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The ICES Literacy Series

This paper is a part of QUEST’s ICES Literacy Series. The documents that make up the ICES Literacy
Series are targeted at elected officials, policy makers, corporate decision makers, investors, building
owners, planners, environmental managers, and other stakeholders critical to the successful
implementation of Integrated Community Energy Solutions (ICES) in Canada.

The objective of the ICES Literacy Series is to enhance awareness and literacy with respect to ICES by
exploring issues and concepts related to integrated energy systems at the community level and by
considering the roles of various fuels, technologies, policies, energy players, and community builders in
advancing Integrated Community Energy.

The series reflects input from leading thinkers engaged in ICES projects across Canada. The papers that
comprise the series are living documents and will be updated with new information as the demand for
ICES grows across Canada and as research and experience with ICES evolves.

Papers in the ICES Literacy Series

Building Smart Enerqy Communities. Integrated Community Energy Solutions is the introductory paper to
the series and is intended for a broad audience. The paper explains the role and activity of QUEST as it
relates to ICES. It describes what ICES are and what they can accomplish at the city/community-wide,
neighbourhood, and project levels. It lists the critical stakeholders in ICES and outlines the basic
principles required to implement ICES. The paper closes by outlining QUEST's role in advancing ICES now
and going forward.

Fuels and Technologies for Integrated Community Energy Solutions presents QUEST's point of view on
fuels and technologies and how they might be better integrated in smarter and more sustainable energy
systems. It covers all aspects of community energy use, spanning residential, commercial, institutional,
industrial, and transportation sectors, with linkages to land-use and community planning.

Economic Regulation and Integrated Energy Systems presents QUEST's position on the key role of
economic regulation in facilitating the implementation of integrated energy systems. The paper describes
the strength of integrated energy systems as bringing together multiple energy system components
which are integrated in physical, financial and operational terms. It makes the case for proper regulatory
oversight of energy systems in order to provide neutral, transparent and expert oversight and consequent
protection for both consumers and investors. The paper argues that integrated energy systems are much
more likely to be feasible if the regulatory system is prepared to accept some re-bundling, specifically of
delivery and energy generation and experimentation to facilitate innovation.
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Executive Summary

This paper presents QUEST's point of view on fuels and technologies and how they might be better
integrated in smarter and more sustainable energy systems. It covers all aspects of community energy
use, spanning residential, commercial, institutional, industrial, and transportation sectors, with linkages to
land-use and community planning.

QUEST is focused on improved energy system performance, in other words, more societally beneficial
energy use. QUEST sees potential in a wide variety of fuels and technologies, provided only that they
maximize the sustainability of the energy system. By sustainability we mean meeting multiple objectives,
practically applicable at a given point in time and adaptable over time. In that context we envisage
opportunities for a multitude of fuel, technology and service providers.

As a working principle QUEST does not advocate for any particular fuel, energy source or technology.
Instead, QUEST'’s focus is on performance and results, and we support a diversity of fuels, sources and
technologies, policies and processes that can be deployed to best meet community and local industry
needs.

QUEST’s position is that there are distinct advantages that come through the integration of energy and
land-use planning, building and built form design, transportation networks, and waste and water
infrastructure with local energy sources and opportunities.

QUEST also recognizes that each community is unique — with its own set of energy challenges and
opportunities. The potential solutions for high-density urban centres will be different than those for
remote resource-based communities and will vary in scale and form based on local conditions and
characteristics, including access to renewables and traditional fuels, sources of electricity, and
infrastructure costs and design considerations.



ICES Literacy Series - Paper No. 2: Fuels & Technology

Table of Contents
TRE ICES LIEIACY SEIIES. .. et it eeee ettt ettt ettt e et ettt e et e e et e e et eeaa e e eea e aea e eeanaaesnaeanaeenn 4
1oL UL AV I T 1 ] o = 5
L= o] (0] 0 0 (=10 PSPPI 6
1.0 Introduction: It starts with the poiNt Of VIEW .......ooeeiiii e 7
1.1 Defining Integrated Community Energy SOIUtIONS (ICES)...........ccocoiiiiiiiiiiiiiiiiiiiiiaiiieeeaee, 7
2.0 The Importance of Land-use PIaNNING .........oiiuu it e e e e e e e eaaas 10
3.0 Fuels and Technology for MODIIILY .....cc.uiieeir e e e e e eaaas 12
4.0 A Full System View on Providing Heating and POWET............iiiiuiiiii e e e 12

LSO I o Tod 11 [0 o 22



ICES Literacy Series - Paper No. 2: Fuels & Technology 7

1. Introduction: It starts with the point of view

In contrast to most groups looking at energy, the QUEST point of view is from downstream — from the
viewpoint of energy users and the communities in which they live. Canadian communities vary greatly in
size and location but they all require energy for transportation, heating, cooling and lighting as well as to
power local industry and commerce.

