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Executive Summary

To reduce greenhouse gas (GHG) emissions and address the ser-
ious challenge of climate change, governments around the world
are using a range of policy options. The Alberta government’s policy
includes phasing out coal-fired power, significantly increasing re-
newables in the electrical grid, implementing an economy-wide
carbon levy, and putting a limit on annual GHG emissions from the
oil sands industry.

One objective of the Alberta government’s ‘Climate Leadership Plan’
is to regain public support for the oil and pipeline industries that
have been such important drivers for both the provincial and nation-
al economies. Concerns about

oil sands production, especially  “Thjs study shows how, over the next 14

from the steam assisted grav- ..
ity drainage (SAGD) techn ogl ogy, years, the existing and planned SAGD

have focused on the high GHG  operations in Alberta could use off-the-
emissions associated wiFh recov- shelf technology to:
ery when compared with more

conventional types of crude oil. e Achieve the early retirement of coal

Reducing the GHG intensity as- . .
sociated with producing a barrel from the electrical grid,

of SAGD oil is essential in the ef- e Make space for 12 TWh of new

fort to regain public support for renewable generation,

Alberta’s oil sands operations. . . .
P e Stabilize electricity prices, and

Th. h h h . .
is study shows how, over the Reduce GHG emissions by 170 Mt CO,,

next 14 years, the existing and

planned SAGD operations in . : .
Alberta could use off-the-shelf If assigned to oil sands production, these

technology to achieve the ear-  emission reductions would reduce the GHG
ly retirement of coal from the  footprint of SAGD production to less than

electrical grid, make space for 12 or equivalent to conventional oil.”
TWh of new renewable genera- q ’

tion, stabilize electricity prices

and reduce GHG emissions by 170 Mt CO,. If assigned to oil sands
production, these emission reductions would reduce the GHG foot-
print of SAGD production to less than, or equivalent to, conventional
oil.
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This report builds on a previous study' to explore the potential for
large-scale deployment of cogeneration at oil sands crude-produ-
cing Steam Assisted Gravity Drainage (SAGD) facilities in the prov-
ince to meet not only the heat and power requirements for SAGD,
but to help the province achieve its objectives for the early retire-
ment of coal-fired power and greatly enhance the contribution of
renewable energy to the Alberta grid.

Using boundary conditions that include the energy and green-
house gas (GHG) flows for both the entire electrical grid, and all of
the SAGD production facilities in the province, five scenarios were
generated and compared for the delivery of electrical power to the
Alberta grid over the period from 2017 to 2030:

=  The BAU 2015 scenario (S1) assumed the 50 year coal retire-
ment policy established by the previous federal government.

= Scenario 2 (S2 or BAU 2015 Rnw) assumed the same 50 year
coal retirement policy, but included 12 TWh/year of new
renewable generation by 2030. The backup power for the
non-dispatchable renewables to maintain a 15% reserve
margin was provided by natural gas single cycle (NGSC) gen-
eration at 10% capacity factor.

= In Scenario 3 (S3 or BAU 2016) the enhanced renewable
energy target from S2 was included along with the retire-
ment of all coal generation in the province by 2030. In effect,
S3 represents an approximation of the Alberta government’s
current policy direction in which the electrical baseload for
power that was previously supplied by coal will be provided
by natural gas combined cycle (NGCC) over the period ending
1n 2030.

= Scenario 4 (S4 or SAGD Max) was identical to S3 except in-
stead of NGCC providing the baseload replacement for coal,
SAGD cogeneration provided this role while operating at
~89% load factor for 95% of the time.

= Scenario 5 (S5 or SAGD Rnw) was similar to S4, but the prov-
ince’s SAGD cogeneration capacity was maximized and scaled
to meet all heat demand for SAGD by 2030. This reduced the
load factor for the gas turbines leaving spare capacity that
could be used to provide the backup for the renewable energy
portion of the grid, thereby displacing NGSC as well as NGCC
generation capacity.

1 Layzell DB, Shewchuk E, Sit SP, Klein, M. 2016. Cogeneration options for a 33,000 BPD SAGD Facility:
Greenhouse gas and economic implications. CESAR Scenarios Vol. 1, Issue 3: 1-52.
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Comparing the GHG emissions associated with the various scenar-
ios revealed that government’s current policy direction (S3) should
reduce systems level GHG emissions by 147 Mt CO, compared to the
previous policy (S1) between now and 2030. However using SAGD
cogeneration (S4) instead of NGCC (S3) to provide base load power
as coal is retired has the potential to reduce GHG emissions by a
further 23 Mt CO, between now and 2030.

With the existing policies for the allocation of emission reductions
between heat and power generation, these additional emission re-
ductions will reduce GHG intensity associated with the production
of oil sands crude... but these reductions will not occur with S3.
Moreover, since cogeneration typically bids into the grid at low or
zero dollars price, power prices for consumers in a grid dominated
by SAGD cogeneration should be both lower and more stable than
power prices in a grid dominated by NGCC.

The use of SAGD cogeneration is aligned with the Alberta govern-
ment’s publicly stated desire (including in its Climate Leadership
Plan) to find cost-effective, collaborative, multi-stakeholder solu-
tions to address GHG emissions and climate change. The approach
is also aligned with the oil sands industry’s stated goal to become
not only cost-competitive with crude oil producers in other coun-
tries but also carbon-competitive — and as quickly as possible.

To incentivize and get the maximum benefit from the large-scale
use of SAGD cogeneration in the province, this report ends with a
consideration of accounting systems and policies that would allow
SAGD operators to claim temporary GHG reduction credits if their
deployment of SAGD cogeneration were formally linked to the early
retirement of coal and/or the back up of greatly expanded renew-
ables on the Alberta grid.

With such an accounting system and policy in place, the calculations
provided here show that it is possible to reduce the GHG intensity of
SAGD oil sands crude production to be equivalent to or lower than
conventional oil within the next five years. There is no other proven
technology capable of achieving this goal on this timeline.

Given the importance of oil sands production and export to the
economies of Alberta and Canada, industry, governments and en-
vironmental groups should explore the barriers and opportunities
for large-scale deployment of SAGD cogeneration that would clearly
position oil sands companies as being part of the solution to the
challenges of climate change, not only part of the problem.

3 + SAGD Cogeneration: Reducing the Carbon Footprint of Oilsands Production and the Alberta Grid
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1. Introduction

To address concerns about greenhouse gas?> (GHG) emissions con-
tributing to climate change, major forces are in play to reduce global
demand for oil and for refined petroleum products that currently fuel
most of the world’s transportation and chemical sectors. However,
until a significant reduction in oil demand is achieved through chan-
ges in behaviour, fuel sources or end use technologies, crude oil will
continue to be extracted and delivered to global markets.

Perhaps because of the challenges associated with changing human
behaviour or end use technologies, there has been a focus in recent
years on the GHG footprint associated with the extraction of differ-
ent kinds of crude oil. For example, the recovery of oil sands crude
using Steam Assisted Gravity Drainage3 (SAGD, see box) has GHG
emissions (typically 70-80 kilograms CO,/barrel) that are about
three times higher than the emissions associated with conventional
crude oil extraction (20-30 kg CO,/bbl).4

This differential in the carbon intensity of SAGD oil recovery has been
an important factor in fueling environmental and community con-
cerns about Alberta’s oil sands operations, especially the building of
new pipelines that would bring oil sands crude to markets in eastern
Canada, the U.S. and around the world. Given the importance of
oil production and export to the Albertan and Canadian economies,
there is clearly an interest in developing and implementing tech-
nologies that will dramatically reduce the GHG footprint associated
with SAGD production. Indeed, the stated goal of major oil sands
producers through their Canada’s Oil Sands Innovation Alliance
(COSIA), is to produce oil sands crude that has the same or lower
GHG intensity as conventional crude oils.

However, the emerging technologies needed to attain that goal will
likely take at least another 10 to 15 years to develop, test and scale up
for commercial use, based on typical technology development time-
lines. At the same time, there is an urgent need and growing public
pressure to transform our energy systems to lower-carbon energy
sources. Ideally, cost-effective, readily available ‘off the shelf’ (i.e.
commercial) technologies should be implemented over the next
few years to achieve the lowest possible GHG footprint for SAGD

2 The most important greenhouse gas (GHG) is carbon dioxide (CO,) that is produced primarily from the
combustion of fossil fuels like coal, oil and natural gas. Other GHGs include methane (CH4) and nitrous
oxide (N,O).

