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Disclaimer

The information provided in this report has been obtained or prepared from sources that are believed to be
reliable and accurate but not necessarily independently verified. EDC Associates Ltd. and the members of the
Active Participants Steering Committee, the latter being representatives of the entities listed in Table 1 and
Appendix 1, Table 9] who contributed to the preparation of this report, make no representations or warranties
as to the accuracy or completeness of such information and data nor the conclusions that have been derived
from its use. Further, the data in this report is generally of a forecast nature and is based on what are believed
to be sound and reasonable methodologies and assumptions, however cannot be warranted or guaranteed with
respect to accuracy. Therefore, any use of the information by the reader or other recipient shall be at the sole
risk and responsibility of such reader or recipient.

The results and conclusions in this report express the views of EDC Associates Ltd., but not necessarily the
views of the individual members of the Active Participants Steering Committee and the companies, organizations
or associations represented by the members.

The information provided in this report and the facts upon which the information is based as well as the
information itself may change at any time without notice subject to market conditions and the assumptions
made thereto. Neither EDC Associates Ltd. nor any of the members of the Active Participants Steering
Committee are under any obligation to update the information or to provide more complete or accurate
information when it becomes available.

EDC Associates Ltd. expressly disclaims and takes no responsibility and shall not be liable for any financial or
economic decisions or market positions taken by any person based in any way on information presented in this
report, for any interpretation or misunderstanding of any such information on the part of any person or for any
losses, costs or other damages whatsoever and howsoever caused in connection with any use of such
information, including all losses, costs or other damages such as consequential or indirect losses, loss of
revenue, loss of expected profit or loss of income, whether or not as a result of any negligent act or omission by
EDC Associates Ltd.
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Project Background

Climate Leadership Plan

On November 22, 2015, the Al berta government rel e
establishes a new provincial framework for addr€&sieghouse Ga&HG) emissions in the Alberta electricity

marlet. The Climate Leadership Plamd subsequent announcements have broadly outlined an intended set of
regulations which would mandate elimination of coal emission by 2030, incent an increase in energy productior
from renewables by replacing thviods ofr et i ri ng coal capacity with rene\
30 %" of 2g aepplg a much more inclusive tax on carbon and create a new performance standard
framework for remaining gener at i o nsignificahtly acrgases GHGEr ma n
compliance costs for coal and reduces those compliance costs for combined cycle (CCGT) generation. The CLI
replaces previous provindiatiatives arfor coal retiremerdatessuperseddsderainitiativesback to 2002

Study Objective

TheCLPal so decl ared the gover nmestakehoklecansultagos prioracn t o ¢
implementation This multiclient study was commissioned to proweindependent, industry vetted,
guantitativeassessmem help inbrm the government and its agencies during the popilgmentatiophase

about the impacts and unexpected consequences of various elements of policy implementation, most of which ar
not yet precisely specified but are expected to be finalizeddayl \Z€Hr6. The impacts of thELP will depend

on the final settings for each of several key policy elements in combination.

The study wasponsored by Steering Committegpresetihg 10 generatoreyer 75% of gearationproduction

including all typesf eenewable and thermal generation (coal, cogen, combined cycle, simple cycle, hydro, wind,
solar and biomasg)) large customendio comprisé0% ofthe electricityconsumed in Albertewo transmission

facility ownes and an implementing agefisgeTablel below and further detail in Append)x This Steering
Committee ranked the following as the most important objedttiie study:

“Prove/disprove that at least one path to success exists, a mutually acceptable compromise between four
characteristics: affordably low all-in electricity costs, significantly lower emissions, acceptable reliability,
and an acceptably attractive electricity and general investment climate.”

Table 1— List of Active Participants

Generators
ATCO# Naturener Alberta Direct Connect Consuntefssociation (ADG)| Transmission
Canadian Solar  TransAlta Alberta Pacific Forest Industties Facilities Owner
Capital Power TransCanada | Suncor* AltaLink
Enmax Powerex Agency
#also TFO *Also Major Genemator AESO

The study alsidentifiesothercombinations gbolicy implementatiorhoiceghat mighthave negative impacts on
the interests of one or more of the constitueacidthe integrity ofthe market

1 Authored byJofA Professor Andrew Leach anfbrmed by over 500 submissions to the Climate ChanglealRd various industry
discussion group meetingsblished Nov. 20, 2015ttp://www.alberta.ca/documents/climate/climdé&adershipeportto-minister.pé

2 The precise definition is still uncertain. The 30% could be based on total fleet capacity or total fleet produrctiery, giftient

amounts.

3Based on “good as best gas” emissions intensity

4 Full ranked list of target objectives in Deddbummary

SADC’s membership is composed of Alberta Newsprint Company, Do

Cement, MEGIobal Canada Inc., Millar Western Forest Products Ltd, Praxair Canada Inc., Sherritt International, aridibest Frase
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Key Findings

The study of 57 different policy implementation combinations shows that each scenario improves or harms each of
four metricgemissions, cost®liability, investor consideratiomsylifferent directions, but no one combination
improves all four measures at the same fithe.Key Finding in this Summary version of the study focuses on
three main policy implementation variaplesh e  “ B explain€chir detailater):

1) the shape of the accelerated coal retirement schedule (CIiff, Modehae) “ Cl i f f " case p
same coal retirement schedule as the federal regulations until 2030, at which time all remaining coal i
retired. Themoraccel erated “ Moderate” case retires abou

2) theultimate targeted 2030 level of renewables (4,200 MW vs. 7,20ANMMer hypothetical case, not
one envisioned by CLP, would have the same coal retiremeniesthgduould let pure market forces
determine what generation was built, assumed for this case to be CCG®@,ahle Buoeap forGas
case.

3) the degree of correspondence in timing of coal
coalvsleadi ng (dt8be MW ar KO® MW/year to achieve 4,200MW or 7,200 MW respectively

This study quantifies the inherent trafle between emissions, costiiability and investor considerationder
differentpolicy implementatiochoicesyielding the following general conclusions:

1 Targeting 4,200 MW of renewable additions, timed so as to replace no more than 2/3 of the
capacity of the coal units retired by any given date (either the “Cliff” or “Moderate” case) could
result in a balance between electricity costs, emissions reductions, reliability, and electricity
investment climate.

1 Costs in $ Billions. Costs to Alberta anconsumers for the CLP fall infour buckets: change
wholesale pool price commodity cost, renewable energy payeased transmission caatsl coal
owner transitiocosts

Table 2 — Summary of Key Impacts (First 2 Metrics) (2032)

(Run) Scenario Emissions Costg(20172032 Only¥
Retirement 2030 Renewable Pace of | Cumulative pMtfrom n$Bfrom p$/pMt  $/MWh
Schedule Targe Renewable Mt PreCLP PreCLP
(MWI/YT) (RECs + Trx)
(1) Federal Regg PreCLP 720 MW | FEOC (60) 815 - - - -
(13) Moderate Swap for Gas | FEOC (60) 704 111.1 $0.00 $0.00 $0.00
(14) Moderate 4,200 MW Linked 677 137.6 $9.34 $67.88 $5.89
(19) Moderate 7,200 MW  |Leading600) 642 172.8 $20.09 $116.26 | $12.60
(4) Cliff 4,200 MW Linked 756 58.5 $5.19 $88.82 $3.28
(5) Cliff 4,200 MW  |Leading350) 733 81.3 $11.23 $138.16 $7.07
(12) Cliff 7,200 MW  |Leading600) 703 111.4 $20.38 $182.87 | $12.76
* This tabla¢ludes cumulative REC Payments and Transmission costfpepae203@ideuiny Coal Compensation Costs, Which could change by

scenario, nor-pe32 REC residpalyments of betweeB/$ar, then tapering linearly to $0 by 2050.
# The FEOC (Fair, Efficient, Openly Competitive) designation indicates that investments in capacity ardraudiyetlyataretéide teranketdosces
without the benefit-ofroatket incentives payments.

