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ABSTRÀCT

Manitoba Hydro, through Power Smart Demand-Side Management

initiatives, sponsors programs to reduce enerçry use and peak

denands for the purpose of delaying najor capacity additions. The

end result of this effort is to reduce the inpacts on the

environment associated with energy production.

As part of this initiative, the utility wants to establish

whether it is economically feasible to prornote high-performance

windows. OnIy customers with electrically-heated homes who upgrade

to high-performance windows in new and retrofit house construction

may qualify. Manitoba homeowners generally purchase triple-glazed

windows which have become the standard windows in Manitoba. This

study establishes whether it is economically feasible for the

utitity to offer incentives to cover part or all of the extra costs

of high-performance windows over the cost of standard triple-glazed
units. The study also analyzes whether it is financially feasible

for homeowners to purchase high-perfornance windows rather than

triple-glazed windows

The research enployed a urulti-approach methodology: related

literature was reviewedr' a survey of window prices was undertaken

to establish the incremental cost for each high-performance window

opÈion; computer simulations to calculate the energy savings (or

losses) for each window option for specific conditions were

perforned; and finally, drawing on the results of the above,

utility economic analyses and consumer financial analyses were

calculated for a range of window conditions.

t_



The results of calculations were very scattered due to a wide

selection of window prices and varying energy savings for each

condition. Very few high-performance windows passed the utility
econonic screening tests or the homeowner financial analyses. The

study recoÍrmends that Manit,oba Hydro not promote high-perfornance

windows through financial incentives at this time.
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ACRO¡rYlfS
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Àr -) argon gas

CI -+ confidence interval
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TRC - total resource cost

sYtfBOLs

The following slanbols are found in this practicum:

A * annual fuel cost savings, $

Afl '+ total above grade floor area in house, m2

A* * complete windorr area for the reference size window, m2

A* + total area of windows above grade in house, m2

F, * solar radiation incident on a window for a specific
location and orientation condition during the heating
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F* * solar heat gain coefficient for the reference size of the
complete window product with reference surface
conductances, dimensionless

i * interest rate, *

bs t window air leakage rate at a pressure difference of 75 Pa
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n -'number of samples, dimensionless
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P * incremental costs, $

gi + ãverâ9e rate of heat, Ioss through the window by
infiltration, w/rr?

g" -r averâ9e rate of useable solar heat gain through unit area
of the window during the heating season, W/Í?

gt '+ averâge rat,e of heat loss through the window by
transmission, WlÑ

s * standard deviation of a random saurple sÍze

sx * standard deviation of nean deviation of a random sample
size

t,n + t value with n-1 degrees of freedom

x



ti + average indoor air temperature during the heating
season, oc

to -+ avêrâge outdoor air temperature during the heating season
for the specific location, oC

tt * window value mean, $

U * overaÌl heat transmission coefficient, w/ (nbc)

U* - overall heat transmission coefficient for the reference
size of the complete window product with reference
surface conductances, W/ (m'"C)

x -+ mean deviation of a random sanple

xi - dollar value of option, $
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CEAPTER 1

III1TRODUCTION

1. 1 INTRODTICTION

Manitoba Hydro introduced the Power Smart program in 1991 to

reduce peak demand for electricity with the aim of delaying the

construction of environmenÈaIly danaging capitaJ- intensive

generation stations. As part of this program, the utility is
pronoting Denand-Side Management initiatives to customers with the

goal of reducing electricity peak loads and conserving energy.

Manitoba Hydro is evaluating and introducing a number of Demand-

Side Managienent programs for the residential, agricultural, and

commercial sectors. There is great potential in reducing demand

for electricity as homeowners install high-performance windows.

Through Power Smart, the utility is considering whether ít is

economically feasible to offer financial incentives to

electrically-heated homeowners who upgrade to high-performance

windows.

This research evaluated the economic feasibility of high-

performance windows as a Dernand-Side Management initiative.

Consumers generally purchase triple-glazed windows since these are

the st,andard windows in Manitoba. The research evaluated whether

it is economically worthwhile for the utility to offer financial

incentives to cover part or all of the extra costs of high-

performance windows (over the cost of standard triple-glazed units)

to persuade honeowners to purchase these windows. The study also

analyzed the honeownersr financial feasibility of purchasing these

energy-ef f icient windows .
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L.2 BACKGROUND

A high-performance window (HPw) is an improved window with
energy performance qualities such as reduced heat transfer,
improved solar heat gain characteristics, and. lessened air
infiltration than conventionar windows. rn recent years,

scientific approaches have been used to reduce overall window heat

transfer by radiation, conäuction, and convection through the
glazing system, edge spacers, and frame (see Figure 1).

OPTIONAL
CLADDING

FDGDFF.AME

High-Perf ormance Windows
(CANMET 1e9r-)

Figure 1.
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The resurting window improvements are functionar, almost

maintenance free, and reduce condensation. They also increase

occupant comfort due to decreased heat loss and warmer inside
window pane surfaces resurting with less chance of air drafts.

It is only since the nid-1980s that, HPWs have been available
to the general consumer. Presently, the standard windov¡s purchased

by consumers have three sealed panes of glass with alurninum edge

spacers and wood frames. These windows are typically referred to
as triple-glazed windows. rt is only recentry that computer

símulations have been avail-able to estimate guanÈitative data such

as heat transmission, solar heat gainr. and infiltration losses for
these windows. It is appropriate and tiurely for Power Smart to
evaluate an economic and technical study of HpI{s.

1.3 RESE.ARCE OBiTECTIVES

The purpose of this study is to establish whether Power Smart

can offer incentives to persuade Manitoba homeowners, with
erectrically-heated homes, to purchase HpI{s. This is achieved

through an in depth economic and engineering study of HpWs.

The following tasks were performed in this research:

1. HPW prices lrere established from a survey of HpW
manufacturers and installers;

2. computer programs trere used to simulate (a) window
performance and (b) household energry consumption for
various window scenarios; and

3. an analysis of (a) economic benefits to Manitoba Hydro
and (b) financial benefits to householders lras performed
for each window scenario.
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The results will assist Manitoba Hydro in determining whether the
prornotion of HPWs is economically feasible for a potential Power

Smart incentive program.

This study provides Manitoba Hydro with the information needed

to establish whether a HPI{ incentive program is feasible based on

the economic and financial analyses. Reconmendations stemming from

the study and general observations are reported. Incentive
programs, like the potentiar HPW program, may lead to significant
demand and energy reductions to the utility. Reducing electricity
use may cut peak demand and reduce utility capital expenditures.

As a result, the construction of major additions, attributed to
environmental degradation, may be delayed.

1.{ LI}TTATIONS AND ASSM'IPTTONS

This study is linited in scope in the foll-owing rrays:

1. the study is dependent on the integrity of computer
sinulations being used;

a standard window size of 915 nm x L220 mm (3, x 4t) is
used in the study. This does not necessarily reflect
sizes for all households;

HPW improvements are based on a triple-glazed window.
The study focuses on two window types: fixed and
operable (casement and awning only);
both HOT200O and WINDOI{ 4.0 cornputer sinulations do not
differentiate R-values and solar heat gain coefficients
between fixed and operable windows ì

the window prices lrere based on the price of a single
window and therefore do not reflect price reductions
and economies of scale in replacing all windows in a
house i

2.

3.

4.

5.
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this study is an economic and engineering analysis of
HPI{s. It does not reflect other HpW qualities such as
comfort leve1s, v¡arranties, and maintenance; and

the method used to carcurate the utirity avoided costs,
the savings created by the reduction in energy and
demand of electricity, is based on Manitoba Hydrorsprojected generation expenses.

1.5 RESEJARCE IIIETEODOLOGY --

The research methodology is divided into seven distinctive
steps. Figure 2 illustrates the procedures in a flow chart:

Figure 2. FIow Chart of Research Methodology

6.

7.

Review of Retoted Liter-otur'e

Survey oF H;gh-Per-fonnonce Vindow Prices

VINDDV 4,0 Anotysis

HUT2000 Anolysis

Utitity fconomic Anolysis Consurner fcononic Anotysis

Conctusions
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1.5.1 Revien of Related Research anô Literature
A review of related research and literature provided the basic

knowledge needed to initiate a comprehensive and conplete study.

Energy conservation and v¡indow publications from EnergTy, Mines, and

Resources canada (m,IR) , Manitoba Energ:y and Mines, Manitoba Hydro,

and Ontario Hydro hrere consulted for the necessary background.

Further searches included Manitoba Hydro and ontario Hydro

publications and reports, window manufacturers and EMR energy

rating specifications and reports, periodicals, and relevant texts
on computer simulations, computer programs and financial analysis.

1.5.2 gurvey of Eigh-performance ltindow prices

A collectíon of HPI{ specifications and prices v/as nêcessary to
determine the incremental- costs of window options used in the
ana]-ysis. The researcher visited each manufacturer to obtain
instalted price quotations on a selected window size (915 rnm x Lzzo

mm) for different HPW options. Twelve window manufacturers in
winnipeg and in rurar Manitoba were surveyed. A rist of firms
surveyed is found in Appendix B. Approximatery thirty window

installers in I{innipeg vrere anon}rrnously telephoned in an effort to
acquire installed pricing for the aforementioned windows. prices

guoted are the window installed costs. The quot,ations are direct,ed

towards two window types, namery fixed and operable windows

(casement and awning). upon delivery of alr the Hpw price
quotations, the incremental costs for each HpI{ option were

calculated. The survey, entitled ttHigh-Performance Window Price



Questionnairerr is found in Appendix C.

1.5.3 lfindos 4.0 Analysis

Conputer software programs !¡ere used to generate quick and

cost-effective window energty performance results. I{rNDow 4.o, a

computer simulation program developed at the Lawrence Berkeley

Laboratory, calculates optical and energy perfornance properties of
user-defined windows. The use of WfNDOI{ 4.O in catculating the

energy performance of windows is very applicable for this study.

The alternative is to conduct expensive and time-consuming

laboratory tests. wrNDow 4.o is said to be the best generic

computer program available. It is used by window manufacturers,

energy consultants, and utilities.
WINDOW 4.0 was used to calculate the energy performance of

twelve window types outrined in section 3.L.2. The window

properties vtere extracted from libraries found in the simulation
program. More software package background is found in Section 2.7.

The results of wrNDot{ 4.0 analysis are recorded in section 3.2.

1.5.4 EOT2000 AnalysÍs

The application of the I{INDOW 4.0 results were then used to
calculate the potential energy savings of windows for average

Manitoba homes using HOT2OOO, a computer simutation software

package of house energy consumption. Hor2000 was deveroped by

Unies Linited under the direction of the rrR-2000 Home Programrr of

Energy, Mines and Resources Canada (Canadian Home Builders'
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Associat,ion 199i-). This program is used by homebuilders,

consultants, and civil servants to siroulate the effects of house

properties such as wall and attic insulation, house size and

rocation on heating and cooling energy use. The program compires

the input and generates output of energy properties such as: house

heating and cooling loads, hot water heating loads, and tighting
and appliances l-oad Francois Dubrous at Energy, Mines and

Resources Canada estimates that HOT2OO0 has up to S-1Ot error when

calculating energy performance of households.

Here' HOT2OOO was used in calculating the energy savings of
each of the twelve high-performance window options listed in
Section 3.L.2 for two house types: with and without summer cooling
as explaÍned in section 3.4.2 and in Appendix E. Arl input
variabres were kept constant except for the windows. First, the
energy performance was simulated for houses with standard triple-
glazed windows. Then one window at a time in each orientation was

upgraded by a high-performance option (as shown in sect,ion 3.L.2,
whire keeping all other windows as triple-grazed. Thís analysis
simulated each of the high-performance window options for different
conditions keeping all other variables constant. À total of Lgz

scenarios were analyzed. The applications of the HOT2O00 progran

is explained in Section 2.7. The results are presented in Section

3 .4.
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1.5.5 utÍlity Econonic Analysis

An economic feasibility study r¡as conducted to establish
whether high-performance windows (HPW) passed Manitoba Hydrots

economic screens for possible inclusion towards an incentive
program. This study used Manitoba Hydrors methodology in
calculating potential energy savings. The Simple Economic Screen

(sES), developed by Demand-Side Management consultants Barakat &

Chamberlin for Manitoba Hydro, calculates a benefit/cost ratio for
energy saving measures. The ttbenefitsrr are the monetary savings

generated by the utility achieved by reducing peak 1oads. The

rrcostsil are the incremental costs associated with a measure (such

as incentive payments for homeowners under a HpW progran). The

resulting benefit/cost ratio is also catled the Measure Resource

Cost Test (MRc). To pass the MRC, the benefit/cost ratio of each

measure must be larger than 1. Measures that pass the MRc are

analyzed further. Those that fail the MRC are rrshelvedrf until
market conditions change.

The results obtained from HOT2000 sinulatíons and from the HPW

price survey were used in the Sinple Economic Screen. An

electronic spreadsheet software program was used in calculating the

MRC for a 20 year period (as specified by Manitoba Hydro). Then

the MRC ltas nodified to account for the adninistration costs

involved in a potential incentive program. This modification is
called the Total Resource Cost Test (TRc). fn total , 352 scenarios

vtere evaluated. Sections 2.8 and 3.5 explain the analysis and

present the resul-ts of utility economic analysis.
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1.5. 6 Consr¡mer Financial Ànalysis

The second economic analysis deals with consumersr financial
tests of high-performance windows. This analysis focused on

consumersr simple payback period (sPP), internal rate of return
(IRR), and net present value (NPV) for each window condition. The

sPP analysis calculates the number of years required for the net

cash flow of an investment to egual zero (Srnith 1991). The IRR

calculates the opportunity interest rate an investment is expected

to yield so that total discounted benefits and costs break-even (Hu

1983). The NPV method calculates the difference between the

present value of the benefits and the costs resuÌting from

alternative investments.

The financial analysís used information acquired from the HPW

príce survey (incremental costs includíng taxes) and consumer fuel
cost savings per year for each window increments from the HOT2OoO

output. 3irst, consumer financial analysis of each HPW option tlas

executed without any utility incentives. Those scenarios that
gualified for incentives (Section 3.6) nere then analyzed. The

utility savings generated by each measure, over a 20 year period,

were transferred to the consumers as monetary compensation and re-
analyzed in economic analysis. The calculations lrere adninistered

for all 352 HPI{ cases. More technical infornation and results can

be referenced in Sections 2.9 and 3.6.
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1.6 ORGÀNIZÀTION

This practicum is organized into four chapters. After an

introduction of the study in Chapter L, a review of literature
related to HPWs and DSM programs, particularly for Manit,oba Hydro,

is recorded in the second chapter. In the third chapter, the

results of the study are tabulated and analyzed. The last chapter

summarizes the results of Chapter 3 and conclusions and

reconmendations are expressed. The study is enhanced with aides

such as orgranizational tabLes, bibliographies, definitions of
terms, and appendices.
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CHAPTER 2

INFORI'ÍATION REQUIRED FOR ÀNAIJYSIS OF A POTENTIAIJ
}ÍAIITTOBÀ HYDRO HIGH-PERFORMJAITCE WINDOVT

DEIII.NID-SIDE UANAGE]ÍENT PROGRÀM

2.L ENERGY CONSERVATION

2.L.L Introduction

Until recently, many people in North America considered energy

to be both inexhaustible and expandable. This is no longer true.
The L9'13 embargo of the Middl-e East petroleum cartels instantly
increased fossil fuel pri-ces and curbed supply. This radical
measure impinged on the prices for other sources of energy as they

also dramaticatly increased as a result of larger demands

(Chiogioji and Oura 1,982). As weIl, energy costs today are

beginning to reflect more accurately the real costs, since

environmental and |texternalrr costs are increasingly borne by the

user.

Two major public responses have arisen in the wake of a

growing recognition of the energy crisis. The initiat response

called for the rapid expansion of sources of energy. More

recently, energy conservation is being promoted as a measure to

reduce unnecessary usage of energy. Conserving energy means

reducing the amount of fuel and electricity that a unit uses per

given tirne. Not only does energy conservation save money, it:
* extends the useful life of existing equipment;
* increases reserve capacity f or future needs r'* reduces the likelihood of shutdown or curtailment of

operations by power shortages;
* reduces pollution and other impacts on the environment

(chiogioji and oura 1982);
* reduces peak demands for the purpose of delaying major

capacity additions; and
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* changes the shape of the load curve including peak
shaving, valley filling, load shifting, strategic load
growth, and strategic conservation (Canadian Electrical
Association 1992).

Hydroelectricity in Manitoba is considered a relatively benign

source of power compared to other forms, but the equiprnent and

facilities used to generate, transmit, and distribute electricity

can have a range of impacts on the environment. Many of the most

serious irnpacts in Manitoba were felt in the last 30 years when the

Churchill River DiversÍon, Lake Winnipeg Regulation, Grand Rapids,

and other major projects on the Nelson River $¡ere built.

Manitoba Hydro has taken steps to encompass conservation

issues into their policies. In April l-991-, they unveiled their new

conservation ef fort - ItPower Smartrr. The aim of this Dernand-Side

Management program is to reduce the demand for electricity,

ultirnately delaying future Manitoba Hydro capital construction and

rnitigating environmental degradation associated with these

projects. Manitoba Hydro advises consumers on energy conservation

and efficiency in residentJ-a1, commercial, agricultural, and

industrial sectors. Manitoba Hydro, through their Power Smart

initiatives, offers rebates to those who purchase plug-in timers

for car block heaters, recommends installing ceiling fans,

insulating attics and basements, and caulking, sealing, and weather

stripping doors and windows to conserve energy at home and at the

office. With Power Srnart, Manitoba Hydro will be in a better
position to influence manufacturers and retailers to produce and

promote energy-efficient products and to improve the availability

of energy-efficient appliances and energy-saving devices. During
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the next few years, Manitoba Hydro will be announcing several Power

Smart programs.

2.L.2 Residential Buildings

Great potential for energy conservation can be achieved in the

resídential buildings sector as it accounts for about 35 percent of
Manitoba Hydrors electricity consumption. !{ith proper energy

conservation measures in place, building heating bills can be

reduced by 50å or more (EMR, 1-983). Retrofitting a house is simply

upgrading it to achieve better energy efficiency. This means

adding insulation, caulking, weather stripping, adding storm

windows or upgrading existing windows, and taking various other

common sense energy-saving measures. The three main reasons for
retrofitting are:

* conserve energy - reducing costs for consumers and
utilities;

* increase comfort - keep out cold winter drafts and reduce
condensation probJ-ems; and

* investment improved payback, value, and appearance of
home (Manitoba Energy and Mines date unknown).

Opportunities to reduce energy use in existing buildings differ
markedly from those in the design of new buildings. These incl-ude

the building configuration and orientation, its materials and

construction, its mechanical systems and controls, and its specific
location. Most of these are difficutt and expensive to rnodify,

some are irnpossible.
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Building improvements that increase energy efficiencies
include:

1. Basement insutation
Annual reduction in energy conservation: up to 3oeo

2. Caulking, seal-ing, and weather stripping
Annual reduction in energy consumption: up to 2OZ or
more

Attic insulatron
Annua1 reduction in energy consumpt,ion: up to L2Z

l^Iindow improvements
Annual reduction in energy consumption: up to L0?

5. WalI insuìation
Annual reduction in energy consumption: about 2 to 3Z

In considering the energy conservation options available, it
is important to choose those which will be of real value in a

particular circumstance. The initial cost of a conservation action

and the savings in operating costs which it, may provi-de must be

balanced. Energy conservation experts generally agree that in

residential buildings, the greatest energy savings can be attained

by reducing air infiltration through windows and doors and by

reducing conductive heat transfer through the walls and windows

(Hastings 1977). Irlinds can decrease the exterior fitn of still air

that usually surrounds a building and will increase the therrnal

vulnerability of roof, walI, and window elements. In the Northern

Hemisphere, the north and west sides of a building are said to be

exposed to the greatest wind loads - window mininization in these

two orientations is necessary (chiogioji and oura L982).

3.

4.
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2.2 ENERGY POIJfCY

2.2.L Introduction
Energy conservation programs reguire: strong public support;

dynamic, cost-effective, and tinely regrulations to increase the

efficiencies of new eguipment and. structure; continued government

and private R&D to develop and produce improved buildings
technologies; and active cooperation among manufacturers and from

organizations involved in the design, construction, implementation,

and financing of structures.

2.2.2 JurisdictionE

The jurisdictions of energy policy are divided between the

federal government and provincial governments. The federal
government has exclusive proprietary rights north of 6Oo, ownership

of seabed resources, has regulatory authority affecting provincial

affairs, and has pov¡er to negotiate international agreernents

(Mitchell and Sewell 1981). The research capabilities and spending

powers of the senior level of government have also enabled it to
ptay an important part in what would otherwise appear to be matters

of provincial jurisdiction. The federal government, through its
ministries of Energy, Mines and Resources and Environment, may

implement policies and programs which can affect energy development

and use in Manitoba.

The provinces were granted ownership of all Crown lands and

natural resources within their boundaries under the terms of the

Brit.ish North Àmerica Act (1931) and were able to exert a strong
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influence upon energy resource development in Canada. Municipal
governrnents have no jurisdictional powers with respect to energy

policy but nonetheless can influence conservation programs

(Canadian Resource Policies L98l-) .

2.2.3 Federal Energy Policies

Two key federal institutions concerning energy are the

National Energy Board and the Canadian Department of Energy, Mines

and Resources. The statutory functions of the National Energy

Board are to advise on energy policy and to regulate the energy

industry insofar as it lies within federal jurisdiction. The

Department of Energy, Mines and Resources has acquired the

responsÍbility for water resources inventory and planning,

administration of offshore seabed minerals, and planning and

coordination functions for energy development. The evol-ution of

the Energy Policy in Canada is based largely on petroleum

supply/demand crises. Domestic electricity pricing, supply, and

demand is encompassed in all energy policies.

The Energy Policy in Canada can be roughly divided into three

development periods: 1959-1973, 1973-l-980, and l-980 until present

(Green 1,985) . Prior to L973, since the discovery of oil in Alberta

in L947, the National Energy Policy had been concerned largely with
exploiting Canadars energy resources - natural gas, coal and hydro,

and oit (Energy Options 19Bg). The federal government was

attenpting to spur production and exports to naintain artificially
low domestic oiI prices. Canada had large energy supplies and no
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efforts for energy conservation vrere enforced.

The events of L973, the Arab oil embargo, followed by the

quadrupling of crude oil prices as OPEC exerted its cartel powers,

radically changed the world energy picture. The National Energy

Policy of the l-960s became largely irrelevant after this event.

Many new policies and programs r^rere quickly introduced to address

the rrenergy crisis.rr The federal government enacted the Energy

Supplies Àllocation Act which ernpowered it to control the

distribution of petroleum supplies in the event of a crisis. A1so,

the Office of Energy Conservation was created within the Department

of Energy, Mines and Resources. The governmentrs request for the

reductj-on in energy demand would be achieved via higher energy

prices and conservation measures. In 1979, the Iranian crisis

doubled again the world oil prices. The price of crude oil stood

more than six times above its 1973 level. This led to more energy

conservation initiatives.

