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Energy efficiency — technology that produces the same service or
products while using less energy — is often differentiated from energy
conservation —reducing the overall amount of service or products and
thus the amount of energy used. For example, turning off lights is energy
conservation while installing high-efficiency light bulbs is energy efficiency.

This section addresses energy (electricity and heating) conservation
behaviours by consumers. While there are potentially many ways to
change consumer behaviour, there is evidence to show that consumer
feedback systems and increased residential densities can successfully
reduce energy use. Other methods of influencing consumer behavior, such
as advertising campaigns, were investigated but there was little evidence
regarding their effectiveness in isolation from other strategies.'

Feedback systems provide consumers with detailed feedback about energy
consumption and end use patterns. To date, utility providers and residential
consumers have tested feedback systems with respect to electricity
consumption. Feedback delivery mechanisms can be characterized
according to the type of feedback provided: direct feedback is provided

in real time at the point of use while indirect feedback is provided after
consumption occurs.2

Direct feedback systems (or energy feedback systems) provide energy
information to consumers directly from a meter or through a separate
display monitor or computer program. Direct display systems typically
show instantaneous electricity consumption along with the cost per hour at
a pre-programmed rate. The detail provided by the systems varies widely

— for example, some systems show CO, emissions, and some sound a
preprogrammed alarm when energy use rises above a certain amount.

Indirect feedback refers to information that has been processed by

a utility company before reaching the energy user. Standard bills are

a traditional source of feedback to households — in North American
jurisdictions consumption values used for billing are often a combination
of actual meter readings and estimates, and are provided on a quarterly,
bi-monthly or monthly basis. Methods of enhancing the feedback to
consumers to help with energy conservation range widely from creating
more frequent billing cycles to providing more detailed energy use
comparisons, historical data and end use, or per appliance energy use
data.®*

Indirect feedback is most likely to give a picture about the overall heating
and electricity load, whereas instantaneous direct feedback illustrates the
impact of smaller end uses.

Education

California utilities spent $200 million on media
advertising to encourage energy conservation. The
advertisements encouraged householders to install
energy conserving devices and adopt habits that

will decrease energy use (for example, closing the
blinds during the day). Despite their high costs, these
campaigns have shown little direct influence on
energy use.®

Energy Consumption Information
System - Japan

A study conducted in Japan tested the effectiveness
of an online Energy Consumption Information System
(ECOIS 1) in reducing consumption of electricity and
natural gas. The system was installed in 10 houses
and provided residents with in-depth information
about electric power consumption, room temperatures
and city gas consumption. Participants also received
energy saving tips via email.

On average, per home energy consumption was
reduced by 12%. Average consumption of electricity
was reduced by 18% and and city gas by 9% in the

10 test houses. In nine houses where energy use was
monitored but the ECOIS Il system was not used,
electricity consumption decreased by an average of
5% per home, and total gas consumption increased by
an average of 0.4% per home.®

The cost of the ECOIS Il system was approximately
$5000 US per home.’



Florida

A small scale pilot of 17 residential homes in Florida
that used a low-cost direct feedback system (retail
price approximately $140 U.S.) showed an average
7% reduction in the second year of monitoring after
controlling for weather-related influences. However,
results varied widely from home to home, ranging
from an energy increase of 9.5% to an energy
decrease of 27.9%. Eleven homes showed savings
and six homes showed energy use increases.

Real time monitoring pilot

Ontario’s Hydro One utility company tested the
influence of a real time feedback device on energy
consumption in a pilot program that tracked consumer
energy use over two and a half years. More than 400
residential households participated in five regions.
The portable feedback device displayed energy
consumption in dollars per hour, total dollars and
predicted dollars. The same measurements were
available for kWh and CO, emissions.

The aggregate reduction in electricity consumption
(kWh) across the study sample was 6.5%. A greater
range of energy reduction was reported depending
on the source of residential heating. For example,
houses with non-electric space heating achieved an
aggregate reduction of 8.2%, compared to a 1.2%
aggregate reduction for households using electric
space heating. These results highlighted the need
to separate feedback from electric heating load and
the rest of the electricity consumption to encourage
conservation in this sector. In follow-up reporting,
65.1% of users said they planned to continue using
the monitor."™

The program controlled for external factors such
as weather, appliance stock and demographic
characteristics, and the results were achieved

in absence of any associated incentives or price
schemes.'® However, the study revealed that the
feedback device has the potential to exert greater
impact on residential energy consumption when
it is used in conjunction with other price and/or
conservation measures.

Potential reduction

Studies suggest electricity consumption can be reduced by 5 to 18% per
unit (or household) through the use of direct feedback systems that provide
instantaneous information to energy consumers.®*'% In general, display
units that offer simple feedback to consumers account for lower energy
savings (5 to 10% reduction) than more complex systems that provide
detailed current and historical consumption analysis (18% reduction). To
date, pilot programs have focused on evaluating direct feedback systems
in the residential sector.

Savings from indirect feedback have ranged from 0 to 10% and vary
according to the context and quality of information given. In general,
feedback that includes historic information (e.g., comparing current use
with previous recorded consumption) has been demonstrated to be more
effective than feedback that compares household use to other households
or a target figure."

Cost implications

Installing simple electricity display feedback systems can have a positive
return on investment for consumers. A reduction of 5 to 10% in electricity
consumption per month translates into a savings of between $10 and $20
per month, while Table i presents the system costs.

Table i: Cost of direct feedback system

Type of Energy Feedback Device Upfront Cost

The PowerCost Monitor $119 Cdn + tax'

The Energy Detective (TED) $200 to $500 US™
Interactive Online Display (pilot in Japan) Approx $5000 US per unit

Costs for an indirect feedback program, where additional information
is supplied to the consumer at the time of hilling, consists mainly of
administrative costs.

Approaches to implementation

Legislation or mandate

Legislation that requires all new homes to be supplied with direct
feedback systems could have an immediate impact on electricity use in
Calgary. A program to supply all existing homes with direct feedback
systems could be implemented over a number of years by the City of
Calgary.

Mandated changes to the information provided on utility bills in Calgary
could reduce electricity or natural gas usage in the first year of the
program.

Potential roles: Government is responsible for setting new legislation or
requirements. In this case, the provincial government would likely need to
be involved.



Billing for utility services is completed by a number of different utility
retailers in Calgary. As the sole shareholder of ENMAX, one of the main
energy retailers in the City, the municipal government could encourage the
inclusion of additional, informative information on the utility hills supplied
to ENMAX customers.

Key benefits: Potential for city-wide impacts.

Key challenges: Results have some uncertainty compared to other
measures; results vary widely; products not always used as intended or
maintained. Only demonstrated at a pilot level.

Incentives

Direct feedback systems: Financial incentives that offset or completely
cover the capital cost of feedback systems could generate a significant
uptake in residential homes.

Potential roles: Government (municipal, provincial or federal) or utility
providers are typically the main providers of incentives for direct feedback
systems. Private industry or technology companies could also provide
rebates.

Key benefits: Consumer choice; lower capital costs for consumers.

Key challenges: Limited uptake; cost to government/utilities.

Supporting activities
Education and awareness to increase residential knowledge of feedback

systems, although an important supporting activity, is not expected to
significant increase their uptake.

Potential roles: Municipal, provincial or federal governments, utility
providers or industry could launch public information, marketing and
education campaigns.

Key benefits: Personal choice.

Key challenges: Limited uptake.

Another method of reducing residential energy use is to increase the
number of multi-family dwellings compared with single detached houses.

Potential reduction

Multi-family units (e.g., apartments and condominiums) are typically
smaller than single detached houses and use approximately 22% less
energy per square metre than detached houses.!” Even attached housing
such as duplexes and townhouses use 18% less energy per square metre
than detached housing.'

Increased residential densities can also save energy by increasing
the ahility to use district heating and cooling, waste heat recovery,
cogeneration of heat and electricity, and shorter energy distribution
networks. Research quantifying the energy saving potential of these

Ontario Hydro

A pilot program conducted by Ontario Hydro in 1992
found that 25 homes supplied with energy feedback
displays produced overall electricity savings of 13%.
These savings largely persisted after the devices
were removed.'

Sacramento Municipal
Utility District

The Sacramento Municipal Utility District is
conducting a pilot program to determine the effect

of providing a more detailed electricity consumption
report during its billing cycles. Monthly billing reports
are provided to 25,000 customers, while 10,000
customers are provided with quarterly billing reports.
Data compiled to date indicate a 2% electricity
savings for these customers, compared to the control
group of 50,000 customers who received less-detailed
information.?

Oslo Energi

In Norway, customers of Oslo Energi who received
bills based on electricity meter readings at 60-day
intervals achieved average savings of 10%. Prior to
the changes, billing was completed on a quarterly
basis, with one only bill providing a meter reading,
and the remaining bills providing estimates. When
the more frequent bills were supplemented by hisotric
feedback comparing the consumption with the

same period of the previous year and all periods in
between, the electricity reduction rose to an average
of 12%. Eventually, the Norway government made
quarterly informative billing mandatory.?’
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Options for Reducing GHG Emissions in Calgary
Appendix A.1 Consumer energy conservation

Densities in Calgary

Calgary suburbs in the 1960s to 1980s had densities
of 4 to 6 units per acre or about 25 to 37 people

per hectare when assuming 2.5 people per unit. By
the 1990s and 2000s, the densities rose to 6 to 8
units per acre or about 37 to 50 people per hectare
when assuming 2.5 people per unit. This was mostly
achieved by increasing the percentage of multi-family
dwelling from 15% to 25%. Current plans include
densities between 8 and 12 units per acre, or about
40 to 60 people per hectare when assuming 2 people
per unit, with multi-family units making up 25 to 60%
of the dwellings.?

Calgary’s new Municipal Development Plan calls for
100 people or jobs per hectare within 400 metres
of the primary transit network, and 200 people or
jobs per hectare within Major Activity Centres or
Urban Corridors. There are no specific targets for
other portions of the city, but a minimum 6 units per
acre is currently required within all new residential
developments. The city-wide target for 2070 is 45
people or jobs per hectare.

opportunities was not found during the research phase of this report (mid-
2010).

Cost implications

The cost to construct multi-family and attached units is lower per unit
than detached housing, due in part to the smaller size per unit. The energy
costs for heat and power are also less per unit.

Approaches to implementation

Land use planning, zoning and approvals

Land use planning policy in Calgary requires a minimum density in new
areas of the city, while it also encourages increased infill density within
existing areas. Density targets or requirements could be increased to
reduce residential energy use even further.

Zoning and development approvals processes could also be designed to
make it easier to construct multi-family dwellings within the city. This
would remove some of the barriers and encourage a shift towards the
construction of this type of development.

Potential roles: Municipalities often set land use planning policy, zoning
and development approval processes. Land use planning policies have
also been set at provincial levels. Landowners and developers are involved
in deciding the type of building to be constructed on a site within the site
zoning limitations.

Key benefits: City policies can have a high impact on built form; already
part of the new Municipal Development Plan (MDP).

Key challenges: May restrict certain types of development; zoning and
approvals processes supportive of multi-family dwellings will create
changes within existing neighbourhoods; requires a market shift (there are
currently more multi-family units available than single-family units); would
need to be aligned with the MDP; would have to ensure diverse housing
options were available to establish a complete community.

Incentives and education

Incentives and education could also be used to encourage the
development of more multi-family units. Incentives could be financial or
regulatory (e.g., faster approval processes or density bonusing).

Potential roles: Government is often involved in providing incentives and
education programs.

Key benefits: Choice of the type of development remains with developers
and consumers

Key challenges: Financial incentives could be costly to provide to all
existing multi-family developments; uncertain level of impact; uncertain
consumer desire for multi-family units.
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In Calgary, 13% of GHG emissions come from space heating, while 1%
comes from space cooling. Two-thirds of these emissions are estimated to
come from residential buildings.

The demand for heating fuels, primarily natural gas, and building cooling,
primarily using electricity, can be reduced through the construction of
efficient building envelopes (i.e., walls, roofs, windows and foundations)
and the installation of efficient heating and cooling systems. Common
features of efficient buildings include high levels of insulation, air sealing
(to prevent the escape of air that has already been heated or cooled),
windows that reduce heat loss in winter and heat gain in summer, and
high-efficiency heating and cooling systems.

Buildings are often divided into several different categories when
considering their energy efficiency. First, small buildings (mostly houses)
are differentiated from large buildings as the type of construction, building
design, and heating and cooling systems are quite different. Second, new
buildings and existing buildings are often differentiated because one

involves the original construction while the other often requires retrofitting.

Over the past 17 years, heating efficiency in new houses in Alberta has
increased by approximately 12% on a square metre basis. However,
since dwellings in Alberta have also been getting bigger over this time,
the energy use per dwelling has not changed significantly once weather
variations are accounted for.

Potential reduction

A 25 to 35% improvement in energy efficiency is often cited for new
houses,+?4?526 compared with typical houses currently built to minimum
code, although several examples of net-zero energy houses have been
constructed.?

Cost implications

Increasing energy efficiency levels to EnerGuide 76 or 80 provides a
positive return on investment for consumers. For example, a $6,000
investment to make a 2000-square-foot house EnerGuide 80 is estimated
to save an average of about $70 each month in utilities. When the added
cost of the house is mortgaged over 25 years (at an assumed rate of 5%),
the increased mortgage payments are only $35 per month, showing a net
positive cash flow from the first year of ownership (see Figure i), and a
13% annual return on investment.?®

EnerGuide rating system

The EnerGuide rating system is available to
homeowners as a way to measure home energy
performance. A number of companies in Calgary offer
EnerGuide audits, which will provide an EnerGuide
rating for the house and recommendations on how to
improve the house’s energy performance.

The federal government has recently ended their
incentive program for home renovations, while the
provincial government has recently begun one. The
City of Medicine Hat also offers incentives for its
citizens, while The City of Calgary previously provided
incentives for energy-efficient new homes.

Provincial building codes

The provinces of Ontario, British Columbia, Nova
Scotia and Manitoba have all added energy efficiency
to their building code while there is a process at the
federal level to add energy efficiency to the National
Building Code — a code that is adopted by all
provinces and territories. Quebec and New Brunswick
have also indicated that they intend to add energy
efficiency to their codes.*® Many of the code changes
affect both small and large buildings.
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Figure i: Cash flow associated with an EnerGuide 80 house
compared to a house built to minimum code

Note: Houses are 2000 sq. ft.

Berkeley

Berkeley, California requires any building sold,
exchanged or substantially renovated to meet
minimum energy and water efficiency standards. The
extent of upgrades required is limited to a defined
maximum expenditure amount.*!

Potential reduction

An average of 10% improvement in energy efficiency has been achieved
for home renovation programs in the past,®' although some studies
estimate that improvements of up to 25% are possible. 3%

Cost implications

A broad home energy retrofit program is estimated to add between 3 and
9% to the cost of an existing home renovation, while the energy savings
range between $200 and $3,000 per year. The costs of the renovation are
expected to be recovered within 6 years, while some individual measures
pay back in 1 to 3 years.®

Potential reduction

Compared with conventional practice, new large buildings can be built
with a 25% improvement in energy efficiency,* although some buildings
are constructed to be 60% better.¥”3

Cost implications

The net financial benefits of energy efficient buildings are estimated to be
positive not just for energy savings but for operation and maintenance cost
savings, as well as productivity and health benefits, as shown in Table ii.

Table ii: Financial benefits of LEED® Certified Buildings®

Eatanomy 20-year Net Present Value
(NPV) (per sq.ft.)
Certified and | Gold and
Silver Platinum
Energy value $5.79 $5.79
Emissions value $1.18 $1.18
Water value $0.51 $0.51
YVﬁt:a\:alue (construction only) $0.03 $0.03
Commissioning O&M value* $8.47 $8.47
Productivity and health value $36.89 $55.33
Less green cost premium ($4.00) ($4.00)
Total 20-year NPV $48.87 $67.31

* Commissioning process leads to lower operations and maintenance costs.



Additionally, several other studies* have shown similar findings for ‘green’
buildings:

Good daylighting increases productivity by 13%, can increase retail
sales by 40%, and can increase school test scores by 5%, while high
glare reduces performance by 15 to 21%.

Increased ventilation increases productivity by 4 to 17%.
Better quality ventilation reduces sickness by 9 to 50%.
Increased ventilation control increases productivity by 0.5 to 11%.

Potential reduction

Some studies estimate that up to 25% reduction in energy use in existing
large buildings is possible through renovations,** although based on the
performance of residential retrofit programs an average reduction of 10%
may be a more reasonable expectation.

Cost implications

A study of the potential for energy efficiency of existing private commercial

buildings in the United States estimated that over a 10-year time frame,
investments in energy efficiency for this sector would return savings that
are 42% higher than the initial investment.*s

Regulations

There are several possible ways to regulate the efficiency of buildings.
These include through the building code, through efficiency standards
for heating and cooling equipment, and through zoning and development
guidelines.

Adoption of a new building code would have an immediate impact on

all new buildings constructed, while efficiency standards for heating

and cooling equipment would impact furnaces, hot water heaters, air
conditioners, and the pumps, motors and fans typically used in commercial
buildings for space heating and cooling.

Potential roles: The provincial government sets the building code within
Alberta, although the core element of the code is the National Building
code, which is set in consultation with all provincial governments and
the federal government. The City of Calgary enforces the building code in
Calgary and controls development permits. Builders are responsible for
following the building code.

The federal government can regulate the efficiency of products travelling
into and out of provinces, while the provincial government has the
authority to regulate all products sold in the province whether they were
built here or not.

Key benefits: Rapid adoption; net savings for consumers.

Key challenges: Readiness of builders; political will.

BOMA BESt

The Building Owners and Managers Association
(BOMA) of Canada has developed BOMA BESt* — an
environmental certification program for commercial
buildings of all asset classes. There are four levels of
performance for BOMA BESt. The top three levels of
certification range between a 6% reduction in energy
use from average commercial buildings to a 46%
reduction. On average, buildings certified under BOMA
BESt (450 buildings between 2005 and 2009) consume
11% less energy than the average commercial
building in Canada.

A BOMA BESt Energy and Environment report is
expected to be released shortly. This report is
expected to provide even more information regarding
the energy reduction achievements of buildings
certified under BOMA BESt.