Even the most efficient combinatiafi policy choices that meaningfully reduemissions increases the
cumulative delivered cost of electricity to the customer H5$B8lion by 2030, plus $illion/yearfor eight

years, then tapering dat$0 by2060 for Renewable Energy CredREC) payments alor{djsregarding costs of
advancing transmission expenditures. Adding 7,200 MW of renewables would likely double the cost of REC
payment s, further advance transmission buiteadss and
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The Swap for Gagption would require no REC payments but would still reduce incumbent coal margins, both
pre2030,by accelerating coal retirements and als€@2p88t when the remaining coal plants would be stranded
completely.

1 CLP implementation will also negatively impact net margins for existing generation to varying
degrees, with the extent of impact dependent on how the design elements are combined. These costs 0
the CLP to generators are not reflected in the costs referenced aboeeamopatential costs relating
to potential compensation associated with the 2030 coabphdseision.

1 4,200 MW is a safer level. If the 2030 renewables target is set at or below 4,2@h&§Mdlows the 2/3
replacement objectitbe markeis notasstresseds in the 7,200 MW case aad be expected to
sustain sufficient spontaneous new baseload capacity additions to ensure the currently specified electricity
reliability threshoéd As that target moves towards 7,200 MW, price volatilitycnabiée (more low
priced-hoursand more very high prit@oursrequired to incent investmgand the reliability threshold
is more likely to behallengedbut emissions reductions willstightly larger

9 Match renewables additions to coal retitements. |f renewableapacity additions dimed to 2/3 the
pace ofcoal retirements, pool price and price volatility are less impacted. However, if the renewables
additions significantly lead coal retirements, the number of $0/MWh price hours increassatilisice
increases and reliability starts to breach policy threshoklmrthend mediuserm averageool price
will fall and result in largerductiondo margins foincumbentcoalgenerators, RE@Gaymentswill be
higher andthe system will Hessresiliento reliability events than if renewables growth is finkédto
the pace of coal retiremerdad, at higher renewables targets (especially ruertisgipnseductions
will actually be lower (i.e. fewer emission reductions and bighénan a more balanced approach.

1 “Cliff’ retirement schedule is cheaper. If coal is retired according to the federal regulations until 2030,
then all remaining coal is retired (the “Cliff’
lowes, the amount of carbooompliance revenuemllected is higher, the margaductions for
incumbent generatoaselower, with no oal transitiorcostsfor early shut down of p&2030coal units
but the tradeoff is &ssereduction in emissions (Mifcause coalnits remain in service longem
contrastastheretirement scheduik acceleratedd.,Moderate cayeemissions reductions are greater but
market stressoracreasdtotal costs to customers increase, catbmpliancegevenuesrom coa units
decrease, the wind discount increase2030 oal unit transition costfor acceleratecbal shut dows
increasand systemeliabilitypecomes increasingly less resilient to delays in construction of new facilities
and periods of extended caitmnt generator outagesThe Cliff scenario also presents a practical
problem by packing mothermalcapacity additions into fewer years at the end of the study period,
increasing the risk of construction delays.

1 Even a one-year delay in additions can increase the likelihood of breaching Long Term Adequacy
targets, even at the Moderate/4,200 MW of renewables level. This effect is even more
pronounced at the 7,200 MW level

1 'The interaction of policy choices is complex, with multiplicative effects and usimded and counter
intuitive consequences. This indicates the strong need for a dynamic, institutionalized implementation
process that monitors outcomes against a deliberate, measured plan with prescribed contingencies, shoul
the future unfold in unprexdded ways.

6 The AESO Long Term Adequacy rule sets a target level of reliability of one hour-efidgstaetage in 10 years, or any equivalent
combination of magnitude and duration that leads to approximately 800 MWh/year of lost load. This &anaédedstan other
North-American jurisdictions.

7 Renewable Energy Credits (REC) are proposed government manddtethodt payments to developers of renewable generation.
Developers would offer to build subject to receipt of those credits, wbeseopild be set at an auction, moderated by the AESO.
Those payments would be a source of revenue to wind developers but would be a cost to the CLP program and flow through to
commodity prices.
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1 Investor considerations are important. The Alberta electricity market will need at least 11,000 more
MW of generatiogapacitpy 2030over $8 Billion of new capitainvestmentjo meet retirements and
demand growth Most of this will be puidedby private invasrs, whowill seek policy certainty and
stability a recurring theme from all the participants throughout this processased policy risk is
eventually reflected in high cost of capifdlis includes botpolicy certainty, with should improve
once the policies have been clearly laid out, andaalga certainty, which will likely remain unresolved
in varying degrees depending on the final policy choices. The more generation that is added with the
support of ounof-market pgments, the less certainty unsubsidized investors have of earning a reasonable
rate of return on their energgly investments.
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Research Methodology, Sensitivities and Outputs

Two Reports

Given the complexity and breadth of the analysis, this anabsstedrat two different levels of detail. This
Summary Report presents only the key findings and an abbreviated explanation of the methodology. The Detailel
Report presents a broader spectrum of policy implementation variables, sensitivity tegipuytandtsrials.

Six Policy Element Settings Tested

Many of the policimplementatiorhoices for specific design elements ofttieare still not precisely specified.
With so nanyuncertaines EDCA extended its modeling capabiligeg Appendi8) to analyze the effects of
the CLP under different assumptiofr six key policy implementatioelements For each element, EDCA
mapped out a plausible range of different possible outcdtaeb element cdoe setindependenthat any
number of differentevels and the different policy elements could be combined in hundiiffgsentways. It
would not have been practical for EDCA to exhaustively test all combinationSteseritng Committezose a
reasonably comprehensive-seb of 57 different combinationof these six elementsThe impactdor each
scenariavere quantified in terms of four main metassllustrated iRigurel).

Figure 1— Quantifying Impacts

6 Policy Elements

57 Combinations

Metrics

A Emissions
A Costs

N
A Reliability i
A InvestorConsiderations_l.

The $x policy element@ndthe ranges testeate as follows

1) the shape of the accelerated coal retirement scf@ifjl&oderate)

2) the fraction of retired coal that would be replaced by rene(@aBtesf Coalless/morg

3) the degree of correspondence in timingoafretiremats vs renewablggnat ¢ h e d ) 4t 67iom k e d ”
coal leading“d el i nked” ) )

4) the precise definition and ultimate renewables target pené#z2iam MW, 7,200 MW)

5) the blend of renewables to be incented (percent of wind, solar, hydro, bumyeays

6) audion desigrfor REGs ($35 cafmo cap, fuel neutrality, new only/existing)

In addition, several nguolicy input variables were also teatetlare discussed after the Big TiEtsments 1,

2 and 3 abovdjndings are presenteohcluding alternate loa@nd gas price forecastiifferent blends of
renewablesdditionaintertie capacity, less aggressive offer behavioaitamtive assumélelized costs of
various technologiesee detailed descriptiook all policy elementsand exogenous paraerst and their
respective rangés Appendix2). The breadth of policy implementation choices tested should provide good
coverage oé plausible range of potential final outconfésveral other policy element choices were not tested
(e.g.coal compensatin opti ons, “good as best guassdfistorage Hewices)i t vy,

=g Climate Leadership Plan Multi-Client Study — Summary Report 10
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The exact combination of final policyplementatiorchoices will be very critical to ttests and effectivenesfs
the CLP and thefunctioning of thecompet t i v e -0 ‘h éAybérta glgctricitynarket itself. Accordingly, in
March 2016, EDCA undertook this mualtent funded study. This document pressthefindingsof that study.
The analysiguantifesthe potentialongterm impacs of eachdifferert alternative formulation of tHeLP in
terms ofthefour key metrics

Four Metrics

Each of these four main metrics is supportedboyt 25submetrics (e.g., subetricsfor the Cost category
include pool price and volatility changes, Renewable Ereulgy(REC) costs, lost future margin of incumbent
generators, and additional transmission costs). See Afpendigetailed list of metrics and-sutrics.

