develop terms of rafierzand timelines for the next five-year
review build in a pre-consultation phase, which lddnvolve focused public outreach about
CASA as well as the Electricity Framework and pesgrin its implementation.
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8 The CASA Electricity Framework Review Consultatio  ns

The project team gathered public input via two tdwH meetings, one in Hanna and one at
Keephills, and through a survey that was availableoth print and electronic format.
Approximately 50 people attended the two town hadktings, most of them at the Keephills event,
and 90 completed surveys were received by the Bepa8, 2009 deadline. One written submission
was also received and was incorporated into theeguesults. No responses were received from
First Nations or Métis organizations.

Respondents and participants were not a represensaimple of Albertans, thus results cannot be
generalized to the population as a widle.

More than half the survey respondents spontanedadsstyified air pollution and/or air quality as the
issue that concerned them most about electricagygetion in Alberta and in their region. This
concern was named more than twice as often am#@)immediately following, which were lack

of alternatives to fossil fuels (particularly cqoahd environmental and health damage related to
production and transmission activities. At the oegil scale, respondents were concerned about
increased pressure for expansion of existing géoaralthough respondents also regarded
greenhouse gas emissions from the burning of fasslilas a serious concern, greenhouse gases and
climate change are not part of the mandate forRtasnework review.

More than 90% of respondents felt that air toxind acid deposition are at least a medium priority.
Both of these important issues are addressed &il dethe 2003 Framework. Each five-year review
of the Framework will provide an opportunity to sater new technology and approaches to respond
to these issues.

With respect to solutions, 80% of survey resporgleatd that increasing the amount of power
derived from clean and renewable power sourcesawagh priority. Approximately 60% thought
tougher standards on emitters, and reducing etégtrse through more efficient technologies or
conservation were high priorities, and 53% saiddasing the efficiency of generation was a high
priority.

Town hall attendees, like the survey respondetgd
1. The overall need to reduce emissions from powentglancluding the use of stronger
regulations and application of better technologyumements.
2. The need to encourage, through incentives and atkans:
The development of renewable and alternative energyduce reliance on fossil
fuels, and
Conservation to reduce electricity demand.
3. Concerns about the adequacy of monitoring downwindajor facilities. The need for better
access to data and information was also mentianéminn hall meetings.

Overall, comments from the public consultations lsarsummarized as follows:

1. The 200ZEmissions Management Framework for the AlbertatHtty Sectoris focused on
the right priorities as expressed by those wha@pated in the consultations for the first
five-year Framework review. Specifically, partiaps identified air toxins (such as mercury,
heavy metals and fine particulates) and acidifgngssions as priorities. These issues were

% The full report of the Consultation Task Groumisilable online alttp://www.casahome.org/?page_id=3196

30



addressed in the 2003 Framework and solutionseng implemented. Only a few years
have passed since appropriate regulations and wibenanisms were put in place to deal
with these issues, and more time is needed tordetertheir impact on emissions from the
electricity sector. Participants also voiced consexbout emissions trading and how the
system now being implemented will affect commusitieat have power generation facilities.
Again, the 2003 Framework envisioned how emissicading should proceed and more time
will be needed to see the impacts and determiaeyifadjustments are needed.

. There is a need to focus more on developing cles@wable sources of electricity and on
increasing efficiency at generation units. Botlihefse approaches would reduce the
generation of emissions in the first place.

. The Framework requires best available technologyemically achievable (BATEA) on

new plants, so the cost of generation from newifes using conventional fuels is likely to
increase. This is expected to make investmentriawables and alternatives more attractive,
thereby increasing the expansion of this sectaveurespondents indicated they would pay
more for their power to achieve significant redoies in emissions, and this attitude supports
both the increased development of renewable ardchalive energy and the use of BATEA
for new facilities. Incentives to encourage retsoéind the adoption of new technology to
reduce pollution were suggested as approachesdorisdered.

. There is a need to improve conservation effortsidedtify other solutions to reduce
electricity demand and consumption. Participanthénconsultations strongly supported
such solutions, both through the adoption of mdfieient technologies and through efforts
to change consumer behaviour.

. There is an ongoing need to share information, botdoncerned communities and across
Alberta, about what is being done to reduce emmssitom electricity generation. This could
entail a stronger role for a number of playersluding airshed zones that have members
from the power generation sector, CASA, AlbertaiEonment, and individual companies
that generate electricity.

The team is of the view that additional effort eeded to provide ongoing updates to the public
about the Electricity Framework and its implementatThis would assist the interested public in
staying abreast of developments and would faalitaé public consultations for the next five-year
review (see also recommendation 10 on a pre-caiguitphase).

Recommendation 11: Higher Profile for the Electricty Emissions Management Framework
The Electricity Framework Review Project Team reowends that:

CASA maintain a website that is regularly updateith wiformation about the Electricity
Framework and its implementation.
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Appendix A: Glossary

AESO (Alberta Electric System Operator)
The AESO is responsible for the safe, reliable ezmhomic operation and planning of Alberta’s intentected
power system and the facilitation of Alberta’s réale wholesale electricity market.

Atmospheric emissions

Pollutants emitted into the atmosphere. These rasienair releases from sources at a facility awetlide: stack (or
point source) emissions; emissions from storagehandling; fugitive emissions; and emissions frameo sources
such as spills.

BATEA (Best Available Technology Economically Achigble)

BATEA refers to technology that can achieve superiissions performance and that has been demmtstabe
economically feasible through successful commemgiglication across a range of regions and fueddyBATEA

is used to establish emission control expectatioisnits. Generally it is the emission limit thiatspecified and not
the specific BATEA. Facilities can opt for othecl@ologies or emission strategies as long as thesem limit is
met.

Cap and trade

A type of emission trading system. In a “cap amdl&” system, the regulatory authority sets a cafpt@h emissions
from the participants (or sector) in the tradingteyn. The regulator then creates and allocatewatices to each
participant, the total of which is equal to the @alecap. The allowances held by each participamtrbalance with
their emissions at the end of each compliance ggtie allocation is typically done annually, ahdg the
compliance period is also one year. Allowanceshased on an absolute amount of emissions prodticatig,
tonnes or kilograms) per year. If a participant catluce emissions below their allocated allowanitessurplus
amounts can be traded or banked.

COz(carbon dioxide)
A greenhouse gas that is produced in the burnirfgssil fuels

Co-benefits
When a technology to reduce a specific emissiom lads the benefit of reducing other emissions

Co-generation

Co-generation is the combined production of eleityriand heat for use in manufacturing processegeneral, the
energy remaining after electricity generation isdug1 the production of process heat or steam. & tygms of units
are often part of industrial complexes with thecgieity not used within the complex offered inteetcompetitive
electricity market.

Cumulative impact
The impact of multiple emissions sources and/oeltguments in a given region.

Design life

The Design Life for coal-fired units, except foetiWabamun generating facility, is defined as the déexpiry of
the PPA term or 40 years from the date of commiss@g whichever is greater. The end of Design Edfie
Wabamun units 1, 2, and 4 is December 31, 201@rdirg to their EPEA approval (Approval 10323-02,00
which states that, “a decision must be made by Déee 2005 whether to modify the unit to meet atiie
environmental standards or to commence decommisgidry 2010.”

Design Life for gas-fired units is the date of eypf the PPA term or 30 years from the date of eissioning,
whichever is greater.

Design Life for peaking gas-fired units is the detexpiry of the PPA term or 60 years from theedait
commissioning, whichever is greater.
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Emissions trading

The use of allowances or credits to motivate imptbperformance while allowing some flexibility facilities to
achieve emission controls in the least cost manrtez.experience has been that emissions tradirmuesges
greater reductions earlier. This system was higbcessful in reducing lead in gasoline, and hasladen used to
manage and reduce S&hd NOx in the U.S.

Existing units
For the purposes of this management frameworkeaisting” thermal generation unit be defined atofet:
An existing coal or gas unit is one that, priothe most recent review and update of the BATEA siois
limits,
1) has valid EUB and Alberta Environment approvalplace for the eventual unit start-up dates
contemplated in the approvals, or planned by tgpt proponent, AND
2) in addition to any conditions of EUB and AlbertaifEonment approvals regarding dates for
commencement of construction or formal commissigmifithe units, has
a) within three years of receiving its Alberta Enoviment approval
continuous and substantive onsite construction, or
boiler foundation in place.
AND
b) has received formal commissioning and is avil&tr commercial service within eight years
of receiving its Alberta Environment approval farat-fired units, or within five years of receiving
its Alberta Environment approval for gas-fired snit

Fossil fuels
Fuels such as coal and natural gas that are defrivedthe Earth’s fossilization process.

Generation unit

For the purposes of the 2003 Emissions Framewdiggaeration unit” refers to separate components pbwer
plant facility that result in the production of efgcity energy and, where relevant, the combustibfossil fuel
(e.g., a boiler-generator pair or a gas turbinesggor pair).

GHG (greenhouse gas(es)

These gases enhance the Earth’s natural greenbffaseand are major contributors to global climehtenge.
GHGs covered by federal and provincial legislaiimeiude carbon dioxide, methane, nitrous oxide,
hydrofluorocarbons (HFCs), perfluorocarbons (PF@sj sulphur hexafluoride.

GWh (Gigawatt-hour)
A Gigawatt-hour equals 1000 megawatt-hours or 1@@Dkilowatt-hours. A kilowatt-hour is the numlmdr
kilowatts used in one hour.

Hg (mercury)
A natural element that is widespread in the envirent. It is toxic and bioaccumulates. It is preseroal and
therefore the burning of coal results in mercutgases to the environment.

MW (Megawatt)
A megawatt equals 1,000,000 watts or 1000 kiloyaittss a unit of capacity.

New units

For the purposes of the 2003 Framework, a “newrntia¢ generation unit, be defined as any unit thetschot meet
the criteria for an “existing” unit and will thea® be required to comply with the BATEA or othemissions limits
in effect at the time.

NGCC (Natural Gas Combined Cycle)

With NGCC, gas is combusted in a gas turbine aadc#panding gas drives a generating turbine antdhexit
gases are used in a heat recovery steam genergimyduce high-pressure steam, which drives a stedrimne
generator that also produces electricity (sometisogplementary gas is used in the steam genemct@a).
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NGO (Non-government organization)
NGOs are usually non-profit or community groups.&DE are environmental hon-government organizations.

NOx (nitrogen oxides, also called oxides of nitrage

Emissions produced in the burning of fossil fualssing largely from the oxidation of the nitrogeresent in air
that is used to support fuel combustion. NOx inetllO (nitrogen oxide) and NQhitrogen dioxide) but not 2D
(nitrous oxide).

PAHSs (polycyclic aromatic hydrocarbons)

PAHSs are a group of more than 100 chemicals fordugthg the incomplete combustion of fossil fuels ather
organic substances. They are usually found as areinf several compounds. Some PAHs are manuéttur

Primary PM (particulate matter)
Small particles produced in the burning of fosgélg that are emitted into the atmosphere

SCR (Selective Catalytic Reduction)
SCR is a control technology for nitrogen oxides {ithat uses ammonia and a catalyst to convert to(¥%.

SO (sulphur dioxide)
An emission produced in the burning of fuels camtaj sulphur. All coals contain some sulphur.
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Appendix B:

Project Team Members and Task Group Mem  bers

Jack Davis

Jim Hackett*
Randy Dobko*
Terry Dumonceau
Ahmed Idriss
Robyn Jacobsen
Bob Jones

Bevan Laing

Tom Marr-Laing*
Ken Omotani
Krista Phillips

Al Schulz
Nashina Shariff
Rahul Shrivastava
David Spink

John Squarek
Carolyn Tester
Trevor Thain
Harry Tyrrell
Wayne Ungstad

Srikanth Venugopal

Bev Yee

Alberta Utilities Commission
ATCO Power
Alberta Environment
EnCana Power and Processing
Capital Power
Clean Air Strategic Alliance
Alberta Association of Municipal Distsieind Counties
Alberta Energy
Pembina Institute
TransAlta
Canadian Association of Petroleurad®icers
Canadian Chemical Producers Association
Toxics Watch Society
ENMAX Energy
Prairie Acid Rain Coalition
Small Explorers and Producers Associaf Canada
Imperial Oil
Alberta Urban Municipalities Assocaati
Mewassin Community Council
Ponoka Fish and Game
TransCanada
Alberta Environment

Alternate Members, Corresponding Members and FormerProject Team Members

Michael Brown
Casey Chan
Kerra Chomlak
Linda Duncan
Tim Goos

Debra Hopkins
Les Johnston
Chris Joy

Mark Kavanagh
Gary Keay
Carolyn Kolebaba
Christine Macken
Alex MacKenzie
Greg Moffatt
Julie Mondoux
Jeff Sansom
John Skowronski
Michael Smith
Tracy Smith
Randy Stubbings
Joan Tingley
Susan Valentine
Corey Wilson
Ruth Yanor

N.B. The affiliations of some former team membadstask group members may have changed. The tidfilia

Energy Resources Conservation Board

Capital Power

Clean Air Strategic Alliance

Lake Wabamun Enhancement and Proted8eociation
Environment Canada

Alberta Health and Wellness

EPCOR

ENMAX Energy

Alberta Utilities Commission

Nexen

Alberta Association of Municipakficts and Counties
Clean Air Strategic Alliance

Alberta Health and Wellness
TransCanada

EPCOR

EPCOR

Canadian Petroleum Products Ihstitu

Capital Power

Shell Canada

ENMAX Energy

ATCO Power

Alberta Association of Municipas@icts and Counties
ENMAX Energy

Mewassin Community Council

shown for each person was accurate at the timénifigidual was active with the team or task group.

* designates a chair or co-chair of the group
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Task Groups listed below include current, formed aorresponding members.

Consultation Task Group

Renata Bothwell
Chris Dickson
Linda Duncan
Jim Hackett
Sharon Hawrelak
Ogo Ikhalo
Ahmed Idriss
Robyn Jacobsen
Joan Tingley
Aynsley Toews
Harry Tyrrell
Wayne Ungstad

Alberta Environment
Alberta Environment

Lake Wabamun Enhancement and Prote88sociation

ATCO Power

Clean Air Strategic Alliance

Alberta Environment

Alberta Environment
Clean Air Strategic Alliance

ATCO Power

Alberta Environment

Mewassin Community Action Council
Ponoka Fish and Game

Control Technologies and Reduction Strategies Task Group

Angela Ball
Michael Brown
Jack Davis
Randy Dobko
Jim Hackett
Hasan Imran
Rick Hyndman
Robyn Jacobsen
Les Johnston
Chris Joy

Mark Kavanagh
Bevan Laing
Christine Macken
Tom Marr-Laing
Greg Moffatt
Julie Mondoux
Ken Omotani*
Krista Phillips
Anita Sartori
Nashina Shariff
David Spink
Randy Stubbings
Joan Tingley

Srikanth Venugopal

Colleen West

TransAlta
Energy Resources Conservation Board
Alberta Utilities Commission
Alberta Environment
ATCO Power
TCPL
Canadian Association of Petroleum Beeds
Clean Air Strategic Alliance
EPCOR
ENMAX
Alberta Utilities Commission
Alberta Energy
Clean Air Strategic Alliance
Pembina Institute
TransCanada
EPCOR
TransAlta
Canadian Association of PetroleuradRicers
CNRL / Canadian Association of Ptuon Producers
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Linda Duncan
Debra Hopkins
Ahmed Idriss
Robyn Jacobsen
Les Johnston
Timothy Lambert
Christine Macken
Ken Omotani
Jagtar Sandhu
Jeff Sansom
Joan Tingley
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Appendix C: EFR Project Team Terms of Reference
June 2007

Background
At the March 2007 Board meeting, the CASA Boar®woéctors approved a Statement of
Opportunity brought forward by Alberta Environméatbegin a five year review of tl&missions
Management Framework for the Alberta Electricitgt®eas outlined in the Electricity Project Team
(EPT) Report to Stakeholders (Nov 2003). The Fraamkwncludes recommendations related to:
- stakeholder review at 5 year intervals,

emissions standards for new units,

emission requirements for existing units,

monitoring transparency and accountability,

continuous improvement,

renewable and alternative energy

energy efficiency and conservation and

response to potential hot spots

The Framework recommends that government undeaakelti-stakeholder review of Best
Available Technology Economically Achievable anteatrelated elements within the Framework
during 2008. This includes a number of specifik$aset out in the recommendations.

