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ABSTRACT

This thesis tests the feasibility of developing a
methodology for investigating the enérgy use of proposed
residential deﬁelopment. Recent experiences with energy impact
assessment are examined, methods for predicting energy use and
energy savings are identified, and applicabie principles from
environmental impact assessment are examined. It is determined
that current energy evaluation procedures could be improved, based
upon principles for developing assessment methodologies that have
arisen from environmental impact assessment experience.

Predictive method§,are deemed necessary for forecasting the energy
use of the proposed development and for predicting energy savings
and greater energy efficiencds ihat could bé achieved through
various measures. An examination of predictive methods and energy
saving measures indicates that not all supposed energy saving

methods can be substantiated.
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A new methodology is proposed which incorporates the
principles of accuracy and objectivity an? the need to guantify
energy use and energy savings before changes to the development

.are required. This test reveals that, although there are
currently limitations to data, the @ethodology could highlight
means for potential energy-savings, as well as illustrate some
changes to conventionai development practices that could 1eaq to

changes in spatial relationships and built form.
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I. INTRODUCTION

Settlement patterns in North America were formed in an era
when lifestyle was not dependent upon non-renewable sources of
energy. As gas and o0il became a predominant factor in the
continent's economy, and technology developed based upon an
igexpensive and‘abundant energy supply, complex urban systems
evolvedf These systems continue to rely upon the availability of
fuel at a relatively low cést. A fuel shortage or a substantial

increase in price could significantly alter conventional

development patterns and urban systems.

An altered energy situation has already begun to create
changes in attitudes toward automobile-oriented development,
particularly in parts of the U.S. that have experienced gasoline
shortages. That particular scenario is only one symptom of the
larger problem, which is the reliance of our society and economy

upon limited, non-renewable energy sources.
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One means of ensuring that future development is energy
efficient is to investigate the energy consumption of residential
development proposzls, ea-ly in the planning process. Energy
impact assessments are required for all new development in parts
of the U.S. but have not yet been adopted for use in Canada. The
State of California has incorporated energv efficiency
considerations into its environmental assessment process. While
the Province of Ontario has a firmly estaglished environmental
assessment process for all Provincial, Municipal and other
designated developments, it has not included energy investigation
as part of that process. The Province is responsible fér ensuring
an adequate supply of energy to its residents. The means of
assessing the energy efficiency of residential development could
be investigated as one part of a larger program to meet this
responsibility. This.thesis will examine the feasibility of
developing a methodology for investigating the energy use of
residential development. This chapter will discuss further, the

value of an energy use investigation procedure and introduce the

topic of energy and energy efficiency.

A primary reason that an energy use investigation
methodology may be useful is to identify means of reducing energy
consumption in housing. This identification will highlight the
features that could be responsible for development pattern changes

and will also suggest a mechanism for preventing unnecessary energy
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consumption, and increasing energy efficiency. Energy efficirency
and reduced energy consumption are two different concepts, but
both apply to an investigation of residential energy use. Energy
efficiency Eefers to the ratio of energv output to energyv inpat,
and 1s used when describing energy converters, while reduced
consumption refers to lowering the need for energv inputs.
Reducing energy demand and improving energy efficiency where
energy is converted, can be considered in residential
developments, in addition to substituting non-renewable forms of

ene»gy with renewable forms.

Energy use has not been a major factor in residential
development decisions until recently, because it had a}ways been
abundant and relatively inexpensive. Settlement patterns and
built forms have developed upon a foundation of a constant and
inexpensive energy supply. The desire to reduce energy
consumption could mean, however, that energy will become a more
signikicant factor in influenéing the shape of our physical
environment and spatial relationships. There are many processes
which result in a change to spatial form, and if control over
physical development is desirable, it 1is important to understand
these processes. An understanding of how energy may influence
residential form could be achieved through the development of an
energy use investigation methodology. This methodology could help

determine which energy-related factors could bring about a change
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to conventional developgent forms, i.e., those that were
estéblished when energy was not a concern. Other similarly
;@pggtant reasons exist for developing an energy use investigation
methodology, and these will be discussed in more depth, but the
geographiczal application is relevanthbecause of the extent to

which a changed energy situation could affect human geography.

The current housing development situation is such that most

'Y

. -
res:dential construction takes place with little rega~d for the

agount of energy that will be used. The energyv cofisumption of a
completed development in a cool climate can be unnecessarily higﬁ

and many opportunities for conservation are often not considered. )

Energy use 1s not an important consideration in regulaéing
building construction in most places. Building construction has
been regulated traditionally only to ensure the health and safety
of occupants, and minimum standards are set to which builders must
comply. These standards are often prescriptive, listing
construction details which must be contained within the building. /- ~

A small number of jurisdictions1 have included minimum energy

performance standards to be met by new buildings, but i € of )

e 7 -

regulation is as yet uncommon. - J

! Davis California; Portland, Oregon
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Many regulations require walls and ceilings of residential
dwellings to meet a minimum level of thermal resistance, and
require double glazed windows. These requirements ensure that a
certain amount of insulation is provided. However, they are
usually not high standards and constitute only two of- many
conservation measures that could be addressed in building coies.
Building construction standards to improve the energy efficiency
of houses and other buildings have been recommended by various

>
<

sources”, but higher standards are rarely adopted as regulations.

Without regulation, there is little incentive for builders
to change construction practices or to add features to a home to
improve its energy efficiency. Extra features could increazse the
selling price of a home and it cou%d become less marketable, as
improved energy efficiency is generally not yet seen by buyers as
a desirable feature worth the extra capital cost.3 As a result,
many homes are built to standards that do not maximize energy
efficiency. (While this is true of most parts of North America,

Ontario examples will be used throughout the thesis as

illustrations.)

2 National Research Council of Canada. Measures for Energy
Conservation in New Buildings, 1978, Ottawa.
Report of the Royal Commission on Electric Power Planning.
- Volume 5 Economic Consitderations in the Planning of
Electric Power in Ontario. pp. 121-124, 1980, RCEPP.
3 Private:communication from Erik Campbell-Smith, former president
«of the Housing and Urban Development Association of Canada
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Figure 1 illustrates that while the majority of homes that
will exist by the end of the century are already built in Ontario,
construction will continue to occur, though at a declining rate.
This suggests that any efforts aimed towards reducing residential °
energy consumption should first concentrate on existing housing.It
is important, however, that the energy.consumption of new housing be
addressed for a number of reasons?’ As illustrated in Figure 1, new
housing (that which will be built between 1980 and 2000) will
comprise 28% of all housing in Ontario. If homes continue to be

constructed as they are currently, that entire segment of housing

will be consuming more energy than necessary. '

In contrast to existing housing, measures taken to improve
the energy efficiency of new buildings are far simpler to
undertake. It is easier for a builder to incorporate features
during initial construction rather than to add features to an
existing home. By including energy consumption as a c¢riterion for
development in the initial design stages, there 1s greater scope for
improvements for energy efficiency. Design details can be
manipulated at this stage to optimize both the building envelope and
its syrrounding environment in terms of energy efficiency; This

o

fle ility is not present to nearly the same extent in existing

housing
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Finally, improving the energy efficiency of new housinf can
be economically rational as it reduces home operating costs.
Depending upon the type and extent of changes made in design and
construction, capital cost could either decrease (due to narrower
roads, driveways, sidewalks) or increase {due to’ex‘ra
insulation), but operating costs should always be lowe~ in a more

\

energy-efficient house. 3

s

In sumrary, there are a nJdmber of reassns for
investigating residential energy use. Approximately one million
new housing units will be constructed in Ontario in the next 20
years. There has been little move by the construction industry to
build more energy-efficient homes, and regulation§ do not address
energy con;umption in a comprehensive manner. Therefore, energy
is probably not being used efficiently. Opportunities for
reducing both waste and home operating costs are often being
overlooked or ignored. Advantage is not being taken of measures
that could more easily be incorporated into new homes than into
existing housing stock. An investigation into the expected energy
consunption of proposed developments and into means of reducing
consumption could be the first step toward more energy-efficient
housing, and could result in significant changes to traditional

housing development.
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Energv use analysis is not the only means, however, of
improving energy efficiency in housing. The market could be left to
determine the type of housing to be built (the "do nothing"
option). Builders, architects, and planners could be trained to
improve house construsction design and planning. Incentives could be

provided or regulations could be establiched.

The simplest approach would be to do nothing, and wait for
various market forces to create a demand for more energy-efficient
homes. Expe»tise in energy-efficient design and constiruction might
then emerge to meet the demand. Reliance upon the free market
systemr rules oat the need for a government role, but is not fully
effective because of the time lag before demand is created. Tt
could be speculated that demand for homes that require less eneggy
could increase as the cost of energy increases, but the future of
energy costs is an unknown factor, making it difficult to foreca§t
demand. All housing developments constructed before that demand
existed would then be constructed less efficiently than possible.

/

Energy use analysis could be utilized as a mandatory
disclosure tool. As such, it would be a form of regulation. UnliXe
the first approach, however, time lag would not be a problem, as
regulations can come into’force at a specified time, beyond which

all hbusing construction would take energy consumption into

consideration. \ Regulation would thus be more effective in
/
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influencing the greatest amount of construction, than would waiting

for market forces to bring about a change to development practices.

Education of those people involved with the housing
development industry is another alternate method of incorporating
enargy considerations into housing projects. The argument has been
advanced that providing educational programs for develobment
professionals would preclude the need for regulation, as the
prqfe531ons would automat}cally adopt new practlces.u In orde»
for this approach to be as effective as regulation, all préfessions
would have to undergo }etraining, and to accomplish this, retraining
would likely have to be mandatory. A method of monitoring and
penalization may then be necessary to ensure compliance with the new
praztices. This approach would likely be complex, and would become

essentially another form of regulation.

The provision of incentives and disincentives could also be
used to influence energy consumption in new housing. Negative ani

positive incentives could take many forms including withholding

4 Grant P. Thompson, Building to Save Energy: Legal and
Regulatory Approaches (Cambridge, Mass.: Ballinger, 1980),
p. 66
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municipal se»vices from inefficient forms of housing, placing a
surcharge on household energy consumption beyond a certain level
as disincentives, or removing taxes from building materials that
contribute to improved energy efficiency, and allowing energy

b1lls below a certain level to be tax deductible, as positive

incentives.

These are just a few examples, but they indicate that the
use of incentives can result in a compleX set of administrativ;
procedures, and can be costly to governments. Costs are also
involved with an investigation of energy use as it would require a
capital cost outlay by the developer which likely would in turn be
passed on to thg homebuyer. The cost would be minimized, however,

by dividing it among each house in the entire development, and it

is unlikely that these costs would exceed ﬁii/é%ergy saving

benefits resulting from the investigat{SHi;\\\
N

¥

An energy use investigation regulation could bé integrated

into existing development approval processes so that given an

established procedure for carrying out and reviewing the

asseasment, administrative procedures would be no more complex
than without this new feature. Requiring a statement of expected
energy use may not have the immediate effect of altering housing
design and construction practices, but it would combine regulation

and persuasion in an attempt to speed up market forces towards
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energy efficiency. As energy consumption is not yet considered by
developers and home buyers to be an important concern in housing,
this approach could be more acceptable than more stringent

regulation or disincentives.

In summary, housing is currently being developed with
little concern for its energy consumption. This results in energy,
waste, as there are many opportunities for improving the energy
efficiency of housing by fai~ly simple means. There are several
po;sible approaches to encouraging the production of more
energy-efficient housing; each has strengths and weaknesses.

Requiring an investigation of energy use could be an approach that

is easily administered and acceptable to those involved.

This thesis will construct a method for investigating
residential energy use by examining the energy inputs to housing
developments, determining-means of predicting energy consumption,

and then by testing the method on an actual housing subdivision.



IT. REVIEW OF THE LITERATURE

Because energy consumption in buildings has only recently
been widely examined, the body of literature on investigating
energy use in housing is not extensive. There have been attempts
in the U.S. to formulate an investigation procedure, which will be
discussed further as a basis for refinement and testing. 1In
addition to reviewing these attempts, the development of a
comprehensive means of investigating energy use in‘housing
necessitates consideration of literature pertaining to the
measurement of energy use in housing, and the various ways to
reduce energy consumption in housing developments. The
measurement of energy use in a standard housing development is
necessary to provide a baseline for comparison against possible
conservation measures. This information wili provide the major

components for the investigation methodology.

- 13 -
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A related field of literature from which valuable
experience may be drawn is that of environmental impact
assessmpent. Although it involves a multi-variate decision-mzking
_process as opposed to evaluating simply one factor affecting the,
development project, the environmental impact assessment
experience has generated some principles for dealing with
development impact that may be applicable to an investigation of

energy use.

»

This section will review the three major bodies of related
literature defined above, 1) experience with energy use
assessment, 2) methods of predicting housing energy use and mea®s
of reduction, and 3) the cognate field of environmental impact
assessment. The information gained from this review will
contribute to the devel&pment of the energy investigation

methodology, which will then be fully described and tested.

Past Experience With Energy Use Assessment

The State of California has begun to include an assessment
of energy use in its environmental review process. According to

Christopher Rabendas, California has been the only State to

5 Christopher Rabenda, "Assessing the Energy Impact of Proposed
Development: A Study of the California Experience," 1979,
Ontario Ministry of Energy library
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pursue vigorously the implementation of energy impact assessment
although nine other states6 and the Federal Council on
Environmental Quality have acknowledged the need for taking energv

effects into account in the review process.

A 1975 amendment to the California Environmental Quality
Act of 1970 (CEQA), requires a discussion of energy impacts as
part of environmental review reports which are prepared for all
mz)or developments. As a result, different approaches to
assessing energy impacts have been taken in that State. Rabenda
investigated the experiences of various California munifcipzlities
with this new planning element and found that energy assessments
were being conducted with varying levels of commitment and

sopnistication.

The State issued suggested guidelines for the content of
energy impact assessments, but not all muniéipalities have chosen
to fellow them. The State suggestéd in the guidelines that an
energy impact assessement should essentially use the framework
that was established in the 1970 National Environmental Policy Act
(NEPA) for the preparation of environmental impact statements.
That legislation requires that statements include information on:

") The environmental impact of the .
proposed action,

6 Delaware, Maryland, Massachusetts, Michigan, Montana, New
Jersey, New York, Washington, and Wisconsin. Rabenda, 1979
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ii) any adverse environmental effects which
cannot be avoided should the proposal
be implemented,

1ii) alternatives to the proposei action,

1v) the relationship between local short
term uses of man's environment and the
maintenance and enhancement of lonf
term productivity and

‘v) any irreversible and irretrievable
comnitments of resources which would be
involvel in the proposed action should
it be impiemented"7.

The Cal:ifornia energy impact guidelines list nine related
categories of investigation. The first three categories ave 1)
project description -~ energy rejuirements for construction,
maintenance and operation of the project, 2) envi-onmental sett:ng
- energy supply and use in the region and 3) environmental impact
- effect on local and regional energy supplies. All three
categories relate to component i) of NEPA; environmental impa2z*.

The guidelines also suggest in the remaining si1x
catego~ies, 1) a discussion of alternatives, in terms of reducing
wasteful energy consumptiog;,Z) mitigation measures, including
conservation measures; 3) reduction of peak demand ani use of
alternative fuels; and 4) unavoidable adverse effects. The final
categories are: 5) short term gain versus long term impacts, o»
life cycle energy, and 6) the energy consumed by growth induced by

the project.

T Quoted in John G. Rau and David C. Wooten, Environmental Impact

Analysis Handbook, (California: McGraw-Hill, 1980), p.1-2

P



- 17 -

-/-
Tnese categories cover the range of energv impacts that

—

could result from a project, but they do not offer means for
urdertaking the types of analysis that thev suggest. Because the
“analytical techniques are not defined and because strict adherence

to the guidelines {s not mandatory, municipal:ties have develope?

d:fferent approaches to evaluating energy use.

Contra Costa County has developed one of the most
comprehiensive proceduares for evaluating the energy use of both
. . . . - 8
building projects and planning policies. The procedure
generally follows NEPA's environmental assessment reJuirement in
that 1t analyzes long term commitment, adverse impacts, poseible

alternatives, and mitigation measures.

The first major part of the process involves gathering data
on energy use. The County has identified six catego=ies of
\ energy-related features of building projects including 1) the
regional context of the project -~ location of requaired services
and facilities; 2) site conditions - vegetation, topography; 3)
climate - wind speed, solar days; 4) description of project -
floor area, uses; 5) local planning standards related to energy

use - zoning; and 6) energy sources - amount and type. This first

8 Rabenda, 1979



step provides a description of the project and its energy
consumption. Tne second pnase of the project computes the lone
te~r {22 vear) com~ tment to energy of the projest and determ nec
the amhunt of ener~gy used through the consgstruct.on period ani that

used for the subsejuent operation and maintenance of the project.