Figure 2 — Four Main Metrics

Cost Emissions

wDelivered Electricity Price wMt Displaced
w$/tonne displaced
wREC and Incumbent Compensatig
wTransmission Costs

Investor Reliability
Considerations

wLoss of Load Probability

RS ompetitive Pricing wTotal Generator Availability

wPool PriceVolatility
wCoal Compensation

Coal Phase-out Costs Not Included

Onedirectcost not taken into account in this analysis is any cost associated with compensation for the owners of
coalfired generation facilities whose operatingdietgincated as a result of t8eP induce®030 coal phase

out. Further the transitio costs of thacceleratepre-2030shut down of thelder oal facilities contemplated in

the Moderate Case are also not quantified and could be consedssméislregarding potential compensation,
including the quantum and method of compensatiotheaseibject of ongoing confidential discussions with the

coal owners and a Facilitator appointed bygthlernment. The estimated CLP implementation costs

provided in this study are therefore incomplete in respect of that particular aspect of the CLP.

Key Scenarios Studied

The SeeringCommittee directed which separate scenarios to run, including both simple single variable sensitivities
(changing just one parameter) as well as scenarios that included combinations of several parameters. The te:
were beched intoninemain sensitivitiesThe firsthreebatches are discussed in this report. The remaining seven
batches are less impactful and are only discussed in the main report.lifaelfasttes are

=‘ Climate Leadership Plan Multi-Client Study — Summary Report 11
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1) Base Scenarios

“ P& P This scenario us€&DCA Q2-2016Business abdsualcasebase variableSpecified Gas
Emitters RegulatiorSGER parameterss revisedin June 201%i.e., escalations bnb switch toa
performance standardyd thefirst 350 MW tranche of wind auction only. This modesed as a
comparator to gauge and isolate the changes attributhiel €t fromprojectedchangeshatwould
have happenabsenthe CLP.

2) Big Three Variables
This caseested several combinations of the three most influential varetblefscpalretirement, the
ultimate renewables target and the match between coal retirements and renewables ladtitons
explores the complex interactive effects (either exacerbating or ameliorating the effects of each other in
combination). It tests fordse combinations of policy variables that wioalg lesser impacts e
market and those combinations of policy choices that eveatdstreses for themarket.

3) Alternate Blends of Renewables
This case tested the impacts of varying the blenceofaieles incented, either wind, solar or biomass.

Big Three Variables - Ranges Tested

Threeparametersave the largest impact on outcomes of the CLP implementatits section explains the
range oValues for eadhdividual parametanddescribethe combinationshatwere testeth thisstudy

1. Coal Retitement Schedules

The CLP definitively mandates the retirement of the entire coal fleet by end of 2030. This truncates the lives
of six coal units (Genesee 1, 2 and 3, Sheerness 1 and 2, anld Begyitise mandated retirement dates

under existing federal Capital Stock Turnover regulations extend beyond 2030. One large uncertainty of the
CLP was that it did not specify the exact schedule of coal retirements for any of the coal generating units in
Alberta withpre-CLP retirementates between now and 203biree possible retirement schedules presented

in this Summary Report ($8gurel) are expected to represent a reasonable range of outcomes:

a) Federal Plan (RfLP)Casedarkblue lineFigure3)

In this sensitivity, the September 2012 Federal Climate Change Schedule would be followed across the ful
study period and beyond to 2@blue line is same as red line until 203We federal grlation had

called for a much less aggressive timetable. By 2030, about 2,600 MW of coal would still be in service
Genesee 3 and Keephills 3 would be allowed to operate until 2054 and 2061 respectively.

b) Status Quo with Cliff at 2030 (solid red line

In this sensitivity, the September 2012 Federal Climate Change Schedule (blue line) would be followed
until the end of 2030, after which all remaining coal (about 2,600 MW) would be simultaneously retired.
In this and all other cases, units are assiometire at yeagnd.

c) Moderate Retirement Schedule (solid green)

For this third scenario, an arbitrary, somewhat more accelerated retirement path was chosen, wherein
roughly 2 units per year are retired, in vintage order, beginning with Sundadcé2¢HR Milner and

Battle River #3 at their federally prescribed lives (end of 2019). This is accelerated compared to the Pre
CLP Federal plan. The path, although fairly smooth, follows the lumpy nature of retiring generation.
EDCA tested most ofdtruns using the Moderate (green) retirement schedule. The CIliff scenario (red)
and the Moderate scenario converge after 2030.

Two other scenarios (dotted lines), both provided by the AESO in their Long Term Outlook, were tested but
are only reported an this main report.Other schedulesould also easily be added or substituted
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Figure 3 — Possible Coal Retirement Profiles (end of year)
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2. Ultimate Renewables Target

The CLP identifies two objectives with respetttedailtimas targetenewable enertgvel The first is to replace

two-thirds of the capacity from retiring coal units with renewable energy capacity. Thebetiveds to

achieve up to 30% of energy from renewable sources by 2030. The two objectvesigqifiesantly different

amounts of renewable energy capacity. The first objective represents roughly 4,200 MW of capacity, given thi
6,300 MW of capacity of the existing coal fleet. r@ff@wablesapacity represented by the second objective
would utimately be dependent on Alberta system load in 2030, but for the purposes of this study was assumed
be 7,200/W.

The consequences of the CLP are expected to be more severe the higher the ultimate goal for renewables
targeed Three different levets renewables additiongre tested

a) PreCLP. No additional renewables would be incented above the approximately 60 MW/year (a
cumul ative addition of 720 MW by 2030, as assum

b) 4,200 MW ofadditionalrenewables by 2Q30his level roughly corresponds to the-tiwals of the
retired coal capaciguggested in the CLP ambkes renewables (i.e. existing renewables plus new
renewablespughly equivalent to 30% of fleet capacity in 2030.

c) 7,200 MWbf additionarenewableby 2030 Raise total renewabliesget roughly equivalent to 30% of
energyroduction by 203@nd almost 45% of capacity

On September 14, 2016, the provincial government announced more specifics about the CLP. To help achieve
t heir newl y bwganh 8 ®fithe eyarerrign@n® will support 5,000 megawatts of additional Alberta
renewable energy capacity (wind, solar, biomass, hydherigeab ocean energy are all eligible per the Natural
Resources Canada definition). Further details on hproginam will operate will be released later this year.

8“30 per cent of electricity used in Alberta will comerenawable sources such as wind, hydro and solar’by, 2038 e pt e mber 14,
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3. Match Between Pace of Coal Retitements and Renewables Additions
Third, the pace afoal replacement with renewaldéssted at three different lev@lseFigured).

a) PreCLP Caseassumes renewabées addedly pure market forcewhenever federal coal retirements
load growth alloyassumedy EDCAat about 60 MW per year)

b) MatchedPacq “ | i rRerewablgs are addetheprescribedate 0f67% of retiing coalcapaity.

c) LeadingPace “ d e | :iRankveakl€'s pre adidnuch ahead of the 67% pagither350 MW/year (for
the 4,200 MW 2030 target) or 600 MW/year tier7,200 MW targetgvenwhenthe coal is following
theslowerfederal regulationgA “Lagging pacewasalsotestedbut onlyin the Detailed Repdrt

Figure 4 — Alternate Renewables Additions Patterns
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Table3 shows the evencombinationghat were tested, out of a possib® The nunbers indicate the run
number corresponding to that scenario (from the library of 57 total runs conducted for this study).