As part of this review, it will be necessary to smer and document what has already been done to
implement the Framework recommendations (e.g.,mecendation 25)

Based on the importance of taking an integratedagmbh and recognizing the interconnection of air
and greenhouse gas emissions, the project teandstumsider as appropriate and relevant, GHG
issues in the 5 year review. The team should adsmnare of the linkages of the review to GHG and
other policy initiatives however, the review shonlat duplicate these other policy efforts, in
particular for GHG, where existing processes aigace.

It will also be helpful to conduct a preliminaryoging of the information required to undertake the
review to identify issues that require further miation to be compiled and a more detailed analysis
as part of the review.

Goal

Initial Scoping

The project team will conduct an initial scopingdetermine which, if any of the below mentioned
key task areas warrant a detailed review, andreifdmmend that no further work is necessary or
undertake a detailed review of those areas and neakenmendations on them. Related but out of
scope issues will be identified as appropriateafeareness.

Review and update, if necessary, elements oEthissions Management Framework for the Alberta

Electricity Sector Report to Stakeholdassdescribed in recommendation 29 and associated
recommendations in the above report.
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Key Task Areas
Update specific air emissions standards for neatetepower plants constructed after 2010.
This includes emissions of nitrogen oxides, sulfiexide, mercury, particulate matter and
GHG (on a unit specific basis)
0 Recommendation 25 should be included in relatiatstapplication for new units
post 2011.
o0 This should consider the implications and requinetsié&rom other policies such as
GHG regulation and the Canada-wide standards.
0 The review of GHG does NOT include:
- a review of offsets,
- targets for existing units,
- sectoral reduction targets or
- allocation of emissions between electricity atehs for cogeneration
Review new information related to:
0 air emission substances subject to limits or fémmanagement in Alberta or other
jurisdictions and
0 possible new substances not yet regulated, buthagiiould be considered based on
potential impacts.
Identify if further action is needed.
Compile and review any new or additional informattbat illustrates potential health effects
associated with emissions from the electricity @eahd determine how any new information
impacts the framework
Review technologies to identify BATEA for the elecity sector including such aspects as
generation, combustion efficiency, control techgglanonitoring methodologies and air
emission characteristics.
Determine whether BATEA standards should preseibession limits or the installation of a
particular technology.
Review the source characterization exercise comnblfetr the original Electricity Project
Team and identify what, if any further action i®ded. This will include completing the
future substances review described in recommend@fido assess whether additional
substances should be formally controlled basedemnar emerging information.
Review particulate matter management as per recomatien 22
Review the use of reciprocating engines to detegnfithey should be considered as part of
the framework ( as per recommendation 12)
Determine whether BATEA standards need to be saitfeer fuel types (including synthetic
gas, bitumen etc.) and if so, what these standaittse.
Collect and review relevant information on econorsgues as per recommendation 35
Collect and review relevant information on emissias per recommendation 34
Review continuous improvement reports submittechdystry and identify goals for further
continuous improvement pursuant to recommendatfon 2
Review the proposed federal regulatory agendaif@maissions as it related to the
Framework and make recommendations as appropriate.
Make recommendations for future five year reviews.
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Timelines

As set out in the EPT consensus report it was dgres the Framework be reviewed at five year
intervals by a multi-stakeholder group. The follogitimeline reflects that determined by the report
and the CASA board. It is agreed that the reviesukhbe initiated in a timely fashion to enable
completion by the agreed completion date for repgrit was agreed that since this was a review of
previous work done by a CASA team (i.e., not a matiative) and that there is strong support by all
the stakeholders to proceed, it can proceed irffeeat fashion.

June 2007 Report to CASA Board on terms of refexenc
Nov 2008 Final report to CASA board on findinggeview

Membership

Membership on the project team will include alleeted stakeholders. A notice will be provided to
all previous Electricity Project Team members dralrtrespective sectors to provide them with
opportunity to participate in the project team &tehtify representatives.

It is suggested that the most efficient process beaip mirror the approach adopted by the EPT and
establish a core team with potential for smallek groups to tackle key topics.

The following are suggested project team members:
- Alberta Energy
Alberta Energy and Utilities Board
Alberta Environment
Alberta Health and Wellness
Canadian Chemical Producers Association
Climate Change Central
Electricity generators (including cogeneration)
Environment Canada
NGO from environmental groups, health groups apdesentatives of local communities
concerned with electricity emissions, to be sekkbie AEN delegate selection process. It is
anticipated that a minimum of 6 delegates fromtkimee sectors will be selected.
Oil and gas sector (reflecting any direct interegmissions from the electricity sector)
Power Purchase Arrangement Buyers

Budget

It is anticipated that consultants will be neededdther background information on the following
areas:

review of emissions standards in other jurisdiction

source characterization,

review of environmental effects (including a litena review, scientific review and
discussions with people working in the field),

literature review of health effects,

emission forecasts,

review of generation, combustion efficiency, enassi control and monitoring technology,
and

review of co-benefits in relation to PM and theitiddal substances list.
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The information gathered may consist of new infdroraand updated information on matters
considered during the original Electricity Projéetam report.

It is anticipated that the cost for consultantsiddae approximately $200,000. This estimate is
roughly one half of the amount spent during thegioal Electricity Project Team report.

In addition to consultants there will be costs agged with writing and printing the report and per
diems.
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Appendix D: Documents Prepared by or for the Electr icity

Framework Five-Year Review

The following documents were prepared during thes® of the work of the Electricity Framework
Review (EFR) Project Team, either by the team anrogssioned for them. These reports are

available online atttp://www.casahome.org/?cat=12fd are also available on request to the
CASA Secretariat.

Terms of Reference
Electricity Framework Review Project Team Term&eference, June 21, 2007

Documents related to Progress in Implementing the@D3 Framework
Implementation of Recommendations made inEhessions Management Framework for
the Alberta Electricity Sector, November 2088ril 2009
Implementation Assessment Report, Alberta Enviramme
Continuous Improvement Report, Air Emission Con#@04-2008, Alberta Electricity
Sector, April 2009

Documents related to Health and Environmental Effets
EFR Literature Review on Environmental Effects, Ma2008
EFR Abstracts - Health Effects 2002-2007
Recommendations from the Health and Environmensske8sment Task Group, October
2008

Documents related to Control Technologies and Redtion Strategies
Electricity Framework 5-Year Review — Control Teologies Review, Co-Generation Units,
February 2010
Electricity Framework 5-Year Review - Generatiom &missions Forecasts, September
2008 and April 2009
Electricity Framework 5-Year Review - Control Teoklogies Review Final Report, January
2009
Control Technologies and Reduction Strategies Revamdations

Documents related to Consultations
Electricity Framework Review — Discussion Guide &uwivey 2009, December 2008
Electricity Framework Review Consultation News Rk, January 2009
What We HeardReport, April 2009
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Appendix E: Continuous Improvement Report

Continuous Improvement Report
Air Emission Control, 2004-2008
Alberta Electricity Sector
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1 Introduction

Reliable supplies of electricity are an essenvahmodity for Albertans. The province’s electricity
sector has seen substantial change in recent yeeltgjing a shift to deregulation (effective Jaryua

1, 2001) and a growing demand for power, whichfhagpressure on utility companies to expand
generation in anticipation of meeting future ne@dghe same time, concerns are being raised about
the health and environmental impacts of air emissiparticularly from coal-fired generation plants,
which remain the primary source of Alberta’s elieity.

Power generated in Alberta is exchanged througbweeppool operated by the Independent System
Operator (ISO), providing an open-access competitiarket for electric energy. Power can also be
exchanged through forward markets or direct salesigements. The ISO co-ordinates all electricity
sales and purchases in the province, as well @nafgy imports and exports; it also provides real-
time control of the provincial electricity grid.

In 2003 the Alberta electricity generators consgmbeprepare a continuous improvement report to
Clean Air Strategic Alliance (CASA) stakeholdersidg the scheduled five year reviews of the air
management framework. The report summarizes emissintrol initiatives taken during the past
five years and identifies goals for further contina improvement. This is in accordance with
Recommendation 29 oAn Emissions Framework for the Alberta Electricgctor Report to
StakeholdergNovember 2003), which is:

Recommendation 29: Five-Year Review
The EPT recommends that:
Alberta Environment lead, in consultation with AftaeEnergy and other regulatory authorities,
the establishment of a formal process, to be uaklentevery five years, to review the following
elements of the emissions management framework:
1. atechnology review to identify the BATEA emasilimit standards and corresponding
deemed credit threshold for new thermal generatiots, including new peaking units;
2. the air emission substances subject to limifermnal management, including looking at
existing List 2 and possible new substances;
3. co-benefits for priority substances and ListiBstances;
4. economic and environmental triggers as defineebommendations 34 and 35;
5. additional information that illustrates potehtiaalth effects associated with emissions
from the electricity sector; and
6. continuous improvement. With each Five-Year Bevyithe electricity sector will provide
a continuous improvement report that summarizasrataken during the past five years.
The report will also identify goals for further doruous improvement during the next
five-year period, in particular with respect to gréority substances emitted by existing
units. This report will be reviewed and discussegart of the Five-Year Review
process. Beginning with the second Five-Year Re{Z0i.3), upon reviewing system
performance relative to the previous continuousrow@ment goal statements, the multi-
stakeholder team can propose, where appropriaemm@endations for modifications to
the framework that result in improved opportunifi@ssupporting continuous
improvement efforts.

This review should involve a multi-stakeholder gvdhat:

a) consists of representatives from industry, govemnt, non-government organizations and
communities with an interest in the electricityteer
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b) conducts an initial scoping to determine whicény of the elements identified in the
review process described in the above recommemda@orant a detailed review, and
either recommends that no further work is necessamndertakes a detailed review of
those elements and makes recommendations on them;

c) has access to the resources necessary to tieaimformation and technical advice
needed to complete its review;

d) uses a consensus decision-making process; and

e) completes its review and provides its recommioisto Alberta Environment within 12
months of the group being formed.

2 Alberta Load History and Forecast

Table 1. Customer Usage Estimates GWH
2002 2003 2004 2005 2006 2007
Residential |7,226.3 7,581.0 7,5805  |7,769.1 8,253.5 8,561.1
Farm 1,702.5 1,776.1 1,7346  |1,705.1 1,768.5 1,806.8
Commercial |11,190.1  [11,117.8 11,689.6 |12,080.5 12,733.2 13,132.2
Industrial ~ |28,738.0  |27,869.7 28,530.6 |29,054.6 29,225.0 28,427.0
Total 48,449.2 (48,345 49,535  |50,609 51,980 51,927

Figure 1. Alberta Energy Forecast*

% Alberta Energy, Electricity Statistics, Customesage Estimated, was compiled from AUC informatimrgilable
athttp://www.energy.gov.ab.ca/Electricity/682.asp

2 Alberta Electric System Operator, 2006 OctobetufauDemand and Energy Requirements (Period 20057)2
Document FC2006-1, availabletdtp://www.aeso.calfiles/2006_Long-term_Load_FosecdNovember_2006).pdf
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Figure 2. Alberta Winter Peak Demand Forecast

3 Generation Changes
3.1 Additional Generation Since 2003
- Wind
o0 McBride Lake 2003, (76 MW)

0 Summerview 2004, (70 MW)
o Taylor Wind Farm 2004, (3.4 MW)
0 Soderglen 2007, (70 MW)
o Taber Wind Farm 2007,(80 MW)
o Oldman River Wind Energy 2007, (3.5 MW)
Coal
0 Genesee 3 2005, (450 MW)
Gas
o Clover Bar (landfill gas generator, 2005, 4.8 MW)
o Clover Bar (simple cycle, 2008, 43.4 MW)
0 Muskeg (co-gen, 2002,170 MW)
o0 Scotford (combined cycle, 2003 170 MW)
o Calgary Energy Centre ( combined cycle, 2005, 30U)M
o Valleyview ( simple cycle, 2008, 45 MW)

% Alberta Electric System Operator, 2006 OctobetufauDemand and Energy Requirements (Period 20057)2
Document FC2006-1, availabletdtp://www.aeso.calfiles/2006_Long-term_Load Fosec@November 2006).pdf
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In 2003, a new 32 MW hydro-electricity generatit@tion was commissioned at the
Oldman River Dam site. Hydro-electricity generatias near-zero air emissions and, by
using an existing reservoir, land disturbance enbminimized.

The 450 MW Genesee Unit 3 started commercial ojperat 2005 and incorporated the
first high efficiency supercritical boiler in Carsdnd advanced emissions control
technology. The unit is demonstrating NOx,,Sé&hd PM emissions a step change lower
than previous units.

A new 43.4 MW simple cycle aero-derivative fasttsgms turbine was installed at the
Clover Bar site in Edmonton in 2008. The old stearhine generating station at the site
was retired.

In 2008, a new 45 MW natural gas-fired generating is being commission at
Valleyview. The unit was designed with NOx contribiat will allow it to meet the
emission standard in the Emission Trading Regulatredit threshold generation value of
0.3 kg/MWhyyput Which is 25% better than the 0.4 kg/MWh.NOx emission standard for
this type and size of unit (Alberta Air Emissioradards For Electricity Generation,
2005).

Two additional simple cycle aero-derivative fastrshatural gas turbines are scheduled for
installation at Clover Bar before the end of 20difiag a further 200 MW of capacity at
the site. NOx control will be achieved with watejeiction and SCRs at both units.