3 SAGD is the fastest growing technology for recovery of oil sands crude in Alberta. It currently produces
about 1 M bbl/d and is the primary technology capable of accessing oil sands reserves too deep to be mined
from the surface - which constitute about 80% of the oil sands reserves in Alberta.

4 |HS, CERA. 2012. Oil Sands, Greenhouse Gases, and US Qil Supply Getting the Numbers Right.

SAGD Cogeneration: Reducing the Carbon Footprint of Oilsands Production and the Alberta Grid + 4
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production. By doing so, the oil sands sector can show leadership
in finding effective, collaborative solutions to reduce Alberta’s GHG
emissions, which should help the Alberta government and industry
secure community and public acceptance of new oil sands infra-
structure. Meanwhile, investments should continue to be made to
develop more transformative technologies that will make oil sands
extraction and production the international benchmark for low-
GHG crude oil.

This report is the second in a series of studies by CESAR to explore the
technical, environmental and economic implications of deploying a
commercial technology on SAGD sites that can reduce system-level
GHG emissions. CESAR’s first report> in this series explored four
different case studies for the operation of a 33,000 barrel per day
SAGD facility having steam-to-oil ratios (SOR) of 2 to 4: (a) no co-
generation (Base Case); (b) one 85 MWe facility operating at 100%
load factor¢; (c) two 85 MWe facilities operating at 100% load factor;
and (d) two 85 MWe facilities operating at 60% load factor.

For the same oil production and the public grid contribution that
were observed in the three Cogen Cases, it was possible to compare
the total energy input, conversion losses and GHG emissions of the

AB SAGD FACILITIES AB ELECTRICITY SYSTEM
A A

Utility Power

SAGD Generators

. Facilit‘ies SAGD vz rPub“cr
Oil Sands . ..
4 Cogeneration = Electricity
Crude A }
Grid
Other
Cogen-
eration
GE/AR

Figure 1. Project concept where the solid shaded area defines the boundary
conditions of the modeling work carried out in this study.

5 Layzell DB, Shewchuk E, Sit SP, Klein, M. 2016. i
Greenhouse gas and economic implications. CESAR Scenarios Vol. 1, Issue 3: 1-52.

6 Percent of maximum daily output.
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Base Case with each Cogen Case. At an SOR of 3, Cogen was found to
reduce fuel use by 11% to 16.5%, conversion losses by 31% to 40%,
and GHG emissions by 26% to 37%. The GHG emission reductions
were equivalent to 1.2-2 kt CO,/day, or 421- 717 kt CO,/ yr for each
SAGD facility.

This report builds on the previous study to model the province-wide
implications of SAGD-cogeneration on both the Alberta electrical
grid and the production of SAGD oil sands crude.

To do this analysis, CESAR has built a technology-rich computer
model that includes the energy, carbon and product flows associ-
ated with Alberta’s past (from 2010), present and projected future
(to 2030) production of both SAGD oil sands crude and the entire
electrical grid (Figure 1).

This model is then used to explore 5 scenarios to 2030, and address
the following questions:

1. Over the next 15 years, what role could SAGD cogeneration
play in reducing the emission intensity of oil sands recovery
and helping to transform Alberta’s electrical grid through coal
plant retirements and significantly expanding renewables?

2. What are the options for deployment and what impact would
each scenario have on the flows of energy and carbon for both
the Alberta electrical grid and the province’s SAGD operations
over the next 15 years?

3. What would be the system-level costs, benefits and trade-
offs of such a transformation, when compared with the
‘business-as-usual’ alternative strategies to extract oil and
transform the Alberta grid?

4. If cogeneration in the SAGD sector is a ‘better’ option, what
are the barriers to deployment and how might these be over-
come through policies and/or regulation?

SAGD Cogeneration: Reducing the Carbon Footprint of Oilsands Production and the Alberta Grid + 6
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About Steam Assisted Gravity Drainage (SAGD)
and Cogeneration

Most of Alberta’s oil sands reserves are too deep to be extracted using
mining technology so they are extracted using ‘in situ’ technologies. The
two proven in situ technologies are cyclic steam stimulation (CSS) and
steam assisted gravity drainage (SAGD). Both technologies require the
injection of high-pressure steam into the reservoir to heat up the oil sands
crude in order to reduce its viscosity from almost 1 million centipoise

(cP) to less than 10 cP. At this low viscosity the crude will flow to in situ
production wells and then be lifted to a central processing facility (CPF)
when it is separated from the steam condensate and blended with diluent
for delivery to refineries. SAGD is currently the technology of choice by
new projects for in situ extraction of oil sands crude.

In many SAGD facilities, high-pressure steam is generated in conventional
boilers such as once through steam generators (OTSG) fired with natural
gas while the electricity that is required on site is imported from Alberta’s
public grid. Other facilities have installed natural gas cogeneration units
that deploy gas turbines (GT) for power generation and heat recovery
steam generators (HRSGs) for high pressure steam production. Excess
electricity not needed on site is exported to the grid. This requires the
installation of a sub-station where the power generated in the GT is
converted to that required by the grid.

Cogeneration makes a more efficient use of the energy embedded in the
natural gas fuels than any separate systems for heat and power generation.
And since natural gas represents a major cost for both the generation of
electricity and the production of SAGD oil sands crude, cogeneration can
potentially lower the cost of both oil production and electricity generation.

2. Scenario modeling approach and
assumptions

2.1. Modeling approach

Figure 2 provides an overview of the modeling approach used to cre-
ate various scenarios to 2030 for transforming the Alberta electric-
al grid, and reducing the carbon footprint of SAGD Facilities. After
defining some basic socio-economic assumptions that were used to
project future demand for electricity in the province (Figure 2A),
five different scenarios were created for the Alberta grid to deliver
on that demand (Figure 2B). Then, detailed information regarding
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SAGD
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Grid GHGs
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HRSG Duct Firing GE/AR

Figure 2. Schematic diagram outlining the flow of calculations used within a SAGD
/ Electrical grid model for creating and comparing a series of scenarios.

the complement of SAGD facilities in the province for each scen-
ario (Figure 2C) were provided to the facility-based SAGD model
described previously’ to obtain detailed information for each year
on the contribution of cogeneration power to the grid and heat to
SAGD production (Figure 2D). These data were used to calculate and
allocate GHG emissions to electricity and oil sands crude production
(Figure 2E).

The following sections provide additional details on each stage in
this process.

2.2. Lock in assumptions

Energy systems scenario models are built on historical data, and
then project into the future using a number of assumptions to con-
strain or frame the scenario projection. Sometimes, detailed histor-
ical data are not available, so reasonable estimates must be made.
In all cases, assumptions must be made about key drivers of growth
and economic development. Historical data was obtained from the

7 Layzell DB, Shewchuk E, Sit SP, Klein, M. 2016. Cogeneration options for a 33,000 BPD SAGD Facility:
Greenhouse gas and economic implications. CESAR Scenarios Vol. 1, Issue 3: 1-52.
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Figure 3. Past, present and projected crude oil production
in Alberta separated by the technology used for
extraction. For SAGD, estimates are given for the number
of 33,000 bbl/day facilities between 2015 & 2030.

Alberta Energy Regulator® and forecasts
to 2030 for the production of conven-
tional oil, heavy oil and oil sands crude
by mining, in situ CSS and SAGD were
obtained from the Canadian Association
of Petroleum Producers® (Figure 3).

In Alberta, the rate of oil sands de-
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Figure 4. Actual and projected Alberta
population, GDP, and GDP per capita.

velopment is a major determinant of population and GDP growth,
as shown in Figure 4. For population and GDP projections, annual
growth rates were assumed to be 1.01%, 1.02% and 1.00% for Alberta
population, GDP and GDP per capita, respectively. The resulting
forecast (Figure 4, labelled as CESAR) are slightly lower than re-
cent forecasts from the Alberta Treasury Board (ATB)* and National

Energy Board (NEB).

These assumptions were used to project Alberta’s electricity de-
mand to 2030 as shown in Figure 5. Much of the historical data in
Figure 5 were obtained from AESO®, but since more detailed data
were needed for our models than what was available from AESO (e.g.