Table 3 — Big Three Scenario Matrix (Run #s)

Run Numbers§Summary Coal Retirement Schedule

FED Exactly | Fed, then CIiff after 203( Moderate ~2 units/year

500 New MW| 4,200 MW | 7,200 MW | 4,200 MW 7,200 MW
Ultimate Additional Renewable (80 MW/Year)| (350 /Year)| (600/Year)| (350 /Year) | (600/Year)

Match of Renewables to Coal
1 Leading350 or600/Year) n/a 5 19
1 67%ofCoal “ Li nk n/a 4 12 14
I BaU (PreCLP) 1 13
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Big Three Policy Implementation Choices

The three policy implementation choices ( t h e “ B iwich thd larges ienpagt on the first two metrics,
Costs and Emissions, aresummaizedin Table4, compared to the R@LP caseThe impacts are then analyzed
in detail forall four metrics.

Table 4 — Summary of Key Impacts (First 2 Metrics) (2032) (No Coal Transition costs)

| (Run) Scenario Emissions | Costs (2012032 Only) *
Retirement 2030 Renewable Pace of | Cumulatve AMt f A$B f 1 A$/ Al $/MWh
Schedule Target Renewable Mt PreCLP PreCLP
(MW/Yr) (RECs + Trx)
(1) Federal Regqg PreCLP720 MW | FEOC (60) 815 - - - -
(13) Moderate Swap for Gas | FEOC (60) 704 111.1 $0.00 $0.00 $0.00
(14) Moderate 4,200 MW Linked 677 137.6 $9.34 $67.88 $5.89
(19) Moderate 7,200 MW  |Leading600) 642 172.8 $20.09| $116.26| $12.60
(4) Cliff 4,200 MW Linked 756 58.5 $5.19 $88.82 $3.28
(5) CIiff 4,200 MW  |Leading350)| 733 81.3 $11.23| $138.16| $7.07
(12) CIiff 7,200 MW |Leading600) 703 111.4 $20.38| $182.87] $12.76

* This tabladludes cumulative REC Payments and Transmission costfe¢yrior 2832dbWtoal Compensation Costs,
which could change by scenaif)3pRgSresidual payments of béhBéageatibtil 2037, then tapering linearly to $0 by 2050

# The FEOC (Fair, Efficient, Openly Competitive) designation indicates that investments in capacitedrgtracttielyat a pace detern
competitive market forces without the-bémefitetfioaentives payments.

The tabulatedesultsplus theresults of the other two metriaeeexpanded anitterpreted beloworganized by
the four key categories of metnigish an embedded discussion ofdifecult inherent tradeoffs between them

Emissions Reductions

1 The existing retitement schedule from the September 2012 federal regulation (“Pre-CLP”
Business as Usual case) would result in an annual reduction in 2030 of about 8 Mt/Year from 2016
levels, without any of the CLP mechanisms (renewables incentives, incumbent compensation or
additional transmssion costs). Emissions would drop from the 50 Mt in 2018 to 42 Mt in 2031, after the
final coal retirementsegdarkblue lineFigureb).

1 Using the accelerated Moderate coal retirement schedule (i.e., faster than the Clifagern)and
paying out REC incentives to encourage 4,200 MW of new wind (purple line)would reduce
emissions by a further 13 Mt/Year in 2030 and a cumulative reduction (2018-2032) of 137.6 Mt
compared to the Pre-CLP case (dark blue, Business as Usual)

1 Increasing the amount of new renewables from 4,200 MW to 7,200 MW would result in only a
further 3.6 Mt/year in 2030 and additional cumulative emissions reductions of 35.2 Mt. (light blue line)
Cliff scenarios have a lesser reduction in Mt in thegindnbut reach the same annual level of reductions
in 2031.

1 Most (75%) of the reduction in emissions (10 Mt of the 13 Mt) is achievable without REC
payments, simply by swapping gas generation for the retired coal (orange linefigureS), not from
incenting additional renewables. EDCA ran this hypothetical sensitivity, one not even contemplated in
the CLP, only to isolate the projected change in emissions attributable solely to the accelerated retiremen
of coal visavis the reduan in emissions created by paying incentives to renewables providers. It shows
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that some optimized combinations with lessrenawable technologies could be constructed which yield
similar reductions in emissions while minimizing costs, compare@L®the

Figure 5 — Emissions vs Alternate Policy Combinations (Annual Mt)
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Costs

As more coal is retired, emissions fall mostly because there amdbwets not because there are more
renewables By 2028, coal capacity unither Moderate retirement schedule is 40% of coal capacity in the CIiff
case. Moving from 4,200 MW of renewables to the higher 7,200 M\rtadgihg wind faster (leading vs.
matchedpadds more $0/MWh offers to the merit order, causing sliggdtpd to be dispatched, asidencedy

the 3-6% drop incapacity factaswindtarget is increased or advancHae faster coal is retired, the less time it
setshourlyprice, meaning it cannot pass through as much of its increased GHG compligndbegsistomer

Coal transition costs have not been included in most cost figures, so total program costs are well understated.

Table 5 — Summary of Cost Impacts

Scenario | AdditionalCostSubMetrics

(Rur¥)

Retirenent

Schedule

2030
RENEE ] ES
Target

Pace of
RENEE S
(MWI/Yr)

27 Coal
Capacity

20Z Coal
Production (%
Capacity Factor)

2027202%%0
Coal as Price
Setter

201857%

n$B from

PreCLP

(RECs +
Trx)

n$/n Mt
from Swap
Gas for Coal

(13) Moderatd Swap for Gag FEOC(60) 1,719 81% 11%/5% 0 -

(14) Moderatg 4,200 MW Linked 1,719 79% 13%/7% 9.34 $352
(19) Moderatg 7,200 MW Leading 1,719 74% 14%/8% 20.09 $325
(4) Cliff 4,200MW Linked 4,501 71% 40%/32% 5.19 $381
(5) Cliff 4,200 MW Leadingss0)| 4,501 68% 39%/34% 11.23 $308
(12) Cliff 7,200 MW Leadings00)| 4,501 64% 37%/29% 20.38 $306

* This table includes cumulative REC Payments and Transmissiomctikisaqgt bocA@R? any Coal Compensation Costs, which could change by scenario, nor
residual payments-2p82Y) of betweefl Blyear faight years, then tapering linearly to $Chsr2fEs0in average pool prices are minor and are not included.
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1 At the 4,200 MW renewables level, the annual costs of the program will be almost $1 Billion/year
in 2030, or $68/displaced tonne, accumulating to $5-10 Billion (Cliff or Moderate cases
respectively) by 2030, and will cost roughly $1 Billion/year for 8 years (first 20year contract starts in
2019, ends in 2038hen taper linearly down to $0 by 2050. Cumulative costs for the 7,200 MW
program would be double that at a $20 Billion and $2 Bdyeayearshereafteralso tapering to $0 by
2060)

1 Moving from a Swap Gas for Coal strategy (orange lingsigure5, which saves 10 Mt) a renewables
incentive strategy (which saves an additional 3.3 Mines at an incremental cost of $265 per
additional displaced tonne, accumulatingp about $7Billion additional dollars from 202630 and a
continuing $1 Billion/yeamtil the end of the first REC contracts in 2038 and tapering to $0/year by 2050
as the later vintages expire.

1 Increasing the amount of new renewables from 4,200 MW to 7,200 MW would result in only a
further 3.6 Mt/year in 2030 at an additional $8.2 Billion cost or $235/additional displaced tonne
over the study period and a continuing $2 Byltanuntil the end of thérst REC contracts 2038 and
tapering t&0/year by 2050

1 The level of REC subsidy needed to incent new renewables to build will need to be higher than
the $35/MWh cap proposed in the report of the Climate Change Advisory Panel. In the 4,200 MW
casesrequired RECare projected to be in the $&0/MWh rangeassuming 100% of the renewables
are wind In the 7,200 MW cases, required levels would be in t#&$90BMWh range Other
renewable types (soliomasand hydroyvill requireevenhigherRECs thanwind.