The th:rd and final step analvzes the enery.s efficiency of

the project by using a checklist. The list identifies

o]
—
&
fod
D
3
@]

e’ ies associated with the profe2t unde~ the siX
categories in step one and recommends mitigation measures, The

energv assessment thus completed becomes one part of a large-

env_ronmental impact report.

Although the State guidelines and the Contra Costa County
procedures have contributed to the advancement of knowledge in the
investigation of energ§ use, there are shortcomings which should
be avoided if an energy evaluation procedure is to have widespreal
use. Rabenda concludes in his report that the mzjor reasgg for
the ineffectiveness of energy impact assessment in California>is
the lack of information on how to undertake such an assessment.

This shortcoming is evident in the above description of the two

approaches.

Both outlines described the energy-related infor@ation that

must be taken into consideration, but neither specify the
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techniques to be used for measuring the energy consumption

associated with the various characteristics that have been

. listed. Ehis is particularly evident in the State guidelines as

Lthey suggest investigating energy requirements of the project and
the mitigation measures, yet do nQt offer concrete examples of how
energy requirements are measured or what mitigation measures are
effective. As a result, there is no base pfocedure by which

\

projects will be analyzed acrdss the State.

The Cgntra Costa-County procedures take the State

guidelines one step further by identifying the energy éonsuming

'components of building projects and establishing an energy

efficiency checklist. Again, the means by which the energy
consumption of each project is measured are not specified and the
level of mitigation achieved by the recommended energy
conservation measures is unknownf

\

&

The lack of these elements could result in inappropriate
application of energy impact assessment. Different methods of
analyzing energy use in developments could yield differing
estimates, and using a subjective approach to recommending
miﬁigation measures could result in costly and ineffective changes
to a project. The development of the methodology must therefore
specify energy measurement techniques and quantify the level of

savings expected by mitigation measures.
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In response to a perceived growing need for analytical

tools to assess energy impacts Blair Folsom (1980) outlined .a

-

methodology wﬁich he believes provides the necessary techniques.
This methodology is the only major attempt to datetfo identify the
steps invofved in energy ‘impact analysis, and as sudh, will be.

distussed in detail. Hé states in Rau and Wooten's Environmental

impaet Analysis Handbook (1980) that an energy. analysis should

" answer the questibn_"Why does it matter if this project consumes

\

energy?",9 and'focusses his methodology on the‘implicétions of a

v

_project's energy consumption,within'a regional context. The

structure recommended for ‘the enérgy impact statement follows that
of NEPA, as energy statemehts will -in most cases in the U.S. be
formulated as part of the environmental impact statement required

by that- Act.

A differentiation is made among energy consuming, producing

and conserving projects but the recommended organization of the

analysis is similar in each case.- Housing developments are ‘energy

consuming projects apd the framework for analysis is described as

-one‘which should include-an inventory of energy flows into anq out

-

of the region created by the project. Following the inventory is

.o . 1 _
a des¢ription of conservation measures employed by the project, a

discussion of the energy supply and demand scenarios created, and

a discussion of energy-related alternatives to the project.
. * . ‘ . - .

hY

. 9'Rau & Wooten, 1980 p.5-3

2
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.

The energy inventory for a consuming project, according to
Fblsom, should list the amount of energy required during the
construction pﬁase'and the expected energy consumption for

maintenance and operation of the project.

While ‘sources of information for calculating energy use
during ‘construction are not provided, he does list methods for
determining space heating energy fequirements. The three methodsvhe
suggesté are: computer programs, manual methods and gross eneégy

use factors.

He éoes'on to explain that compute; programs require very
specifiec building design data and’ that éll programs to date are not
in'the publié domain., Simpiified manual methods are described in

"the American Society bf Heating, Refrigerating, and Air Conditioning
Eng;neers (ASHRAE) handbooks and while they too require specifié
;ata inputs, théy are considered to be widei;-accepted and suited
" for séa%l ﬁumbéﬁg of buildings; The least reliable source is'eneﬁgy_

usage factors, which are average energy consumption values for

various types of buildings measured over time.

The description of energy conseryation measures should

<

‘a
include a'quantificatiop of the savings reBulting.from each'measure,

and should be incorporated into the energy inventory. This should

' then provide a figure for the expected-.energy consumption of the
. .t * .
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project, given the conservation measures, which should be used for

determining impacts on supply/demand scenarios.

The third major step described by Folsom, after the energy
inventory and the tabulating of conservation measures employed, is

the discussion of energy supply and demand scenarios. According to

Folsom the main reason for undertaking an energy assessment is to
determine the changes that will be made by the project_to

supply/demand scenario!. He stresses the importance of defining a
st;dy area, that is, the geographical area whose energy flows will

receive a significant impact as a result of the project;

"A 'significant impact' is defined here
as a projected change in any of the
energy flows..... of more than one per
cent of the existing or projected
amount without the project. The number
of scenarios to be presented depends
upon the project’s size. For example, ’
a small project may affect a city's
energy flow by less than one per cent,
and in this case, one scenario - the
city, may be sufficient. However, a
large project which .changes the
nation's energy flow by more than one
per cent would require several levels -
for example, the United States and
specific states, counties, and
citiesm. 10

~

10 Rau & Wooten, 1980 p.5-37.
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Folsom is saying throughout his methodology, in essence, that
the key reason for an enéergy assessment is not to ensure that an
energy consuming project.uses energy in the most efficient manner.
possible, but to ensure that the project in question does not have

an adverse effect on the a%ailability of energy to the surrounding

region.

In carrying out the supply/demand section ¢&f the methodology,
information is gathered on the energy consumption of the "studv
area", and the sources of supply. This data is compared to the
expected energy consumption of the project, as defined in the energy
inventory phase. If the projected energy consumption is less than
one per ‘cent of the study area consumption, then the project is
deemed to have an insignificant impact. If the proportion is
greater than one per cent, Folsom suggeéts that the proponent must
demonstrate that the energy required is available, or that shortages

*

can be mitigated.

He describes the major potential adverse impacts that must be
pitigated as being power demand problems, energy demand préblems,
and economic problems. Power demand problems occur when energy
-facilities caﬁnot meet the demand for energy, and are not
necessarily the result of depleted energy sources. The consuming
project with a significant energy impact must therefore ensure that
energy fat¢ilities are in place to meet demand, in order io mitigate

the impact.

/
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Energy demand probleﬁs are related to the long term depletion
of the resource base. The forecasted energy consumption of the
project throughout its lifetime must be compzred to the forecasted
depletion date of the energy source in the region to determine
impacts.

Economic problems are related to é}ice changes due to power
and energy demand fluctuations, government regulations and solvency
of the energy industry. The effects of energy consuming projects on
ecénomic problems, and tpe possible mitigation measures are not

described by Folsom.

The'final phase of the energy Empact assessment methodology
is a discussion of the alternatives, both general and
energy-related, that are not embloyea in the project. The purpose
of this discussion is to demonstrate thgt the project will be
constructed in the most desirable ma The two main energy
alternatives that could be considered are the use of different
fuels,- and conservation features. Folsom s?ates that the aiscussion
should centre only on reasonable alternatives that could have been
considered, and suitable reasons must be provided for their aﬁsences
AN

While the methodology outlined by Folsom for assessing energy

—

impacts, as described above, is seemingly more thorough than that

developed by the State of California or Contra Costa County, his
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emphasis is markedly different. As stated earlier, Folsom believes
that an gnergy impact assessment should focus not upon the
appropriateness of the amount of energy consumed by a project, but
Apon the relevance of that energy consumption in a wider context.

In the true sense of the word "impaqt", which means to influence or
affect, Folsom's interpretation of the requirements of an energy
impact assessment could be considered appropriate. However, in the
practical application of an approach, the California methods, which
are, strictly speaking, analyses of the energy-related features of a
project for the purposes of assessing or evaluating the energy

consumption, rather than an impact assessment, may be more

appropriate, for reasons which will be discussed further.

The inventogy of energy use and listing of energy
conservation measures are'co@mon to all three methodologies
described, aﬁ& is a logical starting point for a study of energy
use. An inventory provides the basic data necessary for
evaluation. It is a description of that which is to be analyzed.
The data sources listed by Folsom are.applicable only.to the U.S.,
except fof his suggested method of heat loss calculétions which can
be applied in most geographicgl contexts. 1In order to carry out an
Ontario-based case study of a methodology, Canadian datg sources’

must be identified.
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The description of energy conservation measures employed in
the project, which is the next step suggested inwFolsom's
methodology, would simply be an informational item, as the energy
savings should already have been accounted for in the iﬁventory.
However, providing this information would be helpful in presenting a

more complete picture of the project.

The departure in approaches comes with Folsom's third step,
the discussion of the energy supply and demand scenarios. Followiné
his logic that a project has no significant energy impact if it
produces a change of no more than one per.cent of the energy flow‘of
the study érea, it would seem that in that case, there would be no
rational reason for iiproving the energy-efficiency of the project
wherever possible. The next step, discussion of alternatives, seeks
to ensure that the project is developed in an energy-efficient

manner, but this step is not a logical consequence of the previous

step.

Another shortcoming of Folsom's approach is its poor
applicability to.the majority of development projects that Qould be
evaluated in terms of energy use. An initial proBlem would arise in
gathering ﬁeaningful data on energy supply and demand of a defined
study area. Because of the varying s&ppiy and distribution networks
of the major energy suppliers it would not be possible to define a
single study area for cOmpariﬁg to the project's enérgy consumption,

-
.
.
T

s
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except at the level of the entire state or province. While
hydro-electric pbwér is distributed by municipal utilities in many
areas, o0il, natural gas, and gasoline are not distributed according
to municipal boundaries. This would make comparable data-gathering
difficult, and more importantly, make it difficult to identify any

adverse impacts of a project.

Power demand problems that might occur as the result of a
development project are most easily identified, as this is simply a
matter of'determining whether or not h&dro capacity exists, or gas
or oil pipelines are in‘place or can be extended (in tlris sense,
including this analysis’'as part of an energy investigation will
provide energy suppliers with more accurate information than they
would normally have, upon which to base their needs forecasts). Yet
power demand problems would seem réemote in the case of,many small
projects such as housing developments, if this methodology was
applied, aslthe didespanning supply and diséributiop networks of
energy suppliers would be compared to the needs of many minor energy
users. - In the case of a large ‘energy consuming project such as a
ma jor industrial de;elopment, an energy impgct might be felt on a
state or provincial scale, but for most housing developments such an

impact would not likely occur.

Energy demand problems due to resource depletion would not be

indicated by comparing forecasted project consumption with the

Fy
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depletion date of the study area. At any level lower than that of

the state or province, energy would rarely be produced within study

area boundaries. The energy supply would more often be imported, in

which case the depletion of that source must be used in comparison.
J\

The reliability of energy forecasting is an additional
. A

[}

uncertainty, because of fluctuation in demand over time, and

uncertainties regarding the recovery of new sources.

The third problem, that of energy price changes, is not due
to the increased energy ;onsumption résulting from new development,
as Folsom himself states.

It would appear from this review of attempté to define a
method for investigating energy éonsumption in new developmeﬁt that
a combination of the approaches could be most suitable for
application- to new residential development. The first step, after
describing the pﬁbjéct, would consist of an inventory of forecasted
energy consumption from construction through to operating énergy
use This inventory should then be compared with any standards or
regulations on ene;gy consgmpt;on that exist, to ensure conformity.
The next step should consist of analyzing alternaﬁive ways to
develop the project that would result in energy savings, and

finally, mitigation measures arising from this-steb would be

prescribed. Long term commitment to resource use would not be
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discussed as it could be assumed that the development will consure
energy as 1ong‘as it exists. However, the availability of energy
supply should be discussed in the first step under regional context,
“to ensure that the energy distribution network was in place or would

not result in energy shortages due to the need to construct new

distribution facilities.

Folsom's aethod may be applicable to large energy consuming
projezts such as industries, where actual energy impacts may occu»,
but for the majority of housing developments these more simple
procedures could ensg;e that construction takes place in the most
efficient manner. The revised procedure indicates that the NEPA

format may not be the most appropriate for this purpose.

Given this revised procedure, there is a need for techniques
t9 measure energy consumption, to identify alternatives and to
gquantify the benefits to be derived from mitigation measures. As
with the State of California and the Contra Costa County guidelines,

the procedures will only be useful if measurement techniques exist.
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Thomas Dickert, in his comparison of environmental iwmpact
assessment methods,11 has recognized this need and the problems
associated with it. He classified environmental impact
assessments into the three analytic functions of identification,
prediction, and evaluation. Identification methods specify the
possible range of impacts, and evaluation methods identify impacts
6f alternatives ani tradeoffs, while predictive methods define the
quantity of impact of a project, according to Dickert. It is
these predictive metho&s which must now be defined in order to

carry out an investigation of energy use.

Dickert goes on to say that most assessment guidelines and
methods do not address the question of predictive methods, and
that both NEPA and CEQA merely make explicit the néed to apply
science in decision-maKing but go no further in offering methods.
He states that the discussion and use of predictive methods in
assessments. is limited to current scientific knowledge and that
this is a fgndamental problem for providing factual data in impact

+

statements.
For the purposes of applying the energy investigation
procedure, it will thus be necessary to identify, wherever

possible, existing methods for predicting quantities of energy

consumption.

T Thomas Dickert, Environmental Impact Assessment: Guidelines and
Commentary, (California: The Regents of the University of
California, 1974} p.127




- 31 -

The next section of the literature review will identify and
analyse these predictive methods, which will then be used in testing

the procedure.

Methods of Predicting Energv Use

The energy inventory phase requires that all forms of energy

use in the housing development be identified and consumption
forecasted. According to the various assessmént methods, energy is

used in housing developments for:

1. Construction - energy is embodied in construction

materials, and is used by construction equipment.

2. Space Heating

3. Water Heating

L, Lighting - street lighting anq room lighting.

5. Appiiances S

6. Maintenance - sgow removal, garbage collection etc.
7. Transportation

A potential problem lies in identifying where to draw the
line with respect to energy flows associated with the project.
Space hea;igg and lighting are obvious energy users of the project
but following the course of the energy chain indicates that energy

is also used in, for example, extracting, processing and shipping
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the raw materials that are used to manufacture the furnace that
provides space heating, manufacturing the furnace, and transporting
the manufactured furnace to the site. This chain of events could be
traced for every component of the project. Similarly, regional
travel patterns could be affected and travel distances increased as
a result of particular characteristics of the development. At this
stagé in the development of the eﬁergy asses§ment methodologies
consumption data at that level of detail is limited. - However, as
techniques are developed to provide this data, it will be important
to disentangle and tabulate only those energy flows that form a
significant (possibly éreater than 5 per cents portion of thé
project energy use. ,The significance could be dependent upon
whether the éomponent was a "one time" energy user (furnace) or an
ongoing user (increased travel). ”The energy use of the component
would be compared with the project's annual or lifetime energy use,
respectively.

—

An important factor in calculating energy consumption is the
effic§ency of the energy supply system. The true energy consumption
of any fuel type includes both the direct energy used by, fér.
example, watching television for an hour, and the energy required to-h
produce the electricity. Electrical generating stations are fuelled
by a variety of sources such as oil, coal, uranium, and water and
are generdally only 30 per cent efficient, so the annual household
electricity consumpéion figure must be divided by .30 to determine

|

A

|

/



- 33 -

the net energy consumption. Similarly, gas fired.fu?ﬁéces are
approximétely 65 per cent é{ficient, (although more efficient
furnaces are currently being developed), so the annual BfU
requirement should be inided by .65 to find the tptal energy
consumption for spacé heating.

The first form of energy used in a néw housing developmené is
embo?ied energy. Embodied energy refers to the energy inputs. to
construction i.e. the energy fhat is required in raw material,
extraction ahd processing, transport of component to manufacturer,
all manufacturing processing and transferring of the unit from the
supplier to the job site and finally té its incgrporation into
. building. Emphasis on energy use in buildings has, @n the past,
been on the operation of puildings, primarily because this was an
obvious energy gsé, was easily measured, and simple methods existed
for reduction. But a group of researchers at the University of
Illinois have found phat the energy use in ihe construction of new
buildings was as much as 20 per cent of that used to operate the
entire stock of building that existed in 1967 in the.U.S.12 and

was 9 per cent of E§> total U.S. energy requirement in 1967.