What QUEST does is consider how these energy services can best be provided, framed in a vision of
integrated community energy systems and solutions that are more sustainable and integrated with other
urban or community systems, including land-use, transportation, water, wastewater and solid waste.

“Integrated Community Energy Solutions (ICES) can improve the energy performance of Canadian

communities while enhancing the quality of life and sustaining the economic advantage of Canada.”*

Defining Integrated Community Energy Solutions (ICES)

Integrated Community Energy Solutions (ICES) entail the planning, design, implementation,
and governance of energy systems at the community level in a way that maximizes energy
performance while cutting costs and reducing environmental impacts.

What are integrated energy systems? They are energy systems that interconnect various
energy sources, technologies, and infrastructure in a way that is tailored according to the local
context - including the nature of energy end use, patterns of energy demand, and local renewable
energy and waste management opportunities - in order to maximize energy performance, secure
energy reliability, cut costs, and reduce environmental impacts including greenhouse gas
emissions.

At the community level, this means integrating existing and potential energy assets such as
electric power, natural gas, and local renewable energy opportunities, while managing the energy
needs and also harnessing the potential energy productivity of community assets such as land-use,
buildings, water and wastewater, waste, and transportation.

QUEST is focused on higher energy system performance, in other words, more societally beneficial
energy use. QUEST sees potential in a wide variety of fuels and technologies, provided only that they
maximize the sustainability of the energy system. By sustainability we mean meeting multiple objectives,
practically applicable at a given point in time and adaptable over time. In that context we envisage
opportunities for a multitude of fuel, technology and service providers.

! Council of Energy Ministers, 2009
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Canada’s Energy Flow Diagram (see Figure 1) illustrates how energy is used throughout Canada’s
economy. QUEST's area of focus — the downstream — is outlined in the red dashed box in Figure 1. This
is where fuels and electricity get delivered and consumed to provide services to users.

Over three-quarters of Canadians currently live near or within an urban environment and by 2020 it is
expected to increase to 85% or more.? It is estimated that Canadian communities account for 60% of
national energy consumption® and about 30% of greenhouse gas emissions are contributed by urban
personal transportation, commercial and residential sectors and this figure rises to 40% when light
industry and urban freight transportation are included.*

<Qoor Sources 0.5

Figure 1: Canada’s energy flow diagram — PJ, 2007°

The dashed box outlining QUEST’s area of focus is also where much of the energy gets lost — through a
combination of inefficiencies and thermodynamic limitations of our energy systems. QUEST’s aim is to
first recognize these energy losses as they occur, and encourage better community planning to reduce

2 Ontario Power Authority & Canadian Urban Institute, 2011, p.10
% Council of Energy Ministers, 2009
4 M. K. Jaccard and Associates, Inc., 2010

® A Primer on Energy Systems in Canada. Richard Laszlo and Bob Oliver. Pollution Probe 2011. Modified with dashed areas to show
QUEST's areas of focus. Adapted from Lawrence Livermore Laboratories with data from Natural Resources Canada and Statistics
Canada source tables.
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energy use and then to advance fuels and technologies that reduce inefficiencies in the energy system —
essentially to squeeze more energy value out of the fuels and technologies we use and pay for.

This paper makes broad arguments in favour of more integrated systems that bring together the electric
power and natural gas systems along with burgeoning thermal energy systems, creating opportunities to
significantly improve overall energy efficiency and introduce renewable sources, hybrid systems and
combined heat and power systems. Together, these integrated energy systems concepts promise
improved reliability, reduced costs and better environmental performance.

The types of energy systems described in this paper are all technically possible but most are not strictly
economic under today’s conditions of low natural gas prices and no carbon price (with the notable
exception of British Columbia). The important point is that they are being developed and refined and will
likely become cost competitive in the future particularly in the face of binding carbon constraints.

This paper is concerned with how land-use planning and the fuels and technologies can best be applied
to meet community energy needs.

Land-use planning and community design. Community design and land-use planning are addressed first,
as these set the context for which fuels and technologies are appropriate.

QUEST recognizes that each community is unique — with its own set of energy challenges and
opportunities. The potential solutions for high-density urban centres will be different than those for
remote resource-based communities and will vary in scale and form based on local conditions and
characteristics. The design and layout of a community significantly influences its energy profile, defining
everything from home heating options to transportation choices. This is why QUEST’s work includes land-
use planning considerations alongside fuels and technologies to better deliver energy services in
Canadian communities.

Fuels and technologies for mobility. Mobility and the demand for transportation services are a major part
of Canadian energy demand, as shown in Figure 1, responsible for nearly a third of total energy use.