9 If the renewables target is set above 4,200 MW, the market becomes progressively more stressed.
At 4,200 MW(lines with markers;igure6), the market is not materiadiiyessg In tests at 7,200 MW
(solid linespr where the amount of new renewables getfat ahead of the 67% substitution rate,
especially in the 7,200 MW cases (green and light bluselieesl) deleterious effects emerge. As wind
penetration levels rise, the wind farms experience a deepening discount to pool price.

Figure 6 — Wind Discount at Various Retirement Schedules and Renewables Substitution
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Over the last several years, if the market was averaging $70/MWh, wind units would only receive average
revenues of about $47/ MW sinceathe@riZeddowh gdaofsiceio oars t o p
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when they run the hardedwith the addition of 4,200 MW of new wind over the current 1,500 MW, that
figure climbs to over 50%, and at 7,200 MW, over 60% discount to pool price.

1 At 4,200 MW of renewables, the 2032 RECs will have to average around $50-70/MWh to incent
that much renewables. At 7,200 MW of renewables, the level rises into in the $80-90/MWh range.

Table 6 — Summary of Other Wind Related Cost Sub-Metrics

(Run)

Retirement
Schedule

Scenario

2030 Renewable

Target

Pace of

Various Wind Sub-Metrics (2028)

Wind

Received

Pool Prict Discount to
Pool Price

Renewables ($/MWh)

(%)

Wind Price

($/MWh)

Wind REC*
($/MWh)

Cumulative
Wind REC
(%) (2016-

2032)

% of Hours
Settled at
$0/MWh

(1) Federal Regs$Pre-CLP720 MW |FEOC $97.17 -43% $55.08 $65.09 $0.00" 0.0%
(13) Moderate [Swap for Gas FEOC $97.47 -47% $52.12 $68.05 $0.00" 0.0%
(14) Moderate |4,200 MW Linked $97.65 -56% $42.68 $77.49 $6.7 B 0.1%
(19) Moderate |7,200 MW Leading $95.70 -68% $30.53 $89.64 $14.8 B 12.3%
(4) Cliff 4,200 MW Linked $97.19 -47% $51.92 $68.25 $4.0B 0.0%
(12) Cliff 7,200 MW 600/yr Leading | $91.14| -72% $25.71 $94.46 $15.1B 21.9%
(5) Cliff 4,200 MW 350/yr Leading $91.95 -58% $38.62 $81.80 $8.0B 2.7%

* Levelized Cost for 2028 Wind = $120#4 Assumes Wind makes up shortfall by other means (i.e., not REC paymients)

9 The higher RECsearer the study horizon will have to be paid well beyond 2032 and are estimated to be

double the accumulated amounts paid prior to 2032.
Figure 7 — Requited REC Cost ($/MWh of Renewables)
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1

o8

Cumulative GHG trevenues will not be sufficient to pay REC Costs. Revenues from GHG
Compliance cos{green linesynostly from coal, will reduce over time as more coal is retired. REC costs
(red linesvill increase over time as more wind is added. Under the Cliff scenario, GHG nexepsies

are largerfor a longertime periodand REC costs accumulate slowhan in the more accelerated
Moderate Coal retirement sched&ligure8 does not include any extra transmiggdiof) costs

Figure 8 — Cumulative GHG Revenues Less REC Costs (before Trx) ($B)
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Eventually, the GHG revenue inflows are not sufficient to keep up with the REC outflows, requiring
another source of funding. Revenues from GHG compliance costs, mostly fifawilites, drop off

abruptly after 2025 and dry up completely once the remaining coal units are all retired in 2030. In the
Moderate Coal Retirement case, cumulative refesmeSHG compliance costs may not quite cover

the cumulative subsidy paid mutenewable generators (Bigire8, blue linesare the cumulative net of

GHG revenues minus REC payments). The Wind RECs may continue to be aldbmyondhe

study horizorand would quickly accumulate after the regefnam compliance costs run out. These
outflows do not include any other required payments for rebates, transmission capital or any other costs.
Some additional source(s) of funding, either a rider on electricity otbéllimuldollar draw on general

tax revenues will be required to fund this sizable shohtfalliding the direct and hidden costs, this
could be the same order of ma g ni t udhshedines), cbabd ay ' ¢
continually pays more into the fund thexder the Moderate Retirement Schedwolid (ines), so the

fund lasts longer.

EDCA calculated the amount of REC required by renewables by first determining the annual revenue
required by a developer to cover the repayment and return on its capifai€ashount was compared

to the expected actual revenue that the renewableould receive from the energy only market in any

given year of the forecast. Any shortfall would have to be recovered across all the MWh expected to be
produced in that yedy that unit yi el ding a different “1 dheel i zed
levelized cost calculation is very deperateseveral assumptions. For example, wind was assumed to
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have a capital cost of $2,080/kW, a 60/40 debt ratio, 7% intereahdal,% after tax equity return,
$24.40/MWh Variable O&M, 36% capacity factor, a $12/MWh GH&gtcredit, and a 33% discount
to pool price (growing in higher penetration scenafibg.would yield a $90.56/MWh levelized Gost
year 2020which wold require a averag@ool price of over $140/MWh to be profitabhout a
subsidy (see AppendixTéblellfor comparative levelized costs fogaterator typgs

1 A pre-2030 coal retirement schedule faster than the federal regulations (i.e., the Moderate case, ~2
units/year in vintage order) would provide the greatest incremental cumulative reductions in
emissions, but would be more costly r e | ati ve t o t heat@itgaceivauld noe” cas
materially impact marketetrics However, thisiccelerated coal retiremesit more quicklyeduce the
collection of GHG performance standard compliance payinergsse the cost of the RECs matllice
margirs for incumbentoalowners The Cliff scenariallows for the lorest operation of coal units,
resulting inthe least reduction in margins to the incumbent coal generdtalso collects the most
carboncompliance paymentsutdoes not reducemissions as quickly.

1 Cogeneration is an economic source of emissions reduction. Increasig levels otogerration even
though they ar e ng¢g tcangiovide significant ipcrerhental rerissiens reduttiens
with a delivered cost of power at or below competing thermal techndtogieprevious worlEDCA
has theviewthat abundardéteam hostpportunities for additional cogeneration host sites exist in Alberta
Howeversince cogen hosts need security of steam supply, cogens may increase the number of $0/MWh
offers contributing tot he “ sur pl u sSincp cogea hdsts usEw @/20of their electricity
production behindghefence, not all cogen capacity is available to the gyricdiariety of other
considerations beyond the economics of power prices may also influence investment decisions.

1 Similarly, although its total potential is much smaller than deigemyss is also much less intermittent
than other renewables and coulchhseful, cost effective addition to the renewables fleet.

1 Incremental investment for transmission facilities will be required to integrate additional
renewable generations assumed for this study. The AESO longterm transmission plaocan
accommodatep to 4,200 MW of renewable generatibmdate the AESOhas alreadgxecutd partof
the planby addng substantial new tmamission capacity in southern Albastaind and solar resources
have been built Although sme of theremaining approved and/or planndait not yet executed
transmission projectre expectedto be builtto integrate 4,200 MW of additional renewsabie
magnitude of such investment is highly dependent on the location and type of new renewable projects. It
is estimated that such incremental investment over the 15 years could range Bition$ii.0ew
renewables are located in areas where tsai@ntapacity is availabbe$31 Billion if morerenewables
are located in areequiringnew transmissiorAlthough not studied in this analysis, some renewables may
be connected at the distribution level, which may reduce the impact on the itarsystesn. A
material increase in transmission investment beyond what the AESO has planned may be required to
integrate the additional renewable genemgmedh the 7,200 MW cases.