Bruce M. Hannon et al. at the Univérsity of Illinois measured

the amount of energy.used in building construction through meéns of
N

12 Bruce M. Hannon et al. Energy Use for Building Construction
(Urbana: University of Illinois, 1976) p.116

Q
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an input/output mode;. The model identified "direct" energy
requirements of the construction industry in 1967, that is, energy
used at the job site, -and "indirect™" ene;gy requirements, which is
that used in material. 1In addi£ion, energy purchased per dollar of
outpat by each economic éector selling to the building contractor
(399-order sectors were identified) were determined, leading to an

identification of energy cost per unit of various building

_ materials. This research provides the basis for measuring total

energy consumption in an area. Hannon was able to estimate the
emgodied energy per square foot in various types of residential
buildings. With this information, thé embodied energy requirements
of buildings can be'easily calculated. The shortcoming of the
method is that Hannon's figures for a'singie family and -2 family
residential are averages of embodied energy in these housing types
across the U.S. Further deveiopment of this research could result
in a predittive method adaptable to the characterisiics of

individual housing units, but until that time, the average figures

offer the best method.for estimating embodieldl energy use

In addition to embodied energy use in building construction

similar figu;es are available for units of asphalt, clay and
concrete, which are the basic componenté of roads, sewers, and
sidewalks. This information can be used to detgrmine energy
consumption of'the.remaining éonstrﬁction components of the.

’ . . A

developnment. ‘ . ‘ i
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The next ﬁajor energy user in the development afte» the
construction phase is space heating. (fhere are a number of methods
for.predicting energy consumption for space heating. The standard
“method upon which mbst variations are based is a procedure developed
by the American Society of Heating, Refrigerating, and Air

¢
Conditioning Engineers called the Degree Day Method. This method is
used to determine both the peak amount of energy required by a house
during the coldest temperatures and the annual amount of energy

required.

The calculations basically consist of estimating heat loss
from each room in a house while maintaining a desired indoor
temperature. Heat loss occurs from both transmission and

infiltration.

Transmission heat loss refers to the heat that escapes from
inside the house to the outside through all surfaces such as walls,
doors, and glass. Transmission losses can be determined by'
multiplying the exterior-area of each surface by a corresponding
coefficient of transmission or "U" value ("U" value is a measure of

transmissivity of a material, or the extent to which heat passse

through it), and by the design temperature difference, that is, the
difference between the desired indoor temperature and the outdoor R
temperature. The peak heat loss (which heating systems are designed

| to provide for) is determined by adding the transmission heat-loss

and the infiltration losses.
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The infiltration losses occur when cold air leaks into the
house through small openings around windows and doors, or when
windows and doors are left open. This cold air must be heated to
the desired room temperature, which requires energy. Infiltration

heat losses are determined by the following equation:

volume X air changes x infiltration hea! loss factor x design

temperature difference.

The volume of air to be heated is multiplied by the number of
air cHanges per hour which is the number of times per hour that the
total amount of air in a house is replaced by outside air. This
change can vary from .2 to .4 per hour for newer houses (since 1976)

to .5 to .8 to older houses.13

, The infiltration heat loss factor is a constant value of

-

.018. The outcome of these calculations is a figure defining the
amount of energy requireg to heat a house during the coldest. period
of the year or the peak power requirements. This figure, when
multiplied by the 6umber of houses in an area defines the amount of

power that a supply system must be able to provide to that area at -

any one time.

™~

13 Informetrica Ltd. and Energy Research Group, Carleton
University, Ontario Residential and Commercial Energy
Demand Study (Toronto: Ontario Ministry of Energy, 1978)
p.17 '\
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The traditional Degree Day Method of predicting annual energy

consumption was to use the following equation:

'Fuel consumption = peak heat loss x degree davs x 24 hours
design temperature differerice x furnace
efficiency ’

This eguation was based on an assumption by ASHRAE that:

"On a long term average, solar and internal
gains will offset heat loss when the mean daily
outdoor temperature is 65F and that fuel
consumption will be proportional to the
difference between the mean daily temperature
and 65F. In other words, on a day when the mean
temperature is 20 deg F below 65F, twice as much
fuel is consumed as on days when the mean
temperature is 10 deg F below 65pm, 14

However, ASHRAE reports that since the time of this
assumption, internal heat gains have increased due to better
insulation and increased use of appliances.' Therefore a modified
degree day procedure for éstiéating annual heat losses has been
developed to reflect the lower heat losses. The new equation
includes correéction factors ‘based .on emprirical data for actual

residential energy consumption‘sz

4 American Society of Heating, Refrigerating and Air Conditioning
Engineers, 1980 Systems (New York: ASHRAE, 1980) p.43.9

5 ibid.
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Fuel consumption =

peak heat loss x degree days x 24 hours

design temperature difference X N x furnace efficiency

Where N = correction factor for increased load efficiency, part

load performance, conservation devices (0.55)

CD z correction factor for heating effects vs. degree days

(.60 for areas with 4000-7000 degree days)

The ASHRAE procedurg was recommended by Eolsom to be used in '
the inventory of energy consumption, and is generally the most
widel& accepted method for determining energy requirements for space
heating. There are computer progﬁams for calculating energy
consumption in buildiﬁgs, but these are, to date, privately owned

models.

According to Sizemore et al. (1979) computer programs "vary
widely in abilify to provide accurate results for a particular
situation™ and "the program logic is’ frequently hidden ... resulting_

in possible misapplication of the'program".16

16 M. Sizemore et al., Energy Planning for Buildings, (U.S.A.:
American Institute of Architects, 1979) p.22
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It should be noted thaé large amounts of data relating to
climatic conditions and building characteristics are required by any
method of calculating heating energv requirements. The extent to
which this need hampers the energy evaluation procedure must be

assessed during the testing phase.

Water heating, lighting and appliances are the next energy:
useés in housing development. They are grouped together because in
each case, energy consumption can be pre@icted reasonably accurately
from average consumption data, without the need to carry out
analytical pqocedures. Average consumption data is available
through surveys conducted by various agencies such as gas anid
electrical utilities, consumer groups and government bodies17.‘

Survey; have bgen ﬁndertaken'ﬁore in recent years in efforts
to promote energy conservation and are e%sily obtainaﬁle: The

information provided by this data is generalized over all houses in

’

‘the study area but can be used with reasonable accuracy in the

absence of more disaggregated data.

7 Examples of data availability are: Energy, Mines & '‘Resources

Canada, }{ Ways to Save Energy and Money in the Home

(1975) and Ontario Hydro "How You Use the Energy You Use"
"(1980)
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Streeg lighting energy consumption data is also easily
obtained from the authority responsible, which is usually the
municipality. They can provide information concerning the sténdard
distance between lights (to determine the number of street lights in
a subdivision) the type of lighting used, and average annual energy

consumption.

Transportation is the next major energy consumer related to
housing developments. In order to assess accurately the actual
tr;nsportation energy consumption attributab;etto a “new development
it would be necessary to identify the total number of trips
generated by the subdivision for all purposes. Models are not
available that can accurately predict'trip generation at the
necessary level of detaila‘but it is possible to predict the amount
of transportation energy consumed within thé boundaries of a
subdivision. Upon reviewing the literature it is apparent that most
transportation energy research focusses upon demand projection and
engine efficiencies with little‘regard to the impact of land use
configurations on tranéportation energy consumption. Subdivision
layout copceivably can, however, influence'travel patterns and

therefore energy consumption.
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A method has been developed by Middleton ASSOCiateS18 for

predicting the transportation energy consumption of trips that
originate within the subdivision and whose destination lies
*outside. The other two types of trips are: (1) Those with origin
and destination within a subdivision; and (2) Origin outside the

subdivision and destination within.‘g

With the exception of return trips whoée origin was within
tHe subdivision, these types of trips are not significant to the
energy use of the subdivision. The commercial outlet, which could

+ be the generator of internal automobile trips, is within easy
walkiné distance of homes, and there are no community facilifdies
that would attract trips from.outside the subdivision.

T —m”fhe"Middleton method measures transportation energy
consumption by calcu}ating the average distance between each home
and the nearest arterial'exist and multiplying this by the trips per
year per household, ahd dividing by an automobile efficiency factor

as in the following simplified equation:20

18 Middleton Associates, "Residential Site Design and Energy
Conservation - Draft", (unpublished, Ontario Ministry of
Energy Library, 1979)

19 Middleton Associates, 1979

To determine total internal transportation energy consumption

it is necessary to multiply the distance between each home
and the nearest arterial exist by 2, to accoynt for return
trips. This step is not included in Middleton's method.
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Total annual gasdline consumption =

miles per trip X gnnual trips per household X number

of households/miles per gallon

For calculating the distance to arterial roads, the
subldivision is divided into a series of zones whose lengths are
measured. The shortest route from each house to the nearest
arte~ial road is then measured by adding the length of the zones.
Tne aggregate of ‘these -calculations provides the average distance
between each house and the nearest arterial route. This figure is
then multiplied by the avérage number of trips per year per
household. Finally, this figure is divided by the average
automobile fuel efficiency, to arrive at the number of gallons of
gasoline consumed annually within the subdivision. This method
reqdires specific transportation data to be available, but is fairly
simple‘énd would allow for a comparison of the energy consumption

resulting from various street layouts.

\Finally, energy is requi}ed £o service and maintain the -
subdivision. Energy is used for ga;bage collection, snow removal,
water supply and sewage‘treatment. Like water heating, lighting and
appliances, the predictive methods for these forms of energy

consumption could be derived from existing measurements and
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consumption is projeeted for the housing development based on these
figures. Information pertaining to maintenance-related energy
consumption should be available from the municipality respons:ble
for maintenance. Municipalities have recently begun to undertake
systematic energy accounting, whereby energv consumpiion audits of
‘their operations are performed. This provides the info"matién
necessary on annual energy consumption for each operation.z1 This,
level of informa;ion must be disaggregated fu"the} to determine the
related energy consurmption for various densities an? house typec.
There is no documented experience or procedure for identifying
maintenance energy consumption at the subdivision scalé, so this
component of the inventory may have to be generalized and therefore
less accurate than desirable. The importance of accuracy for this
component will depend upon i£$ significance to the energy
consumption of the entire subdivision, which will be tested in the

case study.

After the comparison of the energy inventory with any
existing standards or regulations, the next major step in the
propbsed'evaluation précedure is the identification and analysis of
energy-saving alternatives. If the existing regulations are strict
with respect to energy consumption or energy-conserving measures,

then it may be adequate to investigate fewer alternatives.

21 see, for examplé, Network, Vol. 1, No. 1, Oct. 1980,
Association of Counties and Regions of Ontario
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However, with the exception of a small number of
municipalities it is accurate to assume that regulations of this

nature are not com:non.22

The analysis of alternative, energv-saving approaches to
developing a housing subdivision should include identifying the
range of alternatives and assessing the appropriateness of each
ailternative to the housing development in question. The
identification of energv-saving approaches reqQuires keeping abreast

of technological change and innovation.

Assessing the alternatives involves identifying the energy
savings that could be achieved with each measure. This part of the
energy investigation procedure is essential to ensuring that any
changes to the deVelopment proposal that are required {(which is
likely to be the major result of the investigation procedure) are
justified. fhe approaches to energy use investigation that were
discussed earlier, with the exception of Folsom, do not discuss the
importance of this element. They Yist a number of energy measures
that should be con;idered, but do not explain whether or not they
judge the "reasonableness" of measureg before requiring them to be

included in the development.

22 The National Research Council of Canada's Measures for Energy
' Conservation in New Buildings (1978) contains the most
rigorous government standards to date in Canada, but these
are not réquired by law.
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As conservation measures could have adverse secondary
impacts, such as increasing housing costs or reducing municipal
services, some criteria should exist agzinst which any proposeid

mitigation measures are assessed.

Folsom suggests that "the justification for choosing among

these alternatives should be based on an analysis of the following

factors: fuel availability, non-renewable resources, technology ani

equipment availability, certainty of supply, cost, other

environmental factors (air pollution etc.).“23 Fuel availability
and technology and equipment availability are necessary- criteria
before the particular alternative can be considered as an option.
Non-renewable resources should be taken into account in areas where
they are in short supply. In such cases, the effect of the \

alternative on non-renewable energy sources should be considered.

Contrary to Folsom, however, it is not necessary as part of
this meihodology to calculate the cost of incorporating each energy
saving measure as the purpoge of the investigation is to identify
how energy efficiency could be improved and where ene;gy savings
could be achieved in housing development, not to make the trade-off

*

between dollar costs and energy savings

23 Rau and Wooten, 1980, p.5-52
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The cost of incorﬁorating some energy saving measures may be
high, but the value of this methodology lies in its abili;y to
present both the predicted energy consumption of the proposed
development and the predicted energy savings given certain
alternatives that are both technologically feasible and widely
available. Dollar cost then becomes a separate issue.

Envi-onmental impacts of energy saving measures should be the

subject of a separate assessment for the same reasons.

In order actually to apply the procedure using a case study,
it is necessary here to review the possible alternatives to identify
the range of choices that should be considered. The two ma jor

categories of choices are:

'
i

(1) The use of alternative fuels, and

(2) Energy conservation measures.

Thé use of alternative fuels should be considered.in the
éontext of the type of fuel available in an area, and whethe; or not
renewable resources could be used. The différent fuels or energy
systems'thét‘could be considered include: natural gas, electricity,
wood and solar energy. This list could be added to as new fuels or

ﬁore efficient supply systems are developed.
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Natural gas and electricit®for space heating are currently
the most common fuels to be considered for housing projects.‘(Thé
efficiency of the two forms of eneyg& varies however. Electrical

‘resistance geating is 100% efficient, and electric heat pumps are
more than 100% efficient. while nqtural'gas heating varies in

efficiency frorm 65% to 80% depending upon the furnace. Top quality’

woo¢ and wood furnaces can be 60 to 70% efficient.

o -

©

\\ In order to have a truevaccount of the eneré; used in the
dev%;opment, it would be necessary to know the efficiency of the
generation and distribution systems of the different types of energy
uséd; _This element is easily aocounted for with electricity.as the
efficiency factor is known (30% for_e}pctricity sdbpl%ed from power
planté). It is more diffichli to determine the system ‘
.inefficiencies éor other energy types such és natural gas'and wood ..
It c;nnot be~expgcted &hat an investigation of residential energy

. use will contribute to qeduciné these systenm deficiencies. However,

. the relative efficiencies to the extent that they are known, may:

become important criteria in evaluating the priority of alterpatives.

A great amount-of research is being conducted on the use of
solar energy for home heating as a substitute for non-renewable
fuels. Recent indications are that while active solar systems_cah
be designed to prévide.100% of épacgyheatihg requirements at varying -

~

levels of efficiency in cold élimates, problems in-the

e
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mechanical system that require shutdowns are common, requiring an

2k hétive solar

auxiliary heating system to be availaple.
systems have been proven to provide up to 70% of the energv
required for doméstic water heating, however‘.25 \Passive solar
heating systems.a"e capable  of being designed to provide up to 505
of home heating réquinements in cold cl:‘.mates.26

These altérpatiYg‘forms of energy should be considered in

the development of the housing project by analyzing them in terms

of "the criteria listed earlier.

The second major category of élternatives is ?nergv
conservation measures. There, are numerous housing-related energy
conservation measures £hat have been investigated at both the.
early site planning level, and at the detailed housing design and
construction,lgvel. Recent literature that‘summarizes past work

will be reviewed here. . ) '

24 Housing and Urban Development Association of Canada, Builders' -
Guide to Energy Efficiency in New Housing (Toronto: HUDAC,
.1980) p.91y 92 . ' :

25 Thomas Lanczi, Assessment of Four Solar Domestic Hot Water
Systems (Toronto: Ontario Ministry of Energy, 1980)

26 Okins, Leipiciger, Cuplinskas, Kaminker & Associates Ltd.,
Residential Passive Solar Heating (Toronto: -Ontario
Ministry of Energy, 1980) @32




-

The Contrg Costa County evaluation checklist indicates that
the regional context of tge development is important and that
sites easily‘acceséible to services and facilities should be

.considered. The County also suggests avoiding the need for storm
drainage sewers by allowing for natural drainage, minimizing
construction energy input by reducing street widths and designing
the street layout to minimize travel distances. The embodied
energy savings of reducing servicing standards can be calculated,
but it would be more difficult to determine the actual
transportation energy savings from improving acceésibility to

servicei/

Middleton Associates (1979) have identified street layout
as influencing gasoline energy consumption. Their analvsis of
three .subdivision désigns indicated that the street layouts
resulted En a difference in energy consumpt;bn of 27%. The energy
savings would be pertinent to both the residences.and the energy
éonsuded fov municipal maintenance. This figure cannot be used as

a guideline as the change in energy consumption éttriputable to
street layout will be specific to each proposed development. In
" fact, the maximﬁm energy savings that could be achiéved by
changing street layouts could only be determined by testing a

large number of alternative layouts; a procedure that would lend

itself to computer modelling,'but not to manual calculations.

p

Therefore, the energy savings cannot be readily measured.