Figure 3. Alberta New Generation 2003-2008

Steam Turbine

Gas 0.9%
16.2%

Hydro
1.7%

Cogeneration
39.6%

Coal
21.8%

A Biomass
0.3% Wind 1.1%
18.4%

% Extracted from Alberta Energy, Electricity Statist Generation Additions 1998-2008, which was citedpfrom
AUC, AESO and industry information, availablehdp://www.energy.gov.ab.ca/Electricity/682.asp
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3.2 Retired Generation Since 2003

Table 2. Generation Decommissionéd
Location Installed Capacity (MW) Type Decommission Date
Wabamun 3 140 Coal 2003
Wabamun 1 & 2 128 Coal 2005
Clover Bar 629 Gas 2005
Total 897

4 Initiatives 2003 to 2008

4.1 IGCC (Clean Coal) Development Project

Supercritical technology such as that in use ateGe® 3 has already achieved a step-change
reduction in emissions compared to vintage plaptsriproving the energy efficiency of coal-fired
units by approximately 10% Gasification is the nagnificant step. Emissions from gasification are
not only much less, but have a fundamentally d#iféprofile, than those associated with vintage or
supercritical coal-fired plants. The technology bardesigned to take advantage of opportunities for
carbon capture and storage, which will reduce dreese gas emissions to near zero.

Compared to supercritical coal-fired facilitiestdgrated Gasification Combined Cycle (IGCC)
technology has the potential to further lower N@esticulate matter (PM), and $@missions by a
considerable amount.

Figure 4. IGCC Air Pollutant Emission Reduction Poential

27 Alberta Energy, retrieved August 22, 2008, EleityiStatistics, available on
http://www.energy.gov.ab.ca/Electricity/682.asp
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An IGCC plant could allow for the capture of a telaly pure CQ stream which would be suitable
for Enhanced Oil Recovery, perhaps in the Pembih&i€lds. However investment in pipeline
infrastructure to accommodate carbon capture awdg would be needed.

The clean coal process also creates hydrogen teatj@ fuel for the future. Gasification may give
us a continuous and affordable source of hydroggrotver tomorrow’s hybrid and electric cars.

The technology is known, but has not yet been pr@te utility-sized facility or with Alberta’s low
sulphur mid-rank coal.
- Demonstration plants built in other countries haxperienced high capital and operating

costs (at least 1/3 higher than conventional p)aartd
there continue to be issues with operating religbil
Experience on a utility-sized (500+MW) IGCC fagilis
needed to better understand and manage constructio
and operation costs in a northern climate.
To develop this facility, engineering and desigrrkvs
required, focused on:

(0]

0]
0]

o

o

adapting the technology to work with the type of
coal found in Alberta,

removing emissions of concern,

investigating commercial-scale geological storaige
CO,,

ensuring cost competitiveness and cost certainty,
related to both capital and operating costs, and
ensuring successful construction and operation in
northern climate

The Canadian Clean Power Coalition is an
association of responsible, leading
Canadian coal and coal-fired electricity

K producers. Its aim is to secure a future for
coal-fired electricity generation, leading
Canadian coal and coal-fired electricity
within the context of Canada's multi-fuelled
electricity industry, by proactively
addressing environmental issues with
governments and stakeholders.

o

a

In October 2006 the Province of Alberta agreedaudner with EPCOR Utilities Incorporated and the
Canadian Clean Power Coalition (CCPC) in a $33ioniltesearch and development project that
promises to make Canada a world leader in cleantecanology. The federal government joined
this partnership in October 2007. The applicatibthis technology, on this scale, with this type of
coal, is a first in the world. This front-end enggming design project is an important step before
construction of a full-scale coal gasification poywant that will demonstrate this advanced clean
coal technology to Canadians and the world. Thee@owent of Canada is investing $11 million in
the project through ecoENERGY Technology, and l#RCOR and AERI will contribute equal

amounts.

The project will be located at the Genesee Gemgy&tation site west of Edmonton. Researchers
will conduct front-end engineering design work éopower plant that would turn sub-bituminous
coal into synthesis gas (mostly hydrogen and carbonoxide). The work is scheduled for
completion in 2009, and if subsequent investmedtamstruction decisions go as planned, a 500-
megawatt generating station using the new techgatogld be in operation as early as 2015.
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Commercialization is expected to take place ovezeiphases following which a consortium of
investors would be in a position to make a decisiomuilding a utility-scale pilot plant.

Phase | Technology Selection and Project Definitio
Phase I Front-End Engineering Design, 2008 — Z@¥hesee site)
Phase Il Regulatory Environmental Permitting fanGtruction leads to a decision to

build an IGCC facility in Alberta, 2010-2015

In summary, IGCC gives coal-fired generation anremvnental footprint that will take us into a
GHG constrained future.
Production of clean power with 90% g€apture and removal of all emissions of concern
is technically feasible and can become economieédllyle at certain locations.
Gasification costs and reliability depend on feadliy. There is little experience with low
rank lignites, sub-bitumous coal, and coal-coketunes in Canada.
IGCC technology offers investors the flexibility¢bange feed stocks and even potential
products. This provides a sense of certainty intlgf tougher emission and GHG
standards, and a changing regulatory regime.
IGCC taps into Alberta’s vast coal reserves to glewa secure supply of electrical energy
in a more environmentally acceptable way.
A CO; pipeline and storage infrastructure will need eédblilt.

4.2  Clover Bar Landfill Gas Generating Station

EPCOR'’s 4.8 megawatt (MW) Clover Bar Landfill Gasrgrating Station commenced operation on
February, 2005 at the Edmonton Waste ManagemeriteéCdine facility is powered by methane gas
produced by decomposing organic material and pregleaough energy to power 4,600 homes.

The City of Edmonton has purchased the power oditpat the Clover Bar facility — an investment
that ensures a significant portion of its energyureements come from a renewable resource.

Methane is 21 times more powerful a greenhouseéhgascarbon dioxide. Using it for electricity
exploits a resource that would otherwise pollueedtmosphere, transforming it into useful energy.
When landfill gas is collected and used for powamegation, it displaces conventional, non-
renewable fuels such as coal and natural gas, mpiiagenore greenhouse gases from entering the
atmosphere.
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Figure 5. Clover Bar Landfill Gas Generating Units

4.3 Genesee Units 1 & 2 Combustion Optimization
The 2005 Tri-Utility Mercury Test Program showedtttkombustion optimization using Genesee
coal could result in the following improvements:

an increase the efficiency of coal combustion @ntibiler

a decrease in NOx emissions (by up to 30%)

an increase the inherent mercury removal in thetrelstatic precipitators from about 27%

to as much as 45%.
Consequently, EPCOR has completed installatioh@ftguipment. It is expected that the effect of
this equipment will be a more precise control/beiag of coal combustion in the boiler, a higher
efficiency of coal combustion resulting in decresasestack emissions such as NOXx, Cé&hd
particulate matter, and a decrease in Hg emissions.

The reduction in mercury emissions will be well ath@f the January 1, 2011 deadline. The expected
NOx emissions reduction will contribute to improwad quality in the area by slightly lowering
ground-level N@, ozone and Pl concentrations.

4.4  Turbine Efficiency Improvement

The efficiency of the existing steam turbines atienber of coal fired generating stations has been
improved by installing Dense Pack and upgradinguhgne seals. Current turbine designs using
advanced computer modeling result in a higheriefiicy steam path which allows for more useful
energy to be extracted from the same steam flove &fficiency improvement allows for additional
generation with no increase in fuel consumption #mereby, no increase in emissions. The
efficiency improvements range from an increase wf 2 % and vary by unit.

The units upgraded in the 2003 to 2007 period oelBattle River Unit 5, Sheerness Units 1 and 2.

It has been estimated that these upgrades havéeresuan additional 24 MW of non-emitting
generating capacity in Alberta.
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4.5 Sundance Upgrades

Uprates have been completed at TransAlta’s Sundalacé The uprates have been done to reduce
process bottlenecks and have resulted in improwediugtion efficiencies and have reduced emission
intensities.

In 2007, an uprate was completed on Sundance Uwibhi¢h has resulted in emission intensity
reductions from 1-2.5% for the overall facility. & prate for Sundance Unit 5 is scheduled to be
completed in 2009. Uprates for other TransAltasiare being reviewed.

4.6  Mercury Monitoring Programs

As required in the Mercury Emissions from Coal-Bifower Plants Regulation, all the coal-
generating stations have initiated source mercuwmwitaring programs starting in January 2008. The
programs include annual mercury stack surveys, lyee&nitoring of the concentration of mercury
in coal and ash, and the calculation of the anmzals of mercury emitted to the atmosphere. The
monitoring programs will allow baseline monitoringmercury prior to the installation of mercury
capture equipment by 2011.

4.7  Mercury Capture Tests
In preparation for the installation of mercury aaptequipment on the coal-fired generating units by
January 1, 2011, a number of bench-scale andibgects have been conducted.
- EERC (Energy & Environmental Research Center)
GE Energy
Sundance
Keephills
Battle River - activated carbon injection systerheig tested on one half of unit 5 in the
last half of 2008. Test results are not availabkha time of the writing of this report.
EPCOR conducted a full-scale test of activatedaadn Genesee Unit 3 in 2008. Test
results are not yet available.

Mercury continuous emission monitoring systems (&3Mere tested during the various pilot
projects and, generally, the analyzer reliabiligswisappointing and of concern.

4.8 Transmission Upgrades
A number of transmission lines have been constdudteprovements to the transmission
infrastructure help to minimize line IG&sand meet generation needs in different regiorkef
province. New and upgraded transmission lines delu
Third 240 kV line from Dover (Fort McMurray area) Heart Lake.
Second 240 kV line from Battle River to Hansmand.@iketiskow area).
Re-energize 1203L and 1209L to 500 kV operation.
New 240 kV underground line from Castle Downs totu¥fia.
In addition, the following projects are planned tloe next five years to improve transmission
reliability and efficiency as well as interconneetwv sources of renewable generation:
Re-energize 1202L to 500 kV operation.
Increase capacity from the Edmonton/Wabamun Lagasato the Calgary/southern
Alberta areas.

2 While each of these projects might contributeossireductions, absolute system losses may flecfu@n year to
year depending on load growth and generation dibpadtterns.
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Two 500 kV AC lines from the Edmonton area to threakland area, one of which will be
operated at 240 kV.

Increase capacity from the Edmonton area to theNMoMurray area.

Rebuild of the existing 240 kV line 904L in the Eadinton area.

Two 144 kV lines from Wesley Creek to Hotchkiss.

Two 240 kV lines from Goose Lake (Pincher Creelapte Peigan to Lethbridge, for
interconnection of wind.

South Alberta 240 kV development; for interconnaectf wind.

Transmission development in the Hanna area foraatenection of wind.

New inter-ties to neighbouring jurisdictions.

5 Planned Initiatives 2009 to 2013

The IGCC Project will continue according to theesghle outlined in Section 2.1. As
previously stated, the project is dependent oronbt technical and economic factors but
the availability of a CQpipeline and storage infrastructure.
Development of CCS (carbon capture and storage)
Clean coal development
Micro-Generation
o Effective Jan 1, 2009, the Micro-Generation Regoitepassed into law and
allows Albertans to generate their own electrieity receive credit for any
excess electricity that is delivered to the grid.
o Companies such as Enmax have supported this imitiahd are getting ready to
accept the electricity from the micro-generators.
o ENMAX will be launching a suite of solar poweredna and combined heat and
power technologies their customers will be ablesball for a competitive rate.
Calgary Downtown District Energy
Construction was started in September 2008 forah dienerating facility located at 9th
Ave and 4th Street SE. This multi phase projectpvidvide heating for up to 10 million
square feet of new and existing downtown buildithgeugh a network of underground
insulated pipes that run along the industrial clmriof downtown Calgary. The use of
underground heat will reduce fuel consumption akt{3G and is strategically located to
service current muni-owned and selected future down buildings.
The coal-fired generators will continue with theiercury control program:
0 complete the technology test program,
0 engineer, install and commission the control eqeipiioy the January 1, 2011
regulatory deadline,
o evaluate the control technology during longer teommercial operations
0 review possible optimization measures.
Enmax has proposed a new generation facility natégaty, about 2 km northeast of the
community of Shepard, the Shepard Energy Centre.nEw natural gas-fired generating
facility will be built using the best gas technojaand meet about two thirds of Calgary’s
electricity requirements and emit up to 50% less @€ MW than current coal plants in
Alberta.

Continued activities related to improving combustigeneration and/or transmission efficiency with

the existing generation and transmission systeiradgib be undertaken the results of which will be
reported during the next 5 year review.
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Appendix F: Source Standards for New Gas-Fired Non-Peaking Gene  ration Units

In June 2009, the Electricity Framework Review (EBPject team forwarded a report to the CASA
Board that contained ten consensus and one nomgsms recommendation. The one non-consensus
recommendation pertains to NOx emissions for nesvfigad generation units, including non-

peaking and peaking units. One of the outstandisges is the choice of BATEA and the
corresponding source standard for non-peaking.umiits Board directed the EFR project team to
continue to work to resolve the issue of choicBATEA and a corresponding source standard for
non-peaking units, noting that all involved stakdlos need to participate, and all options willooe

the table.

The EFR project team has already completed a brasdissions control technology review with
Eastern Research Group (ERG). However, some stilerhdelt that the ERG review did not
consider the unique economic and operational issugeunding cogeneration facilities. To further
assist with this particular issue, Jacobs Conscytavas hired to undertake a review of natural gas
and alternate fuel combustion and control technekgn order to establish the best available
technology economically achievable (BATEA) for N@&missions control for cogeneration units.

Control Technologies Review — Cogeneration Units

Jacobs Consultancy carried out the following atiéigito achieve study objectives:

- Control Technology Review — Capital and operatiogt @stimates were made for various NOx
control technologies and the cost effectivenesh®technologies were calculated.
Alternate Fuels Review —Information was gathereabiathe impact of firing with fuels other
than natural gas on the effectiveness of NOx cotgahnology.
Heat Recovery Allowance — Commentary was providethe types of duct burner available,
associated NOx emissions, and industry experiefttengwer low NOx technology. Sensitivity
analyses were performed on the heat recovery andde@eration with duct firing, and a
methodology was suggested to calculate an outmatcblaeat recovery allowance assuming a
control technology of choice.
Jurisdictional Review —Legislation was researclwdflowable NOx emissions outside Alberta
and the data was compiled for comparison with loegllations.

The following consultants’ reports are availabletiom CASA website at:
http://www.casahome.org/?page_id=3196
“Control Technologies Review: Cogeneration Units&pruary 2010, Jacobs Consultancy
“Electricity Framework 5-Year Reveiw — Control Texhogies Review”, January 2009, Eastern
Research Group

It should be noted that these reports were predarekird party consultants to provide advice te th
team only. They are not consensus reports of #ra.te

Source Standards for New Gas-Fired Non-Peaking Gene  ration Units

The EFR project team could not agree on updatets@tandards for new gas-fired non-peaking
thermal generation units. However, stakeholdergggly agreed that they had similar interests in
the following areas:
The emission standard should be based on the pefame of a technology that is considered
BATEA. Stakeholders could not reach agreement oatwé¢chnology constituted BATEA.
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Cost-effectiveness and economic achievability ameartant factor to consider.

Alberta should set standards to reduce emissi@isite comparable to leading jurisdictions
in attainment areas (i.e. areas of good air gqyality

The emission standard is not intended to createadistives for cogeneration development.
There should be flexibility to meet the emissicenstard with any processes and/or
technology that make sense to each operator.

Summary of Blocks to Consensus

The main block to consensus is the choice of BAHBA the corresponding source standard. The
disagreeing parties’ positions and rationale ar@lksvs.