This paper addresses mobility next because of the direct link to land-use planning and community design
and its impact on defining the mobility technology and fuel options available to any particular community.
By its very definition, mobility requires extensive infrastructure: roads, rails, harbours and ports, and
fueling and charging stations. The effectiveness of any mobility technology depends directly on
community characteristics.

A full system view on providing heat and power. QUEST'’s six technical principles are then used as a
framework for thinking about Canada’s stationary energy systems designed to provide heat and power to
communities.

The dominant demand for heating and the common use of heat in energy systems provides an anchor or
a central thrust in QUEST’s point of view. The thermal energy system is the necessary foundation
because we live in a cold industrial country where heating and cooling accounts for the majority of
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energy use,® but while we treat the heat system as the foundation, the QUEST mission encompasses the
whole energy system at the community level, also encompassing mobility and power.

While centralized electricity generation — outlined in the blue dashed ellipse in Figure 1 — is outside of the
scope of this paper, QUEST is interested in electricity generation to the extent it is developed in close
physical proximity to communities and loads. QUEST therefore encourages a distributed power model as
it offers opportunities to capture the large amounts of otherwise wasted heat and put it to use. Similarly,
QUEST is interested in the industrial sector where facilities with large power and heat requirements are
located in close physical proximity to communities and other loads and where low-grade heat rejected by
industry can be used for space heating.

2.0 The Importance of Land-use Planning

Land-use planning is critical because it can significantly influence the energy profile of communities, the
options for consumers and commercial services, and the way consumers use, rely on and interact with
energy on a daily basis.

An important finding of a 2010 Jaccard et al study was that the best long-term opportunity to influence
energy use and associated GHG emissions starts with the decisions made early on about land-use and
transportation choices. Taken together, these decisions can influence the amount of energy used in a
community by 15 to 30 per cent, largely through the reduction in daily trips through changes to land-use
patterns and built form.”’

The Jaccard study underscored that built form (residential, commercial and institutional) and its location
influences all aspects of energy use. Specifically, density (the amount of building space in a given area
usually provided in terms of jobs and people per area of land) and land-use patterns (the organization of
built form with community amenities such as sidewalks, roads, parks, etc.) determine size and type of
dwellings, commuting distances, transportation modes, energy supply systems, significantly influence
energy service requirements. This relationship is depicted in Figure 2 which shows how land-use
decisions made today can have a direct and long term impact on decisions related to buildings and their
associated heating, cooling and power needs and equipment.®

® Natural Resources Canada Comprehensive Energy End-Use Database. Accessed June 2012.
" M.K. Jaccard and Associates, Inc. The Capacity for Integrated Community Energy Solutions (ICES) Policies to Reduce Urban
Greenhouse Gas Emissions. Produced for QUEST. 2010 August.

8 This hierarchy of energy-related decisions was brought to the forefront in a study prepared in the late 1990's by Mark Jaccard, Lee
Failing and Trent Berry.
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Land-Use Energy Decision Making Hierarchy

Energy-related Dimensions
Decisions . . .
Time Space Private/ Public
Land use and Years to decades A lot Public
infrastructure
Building and site design One to three years Moderate Public/Private
Energy-using equipment Less than one year Little Private

Figure 2: Land-use energy decision making hierarchy?

Land-use planning and community form can impact energy use in several ways. Mobility can be delivered
very efficiently through public transit, especially via fixed-route systems such as subways and light rail
but their use is in many ways determined or limited by land-use planning and community form. The most
obvious example being public transportation which requires certain population densities and mixed land
use to be cost effective.

The mix of built form and land-use patterns also directly impacts the viability of district energy systems.
Most district energy systems serving a variety of community users tend to be more efficient in the
distribution and management of energy, as well as economically feasible where there is a relatively
constant demand for their service, such as in a high density, mixed built form areas that present
opportunities to capture and reuse waste heat from industrial processes.

The delivery of community services is also influenced by planning and community form, including
cleaning and pumping drinking water, collecting and managing waste and lighting streets — all large parts
of a community’s energy use profile. The scale of the energy involved in delivering these and other
services as well as the efficiency gains through better design and application of available technologies
presents a potential for every community in Canada.

At the same time it must be recognized that with increased population density comes an increasing
energy usage profile for the community. The objective is for lower per capita energy use and associated
emissions, using better planning to serve higher density with an integrated approach to planning that
considers land-use, transportation and building design.

While the approach that each community takes to advance sustainable energy will differ based on local
and regional issues, QUEST’s position is that there are distinct advantages that come through the
integration of energy and land-use planning, building and built form design, transportation networks, and
waste and water infrastructure with local energy sources and opportunities.