4
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G.0. Robinette's Landscape Planning for Energv Conservation

(1977)27, discusses the considerations that should be made in
site planning andAdesign to reduce space heating‘energy
consumption. Initially, the location of ihe site should be one
that has natural protection fromw winter winds to minimize
infiltration. Where possible, building should take place on a.
south-facing slope to gain the most benefit from the sun for

passive solar heating in winter. Other recommendations that he

makes are:
- Use walls, fences and vegetation to reduce wind speed.

- Use natural and mén made features as above to channel any
cold air paths away from the house in winter and through
the house in summer.

- In cold climates use dark colours on buildings to absord

.the sun in winter.

- Roof should be flat or shallow pitched to hold the snow,

which acts as an insulator.

- Use natural light wherever possible.

2T ¢.o0. Robinette, Landscape Planning for Energy Consérvation
(Virginia: Environmental Design Press, 1977)
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The Builders' Guide to Energy Efficiency in New Housing

(1980) also recommends designing to take advantage of the sun and
‘states that this should be done by placing the large glassed areas
éf the house on the south face and orienting streets in a
predominantly.east—west'direction. In addition to using
vegetation to reduce wind speed and infiltration, the Builders'
Guide recommends minimizing the number of openings on north walls

and placing non-living spaces there such as closets and washroors.

The Builders' Guide goes on to discuss the most-efficient

form of building and states that because of lower surfdce area té
_ volume ratios, two-storey houses use 144 less energy for space
heating than bungaiows wgth the same floor area, semis use 21% -
less, and row houses use 33% less energy. Therefore, the dwelling
type to be used muét be given carefql'consideration in planning a

‘housing development.

In addition to site planning and dwelling factors, there

‘are energy conserving féatureé that can be added to, the house

during construction. The National Research Council of Canada's

Meaéures fo; Energy Conservation in New Buildings recommends
standards for thermal resistence for residentiil dwellings as
follows: walls - R17, basements - R9, roofs/ceiling - R31.8. The
savings resulting from extra insulation can be calculated using

the Modified Degree Day Method.
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Other conservation features include insulating hot water

tanks and pipes and providing restricted flow fittings on faucets

~to minimize hot water usage. Fluorescent as opposed to

incandescent lighting should be used, as fluorescent lighting is
five times more efficient than incandescent. Finally, the

Builders' Guide recommends providing heat pumps, and low voltage

automatic setback thermostats to allow for easier regulation of

space heating.

There are other means of reducing energy consumption and

improving efficiencies such as constructing dome houses (least

.surface area to volume ratio) or underground homes, and providing

greenhouses and vestibulgs. While the energy savings attributable
to these measures.ca% be predicted, there is no scientific method
to determine if these types of measures would be acceptable to the
project proponent or to the commuﬁity. This eneréy use
iﬁVestigap;on methodblogy does not aﬁtémpt to solve this problen,
and thus investigates more conventional energy measures. The
methodology does, hoﬁe;er, p;ovide a formét for comparing the
energy savings of various measures, while ieaving the nmore
subjective. decision making'to the evaluator, as the decision

criteria could change from place to place.
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The analysis of energy related-alternapives to the housing
development r‘.eqvuir'es the use of predictive meihod;, as did the
energy inventory. The key factor in deciding which measures may
‘be prescribed is the energy savings of each ﬁeasure. The amount
of ene;gy sa&ings of each measure will determine whether it is
worthwhile to assess the measure with: respect to fuel
availability, certainty of supply, and technology. and equipmept
availability. The review of recommended conservation measures
indicates the large number of measures that have been promulgated
by different sources and, in the case of Contra Cost; County, have
been incorporated into their development requirements. Yet of allf
the measures ;ecommended, only those summa;ized in Table 1 have f
means of actually measuring the energy saved. It has not been /
proven in the literature that the energy characteristics of the

other measures, though recommended by various sources, can be

assessed. . ) "o - !
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Table 1

) ENERGY CONSERVING -OPTIONS

SPACE HEATING
minimize transmission and- infiltration heat losses
- weatherstripping anid caulking
- increase inswlation
- minimize surface area to volume ratio
minimize use of non-renewable fuel
- passive or active solar heating .
- efficient Xurnaces
- setback thermostats
LIGHTING
- fluorescent lights in houses
high pressure sodium street lights
WATER HEOATING
efficient heaters
solar water heaters
restricted flow faucet fittings
EMBODIED ENERGY

* minimize use of asphalt and concrete

. allow for natural storm water drainage
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In view of this shortcoming, it seems that to ensure a
rational, scientifically-based recommendation of alternatives (in
those cases where it is found necessary to prescribe alternatives)
‘only those measures which have been proven to have greater energy
efficiency, reduce energy consumption or which save non-renewable
fuels where they are in-short supply can be justifiably
prescribed, The remaining conservation features could be
suggested to the project proponent as indications of emerging
research but should not be required’in the development until their

'potential energy savings can be provern.

In summary, it has been illustrated that there are methods
for measuring residential energy consumption and means for
reducing consumption, and these predictive methods are an

essential component of an energy investigation procedure.

Environmental impact Assessment

-

The body of literature most closely associated with the
.development of an energy investigation mgthodélogy is that of
‘environmental impact assessment., This literature has evolved
largely due to the need to conform to environmental assessment
legislation, and the methodologies that have developed are based

upon existing planning evaluation methods such as phe goals

’
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achievement matrix, planning balance shest, and cost/benelit
analysis. These tools were formulated as aids to the
decision-making process within the context of multiple objectives,
which environmental assessment involves. The two methodologies
are not directly comparable, as energy use investigation involves
only one environmental variable. However, a numbe» of principles
for developing an assessment méthodology have arisen from
environmental impact assessment which should be reviewed to
determine if they are applicable in any way to energy use

investigation.

Corwin, and Heffernan's (eds. 1975) Environmental Impact
28

Assessment, provides "an environmental impact evaluation
quest;onnaire thﬁt was formulated to determine the adequacy of
impact reports, and lists some "overall considera&ions“ that must
be made. These considerations are broken down into the six
categories of usefulness, scope, objectivity, thoroughness, nature
of data, and summary. Under the first category, usefulness, the
authors state that there should be enough information for any
assessor to make an independené Judgment on thé impacts that are

likely to occur. The scope of the impact statement should include -

regional as well as local impacts, and whether or not it requires

28 Ruthann Corwin and Patrick Heffernan, eds., Environmental

Impact Assessment (San Francisco: Freeman, Cooper & Co.,
1975) .
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a commitmen£ to a larger project. To ensure objectivity,
statements of fact should be easily verifiable, and under the
category of thoroughness, information should be included about
which methods have been used in the report and whether or not
appropriate agencies have been consulted. The nature of the data
should be such that it is sufficiently detailed to draw
independent conclusions, and the suﬁmary should use reasonable

rankings of the significance of the impacts.

Some of these considerations could be applicable in
developing a methodology to investigate energy use. Aléhough the
methodology would not be used for determining energy "impacts" but
* for investigating the amount and type of energy used, the amount
of information available in the energy investigation report should

make clear to anyone the energy use of the proposal compared with

alternatives.

With respect to the scope of the report,hit has already
been determined that an analysis of impacts of energy usé on
larger than the local area would not be meaningful. But the
investigation should. address- whether or not the new development
would req&ire a commitment té b;ild new energy supply facilities
to determine if alterhatives could avoid the need for this

commitment.
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Objectivity in an energy investigation report would come
from describing the methods used to predict the energy use of the
proposed energy development‘and the possible savings from

alternatives, so that they can be easily verified. This provision

also ensures thoroughness in the report.

-

°

Corwin and Heffernan's questfonnaire suggests that detailed
information be included in the report. This suggestion can easily
be.accommodated by including all of the energy use calculations,
to allow for independent conclusions to be drawn, but is probably
unnecessary if the methods uséd are well known and accepted. The
sdmmary of an energyiinvestigation report would not rank impacts
but would list energy consumption figures and could rank suggested
mitigation measures based on the criteria to be used for

evaluating alternatives.

Larry Canter (1977)%9 describes Smith's (1974) ten

criteria for evaluating energy impact assessment methodologies,

-~

which includes some of the considerations discussed by Corwin and
: Heffernan, as well as some additional eriteria. The additional
criteria that could pe;tain to an energy invéstigation are that
the state of the art éhould,be utilized, and the evaluation

criteria should be explicitly defined.

14
K

s

2% Larry Canter, Environmental Impact Assessment (Toronto: McGraw-
Hill, 1977)
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The former criterion is Barticularly important in energy
use evaluation. While the state of art of energy conservation
technology is changing rapidly, the deployment and
“commercialization of the technology often lags behind. It willabe
important to distinguish the level of technology that is '
considered to be the state of the art when assessing alternatives
and precribing mitigation measures. Also, the techniques for
measuring the energy savings of possible alternatives may not be a
part of the state of the art which indicates that the inclusion of
these alternatives must be carefully weighed. The recommendation
of explicitly defining evaluation criteria relates back to the
earlier discussion of justifying alternatives to be considered,

and reinforces this notion.

The idea of objectivity and the need for quantifying impact
arises continually in environmental assessment literature. Other
examples include Warner and Preston's 1973 study of 17
enyi;onmental impact assessment methods30 and Greenberg and
Hordon's (1974)3) questioning of the adequacy of environmental

impact statementé, both of which emphasize these two criteria.

30 M.L. Warner and E.H. Preston, A Review of Environmental
Protection Impact Assessment Methodologies (U.S.A.:
Environmental Protection Agency: 1974)

31 C?eenberg & Hordon, "Environmental Impact Statements: Some
Annoying Questions, JAIP 40(3) 164-175, 1974
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Derek Coleman32 suggests five major characteristics of
importance in selecting an impact assessment technique. The first
is adequacy, or the degree of precision in predicting impacts
afforded by the technique, which is largely a function of the
level of detail to which each criterion is analyzed. The second .
is replicability or the degree of objéctivity so that consistent
results are achieved by different individua{z. The third
characteristic is flexibility in terms of the different types of
impacts that can be incorporated. The fourth is economy or the
amount of information required to predict impacts. Thg final
characteristic¢ discussed by Coleman is understandability, that is,

the ability to present information in a meaningful way to people

of divergent backgrounds.

Accuracy and objectivity are highlighted again. It will beoc©

difficult to determine the degree of flexibility required in
investigating residential energy use until a number of

) 7y
investigations have been completed. Economy does not appear to be

an attribute of the energy use "investigation methodology that has

been outlined thus far, and the extent to which this is a

32 perek J. Coleman, "Environmental Impact Assessment
Methodologies: A Critical Review" in Environmental Impact

Assessment in Canada: Processes and Approaches Proceedings

of a Conference held at the Inspitute faor Environmental -
Studies. (Toronto: The University. of Toronto, 1977)
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detriment to the methodology will be tested. Understandability will

be assessed after the investigation has been performed for the case

study.

L4

It is evident from this review of principles that have arisen
from the field of environmental impact assessment, that some- lessons
could be appljed to an energy investigation methodology. The:

importance of these principles will be.determined in the case study.

-

The literature revigw that has been presented answers s&me'
key questions that had to Be addressed before the energy
investigation methodology could be ‘developed. These questions -
were: Whap are ihg egperiences to date "iEh investigating
residential energy use?; Are there reliable methods for.predicting

and evalpating housingfrglaﬂed energy use?; and What can be learned

from associated fields of reseapch?

The following chapters will draw'from the review to suggest a
methodology. The energy use investigation methodology, which is the
subject Qé the next chaptery has béén formulated ﬁﬁ?ougb the |
literature review apd critiqué: The meghodology will be workeq
through on a sample. housing development after which.problems and

refinements to the méthpdqlogy will be identified, and conclusions

drawn.



III. THE ENERGY USE-INVESTIGATION METHODOLOGY

-

An energy investigation methodology for housing, based on
past energy assessment experience, with knowledge of some

" predictive methods and principles, should include the following

steps:

1. Dedcription of the'projeet

2. Energy inventory

3. Comparison of project with e%isting-energy standards or
_regulétioﬁs .

4, Anjalysis of alternatives

5. P2escription of mitigation measures

The deécription of the pr&Ject should describe the housing
numbers anq types, the location of the site in relation to
employment, shopping, and recreation facilities. Although it was
d;termineé earlier that total transportAEion energy consuppt%oh
could not be accurately predicted, this part of the descriptiéﬁ

will prbbide more information about the proposed.developmedt. The

-

- 62 - ' . B s‘"&



- 63 -

site conditions, such as topography and vegetation should be

¢ .
listed. Climatic conditions such as temperature, wind speed, and
sunshine hours should be .provided, as well as the types of energy

that will be used in the development.

The energy inventory phase is necessary to the methodology
in order -to identify opportugities for reducing consumption. It
provides base'data against which possible alternatives can be
compared. The energy invéntory should determine the amount of
energy that will be used by each type identified in the first
phase. To improve the level of objectivity of the invést;gapion
and -‘to allow for verifigation, which was a recurring. theme in the
revigw of énvironmental assessment methodologiés, it will be
important to describe in detail the predictive methods used in the
inventory. These methods are likely to ;hange over time as new
informatioﬁ becomes available but for the purpose of investigaéing
residential Anergy use a number of methods or information sources

E .
were identified which should be used. They are summarizedﬁ?ere as

follows: .

a) Embodied energy - Hannon ‘et al. data

b) Space heating - ASHRAE Modified Degree Day Method

c) ) Lighting, Appliances, Watep ﬁeating - survey data where
. |

available; where unavailable, gross consumption data by

utility service area could be collected.

\

\
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d) Maintenance - municipal records
e) Transportaﬁibn - Middleton "Zone" Method.
e

In order to determine if new energy supply facilities are
required as a result of the development, it will be necessary to
identify specifically the power requ;rements for natural‘gas and
electricity uses. The important distinction between power and
energy is that power is the rate at which energy is u;ed in a
certain périod of time (demand) and energy is the total amount
used (consumption). The deménd must not exceed existing eap;city
or power shortages will occur. It is for this reason that the
energy demand of appliancés is included in the inventory, as
appliances are not usually provided by the developer. Normally,
planning regulations cannot influence the type of appliance used,
therefore alternatives and mitigation measures.for appliance

energy use are not considered in the investigation procedure.

The comparison of the pkoposed_devélopment with existing
energy standa;ds or reguiations involves checking the proposal
against pertinent building code requirements and planning
regulations'for the area: ‘Building code requiremehts are often
minimum standards which gust be‘met, but planning'regulations can
have soﬁe flexibility with respect to density, building design,

and arrangement of lots, The development should take maximum

advantage of opportunities within the framework of these

7

regulations to incorporate energy conservation measures.
\



- 65 -

The analysis of alternatives should discuss alternative
ways that the development could be carried out to improve its
energy eéfficiency, by applying the considerations listed in'Table
"1 to the particular proposal. The energy savings that could
accrue frd@ each alternative measure or teéhniéue should be
calculated to determine the difference in energy consumption to
the housing developﬁentz had it been included. The method used
for quantifying the potential energy savings should be described
in detail to ensure objectivity-and to allow for verification, as

in the energy inventory phase.’

Once the botential energy savings have been determined,,
each measure or technique should be further. analysed with rpspect‘
to the availability of the fuel type, and availability of
technology and eQuﬁpment. These are important considerations
because although the energy savings of particular measures may be
known, they cannot be considered as alterna@ives if the technology
is only applicable in experimental cases.or if equipment or fuel

is not obtainable.

The preceding phases provide the informatipn required to
preseribe mitigation ﬁeasures whére necessary. The measures
should be; listed in order. of pri-ority, in deference 'to -the
princfples suggested by environmental assessment experience, whiéh )

~inyvolves listing the prescribed measures ip ofdeb of their

potential energy savings.
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The energy use investigation procedure éegcribed above will
only be successful if it is adopted by abpropriate agencies, as a
developbent review procedure. It is important in developing new
progedures of this kind to determine how they could be utilized in
the -context of existing legislation and practices. The U.S.
energy impacé assessment procedure is included as part of the NEPA
requirements for which a process was in pléce. Where the.energy-
use ‘investigation is a new feature, a means of enséring its use
should be identified. - |

The following chapt;r will test the feasibility of the

energy use investigation methodolog&. The case study will

- determine the extent to which the methodology adhereslto the

-principles drawn from environmental assessment experience and the

validity of these principles, the difficulty of quaﬂtifying energy
L

use and savings in terms of the complexity of. the calculations and

the availability of data, and the ease of incorporating the

procedure into thg planning process.