Calgary Real Estate Board

“The Calgary Real Estate Board (CREB®)'s Go Green
Challenge is a 12-month pilot program, running
through June 2011, designed to get REALTORS®,
consumers and corporate partners working together
to reduce the ecological impacts of Calgary homes.

The program introduces new energy rating and rating
date fields to the Multiple Listing Service (MLS®)
System that identify a home's energy efficiency based
on the EnerGuide rating system.

It is the goal of the program to have at least 2,500
homes rated using the EnerGuide rating system within
12 months."#



Local initiatives

The Town of Hinton has established an eco-industrial
park where developments are required to be energy
efficient (25% better than the Model National Energy
Code for Buildings) and they must orient and mass
buildings to maximize opportunities for passive solar
heating and cooling, natural lighting and ventilation.®’

The town of East Gwillimbury, Ontario, mandates
all new residential developments that require either
Site Plan or Subdivision approval to construct to
Energy Star standards. Energy Star qualified homes
are approximately 30 to 40% more energy efficient
than those built to minimum Ontario Building Code
standards.*

The City of Vancouver, using powers outlined in the
Vancouver Charter, has a set of energy efficiency
standards for both houses and larger buildings.®

Energy efficiency incentives
in Alberta

The Government of Alberta is spending $36 million
over three years on consumer incentives for new and
existing homes, and hybrid taxis.>*

Built Green

Built Green Canada is an industry-driven voluntary
program that promotes ‘green’ building practices.
Built Green requires builders to be trained and
provides a system for rating new homes (single
family, row houses, and multi-story and residential
towers). In Alberta, Built Green certified homes have
made up between 5 and 10% of the market over the
past few years, with a significant majority of the
homes built to a Built Green Gold (EnerGuide 77)

or Silver (EnerGuide 75) level. Built Green Canada
has also recently released a renovation guide and
checklist.®

Incentives

Incentive programs are able to motivate a portion of consumers to
purchase more energy-efficient buildings or to upgrade the energy
efficiency of existing buildings, but they are not able to capture the
majority of consumers.

Another type of incentive is to develop an innovative financing program
that pays for efficiency upgrades and allows the repayment of the loan to
stay with the building even if it is sold. This could overcome a number of
traditional barriers to energy efficiency upgrades.

Potential roles: Governments are typically involved in providing
incentives, although innovative financing programs could be developed
privately as well. Building owners would need to participate in the
incentive programs.

Key benefits: Building owners able to decide level of participation; lower
capital costs for consumers.

Key challenges: Limited uptake; cost to government.

Labelling

Studies have shown that consumers are willing to pay more for energy
efficient buildings.®%% Having a third-party certified label that is easy
for consumers to understand has been demonstrated to increase the
likelihood that energy considerations will be taken into account in
purchasing decisions. Increasing the market value of an energy-efficient
building increases the incentive for existing owners to perform energy
upgrades.

Potential roles: Governments at all levels have been involved in
establishing energy labelling programs, both voluntary and mandatory.
Other organizations such as the Calgary Real Estate Board have also been
involved in establishing voluntary programs.

Key benefits: Consumers are better informed.

Key challenges: Indirect influence on energy upgrades; voluntary
programs have limited impact.

Supporting activities

While they are not expected to result in significant emission reductions
themselves, supporting activities such as education and awareness for
consumers, builders and/or trades can increase the speed and ease of

implementation of other approaches.
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Appendix A2. Efficient building heating and cooling
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Appendix A.3

Appliances, lighting and other

equipment

Aside from space heating and water heating, electricity used in appliances,

lighting and other electrical equipment is the biggest energy user in bath
residential and commercial buildings in Calgary. This section also includes
energy used in industrial processes.

Residential sector

In the residential sector, electricity consumed by appliances and lighting
accounts for approximately 31% and 11% respectively of total residential
GHG emissions in Alberta, as illustrated in Figure ii.

During the last 20 to 30 years, the average energy efficiency of residential
appliances has improved significantly. Figure iii illustrates the average
energy consumption of common household products manufactured in each
of the years 1984, 1990, 1997 and 2008.

For example, refrigerators manufactured in 2008 use on average 70% less
energy than models produced in 1984. These reductions in energy use

in Canada have been attributed to energy efficiency regulations, product
labelling initiatives such as EnerGuide and Energy Star and consumer
choice, which has helped to drive industry innovation.®

Figure iv shows the market penetration of Energy Star-qualified products
shipped in the Prairie region between 2004 and 2007. Energy Star products
made up almost 80% of the dishwashers shipped, almost 60% of the
clothes washers, and almost half of the refrigerators.”

Potential reduction

The energy saving potential per appliance ranges widely, as shown in
Figure iii. For example, Energy Star clothes washers in 2008 used less than
one-quarter as much energy as 1984 model washers. To qualify as Energy
Star, products must be 10 to 50% more efficient than the minimum energy
efficiency standards in Canada.

Research suggests that a combined energy savings of 10 to 50% is
achievable by switching standard appliances and lighting to Energy

Star labeled products.® Similarly, NRCan estimates Energy Star labeled
products can produce a 30% reduction in energy used by appliances
compared to average household appliance energy consumption in 2006.*

Modelling completed by federal and provincial governments and industry
associations estimates that electricity consumption from appliances

can economically be reduced by 26% over 20 years if all opportunities
are captured. However, more realistic estimates are a 3% reduction in
electricity use if incentive and education programs are used, and a 19%
reduction in electricity use if regulations and price signals are used on

Space Cooling
0%

Space Heating
43%

Water Heating
15%

Figure ii: GHG emissions by end use in residential buildings
in Alberta (2007)
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washer dryer range

Refrigerator Freezer

Figure iii: Average annual energy consumption of common
household appliances by year of manufacture

Notes: Data not available for freezers in 1997. Clothes dryers

and electric ranges are not part of the Energy Star program. 2008
numbers assumed to include average of all products, including the
most efficient (Energy Star) products.
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Figure v: GHG emissions by end use in commercial buildings
in Alberta (2007)
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Figure vi: Electricity use in commercial buildings in Alberta
by end use

top of incentives and education programs. Electricity used for appliances
is estimated to be able to be reduced by 69% (economic potential), 49%
(using regulations and price signals), or 14% (using just incentives and
education).®

The same study estimated the economic potential for reducing energy use
from natural gas hot water heating at 22%, and the achievable potential
between 5 and 8%.

Cost implications

The energy efficiency potentials described in these studies are all
considered to be currently economic although there are currently non-
economic barriers to adoption.

Commercial sector

As shown in Figure v, in 2007 the electricity consumed by lighting,
auxiliary equipment and auxiliary motors accounts for approximately 68%
of total GHG emissions from commercial buildings in Alberta.

Trends in energy use in the commercial sector suggest that there have
been large efficiency gains in commercial lighting, auxiliary motors and
equipment (such as office equipment) in the last 20 years.5" Between 1990
and 2005, energy efficiency in the commercial and institutional sectors
in Canada is estimated to have improved by 9%. The gains in efficiency
are attributed to improvements to the thermal envelope of buildings
(insulation, windows etc. — see Appendix A.2) as well as improved
efficiency of electricity consuming items such as lighting and auxiliary
equipment. These efficiency improvements slowed the actual energy use
increases in the commercial sector from 41 to 32% (again, comparing
1990 to 2005).%2

Figure vi illustrates the energy intensity (GJ/m2) by each electric end

use. While the energy intensity of lighting and auxiliary motors has
declined slightly between 1990 and 2007, the energy intensity of auxiliary
equipment has more than doubled (again from 1990 to 2007).

The increase in consumption of energy in the commercial building sector
in Canada is attributable to an increase in the number of new buildings,
growing auxiliary loads, higher occupant densities and sub-optimal
building control 5

A conservation potential review completed for the B.C. commercial sector
suggests potential cost-effective opportunities for lighting and equipment
could reduce electric energy use and peak load by 15 to 20% of the
expected electricity demand in 2026.%
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80 -
Lighting accounts for approximately 10% of energy consumed in 70
the commercial sector in Alberta. The baseline for general lighting

in commercial buildings in Canada is typically a combination of T12

magnetic and T8 electronic fluorescent lighting systems.® According to 50 1
an assessment of the commercial building stock in the Pacific Northwest 40
region of the United States, although installations of the less efficient T12 20 |
lights have decreased, they still account for 35% of fluorescent lighting.
Higher-efficiency T8 installations have increased significantly since 2003. 27
Lighting is predominantly controlled manually, although occupancy timers 10
and energy management systems that control lighting levels based on 0

preprogrammed building occupancy or use information have increased.” Standard T8 Low-ballast T8 NextgenerauonTB

Watts/unit

Figure vii: Per unit energy required for lighting technology

Potential reduction

Lighting retrofits in commercial buildings that replace
general T12 lighting technology with standard or next generation T8 bulb
technology offers lighting energy savings of 26 to 39%. Figure vii shows
per unit energy consumption differences between T12 and T8 lighting
technologies. A higher level of energy savings of 56 to 67% is achievable
through space redesign that reduces the number of lighting fixtures.
Incandescent, halogen, compact fluorescent and LED light sources typically
provide the "secondary’ light used in common areas, washrooms and exit
signs. Energy savings of between 69 and 75% are achievable when an
incandescent lamp is replaced with a CFL or LED array.® (See Table iii.)

Table iii: Lighting retrofit savings and costs for existing buildings

% reduction in Per unit ener Full cost (2007 dollars)
Lighting retrofit action energy used for duction (W, gy )
[ reduction (W/unit) per fixture per square foot
T12 to standard T8 26 21 $41
Plus redesign to lower lighting levels 56 $1.58
T12 to low-ballast T8 36 29 $41
Plus redesign to lower lighting levels 53
T12 to next generation T8 39 31 $50
Plus redesign to lower lighting levels 63 $1.72
Redesign with fully integrated light and 67 $2.50
control systems '
Incandescent to CFL 69 . §17/lamp
(incremental cost)
Incandescent to LED 7510 90% . $38/lamp
(incremental cost)
Exit signs - Incandescent to LED 93 28 $61




Commercial sector lighting
product rebates

Fortis BC offered its commercial customers lighting
product rebates of $5 or 50% of the cost of compact
fluorescent lights, or a grant of 5 cents/kWh saved
with a two-year minimum payback period. The
program generated an annual savings of 3.3 GWh in
2005. The electricity savings from the program were
approximately $234,000 based on an approximate
rate of 7.1 cents/kWh. Program costs were
approximately $282,000, while customer costs were
approximately $170,000.”

Xcel Energy Utility

In 2003, Xcel Energy Utility offered low cost energy
assessments, low cost financing and both prescriptive
and custom rebates for lighting equipment and
installations in both existing commercial buildings
and new construction. Close to 900 lighting projects
were completed that achieved a net energy savings of
over 61 million kWh.”

During new construction, the choice of lighting
technology coupled with fewer fixtures and improved control systems
(e.g., daylighting or occupancy sensors) offers the opportunity to achieve a
17 to 40% reduction in energy consumed by lighting” (see Table iv).

Table iv: Lighting retrofit savings and costs for new buildings

Reduction in Per unit
C o S energy used energy
Lighting retrofit action e i reduction
(%) (W/unit)
T8 to next generation T8 17 10
Plus redesign to lower lighting 3
levels
Plus improved control systems (i.e.
S 40
daylighting, occupancy sensors)

Cost implications

Commercial establishments can generate significant cost savings from
upgrading to more efficient lighting systems. For example, upgrading
from a T12 to standard T8 reduces energy consumption by 21 watts/unit.
Based on continuous use for 10 hours per day, 260 days per year, the
annual energy savings amounts to approximately 55 kWh and the annual
cost savings are approximately $5.50. Since the average T8 lamp costs
approximately $3,”" the payback on the upgrade is less than a year.

Auxiliary equipment accounts for approximately 13% of energy consumed
in the commercial sector in Alberta, and is defined as “stand-alone
equipment powered directly from an electrical outlet such as computers,
photocopiers, refrigerators and desktop lamps. It also includes equipment
that can be powered by natural gas, propane or other fuels, such as
clothes dryers and cooking appliances."’?

The number of auxiliary equipment units in Canada was estimated at
greater than 14 million in 2005.” Computers account for the greatest
proportion of auxiliary equipment surveyed (at 55%] followed by printers,
photocopiers and fax machines (20%) and refrigerators (10%). With
respect to refrigeration units, multiplexed compressors have captured

a significant market share, especially in new large supermarkets, but

the less efficient single dedicated fixed demand compressors are still
common.

Potential reduction

Research suggests that Energy Star labeled equipment can generate an
electricity savings of 75% for computer and monitor equipment (24\W
per unit) and 40% for photocopier systems (61 W per unit). Refrigeration
units that are upgraded to high-efficiency multiplexed compressors have
the potential to generate energy savings of 25%. Doors and covers for
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refrigerated display cases can provide refrigeration electricity savings of
20 to 30% over open display cases.’

Modelling completed by federal and provincial governments and industry
associations estimates that electricity consumption from lighting, cooking
and plug loads can economically be reduced by 20% over 20 years if all
opportunities are captured, 18% if regulations and price signals are used,
or 4% if just incentives and education are used.”

These models also estimated the economic potential for reducing energy
use from natural gas hot water heating at 47%, and the achievable
potential between 14 and 17%.

Cost implications

The energy efficiency potentials described in these studies are all
considered to be currently economic although there are currently non-
economic barriers to adoption.

Auxiliary motors

Auxiliary motors account for approximately 8% of energy consumed in
the commercial sector in Alberta, and are defined as “devices used to
transform electric power into mechanical energy in order to provide a
service, such as pumps, ventilators, compressors and conveyors.””® Many
of the auxiliary motors in commercial buildings are assumed to be used
for heating, ventilation and air conditioning (HVAC), and are therefore
considered as part of the building heating and cooling section (Appendix
A2).

Industrial processes

Industrial processes are estimated to be responsible for 22% of GHG
emissions in Calgary with two-thirds of these emissions from electricity
use and the remainder from natural gas use.

Industrial processes vary considerably from industry to industry. There
are some studies, however, that have attempted to estimate the energy
efficiency potential of the industrial sector in general.

Potential reduction

Marbek and Jaccard”® modeled two different scenarios for energy
efficiency in the industrial sector in Canada. The first scenario included
mostly subsidies or incentives for energy efficiency equipment and
estimated a 1.38% reduction in demand compared with a reference case
over 20 years. The second scenario included an increase in energy prices,
which then resulted in an estimated reduction in energy demand of 1.51%
for the sector. If all economically viable efficiencies were achieved, the
study estimated an energy savings of 12.89% over the same time frame.

A study by the International Energy Agency identified a generally available
10 to 15% efficiency improvement. About half of the efficiency savings
are estimated to come from motor systems while the remainder are

Seattle City Light Utility

The Seattle City Light Utility began a program in 1998
that offered free facility assessments to commercial
and industrial customers, coupled with financial
incentives for upgrades to lighting, HVAC systems
and auxiliary motor equipment. During the first two
years of the program, an assessment of 96 projects
found that the facility assessments identified 23
million kWh of potential electric savings, of which

9 million kWh of savings were realized through

the implementation of recommended measures.
Lighting, HVAC and controls were the measures most
commonly recommended in the assessments.®

Photo: The Pembina Institute



Power smart programs

BC Hydro and Manitoba Hydro both operate demand
side management programs in their respective
jurisdictions to help to reduce energy use for
residential, commercial and industrial consumers.
For example, BC Hydro offers a refrigerator buy-
back program for its residential customers and
provides a $30 rebate and free pick up of a second
operating fridge. During the fiscal year of 2005-2006,
the annual electricity savings attributed to the
program was 27 GWh. A product incentive program
implemented by BC Hydro that applied to commercial
lighting, rooftop HVAC, controls, pumps and motors
generated an annual savings of 15 GWh in the fiscal
year 2005—-2006.% The program savings amount to
approximately 0.05% and 0.03%, respectively, of BC
Hydro’s total electricity demand in 2006.%

In 2008—2009, Manitoba Hydro offered over 40
incentive and customer service programs with target
technologies including energy efficient lighting,
commercial equipment such as clothes washers,

and kitchen appliances. Since 1989, the combined
effect of incentive-based programs, customer service
initiatives and codes and standards saved 1,510 GWh
of electricity. The cumulative customer savings to
date total more than $399 million.®

Labelling

Both mandatory and voluntary product labelling
programs are used around the world as educational
tools to depict the energy use of home appliances,

as a part of national demand side management and
market transformation programs aimed at reducing
overall energy consumption. The Energuide (in
Canada) and EnergyGuide (in the United States) labels
are mandatory on all major appliances and electrical
equipment, while the Energy Star label is voluntary
and initiated by product manufacturers.

a combination of combined heat and power, steam systems, process
integration, increased recycling and energy recovery.®’

Cost implications

The energy efficiency potentials described in these studies are all
considered to be currently economic although there are currently non-
economic barriers to adoption.

Market transformation: combined approach includes mandatory standards,
labelling, incentives and education

Past improvements in the energy efficiency of residential appliances
manufactured or sold in Canada shown in Figure iii (above) are attributed
to a combined approach of mandatory appliance standards, voluntary and/
or mandatory labelling, and other education and consumer awareness
initiatives.

The effects of mandatory standards, and voluntary and mandatory labels
in the appliance, lighting and equipment market are complementary.
Taken together, mandatory standards will “push” the market by causing
manufacturers to eliminate the production of the least efficient models,
while incentives and labels identifying the most efficient products “pull”
the market by providing information to consumers that allows them to
make better informed decisions, and purchase the most efficient and
available models. This “pull” in turn stimulates manufacturers to design
higher efficiency products .88

Mandatory minimum appliance, lighting or equipment
standards

The implementation and updating of mandatory appliance standards can
have an immediate impact on the efficiency of, and amount of energy
consumed by, new appliances and equipment within a region. Ina

global review of best practices for reducing greenhouse gas emissions

in buildings, appliance and equipment standards were identified as

one of several programs that have the potential to reduce energy use

at a relatively low cost compared to other measures.® Equipment

and appliance standards have been implemented by both federal and
provincial jurisdictions in Canada. However, there are continually new
opportunities to improve equipment efficiency standards due to emerging
technologies, new types of products and gaps within existing regulation.®

Potential roles: The federal government can set standards for products
that cross provincial boundaries; whereas the provincial government can
set standards for products sold in the province.