Following the L979 rrenergy crisis" the federal government

introduced the National Energy Program. This policy established a

price designed to protect Canadians against world prices, while

slightly decreasíng provincial revenues; it established federal

dominance over energy policy (Green 1985). This policy sparked

much debate between the provincial and federal governments. Having

gone head to head over energy policy and resource-revenue sharing,

the federal- government and the producing provinces sat down to

negotiate a compromise. In September 1981, a Memorandum of

Agreement was signed by all parties (Green 1989). However, the
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Memorandum of Agreement inevitably became irrelevant as a result of

steeply declining petroleurn prices from L982 to 1986. The fVestern

Accord in L985 brought the end of the National Energy Program and

returned energy pricing to a market-oriented systern.

Due to public driving forces in the l-980s, the environment has

entered the higher echelons of policy consideration. In 1987, the

Vüorld Commission on Environment and Development provided a capsule

overview of the interaction between the environment and energy.

The new focus stated that environmental- concerns must be considered

as carefully as social and economÍc policy objectives when energy

programs are evaluated. Recently the Free Trade Agreement, the

Green Plan, Meech Lake Accord, and the Charlottetown Accord all-

have had energy and environmental implications (Lernco A992).

2.2.4 Provincial Municipal Energy Policies
Department of Energy and Mines administersIn Manitoba,

energy policies, programs, and taxation. The Manitoba Energy

Authority has legislative authority to negotiate electrical export

sales, promote the development of electrical-intensive industries,

and plan for energy emergencies. Manitoba Hydro supplies and

exports electrical power (Manitoba Round Tab1e 1991-). The Pub1ic

Utilities Board, the Clean Environment Commission, the Departments

of Environment, Finance, and Natural Resources have interests in

energy policies

Energy and Mines Manitoba offers several programs to promote

proper energy usage. A comprehensive Energy Act for Manitoba is

and

the
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being planned. A new Act would enshrine the following principles

and guidelines as they apply to energy:

* the development and pubtic release of comprehensive
energy forecasts and plans;

* energy programs for Manitoba; and

* ongoing rnonitoring, evaluating, and regular reporting of
energy issues inside and outside of the province
(Manitoba Round Table 1991).

There is no formal rnunicipal mandate with respect to energy

policies. Research done by the Bureau of Municipal Research in

ontario (1978) has concluded that municipalities should not be

excluded from energy policy. It has concluded that municipalities

can play an irnportant and leading role in prornoting the more

effj-cient and }ess extravagrant use of energy and the developrnent of

renewable energy supplies.

2.3 DE}Í.JAND-STDE I,ÍÄNA,GEMENT

2.3.L Introduction

The traditional focus of utilities in the past vras to meet

consumersr energy needs. The Pacific Gas and Electric Company in

California (The Econornist 1-991-) and Ontario Hydro (Mitchetl and

Sewell l-981-) emerged at the leading edge of a new philosophy in

energy conservation. Today, utilities are not only looking at

providing customers with adequate energy, they are concentrating

efforts in reducing overall energy usage, peak-energy usage, and

al-I types of generation and consumption inefficiencies. ft is

often cheaper for a utility to reduce the demand by paying to help

make components more energy-efficient than it is to build ner^/ po$/er
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plants. The transition from meeting demand to managing demand is
difficult. Effective management of demand requires action at five

fronts: economic, behavioral, environmental- policy design,

Iegislati-ve, and engineering (Geller et al . L982).

Demand-Side Management (DSM) is managing demand so that energy

may be used more efficiently or more appropriately. A commonly

accepted definition of DSM is rrthe planning and irnplementation of

those utility activities designed to influence customer use of

electricity in ways that will promote desired changes in the

utility's load shape such as changes in the time pattern and

magnitude of a utility's loadrr (Canadian Electrical Association

1,992). Programs of DSM are seen as lower cost alternatives to

increased supply (Dyne L992). From a total resource cost

perspective, a utility can offer j-ncentives for a specific DSM

measure if the incremental cost of the measure (including

administration costs) is }ess than the utilityts avoided cost

(Curran f992).

Ut.ility avoided costs can be defined as, rrthe incremental cost

saving associated with an incremental decrease in load or an

incremental increase in supply which would result in changed future

Manitoba Hydro system expansion and systern operationrr (V[ojczynski

et a1. date unknown). The fundamental approach in determining the

avoided cost for a program is to evaluate the system expansion and

operation costs without the program and then the costs with the

program. The savings generated is the avoided cost.
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2.3.2 Demand-Side Management Po1icy

Environmental concerns and ut.ility needs for Demand-Side

Management (DSM) have prompted the federai and provinciaJ-

giovernments and Canadian electric utilities to administer DSM

policies.

Under the auspices of the current Energy Efficiency and

Ðiversity initiative and the Efficiency and Alternative Energy

Program outlined in Environment Canadafs Green Plan, Energy, Mines

and Resources Canada promotes and supports increased energy

efficiency. It also supports the developrnent of new energy sources

in all sectors of the Canadian economy.

The Canadian Electrical Association is the national
association of electrical- utilities in Canada. It encourages

customer-service initiatives such as DSM. In fact, the Energy

Efficient Program promotes DSM in the following areas: residential,
industrial building design, conmercial, industrial, and

agricultural applications (Canadian Electrical Associatj-on !:gg2).

The Canadian Electrical Association advises provincial governments

and utilities.

Manitoba Energy and Mines supports DSM-type programs and

services. Information on energy conservation and efficiency is
available to all Manitobans. AIso, energty workshops are offered to
the general public. Although the Department encourages DSM, it
does not legislate DSM policies.

During l-989, Manitoba Hydro established a formal- DSM policy

for promoting energy conservation and load management. A goal to
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reduce nehr supply requi-rements by 285 MI^r by the year 2001 is
targeted. Presently, some DSM programs are in place for
residential, commercial, and agricultural customers.

Examples of the residential programs are: Outdoor Timer

Program, Energy Efficient Shower Heads Pilot Program (completed),

and Refrigerator and Freezer Buy-back Program (cornpleted). As

wel-l-, it is developing. its major Residential Retrofit Program.

Manitoba Hydro is also considering potential DSM programs for the

residential sector such as a potential High-Perf ormance lriindow

Incentive Program.

Presently there is no formal policy involving HPWs. The

results stemming from this research wiIl aid the utility to
formulate a policy in this regard.

2.3.3 Àdvantages and Disadvantages of DSM Programs

The exploitation of energy is an environmentally intensive

enterprise (Melosi 1985). The generation of hydroelectricity is
associated with a variety of environmental- impacts such as

increased air, land, and water pollution. When a nev¡ generation

station is constructed, there are a number of gtobal environmental

impacts caused by the resources used during the design,

construction of the facility, and with the generation and

transportation of electricity (Platis & McCammond t992).

DSM programs postpone the need for new energy supply as they

are designed to reduce peak demand and electricity usage. Reducing

the peak demand is very important since supplementary diesel and
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therrnal generators used only at peak demands are very expensive to
operate and costly to build. These supplementary por{er suppJ-ies

emit greenhouse gases and are associated with other forms of

environmental degradation. During non-peak periods, these

expensive supplementary systems are idIe. From a pro-environment

perspective, less environmental damage would occur if peak loads

were lowered (GeJ-ler et aI. 1-982). DSM programs are designed to

encouraqe the efficient consumption of electricity which can in
turn reduce supply-side generation requirements. The result is
less generation-related environmental irnpacts due to the decrease

of energy generated and possibly delaying the immediate need for
additionaJ- generation facilities.

There are also a number of negative aspects associated with

DSM programs. DSM programs can produce wastes due to the

replacement of components before the end of their useful lives. An

example of this problem is the replacement of operable incandescent

light bulbs with more energy-efficient compact fluorescent light
bu1bs. The additional waste created is referred to as the by-

product waste of the program (P1atis & McCammond lgg|). There is
also the issue of free riders as rebates go to those who would have

made the desired DSM investment without a rebate (Curran 1992).

These wastes are negative externalities which must be factored into
DSM decision-making process. AIso, to cover the costs of DSM

programs, utilities may increase their energy rates. The consumers

who do not take advantage of programs may be faced with the

financial burden of compensating users of incentives.
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2.3.4 Consr¡mer DSM Driving Forces

Consumers are often not aS receptive to DSM programs as

utilities !'¡ould like them to be. Financial incentives alone and

information alone have limited ability to bring consumers to act

effectively in their economic self-interest. Consumerst motives

are not only economic, but can also be usefully described by

t'attitudinal, social-diffusion, and homeostatic models of behaviorrl

(Stern 1986). .Since DSM means influencing consumption patterns

that reflect idiosyncrasies of human behavior, different skills are

required for promotion - communications, media, behavior analysis,

and attitude surveys (Geller et al. 1982).

There is much research being conducted by utilities and

academics in the area of consumers' behavioral analysis toward DSM

programs. Wood (L991) found that rrpromotion of the link between

residential electricity conservation and the environment has the

potential to increase the effectiveness of conservation marketing

efforts.n Researchers such as Stern (1986), Gaskell & Bates

(1986), and Dyne (Lgg2) have concluded that consumersr decisions

toward DSM programs are interdisciplinary in nature and place

emphasis on quality of environment and life, personal comfort,

economic and socio-economic consequences, and personal commitment

towards conserving energy. ft is concluded that consumers are

rnaking rational choices that go beyond a straightforward trade-off

between financial costs and benefits.
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2.3.5 Marketing DSM Prograns

Although there are many driving forces possible to attract
customers to DSM programs, rebates have novr become the major

prornotional tool used by utilities. Rebates are designed to
accornplish a number of objectives through the prornise of a reward

for a specific action: they catch the attention of the customer;

they promote irnnediate action; they encourage individuals to try
something they may not have tried without a rebate (Curran L992).

Along with a proper promotion package, rebates offered for DSM

programs can decrease energy demand and costs to the parties

involved. The most compelling argument for saving is economic

the opportunity cost of not saving (Mahon 1983).

2.4 WINDOW ENERGY CONSERVÀTION

A number of basic design and operational factors are critical
for a windowrs performance. These include: size of the window, the

orientation and exterior shading, its therrnal resistance, reduction

of air leakage, the use of internal and external window coverings,

and use of daylight. In the last several years, increasing

attention has been devoted to new window products that will add to

the fl-exibility of windorÁ¡ use and substantially improve its overall-

energy efficiencies. The successfuÌ implementation of these

products and designs should make it possible for windows to lower

the overal-l- energy requirements for space conditioning. There is
no technology that can be labeIled the single rrbestrr approach for
all conditions: each differs radically from the other in cost,
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effectiveness, type of effect, and range of applicability.

when energy conservation is a rnajor goal of a building design,

the sun is perhaps the single most important natural element to

consider. It affects virtually every portion of a buildingts

design: its site and orientation, structure and gLazing, HVAC

systems, Iighting system, and operating and maintenance policies'

In the Northern Hemisphere, for example, the sun factor is most

important to the design of the south, east/west, and north sides of

a building, in decreasing order (Chiogioji and Oura L982) ' Proper

design of overhangs are used to admit sunlight in the winter and

provide shade in the summer. Deciduous trees ensure summer shade

and winter sunshine, and wind breaks temper the effects of winter

winds.

If the windows are in reasonable condition, it will be far

more cost-effective to repair any defects and upgrade the windows

with caulking and weather-stripping than to replace them with new

units. If the windows are in very poor condition, and it is not

feasible to repair them, then they should be replaced with ne\^/

units. Even if the existing windows can be repaired' consumers may

want to replace them for a variety of reasons: improved

appearance, l-ess maintenance, and ease of operation. Presently,

consumers usually purchase retrofit and nev/ windows which have

three sealed panes of glass with aluminum edge spacers and wood

frames. These windows are typically referred to as triple-glazed

windows. Recently, consumer and utilities are seeking windoi^/s with

improved energy perf ormance. V'tindow manuf acturers have responded



28

to this request by introducing high-performance wj-ndows to the

window market.

2.5 EIGE PERFORI.ÍANCE WINDOWS

2.s.L General Characteristics

The window industry responded to consumer demand in the mid-

19gos when a host of new technologies became available to irnprove

window thermal performance. These are: heat-reflecting invisible

Iow-emissivity coatings, insulated edge spacers, insulated frames,

and 1ow conductance gas between sealed panes. UnfortunateÌy, the

energy performance of advanced window systems is difficult to

assess compared to other building envelope or mechanical system

alternatives. A windowrs impact upon a housers energy consumption

is heavily influenced by three interrelated factors: thermal

resistance, solar heat gain, and orientation. This complicates the

calculation of performance characteristics of windows.

High-performance v¡indows are available in many sizes and

shapes. The two styles that are common are operabte and fixed

windows. For operable windows, casement or awning-type windows are

the most common in Manitoba and provide the best combination of low

air leakage, ventilation, and ease of cleaning. As sliding and

double-hung windows tend to Ìose much heat along their sliding

tracks, most do not qualify as high-performance. A fixed window is

the best choice for a window which is not required for ventilation

or as an emergency exit (CANMET l-991-) . Fixed windows have lower

air leakage rates and are less expensive than operable windows.
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2.5.2 tigh-Performance lÍindow Technologies

In recent years, scientific approaches have been used to

address overall window heat transfer: radiation, conduction, and

convectj.on through the glazing, edge spacer, and frame (see Figure

3). Reduced heat transfer, together with improved solar heat gain

characteristics and lessened air infiltration, have resulted in

greatly improved windows.

Since two-thirds of the heat loss through a standard sealed

g¡.azing unit is radiation loss, a significant reduction in overall

heat loss can be achieved by controlling it (Canadian Home

Buildersr Association l-989). Radiation loss occurs when the inside

panel of glass transmits heat from the room and radiates it to the

cooler outside panel. This type of heat flow can be reduced with

Iow-emissivity (Low E) coatings and films. Low E metallic coatings

slow the rate at which the glass will transmit heat. Short srave

radiations (including visible light) pass through while long l,tave

(infrared) radiations are btocked. In addition, IoI^/ E coatings

also partially block ultra-violet light, reducing fading of drapes,

carpets, and other furnishings. The coatings are so thin as to be

almost invisible. Two generic types of low E coating are in use

today. These are usually known as rrhardrr or rrsoftrr coats,

referring to durability characteristics. The hard-coat glass is

more durable but has sightly lower performance than soft-coat

glass. Low-ernissivity filrns suspended between glazings are also

available. rrHeat Mirrorrr is a common trademark name for this type

"i filn.
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Figure 3. Window Heat Loss Mechanisms
. (CANMET 1-991-)

Some window manufacturers fill the space between layers of

glazing with heavy gases such as argon and krypton. These gases

discourage conduction, thereby reducing heat flow through window

layers. However, only a few manufacturers can produce the special

seals needed to contain heawy gases. Without these, the long-term

performance of the window is suspect. ft is also difficult to fill
the seaLed units with the heavy gas without allowi-ng air to
rrcontaminaterr the space. These units are stiIl experimental and

warranties against defects are very limited (CANMET, 199L).

If the thermal resistance of the glazing unit has been
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improved, the rrv/eak linktt becomes the spacer at the perirneter. Low

conductivity spacers are an important component of a HPW to get the

full benefit of low-emissivity coatings and filns and gas fiIIs.

The spacer bars are filled with a dessicant that absorbs moisture

from the air spaces between the glazings. Spacers have

traditionally been made of aluminum, but some manufacturers nov¡

offer windows incorporating plastic, silicone, or glass fibre

spacers. These have lower conductivity and reduce condensation

around the edge of the glazing. Insulated spacers also keep the

edge of glass srarmer, reduce thermal stresses and lessen the

likelihood of condensation during cold weather.

Heat loss by air flow through the frame is a major source of

window heat loss. Research is now under $¡ay to improve frame

technology so that in future frames wilI be thinner and have higher

insulation values. In general, a well-designed PVC or fibreglass

frame will slightly out-perform a wood frame for insulation

qualities, particularJ-y if the hollow channel-s are filled with

insulation.

2.6 ENERGY RATING FOR HEATING CONDITIONS

2.6.1 Generic Energy Rating Number

Superior window energy perf ormance r^tas achieved with the

advent of high-perforrnance windows (HPW). Initially, ro standard

evaluation methods were available for these ne\^/ technol-ogies. To

f ind a sirnpJ-e approach f or consumers as well as design

professionals, in 1988, Energiy, Mines and Resources Canada
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commissioned a study to develop a national consensus standard for
window performance rating and labelling. The research attempted to
establ-ísh a standard quantitative approach to evaluate windows for
energy performance. This new window evaluation method would

account for infiltration heat losses, air leakage losses, and

promote the use of passive solar por^¡er - a measure of the windowrs

ability to let solar heat inward. This ted to an evaluation
procedure based on the concept of combining into one nurnber the

three main performance characteristics that are measured

separately:

Energy Rating : Solar Gains - Transmission Heat Loss
Infiltration Heat Loss

A positive value of this window energy ratJ-ng (ER) would mean that
the window is a net heat gainer over a heating season. Windows

with high ER numbers are said to have good energy performance

characteristics. The ER nurnber is measured in Watts/m2 (W/n2).

A standardized method was developed to measure solar gains of

windows. The solar heat gain coefficient (SHGC) is defined as the

ratio of solar heat gain through a window to the solar radiation
incident on it, for a given angle of incidence and for given

environmental conditions (indoor temperature, outdoor temperature,

wind speed, and solar radiation). Included are directly
transmitted solar radiation as well as solar energy absorbed and

then reradiated/conducted inwards (CANMET 1991). A piece of

standard glass has a SHGC of approximately 0.87 (due to solar

ratios, SHGC is dimensionless). Glazing treatments, including
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glass tint and Iow-emissivity coatings, can significantly reduce

the SHGC.

In order to address transmission heat loss due to conduction,

convection, and infrared radiation, the U-value of windows is

measured. CANMET, a division of Energy, Mines and Resources Canada

defines the U-va1ue as, rrthe overall heat transmission in uniÈ time

through unit area of the complete window product and its boundary

air films, induced by unit temperature difference between the

environments on each side.rr The U-va1ue, multiplied by the

indoor/outdoor temperature difference and the cornplete window area,

yields the total heat transfer through the window. The uníts for

the U-value are vüatts/m2oc (w/n2"c) . The R-value is the inverse of

the U-va1ue. ft measures resistance of heat transmissi-on of

windows in unit time through a unit area. The units for the R-

value are m2oc7w.

Windows in Canada are tested for air leakage according to

Standard Number cSA 4440.L. The standard calls up the ASTM

Standard 8283 for testing air tightness of windows at room

temperature conditions and a specified pressure difference of 75 Pa

(PascaIs), the pressure applied in the inward direction

(infiltration). Results are quoted in terms of (m'/n) per meter of

crack length but these can be converted back to overal-1 window

leakage by using appropriate crack tength definitions (CANMET

Leer-).

The ER number for a manufacturerrs line is intended to be used

only for comparison purposes. Although positive numbers would
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suggest that the window provides a net energy benefit, the number

was determined for hypothetical average conditions. Assumptions

htere made about the type and location of houses and orientations of

windows. The following assumptions hrere made:

1-. solar gains represented by an average of the four
cardinal directions;

2. average window air infiltration related to the leakage
characteristics of the window, the local wind speed, and
the local indoor/outdoor temperature difference; and

3. average Canadian meterological conditions for
calculating the arnbient temperature over the heatíng
season.

To obtain values for the average meterological condition, a method

was used that involved a modified degree-day approach with an

estimated building balance point. Weather conditions were averaged

over those days that fall below the balance point. The calculation

was performed over locations in the 4000 to 6200 degree-day range.

Window performance depends on trade-offs between solar gain

and losses due to heat transmissfon and air leakage. These vary

across Canada as a result of a range of climate conditions, for
different window ori-entations in a house, and for different window

areas. As an example, a window with a higher SHGC might be better

on the south side of a house while a window with a lower U-va1ue

might be better on other sides, even though both have the same ER

number.

The ER equation in sinplified form is (fron CANMET 199L):

ER : 72.2 F* - 2L.9 U* - O.54 (frysl\)
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vJhere Fw is the solar heat gain coefficient;
U* is the U-value;
T,ts Ís the window air leakage rate; and
A* is the total window area.

AIl these window characteristics are evaluated for standard sizes

of window types for typical- wood-frame houses (Glover 7992).

2.6.2 Specific Energy Rating Number

The ER system also includes a procedure for calculating window

performance for more specific cases. This procedure is known as

the ERS number. It takes into account such factors as building
geographical location, window orientation, house construction type,

and window size (Glover 1992). This procedure reflects the

windowrs energy performance more accurately than the ER number.

House type has onJ-y a minor ef f ect on ERS. Homes are divided

into two categories: (a) average insulation such as building

standards have call-ed for since 1975, and (b) R-2000 insulation or

better leve1s. The ERS can be used as an estimate of the impact of

windows on building energy conservation. Positive ERS nunbers,

which can be achieved even for windows on other than south sides,

indicate that a window provides a net energy gain over a heating

season. Windo\^r properties such as SHGC, U-va1ue, and air leakage

rates are obtained from manufacturers for calculations. Results of

ER and ERS nurnbers are assembled in Section 3.3.

Several- criticisms of the ER and ERS number system exist. One

criticism of the ER single-number system is that it only takes into

account winter heating loads and that summer cooling loads are
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overlooked. However, work is under vray to include cooling-load

considerations in the ER system (Glover L992). Àn advantage of the

ER system is that a single rating is obtained to represent aIl
sizes of a manufacturerrs product line. A further advantage of the

energy rating is that when nultiplied by the number of hours in the

heating season, it provides an estimate of the windowrs energy

impact on a building.

2.7 COI,IPUÍER STUTTIJÀTIONs

Computer simulations are used in this research as an aid to
achieving cost-effective and aëcurate results. WfNDoW 4.O and

HOT2000 versíon 6.00 cornputer programs simulate windows and

residential structures, respectively. They v¡ere introduced first
in Sections 1.5.3 and l-.5.4.

2.7.L lfrNDOlY 4.0

WINDOW 4.0 was developed by the Windows and Daylighting Group

at Lawrence Berkeley Laboratory for calculating total window

thermal performance properties such as U-vaLues, solar heat gain

coefficients, shading coefficients, and visible transmittances

(Lawrence Berkeley Laboratory L992). The prograrn can be used to

design and develop new window products, evaluate window performance

characteristics, and aid users with quick generic window

simulations. WINDOW 4.O provides libraries of system components

which can be combined into a glazing system and/or a complete

window system and then analyzed.
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The libraries of systern components are:

1. Window Library for storing assembled window systems;
2. Glass Library;
3. Gas Library;
4. Glazing System Library for creating, analyzing, and

storing glazing systems;
5. Envj-ronmental Conditions Library;
6. Frame Library; and
7. Divider Library.

