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Executive Summary

Driven by climate change concerns, the world’s energy systems are
under pressure to transform and significantly reduce fossil fuel-re-
lated greenhouse gas (GHG) emissions. In Canada, this pressure es-
pecially affects Alberta, a province that both burns coal to gener-
ate electricity and produces and exports natural gas and oil to meet
energy demands across Canada and in the United States.

We describe here the assumptions and some high-level results from
two different Business-As-Usual (BAU) scenarios for the energy
systems of Alberta. BAU scenarios incorporate existing technolo-
gies, trends and policies that define demand for fuels and electricity
in all parts of the economy. The scenarios are useful in determining
the province’s future energy use and greenhouse gas (GHG) emis-
sions if there are no changes in technologies, policies or human be-
haviour. In effect, BAU scenarios are the benchmark / reference to
use in exploring the implications of alternative policy, technology or
behavioural changes that will impact energy systems.

Defining a ‘Business-As-Usual scenario’ requires, first and fore-
most, making calculated assumptions about future growth in popu-
lation and Gross Domestic Product (GDP). For energy resource econ-
omies, like Alberta’s, it is clear that population and GDP projections
are strongly correlated to the rate of growth in oil and gas develop-
ment, and thus we first need to make assumptions about what will
happen in those sectors.

Over the past 18 months, the global price for oil has changed dra-
matically, impacting Alberta’s outlook for the growth rate of the
oil sands sector. Our High Oil Sands Growth (HOSG) scenario as-
sumes an oil price of about SUS100/barrel that would stimulate both
population growth and GDP in the province. Alternatively, our Low
0il Sands Growth (LOSG) scenario assumes an oil price of less than
SUS50/barrel, resulting in much lower projection for future popula-
tion and GDP growth in the province.

Along with different projections of energy use and associated GHG
emissions in Alberta, this report examines some of the possible im-
pacts that a high versus low oil sands growth scenario are likely to
have on the electricity, transportation and residential sectors.

1 - Creating ‘Business-as-usual’ Scenarios for Alberta’s Energy Systems from 2015 to 2040
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It is important to note that the two BAU scenarios explored here —
HOSG and LOSG - are defined by economic and market forces that
are external to the province of Alberta and Canada. Also note that
these scenarios are not predictions of the future, but projections of
what Alberta’s energy systems will look like if the existing trends,
technologies and policies continue in either a HOSG or LOSG future.

Both scenarios have been generated using version 6 of the CanESS
model' from whatIf? Technologies Inc., but incorporate some modi-
fications and customizations.

Current HOSGin LOSGin

Variable (2014-15) 2040 2040
a) Oil production* (million barrels per day) 3.0 54 3.6
b) Natural gas production* (Exajoules/yr) 3.6 3.0 20
c) Population® (millions) 4.1 6.2 5.0
d) Per capita GDP* (2002$/capita) $52,000 $61,000 $54,000
e) Provincial GDP (billion 2002$) $205 $380 $270
f) Energy demand (petajoules/yr) 3,150 5,824 4331
g) Provincial GHGs (Mt CO2e/yr) 265 409 307
h) Per capita GHGs (tCO2e/capita/yr) 66 65.7 62
i) Electricity demand (TWh/yr) 75 122 94
j) Personal travel per capita (km/capita/yr) 21,400 22,400 22,400
k) Residential housing stock (million dwellings) 1.7 2.5 2
[) Residential energy use (PJ/yr) 215 335 269

Table 1. Assumed (denoted with *) and Projected outcomes for Alberta in 2040 under
Scenarios for both High Oil Sands Growth (HOSG) vs. Low QOil Sands Growth (LOSG)
futures.

Highlights of the results (presented Table 1), and some potential
implications, include:

a) 0il Production: In the High Oil Sands Growth (HOSG) Business-
As-Usual (BAU) scenario, total oil production in Alberta is assumed
to grow to 5.4 million barrels per day (Mb/d) in 2040, up from ap-
proximately 3 Mb/d in 2014-15. But in the Low Oil Sands Growth
(LOSG) BAU scenario, only those new oil sands operations already
in development were assumed to be built, so total oil production
grows to only 3.8 million b/d in 2021 and then declines gradually to
3.6 million b/d in 2040.

