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OUTLINE

e Historical GHG emissions in Canada and Alberta

* AESOs (Alberta Electric System Operator) 2019 LTO (Long Term
Outlook) to 2039

* AESOs Reference Case Assumptions regarding Generation Mix

* AREAs (Alberta Renewable Energy Alliance) Recommendations
to increase deployment of renewable generation

* Impact of AESO versus AREA recommendations related to GHG
emissions
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Figure ES-2 Breakdown of Canada’s Emissions
*
by IPCC Sector (2017) Total: 716 Mt CO, eq

Energy—Stationary
Combustion Sources
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Figure ES-7 Breakdown of Canada’s Emissions by Economic Sector (2017)
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Figure 2-13 Trends in Canadian GHG Emissions from Transport (1990-2017)
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Figure 2-16 Trends in Canadian GHG Emissions from Fugitive Sources (1990-2017)
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Figure 2-18 Trends in Canadian GHG Emissions from Agriculture Sources (1990-2017)
D

70
OtherSources
60
50
'
)
Y a0
< -
_5 Manure Management
4 30
w
o
b
(U
20
10
0
Ol AC I S G S G G T G L P L i S P i i
Year

O Type here to search



@ 2018NIR - Part1.pdf - Adobe Reader = X
File Edit View Window Help x

=7 Open ‘ f} @@ = g El % vl 55 (69of238)‘ ) (o) | 160% | v ‘ = B ‘ = Bz l Z‘ Tools Fill & Sign Comment

N

Figure 2-23 Trends in Canadian GHG Emissions from Waste (1990-2017)
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The Pan-Canadian Framework
on Clean Growth and Climate Change

The Pan-Canadian Framework on Ciean Growth
and Cimate Change [PCF) was adopted on
December 9, 2014 as Canada’s pian o take
ambitious action to fignt climate change, build
resilience to g changing climate, and drive ciean
economic growth. It is the first cimate change plan
in Canada's history to include joint and individual
commitments by federgi, provincial ana temritonal
leves of government, and to have been developea
with input from Ingigenous Peopies, businesses, non-
governmental organizations, ana Canadians from
across the country. The PCF is built on four pisors:
pricing carbon pollution, compiementary actions to
reduce emissions acress the economy, cdaptation
and climate rasilience, and clean technology,
innovation, and jobs. It includes more than fifty
concrete actions that cover all sectors of the
Canadian economy, and puts Canadc on a path
towards meeting our Pafis Agreement greenhouse
gas {GHG) emissions reguction target of 30%

below 2005 levels by 2030.

pricing carbon poliution is central fo Canaaa’s plan.
it is the most efficient way to reguce greenhouse
gas emissions and helps drive innovation and clean
ces and teritories had the flexibility to

ither an explcit price-based system or
cap-and-troge system. A feceral carbon poiution
pricing system will opply in any province or temitory
that requests it or that goes not have a system in
piace rat meers fegeral requirements. Tnis fegeral
system has two parts: a regulatory charge on fossil
fuels, ana a performance-bosed system for large
industry, known as the output-cased pricing system
[OBPS). In most jurisdictions, the OBPS went into
effect Jonuary 1, 2019, and the fuel charge took
effect on April 1, 2019. Pricing systems in the temitories
will take effect July 1, 2015.

The compementary mitigation measures incluaed

in the 2CF wil engbie Conada 1 gchieve emissions
reductions across all sectors. Expanding the use

of clean eiectricity and low-carbon fuels are
founaational actions that wil reduce emissions across
the economy. Canada is taking action to reguce
energy use inclugding by improving energy efficiency,
encourcging fuel switching and developing “net-
zere energy ready” buiding codes. Canada's
climate pian & supported by historic investments

nsit (328.7 billion); green infrastructure
[$26.9 bilion} such as renewable energy, smart
grid and electric vehicie charging stations; clean
technology initiatives {$2.3 biion); and the Low
Carbon Economy Fund ($2 bision].

The PCF also recognizes the importance of
builging climate resilience and sets cut measures
to help Canadians understand, plan for and take
ction to adapt to the unavoidable impacts of
climate change. Canada kaunched the Canadian
Centre for Climate Services to improve access 1o
climare science, serve as the guthoritative feageral
source for cimate information and resources and
strengthen capacity to incorporgte climate change
consigerations in agaptation decision-making. As
well, implementation of t saster Mitigation ana
Adaptation Funa (32 billion) wis heip address climate
risks and protect communities from natural dis

To support ciean growth, Canada & unrolling
investments of $2.3 billion in ciean technoiogy
inciuging nearty $1.4 biion in financing gedicated to
supporting ciean technoiogy firms ana $400 million
to support the development and demonstration of
ciean technoiogies. In addition, the Govemment

of Canaga’s Clean Growth Hub provides g singie
point of contact for access to clean technology
knowiedge, expertise, and reigtionsnips across

the federal govemment. Canada's most recent
greenhouse gas emissions projections [ECCC 2018a)
estimated that Canada’'s GHG emissions in 2030 wi
De 223 milion tonnes iower than projected prior 10
the PCF. This mprovement in Canada’s emissions
cutiook reflects the breadth and depth of Canada’s
climate plan. When tne PCF i fully implemenreq,

it wis put Canaga on g path towards meeting

our 2030 target and to continue to achieve emission
reducticns beyond 2030.