1. Support for Proposal A

Based on the reports prepared by the Eastern Ras@aoup and Jacobs Consultancy, government,
NGO, and some industry stakeholders supBasposal A and agree that Selective catalytic
reduction (SCR) is the best available technologynemically achievable (BATEA).

SCR technology is a proven technology used ingici®ns with climate conditions similar to

Alberta. SCR technology is installed and operatea variety of applications, including co-

generation, in some locations in the United Steeseral of these facilities operate in cold

weather and there are SCR units operating in Adbert

Although there is the potential for new developmentDLN technology, this equipment has yet

to be installed and operated in Alberta. The Jacepsrt indicates that, even for DLN units that

can achieve very low emissions levels, turbine rfeeaturers will not provide a performance
guarantee for units operating below a certain antliemperature.

Based on the report from Jacobs Consultancy, ttakeholders also agree that the use of

selective catalytic reduction (SCR) to further reelilNOx can be cost effective in larger

installations.

o Specifically, for facilities greater than approximig 40MW, the incremental cost
effectiveness is less than 0.4 cents per kWh oelgwricity portion, and less then 42 cents
per tonne of steam. When compared with stand-adteamn generation and electricity
imported from the grid, installation of SCRs woudsult in a cost of $6.21 per tonne of
steam compared to $9.87 per tonne for stand-ateaensgenerators. On the electricity side,
the cost of SCRs would be 9.1 cents/kWh comparé&deents per kWh for the stand-alone
options.

o Where duct burning is employed, the incremental efiectiveness of applying SCRs for
installations greater than 70MW is between $5,080%6,800 per tonne of NOx removed.
For installations with duct burning greater thanMN/, cost effectiveness is between $5,000
and $8,600 per tonne of NOx removed.

The Jacobs report indicates that the use of SCR @&dcents/kwh to the electricity price which

is within the variation of the average electrigiyol price.

The report from the Eastern Research Group, stasgcammonia slip/collateral emissions were

only a concern at very low emission limits, welldve those proposed for this new source

standard. Ammonia slip from SCRs is well-documerated it is potential impact is limited to
areas that have PM issues — this is not the ca&lbarta. The Jacobs report reiterates that there
are a large number of SCR systems in operatiorstifaty handle NH3 (ammonia).
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During the team’s discussions, participants reaegedement that, due to limited operating
experience with SCRs in Alberta, the source stahdhould allow for some fluctuation during
non-ideal operations, commissioning, and short-teveil-defined, transient periods.

2. Support for Proposal B

Based on the report prepared by Jacobs Consultatigss, industry groups suppd&toposalB, and
believe that proven Dry Low NOx (DLN) burners mé#wet definition of best available technology
economically achievable (BATEA).

DLN technology is proven reliable in Alberta. Tladst proven DLN burner technology
achieves a significant reduction in NOx emissioiitheut requiring significant capital and
operating costs. The incremental cost-effectivefi@sDLN is less than $100 per tonne, whereas
SCRs incremental cost-effectiveness is between $50@D$12,000 per tonne on diffusion
burner systems.

Proven DLN technology meets the BACTEA criteriaisghe CASA June, 2009 control
technology assessment (ERG report): it providessan reductions within 15% of the best
control technology (of SCR).

The “standard” duct burner technology (38 g/GBASTEA. Lower emission duct burners are
not proven in Alberta.

The groups supporting Proposal B concluded thainitremental benefit in NOx reductions from
SCR technology do not outweigh the additional yadeid environmental liabilities, costs,
reliability issues, and associated with SCR.

The stakeholders supporting Proposal B asserDihiittechnology does not present a risk of
disincenting further installations of cogeneratsystems, whereas a requirement for SCR might.
Recognizing the latest proven DLN technology as BATincents and accelerates technology
development and deployment in new DLN technolog@kis technology may result in NOx
performance levels approaching those attainable 8@R for a fraction of the cost and without
liability. The timeline for this forecasted techagical development is unknown.

An output-based standard that recognizes all ergggegrated from the cogeneration installation
is important to continue incenting cogeneratiortiatation. The Jacobs report’s jurisdictional
review shows that Texas, California, Norway andraary give credit to the entire steam output
(from waste heat and supplemental firing) of coratiheat and power systems.

Lastly, the industry groups supporting ProposabBatude that the alternative proposed
recommendation for non-peaking thermal units isergtringent for cogeneration facilities than
for combined cycle facilities. For combined cyclats, recovery of waste heat receives a NOx
emissions allowance based on the power output afioe factor. For cogeneration systems,
recovery of waste heat receives a NOx emissionsvatice based on the smaller heat recovery
allowance.

Alternate Fuels

The new source standard for NOx for gas-fired neaking units in Alberta was determined based
on natural gas as the principal energy source tdd® considered other forms of gaseous fuels,
including produced-, synthetic- and refinery-gagjuesting input from relevant industry
representatives. Due to limited availability ofanhation and expected limited use of alternate
gaseous fuels, the team did not complete a fudssssent of the applicability of this standard iIn al

2 The incremental cost-effectiveness quoted isHferLN+SCR case in the Jacobs report, which is the
configuration required to meet the June 2009 prajpos
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cases. Therefore, the team advises that this hafasebased NOx emission limit standard be applied
to all natural gas-fired units. Units with a sigrant variation in fuel composition should be deal
with on an approval-by-approval basis, basing thession limits on the capabilities of appropriate
air pollution control technologies, as determingdapplying the principles of Best Available
Technology Economically Achievable (BATEA). It sHdube noted that the team did not reach
agreement on the definition of a “significant véina” in fuel composition.

Recommendation: Source Standards for New Gas-Firedon-Peaking Thermal Generation
Units (non-consensus)

It is recommended that, effective January 1, 283d NOx BATEA standard for new gas-fired units
will be:

PROPOSAL A:

Non Peaking Standard Formula:
NOXx (kg/h) = [Net Power Output (MW net) x A] fHeat Output (GJ/h) x B]

Where:

A = Power Output Allowance — the total electricyd shaft power energy production

B = Heat Recovery Allowance — the total useful th@renergy recovered from the cogeneration /
combined cycle facility

Power Output Allowance (*A”)

Net Power Output Non Peaking (“A”)
(per gas turbine train) (kg NO,/MWh net)
Greater than 25 MW 0.09
Less thar25 MW 0.60

Heat Production Allowance “B”Natural Gas = 0.01 kg N£i5J
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PROPOSAL B:

Non Peaking Standard Formula:
NOXx (kg/h) = [Power Output (MW net) x A] + [Heat @ut (GJ/h) x B]

Where:

A = Power Output Allowance — the total electricyd shaft power energy production

B = Heat Recovery Allowance — the total useful th@renergy recovered from the cogeneration /
combined cycle facility

Power Output Allowance (“A”)

Power Rating Natural Gas Non-
(per gas turbine only) Peaking
(kg/MWh)
Greater than 25 MW 0.8
Less than 25 MW 0.60

Heat Recovery Allowance (“B”)
For All Units: 0.04 kg/GJ

Applicability
- Effective for units approved after January 1, 2@#rInew and for end of life installations
- Natural gas fired systems
o Dry low NOx burners — on which this BATEA stand@dased — are designed and
engineered for natural gas as fuel
o Systems fueled by alternate gaseous fuels to bdldchon a permitting, case-by-case basis
(e.g., systems fired with a mix of natural gas veyhgas, off-gas or refinery fuel gas)
- Start-up and shut-down and upset conditions arsptedl from the standard

Basis
- Non-peaking standards expressed as output standards
o Consistent with CCME’s National Emission GuideliriesStationary Combustion Turbines
(December 1992)
o Considers the environmental benefits afforded ®rgnefficiency gains of cogeneration
and combined cycle installations
- The BATEA basis for the power output standard (“A’Dry Low NOx (DLN) burners
o The standard is applied on an annual basis taatige kurbines (>25 MW) to account for cold
ambient weather conditions where denser air carm@bustion instability in DLN burners
- The BATEA basis for the heat recovery allowance’)'iB consistent with manufacturers’
standard burner configuration
o Captures the efficiency gains from cogeneration@mdbined cycle systems.

% To be applied on an annual average basis
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Source Standards for New Gas-Fired Non-Peaking Urst
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A. Capital Power Corporation
1. Statement of Position
CPC supports the non consensus standards thaased bn:

Non Peaking Standards expressed as output standadsmilar format to the 1992 CCME

Guidelines.
Separate categories based on gas turbine caparcitpi peaking and peaking / mid-merit
BATEA basis: Non Peaking — LN Burners and SCR

Peaking / Mid-Merit — DLN / DLE Burners or altetinae
Operation required by the System Operator for systecurity exempt from the standard and
not included in the emission allowance.
Non peaking standards conditional on emissionsigwsiartups and shutdowns (using best
practices) being excluded from the compliance measent.
Credit for heat produced is based on the HRSG pa&ence target in the AENV Approvals
Program Interim Policy OSEMD-00-PP2 dated Decemide2007.
Non Peaking compliance measurement based on exAlinerta Environment protocols
subject to exclusions stated above.
Consideration of appropriate relaxation of emisstamdards during the approval process
where a project can demonstrate a significant eehdit NOx reduction.

Non Peaking Standard Formula

NOx (kg/h) = [Power Output (MWh net) x A] 4Hé¢at Output (GJ/h) x B]

Power Rating Natural Gas

(per gas turbine only) Non Peaking Peaking / Mid-Merit Standard

(A7)
(kg/MWh nef?)

More than 100 MW 0.09 750 kg/MW annual maximutf®®
Design specification of 9 pprfiv
25 to 100 MW 750 kg/MW annual maximufr
Design specification of 15
ppm\;4,35
Less than 25 MW 0.60 750 kg/MW annual maximum

Heat Production Allowance “B factor” for Natural Gas = 0.01 kg/GJ

31 Net power rating for gas turbine plus an assodiatembined cycle steam turbine.

32 Normal maximum net continuous rating at ISO cdndi as provided by the manufacturer
¥ Based on 0.25 kg/MWh x 3000 hours/year

3 Normal maximum net continuous rating at ISO cdadi as provided by the manufacturer
% Based on 0.25 kg/MWh x 3000 hours/year
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This proposal is the product of a detailed consutaeview and stakeholder examination over
several months and is soundly based on BATIBAustry CPC, ATCO Power, TransAlta Utilities
and TransCanada@nd AENV have agreed to a concept for addressagipg units, but this
concept cannot yet be tabled or included in thenteaeport. The standard for peaking units will
depend on the standard reached for non-peaking bedause the peaking units cannot have
more stringent standards than non peaking. Idethéyproposal for peaking units will be
presented by AENV to the board in March 2010. éréhis no update in March, AENV could
provide an update to the board in June 2010 abmwutityplans to proceed.

Background

The proposal represents a compromise reached ich\2809 (non peaking) and November 2009
(peaking) by the actively participating electridityt stakeholders and all contributed to its
development. (CPC, ATCO Power, TransAlta Utilitteel TransCanada.) While the compromise
proposal does not include a separate categoryrfmie cycle units, it provides a peaking category
that allows appropriate BATEA standards for simpjele units at the lower capacity factors these
are designed to operate.

CPC views Jacobs study a comprehensive one, thg gtavided sufficient information and details
about the technology capabilities, environmentgldnts, costs and heat recovery allowance. In our
opinion, the study supports our position aboutté@finology of choice for non peaking gas fired
facilities (Non Peaking — LN Burners and SCR).
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B. Canadian Association of Petroleum Producers

March 5, 2010

Ms. Kerra Chomlak, Executive Director
Clean Air Strategic Alliance

10035 — 108 Street

Edmonton, AB T5J 3E1

Dear Ms. Chomlak:
Re:  NOx Performance Standards for Non-Peaking Natural Gs-Fired Gas Turbines

CAPP submits the following discussion and ratiomalsupport of the CAPP-CPPI-CIAC
recommendation (“CCC proposal”) on NOx standardsédural gas-fired non-peaking units as
submitted in February 2010.

In general, CAPP supports Alberta Environment’srigbn of Best Available Technology Economically
Achievable (BATEA), which is defined as control t@ology that can achieve superior emissions
performance that has been demonstrated to be edwalynachievable and commercially viable in a
variety of operating regions and fuel types. CAR® aupports the CASA Electricity Framework Review
Team’s development of a NOx standard for gas-fivedines that are based on BATEA.

CAPP supports Alberta’s efforts to integrate ansue@ consistency in policy development. In the
context of the Alberta’s Land Use Framework andicgshed zone management, whether under the
proposed national Comprehensive Air Managemente8yst under Alberta’s Clean Air Strategy, CAPP
supports the development of NOx performance stalsdhat will provide a level of performance
consistent with standards in leading jurisdictionattainment areas.

As the CASA Team agreed, the standard for non-pgakiits will be an output based standard. As such
there are two components to the standard: a powpuballowance and a heat recovery allowance. The
proposal put forth by CAPP, CPPI and CIAC, is sstdal upon a BATEA of the best available dry low-
NOx (DLN) combustion technolod$for the power output allowance of 0.18 kg/MWh. Feat

recovery allowance is set at 40g NOx/GJ to acctaurthe energy efficiency gains and environmental
benefits obtained from installing a turbine in geoeration or combined cycle configuration.

The following discussion explores CAPP’s interéstenvironmental performance standards and
demonstrates why CAPP supports the CCC proposedireendation NOx standard for natural gas-fired
turbines.

36 With a 20ppm or lower NOx emissions guarantee ftarhine vendor
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CAPP INTERESTS AND RATIONALE

The following six points frame CAPP’s interestdhie NOx standard-setting process and how the
recommended standards meet these interests. \&jhglieable, the Control Technologies Review,
Cogeneration Units report, as undertaken by JaCobsultancy on behalf of the CASA Electricity
Framework Review Team (“Jacobs report”) is refeeenc

1. CAPP is interested in standards based on best avalfile and demonstrated technology that
provides the greatest opportunity for NOx reductiors recognizing the efficient use of capital
and operating costs.

The analysis in the Jacobs report (Table B.5) shiibetsDLN technology is the technology that
best meets this interest, as it offers the greagsvrtunity for NOx reductions at a reasonable
cost.

0 As reported in the Jacobs report, the cost-effentgs of DLN technology compared to
SCR technology differs by a factor of 100. The exf&tctiveness of cogeneration systems
with DLN and SCR installations are approximatel@&6nne and $6000/tonne NOXx
reduced, respectively.

0 Applying the two recommended standards to a reptatiee cogeneration system installed
In in-situ oil sands service would result in a nmaxm of emissions 484 tonnes/year of
NOx under the CCC proposal and 155 tonnes/year iNGhe June 2009 non-consensus
proposal (maximum emissions limits shown in App&rl. For a representative
cogeneration unit with an 85MW turbine, the differe provides a maximum reduction in
NOx emissions of 329 tonnes per year, but withramual cost increase of approximately
$2.4 million. In perspective, the total NOx emissidrom all sources in Alberta in 2007
was 813,523 tonn&s Thus the June 2009 standard would provide a tidiuequivalent to
0.04% of provincial emissions at a significant asireost relative to the CCC proposal.