1 Canadian Energy Systems Simulator (CanESS) Model from whatlIf? Technologies Inc. (www.caness.ca)
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Implications: A slower growth in oil production in the LOSG scenario will
impact Alberta’s future revenues and spending compared to the HOSG
scenario, unless the province can diversify its energy systems and econ-
omy and become less dependent on oil revenues. Less oil production will
mean lower greenhouse gases than in a high oil sands growth scenario, but
it will also mean less stimulation to the provincial economy from this sec-
tor and not as much oil for export.

b) Natural Gas Production: In the HOSG BAU scenario, production
from ‘tight’ natural gas in Alberta was assumed to grow, partly
compensating for a reduction in conventional gas production, and
resulting in total natural gas production of 3.0 exajoule (EJ) per year
in 2040 — down from 3.6 EJ/yr in 2014. In the LOSG BAU scenario,
production from tight natural gas was assumed to grow more slow-
ly, resulting in a steeper decline in total natural gas production to
2.0 EJ/yr in 2040.

Implications: A decline in total natural gas production in the future will
mean lower royalties for government from this sector, less econom-
ic stimulus in the sector and less gas for export. On the other hand, less
natural gas production will mean a reduction in GHG emissions from this
sector.

c) Population: In the HOSG scenario, Alberta’s population was as-
sumed to increase to 6.2 million in 2040, from the current 4.1 mil-
lion. In the LOSG, however, the province was assumed to have a
slower population increase to 5 million. This slower increase re-
flects an average population growth rate of about 0.78% per year,
similar to that in Alberta over the period 1983-1989 (or in Quebec
over the 2000-2015 period).

Implications: A slower-than-expected population growth in Alberta will
affect many areas, including health care, transportation, urban infra-
structure and taxes. A smaller population may result in less government
spending in some areas but may also lead to greater spending in others
(e.g. more health care spending if a greater percentage of the future popu-
lation is seniors).

d) Per Capita GDP: In the HOSG scenario, Alberta’s GDP growth
was assumed to continue the trend of recent years, reaching $61K
per capita by 2040 — up from $52K per capita in 2015 (values in
Cdn2002$). In the LOSG, GDP growth was assumed to deviate from
the trend of recent years, reaching $54K per capita by 2040 - a
small increase from $52K per capita in 2015.

3 + Creating ‘Business-as-usual’ Scenarios for Alberta’s Energy Systems from 2015 to 2040
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Implications: The LOSG assumption of an increase in per capita GDP may
be overly optimistic, especially when one considers that the per capita
GDP in oil and gas-rich Alberta has been about 1.7 times that of provinces
like Ontario and British ColumbiaZ. In a low oil price future, a case could
be made that Alberta will experience a decline in per capita GDP. In the
models used here, the more optimistic LOSG assumption would result in
a slightly higher energy use and GHG emissions than what would be seen
with a more pessimistic assumption for per capita GDP.

e) Provincial GDP: When per capita GDP growth assumptions were
combined with those for population, they result in significantly dif-
ferent GDP ‘futures’ for Alberta. In the HOSG scenario, the prov-
ince’s GDP was projected to grow to $380 billion in 2040 — a sub-
stantial increase from the current $205 billion. In the LOSG, the
province’s GDP increases to a much smaller $270 billion (all values
in Cdn 2002 dollars).

Implications: Smaller-than-anticipated increases in both per capita GDP
and provincial GDP will impact consumer spending along with government
revenues and spending. Albertans and their government generally will
have fewer dollars to spend, certainly on discretionary and luxury items.

f) Energy Use: Using the CanESS model in the HOSG scenario,
Alberta’s energy use was projected to increase to 5,824 petajoules
per year (PJ/yr) in 2040 — up from 3,150 PJ/yr in 2014, with most of
the increase being associated with oil and gas extraction and pro-
cessing. In contrast, in the LOSG, the province’s energy use showed
a much smaller increase, to 4,331 PJ/yr in 2040.