Federal, provincial and territorial governments
collectively report on how our climate commitments
are frans g into action; the second Annuai
Synthesis Report on the Status of PCF implementation
was released in December 2018 (ECCC 2018Dj.
Continued collaboration between federa
provincial, and terfritorial governments as well

as partnerships with indigenous Peoples and
engagement with Canadians remain g cormerstone
of PCF impiementation.
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i Figure 8-1 Comparison of Emission Trends (2018 NIR vs 2019 NIR)
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i Figure 8-1 Comparison of Emission Trends (2018 NIR vs 2019 NIR)
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Where would you focus GHG reductions efforts in Alberta?

2019 National Inventory Report of 2017 GHG Emissions
Total = 716 Million tonnes CO2e/year
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Figure ES-8 Emissions by Province and Territory in 2005, 2010 and 2017
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Source: Environment Canada and Climate Change (2019) National Inventory Report 1990-2017:
Greenhouse Gas Sources and Sinks in Canada.



2017 Canadian GHG emissions — By Economic Sector
(Total 716 MT CO2e)
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CANADIAN GENERATION FUEL MIX 2017

Canada Generation in TOTAL GENEItQ:(Ie(V)VI;Ib(I?Q TWH/YEAR)
2017 was powered by o 3,
84% 10% -
Zero Carbon Sources gas,
38,

6%

Renewables = 6%
La rge Hyd ro=62% nuclear,

95,
Nuclear = 16% 16%

hydro,
362,
62%

Source: Environment Canada and Climate Change (2019) National Inventory Report 1990-2017:
Greenhouse Gas Sources and Sinks in Canada.



2017 GHG Emissions from Public Electricity Generation
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Greenhouse Gas Sources and Sinks in Canada.




2017 Emission Intensity from Public Electricity Generation
(Canada Average = 0.135 tne CQ2e / MWh)
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Greenhouse Gas Sources and Sinks in Canada.



Alberta emits

63% of Canada’s

GHG emissions
from electricity
generation

2017 Contribution of GHG Emissions
from Public Electricity Generation
Total = 74 Million Tonnes CO2e

Rest of
Canada,
27, Alberta,

37% 47,
63%

Source: Environment Canada and Climate Change (2019) National Inventory Report 1990-2017:

Greenhouse Gas Sources and Sinks in Canada.
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Coal is the major Alberta 2017 GHG emissions

Contributor Of from Public Power Generation
: Total 47 Million Tonnes CO2e
Alberta Power generation Natural
GHG emissions Gas,
8,
17%

COAL emits 83%

of Power Generation Coal,
Emissions 39,
83%

Source: Environment Canada and Climate Change (2019) National Inventory Report 1990-2017:
Greenhouse Gas Sources and Sinks in Canada.



AESO 2019 LTO



2018 energy source mix in the Alberta grid

TOTAL INSTALLED CAPACITY (16,193 MW)

Biomass
. Solar 39
0
Wind 0%

9%
Hydro
5%




Installed Capacity (MW) versus Generation (GWh per year)

ALBERTA 2018 CAPACITY
(16,193 MW)
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Source: AESO 2019 LTO data file
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AESO forecasts that 15 new 450 MW CCGT |

units wiIII be installed from 2030 to 2039

Existing 2024 2030 2034 2039
AIL peak: 11,471 MW AL peak: 12,703 MW AL peak: 13,319 MW AL peak: 13,806 MW AIL peak: 14,274 MW

FIGURE 7: Reference Case Generation Scenario Capacity
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Generation (GWh per year)

AESO Forecasts 19% Renewable Generation by 2030
Cumulative GHG Emissions 2019 to 2039 =731 MT CO2e
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Generation (GWh per year)

AREA Recommends 50% Renewable Generation by 2030
Cumulative GHG Emissions from 2019 to 2039 =512 MT CO2e

120000

100000 QSQG
@

0.53

Intertie

&

80000

60000

40000

20000

0
2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
 Cosl wm Coal to Gas mmm Cogeneration _ SCGT  CCGT
 \Vind Solar . Hydro m Geothermal Bioenergy

mw Energy Storage Intertie - cmissivity

0.700

0.000

Emission Intensity (tne CO2e / MWh)