8 Alberta Energy Regulator, ST98-2015, June 2015.

9 Canadian Association of Petroleum Producers, Crude Oil Forecast, Markets & Transportation, June

2015.

10 Alberta Treasury Board and Finance Office of Statistics and Information - Demography, Population

Projection - Alberta 2015-2041, July 31, 2015.

11 National Energy Board, https://apps.neb-one.gc.ca/ftrppndc/dfit.aspx, January 2016.
12 Alberta Electric System Operator, AESO 2016 Long-term Outlook, May 2016.
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Figure 5. Historical and projected electrical demand by sector (A), and for the
period 2010 to 2015 the proportion of total demand that was served by the public
grid vs. BTF (B), or the contribution of various generation sources to meet the
demand (C).

cogeneration, separation of behind the fence vs public grid, cap-
acity factors), information was compiled from a range of sources
(publications from OSCA3, CIEEDAC%, and McGarrigle’) to which
assumptions were added. Ultimately, we forecasted the electricity
demand shown in Figure 5A. By 2030, CESAR’s estimated electrical
demand was about 5% lower than a recent forecast from AESO™*.

Figure 5B shows in 2010 to 2015, 79% of the demand is satisfied
by the public grid, with the remainder from so-called ‘behind-the-
fence’ (BTF) generation. Also shown for the same six-year interval
are the components of generation technologies that were estimated
to meet this electricity demand (Figure 5C). It shows that coal-fired
power supply was essentially flat; a growing portion was satisfied
by natural gas-fired generation, of which cogeneration is the dom-
inant source over natural gas combined cycle (NGCC) or single cycle
(NGSCQ).

Cogeneration in Alberta. As noted above, obtaining accurate, de-
tailed data on cogeneration was particularly challenging, so we drew
on the publications used for Figure 5 and worked to reconstruct a

13 OSCA, 2014 Qil Sands Co-generation and Connection Report, June 2014.

14 CIEEDAC data can be found on their website http://www?2.cieedac.sfu.ca/Databases
15 McGarrigle P, Cogeneration & Carbon Management, January 2014.

16 Alberta Electric System Operator, AESO 2016 Long-term Outlook, May 2016.
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credible picture of cogeneration in
the province in 2014. The results of
this work are shown in Figure 6.

In 2014, total electricity provided by
cogeneration in Alberta was esti-
mated to be 23 TWh. Figure 6 dis-
sects this total into the industry
sectors of SAGD, industry, mining,
upgrading, utilities and commercial.
For each sector, it also shows the
amount exported to the public grid
and the amount used BTF. It shows
that in the industry sectors, a signifi-
cant portion of the larger sectors was
consumed BTF. For example, of the
largest sectors, 35%, 88% and 70%
respectively of the Cogen electricity
produced in SAGD, mining and in-
dustry, were consumed BTF.

The ‘Average’ SAGD Facility. The
average SAGD facility has an oil out-
put of 33,000 BPD and an SOR of 3.
The total heat for all SAGD projects
derived from each source (OTSG, duct
burning, and from the gas turbine) as
well as the electricity imported from
the grid, consumed BTF, and export-
ed to the grid were averaged and ex-
pressed for a typical facility. Figure
7 shows how the average amount of
Cogen use per facility has declined
since 2010, with the exception of
2012, and is expected to decline into
the near future. This is because the
majority of new SAGD facilities have
not installed or are not installing co-
generation. Early users of SAGD tech-
nology typically installed Cogen on
their site, but as growth in the indus-
try increased fewer sites had installed
Cogen. This has led to an increase in
consumption of grid power and rela-
tively more oil being produced from
OTSGs.

Alberta Cogeneration (2014)
Total: ~23 TWh/yr

gre  Industry--\

Upgrading BTF
& Mining 4
BTF

G}-,b,

BTF
GE/AR

Figure 6. The calculated allocation of
cogeneration in Alberta in 2014 to various
sectors and, within each sector, the proportion
of cogenerated power that is used ‘Behind the
Fence’ (BTF, lighter shade) or exported to the
public grid (Grid, darker shade).

‘Average’ 33,000 BPD SAGD
Facility (2010-2018)

40
T30
=
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© i
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Figure 7. Heat (red shades) and power
generation (light blue, light green), and grid
power used (dark blue) from the ‘average’ 33,000
bpd SAGD facility in Alberta 2010-2018.
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2.3. Characterize the Alberta grid for each Scenario

Given the electricity demand projection provided in Figure 5, five
different scenarios were created to meet this demand. Recognizing
that Alberta currently has significantly more generation capacity
than it needs at the present time (reserve margin of ~27%), all of
the scenarios included an assumption that the first coal plant re-
tirements scheduled for 2019 would not be replaced by new gener-

ation capacity.

Table 1. Coal plant retirement schedules that were assumed in this study. Compared to the federally
regulated 50 year retirement (BAU 2015), the ‘early retirement’ (BAU 2016) schedule was estimated
to reduce coal plant-year operations by 151 years, resulting in up to 434 TWh of other generation, and
potentially reducing GHGs by 268 Mt CO,,

TWh
Blant Name Capacity ~ Build ~ BAU2015 BAU2016 Years 'Z?S?ﬁﬁf Re ditlt?onav"
(MWh) Year Retirement Retirement Reduced Sources (MtCO,)
(TWHh)

Battle River station unit 3 149 1969 2019 2019 0 0 0
Sundance station unit 1 288 1970 2019 2019 0] 0 0
HR Milner station 144 1972 2019 2019 0] 0 0
Sundance station unit 2 288 1973 2019 2019 0 0 0
Battle river station unit 4 155 1975 2025 2020 5 5.4 34
Sundance station unit 3 362 1976 2026 2021 5 12.7 7.8
Sundance station unit 4 406 1977 2027 2022 5 14.2 8.8
Sundance station unit 5 406 1978 2028 2022 6 17.1 10.6
Sundance station unit 6 389 1980 2029 2023 6 16.4 10.1
Battle river station unit 5 385 1981 2029 2024 5 13.5 8.3
Keephills station unit 2 395 1983 2029 2024 5 138 8.6
Keephills station unit 1 395 1983 2029 2025 4 111 6.8
Sheerness station unit 1 390 1986 2036 2025 11 30.1 18.6
Sheerness station unit 2 390 1990 2040 2026 14 38.3 23.6
Genesee station unit 1 400 1994 2044 2027 17 47.7 295
Genesee station unit 2 400 1989 2039 2028 11 30.8 19.1
Genesee station unit 3 466 2005 2055 2029 26 84.9 525
Keephills station unit 3 450 2011 2061 2030 31 97.8 60.4

Total 151 433.7 268

2Coal GHG intensity assumed to be 1008 kg CO,e/MWHh.

® Replacement GHG intensity assumed to be 390 kg CO,e/MWh.
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Rather, as those coal plants ceased to provide power for the public
grid, the capacity factors would be increased in the other existing
facilities so they were more in line with typical operational stan-
dards for those technologies. As a result, the reserve margin for the
Alberta grid would be reduced to about 15%. Only after this criterion
was met, we then implemented the five scenarios of building new
capacity and bringing new generation onto the Alberta grid in order
to meet growing demand, normal plant retirement dates, or early
retirements of coal plants.

The generation technology most impacted by this assessment was
NGCC which was allowed to increase to an annualized capacity fac-
tor of 85% (equivalent to a 90% load factor for 95% on stream,
assuming that the units were down for maintenance for 5% of each
year).

Other common principles used in creating the scenarios are sum-
marized in Table 2. As shown in the schematic of Figure 2, the scen-
arios are built first by defining the annual contribution to generation
(TWh) from each technology; then using a ‘target’ capacity factor,
create a build scenario for new power plants. This build scenario
also takes into consideration existing stock, and when that stock
would normally be turned over (Figure 2).