Implications: Compared tothe HOSG scenario, the lower projected energy
use in the LOSG scenario was mostly associated with lower energy inputs
needed for oil and gas extraction; however, the lower population and GDP
growth also resulted in downward pressure on energy use in other sectors.

g) Provincial Greenhouse Gas Emissions: In the HOSG scenario,
Alberta’s total greenhouse gas (GHG) emissions were projected to
increase to 409 million tonnes carbon dioxide equivalent per year
(Mt CO2e/yr) in 2040, up significantly from 265 Mt CO2e/yr in 2014.
The HOSG projected that the oil and gas sector would be responsible
for 46% of Alberta’s GHG emissions by 2040. In contrast, in the
LOSG, Alberta’s total GHG emissions was projected to increase to
‘only’ 307 Mt CO2e/yr in 2040, with the oil and gas sectors respon-
sible for 41% of those emissions.

Creating ‘Business-as-usual’ Scenarios for Alberta’s Energy Systems from 2015 to 2040 -« 4
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Implications: Despite the Alberta governments policies to ‘green’ the
electrical grid by phasing out coal power and introducing more renew-
ables (technology changes implemented in both HOSG and LOSG models),
the provincial GHG emissions are still projected to rise significantly over
the next 25 years. Clearly, to meet climate change commitments, addition-
al policy and technology changes will be needed.

h) Per Capita Greenhouse Gas Emissions: In the HOSG scenario,
projected emissions are 66 tonnes (t) CO2e/capita/yr in 2040, sim-
ilar to the 65.7 t CO2e/capita/yr in 2014. In the LOSG scenario, per
capita emissions are slightly lower, at 62 t CO2e/capita/yr) in 2040.
This is still more than three times the approximately 20 t CO2e/cap-
ita/yr for the average Canadian.

Implications: Alberta will have less of anincrease in total provincial green-
house gas emissions in a LOSG scenario, but the oil and gas sector will still
be responsible for 41% of all total GHGs in 2040. Per capita GHG emis-
sions in the province wouldn’t be much different in 2040 than they are
now, and would still be three times higher than the per capita emissions for
the average Canadian. Neither of these scenarios do anything significant
to address the climate change challenge that the province or country faces
over the next 25 years.

i) Electricity Demand: In the HOSG scenario, Alberta’s demand for
electricity is projected to increase to 122 terrawatt-hours (TWhr)
per year in 2040, up substantially from about 75 TWhr/yr in 2015.
As demand increases and coal is slowly phased out, and since much
of the oil sands electricity generation is natural gas-based, much
of the province’s generation is projected to be natural gas-based in
2040. In the LOSG, Alberta’s demand for electricity is significantly
lower - reaching 94 TWhr/yr in 2040.

Implications: The lower growth in electricity demand in the LOSG scenar-
io than in the HOSG scenario would also reduce the need for new genera-
tion sources. However, the government’s policies to retire coal plants and
encourage renewables will mean that the majority of the provinces gener-
ation infrastructure will be replaced in the next 25 years. How this is done
could lock in GHG emissions for decades beyond what is modeled here.

j) Personal Travel: In both scenarios the per capita annual distance
travelled by the average Albertan is projected to increase slightly to
22,400 kilometres per year, from the current 21,400 km/yr, mainly
due to an increase in intercity and international travel. As well, in
both the HOSG and LOSG scenarios, light duty vehicles associat-
ed with commuter, non-commuter and intercity travel account for

5 + Creating '‘Business-as-usual’ Scenarios for Alberta’s Energy Systems from 2015 to 2040



CESAR SCENARIOS

64% to 68% of all personal travel. In the HOSG scenario, the de-
mand for gasoline due mainly to vehicle fuel-efficiency standards.
In the LOSG scenario, gasoline demand declines due to fuel-effi-
ciency standards combined with a reduced population growth.