L



IV. PRACTICAL APPLICATION OF METHODOLOGY

The methodology will be tested by following through the
procedures outlined for each phase for a selected housing
development. An existing housing development has been chosen
because information was feadily available, bﬁt the methodology
will be applied as though it were a proposed development.

1. Description of the pﬁoject i

a) Regional context - The proposed housing aevelopment is located
in the Borough of Scarborough (see Figures 2 and 3) which is part
of the Municipality of Metropoiitan Toronto. The Borough offers a
wide range of employment opportunities within its approximately
ten mile radius and'transit connections exist linking ghe area to
further opportunities in the Metropolitan Tor;nto area. The
subdivision is within four miles of a major regional shoppirg
centre which offers department store-type mercﬁandﬁse c§tering to
various income leveis. A ﬁumber-of furniture and appliance,
warehouse outlets are located within one mile of theA
neighbourhood. A variety store is locatep within the.subinision

offering convenience'goods.

- 67 -
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Figure 3

Plan of Subdivision

of Proposed Development
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A major z00 and winter sports facility is within five miles

of the subdivision, and a large conservation area is within ten

miles.

An elementary school is within short walking distance of
the subdivision. A secondary school is located within the

subdivision.

The subdivision is well served by local transit which also

connects to the regional transit system for wider access.

b) Climate

Degree days - 6800 below 65°F annually

Bright sunshine -~ 2000 hours annually

Wind speed - 15 miles per hour winier.averageA‘

Wind direction - predominantly northwest

c) Site i

Households - 497

Housing type - 310 single detached (176 one-storey, 134 two-storey)
- 18 semi-detached, fwo-storey " |
= 109 row houées, two~-storey

Landscaping - one trée pe; house, oﬁ boulevard

Roads - asphalt, 26 feet wide local yoads, 32 feet collectors

Sidewalks - four feet wide, both sides of road

Storm drainage - storm sewers

Sewage disposal - municipal‘sanitary sewer system
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d) Energy Type

Space heating - natural gas

Water heating - electricity

Lighti;g and appliances - electricity -

L3
Automobiles - gasoline

2. Energy Inventory

This phase of the evaluation will forecast the energy
consumption of the proposed development by type to arrive at a
total energy consumption figure for the development.
a) Embodied energy

Energy is embodied in the construction of both houses ;nd
infrastructure. Bruce Hannon et al. (1977) have estimated that
;he”average amount of energy embodied in a single detached house
is 702,047 Btu per square foot. hThe semi-detached and row units
use 625,050 Btu per square -foot. Using this information, the

X

total amount of energy embodied in the hoﬁsing uniis was
caleculated. Calculétions are presented in the Appendix. Hannon
also provides figures for the amount of energy embddipd per unit
in building materials for services. These energy consumption
figures are useq for calculating the energy embodied‘in‘the
provision of services. .
b) Space Heating

The energy required for space heaping in the subdivision is

forecast by using the ASHRAE Modified Degree Day Method. This
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s

method takes into account differences in dwelling type, size, and

design, and has large data requirements.

The method requires that information be available for the
exterior surface area of all units, construction materials and
insulation values, air and ground temperatures, wind speed, air
volume to be heated, air'changes, annual heating degree days, and
furnace efficiency. The calculations must be performed for each
of the six dwélIing types illustrated in Figures 4 to 9.

c) Lighting, Appliances, Water Heating:

Average consumption for indooy lighting, appliances and

Wateﬁ'heating in the subdivision was determined using data from a

survey of electricity consumption that was prepared using

information from Ontario Hydro33 records. - . ¢

33v1n£ormetrica*btdr*énd—cérieton Enmergy RegearchH Group, (1978)
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Figure 4

Dwelling Design 3.D.l. Type 2
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Figure 5
Dwelling Design 3.D.l. Type 3
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Figure 6

Dwelling Design 3.D.2.Type 2
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Dwelling Design 4.D.2. Type 4
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Figure 8
Dwelling Design 3.SD.2. Type 2
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Figure 9
Dwelling Design 3.TH.2. Type 1
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Information on energy use for street lighting was obtained
from Scarborough Hydro. According to that electrical utility,
street lights in a residential subdivision are placed 125 feet

'apa"t and are 1lit for 4,300 hours per year per lamp. TQe road
length of the subdivision is measured from the plan in Figure 3.
Mercury vapour lamps have a wattage of 175. The street lighting
consumption of the subdivision can be tabulated with this
information.

d) Maintenance

The Borough is just beginning to develop energy auditing
procedures, and as such does not have readily available
information on energy consumed for subdivision maintenance.
However, an independent survey derived energy consumption data for
water supply and sewage treatment. Energy’consumed for snow
removalland garbage collection can be calculated by multiplying
average fuel consumption per gallon by the number of miles
travelled in the subdivision.

é)‘ Transportation

Middleton's method for forecasting transportation energy

consumption within a subdivision was used. Figure 10 illustrates

.

the zones that were demarcated. The distance between each home

1

and the nearest arterial rcad was measured and multipled by the

average number of trips per year per household. Middleton used

tranéportation data from the Toronto Area Regional Modelling Study
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Figure 10

Transportation Zones
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(TARMS) within which the subdivision is located. This study uses
data gathered in 1964, which could be outdated. However, this
data was used for the energy consumption caleculations in the

absence of more recent data, recognizing its possible limitations.

These steps complete the energy inventory, and a summary of
forecasted energy used for the housing development is illustrated
in Table 2. Given the peak electricity and natural gas
requirements, the local electricity and gas ulitity firms

indicated that no new facilities were required other than

exteﬁding nearby distribution lines.
3. Local Energy Standards
The Ontario Building Code regulates all building
construction within the Province. All buildings must conform to
its provisions, which include minimum thermal resistance
standards, and conformance is ensured through mandatory building
inspections. The houses therefore meet these Provincial standards.
The subdivision has also been developed to the maximum
density permissible in ¥%he Scarborough Official Plan, and there

are no other energy-related planning requirements.
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Table 2

SUMMARY OF ENERGY CONSUMPTION

Btu Comparison Btu/hour
Type Annual Use (Annual) Peak Use Compa~ison
Natural Gas 38.200 X 107 38.200 ¥ 109 11 x 106 11 x 106
'
Btu Btu/hour

Electricity 8,805,183 kwh  30.069 x 10% 11,248,610 38 x 10°

watts
Gasoline 18,751.8 gallons 27.977 X 109 - -

Embod ied ¥11.042 x 10° 411,082 x 10° —
Energy Btu
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4

b, Analysis of Alternatives
a) Embodied Energy

Opportunities for reducing embodied energy consumption are
present in the amount of asphalt used, and in storm and sanitary
sewer prgvision. Using Hannon's data, it was determined that
9.679 x 109 Btu could be saved by using two sixteen inch
parallel paving strips instead of the conventional ten feet wide
driveway. Roads and sidewalks are being constructed to the

recomnended minimum width, so further reduction cannot be achieved,

Eliminating storm sewers and designing for natural storm
water drainage would save an additional 3.013 x‘109 Btu,
Sanitary sewers are being constructed to conventional standards
i.e., ten inch pipe and connections to gach lot. The Ontario

{
Ministry of Housing's Urban Development Standards (1976) 3"

recommends using eight inch pipe and having one connector for
every two lots. The level of service to the household would be
maintained, but the materials required for servicing would be

reduced.

2y

34 ontario Ministry of Housing, Urban Development Standards
(Toronto: The Ministry, 1976)
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The embodied energy savings would be 3.9456 x 109 Btu.
b) Space heating
Utilizing the .options listed in Table‘1, substantial energv

savings for space heatihg are possible in the housing development.

The su~face area to volume ratio cannot be reduced to any
significant extent because the subdivision is designed to conform to
the maximum permissible density, but advantage can be taken of other

» measures such as increased insulation, weatherstripping and caulkinc,

Savings of 3.036 x 109 Btu can be achieved by upgrading
insulation beyond building code requirements to the standards
recommend by the National Research Council of Canada.
Weatherstripping and caulking are also significant energy savers.
EMR Canada3® suggests that infiltration can be reduced by 25 per
cent due to these features, but a more conservative estimate of 20

per ¢ent has been used in the calculations. 3.032 x 109 Btu

savings are possible.

The subdivision is located in a province thét has only a
spall amount of indigenous non-renewable fuels. It is therefore
important that once the house is constructed in a manner that
retains heat, the use of non-renewable fuels is minimized either

35 Energy, Mines and Resources Canada, 100 Ways to Save Energy and '
Money in the Home (Ottawa: The Ministry, 1975)
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A3

through substituting with renewable energy forms, or maximizing

the efficiency of the energy converter (furnace). Gas furnaces
are proposed for the subdivision, and the most efficient furnaces

-

will be used. Replacing gaé furnaces with electric furnaces or
p .

heat pumps would save 14.017 x 10% Btu and 28.884 x 109 Btu
stpectively but the question of the séuréé and efficiency”of
electricity supply and distribution must be considered. Although

v
a true comparison between system efficiencies cannot be made
because the efficiency of natufal gas distribution is unknown, it
1s relevant to know that elect?ical generating stations are
‘generally only 30 per cent efficient and could be using
non-renewable fuels to generate the electrici?y. This Seing tbe
case, the energy savings attributable to electric heating would be

reduced substantially to 4.205 x 109 Btu (14.017 x .30) and’
8.665 x 109 Btu (28.884 x .30).

Setback thermostats reduce the-amount of time that a
furnace is operating and if used in this development, could save

6.365 x 109 Btu annually. (

Passive and active solar systems were considered with
respect to their potential energy saving, and based on savings of
50 per cent to 100 per cent for each system respectively, the

annual‘savings would be 19.761 x 109 Btu or 39.523 x 109 Btu.
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+  These systems cannot really be congsidered as alternatives,
hdwever, as the technologg,is not ;Lfficiéntly well developed that
. the systems are reliable or could be readily constructed by
—— B
builders. W
e) Lighting )
Incandescent lighting #is proposed for the houses in the
subdiv;sion. Flg?§g§peg§\}}gh£iggg however, is five times more
efficient and if utilized would result in a reduc%}on of 301,381
kilowatt hours of energy use gnnuélly., Replacing proposed mercury
vap;uf,street lighﬁing with high pressure sodium lightiné would
regult in reduced demand of 7500 watts and an annual savings of
32,250 kilpwétt hours.

d) Water Heating : -

Electric water heaters are proposed and ag;in the most
efficient heaters available would be'useq. Res£ricted flow faucet
fittings cén reduce water use by 15 per ceé@? which would result
in energy savings of HH7,300 kilowatt hours annually and a

reduction in demand of 335,475 watts.

§olaq‘water heating systems were also éonsidergd, as
e&periment; have sﬁown that 70-per cént of water heating
requirements éan be pfovibed.by solar systems. Based upon this
percentagé, the'éotential energy savipgs are 1;565,550 watts and
2,0874R00 kilowatt hours annually. Sola} water heating systems:

are, howéver, still at .the experimental stage and, like passive

o
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1

and active solar space heating systems, cannot yet be considered

as an option.
ey Maintenance angd Transportation

These two elements are considered togetber here as the

»

ma intenance energy costs of snow removal and garbage collection

~

relate directly to the length of roads to be serviced. No

-

alternatives will Ke recommended because, as discussed eatrlier,
L J

there is no availahle method for determining alternate road

patterns that would minimize distances to afterial roads.
- ]
5. Mitigation Measures

" Table 3 summarizes the potential energy savings that could
be achieved by including the options listed. Kilowatt hour

figures have been converted to Btu to allow for comparison. Table

4 1ists the changes which could be required to the development, in

order of priority.

" Energy Use Investigation and the Planning Process

One of the-keys to the success of an.energy use
investigation methodology is its ease of application to an
established process. Ease wigh which the methodology -is
incorporated into planning procedures will determine the extent to

;hich it is used. This section will describe, generally, the

|
- planning procéss as 1t exists in Canada and the U.S. with

particular reference to Ontario, as the Province of the case

!

"study, and will suggest how an energy investigation procéﬁﬁﬁe\cap

T

fit into this process. ) 5
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Table 3
. SUMMARY OF POTENTIAL ENERGY SAVINGS
Embodied Energy Savings tu (x 109) 4% Savings ‘
* Btu. x 109 Comparison Over
Proposal
Drivdway Strips 9.679 9.679 75
Natural Drainage 3.013 - 3.013 100
Smaller Sanitary Sewers 3.946 3.946 Ly
Space Heating °
Weatherstripping and Caulking . 3.032 3.032 ) 7.9
Insulation : . 3,036 3.036 7.9
Setback Thermostat . 6.365 6.365 16.6
Electric Furnace ) 14,017(4.205)% 14,017 (4.205) 36.7(11)
Heat Pump 28.884(8,.665) 28.884 (8.665) 75.6(22.7)
Lighting ' 0
« Fluorescent 301,381 kWh 1.028 80
Mercury Vapour 32,250 kWh 110 43
Water Heatin
& ’
Restricted Flow Fittings’ 447,300 kWh 1.526 15

v

* Brackets indicate that energy supply system inefficiency has been
taken into account.



- 87 -

.
Table U
MITIGATION MEASURES
Measure : Savings Bty X 109
1. Driveway Strips ‘\\ 9.679
(2. Heat Pumps)* . (8.665) -
3. Setback Thermostats . 6.3565
(4. Electric Furnace) ) (4.205)
5. Reduce Sanitary Sewer Size 3,945
6. Increased Insulation . . 3.036
7. Weatherstripping and Caulking 3.032
8. Natural Drainage : 3.013
9. Restricted Flow Faucet Fittings 1.526
10. Fluorescent Lights . 1.028
11. Mercury Vapour Street Lights- .110
*

Electrical energy supply system inefficiency-has been taken
into account. )
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As discussed earlier, the development of energy impavt'
assessment is largely an outgrowth of the U.S. National
Environmental Poliey Act. As such, there are limitations to its
application by adhering to the NEPA framework. While
environmental assessment regulation is sufficiently flexible to
include energy cSncerns, in both Canada and the U.S. the
requiremént for environmental assessment‘is limited mainly to!
public sector projeéts and to some Spec%ﬁféd private sector
prqjects. Thus, by confining energy analysis to this framework,
many developmenbs_which could have large potential for energy

savings would not be subject to an investigation of énergy use.

The responsibility for land use planning i st of North

. America lies with municipal governmenés, within the poliecy
framework of senior gbvernment levels. Municipalities are charged
wikh regulating the use of land in their jur}sdictions and have
far-reaching powers over all development that takes place within
their boundaries. For example, in Ontario, where the case study
is located, municipalities have a variety of legal tools for
regulating development, and these tools ean be utilized in

different ways for incorporating an investigation of energy use.

The Planning Act36 requires municipalities to prepare

-

official plans which outline policies for the deployment of land, -

@

36 The Planniﬁﬁ\éffl_ﬁy»ised Statutes of Ontario, 1970

S

)
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and grants authority to regulate development through zoning, site

t

plan bylaws and subdivision and development agreements. The

-

normal process of planning approvals requires the proponent of a

project to submit to the local planning agency a description of

the proposal with perspective drawings of the buildings.

N

-
/

The proposal is then evaluated ggainst planniﬁg critg*ia
established in the official plans and b&laws. These criteria
normally inélude restrictions on location, density, building
height and situation of the building on the lot, and can-control
external désig; of the building. It is at the plahs approval ‘

stage that an energy investigation would most easily and

appropriately be incorporated.

Municipalities have the greatest degree of control over
development, s0 are the logical agencies for evaluating the energy
characteristics. Energy use could become another planning
criterion by which proposals are evaluated, like location, density

and height.

The nature of planning in Ontariofis such that landowners
must justify the way in which they use the land, and elected or
appointed offic¢ials are responsible for/the final decision on land

use. Therefore, evaluating development’ proposals against planning
¥ 7
/
standards often requires that the propbnent prepare, at his own

/ )

{

i
7
f
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expénse, studies or reports on any matter pertaining to the
development that is desired by a municipal council. It is common
for a developer to submit with his-proposal studies on topies such
as soil type, traffic, noise and environmental impact. An energy
inventory could be‘included as a development characteristic for
which the proponent would provide information, both because it is
a logical extension to currént planning ‘practices and more
importantly, because the developer is largely responsible for the
level of energy use of the project. Upon submission of the energy-
use analysis, the planning department could compare the energy use
‘with energy saviné alternatives. Municipalities are limited,
however, in the extent to which théy can'prescribe mitié;tion .
measures. Mun{cipalities do not have the legal authority to
require chang s to,house construction details, as these are
regulated by/fhe Ontario Building Code. Tgerefore, they could not
require more” efficient  furnaces or water heaters, increased
.insulation, weather stri;;ihg and caulking, flubrescent lighting,
or use of alternative fuels or supply systems. These changes

could only be required by revising thefcode, which must be a

Provincial initiative.