The reserve margin is then calculated for the grid, and if new cap-
acity is needed, it is provided as natural gas-single cycle (NGSC)
that is assumed to have a capacity factor of 10%. The resulting
NGSC generation modifies the original scenario generation profile

Table 2. Generation Parameters.
Generation lejz": Lifetime  Target é’gi’fg/ (I':)II)D(ES( VggaEl;(le I;;gllicgs/t Elcl:i :::: :EnT;S;ic'zc
Type (MW) (years) CF KW) (2014%$/ (2014%/ GJt) (2014%$/ (GJt/ (kgCO,/
kW/y) MWh) MWhe) MWhe) MWh)
Coal 450 50 80% 4350 37 7 $1.75 $16.80 9.6 1008
NGCC 300 25 85% 1725 23 5 $3.25 $24.85 7.6 390
NGSC 85 25 10% 1250 18 6 $3.25 $33.46 10.3 525
Cogen 85 25 85% 17502 23 5 $3.25 $24.85 7.6 390
Hydro 100 100 54% 5550 21 0 $0.00 $0.00 0 0
Biomass 100 30 60% 4550 60 6 $0.00 $0.00 12 31
Wind 150 25 32% 2050 62 0 $0.00 $0.00 0 0
PV 100 25 15% 2500 46 0 $0.00 $0.00 0 0

2Cogen CAPEX is 75% of total capital cost (including HRSG).
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and an iterative process is used to reach a balance of generation and
capacity for each scenario and year. From these values, the ‘actual’
capacity factor is calculated for each technology and year, and cal-
culations are also carried out for capital expenditure (CAPEX), oper-
ating costs (OPEX) and the levelized cost of electricity (LCOE).

The following five generation scenarios were created to explore the
environmental and economic costs, benefits and trade-offs associ-
ated with possible energy futures for the Alberta grid.

S1. BAU 2015 - This scenario projects coal retirements af-
ter about 50 years, the policy that existed in early 2015, be-
fore the announcement of the new Alberta Climate Leadership
Plan. Scenario S1 assumes that NGCC technology will be used
to replace coal as the base load, and an additional 2 TWh per
year of wind power will be added to the public grid by 2030. If
more reserve capacity (to maintain 15%) is needed to back up
the non-dispatchable wind power, it will be provided by NGSC
generators.

S2. BAU 2015 Rnw — The BAU 2015 Rnw scenario is identical to
S1, except it brings on an additional 12 TWh per year of wind and
solar generation between now and 2030 to meet new demand
and to replace the generation once provided by retiring coal
plants. The 12 TWh value for renewable generation is chosen
since it is one component of the government’s new climate plan
and it creates a reference scenario that can be used later to tease
apart the environmental and economic implications associated
with components of the new policy directive. In this scenario,
NGCC technology will be used to replace retiring coal genera-
tion not satisfied by renewables. As with S1, this scenario uses
NGSC generation to back up the non-dispatchable wind and
solar power.

$3. BAU 2016 — The BAU 2016 scenario implements a version of
the new Climate Leadership Plan in which all coal generation is
retired by 2030, and two-thirds of coal capacity is replaced with
renewables. For the renewables contribution, this is calculated
as an additional 12 TWh per year of wind and solar generation
by 2030, a value similar to that used in the recent AESO 2016
outlook'. NGCC technology will be used to replace retiring coal
generation not satisfied by renewables. As with S1, this scenario
uses NGSC generation to back up non-dispatchable wind and
solar power.

17 Alberta Electric System Operator, AESO 2016 Long-term Outlook, May 2016.
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S4. SAGD Max — The SAGD Max scenario is identical to the BAU
2016 scenario (S3) but instead of using NGCC to replace retiring
coal generation not satisfied by renewables, this scenario ex-
pands the contribution of SAGD cogeneration (typically two 85
MWe Cogen units per 33,000 BPD facility) running with an an-
nualized capacity factor of 85% (equivalent to a 90% load fac-
tor for 95% on-stream, assuming that the units were down for
maintenance for 5% of each year). As with previous scenarios,
NGSC generation is used to back up non-dispatchable wind and
solar power.

S5 SAGD Rnw — The SAGD Rnw scenario is similar to the SAGD
Max scenario (S4) but instead of scaling the number of SAGD
Cogen units to meet the demand needs of the public grid, those
units are scaled to maximize deployment, by 2030, based on two
85 MWe Cogen units operating at 55.3% Load Factor per 33,000
BPD facility. In doing so, the annualized capacity factor for the
SAGD cogeneration units was only about 53%. This leaves
significant capacity that could provide the 15% reserve mar-
gin needed to back up renewables. If additional reserve mar-
gin is needed, NGSC generation can be called upon to back up
non-dispatchable wind and solar power.

18 Equivalent to 55.3% load factor for SAGD cogeneration facilities running 95% of the time (down 5% for
maintenance).
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Table 3. Principles and assumptions for building the five scenarios for the Alberta electrical grid to 2030.

Criteria BAU 2015 BAU 2015 Rnw BAU 2016 SAGD Max SAGD Rnw
Coal Retire After ~50 years Coal retired by 2030 as per new policy
5 Renewables Slow growth Rapid Growth to add ~12 TWhr of new Wind and Solar by 2030
S
S | Replacing coal? NGCC @ 85% CF SAGDCogen@ | sAGD Cogen
© 85% CF @ 53% CF then
Renew. backup NGSC @10% CF NGSC @10% CF
Capacity and Generation Sources common to all scenarios
Biomass Capacity projection increases from AESO 2016 LTO (from 409 to 658 MW in 2030) @ 60% CF
Hydro Capacity projection increases from AESO 2016 LTO (hold at 894 MW) @ 54% CF

Cogen: NonSAGD OS

Includes CSS (from 252 to 422 MW in 2015), Mining (from 842 to 1011 MW in 2018), upgrading
(371 MW); generation @ 65% CF

Cogen: Industry 809 MW @ 65% CF

Cogen: Commercial 44 MW @ 60% CF

Cogen: Utilities 421 MW @ 60% CF

NGSC peaker 996 MW @ 10% CF

NGCC Existing 1716 MW @26% CF in 2014. With first Coal retirement, CF rises to 85% CF as needed

Cogen: SAGD basic

‘Average’ Cogen as per Fig. 7 where AB has 1108 MW @ 75% CF in 2014. With first Coal retirement,
CF rises to 85% CF as needed

Imported Power

Set at 1% of Alberta internal load

Drivers for Scenario D

ifferences in Grid supply

Declines from 6258 to 5389 MW in Declines from 6258 in 2017 to 4060 MW in 2020, then

Coal 2019, then from 2025-2030, declines . o
t0 2496 MW @ 75% CF gradually to O MW in 2030 @ 75% CF
Rises slowly from
. 1178 MW in 2014 . . . o
Wind t0 1943 MW in Rises from 1178 MW in 2014 to 5100 MW in 2030 @32% CF
2030 @ 32% CF
. . 4-9 MW PV until 2025, then PV increases to 1009 MW between 2026 and
PV No PV in Scenario

2030 @15% CF

Scenario responses to

above Drivers

NGCC New

New capacity built as needed, assuming 85% CF No new NGCC

Cogen: SAGD New

New Capacity
built as needed

New capacity
built as needed

No New SAGD Cogen to meet power to max of ~8200
needs, assuming MW, but CF is
85% CF ~53%.

NGSC for Backup

Capacity built in 85 MW steps to ensure ~15% reserve margin of dispatchable power, then
generation calculated assuming 10% CF.
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2.4. Extract Scenario SAGD Specifications

The facility model that was integrated into the grid model for the
purposes of this paper is the same one that was used in Paper 1. It
is based on a standard 33,000 BPD facility, and for the purposes of
the current report, the SOR was fixed at 3.

This model uses industry data to calculate natural gas requirements,
grid power requirements, BTF power requirements, power export-
ed to the grid, the source of heat for steam production, and the
GHG emissions associated with each of the calculated outputs. For
a standard facility the heat demand for the steam is constant, but
due to differences in efficiencies to create the steam from different
technologies, the natural gas requirement changes. Also, adding
Cogen reduces the amount of power demand for a plant as large fans
are no longer required to move air through OTSGs for combustion,
though smaller fans are required for the forced air duct burning.

Inputs into the facility model from the grid model include the cap-
acity factor of the Cogen, the grid GHG intensity, and the number
of Cogen units. The model then outputs the amount of energy going
into steam production from the GT, from duct burning, from FA-
DB, and from OTSGs, and the amount of electrical energy imported
from the grid, used behind the fence, or exported to the grid for
each type of facility (zero, one or two Cogen units). It also outputs
the GHG emissions associated with the energy flows and the overall
GHG intensity per barrel for each type of site.