To construct a window, the user needs the appropriate frame

elements, glazing systems, divider elements, and environmental

conditions stored in their respective librarÍes. If the necessary

cornponents are not in their respectÍ-ve libraries, the user can

create new ones. The results of WINDOI^I 4 . O are found in Section

3 .2.

The VISION and FRAME computer software packages coul-d have

been used as alternatj-ves to WINDOW 4.0. Unfortunately, FRÀME

requires specific window frame configurations that l^/ere unavailable

due to manuf acturers I conceal-ments.

2.7 .2 HOT2 000

HOT20OO is a microcomputer program designed to assist

builders, architects, and engineers in the design of low-rise

residentiat buildings. Ut,ilizing current heat loss/gain and system

performance models, the program aids in the simulation and design

of buildings for thermal effectiveness, passive solar heating, and

the operation and performance of heating and cooling systems

(Canadian Home Buildersr Association 1991) . HOT2000 vtas developed

for use by the R-2000 Super Energy Efficient Home Program of

Energy, Mines and Resources Canada. Fietd monitoring of actual
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R-2ooo houses built under the R-2ooo program in canada has

demonstrated the accuracy of HOT200O as a design tool_.

HoT2000 lets the user input cornprehensive data on a proposed

buirding design. rt uses a six-digit code to identify tlpes of
windows and glazing conponents for different window orientations.
The following window orientations can be analyzed in HOT2OOO:

north, south, east, west, southeast, southwest, northeast, and

northwest. The output consists of: air leakage and ventilation
rates, a space heating/cooÌing sunmary, and an estimated annual

fuel consumption sunÌmary among others. This quick and efficient
package lets the user revise and test altered designs until a

satisfactory design is achieved. HOT2OOO results are tisted in
Sect,ion 3 .4.

2.8 I,ÍAITITOBA EYDRO DsI,f GI'IDELINES FOR ECONO}ÍIC ANAIJYSTS

The Guidelines for the Economic Analysis of DSM Programs,

first introduced in Section 1.5.5, was developed by DSM consultants

Barakat & ChamberLin (1991). It involves three distinct steps.

They are as follows:

Step l-) The Qualitative Analysis;
Step 2) The Sinple Economic Screen; and
Step 3) The DS Strategist Run.

The Qualitative Ànalysis establishes whether technologies
qualify as potential energy-saving measures based on various
qualitative perceptions. If the measures fail the Qualitative
Analysis, they are elininated from future DsM economic analysis.

Those measures that pass the Qualitative .A,nalysis are ready for the
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Simple Economic Screen (SES). In the SES, measures are elirninated

if they do not pass the Measure Resource Cost Test (MRC). The

basic equation used in this analysis is:

where

MRC=Benefits/Costs

Benefits = Net present value of the utility avoided
costs over the life of the measure; and

Costs : Net present value of incremental costs incurred
by the customer to use the efficiency measure.

This model calculates the net present vaÌue of the stream of

avoided-resource costs for each measure and compares this to the

incremental costs of the technology. Any measure with a MRC

greater or equal to 1-. 0 is passed on to Step 3 I'The DS Strategist
Run.rr Those measures that fail the ltRC are shelved. Barakat &

Chamberlin (l-99L) has developed an electronic spreadsheet rnodel to

assist DSM planners using the Sirnpl-e Economic Screen. The analysis

figures for the SES are derived from various computer simulations,

such as HOT2000, used in DSM planning. Once the SES model is
complete, qualifying measures are screened further with the DS

Strategist evaluation.

The DS Strategist Run evaluates the total net resource

expenditures, Total Resource Cost (TRC), of a DSM program from the

point of view of the utility and its ratepayers as a who1e. In
simple terms, the DS Strategist evaluation includes util-ity prograrn

costs and adjusts for free riders that the SES leaves out. Free

riders are the consumers who apply for incentives but would have

bought the measures irregardless of whether incentives were

offered. A quick rule-of-thumb method was developed by Barakat &
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Chamberlin to rnodify the ¡{RC to siniul-ate the TRC. This method

includes a proxy for program costs of 252 of the lfRC to establish
the TRc. A TRc areater than 1 indicates that the program is at
least narginally cost-effectíve. This is Manitoba Hydrors primary

screening criteria for economic cost-effectiveness; atr DsM

programs must pass this test.! The results of the utility econornic

analysis are tabulated in Section 3.5.

2.9 CONST'I,IER FINÀ}¡CIãIJ A¡¡AI.¡YsIs

There are several tools available to calculate the consumerst

financiar anarysis for DSM projects. The techniques !¡ere

introduced first in Section 1.5.6. The three methods used are:

Simple Payback Period (SPP), Internal Rate of Return (IRR), and Net

Present Value (NPV).

The SPP analysis calculates the number of years required for
the net cash flow of an investnent to equal zero (Smith L9B1).

This payback period is calculated by noÈ considering the interest
rate. A more refined method is also avail-able to calculate the

payback period including the interest rate of borrowed money. In
sirnple terms, the SPP analysis is calculated to determine the tirne

to repay the investment. It can be used to compare various

alternatives, with the energy management alternative having the

shorter payback period being the preferred investment.

The IRR analysis calculates the opportunity interest rate an

investment is expected to yield so that total discounted benefits
and costs break-even (Hu L983). The criterion for selection among
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alternatives is to choose the investment with the highest rate of

return. The rnethod used to find the interest rate is perforrned by

trial and error when the present worth of the net cash flow is zero

(Snith 1e81-) .

The NPV rnethod calculates the difference between the present

value of the benefits and the costs resulting from alternative

investments. The acceptance criteria of a project, as evaluated

with the NPV rnethod, are that: (1) only those investments having

positive net benefits will be accepted (unless the project is

rnandatory); and (2) when selecting among mutually exclusive

investments, the one with the highest positive net benefits will be

chosen (or the one with the lowest negative net benefits when the

project is mandatory and none of the aÌternatives has positive net

benefits) (Hu 1-983). A comparison of the aforementioned financial

analysis methods is found in Table l-. A more detailed explanation

along with results is illustrated in Section 3.6.



Table L.

Method Name

Simple Payback
Period

Comparison of Financial Methods

Internal- Rate
of Return

Net Present
Value

Advantages

Easily understood
by management

Sinilar to present
worth; results
easily understood
by managenent

Takes into account
escalation, cost
of money, variable
project lives

Disadvantages

Does not consider
variable project
lifetines, future
events

Needs iterative
calculations and
may yield nultipte
TRRs

More calculation
effort involved

(adapted from Snith

Recommendatíons

Recommended for snall
projects with lives
less than five years

AII-ows the user to
weigh against the
return of other
investments

Recommended as best
overall nethod for
aII types of projects

1981, page 379)

,Þ
N
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2.LO I.INKING HTGH-PERFORT{ANCE WINDOWS TO ITHE ENVIRONI.ÍENT

High-performance window (HPtrI) technologies such as argon gas

fitls, low-ernissivity coatings, insulated edge spacers, and

insurated frames generally improve the energy efficiency of
windows. As stated in Barakat & Chamberl-inrs report (1991), HPlrIs

qualify as potential measures for inclusion in Demand-Side

Managernent (DSM) programs. The intent of DSM programs is to reduce

energy consumption and peak toads. These benign measures enable a

utility to delay the construction of generation stations which are

associated r¿ith environmental- degradation. Examples of

environmental- casualties are: flooding, socio-economic problems,

and contributions to the ubiquitous greenhouse gases.

HPWs can be part of a holistic environmental movement due to
their energy conservation features. In summary, using Demand-Side

Managernent endeavors such as a potential HPW incentive prograrn is
good rrNatural Resources Management. rl

2.LL EXISTING UTII,ITY HPW INCENTIVE PROGRÀ}IS

Some utilities across North America already provide direct
purchase incentives for HPhfs based on energy performance as part of

their Demand-Side Management programs. Two utilities, Bonneville

Power and Ontario Hydro, have recently implernented HP[.I incentive
programs. Many others are looking at higher performance

fenestration products for inclusion in their DSM programs.

In the United States, âS part of their rrsuper-Good-Sense-

Programrrr Bonneville Power introduced a HPVü incentive program in
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l-986. To qualify f or f inancial incentives, homeov/ners must

purchase windows with minimum heat transmission l-evels of 0.35 U-

value (0.50 R-value).

Ontario Hydro introduced the rrOntario Hydro Window Incentive
Programrrin the spring of L992. This three year, $to rnilrion
program provides consumers with a $s/sq.ft. ($s¡.8/m\ financiar
incentive for installing irnproved windows in electrically heated

homes, with Energy Ratings greater than +2 for fixed and -13 for
operable (Ontario Hydro l-991-) . Un1ike the Bonneville incentive
program, Ontario Hydrors incentives are offered to homeowners who

purchase windows which meet Energy Rating specifications. The

Energy Rating is based on three j-nterrelated characteristics: heat

transmission, solar heat gains, and infiltration Ioss. Now

covering over 900 products from about l-OO manufactures, the program

has paid out over $600,000 in rebates to new construction and to
replacement windows (Glover L992).

2.L2 SUMMJARY

The events leading to the L973 oi1 embargo initiated
strategies for energy conservation. The inflation of energy prices
resulted in domestic policies which $¡ere formulated to protect
energy security. These policies affect both the suppry of
hydroelectricity and energy conservation. Electrj-ca1 utilities,
such as Manitoba Hydro, are taking the initiative to reduce

erectricity production by managing the demand for power. rn 1991-,

Manitoba Hydro purchased the tpower smartrr program to promote
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Demand-Side Management, since the results of energy conservation

can have positive irnpacts on the environment due to delayed capital
construction.

Good potential for energy conservation exists through new

technologies. Manitoba Hydro has drawn attention to recent

developments and improvements of high-performance windows. A study

of this nev¡ technology has been initiated as a possible Demand-Side

Management program. The simulation of energy savings with high-
performance windows is possible using computer programs such as

WINDOT{ 4.O and HOT20o0. Using established economic analysis

methods, the economic feasibility of high-perfornance windows can

be achieved.

The next chapter evaluates, lrith computer simulations, whether

high-performance windows pass the utility economic and consumer

financial screens. This is achieved by sirnulating various window

applications in Winnipeg.
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CITÀPTER 3

HIGH-PERFORMANCE WINDOIV ENERGY PERFORMANCE ÀND
ECONOI'ÍTC RESUIJTS FOR DS}f ANALYSIS

3.1 HIGH-PERFORT{ANCE WTNDOI{ PRTCE SURVEY

3. 1. 1 HPW Questionnaire

A price survey was directed to HPI{ manufacturers and

installers in vtinnipeg during the sunmer of tggz. This price
survey established conventional triple-glazed window and HPW

options installed prices for windows. A list of window

manufacturers contacted for HPW prices is found in Appendix B. The

contact people at these manufactures were contacted first by

telephone. The researcher introduced himself, explained the study,

and made an appointment to visit each manufacture and ask relevant
questions for the HPW survey (see questionnaire in Appendix C).

Over the summer of 1,992, window installers in Winnipeg r¡/ere

telephoned for HPw installed prices. Due to the initial
complacency of installers when faced with a non-sa1e, âs

experienced with fuI1 identification, the researcher did not

identify himsel-f as a university student but as a customer willing
to replace an existing broken window. The results generated are

believed to be less biased, ês instal-lers did not rrffuffrr window

prices in atternpt to make an incentive program more viable. The

prices quoted are those they would have charged a potential
customer. During the course of conversation with contact people,

additional- comments v/ere noted in regards to HPlrIs and the Ontario

Hydro HPVü Incentive Program (these comments are assembled in
Section 3. L.3) .
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3.1.2 HPMrices
In order to establish statistical validity to the results, a

confidence interval (CI) of 2 standard deviations for HP!,I prices is
performed (also known as CI of 952). The confidence coeffi-cient
0.95 implies that in repeated sarnpling, 95 percent of the

confidence intervals encloses ¡,1, the mean (Mendenhall l-987).

The methodology used to find the confidence interval goes as

follows

L) get the point estimate of the mean, x

2) find the standard deviation, = : ,/F(x,-x)2
where n : number of samples f ----;:i

3) find the standard deviation of the curve, s* : s¡{n
4) confidence interval = x t E¿z * s*, where t, is the t

value with v=n-l- degrees of freedom, leaving an area of
e/2 Lo the right (Vtalpole & Myers 1985). See Figure 4.

The HPW prices were obtained during the summer of Lggz. The

researcher required HPW pricing for basic triple-glazed windows and

for HPVü options and combinations of options. The installed price

with and without taxes (PST & cST) is recorded for economic

analysis. The statistical analysis of the prices for installed
fixed and operable triple-glazed (91-5 rnn x 1220 nm) windows is as

follows (prices are on a per window basis):
Fixed !{indow: n=3L

x = ç275.65
s = 99L.36
s* : $16.41
cI = ç275.65 t $33.56 without taxes
cI = ç3L4.24 t $¡e.26 with 1-4? taxes
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x=p

2 standard deviations

Figure 4. Confidence Interval

OperableWindow: n:15
x = ç479.67
s : gg1.g8
s* : ç23.7s
cr : ç479.67 t $50.94 without taxes

. cI : $546.82 t $58.07 with 1"42 taxes

The results stemming from this statistical analysis indicate there

is a 952 probabirity that prices of tripre-grazed fixed. and

operable windows will vary by !r2Z and *1-oeo respectively. This

relatively narrow price range reflects the high competition of the

industry.

For the argon gas filled windows, the confidence interval
prices, pêr window, is as follows:

n=l-9
x : 920.04
s : 99.84
s* = ç2.29
CI = $20.04 t $¿.e0 without taxes
cI = Çzz.es + s 5.47 with l_4å taxes
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The results from the confidence interval for argon gas filled
windows indicate a range of !242. This wider price range reflects
the fact that argon gas filled windows are a relatively new HPI,I

technology and the price has yet been standardized by the window

industry.

Às there is only one exclusive manufacturer and seller of Heat

Mirror in Manitoba, no statistical analysis is possible. The

incrernental costs of Heat Mirror, per window, are:

n-l-
x : 930.24 without taxes
x : ç34.47 with l_4? taxes

For Low E, the confidence interval pricing, per window, is as

follows:

n = 30
x = ç43.92
s : gl-3.20
s* = Ç2.q0
CI.= ç43.92 t ç4.92 without taxes
cI = $50.07 J $5.61- r¡/ith L4eo taxes

For the Low E option, the price variation of tl-1å is calculated.

This relatively 1ow price range reflects its cornpetitiveness.

Most manufacturers and installers suggesled that high-

performance frame (HPF) prices would add between 16-192 to triple-
glazed window prices without HPW options. The HPF prices r¡rere

therefore cal-culated at l-7.52 above the triple-gtazed window

prices.

HPF for Fixed ttindow:
x : ç48.24 without taxes
x : $54.99 with 14å taxes
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HPF for Operable Window:
x : 983.94 without taxes
x = 995.69 with J_42 taxes

For insulated edge spacers, the confidence interval pricing,
per window, is as follows:

n:7
x = ç9.72
s = gl_0.69
s* = $4. oB
Cr : 9g.ZZ t 99.96 without taxes
cr = $11.09 t $l-1.35 with l-4å taxes

A price range of over +l-OOå for insulated edge spacers reflects a

wide variation in pricing of the newest HpVü technology.

For double gtazed windows with two tayers of Heat Mirror, the
pricing is (combination incremental costs over and above triple-
glazed windows):

Fixed Vtindow: n : 1-, only one manufacturer/distributor
found

x = $L44.35 without taxes
x = $164.56 with 1-42 taxes

n = tt only one manufacturer/distributorOperable Window:
found

i 
= 

tl?.i3 iiil"ü*'iä;:=
The incremental costs associated with this window type seem very

Iow. These cosLs may have been lowered by the manufacturer to
attract attention from readers of this study

A HPW hierarchy was developed along with manufacturersr and

practicum committeers input to observe the economic and

technological impacts of each HPW option for specific conditions.

First, each HPW option is studied individuarry, then the options

are combined. The following list describes each measure:
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TG: conventional triple-glazed wood-framed window with
aluminum/metal spacer bar - no HPW options;

TG, 1-Ar: triple-glazed wood-frarned window with aluninun/
metal spacer bar and inside window cavity filled wittr argon
gas;

DG, l-lIM: doubJ-e-glazed wood-framed window with aluminurn/
metal spacer bar and one filn of Heat Mirror.between panesr'

TG, l--Low E: triple-glazed wood-framed window with
aluminum/netal spacer bar and one layer of Low E;

TG, HPF: triple-glazed window with aluminum/meta1 spacer
bar and high-performance frame constructed of vinyl or
fibreglass;

TG, fES: triple-glazed wood-framed wi-ndow wi-th insulated
edge spacer bar;

DG, IES, 1-HM: double-glazed wood-framed window with
insulated edge spacer bar and one film of Heat Mirror
between panes ì

TG, IES, 1--Ar, 1-Low E: triple-glazed wood-framed window
with insulated edge spacer bar, one cavity fiIled with
argon, and one layer of Low E;

TG, IES, 2-Ar, 2-Low E: triple-glazed wood-framed window
with insulated edge spacer bar, two cavities filled with
argon, and two J-ayers of Low E;

TG, HPF, IES, 2-Ar, 2-Low E: triple-glazed high-performance
framed window with insulated edge spacer bar, two cavities
filled with argon, and two layers of Low E;

DG, HPF, IES , 2-Ar, l--HM, l--Low E: double-glazed high-
performance framed window with insulated edge spacer bar,
two cavities filled with argon, one film of Heat Mirror,
and one layer of Low E; and

DG, IES, 2-HM: double-glazed wood-framed window with
insulated edge spacer and two Ìayers of Heat Mirror.

The window incremental costs reflecting the HPVI option prices

calculated above are listed in lable 2. For the HPW cornbinations,

the individual option prices $/ere added. The last window type,

"DG, fES, 2-HMrr, is the only exception.



Description

TG
TG, 1-Ar
DG, L-HM
TG, L-Low
TG, HPF
TG, IES
DG, IES,
TG, IES,
TG, rES,
TG, HPF,
TG, HPF,
DG, IES,

Table 2. High-Perfornance Vüindow Prices

E

1-HM
l--Ar, l-Low E
2-Ar, 2-Low E
IES, 2-Ar, 2-Low E
IES, 2-Ar, l-HM, 1-Lo\^/ E
2-HM

Fixed
W/O Taxes
( $ /v'Iindow)

Window Incremental Costs

20
30
43
48

9
39
73

L37
185
L72
].44

Fixed
W Taxes

( $/window)

04 22
24 34
92 50
24 54
72 1-1
96 45
68 84
64 1-s6
88 zLL
20 L96
35 L64

85
47
o7
99
o8
55
00
92
9L
3t-
56

Operable
W/O Taxes
( $/window)

20.04
30.24
43
83

9
.39
73

L37
22L
207

15

Operable
W Taxes

( $/!'Iindow)

22.85
34.47
50. o7
95.69
1_1_. 08
45. 55
84. OO

L56.92
252.62
237.OL

1,7 .48

92
94
72
96
68
64
58
90
33

ur
Ì\)
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This window type is unique, thus the manufacturerrs price quotation

v¡as used directly in the calculations. Results recorded in Tabte

2 indicate that higher-end HPI,fs are more expensive than those with

few options. The HPW option prices are applied in Table 12 on page

79 and Table 16 on page 105.

3.1.3 Àdditional Survey Conments

The following general comments were made by the contact people

at windor¡ manufactures/installers in regard to the Energy Rating

(ER) system, incentive programs in general, and the Ontario Hydro

HPI{ incent,ive program specifically.
Many manufacturers and suppliers were in favor of the ER

system. They believe that this systen can be used as a good

market,ing tool to seII windows. It was indicated that although the

ER number is a good marketing tooI, it should. not be the sole

measure for customers to consider when purchasing windows. Other

window properties such as quality, window life, and warranties

should be considered egually with the windowrs ER number. Many

manufacturers complained that the ER number was expensive to obtain

since the tests had to be perforned by qualified laboratories.

AIso, many believed that the single nurnber system Þras too

sinplistic and deceiving to the customers since it conbines three

distinct properties that some feel should remain separated due to

the uniqueness of each parameter.

Both favorable and negative opinions towards incentive
programs were given by nanufacturers. It seems that the window
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manufacturers vrith high ER window values are in favor of the

incentive programs and ER numbers while those with lower window ERs

are not in favor of any kind of HPW incentive program. One

respondent cornmented that incentive programs may attract iljunk

dealers who exist so1ely to exploit utility incentives. Also, past

Manitoba Hydro incentive programs offered incentives to consumers

irregardless of their heating systems. Some manufacturers believe

that by offering incentives only to households with electrical heat

discrininates against those with other heating sources.

There were also many negative opinions of the Ontario Hydro

incentive progran by Manitoba window nanufacturers. Manufacturers

and consumers complained that the ER cutoff numbers !¡ere rrpickedrl

by someone prior to any analysis; these numbers are not the end

result of any rigor. One manufacturer stated that he believed that
the incentive was too low and mostly the free riders were the ones

responding to the program. Homeowners who would have purchased.

HPWs whether an incentive program existed or not, are the only ones

benefitting from the program. The incentives are perceived as

being too low to generate interest fron the nass populace. AIso,

many complaints were ex¡rressed about the Ontario Hydro HPW ER

cutoff poínt of -1-3 for operable windows and *2 for fíxed windows.

Manufacturers believe these values are too low and the wíndow

manufacturers would have to produce lower grades of windows to
satisfy the artificial consumer demand generat,ed by the incentive
program. Therefore pot,ential energy reductions forecasted are

never maximized.
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3.2 nINDOtf 4.0 À!¡AIJySIS

The HPW thermal performance was evaluated by using WINDOW 4.A,

an fBl.l PC computer program developed at the Lar¡rence Berkeley

Laboratory.

This research required the R-value (l/U-value) and solar heat

gain coefficient (SHGC) output from WINDOW 4.O. À sarnple printout
of WINDOW 4.0 is found in Àppendix H. Since WINDOW 4.O does not

distinguish between fixed and operable windows, there are only 12

different window specifications. The window performance results
are condensed in Tab1e 3:

Table 3. Window 4.0

Description

TG
TG, 1-Ar
DG, 1-H¡{
TG, 1-Low E
TG, HPF
TG, ïES
DG, rES, l-Hl,f
TG, IES, 1-Ar, 1-Low E
TG, fES, 2-Ar, 2-Low E
TG, HPF, ïES, 2-Ar, 2-Lolr E
TG, HPF, fES, 2-Ar, 1-HM, l-Low E
DG, rES, 2-HM

Output Results

R-va1
çm2'c¡w¡

0.48
o.49
o.57
o.52
o.52
o .52
o. 66
0. 60
o.73
0.81
0.88
1. 04

SHGC

o.52
o.52
0.31
o.44
o.52
o .52
0.31
0.45
o.37
o.37
o.28
0.33

Referring to Table 3, it seems that HPWs with increasing

options have higher R-values and lower SHGCs than the conventional

triple-glazed window rrTGrr. It seems that the R-value is inversely
proportional to SHGCs with respect to HPWs. In fact, each HPVI

option has a positive impact on the R-value as each R-value is
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larger than 0.48 rn2oC¡W for triple-glazed (Tc) windows. Only the

Heat Mirror and Low E reduce the SHGC of each trindow; aII other

options have no effect on the SHGC. This explains why HPI{s have

lower SHGCs; they all have either of these low-emissivity
technologies. The results from Table 3 are included for further
analysis in Tab1e 16 on page 105, under the rrl{indow Energy

Performancerr column.