1 Incumbent coal units face the preponderance of decreases in margins under theCLP. In the pre

2030 period, the margin impact results from the effect of the new performance saaddards
acceleration in coal retiremerfbego ver nment ' s announcement of the
not unnecessarily strand tapivith respect to the six units whose operating lives were truncated as a
result of the 2030 coal phasg element of the CLPThere is a separate effect in the-p680 period

for the six units whose operating lives will be shortened by the 20B8Basealit decision. Issues

relating to the 2030 coal phase are currently the subject of discussions between the Coal Facilitator
appointed by the Government of Alberta and the owners of the six affecte@iuaitsthe confidential

and sensitive hae of those discussions, the Study does not provide any analysis, estimates or
guantification regarding potential compensation, including options for determining compensation

9 $30/t times the 0.4 t/MWh performance standard. Existing wind farms currently earn 0.59 t/MWh, the stipulated avarggd margin
emissions intensity of the displaced unit.
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Because of this exclusiony guoted cost figures are therefocemplete iad significantly below the true
cost of CLP.The impact of the CLP in reducing generator margins and in reducing the operating lives of
units aresocietal cosof the CLP and should be fully reflectedaimmassessmeat total costs.

{1 Coal Dispatch will drop slightly because of higher GHG compliance costs. The Performance
Standard was onlgsted athe 0.40 t/MWh value The CLP has yet to prescribe the actual performance
standard baasbdsbngas™ gemidssi on i thid exercise, thg model For
has provisions to tes0.2508600.42 0.8 tHVWh), bhuteonlyt tesied thep oi n't
0.40 t/MWh value.As that standard is set lower, it increases compliance costs for the highest intensity
units the most For emissions above that allowed level, emitters would pay a compliance penalty of
$30/t10,

Figure 9 — Change in Emission Costs/Credits SGER vs Performance Standard.
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If a coal unit had a current intensity of 1.1 t/MWh, itldvdnave to pay on a 0.7 tMWh overage, at

$30/t, which would be $21/MWh in 2018 (red arrow). That is a $14/MWh change from the current
SGER requirement for a 20% reduction (0.22 tMWh or $6.60/MWh) under the SGER prevailing in 2018
(green arrow). A conmaid cycle gas unit, by definition, would be aldeatctyme et t he “good
gas”’ standard, so its GHG charge wunder the pert
compared to its prlELP 2018 SGER obligation of $2.40/MWh, based on 20% ofsitsves 0.40

t/MWh (i.e., 0.08 t/MWh * $30/t).

Under SGER, existing wind units are paid 0.59 t
as best gas” | ine, their credit would actually

1 The volatility of prices will be much higher across the year (motre very low priced hours and much
higher high-priced hours), dthoughaverag@ool prices will be relatively unchanged fronPtb€LP
case.Generators will have to earn a larger fraction of their revenues in fewepyibgghbours. This
higher pool price volatility wdhange perceivatsks for new generatdevelopersnd could stalbr
encouragévestmentdepending on the develaper

10Escalating at inflation plus some increment, suggested in the Climate Leadership Plan at an additional 2% above inflation.
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1 Prices will be about $5/MWh higher than in the Pre-CLP Case for the first few years, but slightly

o8

lower in the later years. FigurelOshows how the lower (left) side of the 2018 merit order curve will be
shifted up as coal units begin to pay emissions costs using the performance standard instead of the SGEF
tamget used in the RELP case&osts (an increase of $13/MWh in the fiemd of the study period,
expanding to a $16/MWhcrease in the baekd).

Figure 10 — Change in 2018 Merit Order due to Performance Standard ($0-$100 Offers Only)
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While coal is still on the margin setting prices in a good fraction of the hours, they will be able to pass
through some of their increased GHG compliance costs to the energy customer. In later years, coal will
rarely be on the margin and musbalb this cost, impacting margi@mbined Cycle marginal costs will

be slightly lower in the later years as the gas emissions charges drop from the old SGER target of 20% of
gas emissions (0.4 t/ MWh), t 0o n patehhe mpgsitigning of . , “g
three offer blocks of a combined cycle unit (Calgary Energy Centre) and two offer blocks of a coal plant
(GN1) using SGER (blue) versus the performance tax (red).

At higher levels of renewables, a much greater fraction of hours will settle at $0/MWh. At present,

of the maximum 12,500 MW of capacity that shows up in a given hour, about 7,500 MW of that
generation is offeredumnhn a@aotal$,0/ MWMne (lvy chrdo, “ ono g ¢
with only 1,500 MW of wind,few times a year, tiflaf00 MWs more than the total load, so the price in

that hour settles at $0/MWMs morerenewables aselded, all at $0/MWh, the number of $0/MWh

hours increasdsed-igue 11). In all Moderate caséwhercoal is retired earlier), and in all cases with a
4,200 MW renewables target, this is not a major issue (<1% of hours). However, in the @liff cases,
renewables additioase added faster th6i@% of coal retirement “ | eadi ng” ) OMWihe num
hours starts to increasét the 4,200 MW leveif renewables are added aheath®fcoalschedule

$0/MWh hours rise to 2%, still manageable. Howavitre 7,200 MW level, it climbs to almost 20% of

hours settling at $0/MWh.

Significant wind is curtailed at higher renewables targets. Some jurisdictions, including Alberta, have
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% Hours Settled at $0/MWh

a priority system to ration ox&rbscribed $0/MWh generatibn At the existing1,500 MW of
renewables, and even at the 4,200 MW level, this is not a largguisagethe renewables penetration

rises above the 4,200 MW leralenewables additions lead coal retirepahts it offering at $0/MWh,

the number of $0/MWh hours progressively increases, rendering a fraction of the additional wind
ineffective.

Figure 11 — Increase in $0/MWh Settlement Hours (7,200 MW)
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At 7,200 MW ofenewables, this leads to an equivalent average hourly curtailment of 200 MW of wind in
every hour85% of hours have no excess $0/MWh offers but the remasfithigf hours see up to 2,500

MW of excess $0/MWh offergendering that average amount of extra wind unusable in those hours.
Wind developers will need to factor that increased idle time into their project economics, thus increasing
the subsidy requiréd attract renewables.

Post-2032 Obligations

T

These REC payments continue well past the end of the coal phase out in 2030, as long as the length

of theRECcontracts require. EDCA calculatedcimaulative angdearyRECpayments at two different

levelsof wind costs. In the first case, wind costs were assumed to escalate at 2%/year and the capacity
factor would maintain a flat 38% of nameplate (current average is below 35%). In the second case, wind
costs were assumed to fall at 2%/year gratita fator to rise by 0.004%ear to reach 42% by 2032.

The residual payments after 2032 were about $2 Billion/yeagsndlainirst case and about half that

in the second deflating case.

11 The current AESO rule is to curtail surplus $0/MWh power onratprbasis. EDCA modeled the-pata process, which affedts t
actual dispatch and the actual emissions reductions.