Implications: Gasoline-powered light duty vehicles account for about
two-thirds of all personal travel and have the largest carbon ‘footprint’ of
all modes of personal transport. Therefore, it may make sense to focus on
light duty vehicles in efforts to reduce GHG emissions (e.g. by improving
public transit, encouraging car sharing and biking, increasing use of elec-
tric and hybrid vehicles, enhancing ‘walkability’ of urban neighbourhoods,
etc.).

k) Residential Housing Stock: Driven by strong population growth
in the HOSG, the residential housing stock is projected to grow to
2.5 million dwellings in 2040, from 1.7 million dwellings in 2015.
The share of apartments remains constant at 21%, while the share
of single attached dwellings increases slightly to 16% in 2040, from
12% in 2015. With slower population growth in the LOSG, the resi-
dential housing stock increases to 2 million dwellings in 2040.

Implications: Per m2 of residential space, apartments have much lower
energy use than attached or detached single-family dwellings. However,
there has been no noticeable trend towards apartment dwelling, so that
option has not been considered in either the HOSG or LOSG scenarios.
Policies to encourage this transformation should be considered as a strat-
egy for reducing provincial GHG emissions.

1) Residental Energy Use: In the HOSG, residential energy use is pro-
jected to increase to 335 petajoules per year (P]/yr), from the current
215 PJ/yr. In the LOSG, residential energy use increases more slowly,
to 269 PJ/yr in 2040. In both HOSG and LOSG scenarios, natural gas
space heating and water heating make up the majority of residential
energy use.

Implications: To reduce residential energy use and/or GHG emissions
within each type of residential housing, the focus must be on space and
water heating. Alberta already has a policy in place that newly installed
furnaces need to be of high efficiency. Besides this measure, policy makers
should consider building code improvements, on-demand water heaters,
reductions in housing size and energy-efficient retrofits. Eventually, when
Alberta has a low carbon grid, electrification of space and water heating
should be considered.

Creating ‘Business-as-usual’ Scenarios for Alberta’s Energy Systems from 2015 to 2040 + 6
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1. Introduction

Driven by climate change concerns, the world’s energy systems are
under pressure to transform and significantly reduce fossil fuel-re-
lated greenhouse gas (GHG) emissions. In Canada, this pressure
especially affects Alberta, a province that both burns coal to gener-
ate electricity and produces and exports natural gas and oil to meet
energy demands across Canada and in the United States.

Transforming energy systems will require policy

and investment decisions that are informed by et e s e ey e U]

balanced, objective scientific analysis. Such an- (BAU) Scenario?
alysis cannot be done well unless there is a thor-
ough understanding of: BAU scenarios incorporate existing

technologies, trends and policies
that define demand for fuels

and electricity in all parts of the
other; economy, and therefore determine

2. The contribution that provincial energy the resulting energy use and

systems make to the energy systems of greenhouse gas emissions. As such,

. BA I i ‘ h k’
Canada, North America and the world; fo ;?ﬁ?ﬂi ;E;ngiﬁeb:nn;g??r

1. How Canada’s provincial energy systems
are similar to and different than each

3. How energy systems are changing today systems implications of alternative
and the forces driving those changes; future energy scenarios, driven
o by shifts in economics, policies or
4. The nature and GHG emissions of prov- technologies.

incial energy systems in a ‘Business-As-
Usual’ (BAU) future; and

5. How changes in technologies or policies
will modify the BAU scenario, altering demand for fuels and
electricity and the emissions they generate.

While the Canadian Energy Systems Analysis Research (CESAR) in-
itiative works in all five of these critical areas of study, this docu-
ment is focused on item #4. We describe here the assumptions
and some high-level results from two different BAU scenarios for
Alberta. Both have been generated using the CanESS model .

Defining a ‘Business-As-Usual scenario’ requires, first and fore-
most, assumptions about future growth in population and Gross
Domestic Product (GDP). For energy resource economies, like
Alberta’s, it is clear that population and GDP projections are strongly

7 - Creating ‘Business-as-usual’ Scenarios for Alberta’s Energy Systems from 2015 to 2040
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correlated to the rate of growth in oil and gas development, and thus
we first need to make calculated assumptions about what will hap-
pen in those sectors.

Over the past 18 months, the global price for oil has changed dra-
matically, impacting Alberta’s outlook for the growth rate of the oil
sands sector. In Section 2, the High Oil Sands Growth (HOSG) scen-
ario assumes an oil price of about SUS100/ barrel that would stimu-
late both population growth and GDP in the province. Alternatively,
a Low 0il Sands Growth (LOSG) scenario assumes an oil price of less
than SUS50/barrel, resulting in much lower projection for popula-
tion and GDP.