Municipalities could, however, influence the builder to
voluntarily improve the energy characteristics of his houses.
Making public the results of the investigation of energy use wopld

indicate to prospective house buyers any energ& saving features
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which were not included in the development. .Disclosing the energy
characteristies could raise the awareness of the purchasers, and
possibly create a demand for more energy conscious development.
Municipalities can legally require this disclosure.
Municipalities can also require reduced road and sidewalk width,
reduced length of servicing pipes, changes to rvad layout, and
changes related‘to density, location of development, orientation
and site planning.

o™
~

In the case of housing developments, the proponent of the
project is often not the final builder of homes. A.deégloper, in
many cases, will acquire the land, negétiate the required
approvals, provide services such as roads, sewers, and surveying,
and sell the lot to a builder or builders with certain conditions
attached. The conditions will normally include the planning
criteria mentioned\earlier, such ag building height, setbacks of
buildings from the lot lines, size of lot and number of units per
acre. Adding.new criteria to the plapning approval stage, such as
housing design and internal layout, will result in additional

conditions being attached to the sale of lots. As such the

building industry would have to respond to the new requirements.

The energy consumption of street lights was included in the
evaluation, yet street lights are normally installed by the local

electrical utility and not the developer. Recommending 0
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operational changes to outside agencies other than developers
would be a departu}e from the standard planning process, and may
not be gccepted as part of the energy investigation procedure.

Projects of senior levels of government constitute a
separate capegory of proposal, as they are legally'not bound by
munieipal planning regulations. They should nevertheless be <
subject to an investigation of energy use. The framework already
exists in Ontario to undertake assessments of projects with the
Ontario Environmental Assessment Act.37 This procedure has come
under criticism for its ineffectiveness, primarily because few
assessments are actually carried out. Rega}dless of its
shortcomings, the existing framework should be utilized for the-
energy investigation of government projeéts to avoid @he problems
associated with creating a new regulatory structure. Also, the
environmental assessment procedure add?essés the question of
altérnatives to the project i.e. whether or not the project should
be permitted at all. This issue is one which requires the
examination of a broader range of facpors than is congidered in
energy assessment, but is one for which’the energy investigation
could provide valuable input.

S

37 The Environmental Assessment Act, Statutes of Ontario,
1975 ' -
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This approach to reducing energy use-and improving energy
efficiency is essentially reactive, which by itself is gontrary to
rnormative planning. Ideally, an energy use investigation would form
only one component of an overall approachkof ensuring appropriate
levels of energy use.

This approach could include, from a land use planning
perspective, adopting official plan policies and zoning Bylaws that
foster more efficient forms of development (e.g. allowing the mixing
of land use types to reduce the need for transportation, requiring
medium densities) and from a broader government perspective, could

include leadership by example and incentives, among other examples.

P -

In summa;y, the methodplogy could be accommodated within the
\.existing regulatory framework for assessing new developments, but a
nﬁmber of siénificant energy-saving features oould.be legaliy
required only through changing existing legislation. At the
Provincial }evel, where energy use statements would be prepared by
the government agencies themselves, the assessment becomes an
additional task for which additional resources and technical skills
are required. At the local level, municipalities wodld be required -
to request that energy inventory statements bg prepared by
proponents of development and to compare the statement with
alternatives. Investigating energy use requires a commitment of
time and resources which is common for all types of regulation. Yet
these extra costs could be minimized as the methodology could fit

into an exist;ng system.




V. CONCLUSIONS

This thesis was undertaken to determine the feasibilitf of
developing a residential energy use invéstigation methodology.
The approach taken was to assess previous experiences with this
type of methodology, which highlighted the need for predictive
metﬁ%ds for measuring energy use. These methods were then

-identified, and a review of ah associated field of 1itera£u"e was
made; to determine if there were similarities. Based upon this
informa?;on; a methodology'was recommended, and subsequently
tested to-determine the vaiidity of the recommendations.

©

It was found, in the review of past experience with
attempts to investigate residential energ& use, that while there
were requirements in the legislation to assess energy use in all
types of projects, few guidelines existed as t6 how this

assessment should be carried out.. The- State of California

- 94
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requires that environmental review reports that are prepared to
fulfill the provisions of the CEQA include an investigation of
energy use. The investigation must consist of an energy
'inventory, a discussion of alternatives, and potential secondary
impacts. This provides the beginnings of a framework for
evaluating energy use, but does not offer specific means of
conducting the investigation. The State guidelines often conform
closely tp NEPA requirements, which results in their being
focussed upon broader energy impacts, rather than upon

-

investigating energy consumption.

Contra Costa County was found to be the most advanced
Jurisdiction with respect to regidential energy use evaluation.
The County's brocedure ciearly spells out the information
requirements yet the procedure does not sugge;t how the
information is to be obtaiéed (e.g.‘;hat predictive methods should
be used) nor does it state how the alternat%yes will be
evaluated. The procedure, therefore, is not rigorous in
quantifying energy savings, which is a shortcoming that could

result in inappropriate mitigation measures being required.

A method for preparing energy impact statements was
developed by Blair Folsom and was examined closely in the thesis.
This method adheres closely to the NEPA requirements e.g. /Vl

investigating the impact of energy consuming projects rather than
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evaluating the energy use, but it offers some otherwise valuable
recommendations on the process and suggests some methods for
quantsifying energy use. The method is similar to the State of
California guidelines in that it recommends preparing an energy
inventory and a description of alternatives and potential energy
savings. It also emphasizes, however, the need.to state how the
alternatives will be assessed, that is, a means of determining
which should be considered and possibly required. This insight is
important in assessing energy saving options in a housing ‘

development, as the range of options is considerable, but not all

of the options are feasible for various reasons.

The review of these different experiences iﬁdicated that
there was a need tb identify methods for forecasting energy use
for the energy inventory phase, and for assessing the
alternatives. A literature sea;ch confirms that various methods
were available for measuring and forecasting energy consumptions

but that there were areas where methods have yet to be developed.

Bruce Hannon's research into embodied energy consumption
gives detailed data for measuring the amount of energy that is
used to provide services such as roads, sewers, and sidewalks, as
well as driveways. However, only gross energy consumption data is

available for embodied energy on a housing unit basis.
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A variety of methods are available for predicting space
heating energy consumption. The ASHRAE Modified Degree Day Method

a

was selected for the case study, but othg<\methods could be used,

provided that detailed calculations and assumptions ;;; supplied.
The drawback of ;his particular method is that it does not take
into account differences in household characteristics such as
familynsize and age, so the final energy consumption figures will
not be totally accurate. This does not affect the procédure,

however, as changes tc household characteristics cannot be changed

- .

with this methodolégy, so the comparative savings in energy

between the proposed development and the alternatives would remain

the same.

Water heating, lighting, and appliance data was readily
available, based upon actual measurements of energy consumption.
Maintenance energy consumption data is not available for all
municipalities. For that which can be obtained, it is digficult
to determine the alternatives available, because of the many

e

possible ways of designing street layouts to reduce travel

distances for servicing equipment.

Transportation energy éoﬁsumed as a result of the housing
development can be forecaéﬁ for trips internal to the
subd;&ision. The energy use fér all other trips cannot be »
predicted, however, without information on Journey to work érips

and non work trips.
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‘

Despite'shortcomingé in some of the predictive methoids,
there was sufficient information upon which'to base an
investigation of energy use. Tbe:energy use of the example
housing development was compared with possible alternative forms
" of development. 'In order to do this it.was'neqeséary that there
be methods for predicting the possible energy savings of the
alternatives. Out of the broad range of energy saving
alternatives that were identified, oniy a proportion were found to
be quantifiable. The energy savings qf'these alternatives were
eésily seen through quantification, yet the energy savings of the
remaining alternatives cannot be measured until predictive methods

are dévelopqd.

One shortcoming}d? the methodology is that it does not have
a built in procedure for determining which alternative features it
would be acceptable to require. Beyond the measuring of energy
' %

savings and efficiency improvements, a decision must be made as to

* whether. it is desi}able to consider alternatives whieh may have

" secondary impacts such as increasing house prices or environmental

problems. Thg methodology does, however, aliow for the energy

éaving attributes of the alternatives to be éompared, which could

. in turn influence Eommunity attituggs towards the alternatives.

Thé methodology also reveals dirficulty in determining the supply
*

system inefficiency, whiéh makes the comparison of alternatives

‘less accurate. Tdentifying the source of electrical generation
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(e.g., 0il, coal, hydraulic) will affec¢t the choice of
alternatives, but until methods for measuring these inefficiencies
are known, or until it is known that they are significant, this
problem cannot be overcome. e
An examination of critical reviews of environmental
assessment methodolozies suggested a number of principles that
could apply to an energy use investigation, and the case study
bore out these suggestions. The most important elements to a
methodology were considere@~to be accuracy and’objectivity. The
various sources recommended that predictive methods used should be
clearly described and that detailed information shquld be provided
to allow for independent judgments and verification of results.
The case study supported this recommendation as it.was necessary
to include the detéiled calculations as part of the procedure.
Their inclusion allowed for any strengths and weaknesses in the
information to be made evident, as without them, a case could not

be made for requiring changes to the proposed development.

Coleman ‘suggested that economy of data 1s an important
consid%ration in an assessment methodology. Although the first -
investigation that is undertaken using this methodology will
require substantial data collection, subsequent investigation’

should be able to draw from the initiél data-base. Also, the use

of substantial amounts of data helps to ensure accuracy and
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objectlivity. Coleman 3tates that understandzbility is another key
factor in that the investigation should be cilear to people of
divergent backgrounds. British thermal unit;\and kilowatt hours
are not commonly understood terms, and are used throughout the
investigation. However, when used to compare energy consumption,
the units become less important than the actual differences
between consumption levels. It would not be desirable or accurate
to translate these units into equivalent dollars or other energy
units, as this would shift the focus of the investigation away
from the energy consumption and possible savings of the

development. -

The reviews of environmental assessment also state that an
investigation should reveal whether or not the development
requires a commitment to a larger project. The case study did not
ﬁave this secondary impact, but it is important that this aspect
be considered, even though it requires addit;onal data, as the
provision of new energy facilities is energy consumﬁ{fve. The
need to utilize the stgte of the art in measuring enegéy_,—
consumption and in choosing and assessing alternatives became
clear because of the different tools available for measuring
energy use, and the wide variety of possible options.

Findlly, the meaﬁg‘of incorporating an eneﬁgy investigation

procedure into existing regulatory practices was discussed. It
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was determined that the procedure could be accommodated within the
existing municipal and provincial planning processes in Ontario,
with thelpossible exception of that part of the investigation
which is not directed to the proponent, but to an outside agency.
Some ﬁitigation measures cou;d nét be prescribed within existing
legislation, but disclosing the results of the investigation could
result in voluntary changes without legislation.

.

In conclusion, this thesis has snown that it is feasible to
develop a methodolog& for investigating energy use in new
residential development, but there are limitations. It was
established that certain elements should. be ingluded as part of an
energy investigation methodology. These are: total energy use

accounting to the extent possible, quantification of energy

* consumption and possible savings before mitigation measures are

prescribed to allow for verification, and detailed descriptions of

methods used for analysing energy use.

A major'limitation to the methodology is that methods for
predicting energy consumption are not well developed. There are
currently no accurate means for examining the-energy consumed for
travel outside ghe development, and the data used to calculate
trangportation ene;gy consumption within the housing development’
cbuld be outdated. Most munic;palities'probably do not have

records of the energy costs of servicing, which could further
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limit the use of the methodologxﬁ Only gross energy consumption
data was available for energy embodied in houses. The comparison
of such highly ?ggregated data with more accurate calculations
such as those performed for the estimation of space heating energy
consumppion could result in an inaccurate ranking of mitigation
measures. Therefore, the nature of the data that is utilized
should be stated clearly. The thesis indicated that the proposerd
energy evaluation methodology can highlight'means‘b; using less
energy or improving efficiency, but depending upon legislation of

a particular jurisdiction, measures may only be partly enforceable.

The methodology allows for a continuous form of monitoring
of energy-related elements that affect spatial form. The case
study illustrates some minor changes in conventional development
forms that could result from a greater concern for energy
consumption. Innovations in conservation could give rise to
further changes. As these new techniques dévelop, their influence
on the?ﬁeography of ﬁuman settlements and built form could be
easily identified through the application of the energy use

investigation methodology.



APPEND&X 1: CALCULATIONS

A. Embodied Energv

Sanitary Sewers

>

Material: Clay Total Length of Roads in .

10" Main -~ Length of Each Street subdivision: 12,438"
6" Connectors - from Main to Middle Avge. Length from Main to
of Lot Mid-Lot: 75°

75 x 497 = 37,275
10" Main
36 1b/ft* 8,643 Btu/lb.

36 x 12,438 = HU47,768 1bs.
447,768 x 8,643 = 3.870 x 109Btu

6" Connectors
16 1b/ft 8,643 Btu/lb.

16 x 37,275 = 596,400
596,400 x 8,643 = 5.155 x 109Btu

3.870 x 109 + 5.155 x 109Btu
=9.025 x 109Btu Energy Embodied in
Sanitary Sewers

* 211 energy figures from Hannon, 1977 pp. 1820

- 103' -
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Water Mains L
Material: Clay + Copper

6" Main - Length of Each Street:
3/4" connectors - Main to Mid-Lot

6" Main
16 1b/ft, 8,643 Btu/1lb.

16 x 12,438 = 199,008 1bs.:
199,008 x 8,643 = 1.720 x 109Btu

3/4" connectors (copper)
1.308 1b/ft. 73,127 Btu/1b.

1.308 x 37,275 = 48,756 1bs.
48,756 x 73,127 = 3.565 x 109

1.805 x 109 + 3.565 x 109 = 5.370 x 109Btu Energy
-Embodied in Water Services

Storm Sewers
Material: Concrete

12n M;in - Length of Each Street
6" Connectors - Main to Mid-Lot

12" Main
67 1b/ft. 1,782 Btu/lb.

67 x 12,438 = 833,346 1bs. .
833,346 x 1,782 = 1.485 x 109 Btu

6" Connectors
23 1b/ft. 1,782 Btu/lb.

23 X 37,275 = 857’325 1bs.
857,325 x 1,782 = 1.527 x 109Btu

1,527 x 109 + 1.485 x 109 = 3.012 x 109Btu Energy
Embodied
in Storm Sewers



Roads

Material: Asphalt
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Must Know: Length x Width x Depth

Crittendon
27375' X 26' X 1/3' = 20,58306 Cu. ft- 27 Ccu. ft. =
20,583.6/27 = 762.3 cu.yds. '
Loradeen g
1,325 x 26" x 1/3" = 11,483 _ y>5,3 oy, yas.
27
Baldoon
625' x 32' x 1/3' = 6,666 - 247 ou. yds.
27
Dunsfold
2,015' x 26" x 1/3' = 17,463 . 647 ou. yds.
27 /
CrowTrail .
2,875" x 32' x 1/3' = 30,666 - 1,136 oy. yds.
g 27
McGinty
S 3U8t x 26" x 1/3" = 32,(7”6 = 111.7 cu. yds.
Trott ‘
1,350" x 26' x 1/3" = 11,700 . 433.3 cu. yds
27
Bradstone
1,525t x 26" x 1/3' = 13,216 _ 430 cu. yds.
27

Total cubic yards of Asphalt
Btu/cu. yd. of Asphalt
4,636,740 x 4,252.6

4,252.6
4,636,740
19.718 x 109 Btu Energy
Embodied in Roads

1 cu.

yd.

~y

‘i\('-u..
..



- 106 -

Driveways
Material: Asphalt

10" x Us' x 173" =150
150/27 = 5.6 cu. yds.
5.6 x 497 = 2,783.2

4,636,740 x 2,783.2 = 12.905 x 109Btu Energy Embodied
in Driveways

Sidewalks
Material: Concrete

Crittendon
L,524 x U4 x 1/3!

L1

EL%%_ = 223.4 cu. yds.