1§
1%
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Of course, for any wind developed later in the study timetraine20yearcontracs would project
progressively further into the p@8B2 period covered explicitly by the sindg staircase oRECs
liabilifesdiminishing to $0/year in 204®ughly equivalent to 10 years of full payments

The estimatectash alue of the REC liabilities before and after 2032 change considerably depending on
the choice of levelized cost (3eble7). The annual RE@Gayment@mount tops oufin 2032)n this

latter case at $800 Million/year compare&la! Billion/year in thdase levelized costaseand
accumulates to $6 Billion by 2032 and $18 Billion by 2049

Table 7 — REC Liability from 2019-2049 under Two Levelized Cost Assumptions ($B)

Cumulative REC Using EDCA Levelized Cost Reduced Levelized Cost

Liability ($B) Estimate ($ Billion) Assumptions ($ Billion)

2032 Single Year $1.5 $0.9
20192032 9.3 6.2

20322049 213 117
20192049 306 179

To avoid being harsh dhe renewabdgrogram, the levelized cost of wing walculated by amortizing

the capital costs over 25 years, but assuming the developer would only expect a guarasytearfor a 20
period at that ratelf the developer did not feel comfortable with the risk of onlyya&20RECthe
requiredREC paymers would have to be even higherfignt. If the REC program ends before the
rolling 20Gyear assumetbntract lengththe RECpaymentgequired inside the 2032 timefranmula

have to be proportionately higher (i.e., the approximately the same altifetayct#RECs would have

to be collected one way or the other to incent a developer to build).

All figures in the above table assume a 4,200 MW level of 2030 renewables. If the target was set at 7,20
MW, these figusavould roughly double.

Investor Considerations

1 Private investment needs policy certainty to enable future investment in generation, a recurring

o8

theme from all the participants throughout this process. This includpsliegtbertainty, which should

improve once the policies have beemnlglEad out, and als@arket certainty, which will likely remain
unresolved in varying degrees depending on the final policy choices. Until the first uncertainty is relieved,
the development community will have to factor the uncertainty into theiméamtedecisions. So,

although restoring policy certainty is urgent, the policy choices must also be clearly informed and have full
regard for the lonterm consequences to all parties, including the potential for investors to make a return
on their investents. Developers may assess Alberta electricity market risks differently under some policy
combinations than under others.

Generation buildout will need $25-$30 Billion of new capital and years of lead-time. The
development of at least 11,000 MW of nemetion by 2030 to replace coal retirements and meet
natural growth in demand is unprecedented in Alberta. Much obib20&lllion is expected to be

provided bymerchantnvestment. Depending on how much coal is replaced simultaneously, naich of it

the same location, the approval and building logistics will be challenging. Typical development time, albeit
different by technology (shorter for wind, much longer for hydro), would inBu@=ia of permitting

and approvals and anotheB ¥ears fio procurement and construction. Given this time exposure,
commitment of the development community to this scale of undertaking requires sustained investor
confidence that must be enabled by fair, compensatory and steady policy development. Ithatpossible
new generation will not always keep pace with this replacement schedule. Scenario results show that eve
a oneyear delay in generation additions results in large price excursions and increasing reliability concern:
in certain scenarios.
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Table 8 — Summary of Investor Metrics

Scenario Investment Related Metrics

\ (Run)

Retirement
Schedule

2030

Pace of $0MWh
Renewables Renewa

% Hours

% Hours to
Collect 50% of

Cumulative
Capaity

Cumulative
Capacity Additior

Target bles (2028) Revenué2029 | Additions (MW) Costs ($)
(1) Federal Red 1eC-P720 | FEOC 0% 10% 6,223 $12.9B
(14) Moderate | 4,200 MW | Linked 0.1% 8% 12,134 $24.7 B
(19) Moderate | 7,200 MW Leading 12.3% 7% 14,734 $30.7 B
(13) Moderate | Swap for Ga§ FEOC 0% 10% 8,723 $17.1B
(4) CIiff 4,200 MW | Linked 0% 12% 12,134 $24.7B
(5) Cliff 4,200 MW (L?f"gg)'”g 2.7% 8% 12,134 $24.7B
(12) Cliff 7,200 MW (Leec?c%mg 21.9% 6% 14,734 $30.7 B

1 Sufficient Room Exists for Economic Development of Dispatchable Generation. EDCA models
show that additional dispatchable generation may be economic even eafiePtimaeiunder th€re
CLP case. First, since the CLBurrentlyrecommens that wind capacity only replaces-thials of

retired coal capacity, illdeaves onthird to be absorbed by new dispatchable generation. Furthermore,
since one MW of wind capacity actually only producédslbrass much electricity as one MW of coal and

1 MW of solar only produces about-quarter as much, that leavesitamthl room for gas generation.
Finally, wind and solar output depend on weather conditions, creatiigerantunpredictability,
intermittencyand rapid ramp rates which reqthig someamount of other highly relighdlispatchable
generation capagitikely natural gaw interties be available when renewables are @ither as base
generation or as an Ancillary Service

1 Increased Price Volatility Allows Economic Development.

In higher renewables scenarios, the

addition of renewable resourcesates an excess of $0/MWh offers in many h@yrstself, this would
reduce average pool prices and discourage additional dispatchable gétwvatien, because of their
inherent intermittency and high correlation, renewables also tend to prdolwcke\atlsn the same

hours creating more instances of supply scarcity. This polarizes pool prices into both much lower and

much higher valueseducing the number of hours in which thermal generationcoaarreheir fixed
costs through scarcity pnig but allowing them to price aggressively in those. hdbigpatchable
generatiortanearn more revenue in fewer hours without significentgha reductiorin the amount of
available generatitmcause reliability problenihis increased price Wility may be perceived by some
developers as higher risk whtadymay reflect as a higher required hurdleftateer delaying additions

(not modeled in this study)Yhese fewer but larger price excursions may also create some perception of
increasegbolitical risk that the government or its agencies would increase price mitigation in those high
priced hour on which investors wob&telying for an adequate return on investment.

=g Climate Leadership Plan Multi-Client Study — Summary Report



© EDC Associates Ltd.

Figure 12 — Cumulative Base-Load CCGT Additions (MWh)
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Reliability
1 In the slower coal retitement cases and those cases with the lower target renewables level,
breaches of the established LTA reliability metrics are minimal. However, this is a very sensitive
parameter. If generation is delayed bitlasas one year, it does begin to breach the prescribed threshold
for the Alberta reliability standard of 800 MAAsh lost load per year. sghe target level of renewables
risesto the 7,200 MW levedr if renewables are substituted ahead of theopaoal retirementshis
reliability threshold breached moeasily.

1 Just a one-year delay in additions can increase the likelihood of breaching Long Term Adequacy
targets, e/en at the Moderate/4,200 MdWrenewablekevel. This effect is even mopeonounced ahe
7,200 MW level

12 AESO Long Term Adequacy threshold is set to the equivalent of one hour of full system outage in 10 years, or appidxithately 80
of involuntary lost load/year.
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Figure 13 — Load Shed MWh with Delayed Baseload — Moderate Coal/ 4,200 MW of Renewables
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CONCLUSIONS (Big Three)

1 Targeting 4,200 MW of renewable additions, timed so as to replace no more than 2/3 of the
capacity of the coal units retired by any given date (either the “Cliff’ or “Moderate” case) could
result in a balance between electricity costs, emissions reductions, reliability, and electricity and
general investment climate.

1 Even the most efficient combination of policy choices that meaningfully reduce emissions
invariably increase customer electricity costs by billions of dollars. (Cumulative $5-$20 Billion by
2030 plus $1-2 Billion/year out to 2049, depending on the scenario tested). This does not include
CLP transitions costs associated with early shut down of pre-2030 coal facilities.

I Renewables additions should be matched to coal retirements at 67%. For scenarios where
renewables additions significantly lead coal retirements, engdsicticns aractualljess and costs are
higher than in scenarios with less renewables, botateHked timing to coal retirement.

1 The “Cliff” Retirement Schedule is cheaper and collects more catbon payment revenues but does
not reduce cumulative emissions through 2030.

1 The interaction of policy choices is complex and indicates the strong need for a dynamic,
institutionalized implementation process that monitors outcomes against a deliberate, measured
plan with prescribed contingencies.