Key benefits: Broad adoption; net savings for consumers; positive return
on the investment in new standards.’

Key challenges: Level of energy savings and reductions depends on
the current market penetration of existing energy efficient or Energy Star
products and appliance turnover. Current skills shortage for installation,



operation and maintenance of energy efficient technologies and systems
for commercial buildings.®!

Other Considerations: Mandated standards limit consumer choice, which
may or may not create challenges. For products with a well-developed set
of high efficiency models, the impacts on consumer choice may be limited,
while other products may be impacted more.

Incentives

Capital and fiscal incentives include grants, tax incentives, and subsidies.
These approaches can generate significant reductions in energy use and
C0, emissions, but can be expensive for government or utility providers.”

Reduce or eliminate the total tax payable by individuals,
businesses and corporations.

Offered by government, utility or private corporations
to encourage the replacement of older appliance, lighting and equipment
models with energy efficient products. For example demand side
management and resource acquisition programs are used by utilities to
limit or delay the need for additional electric generation capacity. Typical
programs offer financial incentives (consumer rebates) for the purchase of
high efficiency products or equipment (commercial lighting and residential
appliances are popular product types). A review in the United States
of resource acquisition programs utilizing consumer rebate incentives
revealed typical program energy savings of 1% of utility sales and demand
reductions of 1% of peak load.®

Potential roles: Governments (federal, provincial and municipal) have
all previously offered incentives for efficient products. Utility companies
have also offered incentives as a method of avoiding costs to upgrade the
electrical system.

Key benefits: Can contribute to market transformation; consumer choice;
cost savings for consumers.

Key challenges: Cost to government or utilities.

Labelling

Mandatory labelling for equipment has been shown to be successful in
achieving some changes to purchasing behaviour.® This is consistent with
the results presented in Appendix A.2 regarding labelling of houses.

Potential roles: Governments most often set mandatory labelling
requirements, although this could also be undertaken by product suppliers.

Key benefits: Emission reductions; contributes to and helps drive market
transformation; consumer choice.

Key challenges: Limited market impact; can be difficult to measure;
political will.

Supporting activities

Information and education campaigns, technical assistance, training
programs and voluntary product labelling programs are examples of
supporting activities utilized to drive market transformation towards
greater energy efficiency and reduced energy use. The ability for these

U.S. federal appliance standards

U.S. federal appliance standards are applied to
major residential appliances, commercial building
equipment and lighting technology. The collective
impact of all appliance and equipment performance
standards implemented by 2005 is estimated to
generate an electricity savings of 268 TWh/year in
2010 and 394 TWh/year in 2020. The reduction in
electricity is 6.9% of the estimated U.S. electricity
demand in 2010, and 9.1% of the estimated U.S.
demand in 2020.

Cost benefit analysis of the standards indicates a
cumulative consumer savings of $234 billion through
to 2030, with a benefit-cost ratio of approximately 3
to 1. As well, consumer savings outweigh government
expenditures about the program by more than 2000
times.®

Canadian energy efficiency
regulations

The cumulative impact of the residential appliance
standards implemented by the Canadian Energy
Efficiency Regulations is estimated to generate an
aggregate annual energy savings of 117.20 PJ in
2010 and 133.84 PJ in 2020. The cumulative impact
of standards for residential and commercial lighting
and auxiliary motors is estimated to generate an
aggregate annual savings of 31.96 PJ in 2010 and
39.54 PJ in 2020.%



Energy Star

An assessment of the effectiveness of rebates
offered by utility companies for Energy Star labeled
appliances in the United States from 2001 to 2006
revealed that the programs increased the market
share of Energy Star qualified clothes washers by
4.5%. Utility supplied rebates had no significant

impact on the sales of dishwashers and refrigerators.

Each megawatt hour of energy saved through the
rebate program cost the utility approximately $35

US — significantly lower than the cost for a utility to
purchase on-peak power, at an average price of $60/
MWthO

Australian
appliance labelling program

An evaluation of the Australian labelling program
estimated that due to the label, the sales-weighted
energy consumption of products sold from 1986

to 1992 was reduced by 12% for refrigerators and
freezers, 16% for dishwashers, 1% for clothes dryers
and 6% for air conditioners.”’

activities to reduce energy use in appliances and equipment in isolation
is contested, though research suggests their use in conjunction with
other implementation methods such as regulation or incentives can be
effective.9%

Potential roles: Government is typically a driver of providing information
to consumers, but product suppliers and retailers are also often involved.

Key benefits: Contributes to and drives market transformation; provides
support for successful program implementation of standards or incentives;
can prepare the market for introduction of standards requiring higher
efficiency.

Key challenges: Ability to shift the market using only information,
awareness, education etc. is questionable without standards, and can be
difficult to measure.*
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Appendix A.4

Wind power

Wind farms currently generate approximately 2% of the electricity used

in Alberta™ while producing no direct greenhouse gas emissions. When
looking from a life cycle basis, electricity generated from the wind creates
99% less GHG emissions than Alberta’s coal- and natural gas-dominated
electricity grid.'®

Potential reduction

Southern Alberta has an excellent wind resource, and until recently had
the most installed wind power of any region in Canada. In fact, a very large
number of applications have been submitted to the Alberta Electric System
Operator for interconnecting new wind farms in the province. These
applications account for twice as much electricity generating capacity

than is currently installed by coal-fired power plants in the province.' It is
unlikely that all of these applications would be approved; however, it has
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Coal (retrofitting brownfield sites with super-
critical pulverized technology — no CCS)

Wind
Gas (cogeneration technology
median gas price)

Coal (greenfield supercritical
pulverized coal - no CCS)

Gas (power-only combined cycle
technology with median gas price)

Coal (greenfield integrated gasification
combined cycle technology — no CCS)

Gas (power-only combined cycle
technology with high gas price)

Gas (power-only single cycle
technology with median gas price)

been estimated that approximately 20% of Alberta’s electricity could come 0 50 100$IMW1I150 200 250
from wind power within the next 20 years. This is similar to penetration

levels already experienced in other jurisdictions. ' Figure viii: Cost per MWh of various power generation

technologies in Alberta™

Cost implications

Figure viii shows that wind power is estimated to be cost competitive with
other options for new power generation in the province.

Approaches to implementation

Regulations

One of the most common methods of regulating the source of power in
a region is through a Renewable Portfolio Standard (RPS). An RPS can
be placed on electricity retailers, or at other parts of the supply chain,
requiring them to purchase a certain percentage of renewable power.

Low emission power can also be encouraged through a cap-and-trade
system where power generators, or other parts of the supply chain, have
a limited ability to emit GHGs and therefore must find ways to reduce the
carbon intensity of their electricity sources.

Potential roles: Provincial or state governments have typically set
renewable portfolio standards, whereas both the provincial and federal
governments could establish cap-and-trade systems for GHG emissions.

Key benefits: Strong driver for emission reductions.

Key challenges: Political will.

Incentives or disincentives

Another common method of increasing the amount of renewable or low
emission power in a region is to use financial incentives or disincentives.
These are called various different names — production incentives, feed-in

Photo: City of Calgary
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Green Power

Both Enmax and Bullfrog Power offer consumers

an opportunity to pay a premium to support power
producers who put green power on the grid on their
behalf.

Incentives

The federal government previously had a Renewable
Power Production Incentive that provided 1 cent / kWh
for qualified renewable energy projects.

Ontario has a feed-in-tariff that provides a premium
price for renewable energy projects.

British Columbia has a carbon tax that helps to make
low emission energy sources more economically
attractive.

tariffs, carbon tax — but they are essentially designed to provide more
revenue for low emission or renewable sources, or higher costs for high
emission sources.

Potential roles: Governments are typically involved in providing
incentives.

Key benefits: Creates price signals in the marketplace that increase
considerations of environmental impact.

Key challenges: Level of impact on the market depends on the level
of incentive or disincentive; incentives can be difficult for government to
maintain without a dedicated funding source.

Engage consumers

Awareness could be raised or incentives provided for consumers to
purchase or support green power.

Potential roles: Government, non-profit organizations, electricity
marketers and green power producers are often involved in promoting
lower impact electricity.

Key benefits: Additional revenue for green power producers;
increased support for producers who are building low-carbon electricity
infrastructure and other policies to support low impact electricity.

Key challenges: Paying a premium for green power likely to remain a
niche market.

102 Jeff Bell and Tim Weis, Greening the Grid: Powering Alberta’s future with renewable
energy (The Pembina Institute, 2009), http://pubs.pembina.org/reports/greeningthegrid-
report.pdf

103 Matthew McCulloch, Marlo Raynolds and Michelle Laurie, Life-Cycle Value Assessment
of a Wind Turbine (The Pembina Institute, 2000), http://pubs.pembina.org/reports/
windlcva.pdf

104 Transmission constraints have limited the ability of these interconnection applications
from being approved.

105 Bell and Weis, Greening the Grid.

106 Alberta Electric System Operator, Long-Term Transmission System Planning Stakeholder
Meeting — Presentation (November 16, 2007) http://www.aeso.ca/downloads/
Nov_16_Long_Term_Transmission_Stakeholder_Presentation-_for_posting.pdf
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Appendix A.5

Combined heat and power /
district energy

Combined heat and power and district energy are two methods to reduce
carbon emissions. In combined heat and power (CHP) or cogeneration, the
fuel, often natural gas, is burned to generate electricity while the left-over
heat is used in industrial processes or to heat buildings. Some systems
can also provide air conditioning alongside electricity and heat. Those
systems are considered tri-generation. Grid-connected cogeneration plants
in Alberta have expanded rapidly in recent years, with capacity increasing
from 500 MW in 1998 to 3,500 MW in 2006 mainly due to expanded use of
cogeneration in the oilsands.'”

District energy (DE) systems share energy between multiple buildings or
properties to make the best use of the energy available. This is often done
by pumping heat between multiple buildings, but can also be done for
cooling and electricity as well. These systems work well with cogeneration
and tri-generation plants and are often paired together.

Potential reduction

Significant emissions reductions are possible through CHP and district
energy using natural gas as shown in Figure ix. CHP can achieve up to 80%
efficiency while conventional electricity generation systems range from 40
to 60%. A tri-generation plant can be up to 90% efficient.’®

Including current production, the potential for industrial-scale or
community-scale cogeneration in Alberta has been estimated to be 8,000
MW generating capacity, or about two-thirds of Alberta’s current electrical
grid capacity. As with all cogeneration, this potential is highly dependent
on matching it with heating or cooling demand.'®

Cogeneration Separate Production of Heat and Electricity

350 units
Electricity

530 units
Heat

120 units 325 units
Waste Heat Waste Heat

Figure ix: Comparing cogeneration to traditional heat and electricity production’”
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Gas (cogeneration technology
median gas price)

Coal (greenfield supercritical
pulverized coal — no CCS)

Gas (power-only combined cycle
technology with median gas price)
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Gas (power-only combined cycle
technology with high gas price)

Gas (power-only single cycle
technology with median gas price)

Coal (retrofitting brownfield sites with super-
critical pulverized technology — no CCS)

combined cycle technology — no CCS)
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Figure x: Cost per MWh of various power generation
technologies in Alberta'”

Calgary

Enmax has recently built a $200 million district energy
plant for an area of downtown Calgary. The project
provides greater efficiencies and lower costs for
energy, operations and maintenance than traditional
power plants. Enmax hopes to build up to twelve
district energy centres in Calgary."

University of Calgary

The University of Calgary is expected to convert a
central heating and cooling plant to a cogeneration
facility in 2011. Instead of separately generating heat
and purchasing electricity from the grid, the new

12 MW, $48 million plant will create $3.5 million in
annual energy savings and reduce the university’s
GHG emissions by 80,000 tonnes per year.'™ This is a
50% reduction from 2009 levels."®

Micro-CHP is down-scaled cogeneration that can occur within a single
residence. An estimated 75—110 MW of potential electricity generation
from micro-CHP is thought to exist in Alberta over the next 20 years."

Cost implications

For particular applications, both CHP and district energy can be cost
competitive with conventional systems. Typically, a minimum heat demand
is required.

For power generation, a cogeneration system is estimated to be among
the lowest cost options for developing new power plants in the province
(see Figure x). Internationally, the cost savings for retail customers has
varied from 15 to 42%, while capital cost savings have also been shown
to be up to 58%, depending on the jurisdiction.’"

Approaches to implementation

Regardless of the implementation approach taken, some common
considerations impact the success of all CHP/DE projects

Managing multiple interests for DE: different businesses and
residences need to work together instead of independently

Matching heat loads for CHP: seasonal variation in demand exists for
heating and cooling

Siting of larger units in urban areas: CHP/DE performs best in higher-
density districts

Availability of micro-cogeneration units: these are not widely
available in Alberta at this time

Some of the approaches to overcoming these barriers are listed below.
Additional approaches include developing thermal storage and improving
cooling integration to help manage heat loads, and investing into the
further development of micro-generation technologies.

Incentives

A variety of subsidies or rebates can be offered to the power provider to
offset capital costs, or to the ratepayer who occupies buildings that use
CHP/DE systems.

Potential roles: Typically federal or provincial governments provide
incentives for certain types of energy generation.

Key benefits: Levels the playing field with higher carbon power and
heating systems; improved consumer choice; lower monthly power and
heating costs for consumer.

Key challenges: Current limited uptake of CHP/DE systems; cost to
government.

Organizational infrastructure

In some cases, CHP and district energy already make economic sense, but
have other barriers associated with them — often related to matching

the generators with the heat demand. Having an entity that works with
various groups to identify and facilitate the development of CHP and/or DE
could help overcome these barriers.
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Potential roles: Municipalities are well-positioned to play a coordinating
role as they are responsible for establishing community plans, and they
also sometimes develop municipal energy plans. A private company could
also play this role, but a revenue model would need to be identified.

Key benefits: Can help to overcome initial barriers of siting and managing
the needs of multiple interests.

Key challenges: Requires funding or revenue source to facilitate
development of projects; needs to be integrated into larger community
development plans.

Supporting activities

Education and awareness-building for consumers, builders, developers and
government can improve the speed and ease of implementation of other
approaches.

Potential roles: Government, energy providers and technology suppliers
are most often involved in education and awareness-building around
opportunities for CHP and district energy systems.

Key benefits: Low costs and high visibility.

Key challenges: Low awareness of CHP/DE in Alberta; limited ability to
effect change without additional measures.

107 Jeremy Moorehouse and Bruce Peachey, “Cogeneration and the Alberta Oil Sands,”
Cogeneration and Onsite Power Production 8, no. 4 (July- August 2007),. http://www.
cospp.com/articles/print_screen.cfm?ARTICLE_|D=303182.

108 Trigeneration Technologies, “What is Trigeneration?” http://www.trigeneration.com/

109 Pembina estimate for the Greening the Grid report based on proprietary work by Mark
Jaccard and Associates. Bell and Weis, Greening the Grid.

110 WADE Canada, “DE Technologies,” http://wadecanada.ca/can_deb_technologies.html
111 Bell and Weis, Greening the Grid, 50.

112 WADE Canada, “Economic Benefits,” http://wadecanada.ca/can_ben_economic.html
113 AESO, Long-Term Transmission System Planning.

114 Renato Gandia, “Enmax unveils new energy centre,” Calgary Sun, June 18, 2010, http://
www.calgarysun.com/news/alberta/2010/06/18/14443836.html

115 University of Calgary, “Economic stimulus boosts U of C building projects,” May 15,
2009. http://www.ucalgary.ca/news/may2009/funding-cogen

116 Veronica Hoskins, “New U of C power plant will slash emissions,” University of
Calgary ON Campus, November 2008, http://www.ucalgary.ca/news/uofcpublications/
oncampus/november2008/power/

117 COGENchallenge, Intelligent Energy Europe, Cut your energy bills with cogeneration:
A basic guide on the principles and profitability of small-scale cogeneration (2009), 5,
http://www.cogeneurope.eu/wp-content/uploads//2009/02/basic_guide.pdf.

118 Hamilton Community Energy, “Current Projects: Cogeneration and District Heating,”
http://www.hamiltonce.com/html/static/current_projects.shtml.

Heathrow Marriot

Installed in 2001, the 230 kWe gas engine CHP unit
for London’s Heathrow Marriot Hotel runs an average
of 17 hours per day at 97.5% availability. The hotel
estimates it saves 75,700 euros and avoids 250
tonnes CO,e per year."”

Hamilton

The City of Hamilton's CHP and district energy
installations achieved 80% efficiency compared
to 40-60% for conventional installations. During
a prolonged blackout in 2003, the 3.5 MW power
plant provided enough electricity to keep City Hall
functioning through the crisis.""®
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Coal-fired power plants supply 74% of the electricity in Alberta. These
power plants typically have higher levels of emissions, both of greenhouse
gases and other air pollutants, than other forms of power generation.

The GHG intensity of coal-fired electricity (the amount of GHGs created
per unit of power produced, typically measured as tCO,e/MWh) could be
decreased by equipping new or existing coal facilities with carbon capture
and storage (CCS).

In practice, CCS in the electricity sector (for coal here, but the technology
could be used for other thermal generation facilities) refers to the process
where carbon dioxide from power generation is captured before it is
released to the atmosphere, compressed, transported and sequestered in
geological formations.

Potential reduction

A variety of technologies and processes can be used to separate and
capture CO, from electricity generation facilities; however, it is important
to note two important caveats to the CCS process:

First, CCS facilities at coal generating stations do not capture all
emissions. Up to 70 to 90% of GHG emissions are predicted to be
captured.

Second, the capture process itself will require energy, meaning that
there will be additional fuel use and additional fuel costs for a coal
plant with capture. Some estimates suggest generation plants with
capture will burn 30% more fuel (coal) to compensate for the parasitic
energy consumption of the capture system."®

Caution is required when anticipating the impact that CCS can have for
The City of Calgary; there are significant cost, technology, ecological and
infrastructure barriers that must be overcome before a significant level of
penetration or impact can be realized.

Cost implications

The cost of electricity will be impacted in two ways. First, the cost of
retrofitting existing facilities or building new facilities will require capital
investments greater than the current building costs. Second, increased
operating costs are associated with increased fuel use at coal generating
stations with capture, in addition to costs of other consumables at capture
facilities.'”” The additional costs of power production range from 39 to 78%
(depending on technology and process used) according to one study of CCS
costs.'?