GHG emissions are calculated by first determining the amount of
heat produced by each technology. The heat produced by the gas
turbine is variable based on the load factor of the turbine. A gas
turbine has a heat-to-power ratio that can range from 1.19 at 100%
load factor, to 1.79 at 50% load factor. The maximum fuel use al-
lowable for duct burning is 40% of the fuel that goes into the gas
turbine. Once this 40% limit is reached, all other heat must be pro-
duced by either forced air duct burning or OTSG. For sites with two
Cogen units all of the additional heat required would be produced
from FA-DB. For sites with only one Cogen unit only half of the
steam comes from the gas turbine, duct burning, and forced air-
duct burning, with the other half coming from OTSGs. Any produced
gas consumed on the site was assumed to be consumed first by duct
burning, then by forced air- duct burning, then by OTSG. For a typ-
ical site with Cogen, all of the produced gas would be consumed by
duct burning. The produced gas has a higher GHG intensity of 99

19 Layzell DB, Shewchuk E, Sit SP, Klein, M. 2016. Cogeneration options for a 33,000 BPD SAGD Facility:
Greenhouse gas and economic implications. CESAR Scenarios Vol. 1, Issue 3: 1-52.
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kg CO,/GJ compared to 49 kg CO,/GJ for natural gas. All of the GHG
emissions from duct burning, forced air-duct burning, and OTSGs
are attributed to the SAGD operations. The GHG emissions from
the gas turbine are split by assigning 390 kg CO,/MWhe to the elec-
trical power production, and the remainder is assigned to the SAGD
operations.

2.5. Formula to Calculate Levelized Costs of Electricity

The levelized cost of electricity (LCOE) for the system was calculat-
ed by first calculating the levelized cost for each generation tech-
nology. The LCOE calculation is based on a standard formula that
includes amortization of capital, fixed and variable operating costs,
fuel cost and carbon levy as shown below?°:

LCOE = SepitalcostxCRE X (1-TxDpy) | Fixed ORM \ \, ioble 0&M + Fuel Price x Heat Rate + GHG Intensity x Carbon Price
B?GUICFI(I—T} 8760 x CF
_ p(a+p)N
and CRF = eD)" 1
Where:

= (Capital cost — The cost to build a new power plant in S$/MWe.
For Cogen facilities only the portion attributed to power pro-
duction was included. This was estimated to be 75% of the
total capital cost.

= CRF - Capital recovery factor.

s T — Tax rate. Assumed to be 39.2% for all cases.
= D, — Present value of depreciation.

= CF - Capacity factor.

= 8760 — Number of hours per year.

= Fixed O & M - Fixed operations and maintenance cost of the
plant per capacity in $/MWe.

m  Variable O&M - Variable operations and maintenance cost of
the plant in $/MWhe.

= Fuel Price — Fuel cost in $/GJt

= Heat Rate — The efficiency of the generator in converting fuel
into electricity in GJt/MWhe

20 LCOE formula and factors used are from http://en.openei.org/apps/TCDB/levelized_cost_calculations.
html.
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= GHG Intensity — Greenhouse gas intensity over the regulated
limit in t CO,/MWhe. The limit was set to 88% of emissions
up to 2015, 85% emissions in 2016, 80% of emissions in 2017,
and 390 kg CO,/MWhe in 2018 and beyond.

= Carbon Price — The cost of GHG emissions in $/t CO,. This
price was set to $15/t CO, up to 2015, $20/t CO, in 2016, S$30/t
CO, in 2017 and 2018, increasing by 2% per year beyond 2018.

= D - Discount rate. Assumed xto be 7% for all cases.

= N - Life of the facility. This varies for each type of generation
technology.

For the SAGD Cogen projects the LCOE was calculated before oil
sands royalty. The overall grid LCOE was then calculated by sum-
ming up the LCOE for each technology multiplied by the percentage
of the electricity produced by that technology over each year.

3. Scenario Results

3.1. Electricity Generation and Capacity Projections for
Alberta

Using the approach defined in the previous sections of this report,
five scenario projections were created for annual power generation
in TWhe (Figure 8) along with the corresponding stock of generation
capacity in GW (Figure 9). All of the scenarios meet the projected
electricity demand in the province (Figure 5), and all maintain a re-
serve margin of about 15%.

Highlights of specific scenarios include:

= In S1 (BAU 2015), NGCC replaces coal generation as the coal
plants retire after about 50 years (Figure 8), and in 2019,
the generation capacity of the Alberta grid declines slightly
(Figure 9) reflecting a decrease of the reserve margin to about
15%.

= In S2 (BAU 2015 Rnw) wind and solar are projected to add an
additional 12 TWh of renewable power to the grid primari-
ly at the expense of NGCC (Figure 8). As a result, a signifi-
cant amount of new NGSC capacity is required (Figure 9) to
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maintain the reserve margin at 15%. By 2030, grid capacity is
at 21.7 GW in S2 compared to 17.1 GW in S1.

= In S3 (BAU 2016), the generation decline associated with the
early retirement of coal plants (by 2030) is replaced by NGCC
and new renewable generation (Figure 8), although the need
to back up renewables required a significant build of new
NGSC capacity (Figure 9). By 2030, grid capacity is at 21.9
GW.

= InS4 (SAGD Max), Cogeneration and renewables replace much
of the generation lost through coal retirements (Figure 8), re-
sulting in an increase in the capacity builds for Cogeneration,
renewables and NGSC (Figure 9). By 2030, grid capacity is at
22.0 GW (Figure 9) and Cogen (including SAGD) accounts for
56% of total generation in the province (Figure 8).

= In S5 (SAGD Rnw), a much larger build of Cogeneration cap-
acity is projected instead of NGCC and NGSC capacity (Figure
9), but much of this is used to back up renewables. The re-
sulting generation profile is similar to S4 (Figure 8). By 2030,
the total grid capacity is at 22.5 GW (Figure 9) and Cogen
(including SAGD) accounts for 59% of total generation in the
province (Figure 8).

3.2. SAGD Energy Flows and the Effect of Cogeneration

The projected role of Alberta’s SAGD facilities in electricity pro-
duction and end use for the five scenarios is provided in Figure 10.
In the first three scenario projections (S1, S2 and S3), the existing
SAGD Cogen facilities continue to meet their own power needs while
providing surplus electricity to the grid, but new SAGD facilities are
assumed to draw from the grid (Figure 10).

However, in the scenarios in which SAGD Cogeneration plays a ma-
jor role in displacing coal-fired power (S4 and S5), there is projected
to be an additional 28 (S4) or 31 (S5) TWhe per year of Cogenerated
power being supplied to the public grid in the province by 2030
(Figure 10). Between 2020 and 2030, for every TWhe of SAGD Cogen
power that is used behind the fence (BTF), 6.0 (S4) or 4.4 (S5) TWh
of power is delivered to the public grid. That represents an increase
from the current situation (and the S3 projection) where power to
the public grid is only about 3.5 TWh for every TWh used BTF.

When the data on electrical energy flows in Figure 10 are converted
from MWhe/yr to PJ/yr and plotted together with the flows of energy
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as steam for SAGD (also in PJ/yr), the results (Figure 11) show that
the heat energy or steam demands dwarf those for electricity.

In this study, Cogen heat is assumed to include the heat that is
captured from the gas turbine (GT) exhaust, duct burner (DB) and
forced air-duct burner (FA-DB). Given that, in S1, S2 and S3, Cogen
heat accounts for 27% of total heat demand for SAGD in 2015; this
declines to 13% by 2030 (Figure 11).

However, in the SAGD Max Scenario (S4), by 2030 SAGD Cogen pro-
vides 58% of total heat demand for SAGD operations in the prov-
ince. In this scenario in 2030, 85 MWe SAGD facilities occupied
approximately 26 of the potential 98 locations (in 2030, there are
approximately 49 SAGD facilities, each with two locations for 85
MWe Cogen units) for SAGD Cogen in Alberta (Figure 11).

In the BAU Rnw scenario (S5), SAGD cogeneration was scaled to oc-
cupy virtually all of the 98 potential sites in the province by 2030. In
that year, Cogen-derived heat accounted for 100% of the total SAGD
heat demand (Figure 11).

These results illustrate the potential for SAGD cogeneration to play
a major role in delivering both large amounts of low-cost electricity
to the public grid, as well as all the heat and power requirements for
SAGD production.