Loradeen
2,638 x 4 x 1/3

_3_15_;%-_31 = 130.3 cu. yds

Baldoon
T,108" x B' % 1/3" = 1,472 . s5i,5 cy. yds
27
Dunsfold

4,3217 x 4t x 1/3" 5272;-3 = 213.4 cu. yds

Crowtrail
4,146 x 4 x 1/3"

§L§§§ = 205 cu. yds.
McGinty

696" x 4t x 1/3' = 928 | 31, oy, yds.
27 '

Trott :{

2,391 x B x 1/3! QL%%§ = 118.1 cu. yds

Brad§tone
2,935' x 4* x 1/3!

§L2%%;§ = 145 cu. yds.

Total cubic yards of Concrete
Btu/cu. yd. of concrete
1,123.7 x 2,584,338

1,123.7

2,594,338

2.915 x 1098tu Enepgy
Embodied in sidewalks

o n
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Summary - Buildings

Unit Type Gross Sq. Ft. No. Units Btu/Sq. Ft. Total Btu x 109
. {Hannon)
3.D.1 Type 2 1092 88 702,047 . B . ubk
< 3.D.1 Type 3 984 88 702,047 60.792
.'Q \
3.D.2. Type 2 1092 67 702,047 51.365
4.D.2. Type 4 1275 67 702,047 59.972
3.5D.2 Type 2 1007 78 625,050 49.095
3.TH.2 Type 1 1020 109 - 625,050 69.4973
358.181
=

Summary - Servicing

Total
Material Amount Required Btu Content/Unit Embodied Energy
Btu x 109 Btu x 109
Sidewalks Concrete 1123.7 cu. yds  2,594.338/cu. yd. 2.915
Driveways Asphalt 2783.2 cu yds 4,636.740/cu. yd. 12.90%
Roads Asphalt 4252.6 cu. yds 4,636.740/cu. yd. 19.718
Sanitary Clay 1,044,168\ 1bs. 8.643/1b. 9.025
Sewers
Watermains Clay ° 199,008 1bs. -  8.6U43/1b. 1.720
Copper 48,756 1bs. 73.127/1b. 3.565
Storm Sewers Concrete 1,690,671 lbs. 1.782/1b. 3.012
. 52.861
e
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B. Space Heating Information

Transmission Heat Losses

exterior area of all surfaces
U coefficients of each surface

construction type
wind speed
design temperature difference

temperature of ground

&

Y

temperature of attic, laundry /
roon

Infiltration Heat Losses

air volume
alr changes per hour

Annual Energy Use

annual heating degree days
furnace efficiency

measured from house plans
transmissivity is the inverse of
resistance to heat flow(R). R
values can be found in references
3 and 17.

house plans, builder

weather stations, Jjournals

desired indoor temperature can
vary, but is usually T70°F average
annuzal minimum temperature. Can
be obtained from weather stations
or ASHRAE journals.

ASHRAE journals, ground
temperature is usually higher than
air temperature in winter, so will
affect design temperature
difference

ASHRAE Jjournals, temperature is
usually Iower than rest of house

house plans
reference 29

Ontario Buildiné Code
reference 29
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C. Space Heating Assumptions \\\
Exterior Area of All Surfaces measured from houseplans, listed

in heat loss tables

Construction Type and U wall construction consists of:
Coefficients of Each Surface 4n face brick
1/2" cement mortar
8" concrete block
R12 insulation
1/2" gypsum wallboard
This construction has a U
coefficient of .06, allowing
for the outside surface
resistance value of .17 and
the inside surface R value of

.68
Wood frame construction has same U
coefficient:
glass {(double glazing, 1/4"
air space) .65
doors (2" wood) .43
basement walls (concrete + RS
insulation) .18
basement floor (4" :
concrete) .10
ceiling (R28) ’ .03
Wind Speed 15 ‘mph
Design Temperature Difference between walls and outside
(7T0°F+-10°F) 80
between interior and attic
(T0°F-5°F) } 65
between rec. room and ground .
(TO0°F~32°F) 38
between laundry and ground
(65°F~32°F) 33
between basement floor and ground
(T0°F-50°F) 20
Air Volume see heat loss tables
Air Changes/Hour .5
Annual Heating Degrge Days 6800

Furnace Efficiency 65%
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D. Heat Load Calculations

Heat Loss Calculations - Peak Load
J Storey, 3 Bedroom Detached House 0.H.C. Design 3.D.1. Type 2

’

Exterrior Design Temperature Transmission
Surface Area U Coefficient - Difference Heat Loss-Btu/hr.
(Sq. Ft.)
Main Floor
Walls 886 .06 . 80 4,253
Glass 82 .65 80 L, 264
Doors 4o 43 89 1,376
Ceiling 839 .03 65 . 1,636

Recreation Roomn

Walls u8g .18 38 3,345
Glass 8 .65 80 16

Laundry Room

Walls 1148 .18 33 ’ 879
Glass 4 .65 80 208
Floor 839 .10 20 1,678
18,055

3
Heat Loss Due ‘To Transmission = 18,055 Btu/hour

Infiltration Heat Loss: (volume x air changes x infiltration heat loss
factor x design temperature difference)

Main Floor: 6,712 x .50 x .018 x 80 = 4,833 Btu/hqur

18,055 + 4,833 = 22,888 Btu/hour.Peak Heat Loss
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Beat Loss Calculations - Peak Load
1 Storey, 3 Bedroom Détached House O.H.C. Design 3.D.1. Type 3

Exterior Design Temperature Transmission
Surface Area U Coefficient Difference Heat Loss-Btu/hr.
(Sq. Ft.)
f
Main Floor
Walls 863 .06 80 4,142
Glass =~ 13 .65 80 3,795
Doars 40 A3 80 1,376
Ceiling 858 .03 65 1,673

Recreation Room

Walls 487 .18 33 2,851
Glass 8 .65 80 416

Laundry Roon

Walls 480 .18 38 3,283
Glass 8 . .65 80 416
Floor 858 .10 20 1,716
19,669

Heat Loss Due To Transmission = 19,669 Btu/hour
Infiltration Heat Loss:
Main Floor: 6,864 x .50 x .018 x 80 = 4,942 Btu/hour ol

19,669 + 4,942 = 24,611 Btu/hour Peak Heat Loss
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Heat Loss Calculations' - Peak Load T
2 Storey, 3 Bedroom Detached House 0.H.C. Design 3.D.2. Type 2

Exterior Design Temperature Transmission
Surface Area U Coefficient Difference Heat Loss-Btu/hr.
(8q. Ft.)
2nd Floor - )
Walls 660 .06 80 3,168
Glass 18 .65 80 936
Ceiling U462 .03 65 ) 9090
1st Floor
Walls 597 . .06 80 2,865
Glass 43 . .65 80 ‘ 2,236
Doors 40 U3 © 80 ‘ 1,376

Recreation Room

Walls 408 .18 38" . 2,791°

Glass 8 .65 . 80 416
Laundry Roonm &

Walls 272 8 33 . 1,616
Floor NéZ. ‘.10 26 ) 92y

17,228

-

Heat Loss Due To Transmission = 17,228 Btu/hour

Infiltration Heat Loss:
Main Floor: 7,392 x .50 x .018 x ‘80 = 5,322 Btu/hour

5,322 + 17,228 = 22,5506323&h0ur Peak Heat Loss
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Heat Loss Calculations - Peak Load
2 Storey, U4 Bedroom Detached House O.H.C. Design 4.D.2. Type 4

Exterior _ Design Temperature Transmission
.Surface Area U Coefficient Difference Heat Loss-Btu/hr.
. (Sq. Ft.)
2nd Floor
Walls 720 .06 80 3,456
Glass 32 .65 80 . 1,664
Ceiling 6552 .03 65 1,076
1st Floor
Walls 623 .06 80 2,990
Glass 55 .65 89 2,860
Doors 49 .43 80 1,376

Recreation Room

Walls 364 .18 33 2,162
Glass - y .65 .80 208

Laundry Room

Walls 364 .18 38 2,490
Glass L .65 80 208
Floor 552 .10 20 1,104
- 19,59“

Heat Loss Due To Transmission = 19,594 Btu/hour
Infiltration Heat Loss:
Main Floor: 8,832 x .50 x .018 x 80 = 6,359 Btu/hour

6,359 + 19,594 = 25,953 Btu/hour PEAK HEAT LOSS
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Heat Loss Calculations - Peak Load
2 Storey, 3 Bedroom Semi-Detached Unit O.H.C. Design 3.SD.2. Type 2

Exterior . Design Temperature Transmission
Surfacé Area U Coefficient Difference Heat Loss-Btu/hr.
(Sq. Ft.)
2nd Floor
Walls 493 .06 80 2,367
Glass 30 .65 80 1,560
Ceiling 502 .03 65 979
1st Floor
Walls - 564 .06 80 2,707
Glass 43 .65 80 2,236
Doors 4o .43 80 1,376

Recreation Room’

Walls u8Y .18 33 . 2,875
Glass Y .65 80 208

Laundry Room

Walls 172 18 38 1,177

Glass y .65 80 208"
Floor 502 .10 20 1,008
. 15,897

Heat Loss Due To Transmission = 16,697 Btu/hour
Infiltration Heat Loss: )
Main Floor: 5,796 x .50 x .018 x 80 = 4,173 Btu/hour

4,173 + 16,697 = 20,870 Btu/hour Peak Heat Loss
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Heat Loss Calculations - Peak Load
2 Storey, 3 Bedroom Townhouse O.H.C. Design 3.TH.2. Type 1

Exterior Design Temperature Transmission
Surface Area U Coefficient Difference Heat Loss-BTU/hr.
(SQ. FT. ) '
End Interior End Interior
Unit Unit
2nd Floor 4
Walls 501 296 .06 80 2,405 1,421
Glass 24 24 .65 89 1,248 1,248
Ceiling 512 512 .03 65 993 995
1st Floor
Walls ky2 296 .06 80 2,122 1,421
Glass 43 43 .65 80 2,236 2,236
Doors 40 4o .43 ‘ 80 - 1,376 1,376
RecreationRoom
Walls 452 296 .18 38 3,092 2,025
Blass y ] .65 80 208 208
LaundryRoonm
Walls 144 144 .18 33 . . 855 855
Basement
Floor 512 512 .10 20 1,024 1,024

15,568 12,812

Heat Loss Due To Transmission = 15,564 Btu/hour
Infiltration Heat Loss:
Main Floor:. 8,192 x .50 x .018 x 80 = 5,898 Btu/hour

5,898 + 15,564 = 21,462 Btu/hour Peak Heat Loss end units
5,898 + 12,812 = 18,710 Btu/hour Peak Heat Loss interior units
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<,

5
Annual Heat Loss Calculations

Peak Heat Loss x Degree Days x 24 Hours
Design Temperature Difference x .55 x .65

X .60

3.D.1 Type 2
22,888 x 6,800 x 24 )
80 x .55 x .65 % +60 =178,363,390
78,3&3,390 x 88 (units) = 6,895,978,300 Btu/yea»
3.D.1 Type 3
24,611 x 6,800 x 2% ;
2 X 2o ¥ .60 = 84,262,554
84,262,554 x 88 (units) = 7,415,104,700 Btu/year
R
~ 3.D.2 Type 2

22,500 x 6,800 x 24
80 X 55  x .65

X .60 = 77,206,152

77,206,152 x 67 (units) 5,172,812,000 Btu/year

4.D.2 Type 4

25,953 x 6,800 x 2u
80 ° x .55 " x. .65

X .60 = 88,857,264

88,857,264 x 67 (units) 5,953,436,600

L

3.8D.2 Type 2

20,870 x 6,800 x 24
80  x .55 x .65

X .60 = 71,454,204

71,4¥54,2 x 78 (units)

1]

5,573,”57,900 Btu/year
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3.TH.2 Type 1

End 21,462 x 6,800 x 24
Units 80 X .55 x .65

X .60 = 73,481,082

73,481,082 x 22 (units)

1,616,583,800 Btu/year

Interior 18,710 -x 6,800 x 24
Units 80 Xx .55 x .65

X .60 = 64,058,800

v

5,573,115,600 Btu/year

"

64,058,800 x .87 (units)

Total For Subdivision = 38,200,495,600 Btu/year Annual Heat Loss
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Summary

House Type Peak/Unit Annual/Unit Number of Unit Peak Unit Annual

. Btu/hr Btu Units Btu/hr Btu

3.D0.1 Type 2 22,888 78,363,390 88 2,014,144 6,895,978,300

3.D.1 Type 3 24,611 84,262,554 88 2,165,768  7,415,104,300

3.D.2 Type 2 22,550 77,206,152 67 1,510,850 5,172,812,000

4.D.2 Type ¥ 25,953 88,857,264 67 1,738,851  5,953,436,600

3.3D.2 Type 2 20,870 71,454,204 78 1,627,860 5,578,427,900

3.TH.2 Type 1 21,462 73,481,082 22 472,164 1,616,583,800

(end) ) N

3.TH.2 Type 1 18,710 64,058,800 87 1,627,720 5,573,115,600

(interior) 38,200,495,600

11,157,357
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F. Energy Consumption of Street Lights

Length of streets in subdivision:
Distance between lights:

Number of lights:

Power demand/light:

Total Power demand:

Energy Use/light:
-{4,300 hrs./yr./lamp)

Total Energy Use:

13,438 feet
125 feet
100
175 watts

17,500 watts

753 kwh/yr.

75,300 kwh/yr.

F 2
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G. Maintenance Energy Consumption

Water Supply *

435 kwh/ (yr. 435 X 497 (units)
Sewage T ent *

174 kwh/House/yr. 174 X 497 (units)

216,195 kwh/yr.

86,478 kwh/yr.

Snow Removal ¥*¥*

12,438 feet of roads in subdivision = 2.36 miles
22,36 X 2 {trips) = 4,72 miles at 3.6 miles per gallon =
1.3 X 5 (average annual snowfalls requiring removal) =

6.5 gallons of gas/yr.
Garbage Collection *¥

2.36 miles at 2.3 miles per gallon =
1.03 gallons of gas for garbage collection
1.03 X 52 (weeks) = 53.56 gallons of gas/yr.

.

" * R, Macdonald et al., 1978 ‘

‘%% Ontario Ministry of Transportation & Communications

information ~- salting and sanding data not available
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H. Transportation Energv Consumption Within Subdivision

Zone Length(inches) Number of Houses Zone Length(") No. Houses
AB 2.5 6 WX 2.23 7
BC 4,0 29 XY 3.0 15
BE 2.5 21 XZ 10.25 - 28
CDh 2.5 10 RAA 2.75 6
DE 3.75 27 AABB 2.75 20
AF 7.75 0 BBCC 2.7% 12
AG 3.75 9 CCDD 2.5 19
GH 3.0 ] DDAA 2,75 9
HI 2.5 10 AEE 1.5 2
1J 8.0 33 35zones

JK 3.0 14

KH 8.0 26

GL 2.25 6

LM 6.25 20

MN 2.75 12

NO 5.0 14

LO 2.0 7

oP 2.75 7

PQ 7.0 21 .

PR 2.75 7

RS 5.0 18

ST 8.0 34

TO 2.75 10

uv 5.25 21

VW 2.25 7

RW 2.75 6
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(Distance of Route (Total Distance *
No. Houses in zone) No. Houses in Zone)

Distance Average
Travelled Distance
Length By All Travelled
Zone Exit No. Houses Route Travelled Units Per Unit

AB 1 6 AB
AF

BC 1 29 CB
BA

AF

D 1 10 DC
CB

BA

AF

DE 1 27 DE
EB

BA

AF

EB 1 21 EB
BA

AF

AG 1 9 GA
. AF

GH 1 4 HG
GA

AF

HI 1 10 IH
HG

GA

AF

IJ 1 33 JI
IH

HG

GA

AF

JK 1 14 JK
KH

HG

GA

AF

54 9

Ut Ui

355.25 12.25

N~ N O3

155 15.5

Ui W
/ N

—

<o

395.02 14.63

or o

;

Uy

241.5 11.5

.