3.3 ENERGY R.ATING CATJCUIJATION

3.3.1 Generic Energy Rating tlr¡mber

The Energy Rating (ER) calculation for each window is based on

the three window properties introduced in Section 2.6. They are:

R-values (1/U-value), solar heat gain coefficients (SHcCs), and air
Ieakage rates. Sínce the R-values and SHGCs were calculated using

WINDOW 4.O, only the air leakage rates have yet to be deternined.

Referring to Appendix D, Clause 8.L of CSA Standard A44O.2 lists
both the complete and sinplified equations for ER calculations.

The ER equation used applies to the heating season only. The

heating season is taken as October 1 through April 30 inclusive.
The CSA is currently developing an ER system to accommodate both

heating and cooling seasons.

The air leakage rates were obt,ained from actual manufacturerrs

test results on HPWs. In Table 4, the air leakage rates are listed
as follows:
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Tab1e 4. Air Leakage Rates

Window lype Air Lgakage Rate
(n3/h-n-r)

wood fixed 0.0L6
wood operable 0.200
HPF fixed 0.008
HPF operable 0.170
DG, rES, 2-HM 0.060

The simplif ied equation was used to calculate the windotr¡s I

Energy Rating (ER) values. The equation is listed as forl-ows

(csÀ 1eeL):

ER : 72.2 F* - 2L.9 U* - 0.54 Gqs / A*), v/here

F* : window solar heat gain coefficient (SHGC) ,
dimensionfess

U* - window U-val-ue (1-/R-va1ue), I^I/(n2"C)
bs = window air leakage rate at a pressure difference of

75 Pê, m3/h
A* : area of window, m2

A sample ER cal-culation was performed on the t,TG, 1-Àrrr HpW

for a heating season. Referring to Table 16 on page l_05, the

values tabulated are as follows (exarnple arbitrarily chosen):

R-vaI = o.4g rn2ocTw
SHGC = O.52
Air Leakage Rate : O.0l-6 m3/h-¡-t

Rearranging these values into the equation, the values become:

F* = O.52
U* = 1/R-vaI : 7/O.+9 = 2.O4 I^I/ (m2"C)

Us = 0.0l-6 m3/h-¡¡-l * 4.27 m/window = o.o7 m3/h
\ = l-'l-l- m2

and ER : -7.2 W/m2

The ER values for each HPW have been recorded in Tab1e 16 on page

105. Observing the ER values for HPWs in Table 16, it seerns that

in general the ER number increases as more HPW options are added to
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each window. Also, since high-end HPI{s have larger incremental

costsr âs expressed in Table 2, one can deduce from Figure 6 that
the ER is roughly proportional to the window incremental costs.

3.3.2 Specific Energy Rating Number

C1ause 8.L of CSA Standard A44O.2 in Appendix D provides a

method of calculating the ER value based on average climatic
conditions. rn order to obtain an energy rating value (ERS) that
is specific to the clÍmate of a particurar rocation, to house

design, to window orientation and size, the methodology in part 2

of CSA Standard A44O.2 vras fol-Iowed. Again the ERS calculations
apply only to the heating season.

A sample ERS calculation was performed on the ,tTG, l-aRtt HpW

for the heating season following the methodology in example l- and

example 2 in Appendix D.

l-. House type: Typical Fainily House (see Appendix E for
specifications)

2. Location: Winnipeg

3. Window type: fixed with wood frame and sash; sealed
triple-glazing with one argon-fi1Ied space. I{indow
properties:
F* : 0.52
U* : 2.O4
I'ts/A*: 0.06

4. Ratio of total window area to house floor area (A*/An):
Assume l5Z

5. Value of SGf : 0.52*0.1-5 : 0.078
Must now interpoÌate between the top and bottom
reference values of SGI in Table 1- (Appendix D) to
obtain values for F..
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6. Values of F, for orientations of interest:
South East/I{est. North
150. O -69.7 -34.1,

7. Values of qs : F,*F*
South East/West North
78.0 36.2 L7 .7

8. Value of q, = U*(ti-t.)
Çr= 2.04*28.3 = 57.7

9. Value of g¡ : F¡(Lsl.â*)
g¡:0.57*0.06:0.03

10. Values of ERS = gs - gt -gi
South East/West North
20.3 -2L.5 -40. O

ERS average : -]:5.7

The ERS values for aII HPWs are recorded in Table 16 on page

105. Similar to the ER system, the ERS of each window, in general,

increases as windows have more HPW options. The windows on the

south orientation have the highest ERS numbers followed by the

east/west and north orientations in decreasing order as a result of

decreasing solar heat gain. The ERS values for heating and cooling

seasons are represented by NA (not applicable) since the method of

ERS calculation for these conditions has not yet been developed.

3. { Eoltr2000 ÀlIÀrJYSIg

3.4.1 Introðuction

HOT2000 is a computer-simulation program designed to provide

an accurate way of evaluating building designs. It was introduced

in Sections L.5.4 and. 2.7. The evaluation takes into account the

thermal effectiveness of the building and its conponents, the

passive solar heating due to the location of the buitding, and the
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operation and performance of the buildingrs ventilation, heating,

and cooling systems (Canadian Home Builders Association 1-991-).

The basic functions of HOT2OOO are to:
Create a bouse data file. Buildíng plan blueprint
dimensions and thermal resistances of construction
materials, six-digit code to identify window and
glazing components, heating and cooling system
information, and geographical location for a proposed
residential structure are entered as data into HOT2OOO
and stored in a house data file; and

Run an anaì.ysis. Using the data in a house data fiIe,
HOT2000 performs a heat loss/gain and cooling analysis
on the structure, providing detailed infornatj_on on the
causes of heat loss/gain in the existing design. HOT2OOO
can also include utility fuel- costs in its analysis of a
structure. This information is presented in concise
reports.

3.4.2 HOT2000 Set-up

fn order to enter house data into HOT2OOO for analysis,

statistical house information was required. This information was

acquired from Manitoba Energy and Mines and Manitoba Hydro. In the

HOT2000 analysis, two house types were evaluated: namely Typical

Fanily House and Energy Efficient Farnily House. The Typical Fanily

House represents standard j-nsulation levels in houses built after
L975. The Energy Efficient Fanily House is representative of R-

2ooo or Power smart homes built today. see Appendix E for house

specifications.

For each house type, heating loads alone and heating and

cooling loads are calculated. For each of the above conditions two

window types, namely fixed and operable, are being eval-uated in
HOT2000. Al-so, windows in north, south, east, ,and . west
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toorientations are studied. In total, there are 32 groups

evaluate. Table l-6 on page l-05 lists all groups.

For the HOT2ooo analysis, all input variables $rere kept

constant except for the windows. First, the energy performance hras

simulated for houses with standard triple-glazed windows. Then one

window at a time in each orientation vtas upgraded by a high-

performance option while keeping all other windows as triple-
glazed. This analysis simulated all high-performance window

options for different conditions keeping all other variables

constant.

For each group, the window conditions are evaluated. The

WINDOW 4.0 window thermal performance results are added into the
rrUser Defined Parameterrr option in HOT2OOO. HOT2000 uses a six-

digit code to identify these user-defined windows. Th? windows

listed in Table 5 hrere used in the HOT2000 analysis (refer to

Section 3.1.2 for windor¿ specifications):

Tab1e 5. HOT2000 User-Defined Window Codes

HOT2ooo Code Window Description

o00o0r_/ 1_0ooor_ TG
000002 /Looooz TG, 1-Ar
oo0oo3/L00003 DG, 1-HM
000004 /LOOOO  TG, 1-Low E
000005/ r_00005 TG, HPF
000006/100006 TG, IEs
000007 / LooooT DG, rES, l--HM
0OOO08/l-00008 TG, IES, L-Ar, L-Low E
000009/100009 TG, IES, 2-Ar, 2-Low E
00001-0/l-0001-0 TG, HPF, fES, 2-Ar, 2-Low E
00001-l-/1-0001-l- DG, HPF, IES, 2-Ar, 1-HM, 1-Low E
oo00l_2/Looo]-2 DG, rES, 2-HM
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The HOT20O0 codes with a rrOrras the first digit indicates that
the window is fixed; those with a rrlrr are operable windows. W¡NDOVü

4.O and HOT2OOO window performances (R-vaI and SHGC) are the same

for both operable and fixed windows.

HOT2000 can include fuel costs in j-ts analysis of a house in
its rrFuel Costs Editor". This library maintains utitity rates data

for various fuels (electricity, natural gas, oiI, and. wood). These

libraries are accessed by HoT2OOo whenever the user wishes to
include energy cost calculations in the analysis of the building.

Manitoba Hydro's electricity billing schedule was added into
the HoT2000rrFuel Costs Editortt which calculates the consumer

energy bills on a monthly or yearly basis. Manitoba Hydro has what

is known as a front end block rate structure whereby arl
residentiar customers in winnipeg (Zone 1) pay s.7 cents per

Kilowatt-hour (KI^fh.) for the first 1-75 Kwh. of electricity consumed

per month with the balance of consumption costing the customer 4.6

cents per KWh. (September 1-992 rates). Residential customers also
pay a Manitoba Hydro loan payment and applicable taxes on their
electricity biIls. A simplified version of the front end block
rate structure is shown in Figure 5:
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fnergy Rote 0,057

<5/KVh,>
0,04 6

fnengy (KWh.)

Figure 5. Manitoba Hydro Billing Schedule f or l.Iinnipeg

3.4.3 HOT2000 Results

The HOT2OOO analysis was performed for 1,g2 scenarios. The

energy use for the Typical Family House and Energy Efficient Famity

House is consistent with the statistical figure of 27 t47O KWh. per

year shown in Appendix E. A sample HOT2000 computer printout can

be consulted in Append.ix G.

The HOT2OOO annual energy use for each HPW scenario has been

assembled in Table '6:
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Tab1e 6. HOT2000 Annual Energy Results

House Type: Typical Farnily House
Aj-r Conditioning: No
Window Type: Fixed/Operab1e

Window Description

I{tlüh. /yr

South East/West North

TG
TG, L-Àr
DG, L-HM
TG, 1-Low E
TG, HPF
TG, IES
DG, ïES, 1-HM
TG, rES,1-Ar
TG, rES, 2-Ar"
TG, HPF, rES,
TG, HPF, IES,
DG, rES, 2-HM

1-Low E
2-Low E

2-Ar, Z-Low
2-Ar, l--HM,

E
1-Low E

287 88 .5
2A778.a
28954.2
28843.2
28754.3
28754.3
28905.7
287 80 .2
28809.2
287 81.7
28862.4
2877 r. L

Family House

South

23483.7
23475.3
23639.2
23535.7
23452.L
23452.1
2359L.9
2347 4.7
23500. 0
23473.3
23548.7
2346L.5

28788.5
28778.1
2884t.5
28800.4
287 54 .3
28754.3
28793.O
287 42.6
28728.7
287 0L .3
287 33 .6
28669.a

KlVh. /yr
East/West

23483.7
23475.3
23527.8
23493 .4
23452 . I
23452.r
23480.5
23437 .7
23420 .6
23393.9
2342L.4
23360.9

287 88 .5
28778.L
2877 4 .7
28775.O
28754.3
28754.3
28726.2
287 20 .5
2868L.2
28653.8
28657.3
28608.9

North

23483.7
2347 5 .3
23467.6
2347 0 .7
23452 .7
23452 . I
23420.5
234L7.8
23377 .9
23351. 3
23352 .8
23306.8

House Type: Energy Efficient
Air Conditioning: No
Window Type: Fixed/Operab1e

lVindow Description

TG
TG, 1-Ar
DG, ]_-HM
TG, 1-Low E
TG, HPF
TG, ïES
DG, rESr l-HM
TG, IES, 1-Ar, l--Low E
TG, IES, 2-Ar, 2-Low E
TG, HPF, fES, 2-Ar, 2-Low E
TG, HPF, IES, 2-Ar, l--HM, 1-Low E
DG, rES, 2-HÌ,4
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House Type: Typical Farnily House
Air Conditioning: Yes
I{indow Type: Fixed/Operable

Window Description

TG
TG, 1-Ar
DG, L-HM
TG, l-Low E
TG, HPF
TG, IES
DG, IES, ]_-lIM
TG, IES, 1-Ar, 1-Low E
TG, IES, 2-Ar, 2-Low E
TG, HPF, fES, 2-Ar, 2-Low E
TG, HPF, ïES, 2-Ar, 1-ïIl{, 1-Low E
DG, rES, 2-Ífl1

House Type: Energy Efficient
Air Conditioníng: Yes
Window Type: Fixed/Operable

Window Description

TG
TG, 1-Ar
DG, l-HtI
TG, l-Low E
TG, HPF
TG, IES
DG, TES, I-TIM
TG, IES, 1-Ar, l-Low E
TG, IES, 2-Ar, 2-Low E
TG, HPF, IES, 2-Ar, 2-Low E
TG, HPF, IES, 2-Ar, 1-IIIII, l-Low E
DG, IESr 2-IIM

The annual energy

calculated by taking the

performance windows and

savings for each HPW option are then

difference of energy results between high-

respective base triple-glazed windov¡s (fc)

South

29669.8
29659 .4
29805.9
297L3 .6
29635.6
29635.6
29757.4
29652 . O

29670.1_
29642.7
297LO.2
29625.5

Fanily House

South

24488 .8
24480.4
24606.8
24522.8
24457.2
24457 .2
24559.9
24463.8
24477.L
24450.3
245L2 . s
24433.5

Kwh. /yr
East/West

29669.8
29659 .4
2969L. O

2967 0 .7
29635 .6
29635.6
29642 .6
296L4.4
29586.6
29559.2
29579.L
2952]-.6

Kwh. /yr
East/West

24488.8
24480.4
24495.5
24480.8
24457.2
24457.2
24448.6
24427 . O

24398.2
2437J..8
24385.4
24332.9

North

29669.8
29659 .4
29643.L
2965L.4
29635 .6
29635.6
29594.7
29597 .6
29553.3
29526 . O

29524 . O

29478.7

North

24488.8
24480.4
24453.4
2447 0 .4
24457.2
24457.2
24406.3
244L8.7
24364.r
2434t.7
24337.L
24294.8
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TabIein Table 6.

7.

The results of these calculations are found in

Table 7. Annual Energry Savings for HPI{ Options

TG
TG+
TG+
TG+
TG+
TG+
TG -'
TG -+

TG*
TG+
TG+
TG+

House Type: Typical Farnily House
Air Conditioning: No
Window Type: Fixed/Operable

I{indow Description

TG, 1-Ar
DG, 1-HM
TG, 1-Low E
TG, HPF
TG, IES
DG, IES, L-H¡{
TG, IES, 1-Ar, 1-Low E
TG, fES, 2-Ar, 2-Low E
TG, HPF, IES, 2-Ar, 2-Low E
TG, HPF, IES, 2-Ar, l--HM, 1-Low E
DG, IES, 2-ÍNl

Window Description

TG, l--Ar
DG, 1-IIM
TG, l-Lo!¡ E
TG, HPF
TG, IES
DG, IES, l-HM
TG, fES, 1-Ar, 1-Low E
TG, IES, 2-Ar, 2-Low E
TG, HPF, IES, 2-Ar, 2-Low E
TG, HPF, IES, 2-Ar, I-IIM, 1-Low E
DG, ï8S,2-IIII

South

l_o.4
-L65.7
-54.7
34.2
34.2

-LL7.2
8.3

-20.7
6.8

-73.9
L7 .4

Kwh. /yr
East/West

10.4
-53.0
-11. 9
34.2
34.2
-4.5
45.9
59.8
87.2
54.9

149 .4

Kwh. /yr
South East/I{est

8.4 8 .4
-155.5 -44.L
-52. O -9.7
31.6 31.6
31.6 31.6

-108.2 3.2
9.0 46.0

-16.3 63.1
10.4 89.8

-65. 0 62.3
22.2 L22.8

North

10.4
13.8
13.5
34.2
34.2
62.3
68.0

LO7.3
L34.7
L3!.2
L79 .6

House Type: Energy Efficient Family House
Air Conditioning: No
Window Type: Fixed/Operable

TG
TG+
TG+
TG -+

TG+
TG '+
TG+
TG+
TG '+
TG+
TG '+
TG+

North

8.4
16. 1
13.0
31.6
31. 6
63.2
65.9

105.8
L32.4
130.9
L7 6.9
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TG
TG -+

TG+
TG -*
TG '+
TG+
TG*
TG*
TG -*
TG+
TG+
TG+

TG, 1-Ar
DG, l-HM
TG, 1-Low E
TG, HPF
TG, IES
DG, rES, 1-HM
TG, IES, 1-Ar
TG, IES,2-Ar"
TG, HPF, rES,
TG, HPF, IES,
DG, IES, 2-Iff

House Type: Typical Farnily House
Àir Conditioning: Yes
I{indow Type: Fixed/Operable

I,lindow Description South

10.4
-136.1
-43 .8
34.2
34.2

-87.6
t7.8
-0. 3
27.L

-40.4
44.3

Kwh. /yr
East/I{est

10.4
-2L.2
-0.9
34.2
34.2
27.2
55.4
83.2

110. 6
90.7

L48.2

North

10.4
26.7
18.4
34.2
34.2
75.1,
72.2

116.5
143.8
145.8
191. 1

Kwh. /yr
South East/$fest North

8 .4 8.4 8.4
-118. O -6.7 35.4
-34.0 8. O 18.4
31.6 31.6 31.6
31.6 31.6 31.6

-71,.1, 40 .2 82 .5
25.O 6L.8 70.L
LL.7 90 . 6 L20 .7
38.5 117.0 L47.L

-23 .7 ]-O3 .4 !5L.7
55.3 155.9 L94.O

l--Low E
2-Low E

2-Ar, 2-Low E
2-Ar, I-IIM, l-Low E

House Type: Energy Efficient Farnily House
Air Conditioning: Yes
!{indow Type: Fixed/Operable

TG
TG+
TG+
TG+
TG '-+

TG '+
TG '+
TG -r
TG '+
TG -+
TG+
TG+

t{indow Description

TG, 1-Ar
DG, l-HM
TG, 1-Low E
TG, HPF
TG, IES
DG, IES, l-Hl,f
TG, fES, L-Ar, l-Low E
TG, IES, 2-Ar, 2-Low E
TG, HPF, IES, 2-Ar, 2-Low E
TG, HPF, fES, 2-Ar, 1-lll[, l-Low E
DG, rES, 2-HM

General observations can be made about Table 7 with
reference to energy savings. rt seems that as Hpws have more

options, the energy savings increase. A1so, the greatest energy
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savings occur in the north, east/west, and south orientations in
decreasing order. These results will be l-ater used to calculate
the utility avoided costs in the Simple Economic Screen (see

Table l-2 on page 79). The energy savings are directly transferred
into the Simple Economic Screen and used in the utility economic

analysis.

The annual consumer fuel costs were cal-cul-ated by using the
rrFuel Costs Editor" in HOT2000. These results are tabulated in
Tabl-e 8.