(o))
o

U
o

N
o

Annual GHG Emissions Estimates 2018 to 2039
(Million Tonnes CO2e per year)

W AESO 2019 LTO Forecast
Cumulative 2019 to 2039 GHGs

LI AREA Recommendation

N W
o o

=
o

GHG emissions (Million tonnes CO2e per year)

5252
>%17 47 ESO 731 MT Versus AREA 512 M
44 45 /4
37 > 37
/ 35 36 35 34 33
32 32 31 g4 0 1
Y 29 29 29
26
24
\ 22
19
. 16 W16 W16 W16 M1c M 1:
N
\ 1

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039



AESO 2030 LTO
TOTAL CAPACITY = 19,853 MW
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AREA HIGH RENEWABLES 2030

TOTAL CAPACITY = 26,300 MW
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AREA HIGH RENEWABLES 2030

TOTAL CAPACITY = 26,300 MW

Energy Storage, |htertie, 500
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Solar, 4,000 B Cycle, 1700
AESO estimates PEAK AIL (Alberta .
Internal Load in 2030 to be 13,319 MW S'mli'g OCgC'er
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Question

 What future new loads were forecast?



An SWEr | Source: Page 61 of AESO 2019 LTO

FIGURE 6: Composition of Load Growth 2018-2039 (Reference Case)
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Question

*\When assessing costs and LCOE (Levelized Cost

of Energy), what carbon prices were forecasted
to 20397



An Swe r Source: Page 50 of AESO 2019 LTO

LCOE estimates assumed an in-service date of Jan. 1, 2020 for all technologies and a 20-year
economic life was modelled for all assets. The LCOE calculations assumed a carbon price of $20/
tonne (1) in 2020, which was increased by 2 per cent annually thereafter. It was assumed that gas
units would be benchmarked against a CO2 emission standard of 0.3663 t/MWh in 2020 and the
emission standard would decrease by 0.0037 t/MWh each year. In this analysis, the LCOE for wind
and solar did not consider any revenue from carbon offsets or carbon credits.

* AREA NOTE:

* 20 year life for all assets (includes Coal to Gas);

* All gas generation will be benchmarked against 0.3663 the CO2/MWh and
minimally reduced annually by 0.0037 tne CO2 thereafter;

 Carbon price $S20/tne in 2020 to be minimally increased annually by 2%
thereafter (which completely contradicts Federal legislation);

e LCOE (Levelized Cost of Energy) for wind and solar did not consider any
revenue from carbon offsets or carbon credits




Question

*Why is energy storage not forecast to be part of
the energy mix by 20397



An Swe r Source: Page 60 of AESO 2019 LTO

Storage

Alberta currently does not have any transmission-connected energy storage projects; however,
multiple projects have applied for connection and some have received funding to support their
development. Energy storage technologies that have applied for connection within Alberta include
lithium-ion batteries, compressed air energy storage and pumped hydro storage. Currently across
the U.S. and other global jurisdictions, energy storage technologies are being considered and
installed for many purposes. These include energy price arbitrage, ancillary services, transmission
and distribution investment deferral, voltage and frequency support, back-up supply, enabling
intermittent generation dispatch, and emissions reductions.

There are multiple factors that make the economics of energy storage challenging in Alberta,
including transmission charges and limited opportunities for revenues within the operating reserve
markets.® While the current legislated framework does not prohibit the participation of energy
storage in the energy and ancillary services markets, in practice the existing legisiation, regulations
and AESO Authoritative Documents do not fully contemplate the unique attributes and challenges
associated with the participation of energy storage in Alberta’s electricity system. The AESO Energy
Storage Roadmap® will approach energy storage as a unique asset type, facilitate integration, and
will be impartial to energy storage technology.



Question

* When assessing costs, what natural gas prices
were forecasted to 20397



Answe r Source: Page 50 of AESO 2019 LTO

Other cost assumptions included a transmission loss factor of 2.75 per cent based on available
forward power prices, a trading charge of $0.47/MWh in 2020 and a commodity fuel charge? of

1.66 per cent of gas prices. Trading charges, fixed O&M and variable O&M costs were assumed to
increase 2 per cent annually.



Question

*|In AESOs Alternate Renewable Policy Scenario

what was AESOs forecast for Renewable Capacity
by 2039°




Answer

Source: Page 37 of AESO 2019 LTO

6.1.3 Alternate Renewable Policy Scenario Generation Resuits

The Alternate Renewable Policy Scenario has a large amount of renewable generation compared to
the Reference Case. Over 6,800 MW of wind and 1,000 MW of solar capacity are added to the fleet at
the end of the forecast period. Wind generation capacity is 28 per cent of the generation mix in 2039.
This results in more simple-cycle additions, along with less combined-cycle generation capacity.