® Jaccard et al, 1997
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3.0 Fuels and Technology for Mobility

Transportation is an important part of Canada’s downstream energy demand. As shown in Figure 1,
transportation makes up a large portion of the energy we use in Canada — nearly 30 per cent, roughly the
same portion as the energy used by homes and buildings. However, the similarities end there, and three
unique, energy-related features of Canada’s transportation system are worth highlighting:

1. Transportation energy sources must be highly portable and are characterized by high energy
density. ™ As it turns out, refined petroleum products have a much higher energy density than
anything else.

2. The transportation sector is dominated by petroleum-based fuels (primary gasoline and diesel but
also aviation and marine fuels) and internal combustion engine technology.

3. This fuel/technology combination, while providing relatively low-cost transportation services, is
not very efficient — with somewhere between 85 and 90 per cent of the inherent energy in the
petroleum fuels rejected as heat from radiators, exhaust pipes and hot engine parts, with only 10
to 15 per cent actually delivered to provide mobility.

Notable exceptions to the first point are fixed-route systems such as subways and light rail powered by
electricity; these are grid-connected and therefore require no on-board energy source. These technology
options can deliver mobility very efficiently, but as noted in the previous section of this paper, their use is
in many ways determined or limited by land-use planning and community form - the most obvious
example being public transportation which requires certain population densities and mixed land-use to be
cost effective.

The second and third points - the dominant combination of petroleum fuels and internal combustion
engine technology and the resulting waste in our transportation system - present the scope of the
challenge in changing how mobility can be delivered and the tremendous opportunity for efficiency gains
towards building a more sustainable transportation system.

4.0 A Full System View on Providing Heating and Power

QUEST considers several attributes when evaluating the sustainability of energy systems: first and
foremost energy systems must perform to meet the demand for energy services for which they were
designed, and they must do so in a safe and reliable manner. These are taken as given and if any
system fails on any of these counts it is not sustainable. Energy systems need to be cost-effective, in
other words as low cost as practical given all the costs and constraints facing such systems. They also
need to be designed to meet ever growing standards of social and environmental acceptability across the

10 Energy density is the amount of energy stored in a given system or region of space per unit mass or for fuels, the energy per
unit volume. This measure is important in a transportation context because along with the efficiency of the engine/motor, the
energy density determines the range of the vehicle.
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full spectrum of concerns including but not limited to climate change. Over the longer run, sustainable
systems must be resilient and adaptable to everything from changing climatic conditions to evolving
technologies.

QUEST looks for practical solutions that can be implemented to address today’s real world challenges,
such as consumer resistance to risk or high upfront costs and fiscal constraints. QUEST is concerned with
the structure of our communities as energy using and producing entities, the fundamental energy
infrastructure that underpins them and the need to significantly improve their overall energy
performance. These structures are the longest-lived capital in our society and every decision today locks
in future choices — whether affecting efficiency or fuel - as far as one hundred years or more into the
future. For this reason it is vital that we make smart choices today that might not be perfect but which
set up conditions for better energy systems in the future.

Waiting for perfect solutions is truly the enemy of the many good ones that are available now. We must
look for the optimum adaptable solutions, available today. With these ideas in mind we build our thinking
around six core principles:

Improve efficiency — first, reduce the energy input required for a given level of service;

Optimize exergy — avoid using high-quality energy in low-quality applications;

Manage heat — capture all feasible thermal energy and use it, rather than exhaust it;

Reduce waste — use all available resources, such as landfill gas and municipal, agricultural,

industrial and forestry wastes;

5. Use renewable energy resources — tap into local opportunities for geoexchange systems, small
scale hydro, biomass, solar and wind energy; and

6. Use grids strategically — optimize use of grid energy and as a resource to ensure reliability.

pPwwDdPRE

QUEST keeps these principles top of mind when considering how the diversity of fuels and technologies
can be leveraged in advancing sustainable energy systems.

1. IMPROVE EFFICIENCY

“.. the cheapest form of energy is the unit that is not used, and clearly Canadians everywhere can do a
much better job” — Council of Chief Executives Dec 2011

As mentioned earlier in this paper the biggest opportunities for improving energy efficiency in homes and
buildings have little to do with either fuels or energy technologies; the most important by far is the built
environment of our communities and community form. Following the design of communities, the next
most important is building form, solar orientation and building envelope, including insulation, building
materials, air tightness and glazing. Community design and building envelope considerations in many
ways define the practical technology and fuel choices available for providing energy services.