Tab1e 8. Annual Fuel Costs

House Type: Typical Family House
Àir Conditioning: No
Window lype: Fixed/Operable

!{indow Description

TG
ÎG, l--Ar
DG, 1-HM
TG, l--Low E
TG, HPF
TG, IES
DG, rES, 1-HM
TG, IES, l--Ar, 1-Low E
TG, ïES, 2-Ar, 2-Low E
TG, HPF, IES, 2-Ar, 2-Low E
TG, HPF, IES, 2-Ar, 1-HM, 1--Low E
DG, rES, 2-HM

South

14 t_3 . 85
t4L3.37
1421,. 48
14L6.37
t412.28
L4L2.28
t4L9.24
t4t3 .47
l_41_4.80
L41,3.54
L417 .25
l_41_3. 05

ç /yr
East/IaIest

14l_3 . 85
L4:l-3.37
L4L6.29
L414.40
141,2.28
L4L2.28
L4L4 . O6
L4LL.7 4
1_4l_l_ . L0
L409.84
L4l_1_.33
r-408.36

North

L41-3.85
L4t3.37
1,4L3.22
141,3.23
L4L2.28
L4L2.28
74LO.99
1,4\O.72
L408.92
L407.66
L407 .82
1_405.59
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House Type: Energy Efficient
Air Conditioning: No
Window Type: Fixed/Operable

Window Descríption

TG
TG, 1_-Ar
DG, l_-HI{
TG, 1-Low E
TG, HPF
TG, ïES
DG, IES, 1-TIM
TG, IES, 1-Ar, 1-Low E
TG, fES, 2-Ar, 2-Low E
TG, HPF, fES, 2-Ar, 2-Low E
TG, HPF, IES, 2-Ar, l--HM, 1--Low E
DG, rES, 2-HM

Family House

South

1169.83
1,169 .45
1,17 6 .98
l.1,72.23
1l-68.38
L1_68.38
7l.7 4 .8L
1"L69 .42
l_170.58
l_l_69.35
1"L72.82
t-t-68.81_

$ lyr
East/West

1169.83
L169 .45
l_171-. 86
LL1 0.28
1_168.38
11_68.38
7A69 .69
11"67 .72
t-1_66.93
1r_65.70
L]-66.97
l-l_64. 1_8

North

1-169.83
1-t69 .45
1169.09
t]-69.23
l_i_68.38
1168.38
LL66.92
Ll_66.80
LL64.97
1,163 .7 4
1_163.81
l_1_61. 69

House Type: Typical Fanily House
Air Conditioning: Yes
Window Type: Fixed/Operable

I,Iindow Description

TG
TG, L-Ar
DG, 1-HM
TG, l--Low E
TG, HPF
TG, IES
DG, IES, 1-HM
TG, fES, 1-Ar, l--Low E
TG, fES, 2-Ar, 2-Low E
TG, HPF, IBS, 2-Ar, 2-Low E
TG, HPF, rES, 2-Ar, l_-HM, 1_-Low E
DG, IES, 2-HM

South

L454.39
1453.91
l-460. 65
l.456.4t
].452 .82
L452.82
t458.42
L453 .57
L454 .41
l_453. L5
t456.25
L452 .35

s /yr
East/West

1,454.39
1453.91-
L455 .37
t454.43
L452 .82
L452 .82
1453.L4
l-451.84
l_450.56
t449.30
L450.22
1,447.57

North

L454.39
1453.91-
r_453. L6
1453 .55
1452 .82
7452 .82
L450.94
L45I. 07
L449 . 04
1447.78
1,447 .68
]-445.60
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House Type: Energy Efficient
Air Conditioning: Yes
!{indow Type: Fixed/Operab1e

!'iindow Description

TG
TG, l_-Ar
DG, 1-HM
TG, 1-Low E
TG, HPF
TG, IES
DG, rES, 1-HM
TG, IES , l--Ar, J--Low E
TG, IES, 2-Ar, 2-Low E
TG, HPF, IES, 2-Ar, 2-Low E
TG, HPF, IES, 2-Ar, 1-HM, 1-Low E
DG, rES,2-HM

FaniIy House

South

t2t6 . 07
L2L5.68
L22L.50
L217.63
1_21,4 .63
L2t4 .63
t21,9.34
L2L4.9t
L2L5 .53
1,21,4.29
L2L7 .L6
L2L3.52

Ç lyr

East/West

L2L6. 07
L21-5.68
t21"6.37
L2L5.7 0
L21,4 .63
1,2L4 .63
L2L4.22
L2L3.23
1-2LL.90
L2l_0 . 68
l-2 LL . 31
t_2 08 . 89

North

12L6 . 07
1215.68
L2L4.44
t2L5.22
L21,4.63
r2L4 .63
L2t2.27
121,2 .84
L?LO .52
l_209.30
L209 . 09
L207 .L4

The annual consumer savings !ìrere calculated by subtracting

the annual fuel costs of each high-performance window from the

annual fuel costs of the triple-glazed window (TG) in each

grouping. The resuÌts are tabulated below in Table 9:
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Tabl-e 9. Annual Consumer Savings

House Type: Typical Family House
Air Conditioning: No
Window Type: Fixed/Operable

!{indow Description
Ç lyr

South East/West

TG
TG '*
TG*
TG '+
TG -r
TG*
TG -r
TGr
TG+
TG*
TG+
TG*

TG, l--Ar
DG, l_-HM
TG, 1-Low E
TG, HPF
TG, IES
DG, rES, l--HM
TG, fES, L-Ar
TG, rES,2-Ar"
TG, HPF, IES,
TG, HPF, rES,
DG, ïES,z-HM

l--Low E
2-Low E

2-Ar, Z-Low
2-Ar, l--HM,

E
1-Low E

ol¿e
-7.63
-2 .52

L.57
L.57

-5.39
0.38

-0.95
0.31

-3 .40
0.80

o.48
-2 .44
-0. 55

L.57
1.57

-o.2L
2.tL
2.75
4. 01
2 .52
5.49

olg e

-2.03
-0.45
t.45
L.45
0. 1-4
2.LL
2.90
4.L3
2.86
5. 65

North

0.48
o. 63
o.62
t.57
1.57
2 .86
3. 13
4.93
6.L9
6.03
8.26

ol¡ e
o.7 4
0. 60
L.45
1,.45
2.91,
3. 03
4 -86
6. 09
6.02
8. 14

TG
TG -r
TG+
TG+
TG+
TG+
TG+
TG*
TG -+

TG -r
TG*
TG+

House Type: Energy Efficient
Air Conditioning: No
$Tindow Type: Fixed/Operable

Vlindow Description

TG, 1_-Ar
DG, ]_-HM
TG, l--Low E
TG, HPF
TG, ÏES
DG, rES, 1--HM
TG, IES, 1-Ar, 1--Low E
TG, IES, 2-Ar, 2-Low E
TG, HPF, IES, 2-Ar, 2-Low E
HPF, IES,2-Ar, L-HM, l--Low
DG, IES,2-HM

Ç lyr
South East/West North

Family House

ol¡ e

-7.15
-2 .40

L.45
L.45

-4.98
0.41

-o.75
0.48

-) oo
t. 02
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House Type: Typical Farnily House
Air Conditioning: Yes
l^iindow Type: Fixed/OperabIe

Window Description
$ lyr

South East/!'lest North

TG
TG*
TG*
TG+
TG*
TG -+

TG+
TG+
TG+
TG -r
TG*
TG+

TG, 1-Ar
DG, 1-HM
TG, L-Low E
TG, HPF
TG, IES
DG, rES, l_-HM
TG, IES , l--Ar
TG, rES, 2-Ar"
TG, HPF, rES,
TG, HPF, ïES,
DG, IES,2-HM

1-Low E
2-Low E

2-Ar, Z-Low
2-Ar, l--HM,

E
l--Low E

0.48
-6.26
-2.02
L.57
L.57

-4.03
o.82

-0. 02
1.24

-l_.86
2.O4

0. 48
-0.98
-0. 04

L.57
t.57
t.25
2.55
3.83
5. 09
4.77
6.82

ols g

-0.30
o.37
1.44
r.44
1.85
2.84
4.t7
5.39
4.7 6
7.1,8

0.48
t.23
0. 84
L.57
L.57
3 .45
3.32
5.35
6. 61
6.7t
8.79

0.39
l_. 63
0.85
L.44
L.44
3.80
3.23
5.55
6.77
6.98
8.93

TG
TG+
TG '+
TG -r
TG+
TG+
TG*
TG+
TG+
TG*
TG+
TG*

House Type: Energy Efficient
Air Conditioning: Yes
Window Type: Fixed/Operab1e

Window Description

TG, 1-Ar
DG, l_-HM
TG, l--Low E
TG, HPF
TG, TES
DG, rES, l_-HM
TG, f ES , 1-Ar, l-Low E
TG, IES, 2-Ar, 2-Low E
TG, HPF, fES, 2-Ar, 2-Low
TG, HPF, IES, 2-Ar, l-HM,
DG, rESr 2-HM

s lyr
South East/West North

E
L-Low E

Farnily House

0.39
-5.43
-1.56

1.44
1-.44

-3.27
1. 16
0.54
L.78

-l_. o9
2.55

The results

indicate that as

cost savings are

from Tab1e 9 | simil-ar to those of Table 7 ,

HPWs have more options, the annual consumer fuel

larger as welI. The greatest savings are
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generated in the north, east/west, and south orientations in
decreasing order. Negative savings were experienced where HPW

options blocked passive solar energy and decreased the overall
energy performance compared to standard triple-glazed windows.

These results are also tabulated in the rroverall analysistt (Tab1e

16 on page 105) under the rrConsumers Savingsrr colunn. These

results are used to calculate the consumer economic analysis.

3.5 UTILITY ECONOI'IIC ÃNÀLYSfS

All energy-saving measures follow the guidelines for the

economic analysis of DSM programs as discussed in Sections l-.5.5

and 2.8. Since windows have passed the Qualitative Analysis test

in Barakat & Chanberlin (1991), they are passed on to the second

step, the Simple Economic Screen. The Simple Economic Screen (SES)

is an economíc analysis developed to eliminate technologies and

measures that do not pass the Measure Resource Cost Test (MRC).

The basic equaÈion for the MRC is:

MRê : Benefits/Costs, where

Benefits = net present value of the utility avoided costs
over the lífe of the measure; and

Costs = Net present value of incremental costs incurred by
the customer to use the efficiency measure

Measures with a MRC greater than or equal to 1.0 are assessed in

the DS Strategist Run to calculate the Total Resource Cost Test

(TRC). Following reconmendations of Dave Huminicki at Manitoba

Hydro and using Barakat & Chanberlin (1991) guidelines, a modified

version of the MRC test is used to simulate the TRC test. A proxy
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ot. 252 for program costs to represent program costs is added to the

MRC to simulate the TRC. A TRC greater than 1 indicates that the

program is cost-effective from the total resource cost perspective.

This is Manitoba Hydrors primary screening criteria for economic

cost effectiveness.

The Simp1e Economic Screen was developed by Manitoba Hydro and

DSM consultants Barakat & Chamberlin. The detailed avoided costs

for Manitoba Hydro DSM programs (Barakat & Chamberlin 1991) are

found in Appendix F in Tables Fl- and F2. These values are

incorporated into Table F3. Then the present values of figures in
Tab1e F3 are calculated in Table F4. These values are then added

together for their respective years in Tab1e F5. These values are

entered into an electronic spreadsheet program to calculate the

Simp1e Economic Screen. The user inputs: the life of the measure,

the j-ncremental cost of the measure, summer demand, winter A.M. and

P.M. demand savings, and annual energy savinqs. The SES calculates

the avoided cost benefits and MRC of each measure.

The incremental costs of each measure are obtained from the

HPW price survey. the calculations for the SES are exempt of all
taxes as the utility shadow prices technologies and does not offer

rebates to cover any form of taxes. Therefore the HPW prices

without taxes added are used in the SES calculations. The energy

savings are obtained directly from the HOT2000 results. Note in
Table 12 that zeroes replace negative energy savings commonly found

in Table 9. These window applications are not cost-effective since

they do not perform as well- as triple-glazed windows. Therefore
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extensive economic analyses r¡/ere not performed for these scenarios

since they are energy ttlosers.rt The summer and winter peak demands

are calculated from the energy savings following the methodology in
Barakat & Charnberlin (1991-). The calculations are performed as

follows:

Summer Demand Savings, KVù: 0 for houses without sunmer
cooling

'. l/22O3 of cooling energy
savings for houses with
summer cooling

gtinter A.M. Demand Savings, KWz l/284O.9 of annual- energy
savings for all house types

Vüinter P.M. Demand Savings, KWz L/3876.0 of annual energy
savings for all house types

The calculations for the SES are mad.e using the following

equations derived from Table F5 in Appendix F for a 2O year life.
The avoided cost formula is:

Avoided cost : summer demand savings (K!'I) * $68.93
+ winter A.M. demand savings (KVü) * $32L.72
+ winter P.M. demand savings (KW) * $321-.72
+ annual- energy savings (KVfh.) tc 0.324

whe.re

68.93 + value of summer on peak demand (Ifl^I) levelized for
a 20 year window life;

32I.72 + value of winter A.M. or P.M. on peak demand (Kt{)
levelized for a 20 year window life; and

O.32Q + value of total annual energy (KWh.) levelized for
a 2O year window life

The SES calculates the avoided costs based in 1990$. For the

purposes of this research, the avoided costs have to be elevated to

tggzç. The following inflation val-ues were obtained from Dave

Huminicki at Manitoba Hydro:
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1990$ * L991$ inflate * l-.039
1991-$ * l-992$ inflate * 1.019

therefore 1-990$ + 1,992$ inflate * 1.059

lrlhere

L.039

L. 019

t_. 059

inflation from l-990 to 1991,, set at 3.92i

inflation from 1-99L to L992, set at I.9Z; and

multiplication of above rates to calculate
inflation from 1990 to t992.

for each measure is obtained with the followingThe MRC

formula:

MRC = avoided cost benefits (l-992$) / incremental costs
(1ee2$)

These values are recorded in Table 1-2 on page 79. The avoided

cost (1992$) and MRC values are also reflected in Table L6 on

page 105.

The Total Resource Cost (TRC) is calculated for each

scenario using the following equation:

TRC:MRC / 1.25

where a proxy of 252 accounts for DSM program set-up and

operating costs but does not account for free riders (see Table 16

for TRC values). Free riders are the consumers who would purchase

measures irregardless of j-ncentives. The free riders are accounted

for in the DS Strategist but not in the modified version to

calculate TRC used in this study.

The results from the Simple Economic Screen Test (SES) are

tabulated in Table L2. Most measures failed the Measure Resource

Cost Test (MRC) as results generaì.Iy indicate benefit/cosÈ ratios

below 1.0. Low MRC values indicate that high-performance windows
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(HPw) incremental costs are higher than discounted utility avoided

costs for 20 years. All HPWs with insulated edge spacers (TG, IES)

consistently passed the MRC test with benefit/cost ratj-os near 2.

A1I north-facing HPfrIs with Heat Mirror (DG, IES, 1-IIM) also

consistently passed MRC tests with benefit/cost ratios near l-.

Operable double-glazed HPWs with insulated edge spacers and two

layers of Heat Mirror (DG, IES, 2-HM) passed MRC tests with

benefit/cost ratios near 7. Unfortunately, the incremental costs

for this window may have been biased as mentioned in Section 3.1.2.

The economic results for this window type are treated with caution.

The best MRC test results from Tab1e l-2 on page '79 are condensed in
Table 1-0.

Table 1-0. Best Measure Resource Cost Test Results

Window Descrj-ption MRC
(approximately)

TG, fES (a11 orientations)
DG, IES, l--HM (north orientation)

2.O
l-. 0

No economic anal-ysis was performed for scenarios with negati-ve

energy savings as zeroes filIed the rows of those measures.

Observations from Table L2 indicate that the largest potential

energy savings from HPWs exist in the north, east/west, and south

orientations in decreasing order. AIso, the economic analysis

results do not vary much for sirnilar house conditions.

The Total Resource Cost Test (TRC) results are expressed in

Table 16 on page 105. The 252 proxy (for program set-up costs)
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brought down TRc levels to approximately i-.6 for TG, rES windows

and approximatery 0.8 for DG, rES, 1-HM windows. Tabre i-i- shows

these values.

Tabl-e 11. Best Total Resource Cost Test Results

I^tindow Description TRC
(approximately)

TG, fES (a11 orientations) 1.6
DG, IES, 1-HM (north orientation) 0.8
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Table 1-2. Sirnple Economic Screen Results

Notes pertaining to each component in Table L2 are listed as

follows:

Incremental- Cost (L992ç)

Summer Demand Savings, KW

Vtinter À.M. Demand Savings,
KW

V'finter P.M. Demand Savings,
KVt

AnnuaI Energy Savings, KWh.

Avoided Cost Benef its (r-990$)

Avoided Cost Benef its ( i-992$)

MRC Benefit/Cost

the incremental cost of the
options listed in 1992$

0 for houses with sumrner cooling
I/2203 of cooling energy savings
with sunmer cooÌing

1,/2840.9 of annual energy
savings for houses with/without
summer cooling

l/3876.O of annual energy
savings for houses with/without
summer cooling

Difference of annual energy
savings obtained between TG and
TG r.¡ith HPW options obtained
from HO12000

Avoided costs calculated by SES
given energy and demand savings
at avoided cost rates

Avoided costs (l-990$) inflated
to 1992ç

Avoided Cost Benefits / Incre-
mental- Costs.
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Heating Load Only
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96'¿ll
96'¿ ll
00'0r
00'0t
þ0'tl

09'¿ I r
ú0'0t
¿6'ç¡
(,(,'0¡

il'sl
úu'ú¡
96'fl1
96'¿ I l
00'0r
00'0r
r0',t

I Àúl-l rtll-l '¡Y-¡ 'sll 'JJil 'fo (- 9t
¡ ru1-¿ ¡ry-¿ 'sll 'lJH 'gt (- gt

I óút-¿ r¡Y-¿ 
'Sll 'gl (- 9l

3 ro1-¡ rry-¡ 
'Sll '9t <- gt

Ht-l ¡sll r90 (- 9l
s¡t r9t (- 9l
JJH'l,l (- 9l

I iol-l '31 (- 9t
tH-l rf0 (- 9I
¡v-l r9I (- 9l

I¡uo s¡sor lplu¿ra¡)ul - luar¡pldðt ô0DUl¡

Iil-¿ ¡5ll ¡30 (- 9l
I 601-l rlll-l '¡v-¿ 'sll 'JdH '90 (- 9l

I rol-¿ r¡v-¿ 
'sl¡ ,lJl| ,91 (- 9l

I ôol-¿ ¡¡v-¿ 'sl¡ ,91 (- 9l
I nol-t '.rv-l 'sll 

,91 (- 9t
IH-t '5lt '90 (- 9t

$lt 'gl (- 9l
lJ8 

¡91 (- 9l
I À01-l ¡31 (- 9I

t[-t r90 (- 9l
¡v-t ¡91 (- 9l

f¡uo s¡sor l?luðt¿¡lul - ¡uarx¡da3, ropu¡¡

tll-¿ ¡sit ¡90 (- 9t
I Á0ì-l 'l¡H-l '¡v-¿ 'sll 'JJH ',J0 (- 9l

I Àol-¿ ¡rY-¿ 
'sll 'lJH '91 (- 9l

I ¡0ì-¿ ¡rv-¿ 
'5ll '51 (- g¡

¡ aa1-¡ ¡ry-¡ 
'sll '91 (- 9l

IH-t ,Sl¡ ¡90 (- 9l
sll ¡91 (- 9l
Jdil t$l (- 9l

I À01-t ¡91 (. 9l
$-l ¡90 (- 9l
rv-t ¡91 (- 3l

flu0 slso) lplu¿¡artul - ¡uar:r¡da¡ lcpur¡

t}|-¿ rsll ¡90 (- 9l
:l Àúl-l rlll-l '¡v-¿ 'sll 'lJll 'rJo (- 9l

I ao1-¿ ¡r9-¿ 
'sl¡ 'J¿lt '91 (- Jl

I áol-¿ ¡¡v-¿ 
'sll 'gl (- gl

I ñ0ì-l '.rv-l 'sil '91 (- gt

t¡lt-t ¡5ll ,!0 (- 9l
slt ¡9t (- 9l
Jdll ¡91 (- 9l

I âol-t ¡91 (- gl

tH-t ¡90 (- 9¡
¡v-t '|91 (- 9I

f¡uo s¡sor lplu¿r¡r)ul - lu¿r)¡ldðt noputll

ðlns¡¡l

8'¿¿t
['¿9
0'68
l'[9
0'9'
¿'t
9'tr
:'lt
ù'0
0'0

''8

6ü'0
00'0
t0'0
00'0
¿0'0
00'0
96'l
6['0
00'0
00'0
t¿'0

0¿0út) ß0t6t)
0ll8t lÉ0¡ slr¡au¿g sltl¿u¡0
/¡rlou¿l lso] ¡sûl

JUI P¿gtoav ¡¡ptoÂf

(,'(,

t'0 t

0'0
0'6
0'0
9'rt
9'lt
0'0
0'0
Þ'8

lsañ;u0!ltluat¡0
pôrtl:ðd¡l âûgulll

o¡¡:6u¡uot¡rguo3 rr¡
asno¡ f¡rrr¡ ¡uarr¡¡¡¡ lôrau3 :adI¡ asno¡

û¿

0¿

0¿

0t
0¿

0¿

0¿

0¿

0¿

0¿

0¿

q¡r¡ ilì trt ñ¡
I6rau¡ puetð¡ purr¿q guet¡q

lfnuuv .ll'¿ ¡ð¡utll .lt.v l¡lu!ll lat¡n5

s9ilôvs

l|ll0l:ü0llPlu¿!t0
0¿¡tl:¿d¡l âoputll

o¡:óu¡uor¡gpuo3 rrg
asna¡ l¡t:r¡ l0¡¡)tlll ló¡¿ul tadl¡ a..no¡

0¿

(,¿

OJ

0¿
()¿

IJ¿

0¿

0¿

()¿

0¿

0¿

lsEl:u0tl8lùðu0
prrr¡:adl¡ rcpur¡

o¡:6u¡uor¡rpuo3 rr¡
ðsn('fl I¡tpl ¡uar:r¡¡¡ lôrau3:ådfl ¿5r0H

¡t tl¡
¿¡ !l

ql[0s:u0rlEluatJ0
pò¡tl:ad,{l ôopu¡fi

o¡:6uruor¡rpuo3 r¡y
¿sroH flÙ?l lu¡t)¡r,l ¡ó¡¿ul :adI¡ asno¡

ð5n 9!l



\f
@

¿8't 98't¿t
0l'0 lr'¿fl
i¡'0 ¿0'rç¡
8¿'0 96'¡il
8¡'0 09't¿¡
s0'0 lt,'ll
96't t0'6n
[¿'ú 10'6ll
úù'0 00'0¡
t0'0 00'0t
t¿'0 8¿'il

16'9 0r'50t¡
8t'0 s¿'8¿t
9t'0 .. ç9'6lr
9t'0 ¿9'[9r
ls'o ,9'6il
qúr(, 00'8il
96't l0'6t r
[¿'0 t0'6ll
8t'0 t8'¿l
¿c'0 r¿'ór
t¿'0 8¿',f

¿8'l 98'S¿l
8l'0 tt'¿t¡
r¿'0 ¿0''çt
8¿'0 96'¿Ct

8e'0 89'r¿t
q0'0 t6'll
96'l t0'6lt
E¿'0 t0'6[
0ú'0 00'0t
00'0 00'0t
l¿'0 8¿'il

¿8'0 t['flt
00'0 00'út
e0'0 l¿'9t
u0'0 00'0r
tù'0 ¿þ'sr
00'0 00'0t
96't I 0'6r r
[¿'0 10'6ll
00'0 00'0¡
00'0 0ú'0t
l¿'0 8¿''t

il¿56t)
0r¡et 1503 s¡!lauàg

/lr¡åu¿8 ¡5ol
3l! P¿ptory

Þ¿'691 0'¿¿l flc(J'0
8t'g[¡ t'¿9 t9t0'0
t0'tsr 0'68 ¿r¿0'0
r8'g[¡ t'09 [9t0'0
il'9¿t 0'9Þ 6il0'0
08'll ¿'c ú000'0
96'¿ll 9'r[ ¿800'0

96'¿l¡ 9't0 ¿800'0

00'0¡ 0'0 ú000'0

ú0'0r 0'0 ú000'0

r0't¡ l'8 ¿¿00'0

¿t'0ùn 6'9¿t 9gÞ0'0

9l'l¿t t'ofl 8[t0'r)
l¿'s¿r l'¿st ¿tro'0
8ù'091 0's0t c¿¿0'0
0t'¿0r 6'99 0il0'0
88'SCr ¿'[9 t9t0'0
96'¿[ g'tE ¿800'0

96'¿[ 9't[ ¿800'0

lt'¿t o'Et ,t00'0
¿t'6¡ I'9t ¿100'0

to')t 
''8 

¿¿00'0

Þl'691 8'¿¿t ¿t00'0
8r's$ E'¿9 t9t0'0
l0'tsr 0'6s ¿c¿0'0

l8's[l t'[9 [9t0'0
Þt'9¿t 0'9¡ 6t t0'0
08'll ¿'t 8000'0
96'il1 9'tE ¿800'0

96'ltt 9'tt ¿800'0
00'0¡ 0'0 0000'0

00'0t 0'0 0000'0
Þ0'r1 

''8 
¿¿00'0

09'¿il ¿'¿¿ ¿ç00'0
00'0t. 0'0 ú000'0
¿6'çr t'0¡ ¿¿00'0
00'0t ú'0 0()rjû'0
I I'Sr 0'6 e¿00'0
(,(,'0¡ 0'0 tJrJ\þ'þ