~N~NON 3NV ~NO~NVIN~ NVt 0~ O

86.67 9.63

v oW

52 13

v W

157.5 15.75

(O]

693 21

ot

336 24

CNWWOS I WWNETWW = W= eS0T -
hatiasin padid PRl IS T b : e PN

N4~ O0OUVI~I~1O W

« o @

Uyt i



- 128 «

J Distance Average
Travelled Distance
Length By All Travelled
Zone Exit No. Houses Route Travelled Units Per Unit
KH 1 26 KH 4.0 481 18.5
HG 3.0
GA 3.75
AF 7.75 ‘
GL 1 6 LG 1.13 75.78 12.63
s GA 3.75
AF 7.75
LM 2 20 ML 3.13 297.6 14,88
LO 2.0
0)4 2.75
PQ 7.0
MN 2 12 MN 1.38 193.56 16.13
) NO 5.0
opP 2.75
PQ 7.0 .
NO 2 14 NO . 2.5 171.5 12,25
OoP 2.75
PQ 7.0
Lo 2 7 Lo 1.0 75.25 10.75
QP 2.75
PQ 7.0
opP 2 7 oP 1.38 58.66 8.38
. PQ 7.0 :

- PQ 2 21 PQ 3.5 73.5 3.5
PR 2 -7 RP 1.38 58.66 8.38
PQ 7.0
RS 2 18 SR 2.5 220.5 12.25
RP 2.75
PQ 7.0
ST 2 34 TS. 4.0 637.5 18.75
SR 5.0

RP 2.75 _
PQ 7.0 .
TU 3 10 TU 1.38 188.8 18.88
uv 2.75 . .
W 2.25 ‘
WX 2.25
XZ 10.25



Zone

~Uv

RW

WX

XY
XZ
RAA

AABB

BBCC

CCbD

AEE

DDAA

Exit No. Houses

3

221

6

7

15
28

20
12

19

2 -

9

Route

Y
VW
WX
XZ
WR
RP
PQ
Vi
WX
XZ
WX
Xz
YX
Xz -
XZ
AAR
RP
PQ
BBAA

“NAAR
P
/pe
CCBB
BBAA
AAR

RP
PQ

ccop
DDAA .

AAR
RP
PQ
EEA
AF
DDAA
AAR
RP
PQ

Length
Travelled

1.38
2.25
2.25
10.25
1,38
2.75
7.0
1.13
2.25
10.25
1.13
10.25
1.5
10.25
5.13
1.38
2,75
7.0
.38
.75
.15
.0
.38
.15

WO ~3~1-3MN ¢

ot W

DR = IR MN RN =IMN -
©~-3
T RC RS EC Bt R

— =]
*» *

« o

Di/stance ~\verage
Travelled istance
By AlX avelled
Units Per Unit

338.73 16.13
66.78 11.13

95.H{ 13.63

79.66 11.38
176.25 11.75

143,64 5.13
66.78 11.13

277.6 13.88

199.56  16.63

31305 16-5
17 8.5 -
124,92 13.88
2.7%

5

~nN
O
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" Summary
\
A.
Average Distance = Total Distance

‘Total Housing

Distance travelled by all units ="6958.07 X 2 (return trip)=13,916.14
Total Housing = U497 units '

PV

13916, 14/497 = 28" = 2800"
B.

Total passenger miles trgvelled within subdivision pér household =
trips/yr./hhld. x average distance travelled in subdivision x 100%
5280

#%#1280 trips/yr./hhld. x 28 x 100 = 679 miles travelled within
subdivison per hhld/yr. 5280

Vehicle miles per hhld/yr. =-Total passenger miles ber
hhld/yr./occupahqy factor

679/1.2+ = 566

Panld

C:
Annual gallons COESumed per hhld/yr. = vehicle miles per )
hhld/yr./miles per -gallon .
566/15++ = 37.73 (pér hhld per gz.) -
D. . a

Annual gallons consumed for total subdivision

3”!§l x 497 = 18,751.8

Annual energy for transportation = 18,751.8 gallons/yr.
T Energy Use For
o Internal Subdivision -
Transportation

*to convert feet to miles #¥TARMS data: 1280 +1.2: ' TARMS data

++15 m,p.g. (Middleton)
5280' = 1 mile
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I. Potential Energy Savings

Embodied Energy

p

Sanitary Sewers

Main
use 8" pipe * at 23 1b./ft. = - 8,643 Btu/lv.
23 x 12,438 (ft. of road) 286,074

286;O7u X 8,6”3 = 2,“72’537,500
» or 2.472 x 109 Btu

Proposal uses 3.870 x 109 Btu (3.870 x 109) = 1,398 x 109Btu
savings

Connector
one connector for every 2 lots®*
37,é75 (proposed length) ~/. 2 = 18,638
18,638 x 16 (1b./ft.) = 298,208

298,208 x 8,643 (Btu/lb.) = 2,571,411,700
or 2.571 x 109 Btu

Proposal uses 5.155 x. 109 Btu (5.155 x 109) - (2 571 X 109) =

2.548 x 109 Btu savings

Asphalt

. conventional driveway : 5.6 cu. yds. of asphalt
2 16" asphalt strips ¢ 1.4 cu. yds. of asphalt
14 x 497 (units) = 695.8 cu. yds.
695.8 x u,636,7uo (Btu) = 3,226,215,800
or 3.226 x 109 Btu

VProposal uses 12 905 x 109 Btu (12.905 x 109) - (3.226 x 109
‘Btu) = 9.679 x 109 Btu savings

Storm Sewers

design for natural dra}nage : savings of 3.013 x 109 Btu

# Urban Development Standards 1976



Increased Insulation

N.R.C.C. Insulation Standards

.

resulting in new U.coefficients of
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Walls R17T
Basements RS
Roof/ceiling R31.8

: 1st + 2nd floor walls .05
recreation + laundry
room walls .16
ceiling .027

Substituting these figures into Tables 6 - 12 =

3.D.1 Type 2

Transmission heat loss
Peak heat loss

Annual heat loss

x B8 units

Proposal uses [6.936 x 109 Btu/yr.

444 x 109 Bté/yr. savings

3.D.1 Type 3

Transmission heat loss
Peak heat loss

Annual heat loss

x 88 units-

Proposal uses 7.415 x 109 Btu/yr.

413 x 109 Btu/yr. savings

3,D.2 Type 2

Transmission heat loss
Peak heat loss

Annual heat loss

x 67 units

Iy
.
.
.
.
.
.
.

.
.
.
.
.
3.

16,712

21,545

73,765,254 Btu

6 u91 3u2 300 Btu/yr. or 6. u91 x 109

(6.936 x 109) - (6.491 x 109)=

18,297

23,239

79,565,130

7,001,731,400 or 7.001 x 109
(7.4815 x 109) - '(7.001 x 109) =

15,6u4

20,966

71,782,890

y 809 h53 600 or 4.809 x 109

Proposals uses 5.677 x 109 Btu/yr. (5 677 x 109) - (N 809 x 109) =

_.868 x 109 Btu/yr. savings
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4,D.2. Type 4

Transmission heat loss :
Peak heat loss :
Annual heat loss :
x 67 units
Proposal uses 6.650 x 109 Btu/yr.
= 1,018 x 109 Btu/yr. savings

3.8D.2. Type 2
Transmission heat loss :
Peak heat loss :
Annual heat loss :
x 78 units :

Proposal uses 5.573 x 109 Btu/yr.
= .372 x 109 Btu/yr. savings

3.TH.2. Type 1

End Unit .

Transmission heat loss :
Peak heat loss :
Annual heat loss :
x 22 units $

Proposal uses 1.616 x 109 Btu/yr.
= .97 x 109 Btu/yr. savings

Interior Unit

Transmission heat loss

Peak heat loss

Annual heat loss

x 87 units :
Proposal uses 5.573 x 109 Btu/yr.
= .265 x 109 Btu/yr. savings

Total savings due to increased insulation =

18,193

28,992

84,060,552

5,632,056,900 or 5.632 x 109
(6.650 x 109) - (5.632 x 109)

15,303

19,476

66,681,462

520,115,400 or 5.201 x 109
(5.573 x 109) - (5.201 x 109)

14,271

20,169

69,054,128

1,519,191,000 or 1.519 x 109 Btu
(1.616 x 109) - (1.519 x 109)

11,919

17,817

61,001,418

5, 307 123 or 5.307 x 109 Btu
(5.573 x 109) - (5.307 x 109)

3.477 x 109 Btu/yr.
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Weather Stripping and Caulking

Assume 20% reduction in infiltration (EMR Canada, 1975)5

3.D.1. Type 2

Infiltration heat loss: 3,866

Peak heat loss: 21,921

Annual heat loss: 75,052,596

88 units: 6,604,628,400 or 6.604 x 109

Proposal uses 6.936 x 109Btu/yr. (6.936 x 109) = .332 x 109
-(6.604 x 109) Btu/yr. savings

3.D.1 Type 3
Infiltration heat loss: 3,95U
Peak heat loss: 23,623
Annual heat loss: 80,879,862
" X 88 units: 7,117,427,800 or 7.117 x 109

Proposal uses 7.415 x 109 Btu/yr. (7.415 x 109) - (7.117 «x
109) = .298 x 109 Btu/yr. savings .
3.D.2. Type 2

Infiltration heat loss: 4,258

Peak heat loss: 21,486
Annual heat loss: 73,563,252
X 67 units: 49,287,378 or 4.928 x 109

Proposal uses 5.677 x 109 Btu/yr. (5.677 x 109) - (4,928 x 109)
= .T49 x 109 Btu/yr. savings

4.D.2 Type 4
Infiltration heat loss: 5,087
Peak heat loss: 24,681
Annual heat loss: 84,502,218
X 67 units: 5,661,648,600 or 5.661 x 109 Btu

Proposal uses 6.650 x 109 Btu/yr. (6.650 x 109) - (5.661 x 109)
= .989 x 109 Btu/yr. savings

3.5D.2 Type 2 4
Infiltration heat loss: 3,338
Peak heat loss: 20,035
Annual heat loss: 68,595,354
X 78 units: 5,350,437,600 or 5.350 x 109 Btu

Proposal uses 5.573 x 109 Btu/yr. (5.573 x 109) - (5.350 x 109)
= .223 x 109 Btu/yr. savings <
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3.TH.2 Type 1

End unit
Infiltration heat loss: 4,718
Peak heat loss: 20,282
Annual heat loss: 69,441,024
. X 22 units: 1,527,702,500 or 1.527 x 109 Btu

Proposal uses: 1.616 x 109 Btu/yr. (1.616 x 109) - (1.527 x
109) = .89 x 109 Btu/yr. savings

Interior unit
Infiltration heat loss: 4,718

Peak heat loss: 17,530
Annual heat loss: 60,018,792
X 87 units: 5,221,634,900 or 5.221 x 109 Btu

Proposal uses 5.573 x 109 Btu/yr. (5.573 x 109) - (5.221 x
109) = .352 x 109 Btu/yr. savings

Total savings due to weatherstripping and caulking = 3.032 x 109
Btu/yr.
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Electric Vs. Gas Furnaces

Furnace efficiences:
Electric - 100%
Gas - 65%

Annual heat loss equation becomes:

Peak heat loss x Degree Davs x 24 Hours x .60

Design Temp. Diff. x .55 x 1

3.D.1. Type 2
Annual heat loss: 50,936,203

x 88 units: 4,482,385,800 or 4.482 x 109
Proposal uses: 6.936 x 109 Btu/yr., (6.936 x 109) - 4,482 x
109) = 2.454 x 109 Btu/yr. savings

3.D.1. Type 3
Annual heat loss: 54,770,661
x 88 units:  4,819,818,100 or 4.819 x 10°
Proposal uses: 7.415 x 109 Btu/yr. (7.415 x 109) - (4.819 x
109) = 2.596 x 109 Btu/yr. savings

3.D.2. Type 2
Annual heat loss: 50, 184,000
x 67 units: 3,362,328,000 or 3.362 x 109
Proposal uses: 5.677 x 10° Btu/yr. (5.677 x 109 - (3.362 x
109) = 2.315 x 10° Btd/yr. savings

4,D,2. Type U
Annual heat loss: 57,757,221
x 67 units: 3,869,733,800 or 4.869 x 109
Proposal uses: 6.650 x 109 Btu/yr. (6.650 x 109) - (4.869 «x

109) = 1.781 x 109 Btu/yr. savings
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3.8D.2. Type 2
Annual heat loss: 86,445,236
x T8 units: - 3,622,728,400 or 3.622 x 109
Proposal uses: 5.573 x 109 Btu/yr. (5.573 x 109) - (3.622 x
109) - 1.951 x 109 Btu/yr. savings

3.TH.2. Type 1

End Unit
Annual heat loss: b7,762,705
% 22 units: 1,050,779,500 or 1.050 x 109 Bty

Proposal uses: 1.616 x 109 Btu/yr. (1.616 x 109) - (1.050 x
109) = .566 x 10° Btu/yr. savings,

3.TH.2. Type 1
Interior Unit
Annual heat loss: 41,638,254
x 87 units: 3,622,528,000 or 3.622 x 109 Btu
Proposal uses: 5.573 x 107 Btu/yr. (5.573 x 109) - (3.622 x
109) = 1.951 x 109 Btu/yr. savings

Total savings due to electric furnaces = 1N.O[7 x 10° Btu/yr.
Using more %fficient furnaces does not reduce heat loss, but
reduces the amount of energy required to produce heat, the heat
loss equation nevertheless provides an accurate indication of

the level of energy savings possible.
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Assume a coefficient of performance (kW output) of 3*
(kW input )

Annual heat loss equation becomes:

Peak heat loss X Degree Days X 24 hours X .60
Design Temp. Diff X .55 X 3

Substituting this figure =

3.p.1. Type 2
1.894 X 109 Btu/yr. heat loss
5.401 X 109 Btu/yr. savings

3.D.1. Type 3 N
1.606 X 107 Btu/yr. heat loss
5.809 X 10° Btu/yr. savings

3.D.2. Type 2
1.673 x 109 tu/yr. heat loss
3.499 X 109 Btu/yr. savings

4.D.2, Type 4
1.289 x 10° Btu/yr. heat loss
4.664 X 109 Btu/yr. savings

%  Middleton Associates et al., "The Projected
Penetration of Residential and Commercial Heat Pumps
to the Year 2001," unpublished, Ontario Ministry of
Energy Library, 1980, p.40
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3.8D.2. Type 2
1.207 x4109 Btu/yr. heat loss
4.366 x 109 Btu/yr. savings

3.TH.2 Type 1
End Unit
.350 x 10° Btu/yr. heat loss
1.266 x 10° Btu/yr. savings

Interior Unit
1.207 x 109 Btu/yr. heat loss
4,366 x 109 Btu/yr. savings

Total savings due to heat pumps =
28.884 x 109 Btu/yr.
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Setback Thermostats

Assume that setback thermostats reduce furnace operation time to 20

hours.

Annual heat loss equation becomes:

)

Peak heat loss X Degree days X 20 hours x 60
Design Temp. Diff. X .55 X .55

Subatituting this figure =

3.D.1, Type 2
5.746 X 10% Btu/yr. heat loss ) -
1.149 X 10% Btu/yr. savings

3.D.1. Type 3
6.179 X 10% Btu/yr. heat loss
1.236 X 10° Btu/yr. savings

3.D.2, Type 2
4.311 X 107 Btu/yr. heat loss
.861 X 107 Btu/yr. savings

L.p.2. Type 4

4,961 x 10° Btu/yr. heat loss
.992 X 107 Btu/yr. savings

3.8D.2. Type 2
y.6u4 x 109 Btu/yr. heat loss
.929 X 109 Btu/yr. savings )
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3.TH.2. Type 1
End Unit
1.347 X 10° Btu/yr. heat loss
.269 x 109 Btu/yr. savings

Interior Unit
4,644 X 10° Btu/yr. heat loss
.929 X 109 Btu/yr. savings

Total savings due to setback thermostats =
6.365 X 109 Btu/yr.
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Lishting

Room Lighting
Energy Use With Incandescent Lighting:
Energy Use With Fluorescent Lighting (-5):

Savings:

Street Lighting
Energy Use With Mercury Vapour Lighting:

376,726 kwh/yr
75,345 kwh/yr
301,381 kwh/yr

17,500

75,250

Energy Use With High Pressure Sodium Lighting: 10,000

Savings:

43,000
7,500

32,250

watts

kwh

watts

kwh

watts

kwh
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Water Heating

Solar Water Heaters

" Reduce requirements of a Conventional Water Heater by ]0%

Energy Use with Conventional Electric Water Heater:

2,236,500 Watts 2,982,000 kwh annually

Energy Use with Solar Water Heater Assist :
670,950 Watts 894,600 kwh annually

Savings

e

1,565,550 Watts 2,087,400 kwh annually

— -

Restricted Flow Faucet Fittings

Reduce Hot Water Use by 15%

Conventional Hot Water Use: 2,236,500 Watts 2,982,000 kwh/yr
Restricted Flow :+ 1,901,025 Watts 2,534,700 kwh/yr

Savings : 335,475 Watts 447,300 kwh/yr

Solar Water Heater and Restricted Flow Fittings: 1,901,025 Watggb
- sav%ngs

éavings: 2,534,700 kwh/year
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