1 Investors need policy fairness, certainty and stability to ensure the private investment is available
to fulfill the capital requirements (11,000 MW costing over $20 Billion) needed for baseload
generation.
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Blend Effects

The Steering Committee instructed EDCA to tesintipact of different blends of renewable technology types on
the various metrics.

I Blend Effects: The addition of a small fraction of solar facilities softens the wind discount. Solar

produces more energy in the kpgloed midday hours (earning a 50%&mium to pool price), which
indirectly softens the wind discount somewhat, even moreso at the higher 7,200 MW renewables level.

However, if solar is added above 10% of the tenewables mix, it lowers mid-day prices to the point

that it too begins to expence a discount to pool price and makes it harder to incent needed baseload
investment without creating reliability concerns. Adding extra solar past that level may also raise subsidy
payments without correspondingly reducing emissions.

Impacts are showinr severmetrics in turn, as the blend of renewables changes:

Nouk~kwnE

Number of $0/MWh hoursEigurel4)
Wind Discount to pool pric&igurels
Required REC price ($/MWh) paid on each produced MWh of réa@natgyHigurel6)

Total REC dollars paid out annually ($/yéagufel7(4,200MW) angtigurel8(7,200MW))
MW of curtailed Capacity

Pool Price Effects
The blend of differ#t renewable technology types has impacts on costs.

The blend of different renewable technology types has direct and indirect impacts on costs. As wind is replaced i
turn by more solar (moving from dashed green at 100% wind to lighter shadesie$ blugdj 20, 30%), fewer
hours settle at $0/MWh hours, mostly because there is less wind. In the 4,200 MW cases (not shown), very fev

hours settle at $0/MWh, regardless of the blend efvirwh Choosing biomass (dark grey line) instead of solar
makedittle difference at a 10% blend.

e
o8

Figure 14 — Impact of Different Blends of Renewables on $0/MWh Hours %
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As the blend of nowind renewables increadhs, alternative renewaldisplaces some wind, reducing
the wind discounfFigurel5 and therefore reducing REC pridégurel6). Other renewable types
either run in different hours than wind (solar runs mostieak and biomass (grey line) runs in all hours
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at high capact y ) . A blend tempers the inverse

% discount to pool price (segurelb).
Figure 15 — Wind Discount to Pool Price at Various Blends of Renewables (7,200 MW)
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9 This reduces the shortfall between the revenues wind has to receive to be economic and its actual receipt

pri

from pure energy sales and thereby reduces the price ($/MWh) of tpeyRiEQtrequired to incent
them to build. However, the lewsolar capacity factor reduces the displacement of thermal resources
(mostly gafired) and therefore lessens emissions reductions. As the blendvisfdnigrincreased, to a

point, the required REGaymentctually decreases slightly.

9 Figurel6 shows the REC price for wind only. Rpgymentdor solar are 480% higher than wind,

rising as the blend increases.

Figure 16 — Required Wind REC Price ($/MWh) at Various Renewables Blends — 4,200MW
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1 The 10% Biomass blend had the best emissions reductions but was also the most expensive. At
the 4,200 MW level, REC payouts reached about $1/ diory 2032, slightly less as more solar was
added, but almost $1.2 Billion for 10% biomass (top grayidimes17). Biomass requires roughly the
same REC price as wind at the 90%/10% wind/biomass blend level, but since a MW of biomass creates
over double the MWh in a year as a MW of wind, it earns double the REC credits and alifyattes d

emissions.
Figure 17 — REC Yearly Payouts -4,200 MW
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1 At the 7,200 leveFigurel8), the costs ($2.2 Billion/year in 2032, $illiorBcumulative) were almost
double those at 4,200 MW becafsile increased level of MWh produced, but the spread of the 10%
biomass case (top dark gray line) above the other cases was somewhat mitigated by the large number ¢

curtailed $0/MWh hours.
Figure 18 — REC Yeatly Payouts -7,200 MW ($B)
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Other Scenarios Reported only in the Main Report

Some other noepolicy factors were also tested are only presented in the main report. Their effect was not as
| arge as those from the “Big Three” policy i mpl emer

1) Alternate Load Forecast (Q2, AESO Base, High, LTO Reference (AESO Base with faster than moderate
coal retirements) and LTO Alternate (AESO Base with slower than moderate coal retirements and 7,200
MW Wind, 1000 solar, 300 HydrdJlost emissions changes enadtributable to the change in electricity
consumed rathé¢ihan from Climate Leadership Plan initiatives.

2) Gas Price (35% lower, 25% highe@Bas prices flow through to pool price more directly as more coal is
retired. Different policy implementation choiceslalisthge the timing but did not significantly alter overall
findings.

3) Different non-wind blends (less CCGT, 90/5/5 wind/solar/biomass/hydro, two levels of more Cogen or
more simple cycle and less CCGWpre or less simple cycle had little effect on mastsnéut adding
cogens improved emissionss@nificantlylower cost thai ncent i ng-e Mmotr teer“”z er ®n e
technologies.

4) Alternate Offer Strategies

a. pre2020 (while the Balancing Pool has offer control of PPAS),
b. post2020 at less aggressive

Generally, if generator offers became more aggressive, the market would be less stressed. If generatol
offered less aggressively, eventually investment was delayed and reliability was stressed. The Steeri
Committee was not unanimously expectingragehia offer behaviour in either direction, except for assets

held by the Balancing Podh the 20172020 period when the Balancing Patddthe PPA coal units,

they may continue to exhibit their curréntna r gi n al c 0 s. tAl thabldvéobfeofferspeasitea v i o u r
likely requiring a new payment from custortterdehaviour may stifiearterm investment.

5) Less Aggressive Generation Additions (1 year delayfny delays in baseload generation significantly
increased the frequency and severityeafches of the Long Term Adequacy reliability thresholds in the
year it occurred.

6) Additional Tie Capacity (flat fixed volume and just more tie capacitfitional tie capacity reduced the
cost of emissions reductions, but also reduced the number t#Bdsed gafired generation.

7) Varying Levelized Cost Parameters

Depending on the forward view of prices for future wind, solar and biomass, the RECs could change
significantly.

Untested Parameters

Some policy levers were identified but to date havbemmytested at one value, but may be fruitful future
topics of analysis:

1) Allowing both existing and new renewables to earn RECs

2) Relaxing the 2030 date for the 2830 coal assets (e.g., the remaining six coal units or the two newest
units (KH3 and GN3are forced to retire at 2035 instead of 2030

3) The preliminary test of additional irttercapacity undertaken in this study uncovered a nunthemgf
follow-on questions which were considéngabrtant bubut of scope for this studyho wouldown and
pay for the cost of new tie capacity, how would it be recovered over tintewhold play into any
national (EasiVest) electricitgtrategyseams issues betweeregulated and a deregulgieddiction,
the impacts for the investment signal in #dpbow reliability could be quantifiethiport supplycould
bediverted/unavailable/curtailédl favor of other uses of the energy.

4) Development of a largeale hydro project, lowering the need for other renewables
5) Creating a capacity market to enlsungterm supply adequacy if energy prices become insufficient
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Appendices

The full length Summary report contains six appendices providing additional thetdiherworkings of the
study. Thesappendicesre only included in theriginal Summaryeport provided to #&ive and Passive
subscriberbut not in thisAbbreviated versiorSimilarly, a companion Excel spreadsheet containing alin80
and a quick comparison tool are alsly provided to the @dive and PassiveubscribersFor further detail on
ordering theomplete Summary report or teenprehensive Detailed report, visit our website at

www.edcassociates.com

Appendix 1: Multi-Client Partidpants Summary
Appendix 2: Detailed List of Tested Sensitivities
Appendix 3: EDCA's Forecast Process and Methodology
Appendix 4: Levelized Cost Calculation

Appendix 5: Final Scenario Matrix

Appendix 6: Detailed List of Metrics
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