After the building envelope the single most important choice in a house or building is heating equipment.
Here it gets complicated by the distinction between point of use efficiency and full cycle efficiency (see
sidebar and second principle) and based on location and availability of fuel options. Where natural gas
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distribution is available, most extensively in urban centres in central and western Canada, the most
common choice for Canadian homeowners and easiest and most affordable to currently install are high
efficiency natural gas furnaces and boilers at 90 to 95 per cent or higher efficiency and with either forced
air or hot water distribution. In much of Québec and Atlantic Canada, as well as in more remote
locations, natural gas may not be readily available and electricity, fuel oil and wood are used for heating.
For many years in areas of Canada, notably Québec, even where natural gas was available, cost was a
key driver for the selection of electricity as a heating source.
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Figure 3: Number of Canadian Households (millions) by primary and secondary heating source. NRCan
Survey of Household Energy Use (2007)

Ground source heat pumps (also called geoexchange systems) are more difficult and expensive to install
but with a coefficient of performance (CoP)"* of 2.5 they make effective use of electric power and
achieve full cycle efficiencies (based on rough assumptions about the efficiency of electricity generation)
in the same order as a high efficiency furnace.

For most other types of heating equipment the question of fuels is secondary to the efficiency of the
equipment itself. Most of the equipment used in buildings are electrical and looking for the most efficient
available is always a good idea. Gas appliances such as hot water and cooking typically have virtues for
consumer utility but higher initial cost and less compelling efficiency benefits than do gas furnaces. But
QUEST focus goes beyond the efficiency of any particular piece of equipment to encompass full life cycle
efficiency.

1 The coefficient of performance or COP is a measure of the efficiency of a heat pump, and represent the ratio of the change in
heat to the work supplies, usually as electrical energy. In this example then a COP of 2.5 indicates that the heat pump is able to
covert
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Point of Use and Full Cycle Efficiency

Much attention is paid to the efficiency rating of heating equipment — for example, a high-efficiency gas
furnace can have efficiencies of 85 to 95 per cent, meaning that of 100 units of inherent energy in the
natural gas, 85 to 95 units get converted into useful heat, with 5 to 15 units wasted, mostly as heat in
exhaust gases.

What is often overlooked is the full system efficiency — for example if electricity that is generated in a
natural gas plant at 36 per cent efficiency is used to drive a ground source heat pump with a CoP of 2.5
as in the example above, then of the 100 units of inherent energy in the natural gas, 90 units would be
converted into useful heat — about the same as for the high efficiency furnace example.

QUEST is just as interested in the total downstream efficiency of the system as it is in any particular
single point of use efficiency. This would include not only the gas furnace, but the tightness of the
building envelope in which it is housed, as well as the efficiency of the natural gas distribution system.

Each point of use energy application relies on the movement of energy commodities upstream — QUEST'’s
objective is to improve overall system efficiency, and it therefore advocates for efficiency improvements
along the line. This requires thinking beyond the individual home or building and into the realm of
community planning and site orientation where large gains in system efficiency are possible.

2. OPTIMIZE EXERGY

Different forms of energy have a different “quality” which is essentially their capacity to do useful work.
Exergy describes the available energy to do work - it is a useful concept because it explicitly considers
both the energy source and the application, in which it is used. Maximizing exergy means using the right
fuel for the right application.

Ambient heat or the heat required to warm a building in winter for example is of lower quality than
electricity which is the highest quality form of energy (in between are several other forms such as high
temperature, high pressure steam). Fundamentally this principle is about using the right tool for the job —
our energy systems should be designed to meet the demand for specific energy services while at the
same time considering the specific circumstances of communities.
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«  Power generation via turbines and
boilers

* Industrial heat (e.g. refining, pulp
and paper)

«  Combustion of hydrocarbons,
nuclear reactions and geothermal
capture

* District heating
* Institutional and large
commercial
+  Small commercial and
residential hot water,
institutional and large
commercial
* Solar thermal and
geoexchange

Temperature for application

* Space and radiant floor
heating

* Residential and small
commercial

= Solar air and geoexchange

b
r g

Potential Application

Figure 3: Diagram showing the relationship between temperature and matching of fuels and technology with
potential application

As a general proposition it is unwise to use high quality energy in low quality applications as this results
in either wasted energy or an energy system that is more costly. Using electricity for space heating is the
critical case in point. Electricity can be and is used for heating, via baseboards, convection heaters, and
electric furnaces and boilers. But electricity is highly manufactured energy with a multitude of
applications for which there is no substitute or certainly no practical substitute such as running computers
and electronics, lighting, motors, and a myriad of digital equipment.