3.3. Greenhouse Gas (GHG) Emissions (AB Grid + SAGD)

In 2015, the GHG emissions associated with the Alberta electrical
grid and SAGD production are estimated to be 71 Mt CO,/yr (Figure
12). In S1, these emissions were projected to peak at 83 Mt CO,/yr
in 2025 and then settle to 80 Mt CO,/yr by 2030. By implementing
a more rapid coal retirement by 2030 and committing to 12 TWh/yr
of additional renewable generation, the BAU 2016 scenario (S3) pro-
jected total GHG emissions to peak at 76 Mt CO,/yr in 2018 and then
decline to 66 Mt CO,/yr by 2030 (Figure 12).

Using the S1 scenario as a reference, by 2030, the S3 scenario would
have an accumulated GHG emission reduction of 147 Mt CO, (Figure
12). Deconstructing these emissions for the BAU 2016 scenario (S3)
it shows that over this period (2015 to 2030), annual emissions from
SAGD production were projected to rise from 21 to 40 Mt CO,/yr, re-
flecting the projected two-fold increase in SAGD production (Figure

3).

However, electricity-related GHG emissions between 2015 and 2030
were projected to decline from 53 to 28 Mt CO,e/yr (Figure 12),
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despite a projected 1.2-fold increase in electricity demand over this
period (Figure 5). Clearly, the decisions to speed the retirement of
Alberta’s fleet of coal plants, have a carbon tax on any generation
with a GHG intensity at higher than 390 kg CO,/MWhr, and integrate
more renewables in the generation mix, all work together to account
for this significant projected reduction in provincial GHG emissions.

By comparing S2 to the S1 reference, it is possible to estimate the
separate contribution of the renewables policy and the early coal
retirement policy to the projected cumulative 147 Mt CO, emission
reduction (see Figure 12). The calculations show that about 28 Mt
CO, of the reduction can be attributed to the renewables policy, so
the remaining 119 Mt CO, can be attributed to the early retirement of
the coal-fired power plants and their replacement with NGCC gen-
eration (Figure 12).

Comparing the SAGD Max scenario (S4) with the BAU 2016 scenar-
io (S3) and the reference scenario (S1) shows that using SAGD co-
generation to replace coal instead of NGCC delivers an additional 23
Mt CO, in GHG emission reductions (Figure 12). In 2030, the total
GHG emissions in the S4 scenario are 63 Mt CO,/yr, versus 66 Mt
CO,/yr in the S3 scenario.

The additional 23 Mt CO, cumulative GHG reductions can be attrib-
uted to the SAGD cogeneration operations. While 2030 GHG emis-
sions from the grid were similar in S3 and S4, 2030 SAGD emissions
in S4 were 37.8 Mt CO,/yr, 2.6 Mt CO,/yr lower than that projected
to occur in the BAU 2016 scenario (S3, 40.4 Mt CO,/yr) (Figure 12).

The lower SAGD emissions were attributed to the greater efficiency
associated with heat generation from GT and DB, and the lower elec-
tricity demand in SAGD cogeneration facilities than in those relying
on the public grid and OTSGs for power and heat, respectively.

When SAGD cogeneration installations are maximized to both re-
place coal, and create a low-cost backup capacity for renewables
(Scenario S5), the cumulative GHG emission reductions are, at 162
Mt CO,, 15 Mt CO, lower than that for Scenario S3 (147 Mt CO,) (Figure
12). The slightly higher emissions in S5 than in S4 can be attributed
to the less efficient forced air duct burning, and the resulting higher
electricity demand in these SAGD facilities.
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4. Levelized Cost of Electricity

The levelized cost of electricity was calculated for the entire grid for
each of the 5 scenarios. Figure 13 shows how the cost is expected
to peak in 2018 for all cases due, in part, to an increase in the car-
bon tax and the continuation of a grid with excess capacity. The
price starts to fall after 2018 due to some coal retirements that are
not replaced by new capacity, making the grid more efficient. Also,
with these retirements, coal is a smaller portion of the overall grid
and therefore the carbon taxes have a lower impact on LCOE. The
cost of natural gas was assumed to be 2014$3.25/GJ and would hold
steady from 2016 to 2030. This is a fairly low assumption, but the
LCOE increases for all scenarios relatively equally with the increase
in natural gas price, due to the fact that natural gas is a large com-
ponent of generation in all scenarios.

The most expensive option is the BAU 2015 with renewables scen-
ario (S2). This is because coal becomes more expensive due to the
carbon tax and with more wind, there is need for NGSC to maintain
the 15% reserve margin.

The least expensive options over the 2020 to 2030 period are the BAU
2016 (S3) and SAGD

Max (S4) scenarios, $100 | BAU 2015 BAU 2015 Rnw

due to the fact that
the grid is more ef- |
ficient (i.e. high cap- $80 |

acity factor for NGCC SAGD Rnw
and Cogen), and ex-
pensive coal is being
retired by 2030.

1 %96 |

L0y
=]
o

It is important to note
that these calcula-
tions do not consid-
er the cost of trans-
porting the electricity 520

from the sites of gen- 1972

eration to where it 2015 2020 2025 2030 GE/AR
will be utilized within 30
the province. 2010 2020 2030

($2014/MWh)

$40 - $88 +

1480 +

Levelized Cost of Electricity

Figure 13. Levelized cost of electricity for the five scenarios.
The insert figure provides additional detail.
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5. GHG Intensity for SAGD & the Public Grid:

Scenario Impacts

Standard Allocation of Emissions to SAGD and the Electrical Grid.
In 2015 the average GHG emission intensity from SAGD production
was 70.7 kg CO,/bbl of crude oil, which is approximately three times
higher than conventional oil production (Figure 14A). Assuming no
new SAGD cogeneration in the next 15 years (S1 to S3; BAU 2015,
BAU 2015 Rnw and BAU 2016), the GHG intensity is not projected to
change in any substantive way (Figure 14A, solid lines).

However, with the addition of new SAGD cogeneration capacity in S4
(SAGD Max) and S5 (SAGD Rnw) scenarios, the average GHG inten-

sity of SAGD oil sands crude
is projected to decline slight-
ly to 65 kg CO/bbl by 2030
(Figure 14A, solid lines).

If the GHG savings from
SAGD cogen were only as-
signed to those barrels of oil
sands crude that were pro-
duced from the heat gen-
erated by cogeneration (i.e.
gas turbine + duct burning),
GHG intensities as low as 60
kg CO,/bbl could be obtained
(Figure 14A, dashed line).

As noted previously (Figure
12), the systems level benefit
of using SAGD cogeneration
(S4, SAGD Max) instead of
NGCC (S3, BAU 2016) to en-
able the early retirement coal
by 2030 was estimated to be
23 Mt CO, between now and
2030, with presumably even
more benefits accruing after
2030.

The calculations described
above assume that the GHG
intensity associated with
putting electricity on the

A. SAGD GHG Intensity

BAU 2015, BAU 2015 Rnw
> A—/-'—\_
= = —F== — Cogen’s
C — g0 + reduction in
v 5 . .
235 Per cogen / SAGD Rnw GHG intensity
= barrel of SAGD
Qo0 Production
T O 40 T
O w
0 4
o Conventional Oil ‘Target Zone’
<C 20
wv
0
B. Public Grid GHG Intensity

>
=
= — 800 ¢ 501E
b S BaY 2015 BAU 2015 Rnw
[}
= 1 50 year coal
s
G % 600 retirement
T O Renewables
o © 400 +

o) SAGD Rnw Early Coal
T X .
= = retirement
U] 200

| GE/AR

2010 2015 2020 2025 2030

Figure 14. Comparison of the five scenarios for the GHG
intensity of SAGD production (SOR=3) in kg CO,/bbl

(A), and of the public electrical grid in kg CO,/MWh (B)
assuming a standard allocation of emissions to the grid
vs. oil sands crude production. In panel A, the shaded
area shows the range of GHG intensities for conventional
oil production. In panel B, the 119 Mt CO, comes from
multiplying the highlighted area by the electricity
consumption between now and 2030.
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grid is 390 kg CO,/MWh for both natural gas combined cycle and
cogeneration. Given this assumption, scenarios S3 (BAU 2016), S4
(SAGD Max) and S5 (SAGD Rnw) show a significantly lower grid
GHG intensity than S1 (BAU 2015) or S2 (BAU 2015 Rnw), scenarios
that have a greater contribution from coal (Figure 14B). Over the
period from 2017 to 2030, scenarios S3 to S5 have approximately 119
Mt CO, lower GHG emissions than, scenario S2 (Figure 14B). This
number represents the GHG benefit associated with the early retire-
ment of coal.