96'¿il g'tc ¿000'0

96'¿il ' 9't[ ¿8ú0'0

00'01 0'0 0000'0

00'0t ú'0 0000'0
Þ0'lr Þ'8 ¿¿00'0

¿¿i0'(, 0000'0

6l¿0'0 úúú0'0
9lC0'0 {,0(,0'o

¿u.0'0 0000'0

¿910'0 0000'0
I t00'0 ú000'0
I I t0'0 0000'ú
I I r0'0 0000'0

0000'0 0000'0

0000'0 00tr0'ú
0c00'0 00ú0'r)

t¿90'0 00û0'0

t9t0'0 0ú00'0
99t0'0 0000'0

¿rt0'0 0000'0
¿[¿0'ú 0000'0
¿¿¿a'0 ú000'0

llt0'ù 0000'0

lilû'0 0000'0

9þ00'0 0000'0

¡s00'0 0000'0

0t00'0 0000'0

¿[]0'0 0000'0

úl¿0'0 0(100'0
'91t0'0 (,000'0

¿¿¿0'0 ú000'0
¿9t0'ù 0000'0
I t00'0 0000'0

il t0'0 0000'0

I I t0'0 ú000'0

0000'0 0000'0
0000'0 ú00û'0

ùt00'0 0000'0

8¿00'0 0000'0
(r(,(,0'ú ú000'0
1000'0 0000'0
000û'0 0000'0
¿t00'0 0000'0

0000'ù 0ú00'0

lll0'0 0000'0

1 il0'0 0000'0

0000'0 0000'0
0000'0 ú000'0

0[00'0 00u0'0

Iil ül
!u8¡¿0 gusr¡0

'||'V ralu!ll rðrrf,s

te'çß 0¿

0L Lo¿t þ¿

8(.ì't¿¿t ú¡
t9'¿¿ ¡ f 0¿

89'E¿r 0¿

96'(,il 0¿

¿¿'61 0¿

lú'tBt ú¡
¿6'tþl ù¿

t¿'0$ þ¿

l0'0¿r 0¿

tE'sll 0¿

06'tú?t 0¿

8S'¡¿¿t 0¿

)9'rilr 0¿

89'&r 0¿
gt,'úil 0¿

¿l'61 0¿

'f,'D8l 
0¿

¿6't'l 0¿

t¿'0[t tjJ
r0'0¿t 0¿

tt'çtt 0¿

$t'¿gu 0¿
gs't¿¿r þ¿

|9'r0ll þL

89'ttt 0¿

96'tcr 0¿

Il'6t 0¿

r6't8r 0¿

¿¿'ÊÞi í¿
!¿'úcr 0¿

¡0'ú¿t 0¿

€t'çll r)¿

06'10¿t $¿

8S't¿i¡ 0¿

l9'¿flt 0¿

83't¿r 0¿

90'¿t¡ 0¿

¿¿'6r rr¿

t6't8t 0¿

¿6'tll (r¿

t¿'oil 0¿

t0'ú¿l 0¿

I{t-¿ 'sil 
,90 (- .Jl

I Áúl-t '!H-l '¡v-¿ lslt 'JJil '90 (- rJl

I âol-¿ ¡¡v-¿ 
'sll 'lJl '!r (- 9i

I äol-¿ ¡¡V-¿ 
'5ll '.Jt (- gl

I ñol-t ¡¡v-l 'sll 'gt (- gl
lH-t 'slt ',J0 (- cl

sil '91 (- ci
IJll '9t (- 9l

I â01-l ¡9t (- 9¡

$-t ¡90 (- gl
¡v-t '91 (- gt

fluú:lso) lpluàr¿¡rul - lu¿ri?ldðì, Aogulll

![-¿ ,5]t ,90 (- 9l
I ¿ol-¡ ¡IH-l 

'¡y-¿ 'sll 'JJH "¡0 
(- 9l

¡ ro1-¿ ¡ry-¿ ,sll ,JJlt ,91 (- 9l
I Âol-¿ ¡¡V-¿ ,Sll ,,Jl (- .Jl

I ¡úl-l rrV-l ,Sll ,91 (- 5i
!il-l 'sll 

¡rJo (- 9l
sll ¡91 (_ 9l
JJI ¡9! (- fJt

I Aol-l ¡91 (- 9l
lH-l 

¡.J0 (- 3l
¡v-t 19r (- 9l

f¡uo s¡:or pluårar)ul - qun:í¡da¡ aopur¡

Il'|-¿ ¡Sll ¡90 (- 9¡
I Àol-l 'IÍ-l 'rV-¿ 'sll ,iJH ,90 (- 9l

I Àol-¿ '|rv-¿ ,slt ,lJil ,3I (- 9l
3 rc1-¿ ¡ry-¿ ,sll ,91 (- 5l
I äol-l r¡V-t ,Sl¡ ,gl (- 9¡

$t-t ,slt ¡f0 (- 9t
s]l ¡9t (- gl

IJH ¡Ct (- 91

I ô01-¡ r9l i- 9t
Il't-t ¡90 (- 9l
¡v-t ¡91 (- 9l

flu0 sl:o) l?luâ¡àrlul - lüàrlpld¿J A0putll

ltll-¿ rSl¡ r30 (- 9l
I Ä0ì-l rtÍ-t '¡v-¿ 'sll 'lJil 

,,J0 (- g.l

¡ no1-¿ rry-¿ 
'sll 'JJ¡t '91 (- 9l

I Âol-¿ ¡¡V-¿ 
'Sll '.¡t (- gl

3 no1-¡ ¡rg-¡ 'slt 
,91 (- 9l

li[-t ¡5]l '90 (- 9l
s¡t ¡91 (- 9l
Jdil 

¡91 (- 9l
I À01-l r9l (- 9l

|lll-I '90 (- 9l
¡ll-l r9l (- 9l

f¡uo s¡:ur lplu¿r¡¡)u¡ - tu¡rieldað Áopulll

àtn5?aI

ls¡ll:!0¡lr¡üðrl0
¿lqr/Àd0 :àdfl ôúgurll

o¡:óuruo¡¡rpuo3 rr¡
ôe0úll IIrrsl ¡uarlr¡¡3 fórau3 ¡àdIl asnoH

(lú¿5t)
Él ¡ ¡ ¡u¡ü

1503

9ð! !0^l

qñt ñt
Iúrau3 purràg

Fnuuv 'll.d i¡lu¡tl

{ltoll:u0t¡Pluðll0
¡lqet¿d0 ¡¡dIl ioguttt
o¡:6uruo1¡rpuo3 t¡¡

¿snúll IllrpJ lüat¡tlll fól¿ul :rdf¡ a:no¡

s9ÌilÀv5

il¿f,6t)
l50l

l?lù¡rà¡lul

l5¡l tu0!ltlu¡u0
ðlqr¡¡d0 ¡¿dIl ñogutll
o¡:óu¡uor¡¡puo3 rry

a:nc¡ l¡rre¡ ¡ua¡l¡¡¡¡ lörau¡ :¿dÁl ¿snûH

¡srf¡
¿l ll

{ln0s:u0llelu¿tJ0
' ¿lqr¡¡d0 :adI¡ aopur¡

o¡:óuruor¡rpuo3 ly
¡5n0fl ¡ltrrl ¡uarrr¡¡¡ 16rau3 :ad¡¡ a:lo¡

ð5fl pul
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Heating/Cooling Load



tnd llse

llouse Iype: lypiol Flrily House
lir Conditioring: Ies
llindov lype: tired
tlrient¡tion: South

lle¿sur e

llindov teplrcrent - lnrrp¡enl¿l (ost9 only
16 -) lG, l-Ar
IÊ -) 06, t-lll,l
16 -) 16, l-Lov t
T0 -) lô, lrPF

16 -) IG, tts
I6 -) 06, ItS, l-nl
16 -) 16r ttSr l-Ar, l-[ov E

f6 -) I|ì, ¡tS; 2-lr, ?-tov €

TG -) lG, HlF, ltSr 2-Ar, ?-tov t
Ilì -) 0û, tlll, lts, 2-Ar, l-llü, t-t0c E

16 -) 0Ê, lts, z-llil

llindov Peplr':tent - lncretsnt¡l costr only
l0 -) TG, l-Ar
T6 -) 0|ì, t-lllt
IG -) 16, l-toc t
lÊ -) 10, rlPt

T0 -) t6, tts
T6 -) 06, lts, l-tìll
16 -) lC, lts, l-Ar, l-Lou E

Ì6 -) 16, l€S, 2-Ar, ?-Lnv t
16 -) IG, Hlf, ltS, 2-Ár, Z-tov t
16 -) 06, flPfr ltS, 2-Ár, l-fl¡t, l-l_ou E

¡G -) DÊ, ItS, ?-iln

llindoe n€plrctent - ln(ret€n[¡l (oçts o¡ly
16 -) 16, l-Âr
16 -)'06, I-flil
IG -) lG, l-Lou t
t6 -) Iri, firt
T6 -) 16, lts
IÊ -) 0tì, ¡t5, l-Htl
lG -) 16r ItS, l-Ar, l-[or E

T6 -) 16, ltsr ?-Ár, 2-tov t
TG -) lG, lllt, l[S, ?-âr, 2-tov t
16 -) 06, ll¡t, lfS, ?-Ar, l-Hir l-l-ov t
16 -) 06, lts, ?-Hil

llindov Ieplartent - lncre¡ent¿l costs only
TG -) 16, l-Ár
r0 -) 00, l-ilil
16 -) 16, l-tov t
fG -) ttì, mt
IG -) 16, tts
lÊ -) 06, lts, t-flñ
IG -) l6r ¡tS, l-Ar, l-l-o! t
f|ì -) iC, ltS, ?-Ar, ?-tov t
f6 -) ¡6, llrr, lt5, 2-lr, ?-tov t
16 -) 0t, Hfr, ltS, 2-Ar, l-!ñ, l-t-Dv t
tG -) Drì, tts, ?-Hi

House lype: Iypirul lrrily House

lir Cordilioning¡ Y?s

Iindov type: Iiled
0rienl¡lion: [¡st

lncre¡ent ¡l
ti le Cost
(yrs) (19?21)

?0 120,01

?0 t30.2t
20 r{3,9?

?0 t{8.2,1

?, li.t¿
2î t31.9t,
20 rt1.60
20 il31.6{
?0 185.88
20 rln.20
20 lr4.?5

?0 120.0{

20 130,2{

?0 t(3.9?
20 il8,2.t
20 19.1?

20 139..96

?0 t73.68
?0 il3t.6{
?0 I I 85.88
20 lll?.'l(t
20 il{{.3s

20 ¡20.0{
?0 130.2{

?0 tl3.9?
20 t{8. ?1

î0 t9.7?
?0 t3?,96
20 t73,68
20 il3t.6{
20 il85.88
20 tnz.n
?0 I{{,35

20 r?0.0{
20 130.2{

20 rt3.9?
20 t{8.2{
70 19,12
20 13?.96

20 173.[,8

?0 ll3t.[,{
?0 105.88
20 il ¡¿. ì0
ir, il{{.15

llouse Ìy¡:: lypitrl tuily Hou:e
lir Conditian!ng: Yes

findov fype: Iired
0rienl¡tion: llorth

sAvm6s

Sur.er llinter l.ll, llinter p.ll,
0e¡¡nd 0p¡¡nd Oerand

ht lu tt

0.0000 0.0037 0,00?7
0.0000 0.0000 0.0000
0.0000 0,0000 0.0000
o,(tftl)o 0.0t ¿0 0.0088
0.000q 0.0t?0 0.0088
1i,0000 0.0000 0. t000
0. n01t 0.00?9 0.0021

O,0l.l,(, 0.0000 0,0000
0.0092 0.00?{ î.00t€
0.0000 0.0000 (,.lqq(,

0,0t22 0.006t 0.00{5

0.0000 0,0037 0.00??
0.0000 0.0000 0.0000
0,0000 0.0000 0.0000
0.0000 0.0t20 0.0088
0.0000 0.0t20 0,0008
0.0123 0.0000 0.0000
0.00{3 1.0t62 0.01t8
0.0r0t 0.0?t0 0.0t54
0.0106 0.030t 0.02¡5
0.0163 0.0t,q3 0.0t.1?
0.0t3t 0,0t20 0.0308

0.0000 1.003, 0.0027
0.0051 0.00{9 0,0036
0.0022 0.0019 0.0c35
0.0000 0.0120 0.0088
0.0000 0.0¡20 0.00s8
0,fì058 0.02t9 0.016t

.0.00t9 0.02J9 0.0t75
0.00{2 0.03Ì8 0.0¿/7
0.00{1 0.0{t{ 0.03{8
0.0066 0.0{62 0.03i8
0,005? 0.0632 0.0463

0.0000 0.003¡ 0.0fi?7
4.4000 0.0000 0.0000
0.00r,0 0.0000 0.0000
0.0000 0.0t20 0.0088
0.000q 0.0120 0.0088
0.0t23 0.0000 0.0000

0.00.l] 0.0t62 0.0il8
0.0t00 0.0?t0 1.0t5t
0,0t06 0.0301 0,0?¡5
0.0163 0.0t93 0.0t{2
0.0llt 0.0120 0,0:ì10

Hou;e lypel lrpi(¡l t¿rily Harse

Air Conditioning: Tes

ll¡ndov Type: f¡red
0ri€nl¡lion: llPçl

Avoided

ånnu¡l Cost

Ineroy Benplits
hlh ilgir)t)

10. { 1t.99
0,0 l(t,00
0.0 10.00

31.2 il?.{0
3{.? il9.10
0.0 t0. flr)

t7.8 10.52

0.0 t0.00
?t.I fl?,06
0.0 10.00
.r{,3 t20.t2

lr),t il.99
0.0 t0.00
0,0 10,10

31.2 il9.{0
3,1.2 il9.r0
2t,î |0.1¡
55.{ t2t.9o
83.2 r,t3.3t

I 10.6 158.36

91.7 '. r,r5.6¿

t48.2 t79.ll

I0.{ r{.99
2î,.t il3.0r
18.{ t9.66
3.r.? il?.{q
31.2 il9.{0
15. I r,r0,5.1

12.2 t40. ??

I 16.5 16{.67

t{3.8 r00. l8
t{5.8 r80.31
tlt.l il06.62

Avoided ífC
Colt 8eîefit/

Benelits Cost nåtio
fl9?2t)

15,20 0. ?6

10.00 0.00.10,00 0,00
120:55 .0.{3

r?0.55 ?. lt
10.00 0.00
19.02 0. t?
10.00 0,0ô

il2,7¡ Q.07

10.00 0.0û

f21.9{ 0. ls

15.28 0,26
10,00 0.00

10.00 0.00
r¿0.55 0,{3
r?0.55 2, I I
ilt.6t 0,?,
r3t.66 0,{3
t{5.93 0.33
162,4{ 0.31
t.t0,3l 0.28
t81. t0 0.5[

15. ?8 0.26
il3.01 0.{6
il0.23 0.?3
120.55 r,.al
120.55 ?. I I

r{¿,93 t.or'
il2.66 0.58
168.{0 ,,0,50
r8{,9t 0..t6

185. t3 0.r9
il I2.9t .0. ?8

15.20 0.26

1|}.00 0,00

10,00 0.00
120.55 0.{3
120,55 ?, il
il l.6t 0.2'.ì

r3t.66 0. .r3

r{5.13 0.33
t62..t{ 0,1{
r,t8.3t 0. ?0

r8{. t0 0.50

10. {
0.0
0.0

3{. ¡
31,2
21.2

5i.,r

I lrÌ.û
1ôt

t10.ì

r{.99
t0.00
r0,00

il?,10
il9. r0
il0. i6
r:1.90
r't3.3,
t58, -06

r.r5.6¿
q'9. {t æ

or



f-
@

6r'ç
t¿'0
8¿ '0

Ir'0
ft'0
6¿'0

il'¿
r¿'0
00'0
ú0'0
9¿'0

0l'!8t
r¡'8lt
lr'¿9t
t6's|¡
99' I tr
l9' lt r
ss'0¿r
ss'0¿r
00'0t
(r0'0t

8¿'Sr

l6'¿¡t¡
0t'ç8t
l6'18r
8i'89r
99'¿,r
[6'¿il
çç'0¿r
sç'0¿t
t¿'0ll
Þ8'I tf
8¿'Sr

Il'{,/t
¿r'çtt
96'8Èr

It'[]t
06'6¿t
9t,'0t¡
0t'6il
0r'f,lt
ú0'0r
00'úr
66'tt

¿9'90tt
{,t'08t
8l'0sl
¿9''9t
6¿'0þr

ts'0!r
0l'ótt
0r'(, I I
99'6t
¿0'[ll
É6'll

tE'¿
ll'0
B['0
0s'0

.BS'0
t0'l
u'¿
t¿'0
[¿'0
9t'0
9¿'0

J'0bt

L'06
9'rrll
¿'c8

¿'Lz
¿'lt
¿'rt
0'0
0'(,
Þ'01

Boiú'0

iþt0 0

|j¡¿ú'0

'sr0'0 B r lú'0
0ú00'0

0000'0

8800'0

0000'0

000ú'0

¿¿00'0

c9Þ0'0

8Êt0'0
B'EO'O

il¿o'0
g¿t0'0

l9 I 0'0
8800'ù

8800'0

çÊ00'0

9t00'0
¿¿ú0'0

0llu'0
¿úr0'0
¿0tr)'0

0r¿0'0
¿910't)

ù0ú0'0

0¿ t0'0
0¿ I 0'0
0000'0

0000'0

¿t00'0

¿c90'0

¿9!0'0
,¿r0'0
8tt0'0
69¿0'0

6t¿0'0
0¿10'0

0¿ t0'0
8t00'0
l,iú0'0
lsú0'0

r cl0'0
S'rlú'0
'Jù I ù'0
90t0'0

eþ00'0

t¿ I 0'0
ú000'0

0000'0

0000'0

0000'0

0000'0

¿ç00'0

9900'0

ll00'0
¿Þ00'0

6t00'0
8q00'0

0000'ú

0ú00'0

¿¿00'0

6çú0'0

0000'0

úl's 0t ''8t
t¿'þ tÊ'8!t
8¿'ù t|'¿91
0e'0 [t'ç]f
Et'0 99'ltr
6¿'0 r!'r tr
ll'¿ ss'o¿t
i¿'ú gs'0¿t

00'0 00'0t
00'0 00'0t
9¿'0 8¿'gt

tl'l t6't¿r
ùù'0 00'út
90'0 u'¿ß
00'0 ú0'0r
¿l't) ¿()'61

00'0 ú0'0t
lr'¿ çç'0¿t
l¿'0 qs'(,¿r

00'0 00'0t
00'0 00'úf
9¿'0 t¿'st

(l¿66t)
0rlrü lso] sltl¿u¡l
/lrl¡u¡8 lsû,J

lw p¡P!0^9

t'tÉt
I'glt
8'[] r

s'91 r

¿'¿L

rs¿

¿'rt
Þ'0t
¿'9¿

l'01

tg'Er ¡

0r,'¿0Jt
8ç'l¿tt
|9'¿Sll
s9'c¿r
9t'útt
¿¿'6r
r6'c8t
¿6'eþr
!¿'00t
)0'ú¿r

cc'çtr
0t't0¡¡
8ç't¿¿f
19'tilr
89'r¿t
96't$
¿t'6t
t6'[8t
¿6'Etl
t¿'ú[¡
r0'0¿ ¡

Ie'sll
0ú't0¿t
8S't¿¿t
i9'¿Ell
89'C¿t

9L'LL]
¿L'6t
it'[8¡
¿6'[]t
!¡'úil
r0'0¿t

t['ç r r
06'10¿t
8ç't¿¿r
¡9'lt I r
B9'e¿r

9t't|l
¿rLt
!6'08t
¿6'8il
t¿'útr
,0'0¿¡

(l¿6t,I)

ls0l
It ìua¡a¿ lul

lr'6¿l ¿'8ht
¿9'Ê|r I'Ob
96'ôSr 9'últ
¿0'cll ¿'t8
06'6¿¡ ,'çs
9ú'0ll ?,'tL
0l'61¡ ub|
0''6lr ¿'lt
û0'0t 0'0
00'01 0'0
6l')i Þ'0t

¿t'0¿t t',t
00'ú¡ 0'0
90'¿ß t'L¿
00'01 0'0
¿$'8r 8'¿t
00'01 ú'0
0)'6 r I ¿'![
0l'6lr ¿',0
00'0t 0'0
ú(r'0r 0'ú
66',l ]'0t

iloú¿l ) 'ilil E¡rl¿uag l6¡¡ul
Ito'J l?nuuv

pðp r0^Y

þ!
U¡

0¿

OT

l)¿
gz

0¿

ù¿

0¿

0¿

0¿

0¿

0¿

(r¡

0¿

0¿

0z

þ¿

0¿

¡)Z

tl'|.¿ ,5lt ¡50 (- 9t
I Áúl-l ¡!il-l 'rv.¡ 'sl¡ 'luit '90 (- gl

I Ãol-¿ r¡v-¿ 
'Sll 'liH '91 (- 9t

I Àúl'¿ rltl-¿ 
'Sll '91 (- ,Jl

I ¡01-l ¡¡v-l ,sll ,91 (- 3l
tH-l ¡5ll ¡90 (- 3l

slt ¡91 (- 9l
iJil ¡gl (- f,l

I äol-t ¡91 (- 9t
IH-l 

¡S0 (- 9l
¡v-l ¡91 (- 9t

Iluo s¡sor ltluðt¿llul - ¡uarrr ¡da3 ropu¡¡

IH-¿ ¡5¡t r30 (- 9l
I ¡oì-t ¡lil-l 'rv-¿ 'sll 'Jdll 

,go (- 9t
I ñol-¿ '¡v-¿ 'sl¡ 'J¡I '9I (- 9l

3 ao1-¿ ¡ry-¿ ,$l¡ ,91 (- !l
¡ ao1-¡ ¡ry-¡ ,sll ,91 (- 9l

l¡H-t ¡Sll ¡90 (- 9l
slt ¡9t (- 9l
lJfl ¡91 (- 9l

I ä01-l r9l (- 9I
tll-t 'go i- gt

,rv.l 
¡91 (- 9l

f¡uo :¡so: lplu¡rà¡lul - ¡uatre¡da¡ aogur¡

Hil-¿ ¡Sll ¡90 (- 9l
I ¡01-t ¡lH-t 'rv-¿ 'sl¡ 'Jdt 

,90 (- Ðl
3 ao1-¿ ¡ry-¿ 

'sll 'lJil '91 (- t¡
3 Ào'l-¿ ¡¡v-¿ 

'sll 'gl (- {rl
I ôol-l ¡¡V-l ,Sll ,31 (_ 9l

IH-t ¡Sl¡ ¡90 (- 91

slt ¡91 (- 9l
JdH ,9I (- IJI

I À01-l ¡91 (- 9t
IH-t .90 (- 3t
¡v-l ¡91 (- 9l

,(luú :lso) lpluðraJrul - lu¿rlpldal iúpurll

ll[-¿ ¡S]l r30 (- 9l
I ôûl-l ¡Hll-l 

"f-¿ '5ll 
,ldH ,!0 (- gl

I ^ùl-¿ '¡rt-¿ 'sll 
,JdH ,91 (- 9I

3 trû1.¿ ¡¡Y-¿ 
'Slt 

,91 (- 9l
¡ ao1-¡ ¡rg-¡ ,Sll ,gl (- gl

IH-t ¡sil r90 (- 9l
slt ¡91 (- 9l
JdH 

¡91 (- rJl

I Aol-l ¡91 (- gl
t8-¡ r90 (- 9l
¡v-l '|91 (- 9l

¡lu0 rl5úl lpl0ð!¡¡)ul - luðr)rld¿ð ño¡u¡tl

¿Ìn5?aI

00t0'0 0¿10'0 .. tÙ0'0
¿!10'i) Sú10'0 t9t0'0
g¿¿0'0 t0r0'0 90t0'0
tst0'ú út¿0'0 90t0'0
8ll0'0 ¿9tú'0 [þ00'0
00ú0'û 000ú'0 [¿t0'0
8800'0 0¿t0'0 0000'0
88ú0'0 0¿t0'0 û000'0
0ú00'0 0000'0 00ù0'0
0000'0 00ú0'0 0000'0
¿¿00'0 ¿t00'0 00ú0'0