There is no such thing as “cheap” electricity. Even where it is produced inexpensively using long-
established generating equipment, as is the case for legacy hydropower generation, the real value of
electricity is the opportunity cost from not selling to alternate markets, where it can displace other forms
of generation with economic benefits for the seller and environmental benefits for everyone.*? In any
event, electricity costs are almost certain to rise in future due the introduction of more expensive, lower
emitting generation technologies, the need to rebuild or replace old generating plants and the need for
new transmission and distribution infrastructure. Electricity used where it is not cost effective on the basis

2 One of the BC Clean Energy Act objectives: “to be a net exporter of electricity from clean or renewable resources with the
intention of benefiting all British Columbians and reducing greenhouse gas emissions in regions in which British Columbia trades
electricity while protecting the interests of persons who receive or may receive service in British Columbia;”
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of its opportunity cost is a waste of society’s resources and a missed opportunity to achieve economic
and environmental improvements.

There are situations where using high quality electricity for low quality heat is economically justified due
to the high cost of using lower quality heat in that particular situation. For example, hot water may be
the right quality of heat for an industrial building but if the building is not always occupied it may be
cheaper to use electric heat and turn it off when not in use than to arrange a hot water system that does
not freeze when turned off. Another situation where electric heating may be warranted is in confined
spaces where explosion hazards exist such as mines and industrial plants.

It is highly unlikely that all or even most of our heat needs will ever be practically or efficiently met using
electricity. One way or another combustion processes will be unavoidable and close to population
combustion is only readily achievable on a wide scale with gaseous fuels which are essentially natural gas
and propane. Liquid fuels are more expensive than natural gas (per unit of energy) and they are heavier
and combust less cleanly and efficiently than natural gas although they are sometimes the only options
available aside of electricity in certain regions. All hydrocarbon fuels, however, emit GHGs and over time
combustion systems will be based at least in part on renewable sources.

Renewable natural gas (RNG) presents an attractive low carbon alternative or partial substitute to natural
gas that uses the existing natural gas distribution infrastructure. RNG is essentially cleaned up biogas or
synthetic gas (syngas) that can be produced from a variety of sources,™ including processed agricultural
and organic waste, forestry waste, crop residue, municipal organic waste, landfill gas and sewage waste.
A comprehensive study estimated the potential for Canadian RNG production at 130 percent of current
residential and commercial natural gas consumption, although costs can vary significantly by feedstock
and include sourcing, transporting, and processing the waste material.**

Synthetic gas (syngas) can be derived from any carbon-based material, including biomass sources and
uses a process called gasification to convert solids to gas. Solid fuels such as wood pellets can entail
logistical challenges but can be a viable fuel option especially for communities located near forest sites
and industrial facilities that produce wood waste.

In order for its injection into the existing natural gas distribution network, it is essential to remove
unwanted elements from biogas or syngas to produce RNG, effectively making it indistinguishable from
conventional natural gas.

13 Biogas can be produced either via biological or thermochemical processes, depending on the moisture content of the feedstock
and temperature of the production process. Whereas the biological process uses anaerobic digesters, the thermochemical process
involves gasification.

14 Alberta Innovates-Technology Futures. (2010). Potential Production of Methane from Canadian Wastes. Retrieved at
http://www.cga.ca/pdfs/RNGpotential.pdf.
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3. MANAGE HEAT

In one sense the more important question than which fuel we use is the question of how we manage the
resultant heat. Today, in Canada, more than half of the inherent energy in the primary sources entering
the system exits as wasted heat, the majority of which results from the use of internal combustion
engines and electricity generation, with much of the rest from industrial use and buildings.

Some of this lost heat is a potential resource; if we find cost-effective ways to capture even a small part,
we can reduce the total energy budget of the economy with positive environmental and economic effect.
But most primary energy is still inexpensive and capturing waste heat still requires capital, operating
energy and expertise, all factors explaining why current systems don’t capture much waste heat.

The highest utilization efficiencies will come when higher quality heat such as high pressure, high
temperature steam used for power generation or industrial processes can “cascade” through the energy
system in a series of steps to applications where lower quality heat will suffice. One step down is
relatively high temperature heat needed for heating hot water. A further step is to low temperature space
heat. Such a cascading system is more practical if there is a diversity of energy uses in close proximity to
each other, which requires a mix of land uses in close proximity to each other, as well as a thermal grid
to distribute the heat to end users.