Ontario

In Ontario, the provincial government has committed
to phasing out coal-fired power plants. It is increasing
the use renewable energy and improving energy
efficiency to replace lost coal-power supply.

Canada

The Government of Canada recently announced its
intention to reduce emissions from existing and new
coal facilities, using the Canadian Environmental
Protection Act (CEPA). Regulation would come into
effect in 2015. The draft regulatory approach would
see a performance-based standard for facilities;
facilities would be expected to have greenhouse gas
emission rates (tonnes per GWh) less than or equal
to those of a natural gas combined cycle facility
(approximately 360-420 t/GWh).

Several draft rules complicate the regulation. For
instance, new facilities that have planned CCS would
be exempt from the regulations until 2025, when CCS
is anticipated to be cost effective. Existing facilities
would not be required to meet the regulation until the
end of their economic life.'2212



B.C. carbon tax

British Columbia has a carbon tax that helps to make
low-emission energy sources more economically
attractive.

Future projects

Several coal power plant CCS projects are in
development worldwide, including four in Alberta and
Saskatchewan.'? These commercial-scale facilities
will be larger than previous pilot projects such as the
30 MW Vattenfall CO,-free power plant in Germany.'#®

The Bow City Power capture project in southern
Alberta, a 1,000 MW facility adjacent to a coal mine,
is in the planning and development stage.'? At initial
development, the plant will only capture 20% of
total CO, emissions. There is a possibility that the
percent of total emissions captured can be increased
by phasing in additional capture capacity.'”® Project
commissioning is not anticipated until 2014.

Other coal facilities planned to be built with some
CCS capacity include: Boundary Dam (SaskPower,
100MW, target 2015), Project Pioneer (TransAlta, 450
MW, target 2015), and Belle Plaine (TransCanada,
500MW, date undecided).

The Integrated CO, Network’s (ICO,N) review of CCS opportunities
foresees the earliest capture facilities coming online at over $45/tC0,e
avoided — and this from the oilsands sector, not from power generation
facilities. This review does not anticipate coal generation with capture
coming online in significant quantities until a carbon price of $80/t is
reached, and even then for a limited number of new coal facilities.
Retrofitting of existing facilities for capture is only anticipated when prices
reach $95/t.%

The Intergovernmental Panel on Climate Change estimates that the impact
of CCS on electricity prices would be 1 to 5 cents US/kWh.

Approaches to implementation

Regulations

Regulations or provincial directives could lead to the phase-out of coal-
fired power plants without carbon capture and storage.

Directives to governing bodies, including the Alberta Electricity System
Operator, or changes to the Electric Utilities Act could stipulate
requirements to phase out conventional coal, or to allow new coal power
generation facilities only if they are equipped with CCS.

Potential roles: Governments are typically involved in establishing
regulations or requirements for the electricity and transmissions system.

Key benefits: Creates legislative or regulatory framework to ensure that
existing high-carbon sources are phased out and new, low-carbon sources
of electricity are developed.

Key challenges: Level of impact on the market depends on rigour of the
directive or legislation adopted.

Incentives and disincentives

Another commaon method of increasing the amount of renewable or low-
emission power in a region is to use financial incentives or disincentives.
Various types of incentives are commonly used in the electricity sector,
each designed to increase the supply of low-carbon electricity sources
and discourage the use of higher carbon, polluting sources such as
conventional coal. Production incentives, feed-in tariffs and carbon taxes
are examples of incentives.

In the case of CCS, the implementation of a price on carbon (either through
direct carbon tax or cap-and-trade system) could spur development of

CCS — if the price is set high enough. Earlier, it was noted that a price of
carbon greater than $80/tonne would likely stimulate investment in CCS in
the Alberta electricity sector.

Potential roles: Federal and provincial governments are typically involved
in providing incentives or establishing a price on carbon.

Key benefits: Creates price signals in the marketplace that increase
considerations of environmental impact.

Key challenges: Level of impact on the market depends on the level of
incentive or disincentive.
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Viebahn et al. “Comparison of Carbon Capture and Storage with Renewable Energy
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Global CCS Institute, Strategic Analysis of the Global Status of Carbon Capture and
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asp?lang=En&n=714D9IAAE-1&news=E5B59675-BE60-4759-8FC3-D3513EAAB41C

Environment Canada, “Key Elements of Proposed Regulatory Approach,” news
release backgrounder, http://www.ec.gc.ca/default.asp?lang=En&n=714D9AAE-
1&news=55009108-5209-43B0-A9D1-347E1769C2A5
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Vattenfall, “Pilot Plants,” 2010, http://www.vattenfall.com/en/ccs/pilot-plant.htm
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There is currently no nuclear power generation in the western provinces,
including Alberta. Saskatchewan is the largest uranium mining and
processing centre in Canada. Ontario, and to a lesser extent Quebec

and New Brunswick, use nuclear power to provide electricity in their
jurisdictions.

Potential reduction

Alberta has never employed nuclear energy to generate electricity; it has
recently commissioned an appointed panel to draft a report examining the
potential for nuclear generators in Alberta. This report was completed in
2009.

This expert panel concluded that the life cycle emissions of CO,

from nuclear power generation, including mining, refining and fuel
transportation, are similar to those of renewable energy sources such as
wind power.'?

The creation of new nuclear energy facilities in Alberta is a long-term
process. Nuclear power generating facilities are subject to very high
capital costs and long construction times relative to other electricity
supply options. In Ontario, a history of serious delays and cost overruns
on nuclear facilities account for $15—20 billion in debt left by Ontario
Hydro. The long timelines — an estimated total of nine years for power
plant licensing' — and risks make it difficult for nuclear power to secure
private investment or to contribute to short-term GHG reduction in the
Alberta electricity sector.™

Cost implications

The expert panel review notes that the decision to build a plantis a
private sector decision taken by a company based on its assessment of
the project’s economic viability; any new plant would require approval
from both provincial and federal authorities.'® The Expert Panel concluded
that the cost of energy from nuclear plants typically ranges from 3.5 to 6.0
cents per kWh,™ although other independent reports place the cost as
high as 15 cents per kWh as shown in Table v.

Nuclear in Canada and worldwide

Ontario, Quebec and New Brunswick each have
nuclear power generation as part of their supply mix.
In 2005, the Ontario Power Authority announced its
intention to acquire new nuclear power generation; it
estimated in 2005 that the cost of this power would
be over $3,000 per kW. In 2009, the OPA reportedly
received a bid for new supply at a cost of over $10,000
per kW.13

The last new nuclear facility to be built in Canada is
the reactor at Darlington, Ontario. It was completed

in 1992. Three recent applications to the Canadian
Nuclear Safety Commission were withdrawn in 2009
(Bruce Power/Triverton Site, Bruce Power Alberta, and
Bruce Power Erie/Nanticoke site).'® Ontario Power
Generation (OPG) has completed early applications;
application for license to operate is not expected until
2016."%

In the European Union and the United States, over
20 new facilities are planned.”” Many planned new
reactors will be constructed at existing nuclear
facilities: of 22 applications to the U.S. Nuclear
Regulatory Commission, all but three are at existing,
operating plants.™®



B.C. carbon tax

British Columbia has a carbon tax that helps to make
low-emission energy sources more economically
attractive.

Net Zero in B.C.

In B.C., the provincial government has stipulated
that all new electricity supply must produce zero net
greenhouse gas emissions. This type of provincial
directive provides a mandate to guide utility
regulators and operators in planning and managing
the provincial grid.

Table v: Cost estimates for building new nuclear reactors and the power
they produce™

Estimated price
Estimate source Cost to build a new of electricity
2000 MW reactor generated

(cents / kWh)
Ontario Power Authority .
(IPSP 2008) $5.8 billion 8.6
Moody’s Investment -
Services (2008) $15 billion 15.1
Standard and Poor’s .
(2008) $10-$16 billion N/A

Approaches to implementation

Regulations

Regulations or directives to governing bodies, including the Alberta
Utilities Commission, could stipulate requirements that new electricity
supply must be from zero-carbon sources.

Potential roles: Provincial governments are typically involved
in establishing regulations or requirements for the electricity and
transmissions system.

Key benefits: Creates a legislative or regulatory framework to ensure that
only zero net greenhouse gas sources of electricity are developed.

Key challenges: Level of impact on the market depends on rigour of the
directive or legislation adopted.

Incentives and disincentives

Another common method of increasing the amount of renewable or low-
emission power in a region is to use financial incentives or disincentives.
Various types of incentives are commonly used in the electricity sector,
each designed to increase the supply of low-carbon electricity sources and
discourage the use of higher carbon sources such as conventional coal.
Production incentives, feed-in-tariffs and carbon taxes are examples of
incentives.

Potential roles: Federal and provincial governments are typically involved
in providing incentives or establishing a price on carbon.

Key benefits: Creates price signals in the marketplace that increase
considerations of environmental impact.

Key challenges: Level of impact on the market depends on the level of
incentive or disincentive.
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Energy from the sun can be harnessed in many ways — to generate heat
for living and working spaces, to heat water for personal, commercial or
institutional uses, and to generate electricity.

Solar technologies are commercially available across the country, and have
been proven in the Canadian climate.

The following applications are considered here:

Solar air heating (active) — The use of solar energy to pre-heat
air for indoor space heating before it is brought into a building.
Residential use of this technology is less common than commercial/
institutional and industrial.

Solar water heating — The use of solar energy to heat water

for residential, commercial or industrial uses. This technology can
displace natural gas use for residential water heating, for pool heating
at public or private facilities, or for any number of applications that
require hot water.

Solar photovoltaic (PV) — The generation of electricity from the
sun’s energy. Common applications include roof-top mounted solar
panels in both the residential and non-residential sectors.

Passive solar heating and lighting — Buildings are naturally
heated and illuminated by the sun. Building and neighbourhood
design — including building orientation, window placement, thermal
massing and shading — can be optimized to use more of the sun’s
energy to meet the building energy requirements.

Solar power plants — Larger, centralized solar power plants can be
built in undeveloped areas to provide electricity to the grid. This can
include large arrays of ground-mounted solar PV panels, but other
technologies — including the use of solar energy to generate steam
for power generation — are in operation around the world and could
find use in Alberta.

Solar applications are typically scalable — additional capacity can be
added as financing or capital becomes available, provided there are no
limitations of the physical space required (e.g., size of rooftop for solar PV)
or the energy needs of the buildings (e.g., solar water heater should not be
oversized for the building needs).

Potential reduction

The Calgary energy mapping study provides a reference point for energy
produced by building integrated systems. The figures provided here
reference the potential of each technology if applied within city limits
using all available roof spaces. This is considered to be a very high
estimate.

Green Power

Both Enmax and Bullfrog Power offer consumers

an opportunity to pay a premium to support power
producers who put green power on the grid on their
behalf.

Spain

In Spain, the building code requires that 30 to 70% of
water heating demand be met with renewable energy
for new buildings and major renovations; in Barcelona
the requirement is 60% for residential water use,
100% for uncovered swimming pools, and 20% for
industrial hot water.™
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Ontario

In Ontario, the MicroFIT (feed-in-tariff) program
provides residents and businesses with a fixed-
price contract for 20 years for the sale of power

to the grid. The separate treatment of small-scale
systems (appropriate for residential and businesses)
encourages the participation of homeowners and
commercial building operators within city limits by
streamlining the application process and providing a
higher rate for electricity sold, ensuring investors a
reasonable rate of return on their investment.

i

Building mounted solar heating and electricity

For solar hot water heating, the Canadian Urban Institute estimated a
maximum potential of 42 million GJ of heat production in 2036. This is
about half of the total natural gas used in Calgary in 2008.

Solar air heating was estimated to have a potential of generation 8 million
GJ of heat in 2036. Solar PV was estimated to have the potential to
generate 1500 GWh of electricity in 2036, or about 16% of total electricity
consumption in Calgary in 2008.

Passive solar

Passive solar refers to the use of solar energy to provide energy or
services for buildings without the aid of mechanical systems; allowing
the sun to warm living and working spaces by orienting windows to
maximize solar access in heating seasons (while also providing shade
during seasons where air conditioning is needed), or using the sun’s light
to reduce the need for electrical lighting systems.

Challenges and opportunities do exist for passive solar in urban
environments. The Calgary Energy Mapping report discusses how new
development that obstructs the solar access of a passive solar home can
increase that building's energy needs by 22%."" For both residential and
commercial buildings, careful consideration of the benefits and trade-
offs of the use of solar energy is required — creating a city energy plan
that provides clarity for builders in the design and planning process with
respect to solar access ensures that designs can be optimized for solar
energy use. The Energy Mapping report also indicates that while high-rise
buildings will benefit from solar heating, overall energy consumption may
actually increase compared with lower buildings of the same volume.

The energy savings realized from smart passive solar design varies
significantly depending on the nature and objectives of the designer and
builders. A modest passive solar design can result in energy savings of

5 to 25% of total energy use, where a more aggressive optimized design
could reduce energy costs by 40 to 75%. Many passive solar actions cost
nothing beyond good planning; the ‘Building America’ program has found
that energy consumption of new homes can be reduced by as much as
50% with little or no impact on the cost of construction.™ A reduction
of 50% of heating costs corresponds to a 50% reduction in greenhouse
gas emissions associated with building heating, as the dominant energy
source for space heating in Alberta is natural gas.

Solar power plants

An additional consideration should be the production of electricity from
large scale solar electricity facilities; this can include arrays of solar PV
panels, as well as solar thermal facilities that use the sun’s energy to
generate steam that drives a turbine for electricity production. These
facilities could be constructed outside city limits — and, similar to other
forms of renewable power generation such as wind, they would decrease
the greenhouse gas emission intensity of the provincial grid. In Calgary,
the solar resource is very favourable compared to the rest of the country.
Each kW of installed solar PV capacity would be expected to generate
1200kWh or power annually (see Figure xi).
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The impact of centralized solar generation (including PV and solar thermal
generation) on the provincial grid could be significant. In the United States,
proposals for large-scale centralized solar thermal power generation could
point the way for independent power producers in Alberta: a 1000 MW
facility has recently been approved in California.'®

Japan installed more than 400 MW of PV power in 2007 alone, more than
the size of Alberta’s average coal plant. The United States installed about
260 MW of solar in the same year whereas Germany installed almost
1,300 MW, more than Alberta’s three biggest coal units combined.™ In
Ontario, 1131 MW of solar power is under development — 31% of the
total new renewable power under development. 655 MW of the solar
capacity under development is to be contracted under the new feed-in
tariff."The solar PV market is the fastest growing market in the world;

it has been growing at an average rate of 42% per year for the last 15
years.'®

Cost implications

Solar systems typically have higher up-front or capital costs and relatively
low annual operating costs. The Calgary Energy Mapping Study provided
estimates of the cost of both solar air and solar hot water heating at $15
per GJ of energy produced, although other sources put the cost of solar

air heating as low as $7.50/GJ."”” Solar PV was estimated in the Energy
Mapping Study at a cost of $0.23/kWh produced; however, Ontario has put
in place a feed-in tariff of $0.802/kWh for small PV installations.™*®
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Distributed solar and wind energy
program

ENMAX, the Climate Change Emissions Management
Corporation and Climate Change Central have
launched a five-year initiative to install up to 9,000
distributed solar or wind energy installations.’

Federal incentive

The federal government previously had a Renewable
Power Production Incentive that provided 1 cent /
kWh for qualified renewable energy projects.

The price of these systems is expected to drop as more systems are
installed. The International Energy Agency noted that the price for
electricity from PV may become cost-competitive with current retail prices
in some markets by 2015.'%

According to the Calgary Energy Mapping Study, exploiting the full
potential within the city limits was estimated to require an investment of
$837 million (for solar air), $6.2 billion for solar hot water, and over $3.5
billion for solar PV. As mentioned earlier, as systems are scaleable, these
investments would be made incrementally and over a number of years

(if not decades) and would provide returns on investments in the form of
energy savings (reduced natural gas and electricity use) and/or energy
sales (sale of electricity to the provincial grid).

The installation cost of solar PV panels for a residential customer

would be $3000-$5000 per kW (residential systems of 1 to 3 kW are
common).™" The cost of a residential-scale solar water heating system is
approximately $5000.

The use of passive solar energy is considered to be very low cost as
simple designs involve only building orientation, placement of windows
and shading. More sophisticated systems are possible, but these would
also displace more natural gas for space heating and electricity for
lighting.

Approaches to implementation

Regulations for large-scale generation

One of the most common methods of regulating the source of power in
a region is through a Renewable Portfolio Standard (RPS). An RPS can
be placed on electricity retailers, or at other parts of the supply chain,
requiring them to purchase a certain percentage of renewable power.

Low emission power can also be encouraged through a cap-and-trade
system where power generators, or other parts of the supply chain, have
a limited ability to emit GHGs and therefore must find ways to reduce the
carbon intensity of their electricity sources.

Potential roles: Provincial or state level governments have typically set
renewable portfolio standards, whereas both the provincial and federal
governments could establish cap-and-trade systems for GHG emissions.

Key benefits: Strong driver for emission reductions.

Key challenges: Political will.

On-site renewable energy requirements for buildings

A performance-based requirement for integration of renewable energy
sources in buildings could increase the uptake of all types of solar power.
Performance-based approaches require that a certain percentage of a
building's energy supply be provided by renewable energy, leaving the
choice of renewable technology to the developer. The types of policies
have been used since 2004 in the U.K., and are now widespread in many
European countries.



Potential roles: Municipal, regional and national governments have
implemented these types of policies in other jurisdictions.

Key benefits: Significant increase in integration of renewable energy

in buildings, and a corresponding decrease in GHG emissions. In one
jurisdiction, a 26% reduction in GHGs for new developments was realized
following implementation of the policy

Key challenges: Implementation of the renewable energy requirement
may require support from developers; however, the rule allows flexibility of
choice of technology, allowing developers to select the most cost-effective
technology.

Incentives or disincentives

Another common method of increasing the amount of renewable or low-
emission power in a region is to use financial incentives or disincentives.
These are called various different names — production incentives, feed-in
tariffs, carbon taxes — but they are essentially designed to provide more
revenue for low-emission or renewable sources, or higher costs for high-
emission sources.

Potential roles: Governments are typically involved in providing
incentives.

Key benefits: Creates price signals in the marketplace that increase
considerations of environmental impact.