0 Another illustration of the cost-achievability oL N is shown in Table 1 below, which is
an update of the table presented in CAPP’s nonesmus submission to the CASA Board
in June 2009 (also labeled Table 1). This tablepames the cost of NOx removed and the
environmental benefits gained from installing SGHAaN technology at all planned
cogeneration facilities in the Athabasca redfioiThe cost-effectiveness has been updated
to reflect the results of the Jacobs report, arccttimparison shows that:

If DLN technology were installed at all planned eagration facilities in the
Athabasca region, the total cost would be $0.5anilfor DLN, as opposed to $83
million for SCR installations. To achieve an adufitl 2.1% reduction in Alberta’s
total forecasted NOx emissions in 2015, cogenaraiperators are required to spend
an additional $82.5 million.

For heat recovery, the Jacobs report concludedttbattandard duct burner technology is the
only technology available that is demonstratedegojperable over a wide variety of regions and
fuel types with guaranteed emissions performanggde Standard duct burners thus meet the
definition of BATEA. The alternative technology,altstage duct burners, is not considered
BATEA, as performance been not demonstrated inde wariety of operating regions and
ambient conditions, or over a range of fuel type@ddition, the dual-stage duct burners are
currently only offered by one vendor, do not hauargnteed emission levels (the 22g/GJ quoted

37 Environment Canada, CAC Emissions Inventory (200@)al emissions reported does not include opehnatural sources.
%8 Golder Associates (200&8eport on NOx Control Technology Assessiaibmitted to the Regional Issues Working Group.
Report No. 06-1331-018.
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by Jacobs approximate) and cannot be used witk @ikkr than natural gas due to susceptibility
to coking and fuels with high hydrogen content.

Table 1 - Cost-Benefit Analysis of DLN and SCR Tealologies

Case NOx Cost- Total NOx | Percentage Total Annual
Removed Effectivness Reduced Total NOx Cost
(t/d) ($/tonne) Emissions *°
(t/year)
DLN (~9-15ppm) | 23.60 57 8,495 4.3% $0.51 million
SCR (5ppm) 34.96 6,300 ° 12,587 6.4% $83 million
D from UDLN to
SCR +11.4 +20,166 +4,091 +2.1% +$82.5 million

® As indicated in the Jacobs report, the quoted ineretal cost-effectiveness is for turbines rate20ppm
for an 85 MW turbine with 32% duct firing, fired 840C to turbines rated at 5ppm (SCR).

This Table was developed using a report on NOxrobtgchnology assessment undertaken by the
Regional Issues Working Group in 2006 and the effsetiveness of SCR and DLN
technologie¥ as reported by Jacobs.

2. CAPP is interested in minimizing the risk of disin@nting or preventing future installations of
cogeneration systems.

DLN technologies have been proven operational ifalaée and cold climates, as opposed to SCR
technology, which has not yet been fully demonsttah Alberta. The lack of demonstration and
certainty of reliable operation increases this nis#lisincenting cogeneration.

Combined cycle and cogeneration systems are ergedifay governments and industry because
of the energy efficiency gains, fuel savings ardliotions in greenhouse gas emissions through
the use of the turbine waste heat for power omstea

o0 Output based standards are designed to recogmzeettefits of lower emissions and fuel
use achieved by cogeneration systems, as compastand alone power and steam
productiof’. The output based standard formula credits théiadel investment made for
these gains in efficiencies, thereby providing &iddal incentive to install such systems.

0 The proposed NOXx allocation to the steam outputilshioe sufficient to account for the
efficiency gains obtained from the use of the tughbivaste heat as steam and should be
based on best available technology that would wfiserbe required to generate this steam
output.

3% Note: The RIWG Report considers two levels of oy NOx technology: 1. Dry Low NOXx as required hyrent CCME
Guidelines of 25 ppm, and 2. Ultra-Dry Low NOx e18ppm. “Dry Low NOx” technology for this analyssassumed to
reduce NOx performance limits from the baseling(#2B) to ultra-DLN

“0US EPA (2004Dutput-based Regulations: A Handbook for Air Retquika Available at:
http://www.epa.gov/chp/documents/obr_final_9105.pdf
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The proposed heat recovery allowance of 40g NOw@&sloriginally developed by
the CCME and is applied to the total steam outpthe cogeneration facility,
including the steam produced from the turbine’stevhgat. The allowance is based
on the current CCME standards for large boilerapmdied in Canada and most of
Alberta. Applying the boiler standard to the wastat from the turbine credits
operators for the steam production of the cogerer&icility that would otherwise
have to be generated using a once through steaenagen(boiler).

The 40g NOx/ GJ heat recovery allowance is alssistent with the BATEA for
duct burner technology (rounded up from 38 g/Gd)ndicated above.

3. CAPP is interested in ensuring operators are offeikthe flexibility to meet the standard using
multiple technologies

Although the proposed standard can be met usinatést proven DLN technology, the CCC
proposed standard does not preclude companiesifisiailing SCR, or other low emissions,
technology, if appropriate.

The June 2009 non-consensus recommendation liontpanies to installing SCR only, and
excludes the opportunity to rely on DLN technoldglyNOx reduction, which is contrary to this
interest.

The limitation of NOx control equipment to SCR orlyuld disincent developers from installing
cogeneration units.

4. CAPRP is interested in continuous improvement in NOxeduction and encouraging technology
development and deployment

The CCC recommended standard for the power outioutance (A factor) is consistent with the
evolution in DLN technology. As the Jacob reporiwsh, there are currently two turbine frames
that have vendor guarantees equivalent to the peappower output allowance of 0.18kg/MWh.
However, also indicated in the report, turbine fearf smaller power ratings are being currently
being developed and tested with emerging DLN teldgyd'. The CCC proposal will motivate
turbine vendors into developing the latest provémDor a wider range of turbine sizes.

Limiting companies to choosing SCR technology wiktvent companies from engaging in the
broad development and deployment of the more dtesttare and emerging DLN technology.

The proposed power output allowance (A factor).@Bkg/MWh is a 64% decrease from the
current power output allowance indicated in thestixg CCME regulatory standard for
cogeneration systefisand a 40% decrease from the CASA 2003 Electrigigynework
standard.

Appendix A offers a comparison of the regulated imasn emissions limit for a representative
cogeneration system installed in a SAGD facilitge TTCC proposed standard represents a
reduction from the current regulation (CCME) ane @ASA 2003 Electricity Framework of
33% and 49%, respectively.

41 As indicated in the Jacobs report, some turbimeloes are supplying a limited number of turbinegwiendor guarantees of
9ppm. GE has informed CAPP that they are planrorgptd weather test turbines rated for 5ppm in 280, early 2011
2 The Canadian Council of Ministers of the Enviromt'®National Emissions Guidelines for Stationagn@ustion Turbines
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5. CAPP is interested in standards that are aligned wl what other leading jurisdictions would
require as base-level source performance standards

Appendix A provides a comparison of the regulateskimum emissions limit for a
representative cogeneration system installed &@C5facility. Shown in the Appendix’s table
are current standards regulated by the US EPA, @grnNorway, Texas and California, as
summarized in the Jacobs report. Texas and Califame presented for information only; the
colder winter climate in Alberta makes achievingNévels similar to Texas and California
unattainable using DLN only.

The maximum emissions limits for the hypotheticAlGD facility under the proposed standards
sit between what would be required if the facilitgre installed and regulated in Germany and
Norway, and in Texas. If the US EPA’s standardgplied, there is a significant increase in the
maximum NOx emissions limit from the limit that wdwbe imposed under the CCC proposal.

Given that the Electricity Framework Review BATEAd®d standards are to be considered base-
level performance, it is appropriate that the pegubstandard be equivalent to leading
jurisdictions in attainment areas (areas with maaality issues). As Texas and California are
considered to be non-attainment jurisdictions, tteepiired higher standards than are necessary
for a province-wide BATEA standard in Alberta.

6. CAPP supports standards that minimize collateral emironmental impacts

DLN technology is a pre-combustion technology tattrols NOx by pre-mixing air and fuel
prior to combustion. SCR technology, on the otterd) is a post-combustion technology that
scrubs NOx emissions from the turbine’s flue gasdaybining it with ammonia and injecting it
across a catalyst bed. As opposed to DLN, SCR &ldron technology that requires additional
space and raw material handling (catalyst and armahonhich increases the collateral impacts
of NOx control.

Although the environmental and safety risks duegeration of SCR units are manageable, as
demonstrated by the successful use of SCR in mgplycations in other jurisdictions, the
absolute risk of an ammonia-related environmentahéety incident is higher with SCR than
without. Inherent safety considerations lead poederence to avoid the installation of SCR units
unless they are strictly necessary. Risks inhdgettite use of SCR include:

0 Safety concerns associated with ammonia, whickposive, flammable and toxic.
Facilities that use ammonia must be designed aachitgr to manage risks associated with
the transport, storage and handling of ammoniaptiential for ammonia leaks and spills
and the potential for public and occupational expes

o0 Environmental impacts in the form of collateral NNOx, GHG and secondary BM
emissions, incremental water consumption, and iatdit waste solids for landfill. Table 2
provides a comparison of the collateral environmkimpacts of SCR technology, which
are also described in the eight points below.
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Table 2 - Collateral Impacts of DLN versus SCR Teamologies

Environmental Dry Low-NOx Selective Catalytic Reduction
Considerations

Water Use - + 212,000 gallons / year *

Ammonia Emissions - + 25 tonnes / year

PM, s Emissions — + 170 tonnes / year

GHG Emissions - + 2700 tonnes / year from ammonia

production, transport and vapourization,
and de-mineralized water production

NOx Emissions - + from ammonia production, transport
and vapourization, and de-
mineralized water production

Waste - + 200 tonnes catalyst every 5 to 10

years

% Based on Jacobs report and 19% aqueous ammonsitydeh 0.262 and 176 g NH3/L df

solution

This table was developed using the results providede Jacobs report on collateral environmeptal
impacts of NOx control technology. Additional refaces were used, as

Collateral Environmental Impacts of SCR

1. The use of SCRs will result in ~ 25 tonnes/yeaarafmonia emissions (for a typical oil sands
cogeneration unit) because not all ammonia is eglactthe catalyst bed.

2. Ammonia emissions readily convert to fine partitellaatter, PMs. Ammonia will react
with SG; to form ammonium bi-sulfate which forms PMElevated concentrations of fine
particulate matter can be a public health concértypical oil sands cogeneration unit with
SCR could produce 170 tonnes of Pj\h a year.

3. Ammonia production is energy intensive and crebtts GHG emissions. Based on the
Jacobs report ammonia consumption estimate fopiagloil sands cogeneration unit and on
a an average G@mission rate for Canadian ammonia producers af tbnes CQper
tonne NH*, incremental GHG emissions of about 200 tonneygar would be required for
operation of a typical cogeneration unit.

4. Because of the safety concerns associated withdanly ammonia, industries prefer to use
the aqueous form. A typical oil sands cogeneratigitwill use 212,000 imperial gallons of
fresh water each year in their use of 19% aquemusania. In addition, de-mineralized
water must be used to produce this ammonia beaalisis in the ammonia will create
plugging issues in the SCR system. De-mineralxatr is created through distillation
which also creates GHG and NOx emissions.

5. Cogeneration operators can source ammonia in lagkasichewan, Alberta, where it is
produced. The transport of ammonia to operat@ates GHG and NOx emissions. A
typical oil sands cogeneration unit will requireednuck of ammonia per week from Fort
Saskatchewan to Fort McMurray, which will incre@&e#G emissions by 50 tonnes per year.
NOx emissions will also increase from fuel combursti

3 Natural Resources Canada (2007) “Canadian Amnfmiducers: Benchmarking energy efficiency andaadioxide
emissions”
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6. Cogeneration units with SCRs typically experien€e4b% energy loss which will create
around 2,000 tonnes/year of GHG for a typical aiflds cogeneration unit. The energy loss
comes from the pressure drop that occurs acrosS@kein the HRSG. Additional firing,
requiring more fuel and resulting in increased siuiss is required to replace the efficiency
loss. Jacobs reported that one HRSG vendor hadtitginstalled new equipment that was
built (larger) to compensate for the pressure dmapnally found across an SCR — however,
the vendor that installs many of the HRSGs in Abb@ras not consulted to determine if their
HRSGs are also designed to compensate for preesisre Some industry members were not
able to satisfactorily conclude that this practeceiidely adopted and, if widely adopted, that
it would result in zero power loss across the ngbi

7. The vapourization of ammonia associated with SGRaneates GHGs: a typical oil sands
cogeneration unit equipped with an SCR will cr&z8é tonnes of GHG emissions during
ammonia vaporization each year. In addition, wilkalso cause incremental NOx
emissions.

8. SCRs will generate waste — SCR catalyst has aflibetween 5 and 10 years. About 200
tonnes of catalyst must be land-filled when it rescend of life. The US EPA does not
consider the catalyst hazardous material, howaaeqbs did not identify if the
categorization of the catalyst would be similaAlberta. The catalyst contains vanadium, a
heavy metal.

Sincerely,
Krista Phillips éent via e-majl

Manager, National Air Issues
Canadian Association of Petroleum Producers
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Appendix A - Maximum NOx Emissions Limits Comparisans
Canadian & International

The following table shows the maximum emissionstira representative SAGD Cogeneration Facility
would have to meet when applying Canadian andriatemal standards. The representative cogeneration
unit in this comparison is comprised of an 85MWbtne and has 1000 GJ/h steam load.

Standard Regulatory Components Maximum Emissions
Limit
US EPA 0.150 kg/GJ (includes  useful 128 kg/h**
electrical, kinetic and thermal energy)
CASA 2003 0.3 kg/MWh (MWh includes stear 108.9 kg/h
output)
CCME A = 26ppm (0.50 g/MWh) 82.5 kg/h

B = 0.04 kg/GJ (0.144 kg/MWh)

Jacobs analysfs A = 20ppm (0.38 kg/MWh) 72.3 kg/h

B = 0.04 kg/GJ (0.144 kg/MWh)

Germany & Norway 0.76 kg/MWh (40ppmv) 64.6 kg/h
CAPP-CPPI-CIAC A =9ppm (0.18 kg/MWh) 55.3 kg/h
Proposal

B = 0.04 kg/GJ (0.144 kg/MWh)

Texas 0.09 kg/MWh (5ppm) with 1MW 32.7 kg/h
credit for every 3.6 GJ of heat
recovered
June 2009 Non| A =5ppm (0.09 kg/MWh) 17.7 kg/h
Consensus Proposal
B = 0.01 kg/GJ (0.036 kg/MWh)
California 0.0317 kg/MWh with 1MW credit for 11.5 kg/h

every 3.6 GJ of heat recovered

& “Jacobs analysis” in this context refers to thev@ooutput allowance set based on the
DLN technology used for the Technology and EconoAmnalysis section of the Jacobs
report.