Thinking of the heat system as the foundation for the larger energy system, there are numerous
opportunities:

e« Commercial, institutional, high-density residential and small-scale industrial facilities reject large
guantities of waste heat, mainly in the form of exhaust gases, through heat losses through the
building envelope and via waste water. This heat can be used to pre-treat inlet processes,
ventilation of air or water, or in large enough volumes can essentially replace fuels used for
space and water heating applications.

e lLarge-scale industrial facilities and central power plants reject huge quantities of waste heat,
often at relatively high temperatures. The challenge is that these facilities are often isolated and
far from potential users. Laying and maintaining pipe over long distances can make such
applications cost prohibitive, as does the heat losses which increase with distance to loads.
District energy solutions may be practical in industrial parks centered on large heat sources that
are relatively close to potential energy users.

o Small-scale distributed power production is an area that offers significant potential for more
effective heat management through the application of combined heat and power (CHP) systems.
Most of these systems are fuelled by natural gas, with a growing number of systems using
renewable fuels in whole or as a complement to natural gas. Because of the clean combustion
characteristics of natural gas and the many scales at which CHP systems can be built they can be
sited in built up areas to meet the needs of anything from as large as a hospital or university
campus to as small as a residential dwelling (with micro-CHP systems) and everything in
between.

e As a general rule, in small-scale applications and homogeneous uses (such as residential) the
timing and volume of demand for heat do not dovetail neatly with the availability of waste heat.
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This is one of the ways in which district energy systems become key because they allow various
sources and loads to be interconnected and help balance timing and volumes. Furthermore they
can be connected to seasonal energy storage systems.

CASE IN POINT: Southeast False Creek graphic with explanation — sewer heat capture,
upgrading with a heat pump and use for residential heating

The Southeast False Creek Neighbourhood Energy Utility is an example of a successful Integrated
Community Energy Solution which delivers clean energy at competitive rates to consumers, provides an
appropriate return on investment to the utility owners, reduces the City’s greenhouse gas emissions and
increases the energy independence of the community. It provides important lessons for future developers
of Integrated Community Energy Solutions and showcases the leadership the City of Vancouver has
demonstrated in this field.

4. REDUCE WASTE

This principle rests on the notion that many forms of waste are actually potential energy sources which,
via processing and treatment, can help fuel the energy system. As it turns out, reducing the need to
landfill many forms of waste is a good thing in itself but this principle turns a cost into a benefit.

The most obvious and well known is solid waste which can become a fuel source in several ways. Direct
combustion remains a viable option in some cases provided that all steps are taken to manage air
emissions. The most interesting possibilities in this regard are with respect to wood waste from forestry
or diseased wood (such as Pine Beetle kill) that is used to produce ‘hog fuel’ or wood pellets.

After appropriate waste diversion measures, gasification and anaerobic digestion of various wastes,
(municipal, forest biomass and agricultural waste) are among the most interesting possibilities. Waste
can be gasified and the gas used in several ways depending on opportunity and need. It can be
combusted on-site to produce electricity or possibly to heat greenhouses.

CASE IN POINT: Cascades/Gaz Métro/Waste Management Biogas project graphic with
explanation — using landfill gas to fuel papermaking

This integrated energy system brings together a biogas collection system in the Ste-Sophie landfill, near
Montréal (Québec) to supply energy to a Cascades fine paper mill, via a dedicated, 13 km pipeline built
and operated by Gaz Métro, Québec’s main natural gas distributor. The Cascades biogas project became
profitable (a 2-year payback period for Cascades), while providing additional profits for Waste
Management, the landfill owner and biogas supplier. Environmental benefits take the form of reduced
GHG emissions at the paper mill (more than 40%) with significant social benefits including hundreds of
jobs saved by the project.

Biogas can also be cleaned up to pipeline quality and injected into the natural gas delivery system
thereby making the system partially renewable. In some cases in can be cleaned up to be used directly
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as a transportation fuel for waste haulage trucks that inevitably visit the waste site every day. Converting
agricultural wastes to biogas has other co-benefits, including reduced landfill, reduced soil and
groundwater contamination and local economic development opportunities.

5. USE RENEWABLE SOURCES OF ENERGY

In this case, we are talking about local renewable energy sources which are mainly useful for thermal
energy as opposed to large scale renewables such as hydro and wind farms which are useful for power
generation. Two sources stand out.

Ground source energy is abundant simply because the earth and underground aquifers are thermal sinks.
If the temperature of the sink is either higher than the ambient air (in winter) or lower (in summer when
it creates potential for space conditioning) there is energy potential than can be tapped. But this is very
low quality energy — essentially it is too diffuse — so it needs to be concentrated which can be done using
either electric or (at lower efficiencies) natural gas driven heat pumps. None of this comes for free but
modern high efficiency heat pumps and exchangers that form a geo-exchange system can operate at
efficiencies that offset the relatively low efficiencies of thermal electricity generation and create an overall
efficient choice. The big constraints facing geo-exchange systems are capital cost, relative land intensity
and perceived risks concerning reliability and availability of maintenance. This is a good example of
where hybrid solutions (using both gas and geo-exchange) and networked solutions such as district
energy, can overcome the barriers since at larger-scale and with reliable backup all of these constraints
can be overcome.