çt00'0 t?00'0 ¿¿t0.0
000ú'0 0000'0 0000'0
gtu0'0 i¡00'0 ¿600.0
0uú0'(, 0ú00'0 ùú00'0
l¿{.r0'ú 6¿0ù'ú t}0ú'0
úu00'0 00ú0'0 0000'0
8000'0 0¿t0'0 0000.0
88û0'0 0¿t0'0 ú000'0
00'10 '0 0000'0 0000'0
Úú0t,'0 0000'ú 00ûú'0
t¿00'0 lE00'0 0000.0

Ìtì ltì ttl
puerà0 pur!¡0 PuÈt¿o

'l¡'J ¡à¡ulll 'l¡,v rðlu!lt ¡¡rrns

59ilt ÀVS

0¿

0¿

t)¿

0¿

0¿

0t
0¿

0¿

o¿

lsðll:u0tlrlu¿il0
ðlqr¡¿d0:àdÍi 

^û9urll sa¡:6uruor¡rguo3 rr¡
alnúH ¡lrrpl p:,1d,(¡ l¿dIl ¿sno¡

0¿

t¿
0¿

(r¿

0¿

þ¿

(,¿

o¿

0¿

ú¿

0L

q¡¡úI:u0tl¡lü¿¡J0
¿lq?rad0 ¡¿dll Âúpuli
5¿l i6ur00!lrpuoS lrl

åsnúl llllpJ l!)ldfl :àdll À5n(,H

ts¡I)
¿t !ì

lsEl:u0tlPluaU0
alqrrad0 tadfl 6úgurI
sa¡:6uruor¡rpuo3 r¡¡

¡enoÍ íl!rEJ F)ld,(l :adll ¿soúÍl

qlnos iu0tlelu¿!10
¿lqs/òd0 ¡¡dIl ôopur¡l

E¡^ :óuruo!¡ rpuo3 l¡l
asno¡ f¡rrr¡ lrr!dll ¡¿dfl asnúlt

ssfl PUI



[nd Use

House lype: [nergy tlfirienl t:rily tlouse
âir Cmditioning: Ies
Iindov type: tired
0rient¿tion: South

ll?¿9ur e

lindor Peplrruent - lnletent¿l rosls rnly
l1 -r lÊr l-Ár
Iû -) 06r t-nl
16 -) 16, l-l-ov t
l0 -) lç, Htf
TG -) tc, tts
Iî -) 0|ì, lts, t-Hi
lû -) 16r lfs, l-Ar, l-[ov E

T6 -) llì, ltS, ?-Ar, 2-Lov t
lÊ -) 16, lltl, l[Sr 2-^rr 2-t-rc t
llì -) 0rì, HPf, It5, ¿-Àr, l-ilil, l-t-rv t
T6 -) 06, tts, ?-Hí

llindov Peplrrrent - ln(rerertål costs only
T0 -) lS, l-Àr
I0 -) 06, t-ilt
16 -) 16, l-Lov t
Tfì -) IG, lTT
t6 -) 16, lts
tÊ -) 06, tts, l-Htf
16 -) l€, lts, l-Ar, l-Lov t
llì -) Trì, lt5, 2-Àr, 2-Lo? t
¡6 -) 16, HFl, ltS, ?-Àr, ?-t-ov t
Tlì -) Clì, lllf, lt$, 2-Ar, I-lt, l-Lov t
16 -) 06, lts, ?-Htl

llindov [eplacrenl - fn,:¡erenl¿l (ost9 Ðnly
IÊ -) T6, I-Ár
16 -) D0, t-Hd

16 -) 16, l-tov E

I|! -) t0, HPt

t6 -) 16r tts
16 -) 0rì, ¡ts, t-ilü
t6 -) lÊr ltS, l-¡,\r, l-tov E

16 -) lqr lts, 2-Ar, ?-tov t
lÊ -) TG, lllr, lt5, 2-Ar, 2-t-ov t
flì -) 06, Hlt, lt5, ?-^r, t-H¡t, t-Lov E

t6 -) I)6, lts, 2-Hil

lif,dov lepl¿raent - lncretenl¿l rosts only
ï6 -) 16, l-Ar
T6 -) 0rì, l-Hil
lÊ -) 16, l-l.ou t
frì -) trì, 8Ft
16 -) t6, tts
It -) Dô, tts, I-fltr
16 -) 16, ltS, l.Ár, l-tnu E

ltì -) Itì, lt5, 2-Ar, ?-toc I
lrì -) 16, lllt, l[5, 2-Ar, ?-trv t
¡rì -) 0t, }lpt, tts, i-r1r, t.t0t, l-Lov t
'16 -) 06, tts, 2-ilI

tlousr lype: [nerqy tllicienl f¡.ily HÐuçe

tlir Conditioning: les
llindov Ìtpe: Iir?d
0rientåt¡on: [åit

Houre lype: tnergy tlficient fuily H,:use
lir Conditloning: Yes

llindoe llD€: fired
0rie¡l¡tion: llorth

li le
(yr:)

ln':rerent ¡l
CosI

( t11¿t)

t20.0{
134.2{

r.t 3.92

t{8.2{
19. t2

l3i. J6

rË.gc
l Út.6{
il 85.08

ilt¿,2r,
ll4{.35

r20.01
t30.21

t13.9?
t.t8.2.1

19,12

r¡1.96
t73.68

il3r.61
il85.88
ln1.î()
rt14.35

r20.0{
r30.?.1

t,{ 3. ??

t18.21
11,72

fi.1. ?6

t73.68

il3r.6{
il85.88
il t¿. 20

il{4.35

r20,0t
l]0,2{
r13.92

t{8. ?4

r9.12
r3). J6

tr3.68
il 1t, t4
il$5.fi8
r I 72.20

I 1.t.t.35

sAvnû5

Âvoi ded

Sur¡er Iinter A.lf. llinter F,ll. Arinu¡l Coet
Dpr¡nd Der¡nd 0pr¡nd tnergy ge¡elits
Hr l! h{ ilth il990tt

0.0000 0,0030 0.00?2 8.{ r(,N0.0000 0.0000 0.0000 0.0 t0.00
0.0000 0.0000 0.0000 0.0 t0,000.0000 0.0ilt 0.008? 3t.6 lt.r60.0000 0.0ilt 0.0082 31.6 ilt.960.0004 (,.0000 0.|)0î0 0,0 ll,f|î)0.007t 0.00?? ri.o023 25.0 il1.5t0.0053 0.00î0 0.0000 il.t t{.il
0,0t?8 0,003¡ 0.0027 38,5 il?,?s0.0000 0.0000 0.00,1 0.0 10.000.0150 0.0078 0.0057 55.1 [5.93

0.0000 0.0030 0.002? 8.1 r{.0{
0.0000 0,000|} 0,0000 0.0 t0,00
0.0016 0,0000 0.0000 6.0 13.22
0.0000 0,0il1 0.00r¡ 3t.6 il7.960.0000 0,0t lt 0,0082 3t.6 il7.96
0.0t68 0,00il 0.0008 ao,z ll6,il
0.00t? 0.0t6? 0.0il3 61,8 t3?.5t
0.0t25 0.022? 0.0163 90,6 I.t6.93
0.0t23 0.03t6 0.0232 I D.0 r6t.97
0.018/ 0,02t9 0.0t6t t03,t t5t,95
0.0150 0,0{3? 0,03t7 t55.9 r83.t8

0.0000 0,0030 0.0022 8.{ l{.01
0.0088 0,0057 0.00.2 35.t il6.95
0.0025 0.0046 0.0034 t8.4 t9.59
0.0000 0.01il 0.0082 3t.6 il7,96
0.0000 0,0ilt 0.0082 3t,6 ilt.96
0,0088 0,02ì2 0.016t 82.5 t{J,66
0,00t9 0.023? 0.0t70 to,l t39. t20.0068 0.0372 0.0¿t3 t?o,t t66.0,
0.0061 0.0{66 0,03{2 t4t.t r0t,t4
0.oo)4 0.0,t6t 0.0330 t5t.7 t82.t{
0.0078 0.0623 0,0456 t?.t,0 il01.36

0.0000 0.0030 0.0022 8.{ Í.01
0.0000 0,0000 0.00r)0 0,0 t0.00
0.0036 0.0000 0.0000 8.0 r3.??
0.0000 0.0il1 0.0082 3t.6 il7,960,0000 0,0il1 0,0082 3t.6 ilt.96
0.0t68 0.00il 0.0008 {0.? il6.il
0.007? 0.0t62 0.0il9 f,1.8 t32.5t
0.0115 0.0?¿¿ 0.0t63 ,rtt.6 t{6.13
0.0rt 0.0Jt6 0.0231 il¡,l' t6t.97
0.018¡ 0,0;!1 0.0t6t t03.1 t5t.,5
0,0150 ¡.1132 0.01t7 t55.9 tBl.(|B

20

20

?0

20

20

20

2r)

20

?4

20

?0

Hrure Iype: [nprgy Iftiri€nt [å.ily Hruse
lir Conditioniog: Yes

llindqv Iyp€: fited
0rient¡lion: lest

20

2(,

20

20

20

20

20

20

20

20

20

Avoided mC

Cosl 8en€fil/
BP¡plils Cosl R¡tio
( t912r)

r{, ?8 0. ?t
10,00 0,00
t0,00 0,00
rti.ot 0.33
ll9.0t t.96
t0,00 0,00
il2.25 o.It
r.r.1.} 0.0.t
il0.îr 0. t0
10.00 0.00

r27. {6 0. 19

11.20 0.2¡
10.00 0.00
r?..il 0.08
ilî.fl 0.39

il3.0t t.96
il7,70 0.{,t
13{.43 0.{7
r{9.6? 0,36
165.6? 0.35
t55,0t 0.32

t87,98 0.61

t{,28 0, ?t

il¡,95 0.59

ll0,l5 0,23
lt9,0t 0.39

il9,0t t,96
r,t6.21 Ll6
l{t.43 0.56
16r.98 0.5t
185.9? 0.,16

181.6¡ o.st
il t3.70 0,79

11.28 0.21
10.00 .0.00

r3.4t 0.08

il9.0t 0,31
It9,0r l,96
il7.t0 0.{{
13{.43 0.{7
r{r.6, 0,36
165.6? 0,35
155.01 0,12

flì7.98 C,6!

20

20

?0

2rt

20

20

20

20

?0

20

20

?0

2î
20

?0

20

20

20

20

ì0
10

æ
æ



c'l
@

il'ç
9t'0
0t 'ú

9t'ú
Lþ'O

þþ'(j

9ú'l
Ê¿'0

80'0
00'0
t¿'0

86'¡8t
l0'ssr
¿9'Sit
¿r'6lr
tÞ'ril
0l'¿Í
t0'6tt
r 0't,I r
l''$
00'0t
0¿'il

0r'El t¡
¿9'¿ 8r

¿6'ç8t
86'ú9¡

tl'llt
t¿'9!r
r0'6t I
t0'6ll
ll'0n
s6'¿ I I
8¿'il

86'¿81

t0'ssr
¿9'S9r

6i'6t¡
[ ]'][ I
0¿'¿t f
l0'6n
l0'[,ll
ll'Êr
00'0r
0¿'! ¡

iþ'Lzt
ú0'0t
l¿ '01I
66'Þr
ç¿'¿ I I
00'0r
r0'6 I r
r0'6ll
00'0t
00'0r
0¿'|r

B0't8r ¿'ççl
g{,'lsr i'[ut
¿¿' t9t 0'¿ I I
t{,'9}f 9'0¿

lç'¿[r 8' t9
ll'91¡ ¿'(,1
96'¿11 9'lc
9f,'¿[ 9'tt
¿¿'$ 0'0
00'0t 0'0
to'B |'8

¿r't
¡l'0
5t '0

ts'0
9ç'0
9l 't
96't
0¿'0
[¿'0
6ç'0
l¿'0

t¿'s
9¿'0
0['0
90'0
¿! '0

lt'0
96'l
[¿'0
B0'0

00'0
t¿'0

¿tc0'ú

t9 t0'0

Ê9 l0'0
6l t0'0
6u0ú'0
¿800'0
¿{Jú0'0

0ú00'0

00ú0'0

¿¿00'0

9çt0'0
6¿t0'0
¿rE0'0
t¿¿0'0

0¿t0'ú
[9t0'0
¿800'0

¿8ú0'0

Þ[00'0
¿Þ00'0

¿¿00'0

¿tc0'0
I 9 t0'0
¡e¿0'0
t9t0'0
6r l0'0
80ü0'0

¿8ú0'0

¿800'0

ú000'0

000ú'0

¿¿00'0

¿ç00'0

00r.,0'ú

¿¿0r)'0

lrùrjúr'(J

e¿ù0'0

000t,'0

¿800'0

?80ú'0
(r000'0

(,(rú0'0

¿¿00'0

¿¿!0'0

Ll¿í't)
9tt0'0
¿¿¿0'0

¿9t0'0
I 100'0
I I t0'0
I I t0'0
0tr{,o'0

0000'0

0Ê00'0

É¿9ú'0

t9!0'0
99t0'0
¿¿t0'ú

¿t¿0'0

ata|'0
I I t0'0
ll t0'ú
9'00'0
¿ç0q'0

0800'0

¿[)0'0
6t¿0'0
9t[0'0
¿¿¿0'0

¿9t0'0
I t00'0
lt r0'0
r I t0'0
0000'0

0000'0

0t00'0

0¿0t)'0

0000'0

¡t00'0
þ{00'r)
¿800'ú
(r000'ú

I I l0'u
I I l0'0
0r,00'0

û(/0ù'0

0[00'0

9['¿0lr
!¿'¿8t
þl't8r
60'99t

¿t'6Et
99'[]r
96'l I r
9ú'¿ lr
6S'6r
ç6'9t I
Þ0'ì r

0çt0'ú
¿ú10'ú
c¿ l0'0
ç¿ t0'0
¿t00'0
8910'0
0000'0
ú000'0

9Ê00'0
(,(,00'0

0000'0

Brú0'0
t600'0
¿900'0

09{rú'0

6t00'0
8800'0

0000'0

úú00'0

ç¿ú0'0

88ú0'0

0000'û

0st 0'0
¿út0'0
[¿10'0
g¿t0'0

¿¿00'0

89 ¡0'0
0000'0

0000'0

i800'0
ú000'0

0000'ù

0st 0'0
0000'ú

0¿t0'0
Êç00'0

t¿úr0'0

0000'0

0ú00'0

0ú00'0

0000'0

0000'0

0000'0

0't6t
¿'lçt
I'tþt
¿'0¿t

I'01

s'¿8
9'lÊ
9'tt
i'81
t'gE
Þ'a

cc'çt r

þt'10¿t
sg'l¡Jr
t9'¿flt
s9's¿t
9t,'{,cr
¿L',(,t
Þ6'tB¡
¿6'[]t
t¿'úil
,0'0¿r

tÊ'sn
06'¿0¿t

8g't¿¿t

19'Æll
89',t¿r

96'r,I r
¿t'61
r{,'[8t
¿6 'Dl ¡
t¿'0Er
t0'0¡f

Et'str
þr,'ú¿t
8ç't¿¿r
19'til I
89't¿t
9¿'Éil
¿L'6t
t6't0l
¿6'tlt
þ¿ '0¿t

t0'0¿¡

!t'çn
ú6'¿0¿ I
bq't¿¿l
!9'tct r
89'S¿ I
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3. 6 CONST'I{ER FINÀ¡ICTÀIJ À!{AIJYSTS

3.6.1 Financial Analysis sithout fncentives
The siurpre payback period (spp), internal rate of return

(IRR) , and net present value (NPV) were calculated for each HpI^¡

scenario. The methods for calculat,ing economic analysj-s were

introduced in Sections 1.5.6 and 2.9. The increnental HpW option
costs from the HPI{ price survey and the fuel cost savings from

HOT2O00 analyses tvere required for these evaluations. The HpW

option costs with 1,42 taxes (psr and csr) v¡ere used in the
consumersr economic analysis as consumers are not exempt from

taxes.

rn brief, the sPP determines the time required to repay the
investment v¡ithout incl-uding the interest rate. The NpV calculates
the present value of a series of present and future disbursements

or receipts (smith l-981) . The rRR carculat.es the opportunity
interest rate an investnent is expected to yie1d, the discount rate
that equates the present value of benefits and costs (Hu 1983). An

electronic spreadsheet hlas used to calculate the IRR and NpV to
expedite the calculations. The results of the consumer economic

anarysis are tabulated in Table 16 on page j-05. The varues with
rrNÀrr rePresent scenarios with negative annual fuel cost savings as

a result of HPI{s having lower performance than standard triple-
glazed l¡indows. No economic calculations were pursued for these

cases.

Most measures failed the consumer economic indicators due to
lot¡ consumer savings for very expensive high-performance window
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(HPvü) options. rn Table 16, most simpte payback periods are very

high (up to 6O0 years), internal rates of return are very low, and

net present values are usually negative. The three aforementioned

economic tests are closely related and so it is not surprising that
the results are similar.

The best window options are again the HP!ùs with insulated edge

spacers (TG, IES) and double-glazed windows with insulated edge

spacers with Heat Mirror (DG, IES, l-lIM) . Also, triple-glazed
windows with insulated edge spacers, one argon gas fitr, and one

Low E coated g]-azing (TG, rES, l--Ar, 1--Low E) performed marginarly

wel-I in economic anal-ysis. Table l-3 illustrates the best consumer

economic anal-ysis results without incentives.

Economic results are sirnilar in common window groupings.

sirnilar to the utility economic analysis, greatest energy saving

potentiar (shown by highest sPP, rRR, AND NPV leve1s) occurs on the

north, east/west, and south orientations in decreasing order.



House Type: Typical Fanily House
Air Conditioning: yes
I,Iindow Type: Fixed
Orientation: North

Tab1e 13. Best Consumer Economic

TG '+
TG -+

TG -+

Measure

TG, rES '

DG, IES, 1-HM
TG, ïES, l--Ar, 1_-Low

Analysis Test Results

SPP
(years)

7.L
1,3 .2
25.3

without Incent,ives

TRR

o.L29
0.043

-0. 021_

NPV
($)

7 .68
-4.32

-44.32

to
N
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A sensitivity analysis of the NPV results was calculated for
different interest rates, in order to establ-ish whether changing

the interest rates had a large impact on the NPVs of each measure.

A small impact on the NPVs would indicate low sensitivity to
interest rates. The sensitivity anarysis for the following
measures $¡as performed in Table 14 for the following arbitrarity
chosen scenario:

House Type: Typical FamiIy House
Air Conditioning: No
Window Type: Fixed
Orientation: South

The resurts from Table 14 indicate that the Npvs do not vary

significantly. The scenarios with negative NPVs remain negative

and varying the interest rates has limited economj-c impact on

consumer acceptance of the individual measures.



House Type: Typical Fanily House
Air Conditioning: No
[,Iíndow Type: Fixed
Orientation: South

Vüindow Code

Table L4. Sensitivity Analysis

TG -r
TG*
TG -+

TG*
TG -r
TG*
TG --r

TG '-+

TG "+

TG -+
TG -r

TG, l--Ar l

DG, 1-HM.
TG, 1-Low E
TG, HPF
TG, TES
DG, IES, L-HM
TG, IES, 1--Ar, l-Low E
TG, IES, 2-Ar, 2-Low E
TG, HPF, fES, 2-Ar, 2-Low E
DG, HPF, IES , 2 -Ar, 1-HM, 1-Low E
DG, IES, 2-HM

for Net Present

NPV @ 22

-1-5. 00
NA.
NA

-29.32
1,4.59

NA
-77 .79

NA
-206.84

NA
-1_5L.48

Value Results

NPV @ s.5å

-1,7 .1,L
NA
NA

-36.23
7 .68
NA

-79 .46
NA

-208.21,
NA

-l-55.00

NPV O 10?

-L8 .7 6
NA
NA

-4t.62
.2.29
NA

-80.76
NA

-209.27
NA

-t57.75

NPV @ 1-5Z

-19.84
NA¿
NA

-4s.l_6
-L.25

NA
-81,.62

NA
-209.97

NA
-r_59.55

\o
È
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3.6.2 Financial Ànalysis r,¡ith Incentives

The utility offers financial- incentives to consumers through
DsM incentive programs if they purchase measures that generate

overall savings for the utility. Each scenario was analyzed to
establish whether incentives h¡ere applicable for the following
structure for a 20 year window life:

If NPV of incremental cost of HpI.i option (including
taxes)

- NPV of annual fuel costs

is positive, then no need to offer utility incentives since
these options already have good payback

is negative, then utiJ-ity may offer incentives if the
absorute varue of the resurt is smalrer than the Npv ofutility avoided cost benefits - otherwj-se, no incentive
is offered

once the incentives are offered to qualifying measures, the net
present value of 0 for a 20 year life stream results. Maximum

potential incentive levels are limited by the utility avoided costs

calculated in the Simp1e Economic Screen Test for each respective
scenario

rn Table L6 on page l-05, economic anarysis results with
utilíty incentives are listed. Most scenarios do not qualify for
incentives (shown by NA) because either the HpW options are self-
sustaining and do not need incentives (NpV

few cases) or the HPw options costs are higher than the avoided

costs for each respective scenario (where Spp

Measures qualified for incentives only when the net present vaLue

of the avoided costs for a 20 year period vrere larger than the

incremental costs of each respective HPW option. Therefore the
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utility covers the additional costs associated with HPI^I options.
The best consumer economic analysis results including

incentives is found in Tabl-e 1-5 for the best economic conditions
(the same conditions used in Tab1e 13).

For those measures receiving the incentives, the spp is Lz

years (the payback would have been 20 years using a 5.52 discount

rate) , the IRR is 5.52 (the interest rate used in calculations) and

the NPV is zero.