Key challenges: Level of impact on the market depends on the level
of incentive or disincentive; incentives can be difficult for government to
maintain without a dedicated funding source.

Engage consumers

Awareness could be raised or incentives provided for consumers to
purchase or support green power.

Potential roles: Government, non-profit organizations, electricity
marketers and green power producers are often involved in promoting
lower impact electricity.

Key benefits: Additional revenue for green power producers, and
increased support for producers who are building low-carbon electricity
infrastructure and other policies to support low-impact electricity.

Key challenges: Paying a premium for green power likely to remain a
niche market.
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B.C. carbon tax

British Columbia has a carbon tax that helps to make
low emission energy sources more economically
attractive.

Photo: Gordon Howell
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Ground source heat pumps

Ground source heat pumps, or geoexchange technology, uses the relatively
constant temperature beneath the surface of the earth to heat and cool
buildings. Geoexchange systems are able to produce three to four units

of free thermal energy from the ground for each unit of electricity input.’
This thermal energy is typically used for space heating and cooling,

but thermal energy can be harnessed for water heating and industrial
processes as well.

Geoexchange technology can be scaled for residential buildings (both
single-family homes and multi-unit buildings), commercial centres
(including retail and office space, hotels, recreation centres and pools),
institutional facilities (hospitals, schools) and industrial applications.'™*

Potential reduction

Geoxchange systems improve the overall efficiency of heating and cooling
buildings and residences. Although less total energy is used to provide
these heating and cooling services, there exists the potential that an
increase in emissions would be associated with using geoexchange
systems in place of natural gas systems. This is because the provincial
electricity grid is powered in large part by coal power plants, and this
would be replacing furnaces using natural gas.

Cost implications

Similar to other building-integrated sources of renewable energy,
geoexchange systems typically have higher capital costs than conventional
heating and cooling systems, but the increased efficiency and lower
operating costs mean year-over-year savings in energy costs.

The typical costs and payback periods for geoexchange systems are listed
in Table vi.

Table vi: Cost and payback for geoexchange systems'

Average capital cost ;
System type Typical Pa(\;back
$/sq.ft Total cost perio

Residential Horizontal system $9-$11 $20,000 — $25,000 3—8years
(2,500 sq.ft
home) Vertical system $15—-825 $30,000 — $40,000 5—10 years
Commercia Horizontal system $15—$25 Varips depeqding on Immediate — 8 years

Vertical system $30 — $40 size of building 210 years




Planet Traveler Hotel

The Planet Traveler hotel in downtown Toronto
underwent a significant renovation from abandoned
building to updated, functioning hotel. A major part
of the renovation was the inclusion of a vertical-loop
geoxchange system that had an installation cost of
$240,000. The 12,000 square foot building is now
equipped with a system that delivers 6.8 MWh per
year of energy, saving nearly $2,500 per month in
energy costs. The building operators anticipate the
investment will pay for itself in four years.'®

Canada

Geoexchange systems are very common across
Canada in bath the residential and commercial
sectors. Examples of installations that have improved
building performance and reduced costs are
numerous.

A family-owned bicycle store in southern Ontario

installed a geoexchange system in its 7,200 sq.ft.
facility and saved over $7,000 per year in energy

costs. The system paid for itself in less than three
years.'”’

Approaches to implementation

On-site renewable energy requirements for buildings

A performance-based requirement for integration of renewable

energy sources in buildings could increase the uptake of all types of
building integrated renewable energy, including geoexchange systems.
Performance-based approaches require that a certain percentage of a
building’s energy supply be provided by renewable energy, leaving the
choice of renewable technology to the developer. The types of policies
have been used since 2004 in the U.K., and are now widespread in many
European countries.

Potential roles: Municipal, regional and national governments have
implemented these types of policies in other jurisdictions.

Key benefits: Significant increase in integration of renewable energy
in buildings. In one jurisdiction, a 26% reduction in GHGs for new
developments was realized following implementation of the policy.

Key challenges: Implementation of the renewable energy requirement
may require support from developers; however, the rule allows flexibility of
choice of technology, allowing developers to select the most cost-effective
technology. Geoexchange does not currently reduce GHG emissions in
Alberta due to the carbon intensity of the electricity grid.

Remove barriers to implementation

In some cases, barriers may exist to the implementation of geoexchange
systems. The City of Toronto passed a municipal resolution facilitation
the use of public land for geoexchange systems, recognizing the
environmental and cost savings benefits for the building owners and the
community at large. The use of public laneways to bury closed vertical
loops facilitated the use of geoexchange for the refurbishment of the
Planet Traveler hotel in Toronto, Ontario.

Potential roles: The City could facilitate and encourage the use

of geoexchange systems through co-operation with developers and
homeowners (permitting use of public lands where appropriate, facilitating
permitting processes, or other).

Key benefits: Energy cost savings for building owners.

Key challenges: Availability of financing for up-front cost of
geoexchange systems (including both retrofitting and new development).
Geoexchange does not currently reduce GHG emissions in Alberta due to
the carbon intensity of the electricity grid.

Engage consumers

Awareness could be raised or incentives provided for developers and/

or homeowners to include geoexchange systems. Providing consumers
information about scenarios under which geoexchange systems can be
used to reduce greenhouse gas emissions would help builders and owners
make the best possible ‘green’ choice.

Potential roles: Government, service providers and non-profit
organizations, are often involved in promoting renewable energy systems.



Key benefits: Increased awareness among developers and owners about
the potential cost saving and GHG benefits of geoexchange systems.

Key challenges: The greenhouse gas benefits may not be as great as
other initiatives for the building sector due to the current dependence on
coal power plants in the province.

153 The Pembina Institute, Geoexchange: Energy under foot (2010), www.pembina.org/
pub/2049.

154 Ibid.
155 Ibid.
156 The Pembina Institute, Geoexchange: Energy under foot.

157 Geothermal Heat Pump Consortium, Braun's Bicycle Store Kitchener, Ontario (2010),
http://www.geoexchange.org/index.php?Itemid=25&option=com_docman

Photo: The Pembina Institute
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Appendix A.10

Personal mobility choices
(personal vehicles, transit, walking and cycling)

The mode of transportation that citizens in Calgary choose for everyday
activities has the potential to significantly impact the fuel use and GHG
emissions attributed to the transportation sector. This section identifies the
opportunities for the City and its citizens to reduce the amount of vehicle
travel that occurs by encouraging people to use less fuel-intensive means
of transportation (e.g. walking, bicycling, riding a bus or train, carpooling or
telecommuting).

—— (Other 1%
Walk and Bicycle 7%

. ) Transit 17%
In 2006, 75% of commuters in Calgary used a personal vehicle to get to ’

and from work, 24% of commuters traveled by transit, and 7% walked or

cycled as shown in Figure xii. Car Passenger 7%

Transit trips in The City of Calgary increased by 18% from 2001 to 2006
(shown in Figure xiii). This is almost double the population growth of
10%, while the City improved transit service at approximately the same
rate as population growth — transit service hours and vehicle kilometres
increased by 11%.8

Car Driver 68%

. . . ) . H HA H H 159
Transportation mode choices are impacted by a number of factors including Figure xii: Commuting mode share in Calgary (2006)

speed, convenience, cost, access, the location of the destination and the
purpose of the trip. A lot of these factors are themselves impacted by
the design of the city and the type of transportation infrastructure that is
developed (e.g., roads, transit, pathways and sidewalks).

Other
Walk and Bicycle
Transit

B 2001

Car Passenger B 2006
Car Driver

0% 10% 20% 30% 40% 50% 60% 70% 80%

Figure xiii: Change in commuting mode share in Calgary from 2001 to 2006'"



Densities in Calgary

Calgary suburbs in the 1960s to 1980s had densities
of 4 to 6 units per acre, or about 25 to 37 people per
hectare when assuming 2.5 people per unit. By the
1990s and 2000s, the densities rose to 6 to 8 units per
acre or about 37 to 50 people per hectare (assuming
2.5 people per unit). This was mostly achieved by
increasing the percentage of multi-family dwelling
from 15 to 25%. Current plans include densities
between 8 and 12 units per acre, or about 40 to 60
people per hectare when assuming 2 people per unit,
with multi-family units making up 25 to 60% of the
dwellings.'

Calgary’s new Municipal Development Plan calls for
100 people or jobs per hectare within 400 metres of
the primary transit network, and 200 people or jobs
per hectare within Major Activity Centres or Urban
Corridors. The MDP provides targets of 60 people
and jobs per gross developable hectare for new
communities in future greenfield areas. In addition to
the intensity threshold, minimum residential density
must be in conformity to the Calgary Metropolitan
Plan, which requires that new communities achieve a
minimum density of 8 to 10 units per gross residential
acre. The city-wide target for 2070 is 45 people or
jobs per hectare.

Kelowna

The City of Kelowna, B.C., is promoting smart
growth and compact development through the use
of varied development cost charges (DCC) that are
levied against new development and paid by the
developer. Two factors determine the charge: density
and geographic location. In general, higher-density
development that is close to the downtown core

is charged a lower DCC compared to single-family
development located at the periphery of the city.
The program is allowing the City to optimize its
infrastructure investments.®

This section considers how personal mobility choices can be impacted by
land use and transportation design at a neighbourhood and city or regional
scale.

Key variables that impact the use of personal automobiles and greenhouse
gas emissions include:

Socio-economic — In general, greater income and number of cars
per household is associated with increases in vehicle kilometres
travelled (VKTs) per capita or household.

Locational — Increased distances from the Central Business District
is associated with an increase in VKTs, while improved transit
options and greater mixes of land uses and job opportunities in
neighbourhoods are associated with a decrease in VKT.

Neighbourhood design — Increased housing density, mixing land
uses, the opportunity for local shopping opportunities adjacent to
population centers, increasing the number of intersections per road
km, and the availability of bike lanes and recreational paths are
associated with decreases in VKTs. Neighbourhoods adjacent to wide
arterial roads or with a curvilinear internal road layout are shown

to increase VKTs.'3 The availability of parking also impacts vehicle
ownership and VKTs.

Potential reduction

Neighbourhood development that is situated adjacent to a major transit
system, is designed to support pedestrian and bike uses, and includes

a mix of land uses has reduced vehicle kilometres traveled by 10 to

30%, per site. Reductions in VKTs of up to 50% have been shown when
these neighbourhood design features are combined with infill and
redevelopment of existing land, though the results depend on the density
and location relative to key destinations and transit features.'®* Table vii
shows the opportunities for reducing VKTs from the implementation of
site-specific neighbourhood design features.

Table vii: VKT reductions through neighbourhood design

Neighbourhood design feature FOTGE reduc!lon ORIKEE
per site

Transit Oriented Development 10-30"%

Pedestrian Oriented Design 1—1076

Pedestrian design combined with bike 5 _ 151

facilities

Mixed-use development 5—20'%

10 % increase in population density 1-35'

A regional or city-wide approach to land and transportation planning that
locates new development around multiple transit corridors coupled with
other improvements to transit frequency and options has the potential

to reduce total regional VKTs by 2 to 5%,"%"" while the addition of
comprehensive smart growth planning has been shown reduce total VKTs




by up to 20%."? For example, analysis completed for The City of Calgary's
Plan It process during the development of its Municipal Development Plan
revealed that over the course of the next 60 to 70 years, VKTs could be
reduced by 33% if all new development was added to existing areas.'”®

Cost implications

Taking into account vehicle depreciation, the fixed costs of car ownership
in Canada averages between $6,000 and $9,000 per year, depending on
the type of car, insurance plan, and financing options utilized by the owner.
Table viii shows average annual operating costs per kilometre of driving, a
figure that varies from approximately 8 to 13 cents.”*

Table viii: Average annual operating costs for personal vehicles

Operating cost (cents per kilometre)

Eohetel] C:::::n Pr:li::m
Fuel 8.14 11.82 3.89
Maintenance 2.36 2.82 2.61
Tires 2.10 2.16 1.70
TOTAL 12.60 16.80 8.20

Note: Based on 18,000 km of driving per year using regular, unleaded gasoline at
an average national gas price of $1.02 per litre.

Research indicates that households located in automobile dependent areas
devote more than 20% of household expenditures to transport (totaling
over $8,500 annually), while those in more compact, smart growth-type
communities spend less than 17% (under $5,500 annually). Vehicle
expenditures provide little long term economic value: $10,000 spent on
motor vehicles provides $919 in equity, compared with $4,730 for the same
investment in housing. 7®

Urban development patterns can significantly impact the capital and
operating costs of road network infrastructure. More often than not, these
municipal expenditures are downloaded to the taxpayer.

Analysis completed during the Plan It Calgary process revealed that the
business-as-usual dispersed pattern of development would require an
estimated 3,300 km of new high-capacity roads. In contrast, the compact
scenario is estimated to require 1,900 km of new high-capacity roads, a
difference in capital costs of $5.3 billion. The dispersed scenario requires
more new roads associated with greenfield development whereas the
more compact scenario puts more emphasis on redevelopment, which
makes use of existing roads."

With respect to road maintenance and operating cost, the more compact
scenario is estimated to cost 10% less than the dispersed scenario over
the next 60 years. The difference in cost is estimated to be approximately
$40 million per year."”

Greater Toronto

An analysis of opportunities to expand the rapid
transit service and transit oriented development in
the area of Greater Toronto serviced by Metrolinx
indicates that a 5% increase in population living
within 500 metres of a rapid transit stop led to a
3% increase in ridership and a corresponding 3%
decrease in VKTs. A similar population increase

of 25% generated a 23% improvement in transit
ridership, with a corresponding reduction in VKT."8

A separate study of transportation mode choice

in 1,717 traffic zones in the Greater Toronto Area
shows that the automobile is the transportation

mode of choice on an average of 80% of trips. In
neighbourhoods that feature a mix of land uses

and close proximity between jobs, residences and
amenities, the average mode share of the car drops to
63%. Those areas that have rapid transit and a mix of
land uses have an automobile mode share of 44%.'"°

Photo: City of Calgary



Minneapolis

The City of Minneapolis, Minnesota, has committed
to providing abundant bicycle facilities. The city
parking budget includes $40,000 each year for bicycle
parking and a 50/50 cost share program helps local

businesses who are interested in providing bike racks.

Minneapolis ranks highest amongst U.S. cities in the
provision of bike parking facilities, with 453 spaces
per 10,000 people. Approximately 2.5% of trips to
work are completed by bicycle.®

Vauban District

40% of households in a new development in Freiburg,
Germany do not own a car as the development was
built with limited parking, good access to transit and
a car sharing system.

Calgary

Calgary Economic Development is promoting the
"WORKshift" initiative and piloted a program with
municipal staff at the City in 2007. In four months
where 100 employees engaged in part-time
teleworking, 656 fewer commute trips were taken,
which saved approximately 80,000 kilometres of
driving.'®

This section identifies the opportunity for reducing personal automobile
trips from mode-specific actions.

Potential reduction

Transit

Investments in transit improve accessibility and ridership levels, and
include increasing existing service levels, enhancing operational
characteristics and providing incentives to encourage greater transit
ridership. It is estimated that with each 1% growth in service levels
(increased transit vehicle coverage and expanded operating hours),
average ridership increases by 0.5%, while the implementation of one bus
rapid transit corridor route can reduce the VKT in the area by 1 to 2%."®

Cycling

Bicycle programs can include a variety of initiatives to increase the safety
and accessibility of cyclists, including designated and grade-separated
bike lanes, improvements to signage and traffic signals, and the provision
of bicycle parking and storage. Research suggests that each 1.6 km of
bikeway installed per 100,000 residents increases bicycle commuting by
0.075%.'®

Pedestrian environments

Pedestrian-oriented design improves the overall pedestrian environment
by making walking easier, safer and more attractive. A key outcome is the
replacement of automobile trips with walking, particularly for short trips.
Research suggests that pedestrian design can reduce local, area-specific
VKTs by 1to 10%.'%

The provision of safer pedestrian environments in school service areas
coupled with education and awareness programs can encourage parents
and children to walk and bike to school, reducing the VKTs attributed to
school transportation by up to 5%.®

Cost implications

A cost-benefit analysis of walking and cycling track networks compared
to the use of the automobile indicates that the benefits are at least 4 to 5
times greater than the costs. The study took into account health benefits,
reduced air pollution and noise from road traffic, and reduced parking
costs.”®

Potential reduction

Research conducted in 2005 attributed a national energy savings of 0.01
t0 0.4% in the United States and 0.03 to 0.36% in Japan to telecommuting
practices. In a future scenario where 50% of information workers



telecommute four days per week, the U.S. and Japan national energy
savings are estimated be 1% in both cases.'®

Cost implications

Telecommuting is generally associated with cost savings for both
employees and employers except in cases of very high infrastructure costs
coupled with relatively low usage.

Land use and transportation planning

Land use and transportation planning can be used to establish the type
of development that occurs within the city and the type of transportation
infrastructure that is developed.

Potential roles: The municipal government is primarily responsible
for land use and transportation planning; however, land owners and
community stakeholders also have an impact through how they develop
their property and through their influence on city decision-making. The
provincial government also has an ability to influence land use and
transportation planning, which can be of particular importance when it
comes to planning at a regional scale.

Key benefits: Cost savings; already incorporated as part of the city’s new
MDP and CTP.

Key challenges: Changes from current community design.

Pricing
The way transportation options are priced has a significant impact on

mode choice. For example, the use of roads and most parking is paid for
indirectly rather than directly so costs are hidden from users.

There are various different methods for changing the pricing of various
transportation modes. These include pay-as-you-drive insurance, parking
and road pricing, and fuel surcharges.

Pay-as-you-drive insurance — Research suggests that the
implementation of programs that base accident insurance on the
number of kilometres travelled have the potential to reduce VKTs by
8 to 10%.%% Implemented nationwide in the U.S., these programs
could potentially reduce GHG emissions by 2% along plus decrease
auto insurance costs for approximately two-thirds of consumers.'®

Parking programs — Increasing the rates to park downtown has
been shown to decrease the numbers of drivers into a city’s core
area from between 15 and 30% per site.”' Other studies indicate
the potential for a 2.2% reduction in VKT from work commuting trips
over 10 years,' or that a 1% increase in parking price corresponds
to a 0.07% decrease in drivers.' Research suggests that financial
incentives given to employees for not driving to work can decrease
parking demands by an average of 24%. The average cost per
employee was $47 per month.'s*

Toronto

Analysis completed for Metrolix assessed the impact
of increasing the cost of driving a personal vehicle
by 400%. Such an increase is double the projected
increases in cost due to other factors such as carbon
pricing and the increased cost of fuel. The results
projected a 9% increase in transit ridership and an
8% decrease in automobile VKT by 2031 under this
scenario.'”