2. Growth in oil and gas production

HOSG. The High 0il Sands Growth (HOSG) BAU scenario was based
on a 2013 projection by the National Energy Board (NEB)3, a time
when the oil price was approximately SUS100/barrel and expected
to stay at that level into the foreseeable future.

In alignment with NEB projections, our HOSG BAU scenario projects
total Alberta oil production in 2040 at 5.4 million barrels per day
(b/d), up from approximately 3 million b/d today (Figure 1A).

‘ A. High 0il Sands Growth (HOSG) ] l B. Low Oil Sands Growth (LOSG)

b AB Qil Production I 6 é AB Oil Production 6
g 12 . 312 .
10 = "10 .
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05-C5§ = =
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2 - 2 | ¢
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Figure 1. Comparison of the assumed rate of oil production in the high (HOSG,
Panel A) vs. Low (LOSG, Panel B) Business-As-Usual (BAU) Scenario. The vertical
dashed line separates historical data from future model projections.

Also in alignment with the NEB 2013 projection, Alberta’s tight nat-
ural gas production in the HOSG scenario was assumed to grow to

3 NEB’s Canada'’s Energy Future 2013 (https://www.neb-one.gc.ca/nrg/ntgrtd/ftr/index-eng.html)
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A. High Oil Sands Growth (HOSG) B. Low Oil Sands Growth (LOSG)
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Figure 2. Comparison of the assumed rate of natural gas production in the high
(HOSG, Panel A) vs. low (LOSG, Panel B) Business-As-Usual (BAU) Scenario. The
vertical dashed line separates historical data from future model projections.

partly compensate for the reduction in conventional natural gas ex-
traction (Figure 2A).

LOSG. The Low Oil Sands Growth (LOSG) scenario, on the other
hand, was formulated around the concept of the low-growth scen-
ario developed by the Alberta Electrical System Operator (AESO) in
2013* and by Alberta Treasury Board and Finance’. Such a scenario
may occur if the 2016-2040 period were to be characterized by an
extended period of low oil price (less than SUS50/barrel) or if en-
vironmental or policy factors discouraged new oil sands develop-
ments (Figure 1B).

Like AESO, our LOSG BAU scenario assumed that only those oil
sands projects that have already begun construction would be com-
pleted and go into production (Figure 1B). In this scenario, Alberta
oil production in the LOSG was assumed to grow to 3.8 million b/d
in 2021 and decline gradually to 3.6 million b/d in 2040. Over the
same period, our LOSG projection for natural gas production (Figure
2B) was similar to that for the NEB 2013° low natural gas production
projection.

4 AESO long-term outlook (http://www.aeso.ca/downloads/AESO_2012_Long-term_Outlook_bookmarked.
pdf)

5 ATBF population projections (http:/finance.alberta.ca/aboutalberta/population-projections)

6 NEB 2013 Natural Gas production (https://www.neb-one.gc.ca/nrg/ntgrtd/ftr/2013/ppndcs/pxgsprdctn-
eng.html)
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3. Population and GDP

HOSG. The strong oil and gas developments in Alberta highlighted
in the 2013 NEB energy outlook would be a major factor in increas-
ing the province’s population to 6.2 million (Figure 3A). The average
population growth rate between 2016 and 2040 in the HOSG scen-
ario was 1.63% per year, about 80% of that experienced by Alberta
over the 2000-2015 period.

In the HOSG scenario, GDP growth was projected to continue the
trend of recent years, as was the case in NEB 20137, reaching $61K
per capita by 2040, up from $52K per capita in 2015 (Figure 3A and
Table 1).

‘ B. Low Qil Sands Growth (LOSG) J
40

A. High 0il Sands Growth (HOSG) o
2 , 0, = : .
5 AB Population & GDP 5 8 AB Population & GDP E
z : : = _ s
5 30 . 6 300a
® o
2 GE/AR < as GE/AR GDP o~
o = =iCan AA-Gen 8
o] Qo
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# 1009 72 100°
0 : 0 0 . 0
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Figure 3. Comparison of the assumed population for Alberta in the High (HOSG,
Panel A) vs. Low (LOSG, Panel B) Oil Sands Growth scenarios. The coloured bands
show the age structure (by generation) making up the population in the province.
The vertical dashed line separates historical data from future model projections.