FIGURE 9: Alternate Renewable Policy Scenario - Generation Capacity

Existing
AlL peak: 11,471 MW

2024
AlL peak: 12,703 MW

2030
AIL peak: 13,310 MW

2034
AIL peak: 13,806 MW

2039
AIL peak: 14,274 MW

M 36% Coal-fired 5,723
M 31% Cogeneration 4,937
W 11% Combined-cycle 1,748

M 7% Coal-fired 1,421
M 27% Cogeneration 5,319
M 9% Combined-cycle 1,748

B 0% Coal-fired 0
M 25% Cogeneration 5,499
B 8% Combined-cycle 1,748

W 0% Coal-fired 0
M 23% Cogeneration 5589
W 23% Combined-cycle 5,580

W 0% Coal-fired 0
M 22% Cogeneration 5,679
M 29% Combined-cycle 7,496

B 6% Simple-cycle 021 M 6% Simple-cycle 1,138 W 6% Simple-cycle 1,370 W 9% Simple-cycle 2114 | M 12% Simple-cycle 3,182
B 0% Coal-to-gas 0 M 21% Coal-to-gas 4,009 B 22% Coal-to-gas 4,890 | M 7% Coal-to-gas 1,729 | M 0% Coal-to-gas 0
B 6% Hydro 894 M 5% Hydro 894 B 4% Hydro 894 B 4% Hydro 894 | W 3% Hydro 894
B 9% Wind 1,445 M 21% Wind 4,004 M 31% Wind 7004 | W 30% Wind 7172 | M 28% Wind 7431
0% Solar 15 2% Solar 461 2% Solar 461 3% Solar 661 4% Solar 1,061

W 3% Other 423 W 2% Other 423 B 2% Other 423 | M 2% Other 473 | M 2% Other 473
Total capacity 16,106 MW Total capacity 19,417 MW Total capacity 22,289 MW Total capacity 24,212 MW Total capacity 26,216 MW



Question

* What impact has UCP government had in regard
to incentives for Renewables?

*The 90 cents per watt rebate for residential solar
photovoltaics has been cancelled

*See following slides regarding wind projects



Total of Three REP Rounds = 1,359 MW
But REP Round 4 was cancelled by UCP
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Alberta’s Renewable Electricity Program
attracts lowest renewable pricing in Canada

RO u n d 1 Round 1 of the Renewable Electricity Program successfully delivered nearly

600 MW of wind generation at bid prices that are competitive globally and
5 9 6 M W record-setting in Canada. The four successful projects for Round 1 are:

Average Price $37.35/MWh

EDP RENEWABLES
Sharp Hills Wind Farm
4
ENEL GREEN POWER 2 8 M W
Phase 2 of Castle Rock
Ridge Wind Power Plant
31 MW
2
ENEL GREEN POWER CAPITAL POWER
Riverview Wind Farm Whitla Wind

115 MW 202 MW 53



Round 2
363 MW

Average Price $38.69/MWh

Ken Hogg M.Eng., P.Eng.

Indigenous partnerships fuel the
success of REP Round 2

REF Round 2 attracted significant interest from local and international developers eager to
invest in Alberta. Successful developers partnered with 3 Indigenous communities to build
5 wind projects totalling 363 MW at a weighted average price of under $39/MWh.

SAWRIDGE
FIRST NATION

CAPSTONE
INFRASTRUCTURE
CORPORATION
SAWRIDGE FIRST NATION

® Buffalo Atles

PAUL .
FIRST NATION Wind Farms 1/2/3

POTENTIA
RENEWABLES INC. BLOOD-KAINAI
PAUL FIRST NATION ”H-'-""”*_‘m s
Stirling Wind Project '
@ EDF RENEWABLES
@ CANADA INC.
BLOOD-KAINAI FIRST NATION
Cypress Wind Power Project
Renewable Energy Solutions TM 202 MW 54



REP Round 3 keeps the
competitive momentum going

REP Round 3 demonstrates continued interest in investing in renewables in Alberta.
Strong competition resulted in 3 successful wind projects totalling 400 MW at a

RO u n d 3 weighted average price of approximately $40/MWh.

400 MW
Average Price $40.14/MWh

POTENTIA
RENEWAELES INC.

Jenner Wind Power Project

e 122 MW

TRANSALTA
@ POTENTIA
C?HF‘.DHE.”GN RENEWABLES INC.
E'E;ﬂseﬁ';:‘f Jenner Wind Power Project 2
rTMW o 71 MW



It further Questions
Contact:

Ken Hogg
kshogg@shaw.ca