CASE IN POINT: Enbridge/Union renewable natural gas graphic with explanation — putting
Ontario’s significant sources of biomass to work

Two of Ontario’s largest natural gas utilities submitted an application to the Ontario Energy Board in late
2011 to advance renewable natural gas (RNG) as a new supply source. RNG has the potential to achieve
significant environmental benefits using existing natural gas pipeline infrastructure and available
technology without requiring any change to consumer behaviour. Furthermore, it takes a more
responsible approach to managing waste that leverages the local supply of renewable resources and can
create economic development opportunities for communities.

Solar is the other significant local renewable. Again, at present solar is most likely to be cost-effective in
thermal applications. Passive solar requiring specific building orientation is a longstanding way of
enhancing building efficiency. Active solar systems have potential in hybrid systems, where they can raise
the temperature of water for water and space heating systems, with electricity, natural gas or other fuels
as the peak or backup heating source. The big constraint on solar thermal hybrids is capital cost and

15 Alberta Innovates-Technology Futures. (2010). Potential Production of Methane from Canadian Wastes. Retrieved at
http://www.cga.ca/pdfs/RNGpotential.pdf.
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even full life cycle cost that is not always competitive. Solar thermal can be competitive in some
applications with high hot water loads, such as in hospitals, laundries, pools, or for low temperature
ventilation air pre-heat or drying and also under aggressive energy and carbon cost assumptions. While
solar photovoltaic systems are still delivering power at a premium relative to other technologies, it is the
renewable energy technology with the greatest potential for significant cost reductions in the future.

There are several applications where wind is an attractive option such as in remote communities where
local wind power has potential, again in hybrid applications with traditional diesel generation, to reduce
the cost and emissions associated with power generation and long-distance transmission. In more
urbanized settings, the intermittency and inherent discrepancies in power output of wind results in
reliability concerns (in the absence of cost effective storage technology).

6. USE GRIDS STRATEGICALLY

The energy conversation includes a lot of talk about “smart” grids meaning smart electrical grids only.
QUEST is working to expand the discussion to the notion of smart energy networks - recall that over half
of community energy use is heat and that we waste huge quantities of heat. Add to that the potential for
the power and heat systems to interact especially through combined heat and power systems. The plural
on “grids” is used intentionally.

Our communities are built around two and often three grids: electricity distribution, gaseous fuel
distribution, and thermal energy distribution. Increasingly these grids are being called on to interact as a
smart energy network.

The power system draws most of its energy from central resources based on hydro, nuclear, wind,
natural gas and coal. The central system is increasingly being supplemented by distributed resources,
mainly based on natural gas. Most distributed renewables, including biomass, are potential sources of
thermal energy rather than the drive power needed for turbines. Photovoltaic, when economic, will be a
mix of distributed but likely mainly large scale and central facilities if it is to overcome its economic
challenges.

The gaseous fuel grid enables all high-temperature heat applications in the industrial, commercial and
residential sectors. It fuels a distributed power system, multiple district energy systems and a lot of
individual building systems including many that employ hybrid technologies.

The thermal grid can provide for both concentrated, high-density systems such as hospital and
university campuses, and commercial or small industrial complexes and some medium-density residential.
Unlike gaseous fuel and power there is no single “grid” but a multitude of more local grids tied together
by the power and gas systems. On the other hand it is entirely possible that many thermal systems could
be united under a single distributed utility for reasons of economies of scale.
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The thermal grid can also include seasonal thermal storage, where heat and “cool” can be stored in large
thermal mass, providing for interseasonal heating and cooling requirements when needed. The more
extensive the thermal grid, the more opportunities present themselves for seasonal thermal storage.

CASE IN POINT: Alderney 5 graphic with explanation — using interseasonal thermal storage
to supply cooling services to institutional buildings in the summer

The Alderney 5 Energy Project was a successful demonstration of ICES that used an innovative
combination of traditional and new technologies to develop a seawater-based cooling system for a Halifax
municipal building complex. The new technology utilizes the cooling effect of the seawater both directly,
when seawater temperatures allow, and indirectly through a borehole field that would essentially, store
“cold energy”.

Working these three grids together has the potential to make the whole system inherently much more
sustainable:

e A more reliable, resilient system that relies on both central and distributed energy sources.

e A more flexible and adaptable system;

e A system that will make a big contribution to higher system efficiency by ensuring that exergy is
maximized and by reducing waste heat; and

e A system that readily incorporates new resources including energy from waste and local
renewables.

5.0 Conclusion

QUEST is focused on improved energy system performance, in other words, more societally beneficial
energy use. QUEST sees potential in a wide variety of fuels and technologies, provided only that they
maximize the sustainability of the energy system. By sustainability we mean meeting multiple objectives,
practically applicable at a given point in time and adaptable over time. In that context we envisage
opportunities for a multitude of fuel, technology and service providers.
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