4 To be confirmed
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C. Non-Government Organizations

Section I. Comments on the BATEA recommendation fonon-peaking gas-fired units:

NGOs support the recommendation that SCRs be ddsigjias BATEA for non-peaking gas-

fired units for the following reasons:
According to the EPT definition of BATEA, BATEA thoologies are those that haween
demonstrated to be economically feasible througitessful commercial application across
a range of regions and fuel typd$e reports from the Eastern Research Group aiubda
Consultancy clearly demonstrate that SCRs areegbplidely across the U.S., the
technology is increasingly being used in Canadaisinded in both gaseous and non-gaseous
fuel applications. As such the NGO members beliteaé SCRs clearly meet the EPT
definition of BATEA which is the BATEA definitionhiat should be applied.
During discussions with the CTRS sub-group, ERG sypegifically asked to comment on
the application of SCRs in colder climates. ERGaatkd that their research showed that
SCRs were installed in applications in cold clinsatethe U.S. including in Alaska. The only
associated inconvenience noted was that, in at ée@ssuch case, the system was housed
indoors in order to avoid any cold weather impaltt@as noted that the increased cost of
constructing a building to house the system wasaonsidered to be significant in
comparison to the total cost of the technology.S8GR unit has been operated at the Calgary
Energy Centre (formerly the Calpine Energy Cerdre) an SCR unit is part of EPCOR’s
new generation facilities at Cloverbar in Edmontdine Jacob’s Consultancy clearly
confirms that cold weather operation is not ana@ssu
While ERG did not specifically consider the apation of SCRs at chemical facilities and
other industrial facilities, a cursory review ofarmation on the USEPA RBLC website
http://cfpubl.epa.gov/rblc/htm/bl02.cfm indicatéat SCRs are indeed in operation on
several chemical facilities in the U.S.. The BP Acm&o. Chocolate Bayou plant in Texas
and the Shell Chemical Co. Geismar plant in Longiare examples.
Ammonia slip was considered by ERG in its reviewwas noted that ammonia slip was only
expected to be of concern at NOx levels signifigamiore stringent than those
recommended by the group. Where ammonia slip issare in the U.S. regulators have
addressed the issue by putting in place regulatloatdimit the allowable ammonia
emissions from associated facilities. It is nateat ammonia is already being used as a
scrubbing agent in Syncrude’s flue gas desulphtioizaystem. The Jacob’s Consultancy
report addressed the issue of ammonia slip and amarhandling safety in detail and no
significant issues/concerns were identified.

The NGO members of the team would like to note thetlacob’s Consultancy report addressed
all the of the concerns raised by some of the imgis®ctors and clearly indicated that for larger
co-generation units i.e. greater than approximatélyo 60 MW gas turbine size, are cost-
effective from generally accepted cost per tongeicBon costs, incremental increase in cost of
commodities and relative to power purchase andrstgneration. While consensus was not
reached on designating SCRs as the technology tigdzin setting BATEA limits among all
industry members of the team, the industry memthextsdid agree to this recommendation
include a number of companies such as TransAlensanada and ATCO Power that do own
and operate gas-fired cogeneration units on indisites including sites in the oil sands region.
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The industry sectors that continue to be oppos¢dee&CR based limit appear to be
fundamentally opposed to SCR and the NGO membersresure how to address such a
position.

The NGO members of the sub-group would like tceretie that every concern raised by industry
members with the application of SCRs have beeneasddd by the consultant (Jacob’s
Consultancy) that has international experience thighdesign and operation of SCR systems and
has indicated that for certain size units repreB&EA.

The following information on SCR was part of the @G original position and the NGO
believes that the Jacob’s Consultancy report amsfisupports this information so it is reiterated
again.

A. Background on SCRs as BATEA for Gas-fired Gengom*°

1. NOx Generation and Control Options:

Nitrogen oxides (NOXx) are formed in high temperatcombustion processes and are the result of the
oxidation of the nitrogen in the combustion airll@thermal NOx) or in the fuel (called fuel NOXx).

In the combustion of natural gas, fuel NOx is ngigle. The production of thermal NOx in gas
turbines and boilers and furnaces is a functioiewiperature and fuel/oxygen ratios. By controlling
temperature and/or fuel/oxygen ratios, NOx fornratian be significantly reduced. This method of
NOXx reduction is termettombustion control” Reduction controls that remove NOx from the flue
gas after the combustion stage are terfpedt-combustion controls”General information on NOx
formation and control can be obtained from the éthBtates Environmental Protection Agency
(USEPA) websitd®*4’

Table 1 summarizes combustion and post-combust{®x dbntrols applicable to gas turbines,

boilers and furnaces. The technologies in thisstabé well demonstrated and widely used. Where a
high level of NOx control is required, a combinatiaf low NOx “combustion” controls and “post
combustion” control, e.g. SCR, are used. This aggtoeduces the capital and operating costs of the
post-combustion control system.

5 The following is based on a submission by the FarKay IRC to Alberta Environment on the applicatiof BATEA to
cogeneration facilities in the oil sands region.

¢ http://www.epa.gov/eogaptil/module6/nitrogen/fotim@/ formation.htm

47 Air Pollution Control Technology Fact Sheet. Uditgtates Environment Protection Agency. EPA-453F82
<http://www.epa.gov/ttncatc1/dirl/fscr.pdf>
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Table 1: NOx Control Technologie

é8,49,50,51, 52

NOx Control Description Reductions Comment
Technology achievable
(compared to
normal
combustion)
Combustion
Low excess air Reduced airflow to combustion | 25% One or more of thesg
(LEA) zone to minimize excess oxyger combustion controls
Low NOx burners | Involves staged combustion 25-50% are built into the
(LNB) (either controlled fuel or design of new gas
controlled air) to reduce flame turbines and boilers
temperatures and furnaces so in
Low NOx burners | Involves adding some of the 60% general these
plus overfire air combustion air after the burner reductions are
(LNB + OFA) stage already being
Flue gas Involves recirculation of some of 25% realized with new
recirculation (FGR) | the combustion gas to lower units.
flame temperature
Water-steam Water or steam injected to contrp60%
injection combustion temperature
Natural gas 15-20% of natural gas is added | 60%

reburning (NGR)

after primary combustion zone

“8 Nitrogen Dioxide in the United Kingdom Report (20@ittp://www.defra.gov.uk/environment/airquality/admgitrogen-
dioxide/nd-glossaryapp.pdéee page 317
¢ Emissions Trading For Alberta: Major Feasibilitw8y (Interim Report) to Alberta Environmefitosts of Technologies to

reduce NOx and SOx Emissions From Industrial arettic Power Generation Sources in Alber@heminfo, December, 2002

DRAFT

50 NOx Emissions Solutions for Gas Turbines by KekirCarpenter, Siemens Westinghouse Power Corparat400 Alafaya

Trail, MC 250, Orlando, FL 32826-2398ttp://www.netl.doe.gov/publications/proceedingg#@?-sncr/carpentersummary.pdf
51 Controlling NOx Emissions Part 1 and 2, Mike Bad, Raive Grover, Peter Paul; www.cepamagazige.dtarch 2002

52 An Emissions Management Framework for the Albetertvity Sector Report to Stakeholders. Clean3tirategic Alliance.
November 2003. ISBN 1-896250-25#tp://casahome.org
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Table 1 NOx Control Technologies”"""" (continued)

NOx Control Description Reductions Comment
Technology achievable
(compared to
normal
combustion)
Post-combustion
Selective non-catalytic| Involves injecting 20-60% beyond | The process is difficult t
reduction (SNCR) ammonia or urea into theé combustion control and is very
hot flue gas (870- controls temperature dependent.
1,090C) At higher temperatures

the ammonia can form
more NOx and at lower
temperatures NOx
reduction does not occu
and ammonia releases
occur (termed “ammonis

slip”).
Selective catalytic Involves injecting 75-90% beyond | The catalyst helps ensule
reduction (SCR) ammonia or urea in the | combustion good (rapid) reaction
flue gas in the controls between the NOx and
temperature range of NH; resulting in high
300-400°C upstream of a NOXx reduction and
catalyst e.g. vanadium minimal ammonia slip

pentoxide

2. NOx Emission Limits and Best Available Demonstrated echnology (BADT):
In Alberta the current emission limits for gas tads and boilers and heaters are based on the
following guidelines:

a. Alberta Environment’s “Alberta Air Emission Standarfor Electricity Generation” (Dec., 2005)
which are the standards outlined in the CASA EnissiManagement Framework for the
Alberta Electricity Sector(2003) (note: becaussame circumstances the CCME National
Emission Guidelines for Stationary Combustion Toels(1992 are more stringent than CASA
limits they are still being used)

b. Alberta Environment’s. Interim Emission Guidelirfes Oxides of Nitrogen (NO,) for New
Boilers, Heaters and Turbines using Gaseous Foetbé Oil Sands Region in the Municipality
of Wood Buffalo North of Fort McMurray based on evikew of Best Available Technology
Economically Achievable (BATEA). Alberta Environme®ec. 2007 (Policy 2§ and

c. CCME National Emission Guidelines for Commerciallistrial Boilers and Heaters(1998).

%3 National Emission Guidelines for Stationary Conitmrs Turbines. Canadian Council of Ministers of f@vironment.
December 1992.ISBN:0-919074-85-5

54 Interim Emission Guidelines for Oxides of Nitrog@tO,) for New Boilers, Heaters and Turbines usBageous Fuels for the
Oil Sands Region in the Municipality of Wood BuffdNorth of Fort McMurray based on a Review of B&gailable
Technology Economically Achievable (BATEA). Albefimvironment. Dec. 2007 (Policy 2)

%5 National Emission Guidelines for Commercial/IndizstBoilers and Heaters. Canadian Council of Migis of the
Environment. March 1998.ISBN:1-896997-16-3
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Table 2 outlines the emission limits in these doents. In general the CCME (19824nd the
CASA(20035” limits reflect the use of good, but not the bestmbustion-based NOx controls. A
comparison of the CCME and CASA limits to thos¢hie United States is complicated by the fact
that, in the United States, emission limits for maajor sources or major modifications at existing
sources are reviewed and set on a case by case In&simation on this standard setting approach is
available on the USEPA websn®>®

Table 2: A Summary of the NOx Emission Limits in Aberta for Gas-Fired Turbines and Gas-
Fired Boilers

Unit Limits (these are on an output basis) Comments
Type AENV Policy 2 CASA/AENV CCME
and Size
Compliance Target
Gas Based on 0.244 0.3 kg/MWh 0.504 The CCME limits are
Turbine | CASA or kg/MWh kg/MWh based on combustion
>20MW CCME for for controls but are dated and
whichever | electricity electricity new units achieve much
more output and output and lower emissions. The
stringent 0.035 0.144 CASA/AENYV limits
kg/MWh kg/MWh reflect advances in
for any for any combustion-based NOXx
steam/heat steam/heat control but currently
output from output from | available units can achieve
the unit the unit lower emissions and these
limits are based on limited
duct firing. The Policy 2
targets limits are based on
newer combustion based
NOx controls are what
industry is to design to .

1 The limits are based on input but for comparisorppses were converted to output using a turbifigiericy of 30% and a
heat recovery efficiency of 80%.

3. NOx Emission Limits in the United States:

The following is a brief summary of the USEPA preséor setting emission limits and the current
NOx emission limits and controls being requiredanger gas-fired turbines and boilers. This
information is provided to supplement the inforraatgathered by the ERG consultant in their work
for the Control Technologies Sub-group of the CASActricity Framework Review Team.

a. A principle entitled: Prevention of Significant Deterioration (PSDig applied in airsheds that
are meetindNational Ambient Air Quality Standards (NAAQSJhese airsheds are called
attainment areas.

56 National Emission Guidelines for Stationary ComtmrsTurbines. Canadian Council of Ministers of frvironment.
December 1992.ISBN:0-919074-85-5

57 An Emissions Management Framework for the AlbEtetivity Sector Report to Stakeholders. Clean3tnategic Alliance.
November 2003. ISBN 1-896250-25a#tp://casahome.org

%8 New Source Review (NSR)kttp://www.epa.gov/nsr/psd.html

%% USEPA RACT/BACT/LAER Clearinghouse (RBI)Chttp://cfpubl.epa.gov/rblc/htm/bl02.cfm
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b. Newmajor source$or pollutant, obmajor modificationsat existing sources for pollutants, must
install Best Available Control Technology (BACT).

c. BACT is described as:.. an emissions limitation which is based on theximaum degree of
control that can be achieved. It is a case-by-asgsion that considers energy, environmental,
and economic impact. BACT can be add-on controipzgent or modification of the production
processes or methods. This includes fuel cleanitgeatment and innovative fuel combustion
techniques. BACT may be a design, equipment, wadtipe, or operational standard if
imposition of an emissions standard is infeasible.”

d. A database of air permits is maintained to prowdermation on what has been required as
BACT in air permits. The database is called@#eCT/BACT/LAER ClearinghouséRBLC).

This approach ensures that the most current infboms used in setting limits and/or establishing
control requirements. It also allows for considierabf economic factors which can vary from sector
to sector, location to location and/or facilityfeaility.

The BACT process is distinct from the requireméotd AER (Least Achievable Emissions Rate)
which “focuses on requiring the most stringent emiss limitation achieved in practice for such
class or category of source.’? BACT is normally required in projects where aiiatjty standards

are not projected to be violated, and LAER is regfiifor projects with impacts that may exacerbate
existing or create new violations of air qualitgrstiards.

Searches of the RBLC database were done to detetherresults of recent BACT decisions for
large gas-fired turbines. The results of theseckesrare summarized in Table 3. It appears that
BACT for co-generation units has, in the majority@cent approvals, been considered to include
post-combustion NOx controls (generally SCR).

A more complete definition of BACYis:
"an emissions limitation (including a visible enmgsstandard) based on the maximum degree of
reduction for each pollutant subject to regulatiemder the Clean Air Act which would be emitted
from any proposed major stationary source or maymdification which the Administrator, on a
case-by-case basis, taking into account energyr@mmental, and economic impacts and other
costs, determines is achievable for such souraeattification through application of production
processes or available methods, systems, and tpeds)iincluding fuel cleaning or treatment or
innovative fuel combustion techniques for contfdwech pollutant.”
The definition of BADT? is:
“emission control technology based on the maxinaa@gree of emission reduction that
has been shown to be practicably and economicelyeg@able for a given source and

type.”

The experience and practice in the United Stataegduadicate that SCR is generally considered to
be BACT for co-generation units and in some circiamses for boilers. This requirement applies in
areas meeting the NAAQOs which means it is the mmimn requirement.