Kelowna

The City of Kelowna, B.C., is promoting smart
growth and compact development through the use
of varied development cost charges (DCC) that are
levied against new developments and paid by the
developer. Two factors determine the charge: density
and geographic location. In general, higher-density
development that is close to the downtown core

is charged a lower DCC compared to single-family
development located at the periphery of the city.
The program is allowing the City to optimize its
infrastructure investments.'®



Options for Reducing GHG Emissions in Calgary

Appendix A.10 Personal mobility choices

Whitehorse

In 2006, the City of Whitehorse implemented a
‘Wheel 2 Work’ campaign that uses social marketing
to promote active transportation in the summer
months. The program is designed to complement
bicycle network and facility investments so that

citizens use the new infrastructure to its full potential.

During the program's first summer, 210 registered
participants logged over 40,000 km of bike travel.
In total, the program is estimated to have offset
approximately 4.5 tonnes of CO,e.?**

Calgary Region Transit Plan

The Calgary Regional Partnership has developed a
Regional Transit Plan to encourage greater use of
transit outside of Calgary.?®

Sutton, U.K.

The Smarter Travel Sutton program uses social
marketing, school and workplace travel planning,

car co-op advertising and a host of other information
and awareness events. The three-year program had
a total budget of $5 million GBP. Notable behavioural
changes as a result of the program include a 75%
increase in recorded cycle traffic at counter locations
and a 1.5% increase in cycling mode share from
2006 to 2009. The mode share of ‘walk all the way’
trips increased by 3% in the same period, and bus
patronage rose by 16%.%%

* Road pricing — Though there are a number of different options for
program design, road tolling is estimated to reduce VKT between 1
and 15%.195,196

*  Research suggests that a price of 5 to 12 cents per kilometre
could reduce emissions by 4 to 8% in U.S. cities. In the UK., a
price of approximately 32 cents per kilometre is estimated to
reduce trips by 10%.'®

¢ Cordon pricing is estimated to reduce VKT by 2.8% in 10 years,
while congestion pricing is estimated to reduce VKT by 2.3% in
10 years.?0

*  Fuel pricing — The addition of a 10% tax in fuel prices can decrease
VKT by 2.7% in the short term and by 7% in the long term 201202

Potential roles: Prices of fuel, parking and insurance are set by private
industry, but can be influenced or added to by the provincial or federal
governments. Road pricing is typically done by the level of government
that operates the road (i.e., municipal or provincial governments).

Key benefits: Potential for more direct market signals.

Key challenges: Increases direct cost of driving.

Citizen information and awareness campaigns to promote
alternative transportation

Research suggests that information and awareness campaigns are
important in supporting citizen and commuter choices to use alternative
transportation. For example, the implementation of rideshare and transit
promotion programs is estimated to decrease GHG emissions from
transportation fuel by 2% in 2015 from year 2000 levels.2®

Potential roles: Municipal, provincial or federal governments, or
community and non-profit organizations could launch information
campaigns to promote alternative transportation.

Key benefits: Politically attractive; promotes choice.

Key challenges: Programs can be costly; results limited without
associated investments in alternative transportation infrastructure.

Photo: City of Calgary
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Appendix A.11

Vehicle efficiency, drivetrain
technology and fuels

There is considerable opportunity to achieve reductions in GHG emissions
through vehicle efficiency (e.g., lighter vehicles, more efficient engines),
drivetrain technologies (e.g., hybrid electric, electric and natural gas
vehicles) and alternative fuels (e.g., biofuels).

Vehicle efficiency

For the past thirty years Canada has had a voluntary policy for fuel
efficiency improvements from cars and light trucks as shown in Figure xiv.

Potential reduction

Figure xv shows that several countries have been able to increase fuel
efficiency standards considerably above Canadian levels. Experience in the
European Union shows that efficiency standards can be achieved that are
almost double the current Canadian standard.

Consideration is also being given to reducing fuel consumption in
heavy-duty trucks by 20% through better engines and tires, and more
aerodynamic truck cabs.?”
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Figure xiv: Actual Corporate Average Fuel Consumption versus fuel consumption standards in
Canada®™

Note: The two solid lines represent CAFC standards for cars and light trucks respectively. The two gray
lines represent fleet-average fuel consumption level achieved separately by cars and light trucks. When
achieved fuel consumption levels are lower than the standards, it indicates that companies are able to
meet the standards, otherwise, they would be subject to financial penalties.
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Figure xv: Comparison of prospective national fuel economy and GHG emission standards.?

Rebates for fuel-efficient vehicles

The Ontario Ministry of Transportation has a four-year
$15 million Green Commercial Vehicle Program to
offset the purchasing costs of hybrid and alternative-
fuel vehicles for commercial fleets. Up to one-third of
the capital costs of a hybrid or alternative fuel vehicle
could be reimbursed.?”®

Cost implications

In the United States, recent improvements to federal CAFE standards are
projected to increase vehicle costs by $52 hillion but save $240 billion
from lower fuel bills, less traffic and reduced health care costs (from
lower soot and particulate emissions).?'® The average cost of a vehicle
will increase by $350 US but the payback period to offset these costs
would be three years. Lifetime net savings are projected to be $3000 for
a 2016 model year vehicle.?'" Similarly, the emerging B.C. fuel efficiency
standards are expected to save consumers $5,000 over the life of the
vehicle through reduced fuel consumption.

Potential reduction

Hybrid electric cars are 34 to 60% more efficient at converting energy to
motion than conventional vehicles.?'? Hybrid electric delivery trucks can
reduce GHG emissions by 25% compared to conventional diesel delivery
trucks.?’®

Cost implications

Hybrid electric vehicles typically cost $5,000 more than conventional
vehicles, with a payback period of eight years from gasoline savings.?*
Hybrid electric delivery trucks can save 35 to 42% in fuel costs compared
to their diesel counterparts,?'52' although they can cost 35 to 45% more
than conventional delivery trucks.?"” Medium-duty work trucks can have
a return on investment in three to five years while costing $30,000 more
than their diesel counterparts.?'



Potential reduction

Fully electric cars are 80 to 90% more energy efficient than conventional
cars from a vehicle perspective, but overall energy efficiency depends on
where the electricity comes from.?02" |n Alberta, where the majority of
electricity comes from burning coal, generating electricity is approximately
three times more carbon intensive than burning gasoline. As a result, EVs
in Alberta are expected to generate about one-third fewer GHG emissions
than gasoline cars given today's technology. If wind power was largely
used to charge the vehicles, EVs would emit up to 90 % fewer emissions
than conventional cars, depending on the vehicle.?? Tailpipe emissions for
electric vehicles are zero.

Cost implications

Electric passenger vehicles can range in price from $11,000 to $110,000.%
The typical cost for an electric plug-in conversion from a conventional
gasoline engine is $15,000.2%

In Alberta, a plug-in hybrid electric vehicle could save $1,070 to $1,542 in
fuel costs per year.?252% Electric short-haul freight trucks can save up to
75% in fuel costs compared to typical diesel freight trucks.?’

Potential reduction

Compressed natural gas in light-duty vehicles reduces GHG emissions by
around 25% relative to gasoline.?®

Cost implications

Depending on the price spread of natural gas and gasoline, the cost of the
natural gas vehicle and the annual mileage can vary considerably (Table
ix). The expected payback could be 2 to 30 years depending on the cost

of gasoline, vehicle incremental cost and the annual kilometres travelled.
Using compressed natural gas in urban delivery vans has been shown to
reduce fuel costs 32% relative to gasoline.?®

Table ix: Range of payback times for CNG light-duty vehicles (average and
high-milage casesf*’

Payback time (years)

20,000 km / year | 55,000 km / year
Incremental
cost $3,000 | $7,000 | $3,000 | $7,000
Fuel price 0.15 13 30 5 [
spread 0.4 5 11 2 4

*Fuel price spreads between gasoline and CNG are on a litre of gasoline equivalent
(Lge) basis. Table assumes 7.8 /100 km.

Rebates for fully-electric vehicles

The Government of Ontario has the goal of having
one in twenty vehicles be electrically powered by
2020. To do this, they are providing rebates of $5,000
to $8,500 for individuals, business and organizations
that purchase or lease a new plug-in hybrid electric or
battery electric vehicle.?'

City of Ottawa hybrid transit buses

The City of Ottawa over the course of two years
bought 175 hybrid electric buses. The city expects to
reduce carbon emissions by 30% and pay off the cost
of the buses within six years through anticipated fuel
savings.”?

Photo: Nissan
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Figure xvi: Life cycle GHG emissions reduction for 10%
ethanol in gasoline (e10) compared to gasoline only

Note: Life cycle emissions reductions from the production of ethanol
and biodiesel have the potential to decrease when emissions from
indirect land use change (ILUC) are considered. This is an emerging
field of research and has only been presented here for corn-based
ethanol as estimates for other feedstocks from dedicated cropland
are not as readily available.
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Figure xvii: Life cycle GHG emissions for 5% ethanol in
gasoline (B5) compared to diesel only

*See note from Figure xvi.

Potential reduction

Ethanol can be blended with gasoline up to 10% and used in current
gasoline engines. There are also vehicles currently being sold that can run
on any blend up to 85% ethanol. For biodiesel, up to a 100% blend can be
used in most current diesel engines, although most manufacturers only
warranty up to a 5% blend. Both the provincial and federal governments
have indicated they will require an average of 5% ethanol in gasoline and
2% biodiesel in diesel.

Work commissioned by Natural Resources Canada? estimates that
adding 10% ethanol to gasoline can reduce life cycle greenhouse gas
emissions by between 3.9 and 6.3% depending on the ethanol feedstock
as shown in Figure xvi.

New research reported by the California Air Resources Board”* and the
U.S. Department of Energy? indicates that these emission reductions
could be overstated if the feedstocks are derived from dedicated
cropland. Using dedicated cropland could result in land being converted
to cropland in other parts of the world, a process that typically releases
large amounts of greenhouse gas emissions from the existing vegetation
and soil. An estimate of the impact of these emissions from indirect land
use change (ILUC) are presented on Figure xvi for corn-based ethanal.
ILUC emissions are relevant to all crops derived from dedicated cropland;
however, estimates of the scale of impact for all of the crop-based
feedstocks are not readily available and have not been included here.
Cellulosic feedstocks such as wheat straw are not expected to contribute
substantially to ILUC as they typically do not create the same incentive for
developing new cropland.

Similarly, work commissioned by Natural Resources Canada estimates
that adding 5% biodiesel to diesel fuel can reduce life cycle greenhouse
gas emissions by between 2.8 and 4.8% depending on the biodiesel
feedstock as shown in Figure xvii.

Again, the emissions reduction estimates for feedstocks from dedicated
croplands are likely to decrease once ILUC considerations are added to the
analysis.

Cost implications

The Government of Canada recently published an analysis of the cost
impact of the proposed Renewable Fuel Standard requiring an average
of 5% ethanol in gasoline. The most significant cost impact identified for
consumers is that they would need to buy 2.2% more fuel to go the same
distance as before, because a litre of ethanol has less energy than a litre
of gasoline.

The total cost of reducing GHG emissions through the federal Renewable
Fuel Standard is estimated to be at least $340 per tonne C0,e,%® not
including other government incentives, while the total cost to reduce



emissions using ethanol in the United States is estimated at more than
$700 per tonne C0,e.%

Vehicle efficiency, vehicle technology and fuels share three major avenues
for implementation — legislation, incentives and information.

Legislation

For the past thirty years, Canada has had a voluntary policy for fuel
efficiency improvements from cars and light trucks.”® Modest increases in
fuel efficiency have occurred over this time.?®

Recently, the Government of Canada has announced plans to harmonize
with the U.S. fuel efficiency standards.?” This will result in a reduction

of GHG emissions from light-duty vehicles of 25% from 2008 levels by
2016.2 Heavy truck fuel efficiency standards are also expected, although
not until 2014.%2 Quebec and B.C., on the other hand, both have fuel
efficiency standards that match California’s more stringent fuel economy
standard, which are estimated to improve average efficiency for new cars
by 30% compared to current vehicles.

As described above, fuel efficiency standards from Japan and the European
Union are nearly double current Canadian standards.

Potential roles: Vehicle efficiency standards have been regulated at both
federal and provincial levels.

Key benefits: Guaranteed minimum fleet efficiency; cost savings for
consumers.

Key challenges: Political will; fleet turnover is approximately 15 years.

In Canada, federal regulations require 5% renewable content in the
gasoline pool. A 2% requirement for renewable content in diesel has also
been announced for 2012. Similar timelines and targets are expected from
the Alberta government. The Unites States has had a federal renewable
fuel standard since 2005 that requires 8.25% renewable content for both
gasoline and diesel by 2010.243

Potential roles: Renewable fuel standards can be regulated at both
federal and provincial levels.

Key benefits: Guaranteed biofuel uptake.

Key challenges: Currently a relatively high cost per tonne of GHG
reduction; uncertainty of GHG reductions and impact on food markets.

The low carbon fuel standard (LCFS) regulates the life cycle emission of
transportation fuel. California has had an LCFS since 2009 that aims to

Biodiesel at container terminal

TSI Terminal Systems is a container terminal operator
in Vancouver. In 2004, TSI began a biodiesel project
that has seen overall GHG emissions decrease by
30%. Of the 8 million litres of diesel the company
uses per year, over 1.5 millions litres are now
biodiesel.?*

Biofuel feasibility studies

The Government of Canada’s Biofuels Opportunities
for Producers Initiative assisted agricultural producers
in developing business proposals and feasibility
studies on biofuels. The program ran from 20062008
and funded 121 projects for a total of $18.2 million.?#

Photo: The Pembina Institute



Rebates for fuel-efficient vehicles

The Green Levy is currently applied in Canada to all
passenger vehicles with a fuel consumption rating

of 13 or more litres / 100 km and is imposed at rates
between $1,000 and $4,000. Most current passenger
vehicles have a fuel consumption of 5.6 to 15 litres /
100km. On the incentive side, the ecoAUTO Rebate
Program provided a cash incentive of $1,000 to $2,000
towards the purchase or lease of a fuel-efficient
vehicle (less than 8.1 litres / 100km). The program
lasted from 2007 to 2008 and issued 169,800 rebates
totaling $191.2 million, creating an estimated 0.01 to
0.03 Mt annual reduction in GHG emissions, which is
a very high cost per tonne of GHG reduction.?®

Preferential loan rates for
fuel-efficient vehicles

Vancity offers a Clean Air Auto Loan that encourages
customers to buy fuel-efficient cars by giving
preferential loan rates. The bank offers loans for
prime plus 1% for vehicles that emit at least 50% less
CO, than average and prime plus 2% for vehicles that
emit at least 33% less CO, than average. Choosing

a fuel-efficient vehicle can eliminate 18 tons of CO,
emissions and cut gasoline costs by $1,500 over five
years.”0

Transport Canada

Transport Canada’s ecoTECHNOLOGY for Vehicles
(eTV) program works to increase Canadians’
awareness of these vehicle efficiency technologies
through outreach events, technology articles,
newsletters, interactive websites, a technical
glossary, educational curricula and other
demonstration and development activities.”' eTV
also connects industry and government, working to
identify and address potential market barriers to the
introduction of promising new passenger vehicle
technologies in Canada. eTV is a four-year $15 million
initiative that is expected to reduce annual GHG
emissions by 0.09 to 0.56 Mt in 2012.22

reduce GHG emissions by 10% by 2020.2¢ Ontario and British Columbia
are both considering modified versions of California’s policy.?’

Potential roles: Low carbon standards can be regulated federally and
provincially.

Key benefits: Creates a market for low carbon fuel.

Key challenges: Limited information on life cycle data for certain sectors
and fuel sources; unproven policy that has not yet demonstrated success;
difficulty in accounting for indirect land use change.

Incentives

Feebate programs are revenue-neutral programs that use fees on less fuel-
efficient vehicles to fund rebates on more efficient vehicles. This policy
can theoretically create the same changes as fuel economy standards but
without the regulation. Studies have shown that a feebate rate of $500
per 2.35 litres /100 km produces a 16% increase in fuel economy, while a
$1000 per 2.35 litres /100 km results in a 29% increase.”®

Potential roles: Any sector could provide incentives, but these are
typically offered by governments, most commonly at the federal and
provincial levels for vehicles.

Key benefits: Begins to shift purchasing habits; can support early market
entry of new technologies.

Key challenges: Relatively high cost per tonne of GHG reduction if not
funded significantly through fees on less-efficient vehicles.

Supporting activities

Government-sponsored programs can assist biofuel producers, distributers
and retailers, and efficient vehicle technology producers in business
development. As many of these companies face market entry barriers,
business development grants can help to level the playing field with
traditional fossil fuel-based players.

Raising awareness of lower carbon vehicles and fuels is another method
to reduce GHG emission. This can be achieved through websites,
publications, technology demonstrations and carbon labelling.

Potential roles: Any sector can provide supporting activities such as
business development and education, although typically these have been
managed by provincial and federal governments.

Key benefits: Can assist the implementation of other approaches.

Key challenges: Sometimes difficult to connect direct GHG reductions
from these activities.
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Besides vehicle efficiency, vehicle technology and fuels, significant and
low-cost GHG emission reductions can be achieved by changing the way
the vehicle is operated. These changes include adjustments to driving
behaviour and equipment to reduce idling.

Opportunities for on-road vehicles are presented first while opportunities
for rail yards follows.

Modifying driving practices can demonstrably save fuel, which reduces
costs and pollution. Examples include reducing idling while parked,
avoiding aggressive driving, observing speed limits, removing excess
weight, keeping the engine well-tuned, keeping tires properly inflated and
using the recommended grade of motor oil. (See Table x for more detail.)