2000 2015 2020 2030 2040
HOSG 46,368 52,085 53,738 57,434 61,454
LOSG 46,368 52,085 52,612 53,625 54,262

Table 2. Comparison of the assumed values for Gross Domestic Product (GDP) per
capita in the High (HOSG) vs. Low (LOSG) Oil Sands Growth scenarios.

LOSG. As a result of the suppressed Albertan economic drivers in
the LOSG scenario, the province’s population was projected to rise
only to 5 million people in 2040% from the current 4.1 million in
2015 (Figure 3B). This reflects an average population growth rate of

7 National Energy Board 2013. (https://www.neb-one.gc.ca/nrg/ntgrtd/ftr/2013/ppndcs/pxmcrcnme-eng.
html)
8 Alberta Treasury Board and Finance2013 (http://fcssaa.org/sites/default/files/2013-2041-alberta-

population-projections.pdf)
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0.78% per year, similar to that in Alberta over the period 1983-1989
(or in Quebec over the 2000-2015 period).

In the LOSG scenario, GDP growth was projected to deviate from the
trend of recent years with a change in growth rate in 2015, reaching
$54K per capita by 2040, up from $52K per capita in 2015 (Table 2).
When these per capita projections are combined with the population
projections from above, they result in significantly different GDP
projections for the province of Alberta. (From $205 billion (in 2002
dollars) currently to $270 billion (2002S) in 2040 for the LOSG, and
$380 billion (2002S) in 2040 for the HOSG) (Figure 3B).

4. Energy use

When these assumptions for growth in oil sands production, popu-
lation and GDP were incorporated into the CanESS model, detailed
scenarios were generated for the energy systems of Alberta. The re-
sulting projected total energy use in Alberta is shown in Figure 4.

B. Low Oil Sands Growth (LOSG) |

‘ A. High Oil Sands Growth (HOSG)
: Total AB Energy Use

Total AB Energy Use

L2}

Thousands
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0Oil & Gas

2000 2020 2040 2000 2020 20400

Figure 4. A comparison of total energy use (petajoules per year) in Alberta for
two reference scenarios, one based on High Oil Sands Growth (A) and one based
on Low Qil Sands Growth (B). Within each chart, historical (2000-2015) and
projected (2015 to 2040) values are provided. Energy use has been allocated to a
variety of business and household sectors.

HOSG. In the HOSG reference scenario, energy demand in the prov-
ince was projected to increase from 3,150 petajoules per year (P]/
yr) in 2014 to 5,824 PJ/yr in 2040, with most of the increase being
associated with oil and gas extraction and processing (Fig. 4A).

LOSG. In contrast, the LOSG reference scenario projected energy de-
mand to increase to 4,331 PJ/yr in 2040 (Fig. 4B).
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5. Greenhouse gas emissions

The GHG emissions associated with these two scenarios are provid-

ed in Figure 5.
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Figure 5. A comparison of greenhouse gas (GHG) emissions in Alberta for two
reference scenarios, one based on High Oil Sands Growth (A) and one based

on Low Qil Sands Growth (B). Within each chart, historical (2000-2015) and
projected (2015 to 2040) values are provided. GHG emissions have been allocated
to avariety of business and household sectors and the results are presented as
total annual emissions (upper panels) and annual emissions per capita (lower
panels).

HOSG. In 2014, total Alberta GHG emissions of 265 megatonnes (Mt)
CO2e per year were projected to increase to 409 Mt CO2e/yr by 2040
in the HOSG Scenario (Figure 5A, upper panel). The HOSG projected
that the oil and gas sector would be responsible for 46% of Alberta’s
total GHG emissions by 2040. Expressed on a per capita basis, 2014
GHG emissions in Alberta were 65.7 tonnes (t) CO2e per capita per
year, a value more than three times that for an average Canadian
(about 20 t CO2e/capita/yr). In 2040, the per capita emissions rate
was projected to be similar (66 t CO2e/capita/yr) for the HOSG ref-
erence scenario (Fig. 5A, lower panel).