Allowing SAGD cogeneration operators to take temporary credit for
the GHG reductions associated with the early retirement of coal.
With the large scale incorporation of cogeneration in Alberta over the
next 15 years, SAGD

operators could play a

major role in enabling A. SAGD GHG intensity

the early retirement 80 BAU 2015 _ BAU 2015 Rnw

of coal plants in the >

province. If the re- 2 = 60 7

sulting system level =<2 Per cogen

emission reductions £ G a0 - barel . | Oil produced from
were assigned to all & 2 ~_. . e ogen heatte
SAGD oil sands crude g 20 Conventional Oil ‘Target Zone bgtter than
p]del.lCtiOIl in the convent‘ionc."ul oil in
province, the GHG in- CHE Intensity
tensity would be be- B. Public Grid GHG intensity |

tween 40-50 kg CO,/ - 200

bbl (Figure 15A, solid 2 BAU 2015

line). However if the & < 600 S
GHG benefits were 2= Reduction in Gric
Only aSSigned to oil ;58N400 associatedwivth 5(‘;
sands crude produced & 2 PAL 20 R yr coal retirements
from cogen heat, then 5 200 ACD F & renewables.
SAGD GHG intensity = GE/AR

declines to between 0

2 and 30 kilograms of 2010 2015 2020 2025 2030

CO, per barrel, values . ) )
ivalent to or better Figure 15. Comparison of the five scenarios for the GHG
equ intensity of SAGD production (SOR=3) in kg CO,/bbl (A),

than conventional oil and of the public electrical grid in kg CO,/MWh (B) when
(Figure 15A, dashed emission reductions resulting from the early retirement of

lines). coal are temporarily assigned to oil sands crude production.
In panel A, the shaded area shows the range of GHG

Note that the calcu- intensities for conventional oil production and the dashed

lated SAGD GHG in- line shows intensity values when emission reductions are

tensities first decline assigned only to those barrels recovered with the heat from

and then rise again, SAGD cogeneration. See text for other details.
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reflecting the temporary nature of the GHG benefits. In other words,
benefits from early coal retirement only accrue to SAGD production
up to the point that the coal plants would have retired in any case.
This would allow the SAGD facilities with Cogen to meet or surpass
the GHG intensity of conventional oil production for about 10 years.

It would be important that during this time there was a strong in-
centive for SAGD companies to reduce the GHG intensity of oil sands
recovery through other technologies so that their emissions do not
spike once the credits begin to expire.

By assigning the GHG reductions to SAGD production, these reduc-
tions are no longer available to be assigned to the public electrical
grid (Figure 15B). While the public grid’s GHG intensity continues

to decline over this period, its
decline is not as rapid as in S3
(BAU 2016).

Figure 16 summarized the re-
sults of an accounting system
that is in between the ex-
tremes envisaged in Figure 14
and 15. It assumes that 60% of
the emission reductions on the
grid for removing coal could
be credited to the SAGD fa-
cilities. Average over all SAGD
production, GHG emissions
are a low of 50 kg CO,/bbl in
2025 for S4 (SAGD Max), and
51 kg CO,/MWh in 2025 in S5
(SAGD Rnw).

However, if the emission re-
ductions are only attributed to
oil produced from cogenera-
tion heat, the intensity would
go down to a low of 25 kg CO,/
MWh in 2024 for S4 (SAGD
Max), and 43 kg CO,/MWh in
202/ for S5 (SAGD Rnw). This
puts the SAGD Max sites into
the same GHG intensity range
as conventional oil while at the
same time reducing the public
grid GHG intensity below S2
levels (Figure 16B).

SAGD GHG Intensity

Public Grid GHG Intensity

(kg CO,/bbl)

80

[=)]
o

B
o

N
(]

A. SAGD GHG intensity

BAU 2015, BAU 2015 Rnw
\
T \ SAGD Rnw
Per cogen « Y

- -

barrel

Cogen oil from
SAGD Max scenario
equivalent to
conventional by

Conventional Oil ‘Target Zone’

2020
B. Public Grid GHG intensity
BAU 2015

AL 9T E B SAGD Cogen

BAU 2015 Rnw shows steeper
decline in Public
Grid GHG Intensity

SAGD Rnw
GE/AR
rrrrtrrrrrrrrrrr1rrrrr1r 1711
2010 2015 2020 2025 2030

Figure 16. Comparison of the five scenarios for the GHG
intensity of SAGD production (SOR=3) in kg CO,/bbl (A),
and of the public electrical grid in kg CO,/MWh (B) when
60% of the emission reductions resulting from the early
retirement of coal are temporarily assigned to oil sands
crude production. In panel A, the shaded area shows the
range of GHG intensities for conventional oil production
and the dashed line shows intensity values when emission
reductions are assigned only to those barrels recovered
with the heat from SAGD cogeneration. See text for other
details.
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6. Allocation of GHG Emission Reductions
from SAGD Cogeneration: Policy
Considerations

The government of Alberta’s climate leadership plan has identified
multiple objectives, including phasing out coal-fired power, signifi-
cantly increasing renewables in the electrical grid, implementing an
economy-wide carbon levy, and putting an annual GHG emissions
limit on the oil sands industry. To achieve these objectives, they have
committed to finding cost-effective, collaborative, multi-stake-
holder solutions.

The large-scale use of SAGD cogeneration not only aligns with
these objectives and strategies, but also aligns with the oil sands
industry’s stated goal to become both ‘cost-competitive’ and ‘car-
bon-competitive’ with producers from around the world.

Between now and 2030, Alberta’s existing and planned SAGD facili-
ties have the potential to simultaneously:

=  Replace coal-fired power generation on the Alberta electrical
grid, at a lower cost and with lower GHG emissions compared
to other sources of natural gas generation (e.g. combined
cycle, single cycle);

= Allow for, and even provide a cost-effective backup for at
least 12 TWh per year of additional, non-dispatchable renew-
able power generation like wind and solar;

= Reduce greenhouse gas (GHG) emissions by 15-23 Mt CO,
more than would be achieved by Alberta’s electrical grid as-
suming natural gas combined cycle (NGCC) is used to replace
coal power instead of SAGD cogeneration;

= Provide reliable, base load generation to the Alberta grid that
can stabilize supply and lower the cost to the users of elec-
tricity; and

= Reduce the greenhouse gas intensity associated with both the
electricity grid, and the production of a barrel of SAGD oil
sands crude.

The default strategy for early coal retirement is typically considered
to involve the large-scale deployment of natural gas combined cycle
(NGCC) technology to provide the base power for the province.*

21 Alberta Electric System Operator, AESO 2016 Long-term Outlook, May 2016.
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With NGCC, coal could be eliminated from the grid and allowances
could be made for an additional 12 TWh of renewables. However, the
overall GHG reductions would not be as large as if SAGD cogenera-
tion was deployed, and there would be no contribution to reducing
the GHG intensity associated with producing oil sands.

Also, unlike NGCC, SAGD cogeneration would .
typically bid into the grid at a low or even Clearly, compared to the

zero dollars price to ensure steam supplies, default strategy of using

so the province’s electricity prices would
probably be higher and less stable under the NGCC and NGSC to transform

default NGCC strategy than under a SAGD co- the Alberta grid, SAGD
generation strategy. Clearly, compared to the cogeneration promises more
default strategy of using NGCC and NGSC to . .
transform the Alberta grid, SAGD cogenera- benefits and therefore, it may
tion promises more benefits and therefore, it  be a better strategy.”

may be a better strategy.

While there may be some good economic and risk avoidance reasons
for SAGD operators to install cogeneration on their facilities (espe-
cially to protect themselves from high and/or unstable electricity
prices in the future), it is highly unlikely that SAGD operators would
deploy cogeneration at the scale needed to achieve the government’s
policies for early coal retirement and/or enhanced renewables with-
out some sort of policy incentive and certainty.

From a public policy perspective, the Alberta government has an
opportunity to combine their objectives for greening the Alberta

grid, and reducing the carbon footprint of the oil sands production.