Potential reduction

Drivers can reduce their fuel use by up to 33% by using fuel efficient
driving techniques and keeping their car well-maintained.”? Larger-scale
demonstration of this is most often seen in commercial fleets where driver
engagement programs have shown 10 to 20% reduction in fuel use.?*
Programs aimed at the general public, on the other hand, are estimated to
achieve 110 2% in GHG reductions.?®

Table x: Driver practice modifications and potential fuel savings®®

Driving practice Fuel Savings (%)
Keeping engine well-tuned 4

Tires properly inflated <3

Using recommended grade of motor oil 1-2
Driving sensibly (not aggressively) 5-33
Observing speed limit 7-23
Removing excess weight 1—2 (per 100 Ibs)

Cost implications

Reduced fuel consumption through driving efficiency has a direct reduction
in fuel costs and in wear and tear on a vehicle. If drivers employed more
sensible driving practices (respecting speed limits, slower acceleration and
braking), they could potentially save $600 per year.?’

Anti-idling

An anti-idling pilot project resulted in motorists
reducing their idling by 32% and their idling duration
by 73%. This was done using both signs and personal
commitments to reduce idling.?%

Dozens of municipalities in Canada have adopted
anti-idling bylaws in an attempt to improve local air
quality, save on fuel costs and reduce GHG emissions.
For example, Toronto limits idling to no more than
three minutes in a sixty-minute period.

Neptune Food Services

Neptune Food Services supplies restaurants and
institutions throughout British Columbia with food
products and equipment. They decided to install
on-board computers in all 98 of their trucks and
found they could reduce their idle time and save fuel
costs. Neptune used a full suite of driver education
programs including communications through voice-
mail, personal follow-up on drivers’ records from
the program, and an incentive program that gives
bonuses to drivers that reduce idling time. As a result,
fuel usage dropped by 16%: 7% from anti-idling
technology and 9% from driver education.?*



Government of Canada
fleet training

The Government of Canada’s ecoknergy for Fleets
Program uses SmartDriver training workshops

and Fuel Management 101 workshops to promote
greater uptake of vehicle energy efficiency practices
among vehicle operators and managers of Canada’s
commercial and institutional vehicle fleets.” The
federal government has allocated $22 million over four
years and expects to generate 0.16 Mt reductions in
national GHG emissions as a result of this program,
as well as about 60 million litres in fuel savings.
ecoEnergy for Fleets had 7,500 participants in
2009-2010.%*

Transport Canada operates a SmartDriver in the City
program that focuses on fleets that operate within a
100 km radius of their head office.?®> SmartDriver also
has specific curricula for transit and school bus fleets.

Heathrow Airport
logistics management

Truck activity servicing retail operations at Heathrow
airport was reduced by 90% by using a logistics
company to increase the loading of all trucks entering
the airport. As a result there was a major cost savings
to suppliers and more frequent and better scheduled
deliveries to terminal buildings, helping retailers to
know more accurately when goods will arrive and
reducing potential security risks.?®

Consolidating urban delivery
in Germany

City-Logistics in Germany experienced cost reductions
of 3 to 5% when they consolidated trips in their urban
delivery systems.

In addition to reducing idling through driver behaviour and vehicle
maintenance, idling of delivery vehicles can be reduced through the use of
specialized equipment such as electrical plug-ins in loading bays, auxiliary
power units on trucks to allow refrigeration units to continue running
without using the truck engine, and onboard computers that help drivers
with speed management, optimum shifting, optimum route selection and
idle reduction.

Potential reduction

Plug-in refrigeration units have demonstrated fuel savings of over 60%.
Onboard computers have been shown to reduce carbon emission by
13%'260

Cost implications

Hybrid trailer refrigeration units and onboard computers have a payback of
15 and 18 months, respectively.”’

There are several methods to achieve emission reductions through
modifying driving behaviour and reducing idling time. There are also many
additional benefits that are common to all of the approaches, including
cost savings, reduced vehicle repair and maintenance costs from more
efficient operation, and increased longevity of equipment due to reduced
wear and tear.

Fleet programs

Fleet operators in Calgary could be engaged to establish driver training
programs such as those offered by the federal government (ie. SmartDriver
in the City) or other private fleets. This program could also include the
engagement of fleet managers on the benefits of planning trips with
closer-to-full loads.

Potential roles: The participation of fleet operators is essential to
engaging commercial drivers. Governments, particularly at the federal
level, have been important supporters of driver engagement.

Key benefits: Demonstrated success for commercial fleets; positive
return on investment for fleet operators; can provide clear expectations to
drivers.

Key challenges: Creating buy-in within companies; longevity of behavior
change unknown.

Logistics management

Loading for maximized efficiency is anather potential area for GHG
emission reductions. Inefficient loading is more likely within urban
regions, which the Centre for Sustainable Transportation recommends
as a worthwhile short-term focus.?? Filling trucks one-quarter full uses



2.5 times more fuel per delivery than filling trucks three-quarters full.s
Despite this fact, more than half of inter-city heavy trucks in Canada are
less than half full.%8 In Europe and Japan there have been attempts to
better use distribution centres to consolidate loads, rationalize pickups and
optimize loading and routing of trucks.?s® Several studies have shown that
urban consolidation centres can reduce vehicle trips and vehicle kilometres
by 30 to 80%.2°

Potential roles: Both fleets and their customers are important to
improved logistics management.

Key benefits: Maximize loading and minimize hauling distances; reduce
truck activity on city streets.

Key challenges: Can increase delivery times, level of effort and costs.

Incentives

Incentives have been used to encourage the adoption of new technologies
such as auxiliary power units that help to reduce idling of delivery trucks
while parked.

Potential roles: Governments, particularly at the federal level, have been
previously involved in providing incentives for the adoption of technology
to reduce idling from delivery vehicles.

Key benefits: Enables the adoption of technology that maintains or
enhances the quality of service to the driver.

Key challenges: Upfront costs; uncertain uptake unless significant
motivators used.

Legislation

Standards, regulations or bylaws could be used to require items such
as plug-ins at loading docks and auxiliary power units, or to restrict
unnecessary idling.

Potential roles: The federal and provincial governments have previously
enacted legislation aimed at product and vehicle standards, while
provincial or local governments are often involved in influencing or
enacting building standards or idling restrictions.

Key benefits: Relatively high impact on emissions compared with other
approaches to implementation.

Key challenges: Political will.

Supporting activities
Education and raising awareness among personal vehicle drivers,

professional drivers and fleet managers can help increase the uptake of
other approaches.

Potential roles: Government, motor associations and technology
suppliers are most often involved in education and awareness building
around modifying driver behaviour, vehicle maintenance, emission
reduction technology and logistics management.

Key benefits: Low costs and high visibility.

Trucks of Tomorrow

The Province of Alberta and Climate Change Central
are offering workshops, fleet analysis, case studies
and rebates to improve the fuel efficiency of heavy-
duty trucks base-plated in Alberta.

The rebates for cab heaters and coolers, auxiliary
power units and hybrid engines would certainly
help in the urban environment, while the rebates
for aerodynamic improvements is more helpful for
intercity travel.?’!

Transport Canada freight programs

Transport Canada’s ecoFREIGHT Technology
Incentives Program provides funding to purchase
and install proven emission-reducing technologies.
The ecoFREIGHT Technology demonstration fund
assists in the testing of new and underused freight
transportation technologies and disseminates that
information to industry.?2

Auto$mart driver training

The Government of Canada’s Auto$mart fuel efficient
driving curriculum reached 350,000 novice drivers in
2009/10 and was projected to reduce national GHG
emissions by 90,000 tonnes.?’?
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Switching technology

Hybrid switcher

A low-horsepower diesel generator charges a

bank of long-life recyclable batteries. The batteries
provide motive power; the diesel generator operates
at optimum efficiency at all times.

Genset switcher

A series of low-emission diesel engines (typically
two to three) replace the large single engine
standard in locomotives. This improves the ability to
match power output with work load, and increases
start-stop flexibility.
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Figure xviii: Emissions rates for existing Canadian
locomotives®™

Key challenges: Large and diverse target population; uptake by some
target audiences will be limited.

In 2007, 2,237 million litres of fuel were consumed by rail operations; 62.2
million of which was in rail-yard switching. This corresponded to a total of
205 kt CO.e for yard switching and work trains across Canada.

According to the Rail Association of Canada, there are approximately
3,046 locomotives in service in Canada; over 400 of these are dedicated to
yard work and switching.?*

Both Canadian Pacific Railway (CPR) and Canadian National Railway (CN)
have major operations in Alberta, including recently opened intermodal
facilities that provide increased access to North American markets. CPR's
Calgary yard is their primary yard in western Canada which includes

rail car repair and diesel locomotive servicing; CPR has estimated

that they have approximately 50 yard switching locomotives in their
Calgary yards.?s CN also has existing facilities, and has planned new
infrastructure for the eastern edge of the city.?’

Potential reduction

At local switching yards, you can find both long-haul locomotives and
dedicated yard switchers; switchers typically remain within the local yard
and provide services such as assembly of trains. Switching locomotives
are often older model locomotives that have been removed from long-
haul line service. The emissions standards for these units are not
comparable to newer Environmental Protection Agency (EPA) standards
for diesel equipment, and as such the air pollution impacts of heavy diesel
equipment and locomotives in the rail yards are disproportionately high.

As Figure xviii shows, emissions from existing Canadian locomotives,
including switching locomotives, can be reduced significantly as new,
efficient designs for dedicated switcher units can meet Tier 2 standards.

To estimate the savings that could be achieved through improvements to
rail-yard practices and technologies, Table xi outlines a range of savings
resulting from replacing standard dedicated yard switchers with new
hybrid or genset switchers.?”’

Hybrid switchers and genset switchers are effective technologies to
reduce emissions in rail yards. These estimates are for illustration only;
actual reductions depend on knowledge of duty cycles for the locomotives
in service.

As a rough estimate, several different scenarios have been used to
demonstrate potential emission reductions. These include scenarios
where 20%, 50% and 70% reduction in fuel use is accomplished. These
potential reductions provide an indication of the potential impact of
various approaches to implementing new railyard technologies and
practices; this level of emission reduction is in line with results achieved
through demonstration projects in Canada.?



Table xi: Potential fuel and GHG savings from changes to rail practices in

the Calgary region
Per-unit fuel and o 0 0
GHG savings* 20% 50% 10%
GHGs GHGs GHGs
Fuel (L) (tC0,e) Fuel (L) (tC0,e) Fuel (L) (tC0,e)
Totalsavings — |4 c10693 | 727 | 4026533 | 1819 |5637,146| 2546
50 switching units
Total savings — 1) )y 85g | 1018 | 5637146 | 2546 |7.892,005| 3565
70 switching units

*Note:. the per-unit savings are dependent on the current duty cycle of the
locomotive

Depending on existing duty cycles and the number of switching
locomotives in the Calgary region, the city could expect to eliminate
approximately 727 to 3,565 tonnes of GHGs annually.

Reduction in other air pollutants

Hybrid or genset locomatives can reduce NO, and diesel particulate
emissions by 70 to 90% compared to standard locomotives as a result of
lower fuel use and ability to meet Tier Il or higher emission standards.”®
As such, their use has a significant and immediate positive impact on
local air quality. Locomotive emissions are currently not regulated through
the Railway Safety Act and are generally uncontrolled; by comparison,
new hybrid or genset locomotives meet EPA Tier 2 standards, reducing air
pollutants that have been shown to significantly affect health.

Table xii: Air pollutant reductions from changes to rail practices in the
Calgary region

TG G LT 70% reduction 90% reduction
pollutants

NO, PM NO, PM

(tonnes) (tonnes) (tonnes) (tonnes)

Air pollutants avoided — 440.32 12.85 566.12 16.52
50 switching units
Air pollutants avoided — 616.44 17.99 792,57 2313
70 switching units

The table demonstrates that 440 to 790 fewer tonnes of NOy and 12.8 to
23 fewer tonnes of diesel particulate matter would be emitted in Calgary
if rail operators were to phase in cleaner application-specific rail yard
switchers, including genset or hybrid switchers.

Cost implications

The Environmental Protection Agency estimated annual fuel savings of
over $100,000 if hybrid locomotives are used. The unit costs are variable,
as the hybrid locomotives can be constructed on retired locomotives




Locomotive Idling

In 2007, yard switching locomatives were idling for
84.9% of their engine operating time.

CN

“Automatic stop/start devices conserve fuel and
reduce emissions by automatically shutting down
locomotives when they are not in use. Over 50% of
the switcher fleet in our Canadian operations has
been retrofitted to employ this feature. We are also
retrofitting our high horsepower fleet with Start/Stop
devices and all new CN locomoatives.

The Low Idle feature on locomotives saves
approximately 10 litres of fuel an hour by allowing
the diesel engine to idle at a reduced speed when
locomotives are coasting down hill or awaiting
assignment.”

“Ongoing crew training and awareness programs
focus on the importance of fuel conservation
practices. CN reviews variances between how
trains are operated and handled, which can have a

significant impact on fuel consumption and emissions.

Locomotive shutdowns in yards, in accordance with
our Shutdown Palicy, bring important fuel savings.

Streamlined car handling results in switching only
the number of cars needed in our yards — reducing
emissions. "2

frames for a cost of approximately $200,000, where a new unit may cost
up to $1.5 million. !

A variety of idle reduction technologies and operations practices can be
applied to reduce pollution and fuel use; these can significantly reduce
fuel consumption and emissions of greenhouse gases and criteria air
contaminants, and reduce engine wear.2? The U.S. EPA offers general
information about the control of emissions from idling locomotives while
the Argonne National Laboratory’s Center for Transportation Research
offers an informative presentation on locomotive Idling.

Automated stop/start units shut down the main engine when a locomative
is not working. Lubricant and cooling fluid temperatures are continually
monitored and the main engine is restarted if temperatures fall below

a set threshold. Automated stop/start control can reduce idling by up to
50% for a road locomotive and up to 70% for a switcher locomotive. The
payback period for automated stop/start is generally 6 to 12 months.

An auxiliary power unit (APU) is a small engine used to maintain main
engine systems at working temperatures. When a locomotive is equipped
with an APU, the nitrogen oxide emissions can be reduced by up to

91% and the fuel consumption by more than 80%. The payback period

is generally 12 to 17 months. A diesel-driven heating system (DDHS)
maintains main engine systems at working temperatures. The use of

a DDHS can eliminate idling time by up to 11% and can reduce carbon
dioxide emissions up to 1700 tons per year per locomotive. The payback
period for DDHS is generally 6 to 12 months.

When locomotives are off-duty, the main engine systems are kept at
working temperature by means of wayside electrical power. The payback
period for plug-in power is generally 3 to 11 months, the shortest payback
of all idle reduction technologies.

Potential reduction and cost implications

The Department of Energy (U.S.) summarized the potential of various anti-
idling technologies and practices in 2004 (see Table xiii).



Table xiii: Comparison of fuel savings resulting from idling reduction

technologies?®

System Fuel saving | Annual Cost Payback
(L/d) savings (months)

Start/stop 136 $15,000 g;’ggg 612

APU or DDHS 227 $25,000 $$235;[?§0‘ 12417

Plug-in 189 $19,000 gfzogga 311

gzvbi{ic‘:]/ge”set 1102 | $122,000 : :

Common approaches to implementation

Education

Engagement of railyard operators could increase the uptake of lower-
emission technologies and practices.

Potential roles: The federal government, through Transport Canada,
has already been engaging the freight industry on methods of reducing
emissions. Other levels of government could play a role in this as well.
Ultimately, it is the rail industry that would be required to act on the
information provided. Other non-governmental organizations, such as the
Calgary Region Airshed Zone, could also play a role in engaging railyard

operators.

Key benefits: Existing activities already being undertaken.

Key challenges: Existing programs have achieved some success,
but a significant increase in uptake may require other approaches to

implementation.

Incentives

Incentives for railyard operators could increase the uptake of lower
emission technologies and practices.

With a relatively short payback on many of the technologies, an innovative
financing program could also be used to finance the purchase of new
technology with the costs paid back using fuel savings.

Potential roles: Governments are typically involved in providing
incentives, although innovative financing programs could be developed
privately as well. Industry would need to participate in the incentive

programs.

Key benefits: Industry free to decide level of participation.

Key challenges: Program funding and uncertain uptake.

IDC Distribution Services

The trial use of a hybrid locomotive that uses a small
diesel engine to charge a bank of batteries reduced
emissions and fuel consumption by 50% compared to
a conventional switcher locomotive.

Secondary benefits: In addition to fuel savings and
emission reduction, the Green Kid® hybrid locomotive
was very quiet to operate. Even when the engine was
charging the batteries, the small size of the engine
made it much quieter than a standard locomotive. The
neighbouring community had been concerned about
noise from the yard but the hybrid locomotive reduced
the overall sound level. The reduced fuel consumption
also improved air quality for the yard employees and
for the surrounding community.

IDC was very satisfied with the hybrid switcher
locomotive’s performance. It was reliable and well
supported by Railpower Technologies Corp. From
implementation, the hybrid locomotive was very
effective and economical for IDC. The hybrid proved
especially suitable for switcher applications because
these locomotives are not operated at high speeds
or for long distances. IDC concluded that the hybrid
locomotive was ideally suited for its intermodal rail
facilities.?®



EcoFREIGHT

Transport Canada’s ecoFREIGHT?® program works

with the freight transportation industry towards a

greater uptake of technologies and practices that

reduce fuel consumption, criteria air contaminants
and greenhouse gas emissions.

The ecoFREIGHT program includes both a
demonstration and incentive fund. The demonstration
fund provides cost-shared demonstrations to test and
measure new and underused freight transportation
technologies in real-world conditions; the incentive
programs cost-shares funding to companies and non-
profit organizations to help them purchase and install
proven emission-reducing technologies.

Mandate

The efficiency or emissions of locomotives could be regulated as a method
of reducing emissions and introducing more efficient technologies.

Potential Role: The rail industry is typically seen as under federal
government jurisdiction. Some regions are also interested in introducing
bylaws that affect off-road emissions.

Key benefits: High level of implementation.

Key challenges: Political will.
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Appendix A.13

Landfills

Greenhouse gas emissions from the municipal solid waste stream are

a measurable portion of the overall emissions in the community-based
GHG inventory. Specifically, as solid waste streams slowly decompose in
Calgary's landfills, methane (CH,), a potent GHG, is formed. This methane
gas is referred to as “landfill gas.” Methane emissions resulting from the
decomposition of landfill waste are estimated based on the composition
and amount of waste sent to landfills, as well as how long it has been
there and other environmental factors such as temperature.