LOSG. In 2014, total Alberta GHG emissions of 265 megatonnes (Mt)
CO2e/yr were projected to increase to ‘only’ 307 Mt CO2e/yr by 2040

Creating ‘Business-as-usual’ Scenarios for Alberta’s Energy Systems from 2015 to 2040 -
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in the LOSG scenario (Fig.5B, upper panel). The LOSG projected that
the oil and gas sector would be responsible for 41% of Alberta’s
total GHG emissions by 2040, compared with 46% in the HOSG.
Expressed on a per capita basis, 2014 GHG emissions in Alberta were
65.7 tonnes (t) CO2e/capita/yr, a value more than three times that
for an average Canadian (about 20 tCO2e/capita/yr). In 2040, the per
capita emissions rate was projected to be slightly lower (62 tCO2e/
capita/yr) for the LOSG reference scenario (Fig. 5B, lower panel). In
Alberta, emissions from the oil and gas and the primarily coal-fired
power generation sectors have differentiated this province from
most of the other provinces in the country.

6. Examples of other scenario details

6.1. Electricity generation

HOSG. In the HOSG scenario, with its strong population, GDP and
oil sands growth, the demand for electricity is projected to increase
from 75 terawatthour (TWh) in 2015 to 122 TWh in 2040. As demand
increases and as coal is slowly phased out, and since much of the oil
sands generation is natural gas-based, much of the province’s gen-
eration is projected to be natural gas-based in 2040 (Fig 6A).

[ B. Low Oil Sands Growth (LOSG) ‘
AB Electricity Generation

Waste heat

Matural gas

Oil Sands

. Hydr® - -
% . 0il Sands
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Figure 6. A comparison of electricity generation in Alberta for two reference
scenarios, one based on High Oil Sands Growth (A) and one based on Low Oil
Sands Growth (B). Within each chart, historical (2000-2015) and projected (2015
to 2040) values are provided. Both scenarios envision an increase in ‘behind-the-
fence’ electricity generation in the oil sands (each in correspondence with their oil
sands growth scenario), and a gradual replacement of coal-powered generation by
natural gas generated electricity.
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LOSG. With reduced economic activity and reduced population in
the LOSG, the demand for electricity is substantially lower (94 TWh
in 2040) than is the case for HOSG. Notice that coal does not get
completely phased out in either scenario, as both scenarios adhere
only to the federal regulations and not yet the recently announced
Alberta climate plan. Similarly, renewables do not play a significant
role in either of these BAU scenarios. Once the Alberta government
comes out with a detail overview of their climate plan CESAR can
develop a new BAU scenario to match the government’s plans.

6.2. Personal travel

HOSG. Currently, the average Albertan travels about 21,400 kilo-
metres per year, including all trip types (commuting, non-com-
muting within city, intercity and travel outside the country) by all
modes. In the reference scenarios, the per capita annual distance
travelled was projected to increase slightly to 22,400 km/yr by 2040,
in response to a projected increase in intercity and international
travel. About two thirds of the personal km travelled per year were
projected to be through light duty vehicles (LDVs); one quarter is
travel by air; and the remainder (about 7%) is travel by public transit
and walking/biking. Figure 7 provides reference projections for the
person-kilometres travelled per year by all Albertans. The higher
values in the HOSG scenario (Fig. 7A) than in the LOSG scenario (Fig.
7B) can be attributed to differences in population between the two
scenarios.