For example, if SAGD companies

“From a public policy perspective, =~ Were to play a major role in achiev-
ing the early retirement of coal and
the increase in renewables, perhaps
opportunity to combine their they could be given the benefit to

objectives for greening the temporarily assign GHG reductions
to the intensity of oil sands pro-

Alberta grid, and reducing the duction. Eventually — for example,

carbon footprint of the oil sands when the coal plants would have
. reached their retirement anyhow, or
production.

after a pre-determined number of
years - those GHG emission reduc-
tions will no longer flow to oilsands production, but instead to the
electrical grid. Hopefully, by that time new innovative more GHG-
friendly technologies would be ready for deployment in oil sands
operations.

the Alberta government has an
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After all, it is strategically more important to both the Canadian and
the Alberta economies, that the province achieves a major reduction

in the GHG intensity of its oil
sands crude production, than
a major reduction in the GHG
intensity of the Alberta grid.
Oil, after all, is a major export
commodity while electricity is
simply a domestic energy cur-
rency. From a climate change
perspective, the atmosphere
does not ‘care’ about the origin
of the emission reduction, only
that it occurs.

“..itis strategically more important

to both the Canadian and Albertan
economies, that the province
achieves a major reduction in the
GHG intensity of its oil sands crude
production, than a major reduction in
the GHG intensity of the Alberta grid.”

Table 4 provides the pros and cons for granting to SAGD oil sands
crude, a portion of GHG reductions that SAGD cogeneration achieves
for the grid through early retirement of coal. While the creation of a

major eco-industrial
cluster in Alberta is 50
not without signifi-
cant challenges, the
upside opportunity for
both the province and
its most important
industry, = demands 10
that options for de-
ployment be carefully
considered.

40

30

20

Coal Generation
(TWh/yr)

duction

Some of the policy &<
options for consider-
ation that are offered
in Table 4, include:

GH(

Annual

= Temporary )
credits. If new
SAGD cogener-

A. Comparing two coal retirement schedules

Federal coal
retirement
schedule

Modelled early
coal retirement retirement

potential
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B. GHG reductions from early coal retirement
- 200
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Cumulative GHG Reductions
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0

Figure 17. Comparison of two coal retirement schedules for

ation capacity Alberta (A), and the impacts on annual and cumulative GHG
is formally emissions reductions (B). Calculated from the data provided

linked to the in Table 1.

early retire-

ment of a coal plant, GHG credits would only be allowed for
the years ahead of scheduled plant retirement (Figure 17A,
yellow shaded section), with additional restrictions that
might include a maximum number of years of credit that
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would be allowed per plant (e.g. 8-10 years), or no credits of
this nature allowed past a given date (e.g. 2035). Figure 17B
(blue line) shows that the cumulative GHG reduction benefit
of the modelled scenario would rise from 119 Mt CO, by 2030,
to 169 Mt CO, by 2035, and 207 Mt CO, by 2040.

= Creation of Low GHG ‘cogen’ barrels. To incentivize SAGD
companies to maximize cogeneration on their facilities, the
proportion of the total facility’s crude output that was pro-
duced from the gas turbine heat, or duct burning heat could
receive all the GHG credit, thereby branding them low GHG
‘cogen’ barrels. Such barrels could attract a premium price
in a way that is similar to the premium price that is paid for
wind power sold into the electrical grid. However, a market
would need to be developed for such a product.

= Energy Efficiency Standard for Power Generators. Given the
scale of the industrial and commercial heat demand in Alberta,
possibly require all new base load thermal power generation
to use at least 70% of the energy in the fuel. This would cre-
ate a barrier for the deployment of stand along NGCC gener-
ation, and stimulate cogeneration in sectors across Alberta,
including SAGD oil sands operations.

The purpose of this report is not to prescribe government policy in
this area, but to identify a significant, but largely overlooked oppor-
tunity for the Alberta government to achieve a number of the stated
objectives under its climate leadership plan.

Given the importance of oil sands production and export to the
economies of Alberta and Canada, industry, governments and en-
vironmental groups should explore the barriers and opportunities
for large-scale deployment of SAGD cogeneration that would clearly
position oil sands companies as being part of the solution to the
challenges of climate change, not only part of the problem.
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Table 4. Pros, cons and policy considerations for granting to SAGD oil sands, GHG reductions that SAGD
operations achieve in supporting early retirement of coal. The assumption in preparing this table is that if SAGD
Cogeneration is not involved in the early retirement of coal, it would be achieved by the utility level deployment
of natural gas combined cycle (NGCC) plants to provide base power, and natural gas single cycle (NGSC) plants
to provide the backup plants/reserve margin needed to support renewables.

Criteria Pros Cons Policy Considerations

Compared to NGCC, In the late 2020s, early Possibly restrict the number of years the credits can be
SAGD Cogen is more retirement of a coal transferred (e.g. 8-10 yrs), the end date that transfers
efficient and reduces facility, could mean that would be allowed (e.g. 2035), or the proportion of grid
Alberta’s overall SAGD facilities would emission reductions that could be transferred.

F_EI GHG emissions, by an receive from 11to 31 Should these temporary credits be allowed to reduce

Z additional 15-23 Mt CO,  years of GHG credits the oil sands sector’s calculation of the 100 Mt annual

L between now and 2030.  (Table 1, Figure 17), cap?

> [Thisisin additiontothe  and thatwould reduce ] o

% ~119 Mt CO, of emission  incentives for them to To incentivize individual operators, the.temporary

x reductions that early coal investin transformative  credits could allow them to market their cogen-

S retirement will deliver to  technologies that will produced oil as equivalent to or lower than conventional

E the public grid regardless actually reduce direct oil in terms of GHG footprint.
of whether the coal is GHG emissions fromoil  Given the scale of the industrial and commercial heat
replaced by NGCC or sands production. demand in Alberta, possibly require all new base load
SAGD Cogen.] thermal power generation to use at least 70% of the

energy in the fuel.

SAGD cogen should While NGCC can be A study is needed to assess the implications of a SAGD
reduce and stabilize cost  strategically placed cogeneration strategy on the power grid infrastructure
of power compared to in the province, in the province, especially when there is to be a major
NGCC. SAGD cogen must be growth in renewables.
Provides SAGD located at SAGD sites, More detailed economic analyses are needed to bring
operators withasecond ~ Potentiallyincreasingthe 4o qther issues around coal retirement polices, Power
source of income, and transmission cost (not Purchase Agreements etc
reduces exposure to high ~ calculated here);
NG cost, bothimportant  Requires cooperation
inaworld of low oil between utilities and
prices SAGD companies

O Positive net present to coordinate

% value ($90M-$190M)in  retirement of coal

Zz all Cogen assets with new SAGD

8 Cases relative to Base cogeneration facilities

e

Case (no Cogen)

and government
policies (potentially
involving financial
or other forms of
compensation)

Changes may be needed
in the market system for
electricity in the province

Requires innovative, ‘out-
of-the-box’ thinking by
government on policies
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Criteria Pros Cons Policy Considerations
The oil sandsindustryis  Historical reluctance Gain support of industry sectors and ENGOs before
currently only seen as by oil sands industry announcing any new policy (use the sort of multi-
‘part of the problem’ of and utilities to work stakeholder collaboration approach that led to Alberta
climate change: SAGD together as they can Climate Leadership Plan)
'Cogen positions Fhern as con5|der themselvgs as Have in place a strategic communication plan/rationale
part of the solution. competitors rigard'“g to accompany public announcement of any new policy.
With SAGD cogen pOwer genera |(?rr. Government could provide non-financial incentives (e.g.
coupled to early coal Potential opposition reallocation of carbon credits, innovative PPAs, etc.) for
retirement, large by some individuals industry sectors to work together.
- 5 emission reductions can  or groups who want o ) o
(,_}_l) <ZE be seen quickly (withina  to stop oil sands Perhaps provide |n.cen.t|ves through province’s royalty
Zz = few years) development regardless ~ regimeor a‘reductlon in carbon tax to SAGD operators
tj % Encourages multi- f)f performance who invest in expanded and new SAGD Cogen.
:: O stakeholder improvements.
< < collaboration (oil sands No guarantee that this
0 O and utilities sectors) to approach would secure
4 pp
8 i provide solutions, which  public/ENGO acceptance
-] . . .
o aligns with Alberta of new oil sands

government’s objectives
in finding solutions to
climate challenges

Enhances Alberta’s
reputation as an
environmental leader
in the forefront of
transitioning to lower-
carbon energy systems

infrastructure, including
bitumen export pipelines.
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