The City of Calgary manages waste collection and landfills within the
city boundaries. The City has been active in setting policy and developing
programs that encourage citizens to dispose of their waste properly,
including diversion programs such as recycling and organics composting.

It is important to note that the most effective method to manage waste-
related emissions is proactively reducing the volume of waste generated.
This is a key area of interest to The City of Calgary and industry across
Canada. For example, proactive waste management programs such as
packaging reduction can reduce emissions associated both with material
production and with decomposition in the landfill.

Many materials entering Calgary’s waste collection stream have a
significant resource value. As such, recycling and organic programs are
another method by which material production and landfill gas emissions
can be avoided or reduced.

For the remaining residue landing in Calgary’s landfills, technologies have
been introduced in Calgary and in other jurisdictions to collect and burn the
methane as a way to reduce GHG emissions and generate energy.

Three major streams contribute to municipal solid waste in The City of
Calgary:

Household waste: approximately 35%

Typical household waste includes: paper (25%), food waste
(23%), yard waste (19%), plastic (9%), metal (3%), glass (2%),
household hazardous waste (1%) and other (15%).28

Industrial, commercial, and institutional (ICl) waste: approximately
45%

Construction and demolition (C&D) waste: approximately 20%

The waste stream within the city is undergoing an updated compositional
analysis at bath the municipal and the household level; results are
expected to be available in early 2011. Currently, Calgary operates three
landfill facilities: Spyhill, Shepard, and East Calgary.

As the facility operator of landfills accepting waste from Calgary and
surrounding areas, The City of Calgary is also subject to policies and
programs which regulate the quantity of emissions generated at its
landfills. For example, the Alberta Specified Gas Emitters Regulation
mandates that facilities emitting more than 100,000 tonnes of GHG
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Toronto

The City of Toronto’s organics diversion program, “The
Green Bin,” is responsible for approximately 46%

of all organic waste diverted from the landfill as of
2009. The remainder of the organics diverted from the
landfill came from leaf/yard/Christmas tree collection
programs, grasscycling and individual backyard
composting for personal use. Of all waste generated
in 2009, about 44% was diverted from the landfill.8

After waste reduction, diverting waste from the
landfill is often the next strategy implemented. The
City of Calgary has a goal to divert 80% of waste
from landfills by 2020.%° Since the current residential
diversion rate is about 25%,?° the successful
implementation of this goal will have a profound
impact on the amount of waste being disposed at The
City’s landfills.
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Calgary

The City of Calgary has five guiding principles for their
80/20 by 2020 waste diversion goal:

Resources NOT waste — To achieve the goal
every citizen, business and industry must be
involved in changing behavior and attitudes. The
waste stream is rich in resources that have been
relegated to the waste steam.

Waste management hierarchy — The order of
priority for waste management is 1) reduce, 2)
reuse, 3) recycle and compost, and 4) residual
management

Financial management — Funding for programs
needs to come from a long term sustainable
SOurce.

Polluter pay principle — Waste generators should
bear the full cost of consequences of their
actions. This internalizes the costs of waste
management.

Environmental sustainability — Services are
provided to support individuals in creating and
maintaining a sustainable footprint.

emissions per year must reduce their emissions by 12% annually.
Although Calgary’s landfills are not currently regulated under this program,
the City is actively working on strategies by which to comply with these
regulations, which are soon expected to include facilities emitting less
than 100,000 tonnes annually. Many regulations under the Canadian
Environmental Protection Act (CEPA) and the National Pollutant Release
Inventory also apply to landfill facilities.

With a combination of programs including waste avoidance, diversion
capture of landfill gas and planning for regulatory compliance, initiatives
are already underway to reduce waste-related emissions in Calgary.

Potential reduction

Waste reduction and GHG emission reductions

According to the EPA, %" waste prevention and recycling — jointly
referred to as waste reduction — help to better manage the solid waste
generated in municipalities. Waste reduction also contributes to reducing
greenhouse gas emissions by, among other things, diverting organic
wastes from landfills, thereby reducing the methane released when these
materials decompose.

According to the United Nations Framework Convention on Climate
Change (UNFCC) International®? website, the most effective way to reduce
GHG emissions from waste is through waste reduction.

Some of the policies and programs already in place within The City of
Calgary that encourage reducing waste and in turn reducing emissions
from waste are:
Blue Cart residential recycling pickup
a network of Community Recycling Depots
commercial mixed paper and cardboard pickup
increased landfill rates for designated materials for which alternative
recycling opportunities are available, to encourage diversion
a pilot project for diverting construction and demolition waste for
recycling
seasonal leaf and pumpkin collection depots for composting at landfill
locations
Christmas tree curbside collection for composting at landfill locations
encouraging the use of design practices that reduce construction
waste in both developing and developed areas

utilizing best practices for building deconstruction with emphasis on
recycling materials and material reuse through the development and
building approvals process

encouraging the use of landscaping practices that directly target the
minimization of yard and garden waste

through the development and building approvals process, encouraging
the adaptation and reuse of older buildings for a variety of purposes.



Landfill gas capture®:

Aside from reducing the amount of organic materials going to landfills,
systems can also be used to capture the landfill gas (LFG) once it is

generated. This is especially important for managing GHG emissions at
landfills where waste is already in place (i.e. inactive landfill locations).

LFG contains approximately 50% methane and has a heat content of about
half the value of natural gas. LFG is generated continuously at a landfill
site as a by-product of anaerobic decomposition.

In landfill gas capture, wells are drilled into the landfill and gas is collected
via pipes and transported to a central processing centre, where the gas is
processed and treated.

At this point, the gas can be flared, used to generate electricity or heat,
or upgraded to pipeline-quality gas. Figure xix depicts a landfill with a gas
collection and control system. LFG capture is currently used at over 1200
landfills worldwide.

The City of Calgary’s Waste & Recycling Services operates 13 kilometres
of landfill gas collection systems at two of its three active landfills that
produce 1.8 million cubic metres of landfill gas. Some of the gas is used to
generate power through a micro turbine system (at East Calgary landfill)
and a reciprocating engine (at Shepard landfill), with the remainder

of the gas being thermally treated (flared) before it is released to the
atmosphere. The treatment is done in order to reduce the global warming
potential of the emitted product (methane has a global warming potential
21 times greater than that of CO,). Specifically, both facilities have the
capacity to export incremental electricity generated (the amount of
power not consumed on-site) to the City electricity grid, which presents
an opportunity to reduce community related GHG emissions, beyond the
reductions achieved by flaring.

Wells

&

Landfill

Gas clean-up
system
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Figure xix: Schematic diagram of a landfill with a gas collection and control system?®*

Note: may not be an exact representation of the system at The City of Calgary
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Vancouver

As mentioned previously, Metro Vancouver currently
has a draft plan in place to manage its waste.?® The
overriding principle of the ISWRMP is the avoidance
of waste through an aggressive waste reduction
campaign and through the recovery of materials and
energy from the waste that remains. The four goals in
line with this principle are:

Minimize waste generation
Maximize reuse, recycling and material recovery

Recover energy from the waste stream after
material recycling

Dispose of all remaining waste in landfill, after
material recycling and energy recovery

According to the plan, Metro Vancouver anticipates a
regional diversion rate of 55 to 70% by 2015, meaning
that if the waste reduction and recycling initiatives

in the plan are successfully implemented, only 30%
of the generated waste stream will require treatment
before disposal. Waste-to-energy capacity could
recover energy from this stream.

It is estimated that The City of Calgary landfills emit more than 125,000
tonnes CO,e annually. Approximately 14% of the estimated methane gas
produced was captured in 2008, and was either thermally treated, which
reduces its global warming potential, or used to generate electricity and/
or heat at the City's landfills. Currently, the process of capturing and using
landfill gas for electricity generation has been limited as capture systems
are in early stages of development and microturbine generators are
needed to utilize the captured gas for electricity generation.

Over the next few years, LFG capture and utilization systems will continue
to be developed at Calgary’s landfills in order to address compliance with

GHG emissions regulations in the province. This presents a dual reduction
potential:

Avoided methane emissions: As methane emissions are captured
and the energy potential of landfill gas is diverted to powering
electricity generation, these greenhouse gas emissions are avoided.

A reduction in GHG emissions associated with the
community’s electricity grid: As power generating capacity is
added at the City’s landfills, electricity generated can be exported to
the community electricity grid. For each kilowatt-hour of renewable
electricity generated from landfill gas, the City estimates that 0.78
tonnes CO,e are displaced.

It is important to note, however, that gas capture and utilization systems
have capital and operational costs, and also face many regulatory
procedures related to electricity generation and distribution. Landfill gas
capture systems require a complicated assembly of capture pipelines
and micro-generation systems for utilization of the gas. Although the
City is currently developing the preliminary stages of capture systems at
two landfills, reaching significant levels of capture and use is expensive.
Generation technology can cost upwards of $1,100 per kW of capacity?®
in addition to the cost of the capture system. This would translate to
approximately $1.2 million to effectively use the gas which is currently or
potentially captured at Calgary’s landfills.

Should the city’s landfills become subject to GHG emission reduction
regulations that include a price on carbon, these costs will become a
factor in accounting for the cost of not taking action and continuing
to emit. For the time being, LFG capture for generation presents an
opportunity for the City to create carbon capital for reinvestment in
infrastructure (i.e. capture systems and microturbines) to generate
incremental reductions.

Waste to energy

An alternative method of managing municipal solid waste that is
not already within landfills is through thermal treatment and power
generation, also known as waste to energy (WTE).

WTE systems have both advantages and disadvantages. The primary
benefits include reduced waste going to landfills, energy generation

and reduced GHG emissions. However, WTE systems do include some
noteworthy disadvantages. Systems that are less cost-intensive are often
associated with significant air pollutants, such as particulate matter
(PM), that have related health impacts. PM emissions are regulated
provincially and federally. An effective WTE system would have to take



into consideration the benefits of GHG emissions reductions versus the
potential air quality impacts of the system in addition to the incremental
costs of systems with lower air quality impacts.

Cost implications

In addition to avoiding future financial liabilities associated with carbon
emissions, many waste reduction and waste-to-energy projects are being
undertaken for reasons other than reducing GHG emissions. In some
cases, the difficulty with siting new landfills is a strong motivator to
introduce alternative waste management practices, while the municipal
responsibility to address waste generation is another factor.

Sources show that landfill gas capture and conversion to electricity can
have a positive return on investment.?2%

Approaches to implementation

There are a variety of approaches to implementation identified through the
research:

Waste Diversion Programs

Composting or recycling programs can make it easier to for citizens and
businesses to divert waste from landfills.

Potential roles: Local governments are the biggest implementers of
waste diversion programs and services, although some private services are
offered as well.

Key benefits: Avoids methane generation; reduces landfill space
requirements; reuses resources.

Key challenges: Funding for programs.

Pricing
Increasing the direct cost of landfilling, combined with creating diversion
opportunities, encourages waste diversion.

Placing a cost on methane emissions from landfills is another way to incent
waste diversion, methane capture or waste-to-energy projects.

Potential roles: The municipal government sets the direct costs of
landfilling within Calgary, while other landfill operators and governments
can set or influence the costs outside of the city. The provincial or
federal governments can put a cost on methane emissions, or they could
implement a form of extended producer responsibility where product
producers are encouraged to assist in waste minimization and take-back
for their products.

Key benefits: Encourages behaviour change while still providing choices.

Key challenges: Alternatives to landfilling need to be available; political
will; need to consider economic impacts to citizens and businesses as
well as the impact on managing the waste stream; pricing needs to both
encourage waste diversion and support local industry.

Hamilton

Since the recommendation of the Solid Waste
Management Master Plan (2001),%° the City of
Hamilton has begun a strategic approach to municipal
waste management. Hamilton currently has a waste
diversion goal of 65% by 2011 (adjusted from the
original goal of 2008). That original plan included a
list of 19 recommendations with regards to re-
thinking waste management in Hamilton. One of

the recommendations included research into WTE

as a possible way to optimize the disposal capacity
at their aging landfill site. As of 2010, they do not
currently incorporate any WTE or LFG technologies
into their landfill management, but they do have a
variety of diversion programs in place to reach their
total diversion goal. A list of their programs includes:
apartment recycling program, backyard composting
promotion, bulk goods collection, one bag limit

for regular garbage pick-up (started April 2010),%%©
household hazardous waste program, leaf and yard
waste programs, public space recycling programs, and
appliances/scrap metal recycling.
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Regulations

A policy around methane emissions management could be implemented.
Note that this may occur if current large emitter regulations are expanded
to medium-sized emitters.

Potential role: Provincial and federal governments can regulate methane
emissions, while municipal or provincial governments can regulate what
goes into landfills.The municipal government can develop policies around
the effective use of all byproducts related to waste management (i.e.,
biogas).

Key benefits: High level of implementation.

Key challenges: Time to implement, doesn’t deal with waste already in
place (closed cells and inactive landfill sites); political will; availability of
alternatives to landfilling.

Education

Outreach and engagement of citizens and businesses to encourage waste
reduction and diversion from landfills.

Potential role: Municipal governments are typically involved; however,
the provincial and federal governments may be involved in stewardship
programs.

Key benefits: Creates a behavour change that can be re-created for a
number of materials.

Key challenges: Diversion and reduction alternatives need to be
attractive; uptake can be limited; costly to implement; lack of funding
resources.
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htm#q1
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collection. The single family diversion rate in 2009 was about 60% and the multi-family
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Waste Management Plan for the Greater Vancouver Regional District and Member
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City of Hamilton, Solid Waste Management Master Plan Public Advisory Committee,
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ca/CityDepartments/PublicWorks/WasteManagement/ONE+Container+Limit+Program
+Details.htm
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Appendix A.14

Wastewater treatment plants

Like solid waste, liquid waste (sewage) is also attributable to the city’s
household, industrial, commercial and institutional operations. Calgary
currently maintains over 3,800 kilometres of sanitary drainage pipes,
including three treatment facilities (Fish Creek, Bonnybrook, and Pine
Creek), with a combined capacity of over 530,000 cubic metres of
wastewater a day.

Methane is produced as organic solids in wastewater decompose, similar
to solid waste decomposition in landfills. The City's wastewater treatment
(WWT) process includes a stage at which the decomposition of waste is
accelerated in an anaerobic digester, where bacteria quickly break down
volatile waste. This process occurs in the absence of oxygen, therefore

a significant amount of biogas, made up of approximately 50% methane,
is produced. Biogas can be then be collected and either flared or used to
generate electricity and heat.

The City's three wastewater treatment facilities are already doing

their part in minimizing emissions associated with WWT, including the
capture, use and/or thermal treatment of methane emissions. Currently,
approximately 60% of the gas collected at the City's WWT facilities is
used for generating heat and electricity, which is consumed on site. The
City of Calgary's WWT processes have garnered attention and national
awards.®!

An opportunity does exist, however, for the implementation of additional
microturbines at these facilities to fully take advantage of the gas
produced in generating electricity to green Calgary's electricity grid.

Although not concerning emissions, commercial and residential
technologies do exist to recover heat from wastewater. In buildings and
industry, substantial energy savings can be achieved through reclaiming
heat from drain water (or wastewater), a process commonly called drain
water heat recovery (DWHR). The reclaimed heat is almost always used
to preheat cold fresh water. The most cost-effective class of drain water
heat exchangers are counter-flow. For example, water enters the home
at a temperature of 5 to 12°C and is heated to 50°C in the hot water
tank. Showerhead temperature is approximately 41°C and this water

is sent down the drain at 37°C. Heat energy can be recovered from the
drain water and used to pre-heat water entering the hot water tank to

8 to 23°C,*2 reducing the amount of energy needed to reach the final
temperature.

Potential reduction

In multi-unit residential buildings, the overall savings on domestic water
heating is typically 25 to 30%, but the potential savings can reach up to
46%. The lower end of this range is for centralized systems that reclaim
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‘Fv (] heat from a single building-wide drain water source. In restaurants and

i‘! ‘:-\ ]| . health clubs the range of savings is 40—75%.%%®
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The costs of these units vary depending on the application and the size
of the facility at which they are being installed. Generally speaking, heat

recovery systems can run from $500 to $1,500 per installation.

Cost implications

GHG reductions associated with the use of anaerobic digesters in the
wastewater treatment process are usually considered a secondary
benefit; primary drivers include odor reduction and the need to reduce

the volatility of sewage. However, the implementation of gas capture

and utilization systems are associated with capital and operational costs
similar to landfill gas capture and usage. The current capacity to convert
biogas to electric energy at Calgary’s wastewater treatment facilities is
limited; the addition of generation systems is necessary to realize the full
energy potential of the biogas produced. Generation technology can cost
upwards of $1,100 per kW of capacity.® This would translate to $800,000
in capital costs for microturbine installations at the City’s wastewater
treatment facilities to effectively utilize gas that is currently captured.
Similar to landfill gas capture and combustion, use of biogas for energy
generation may present an opportunity for the City to create carbon capital
for reinvestment into the infrastructure necessary to effectively use the
biogas captured at the City's WWT facilities.

Approaches to implementation

Policy

Potential Role: The municipal government can develop policies around
the use of biogas generated at wastewater treatment plants. Provincial or
federal policies could also influence the implementation of this technology.

Key benefits: Would increase the amount of energy generated at
facilities.

Key challenges: Cost of implementation.

301 The City of Calgary, “Wastewater Awards and Recognition,” http://www.calgary.ca/
portal/server.pt/gateway/PTARGS_0_0_780_227_0_43/http%3B/content.calgary.ca/

CCA/City+Hall/Business+Units/Water+Services/Water+and+Wastewater+Systems/
\Wastewater+System/Wastewater+Awards+and+Recognition.htm

302 Spectra Energy, EnerSmart Energy Saving Programs, “Drain Water Heat Recovery,”
http://www.uniongas.com/residential/energyconservation/energysavings/
drainrecovery/savings.asp#Savings

303 Natural Resources Canada, EE4 Version 1.7, Energy Use Assessment Software, http://
canmetenergy-canmetenergie.nrcan-rcan.gc.ca/eng/software_tools/ee4.html

304 California Energy Commission, “California Distributed Energy Resources Guide on
Microturbines,” http://www.energy.ca.gov/distgen/equipment/microturbines/cost.html