160 A. High 0il Sands Growth (HOSG) 160 B. Low Oil Sands Growth (LOSG)
é AB Person-km travelled/yr - AB Person-km travelled/yr
- 120 Outside NA 120
Z SCan = Aeen ; Outside NA
£ £ 80 .
- -

40 Non-Commuter - LDVeh [J

Commuter - LDVeh B4

0
2000 2020 2040 2000 2020 2040

Figure 7. A comparison of person-km travelled (PKT) per year by Albertans, by
purpose and mode of personal travel for two reference scenarios, one based on
High Oil Sands Growth (A) and one based on Low Qil Sands Growth (B). Within
each chart, historical (2000-2015) and projected (2015 to 2040) values are
provided. Note that light duty vehicles associated with commuter, non-commuter
and intercity travel accounts for 64 to 68% of all personal travel in both scenarios.
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Figure 8. A comparison of the energy use for personal light duty vehicles in two
reference scenarios, one based on High Oil Sands Growth (A) and one based

on Low Oil Sands Growth (B). Within each chart, historical (2000-2015) and
projected (2015 to 2040) values are provided.

Notice that due to the implementation of the Corporate Average
Fuel Economy standards, even with strong population growth in the
HOSG, the demand for gasoline is flat (Fig. 8A).

LOSG. The LOSG sees a significant reduction in Alberta person-km
travelled (Fig. 7B) due to a reduced population growth. Combined
with the implementation of the Corporate Average Fuel Economy
standards, the demand for gasoline for personal vehicle use in
Alberta is projected to decline in the LOSG scenario (Fig.8B).

6.3. Residential energy use

HOSG. Given the strong population growth to over 6 million by
2040, the residential housing stock is projected to grow from 1.7
million dwellings in 2015 to 2.5 million dwellings in 2040. The share
of apartments is projected to remain constant at 21%, while the
share of single-attached dwellings is projected to increase slightly
from 12% in 2015 to 16% in 2040 (Fig. 9A). As can be seen in Fig 10,
a considerable amount of energy in the residential sector is used by
electric appliances and lighting. However, as Alberta’s grid is be-
coming less carbon intensive, even in these BAU scenarios there is
little gain — in terms of energy consumed - in improving the effi-
ciency of electric service technologies.

LOSG. Given the reduced population in the LOSG scenario, the resi-
dential housing stock is projected to grow from 1.7 million dwellings
in 2015 to only 2 million dwellings in 2040. As is the case for the
HOSG scenario, natural gas space heating and water heating make
up the majority of residential energy use. In order to reduce resi-
dential energy use in a meaningful way, those two end uses need
to be addressed. Alberta already has a policy in place that newly
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Figure 9. A comparison of the residential housing stock in two reference
scenarios, one based on High Oil Sands Growth (A) and one based on Low Oil
Sands Growth (B). Within each chart, historical (2000-2015) and projected (2015

to 2040) values are provided.

installed furnaces need to be of high efficiency. Besides this meas-
ure, the building code will be updated to reduce heat loss of resi-
dential buildings by improving insulation and sealing. On-demand
generation of hot water would be a technology to address the ineffi-
ciency of natural gas-based hot water tanks.
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Figure 10. A comparison of the residential energy use in two reference scenarios,
one based on High Oil Sands Growth (A) and one based on Low QOil Sands Growth
(B). Within each chart, historical (2000-2015) and projected (2015 to 2040) values

are provided.
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The two BAU scenarios explored here — High Oil Sands Growth and
Low Oil Sands Growth — were defined by economic and market forces
affecting oil price that are external to Alberta, and over which nei-
ther Alberta nor Canada have any significant influence. What should
be of more interest to Canadian policy makers is how policy and
technology decisions made in this country could alter our energy
systems and their impact on both greenhouse gas emissions and the
economy of the province and nation. For this work, the BAU-LOSG
scenario should probably be chosen as the ‘benchmark’ scenario
and, in essence, become the ‘key’ that can be used to open a wide
range of alternative energy systems scenarios.

Some of the scenario details presented in this backgrounder already
provide some good leads for exploring possible alternative energy
systems scenarios (e.g. What is the impact, using the LOSG scenario
as the benchmark, on energy use and GHG emissions when policy
around residential space heating, water heating and insulation gets
updated? What if, on top of the Corporate Average Fuel Economy
standards, at some point we start using many more self-driving,
car-sharing electric vehicles? What if, on top of the introduction of
electric vehicles, we reduce the carbon intensity of Alberta’s grid by
using renewables and some form of clean back-up capacity?). There
are many doors to be opened, and CESAR has the key for opening
them.
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