80 california Air Pollution Control Officers Associain Best Available Control Technology Clearinghoegtion VIII. Control
Technology Definitions, Sub-section B. LAERtp://www.arb.ca.gov/bact/docs/controltech.htm

51 USEPA New Source Review Workshop Manual —PrevardfcSignificant Deterioration and NonattainmeneAPermitting
(Draft October, 19900ttp://www.epa.gov/ttn/nsr/gen/wkshpman.pdf

®2 Sulphur dioxide management in Alberta. The repbthe SO2 management project team, CASA 1997, |56 also

Appendix 3.http://casahome.org
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Table 3: Summary of NOx Emission Control Requiremets for Large Gas Boilers, Furnaces
and Boilers Approved in the United States since Jarary 1, 1995

Type of Unit Number of Process Units Approved Since January 199%vith Noted Control &
General NOx Limit°©

Pollution Add on Controls PP + Add on PP + SCR
Prevention (PP) controls
(combustion
controls)
Large Natural Gas| 86 units (general 81 units ( NOx 192 units 135 units (general

Combined Cycle | range of NOx limits | limits =2t0 9 @ | (general range of| range of NOx
and Cogeneration| =9to 42 ppmdv @ | 15 % Q —note it | NOx limits is less| limits =2 to 7

Combustion 15 % Q) appears that SCR| than 5 ppmdv @ | ppmdv @ 15 % @
Turbines (>25 MW) is the add-on 15 % Q — and —note most less
technology at most add-on than 3.5 ppmdvj
of these units) technology is

generally SCR)

& Information obtained from USFPA RACT/BACT/LAER @ienghouse (RBLC) whicH...contains case-specific information
on the "Best Available" air pollution technologithsat have been required to reduce the emissioiir gficiutants from
stationary sources (e.g., power plants, steel nglemical plants, etc.). This information has bpmvided by State and local
permitting agencies.http://cfpubl.epa.gov/rblc/htm/bl02.cfm

® |t was noted that some units are listed under t@idontrols” and under “PP + add on controls” there is some data
duplication/overlap

© These NOXx limits were based on a review of thétdifior 5 to 10 units selected randomly from thialtdist of units for that
process and control type

4. Costs for SCR:

The cost for SCR control depends on the size ofitfie the flue gas NOx levels (which is a function
of the NOx combustion-related controls) and ontthal level of NOx reduction desired. The cost
data on SCR provided by ERG is consistent withrdid@x reduction cost data taken from USEPA
reports®?

A partial review of cost data from the USEPA RBL&abasé" indicates per ton NOx reduction
costs ranging from approximately $1500 to $6500tper

The research by Eastern Research Group statedsheftectiveness of SCR to be approximately
$4200/tonne (Table 3-4). According to the modelliloe by EDC for the CASA team the SCR
based limits are expected to reduce emissions @asrfired units by between 737 tonnes in 2015
rising to just over 1500 tonnes in 2030. This ghéscost per year of SCRs at $3M in 2015 rising to
$6M in 2030 for the gas-fired sector as a wholés Timodest cost will result in emissions reductions
from gas-fired units in the sector of between 69045 to 9% in 2030. By 2030 the emissions
reductions achieved by the sector would be equivatewhat a new 400MW coal-fired power plant
would emit and would cost the sector just $6M atigiLP4

53 Analysis of Multi-Emissions Proposals for the UBSectricity Sector Requested by Senators Smittinach, and
Brownback Prepared by: U.S. Environmental Protacfigency (2001) http://www.epa.gov/air/meproposadgsis.pdf.

54 Assumes majority of emissions from gas-fired apenfcombined cycle and cogeneration facilities.efvrcoal fired power
plant emitting at the new standards of 0.47kg/MWtl 80% capacity factor would emit 1,318 tonnes4#&g/MWh x 450MW
x 0.8 x 8760 hours)
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This limited cost data review would indicate th&RScontrol technology is not only expected to
achieve significant reductions beyond combusti@amgrols (75%-90% as indicated in Table 2) but is
also economical and cost-effective.

5. Ammonia Slip and the Relative Environmental Benefi$ of SCR:

One of the disadvantages associated with SCR daftiOXx is “ammonia slip” which is the
unreacted ammonia that remains after the catalyegadtion between NOx and ammonia. This
ammonia is emitted in the flue gas. A portion & MOXx emissions are therefore replaced by
ammonia emissions and the environmental and heafihcts of these emissions need to be
considered.

The following Figure from a clean coal technologyRSdemonstration project repSrshows that
ammonia slip is a function of the Nikb NOXx ratio entering the catalyst.

At NH3 to NOXx ratios of approximately 0.8, NOx removalapproximately 80% are achieved with
minimal NH; slip (i.e. 2 ppmv).

% Control of Nitrogen Oxide Emissions: Selectivedgic Reduction (SCR), TOPICAL REPORT NUMBER 9,6TH.S.
Department of Energy and Southern Company SenvicesJULY 1997

77



Table 4 is a comparison of NOx versus ]Nvironmental and health issues and a qualitative
evaluation of the overall benefits and disben&fitSCR for NOx control.

Table 4: A Qualitative Comparison of the Relative Evironmental and Health Issues of NOx
versus Ammonia

Environmental Comparison of Effects of NOx vs. NH
and/or Health Issue | NOx | NH3 Comment
Ozone formation yes| no NOx appears to be the limiting prectos®; formation in the Ft.
McMurray region
Fine particulate yes | yes Since NHSs quite water soluble and reacts with nitrates and sulplitatg
formation would likely contribute more to local fine particulate than NOx
Acid deposition yes| yes Acidification effects of NOx vs. j\uld be site specific but in generg

would be equivalent in most cases. Deposition of ammoniadwitely
occur faster which would affect the spatial distribution ofodétpn

Eutrophication yes| yeg Same as for acid deposition
Direct Human health yes yes  The AAQOs have a 1 hour limN by of 1400 ug/m3 and 400 ug/m3 fq
NO,
Direct Vegetation yes|  yeg European Guidelines recommend shar{24 hour) limits of 270 ug/m3

for NHz and 70 ug/m3 for NOx and long term (1 year) limit8 afg/m3 for
NH; and 30 ug/m3 for NOx

Climate Change yes ? Nitrate deposition that undergoes fieaiton could contribute to D
releases. NElcould also contribute toJ® releases but it would first hav
to go thru the nitrification cycle so it would seem lekslii to contribute to
climate change

If it is assumed that:

the NOx emissions of new turbines and boilers atée 15 to 20 ppmv range, and

an 80% reduction in this rate is achievable wittRS an ammonia slip rate of 2ppmv,
then 12 to16 ppmv of NOx emissions would be remlagih 2ppmv of NH3 emissions if SCR was
employed. Based on the issues and criteria idedtifh Table 6, this removal rate of NOx and
exchange rate of NgHfor NOx would have net positive effect for all @mnmental and health issues
associated with NOx and NHnote: the issues of fine particulate formatiod greenhouse gas
require more analysis).

There are health and environmental issues assdaiatie ammonia storage and transport however
risk management strategies and controls are wialbkshed since ammonia is widely used in
agricultural and industrial applications. There als® alternatives to reduce these risks such siteon
urea to ammonia conversiéh.

6. Emissions Control Technology and Ambient Air Qualiy

The emissions limits recommended under recommeand&y of the Electricity Framework Review
Report assumes the installation of SCRs, but doeassume that SCRs will be applied in such a
manner as to achieve the maximum emissions recduptitential from the technology. It is
recognized that in many areas of the province amsoeith ambient air quality are emerging. As
such, NGO members of the team expect that, consisith recommendations 32 and 33 of the
original Electricity Project Team framework, whene air quality issue is identified further emisson
reductions may be required from facilities in ttéot spot” region.

% EC&C Technologies Inc. Risk Reduction through Urdga — Ammonia Conversion. EM Air & Waste Manageine
Association (Sept. 2005)
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D. Chemistry Industry Association of Canada
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E. Canadian Petroleum Products Institute

March 4, 2010

Ms. Robyn Jacobsen, Project Manager
CASA Electricity Framework Review Team
Clean Air Strategic Alliance

10" Floor, 10035-108 Street N.W.
Edmonton, AB

T5J 3E1

Email: rjacobsen@casahome.org

Dear Ms. Jacobsen:

Re: Alternative Proposal to CASA
NOx Performance Standards for Non-Peaking Natural @s-Fired Turbines

The Canadian Petroleum Products Institute (CPRipleased to provide the following comments to
the CASA Electricity Framework Review Team’s CTR8b§roup (Subgroup) in response to the
proposed NOx performance standards for naturaffigass-turbines. These comments supplement
those in CPPI's letter to the Subgroup of May 1B benefiting from th&€ontrol Technologies
Review, Cogeneration Unissudy completed by Jacobs Consultancy in Febr2ai0.

CPPI supports a regulatory policy driving additibregluctions in emissions of Criteria Air
Contaminants to meet health and environmental atalsd The supporting standards should protect
health and the environment while supporting posidezonomic and social benefits. The resulting
actions should be based on sound science, risksmeat, be cost effective and lead to air quality
improvements under Alberta circumstances.

CPPl is a strong supporter of CASA, which provittesopportunity to develop solutions that best
meet the balance of Alberta's varied needs. Wegrateful for the additional time and work by the
CTRS subgroup to further study this issue.

The CPPI, joins the Chemistry Industry AssociatbCanada (CIAC), and the Canadian
Association of Petroleum Producers (CAPP) in suimpBACTEA which reflects proven dry low

57 CPPI members: Bitumar Inc., Chevron Canada Limitéasky Energy Inc., Imperial Oil Limited (Producisd Chemicals
Division), North Atlantic Refining Limited, NOVA Gémicals (Canada) Ltd., Parkland Income Fund, Sbetiada Products,
Suncor Energy Products Inc., and Ultramar Ltd .
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NOx (DLN) combustion systems for cogeneration toelbsystems, along with “standard” low NOx
duct burners in the heat recovery steam generd®80).

This recommendation:
. drives a 33% reduction in NOx emissions over theetu CCME standard.

is consistent with the practice in Alberta, andeotfarisdictions, of setting BACTEA standards
that are within 15% of the technology with the teghcontrol efficiency.

is consistent with the Alberta Land Use Framewaaraach of addressing cumulative effects
of air emissions on a regional air shed basis ar#lisg more strict standards when required to
ensure health-based ambient air quality standaedalevays met.

is consistent with finding cost effective solutiomgh NOx removal at <$100 per tonne versus
costs up to $12,000 per tonne for the highest obtechnology.

is consistent with an overall risk management agghgrotecting the public from potential
exposure to dangerous goods and controlled sulest§ammonia), minimizing emissions of all
air pollutants and utilizing cost effective techogy sufficiently proven to work well in our
Canadian environment.

In addition, this recommendation supports the gawvemnt policy of incenting energy efficiency and
the reduction of greenhouse gas emissions.

The specific recommendation and supporting rat@aaé outlined in the attached documents.

In summary, the CPPI recommends the adoption diofleving equipment as Turbine/HRSG
(cogeneration) NOx BACTEA (the application and bask in Appendix A of the discussion
enclosed.)Dry Low NOx (DLN) turbine combustion systems that ae guaranteed for NOx (as
NO2) emissions of 20 ppm or lower (at 15% O2) andhat are currently installed and proven in
Alberta, and “standard” low NOx duct burners (LNDB) that are typically guaranteed to emit
38 g/GJ input and that are also installed and prove in Alberta. This recommendation is for
turbines larger than 25 MW.

This BACTEA supports the proposed NOx Standarduidsines 25MW and larger using the
following formula:

NOXx (kg/h) = (Power Output (MWh net) x 0.18 kg/MWhnet) + (Heat Output (GJ/h) x 0.04
kg/GJ)
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We appreciate the opportunity to exchange inforomadind ideas on important air quality issues
with Alberta government, NGO and other industryresentatives through the CASA process.

Yours truly,

CPPI - Western Division

John Skowronski

Director, Environmental Affairs
email: johnskowronski@cppi.ca
JS:/cfk (Enclosures)

cc Cindy Christopher, Imperial Oil Ltd.; email:
cindy.l.christopher@esso.ca Ted Stoner, CPPI —&xefivision;
email: tedstoner@cppi.ca
Krista Phillips, CAPP; email: krista.phillips@capa
Al Schulz, CIAC; email:aschulz@ccpa.ca

Enclosure
1. CPPI Alternative Proposal to CASA NOx Performantan8ards for Non-Peaking Natural
Gas-Fired Turbines — Discussion
2. Appendix A - Proposed Non-Peaking NOx Standardd\edural Gas Fired Systems -
February 16, 2010
3. Alternative Proposal to CASA NOx Performance Stadsldor Natural Gas-Fired Turbines
— May 13, 20009 letter
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CPPI Alternative Proposal to CASA
NOx Performance Standards for Non-Peaking Natural Gs-Fired Turbines

Discussion:

The following points are provided as support fa&r @PPI BACTEA and NOx emission standard
recommendations. The Jacobs February, 2010 Corgadinologies Review, Cogeneration Units report is
the base reference unless otherwise stated.

The CPPI proposed standard will result in turbine ystem NOXx reductions.

1. As noted in Table 2 below, for an 85MW turbiméth 32% duct burning, hereinafter referred to as
“the 85MW case”, both the CCME and 2003 CASA EF&hdards currently allow natural gas turbine
systems to generate higher NOx emissions versyztipmsed CPPI standard. The CPPI proposed
power output allowance represents a 64% decreasetfre current CCME guideline power output
allowance. In addition, adoption of the proposeshgard versus the CCME and CASA 2003
Electricity Framework would decrease allowable emiss for the 85MW cogen case by 33% and
49%, respectively.

The CPPI believes that the above recommended equigmt meets the intent of BACTEA based on
the following points:

1. The recommendation meets the BACTEA standaed irsthe January, 2009 Electricity Framework
5 Year Control Technologies Revi&wThe “Guideline for Identification of Best AvailebControl
Technology - Economically Achievable (BACTEA) fon@rio Regulation 194/05 Industry
Emissions — Nitrogen Dioxides and Sulphur Dioxfetias applied by Eastern Research Group in its
development of the January, 2009 BACTEA recommeaondsit This guideline states “In determining
BACTEA, the applicant can select any technology tize a removal efficiency that is within 15% of
the control technology with the highest control@éincy.” Turbines with the latest, proven DLN
technology (with 20 ppm or lower NOx emissions)\ypde an 88% removal efficiency versus a
DLN+SCR efficiency of 99%. Low NOx duct burnerstiggnerate NOx emissions of 38 g/GJ are
the lowest emitting, proven low NOx burners for HRS Based on data presented in the Jacobs
report, all of the turbine sizes reviewed with dostning at 84T (~30% of total cogen fuel firing in
the HRSG duct burners) are within 15% of the cdrimohnology with the highest control efficiency
(DLN+SCR).

Note that CPPI believes that duct firing in cogatien applications will be limited by a maximum
HRSG bulk temperature of 84f) consistent with the Jacobs report. The Jacqiistraotes that this
level of firing is typical of double-walled insutt units, and that these units are most prevdlent.
addition, Jacobs did not provide any examples amduct firing limitations of up to 1070 would
be applied and how common this would be for posffiiture cogeneration facilities in Alberta.

%8 http://www.casahome.org/wp-content/uploads/200@M@I ontrol-technologies-review-finalreportl.pgf1-1
% http://www.ene.gov.on.ca/envision/AlR/regulatidisd9e. pdf, p6
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2. BACTEA requires the use of proven technology: Dlediinology is proven in Alberta, while SCR
use is not.

3. DLN combustion systems provide a cost-effectiveragph for emission reduction compared to SCR
control technology. Jacobs identified that capitadts for SCR control technology are significantly
higher than DLN combustion systems, for exampletiie 85SMW case, capital costs are 12 M$ vs 1
M$, respectively). In addition, for the same cas®ual operating costs for SCR applications were
identified by Jacobs as an incremental 1 M$ per gear the cost of DLN combustion technology. In
terms of cost-effectiveness, SCRs are betweendd @80 times more costly as shown in Table 1
below.

Table 1: Cost-Effectiveness
42 MW 42 MW 70 MW 70 MW 85 MW 85 MW

without DB with DB without DB with DB without DB with DB
$/tonne NOx reduction
DLN 80 80 69 69 57 57
DLN+SCR 12,000 8,600 10,000 6,800 8,900 6,300
Note: Duct Burning case - 32% of total fuel, fired to 840 deg C

Note that DLN+SCR cost effectiveness is associated with the incremental NOx reduction achieved with an SCR

4. DLN combustion systems and low NOx duct burnersBY) are a low complexity control option
versus SCR controls. SCRs require significantlyemmant equipment and controls to operate versus
DLN combustion systems. In addition, SCRs cause GIRfiling and corrosion issues because of
ammonium sulfate salt fouling — this will increasaintenance costs and downtime (costs not
included in the Jacobs report).

5. Retrofit with DLN type technology will likely prese fewer challenges than retrofit with SCRs. The
cost effectiveness data presented in the Jacobs idges not represent retrofit costs. It is expect
that the cost-effectiveness numbers for retrofftGR equipment may be significantly higher because
the SCR must be installed in the HRSG. This whkbly require significant onsite demolition and
construction. Depending on unique plant configoradj other issues such as spacing, may create
significant challenges for SCR retrofits.

Standards developed for all areas of Alberta shoulgrovide base level emission reduction
requirements.

1. The Land Use Framework and Regional Air Shedadament standards, which incorporate effects-
based approaches, will increase regulation stricggmequired.

SCR operation presents risks to both the public anthdustry.

1. Ammonia use in an SCR presents safety concerns. dxanis explosive, flammable and toxic.
Facilities that use ammonia must be designed aadhtgrl to manage risks associated with:

a. the transport, storage and handling of ammonia
b. the potential for ammonia leaks and spills
C. the potential for public and occupational exposure.

On site storage of the quantities of ammonia reguior an SCR application add a liability. The
85MW case requires ammonia storage for at lea60&g@llons (based on one week’s storage) and
the delivery and off-loading of at least one trpek week.

85



While refiners are capable of managing such riskegcessary safety risks are best avoided.

The use of ammonia in a SCR introduces collateraih@ironmental impacts.

1.

The use of an SCRs on the 85MW case cogeneratiowiliresult in ~ 25 tonnes per year of
ammonia emissions (slip) because not all ammoni@aisted in the catalyst bed. In addition,
ammonia slip may convert to fine particulate mat®dh s Ammonia will react with SO3 to form
ammonium bi-sulfate which forms BM Elevated concentrations of fine particulate madter
recognized as a public health concern. The 85MW cageneration unit could produce 170 tonnes
of PM,sin a year.

. Ammonia production is energy intensive and willgwoe on average 200 tonnes of CO2 in a year to

produce the ammonia required for the 85MW case rageiorl’. The ammonia production will also
create additional NOx emissions. In addition, tmimize safety risks associated with ammonia,
industries prefer to use the aqueous form of thésrdcal. The 85MW case cogeneration will use
210,000 imperial gallons of fresh water each yrdheir use of 19% aqueous ammonia. In addition,
de-mineralized water must be used to produce thie@nia because solids in the ammonia will create
plugging issues in the SCR system. De-mineralizatéwis created through distillation which also
creates GHG and NOx emissions. Cogeneration opsream source ammonia from 7 plants in
Alberta, 3 are in the Fort Saskatchewan area ard 8 southern Alberta.

The vaporization of ammonia associated with SCRcusates GHGs: the 85MW case
cogeneration unit equipped with an SCR will cre&ie tonnes of GHG during ammonia
vaporization each year. In addition, this will atsase incremental NOx emissions.

Cogeneration units with SCRs typically experien€@56 energy loss which will create around
2,000 tonnes/year of GHG for the 85MW case cogeioeranit. The energy loss comes from the
pressure drop that occurs across the SCR in the3-R&ditional firing, requiring more fuel and
resulting in increased emissions, is required ptaiee the efficiency loss. Jacobs reported that one
HRSG vendor had recently installed new equipmeattwas built (larger) to compensate for the
pressure drop normally found across an SCR — hawthevendor that installs many of the HRSGs
in Alberta was not consulted to determine if tH#RSGs are also designed to compensate for
pressure loss. The ERG Technology review also ateitthat it is typical for a turbine to experience
a 0.5% efficiency loss due to an SCR installaffoSome industry members were not able to
satisfactorily conclude that the practice of buitgliarger HRSGs widely adopted and, if widely
adopted, that it would result in zero power logeseg the turbine.

SCRs generate waste because the catalyst hasoabééween 5 and 10 years. About 200
tonnes of catalyst must be land-filled at endfef [The catalyst contains vanadium, a heavy
metal.

0 http://oee.nrcan.gc.calindustrial/technical-ib&richmarking/ammonia/pdf/ammonia-study.pdf (basedazobs report
NH3 use 85 MW, 840 deg C duct burning case andrarage of 1.07 tonnes CO2/tonne of NH3 produce

L http://www.casahome.org/wp-content/uploads/200@M@& ontrol-technologies-review-finalreport1.pgf,
3-30
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The CPPI proposed standard is in line with leadingurisdictions.

1. Standards and SCR implementation in US jurigxfis are typically driven by non-attainment in NOx
and/or Ozone. It is not appropriate for the basellédlberta standard to be more stringent than the
Texas standard.

Table 2: Standard Comparisong85MW turbine with 1000 GJ/h steam output)

Standard Regulatory Components Emissions Limit
Alberta Air Emission Greater than 60MW 108.8 kg/h
Standards for Electricity 0.3 kg/MWh output
Generation, 2005
CCME (1992) A = 26ppm (0.50 g/MWh) 82.5 kg/h
B =0.04 kg/GJ
CAPP/CPPI/CIAC A = 9ppm (0.18 kg/MWh) 55.3 kg/h
Proposal B = 0.04 kg/GJ
June 2009 Non-Consensus A =5ppm (0.09 kg/MWh) 17.65 kg/h
Proposal B =0.01 kg/GJ
Jurisdictional Scan
US EPA (2006) For turbines, greater than 3.5MW 128.4 kg/h
and less than or equal to 110MW
150 g/GJ of useful output
Germany & Norway 0.76 kg/MWh (40ppmv) 64.6 kg/h
Texas 0.09 kg/MWh (5ppm) with IMWocredit| 32.7 kg/h
for every 3.6 GJ of heat recovered
California 0.0317 kg/MWh with 1MW credit 11.5 kg/h
for every 3.6 GJ of heat recovered

The CAPP/CPPI/CIAC (CCC) proposed BATEA and standad promotes efficient use of energy.

1. The use of the 40 g/GJ heat recovery NOx allmegHRA) remains relevant. The 40 g/GJ (output)
for the energy recovered in a HRSG, was originddlyeloped in the CCME Turbine standdfd$he
allowance was to incent the use of turbine wast fog steam production. Typical combined cycle
electricity generation can recover around 55% efgy— the remaining 45% of energy is lost to
either to air or water. Recovery of waste heasfeam generation can push the efficiency of cogen
units to over 80%. HRSG duct firing also promoteergy efficiency by using the excess (heated)
combustion air that was not used in during fuel loostion in the turbine. The CCME standard
assumption was that steam production from turbiastevheat would back out steam production that
would otherwise be produced in a once through sgamerator. This provides both energy and NOx
savings. The CCME guideline for boilers and heétevghich is still in use today across most of
Canada and in Alberta, has a NOx emissions lim#00f/GJ input for large boilers and heaters. The
turbine heat allowance factor

2 http://lwww.ccme.ca/assets/pdf/pn_1072_e.pdf
3 http://www.ccme.ca/assets/pdf/pn_1286_e.pdf
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was set to be in line with the CCME boiler NOx estos limit (setting the NOx Heat Recovery
Allowance (HRA) lower than the current boiler NOmit may disincent new cogeneration
applications).

To summarize, the proposed CCC standard minimizeshe risk of disincenting the installation of
cogeneration systems.

1. Companies that consider the installation oeo@gation equipment will look at many factors when
making a decision to invest or not to invest. Rtbgeonomics will be very important — if the new
turbine (cogen) standard requires an SCR to meeatétdssion limits, the SCR capital and operating
costs and the incremental costs associated witlagnag the safety and environmental risks
associated with ammonia, may impact the bottomdirféciently to impede investment. (Note that
the Jacobs report suggests that the economics éeivegeneration applications and stand alone
boilers plus purchased electricity will favor cogeattion. This conclusion was not accepted by all
“cogen” team members. The team was not given tperpnity to challenge the assumptions
associated with the Jacobs analysis because tireniaion was received in the final draft of the
report and there was insufficient time to questdnrat was presented. In addition to project
economics and risk management concerns, compailiedse consider the increased operational
complexity that an SCR would bring to their fagilit he generation of electricity is not a core
business for CAPP/CPPI/CIAC members and carefusidenation will be given to all of the benefits
and all of the downsides associated with buildind eperating a cogeneration facility.
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Appendix A
Proposed Non-Peaking NOx Standards For Natural GaBired Systems, February 16, 2010

Non Peaking Standard Formula

NOXx (kg/h) = [Power Output (MW net) x A] + [Heat @ut (GJ/h) x B]
Where:
A = Power Output Allowance — the total electriciyd shaft power energy production
B = Heat Recovery Allowance — the total useful tha&renergy recovered from the cogeneration
/ combined cycle facility

Power Output Allowance (“A”)

Power Rating Natural Gas Non-Peaking
(per gas turbine only) (kg/MWh)
< 25 MW 0.60
> 25 MW 0.18*

Heat Recovery Allowance (“B”)
For All Units: 0.04 kg/GJ

Applicability
- Effective for units approved after January 1, 26drlnew and for end of life installations
- Natural gas fired systems
0 Drylow NOx burners — on which this BATEA standasdased — are designed
and engineered for natural gas as fuel
0 Systems fueled by alternate gaseous fuels to bdidthon a permitting, case-by-case
basis (eg., systems fired with a mix of natural\gdl syngas, off-gas or refinery fuel
gas)
- Start-up and shut-down and upset conditions armptedl from the standard

Basis
- Non-peaking standards expressed as output standards
o Consistent with CCME’s National Emission GuideliiesStationary Combustion
Turbines (December 1992)
o Considers the environmental benefits afforded Brgynefficiency gains of
cogeneration and combined cycle installations
- The BATEA basis for the power output standard (“A"Dry Low NOx (DLN) burners
o The standard is applied on an annual basis tatige kurbines (>25 MW) to account for
cold ambient weather conditions where denser aisescombustion instability in DLN
burners
- The BATEA basis for the heat recovery allowance’)'iB consistent with manufacturers’
standard burner configuration
0 Captures the efficiency gains from cogeneration@ndbined cycle systems

" To be applied on an annual average basis
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F. Interpretation of Proposed Gas Turbine NOx Stadards in Recommendation 9 and
Examples Under Different Scenarios

1. Standards
Non Peaking Standard Formula
NOx (kg/h) = [Net Power Output (MW net) x A] fHeat Output (GJ/h) x B]

- Values for Power Output Allowance “A” are providedStandards Table.
- Useable Heat Output Allowance “B” (kg/GJ) = 0.01

Standards Table

Net Power Output Non Peaking (“A")
(per gas turbine train) (kg NO,/MWh net)
Greater than 100 MW 0.09
25 to 100 MW
Less than 25 MW 0.60

Heat Production Allowance “B”Natural Gas = 0.01 kg N£u5J

Conditions

A gas turbine may declare as a peaking unit iféeta the peaking standard and does not
exceed a capacity factor of 40% in a calendar yelass required by the System Operator to
operate to address a threat to system security.

Emissions during the startups and shutdowns of StRguivalent post combustion NOx
reduction technology are excluded from the compkameasurement.

The Non Peaking compliance measurement is basedisting Alberta Environment
protocols subject to these conditions.

2. Basis

The Non Peaking Standards are expressed as otapdasds in a similar format to the 1992
CCME Guidelines.
BATEA basis: Non Peaking — LN Burners and SCR

Peaking — DLN / DLE Burners or equivalent
Credit for useable heat output is based on the HR&@rmance target in the AENV
Approvals Program Interim Policy OSEMD-00-PP2 dddedember 14, 2007.

3. Definitions
a. Capacity factor for the purposes of these standaeims:

b.

C.

Net generation (MWh/year) / [Power Rating (net MX\§760 (hours/year)]
Concentrations of NOx (ppmv) are expressed in diyme at 15 % oxygen and ISO
conditions.

ISO conditions are International Standards Orgdioizaconditions that refer to a reference
state of 288 degrees Kelvin (15 degrees C) temyrer,ab0 % relative humidity and 101.3
kilopascals barometric pressure.

Net Power Output means the power rating of thelgdmsne plus an associated combined
cycle steam turbine.
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e. The Power Rating of the gas turbine means the Homagaimum net continuous rating at
ISO temperature conditions as provided by the neatufer.

f. Thermal efficiencies are expressed as Lower Heatalge (LHV)

g. 1 ppmv NOx concentration as defined = 1.70 gramg BONQ per Gigajoule (GJ) of heat
input, for natural gas combustion

h. 1 Megawatt-hour (MWh) = 3.6 Gigajoules (GJ)

4. Examples

41 A 110 MW gas turbine and 40 MW steam turbmeambined cycle, (a) at 55% efficiency
and (b) at 45% efficiency.
NOx standard = 0.09 x 150 = 13.5 kg/h
(a) Implied NOx in flue gas = (0.09 x 1000 x 0.5%3.6 x 1.7) = 8.1 ppmv
(b) Implied NOx in flue gas = 6.6 ppmv

4.2 A 110 MW gas turbine and 40 MW steam turbine in borad cycle operating at 55 %
efficiency, plus heat recovery boosting the oveséltiency to 80%.
Additional heat production = (0.8 — 0.55) x 3.65010.55 = 245.5 GJ/h
NOx standard = (0.09 x 150) + (245.5 x 0.01) = 1&Mh
Implied NOx in flue gas = 15.5/13.5 x 8.1 = 9.6 ppm

4.3 A 90 MW gas turbine operating at 30 % electriclitegncy plus heat recovery boosting
the overall efficiency.to an 80 %.
Additional heat production = (0.8 — 0.3) x 3.6 X®3 = 540 GJ/h
NOx standard = (0.09 x 90) + (540 x 0.01) = 13.5kg
Implied NOx in flue gas = (0.09 x 0.3 x 1000) /1%.3.6) x 13.5/(0.09 x 90)

=7.3 ppmv

4.4 A 15 MW non peaking gas turbine operating a¥®&fficiency:
NOx standard: 0.6 x 15 =9 kg/h
Implied NOx in flue gas = 24.5 ppmv

4.5 A 30 MW non peaking gas turbine operating a¥3&fficiency
NOx standard = 0.09 x 30 = 2.7 kg/h
Implied NOx in flue gas = (0.09 x 1000 x 0.35) /A% 3.6) = 5.1 ppmv
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