House Type: Typicat Farnily House
Air Conditioning: yes
Window Type: Fixed
Orientation: North

Measure

Table l-5. Best Consumer Economic Analysis

TG -r
TG*
TG -r

TG, IES
DG, IES,l-HM
TG, IES, 1-AÈ, 1_-Low

SPP
(years)

NA
L2.O
1_2.0

Test Results with Incentives

IRR

NA
0. 055
0. 055

NPV
($)

NA
0. 00
o. 00

\o
\¡
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3.7 ENERGY RATING PLOTS

Although a window incentive program is not economically

feasibler âD aÉtempt to find a correlation between Energy Rating

numbers and energy performance is executed. Results tabulated in
Table 16 are plotted to find any relationships. Ontario Hydro is
currently using the ER system as cutoffs for qualification towards

their window incentive program.

Figure 6 shows a plot of ER vs annual consumer energy savings.

The regression analysis indicates that as ER numbers for HpWs

increase, so do annual consumer energy savings. However the R-

sguare is very low (R-square = o.2g3o) indicating a scatter of
points and low certainty of results. An R-sguare of t-.0 indicates
a perfect regressi-on analysis. Therefore, due to the scattering of
points expressed by a Ìow R-square, the ER reration is poor. A

poor correlation is observed between ER numbers and annual consumer

energy savings.

rn Figure 7, the ER is plotted against the utility avoided

costs discounted for a 20 year period. The results indicate that
as ER numbers increase, so do utility avoided costs at a slope of
3.8096. The R-square for this relationship is arso row as

expressed by an R-square value of O.2839. Therefore comparing the
ER number to the utility avoided costs does not define a clear
relationship

In Figure 8, the ER is plotted against the utility Total
Resource Cost (fRc). The results indicate that as the ER value

increases, so does the TRC at a very low rate shown by the slope of



99

0.075L. This regression analysis is again very low, the R-square

varue is o.0949. Therefore, protting the ER values verses the
utility TRC does not identify a werl--defined rerationship.

The results in Figure 9 show the relation between ER and

window incremental costs. Àlthough the window incremental cost.s

increase as the ER values increase, this relationship is also very
poor as the R-square value is 0.L920 due to the wide scatter of
window prices. As a result of these poor values, a poor

correlation is observed

Even though a high-performance window incentive program is not
feasibre at this time, a potentiar rink between Energy Rating
numbers and windo\^/ economic perf ormance was atternpted. Due to the
scatter of points in the figures, poor regression analysis results
were obtained. Therefore no clearly identifiable relationship
could be identified.

3.8 SUMU.ARY

In this chapter, a study of the economic feasibitity of high-
performance windows for a possible Demand-Side Management program

$/as carried out. The resurts indicate that the costs of high-
performance window options are high compared to the energy savj-ngs

introduced by this energy conserving measure. À1so, the utility
economic analyses and consumer financial anaÌyses calculations
indicate that few high-performance options pass the economic

screens
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Although nost windows fail the economíc screens, two window

tlpes are the exception. Trip1e-glazed windows with improved edge

spacers consistently passed aII economíc screens. Also, double-

glazed windows with inproved edge spacers and one layer of Heat

Mirror also passed the econonic criteria on the north orientation.
Energ,y conservation gains of high-performance windows lrere

generally experienced in the north, east/west, and south

orientations in decreasing order. Passíve solar power intake is
reduced with high-performance window options with low-emissivity
coatings and films which affects the perforrnance features of
windows in the south, east/west, and north orientations in
decreasing order.
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Notes pertaining

fol-l-ows:

End Use l,lindow

Measure

Identification :

HOT2000 l,riindow Code

Life (yrs)

R-vaI (Rsi)

SHGC

Air Leakage

ER (w/n2)

ERS (!'iln2)

Rate 1m37n-m-r¡

!{indow Incremental Costs
w/o Taxes ($/window)

Window fncremental Costs
with Taxes ($/window)

Avoided costs ($)

Table L6. Overall

to each component

Results

of the tabl-e are listed as

Introduces window and house
conditions

Gives basis of comparison for TG
windows with HPW options to TG
windows

6-digit user-défined window
codes schedul-e for HOT200O
analysis

Useful lifetime of windows

Overall R-va1ue of HpW

Solar heat gain coefficient of
HPI^¡

Air l-eakage rate of HpÍrl derived
from manufacturer t s specif ications

Energy rating of HpüI based on
average climatj-c conditions

Energy rating value that is
specific to the clirnate of a
particular location, to window
orientation, and size

The difference in cost of the
HPW to a TG window of same
size and style without taxes

Same as above with l_4? taxes
added to calculations

Energy and Demand savings for
the lifetime of measure.
Derived frorn SES

Measure resource cost derived
in SES

MRC
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: Total resource cost : MRC/L.2S

consumer savings (Ç/yr) : consumerrs fuer cost savings
established in HOT2O0O analysis

Consumer Economic Analysis without Incentives:

TRC

sPP (yrs)

ÏRR

NPV ($)

: Simple payback period

: Internal rate of return
: Net Present Value

Consumer Economic Analysis with fncentives:
SPP (yrs)

IRR

NPV ($)

NA

Sinple payback period for
qualifying HPI{s

fnternal rate of return for
qualifying HPWs

Net Present, Value for
qualifying HPWs

Not applicable
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Heating Load Only
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CEAPITER T

CONCIJUSTONS AI¡D RECOI'TI'TENDATIONS

1.1 coNcIJItSIONS

As HPItIsr performance increases, based on WfNDOW 4.0 analysis,
the R-values also increase while the sotar heat gain coefficients
(sHGc) decrease. ft v¡as found that all high-performance window

(HPw) options increased the overall windowrs R-values but 1ow-

emissivity coatings and filns such as Low E and Heat Mirror (Iû'f)

decreased the SHGCs. In order to attain the highest Energy Rating
(ER) varues, windows must have high R-varues, high sHccs, and low

air leakage rates. ft seems that concessions in SHGC performance

must be made to reach the highest R-values for HpWs.

In order to opt,inrize HPW selections for each orientation, the
proper combinations of R-value/SHGC characteristics rnust be chosen.

on the south-face of houses, the highest combination of R-value and

sHGc should be obtained while keeping the air leakage rates low to
achieve the best energy performance results. Based on economic

results, Low E and IIM should not be used on south-facing walts of
houses. They decrease SHGCs and reduce rrfreerr passive soLar energy

intake. All other HPW opt,ions, that increase R-values, should be

promoted on the south-facing side of houses.

Based on HoT2000 analysis, window performance results on the

east and west orientations of a house are the same since the

simulation program does not calculate any predorninant Manitoba

winds. since solar po!¡er is not as pronounced for these

orientat,ions, the SHGC can be sacrificed to obtain higher wíndow R-
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values to achieve greatest energy performance (keeping air leakage

rates low). HPW options such as Low E and HM are more beneficial
for these orientations. Based on economic analysis, HP!'I options

are most suitable for north-facing windows. The greatest energy

savings were recorded for this orientation. Therefore, HPWs with
many options with the largest R-varues, lower sHGCs, and low air
leakage rates, are fairly acceptabte on the north-facing window

orientation. Based on results, HPWs are most efficient on the

north, east/west, and south facing sides of houses in decreasing

order.

The results derived from Table l-6 and Figures 6 to 9, relating
the ER number system to cost parameters, did not provide conclusive

results. The regression analysis of scattered points illustrated
in the figures resulted in low R-sguare values. The windows which

demonstrated superior economic performance are not necessariì-y the

ones with the highest, ER varues. conversely, Iow-performing

windows did not necessarily produce the lowest ER values. This

eval-uation system is too general for site specific applications of
windows.

The problems associated with the ER system are stiIl apparent

as it is still in the deveropment stage. For example, a window

with a specific ER value can achieve wide-ranging energy savings

dependent on its orientation. The solar heat gain coefficients, R-

values, and air leakage rates compiled together in the ER nunbering

system no longer reflect accurately the performance characteristics
of a window. The application of windows are site specifJ-c and



1-L9

orientation specific. The ER system fails when it tries to
generalize these conditions.

Based on computer simulations and economic analyses, most HPW

options v/ere not favorable for consumers and Manitoba Hydro. Most

HPWs did not pass the utilityrs economic analysis TRC test, nor did

most pass the consumersr financial analysis SPP, IRR, and NpV

tests.

Although most HPW options did not perform well in economic

analysis, two options v/ere the exception to the rul-e. fnsulated

edge spacers passed all TRC test for all scenarios. Also, Heat

Mirror options passed the consumer and utility economic analyses,

but for north-facing windows only.

4.2 RECOMMENDATTONS

Manitoba Hydro, in the near future, will be evaJ-uating nevt

technologies in their pursuit of introducing Demand-Side Management

programs. Based on the results of this study, it is suggested that
the following recommendations be implemented.

1) Manitoba Hydro should not offer incentives to consumers,

¡rith electrically-heated hones, who upgrade to high-
performance windovrs.

A Manitoba Hydro HPIaf incentive program at present appears to
be unsuitable based on economic results. Further research in this
area should be carried as the following rough approxirnations

independentJ-y make HPW options economically viabl-e for the utility:
(a) avoided costs increase by a factor of 8; (b) high-performance
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window incremental costs decrease by a factor of B; and (c) the
electricity rates increase by a factor of 6. The rough

calculations used to establish these criteria h/ere based upon

varying either of the aforementioned costs independently while
keeping all other costs static. In actual market economies, this
would not occur as all costs would be interrelated.

2, The evaluation of household cooling loads may be omitted

in future studies

The cooling load has a smalI effect on the energy birls in
relation to the heating bill-s due to a short cooling season in
Manitoba. A1so, summer erectricity capacity is large due to high

reservoir leve1s as a result of increased seasonal precipitation.
The peak energy requirements are never threatened in summer.

3) onry one house type may be anaryzed for future studies.
Many sirnilarities \^/ere observed in the resul-ts of the two

house types anaryzed in this study. onry one house type may be

analyzed in future studies to decrease repetitiveness. ït is
suggested that only Energy Efficient Houses (aIso known as Power

smart or R-2000) be anaryzed as many nerÁ¡ homes fulfit the
specifications of this house type.

4, Manitoba Hydro should monitor further research of the

technological performance of inproved edge spacers.

The improved edge spacers, such as butyl-meta1 or insulated
spacers, performed very well economically both for Manitoba Hydrors

economic analyses and consumersr financial analyses. rf the

research demonstrates positive technological results, Manitoba
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Hydro should promote improved edge spacers in their Pov/er Smart

publ-ications, but without subsidy or incentive payments. Manitoba

Hydro is already involved in discussions with manufacturers with
regard to HPúIs. Perhaps a program to help the manufacturers set up

production of improved edge spacer technologies would be more

appropriate at this tj-me than a general HpW incentive program.

5) A study focusing on the economic and financial analyses

associated with retrofitting existing sealed glazings

with metaÌ spacers to sealed glazings with improved edge

spacers is recommended.

This study could focus on changing the sealed glazings without
changing other components of the window. rn analysis, the total
retrofit costs could be compared to the energy savings of the new

technology.

6) Manitoba Hydro should prornote window practices suitable
to Manitoba conditions in their power Smart

publications.

rnsurating shades, awnings, and venetian brinds are window

components that help reduce energy foss in winter, ât night, and

reduce solar heat gain on hot summer days. Manitoba Hydro shoul-d

recommend the proper installation and use of these components to
their customers. Also publications should emphasize the qualities
of HPhrs such as low condensation, 1ow maintenance, comfort, and

ease of operation.
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7') Manitoba Hydro should conduct a residentiar survey of
existing window types, forecast of window purchases, and

general perspect,ives on windows.

The questionnaire could be included in the rrManitoba Hydro

Residential Energy Use Survey'r conducted by Manitoba Hydro every

two to three years. The results could be useful for future
reference in the event that changes occur in markets affecting
high-performance windows initiating further window studies.

8) Manitoba Hydro should stay informed of new developments

related to HPWs.

The rrOntario Hydro Window Incentive Programrr and the ER system

are two developments affecting Manitobars window manufacturers as

their sales have penetrated the ontario window market. Certain
pressures from manufacturers will be experienced further by the

utility to offer incentives to the Manitoba window market due to
ontario Hydro's incentive program. Manitoba Hydro at this stage

should use caution when rating windows v¡ith the ER system.

9) Further research should analyze the economic

benefits (or losses) associated when repracing order

windows (such as dual-pane storm windows) with high-
performance windolrs.

The methodology of this. study analyzed the econo¡nic data

of HPWs by taking the difference in energy savings with basic
tripl-e-gIazed windows. Since there are numerous rroldrt windows in
Manitoba, a study to evaluate the energy savings introduced with
high-perforrnance windows is warranted. The energy savings may be
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large. Costs involved would be the total installed costs for HP$fs

rather than only the incremental costs for each option.

10) The continued use of the incremental cost approach for new

technologies in Demandl-Síde ttanagement planning is
recommended.

The incremental cost approach J-s very useful and applicable to
this study. This method can be used in calculating economic

feasibility of future window studies, future Power Smart

feasibility studies, and general Demand-Side Management studj-es.

The incremental cost approach offers a valid method of establishing
the economic feasibility studies of new technologies.

11) The electricity avoided costs should shadow price

environmental costs such as flooding, recreation loss,

and socio-economic implications of those affected.

The economics of this study dealt with the avoided cost

savings associated with reduced peak loads. In this method, the

costs associated with peak capacity energy and demand were shadow

priced by Manitoba Hydro. There are broader issues, however,

involved in.energy conservation. The externalities introduced with

the construction of each generation station have to be accounted

for in decision making. Energy conservation may also decrease many

forms of environmental- degradation. Examples of externalities
assocj-ated with pov/er generation are flooding, mercury leaching,

and loss of traditional flora and fauna habitats. Human socio-

economic impacts such as loss of subsistence fishing (due to

contaminated fish), displacement due to flooding and depression
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often leading to alcoholism and suicíde atso have to be accounted.

Once these performance and econornical characteristics are shadow

priced more accurately, Manitoba Hydro can follow the research

methodoÌogy outlined here in analysis and compare results with this
L992 baseline study.

It is hoped that the recommendations will aid Manitoba Hydro

with the high-performance window study and future Demand-Side

Management studies. It is important that Manitoba Hydro continue

energy conservation studies on Demand-Side Management. Continued

effort and amelioration of methods in evaluating programs wilt
benefit the utility. The decisions stemming from Demand-SÍde

Management planning are very inportant as they may have an effect
on dornestic energy security and will produce positive impacts on

the environment.
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PERSONAI, COI,TI,TT'NICAÎTON8

The following people were contacted during the course of the
practicum:

Dubrous, .F, Project Manager Buitdings Group Energy Efficiency
Division, CANMET, Ottawa, Ontario.

Dudeck; T., vice President, Paramount Glass and Mirrwork Ltd.,
I{innipeg, Manitoba.

Dueck, A., vice President Marketing, I{irlmar l{indows, winnipeg,
Manítoba.

Eyolfson, G.M., Building Envelope Engineer, Manitoba Hydro,
I{innipeg, Manitoba.

Finlayson, 8., Computer Consultant, Lawrence Berkeley
Laboratory, California.

Franche, G., Canadian Construction Materials Centre,
Ontario.

Ottawa,

Garlinski, ll., Sales Representative, Pella Hunt Corporation,
Winnipeg, Manitoba.

Gray , J. , Economics Professor, university of Manitoba, I{innipeg,
Manitoba.

Gudmundson, V., President, V.B.c. Distributors Ltd., I{innipeg,
Manitoba.

Han1in, 8., Economist - Facitities planning, Manitoba
Winnipeg, Manitoba.

Hydro,

Harder, R., Salesman, Loerren Windows Product Showroom, Winnipeg,
Manitoba.

Huminicki, D., DSM Planner, Energy Management planning and
Evaluation, Manitoba Hydro, t{innipeg, Manitoba.

Koberstein, K., Production Manager, Storn-Tite fnc., Winnipeg,
Manitoba

Loewen , C. , Product Development lrfanager, Loewen Windows,
Steinbach, Manitoba.

Matias, W., Program Supervisor Residential/Àgricultural Programs
Department, Ontario Hydro, Toronto, Ontario.
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Proskiw, c., Unies, !{innipeg, Manitoba.

Tait, P., sales Agent, Porar I{indow of canada Ltd., I{innipeg,
Manitoba.

Toker, .R. l Manufacturerrs Agent, corrins-Toker Agencies Ltd.,Winnipeg, Manitoba.

warkentin, D., Project sales, Loewen I{indows, steinbach,
Manitoba.

Irlynders, T.., Residential Technical Advisor, Department of Energy
and Mines, I{innipeg, Manitoba.

Yeo, D., General Manager, Dorwin rndustries, winnipeg, Manitoba.

Yewchyn, 8., sales Manager, Duraco t{indows, winnipeg, Manitoba.
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Infiltration
Leakage Rate

APPEITDIX A.

DEFINITIOI¡ OF |[ERüS

air leakage due to holes, gâps, and cracks

the volume of air flowing per unit of time
through leakage paths in the closed window
product under specified temperature and
pressure conditions on both sides of the
window

Argon Gas Fi1I - nrost t1pícal HPW gas fill between window panesr.
higher molecular weight than air reduces
conductive heat Ìosses

Avoided Cost - utility savings created by the reduction in energy
and demand of electricity

Baseline - the basic standard of value against which comparisons
or measures are made

Conduction - transfer of heat through matter by communication of
kinetic energy from particle to particle

Convection - transfer of heat by circulating currents

Demand-Side Management - nanaging energy at the demand stage

Energy Conservation - wise utilization of energy result,ing in the
conservation of natural resources

Energy Efficiency - capacity to produce desired results with a
minimum expenditure of energy, time, money,
or materials

Energy Rating Number - window evaluation system used by window
industry based on the combination of the
main performance characteristics of
windows

Edge Spacer - spacers at the perimeter of windows along the
buffer zone to the frames

Fixed Windows - sealed windows which provide no ventilation
Frame - the associated head, jamb, silI, and where applicable,

mullion and muntin that, when assembled, house the sash
or fixed glazing
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Free Riders - consumers who would purchase measures irregardless
of whether incentives trere offered

Glazing - a piece of glass; glass pane

Heat Mirror - clear low-emissivity firn suspended between two
glazings

HÍgh-Perfornance Frame - polyvinyl chloride or fibregl-ass frame

High-Performance Windows - triple-pane windows with options such
as low-E, gâS fills, insulated edge
spacers, and insulated frames

Horzooo - computer simulation program designed to si¡rurate
energy requirenents for residential dwellings

HVAC Systems - Heat,ing, Ventilation, and Air Conditioning Systems

rnfirtration Heat Loss - Heat loss due to air leakages through
holes and gaps

rnsurated Edge spacers - butyl-netar or siricone edge spacers

Low-Emissivity (Low E) - coatings, only a few atoms thick,
usually of metallic or semiconductor
material, applied to glazing surfaces to
reflect radiation

operable l{indows - windows which can open to provide ventilat,ionr.
tlpes include casement, slider, projecting,
and tilt/turn

Radiation - energy radiated in the form of waves or particles
R-value - measure of heat transmission resistance, inverse of

U-value

shading coefficient - standard measure used in evaruating the
contribution of shading

solar Heat Gain coefficient - the ratio of sorar heat gain
through a window component to the
solar radiation incident on it, for
a given angle of incidence and for
given environnental conditions

Thernal Break - an insulating material incorporated in a metal
window frarne to reduce thermal conduction
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Thermal Performance - generic combination of energy
charact,eristics to determine energy
evaluation of a system

Transmission Heat Loss - heat ross due to radiation, convect,ion,
and conduction

utitity - pubric-oriented electricity-generating company

U-Value - overall heat transnission in unit time through a unitarea, inverse of R-va1ue

I{eatherstripping - material around operating tights designed to
reduce air leakage and/or water penetiation



135

ã,PPENDIX B.

E I GE - P ERFOR}ÍANC E IÍI NDOIÍ I,ÍA¡TT'FÀCTT'RER 8

The forlowing high-perfor¡nance windot¡ manufacturers were

contacted for the HPW incremental cost price survey:

1. Arl lfeather tfindows, 45 Higgins Avenue, winnipeg, Manitoba.
Contact Person: BilI f,oeweñ, Sa1es Consult,ant.

2. Doninion lfinôow t Door Ltô. , L924 Main St., Winnipeg,
Manitoba.
Contact Person: Ken Ànderson, Sa1es/Marketing.

3. Dorwin rndustries, 666 Nairn Ave., I{innipeg, Manitoba.
Contact Person: David L. yeo, General Manager.

4. Duraco lfindows, 159 DeBaets street, winnipeg, Manitoba.
Contact Person: Brian D. yewchyn, Sa1es Manager.

5. Ei-Tbern corporation, 11 Higgins Avenue, f{innipeg, Manitoba.
Contact Person: Harv Klassen, General Manager.

6. IJoewen lfindoss, Box 2260, Steinbach, Manitoba.
contact Person: cryde Loenen, product Deveropment Manager.

7. ParenouDt lfindows rnc., 105 panet Road, winnipeg, Manitoba.
Contact Person: Tim Dudeck, Sales Consultant.

8. Perla Eunt corporation, 37s-550 century street, winnipeg,
Manitoba.
Contact Person: Mike Garlinski, Branch Manager.

9. Polar lfindow of ca¡ada r,td., 672 Kinberly Ave., winnipeg,
Manitoba.
Contact Person: phil Tait, Sa1es Agent.

10. Storn-Tite IDc., 4O4 Egesz Street, I{innipeg, Manitoba.
Cont,act Person: Kurt Koberstein, production Manager.

11. visionwarl Technologies¡ rnc., 110, L4go4-L23 Avenue,
Edmonton, Alberta.
Contact Person: Vern Gudmundson, president, V.B.G.
Distributors, Ltd.

L2. rfilrnar lfiudows, 4gs watt street, I{innipeg, Manitoba.
Contact Person: Al Dueck, Vice-president, Marketing.



136

APPEITDIX C.

EIGE-PERFORIÍÀI¡CE tf INDOIÍ PRICE QI'E8TI OUNAIRE

The questionnaire ttas presented in the fotlowing format after
introduction and once the contact person was enlightened about

the purpose of the study.
* I need a price quotation for an instalted (fixed and/or

operable) replacement triple-glazed window complete with
framing with 3r x 4r overall dimensions;

* I{hat kind of edge spacer does this window have?

* What is the additional price for an insulated edge spacer
for this window?

* What is the additional price for each layer of Low E or
Heat Mirror?

* What is the additional price for filling the cavity with
argon gas?

* What kind of frame does this window have?

* I,fhat is the additional cost for a vinyl or fibreglass
frame?

* Please comment on the current energy rating systern and
its usefulness, particularly with respect to the Ontario
Hydro HPI{ incentive program.
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Energy Perlormonce Evoluotion of Windows and Sliding G/oss Doors

8. Enerry Rating of Residential windows and sliding Glass-Doors

8.1 Enerry Rating for Heating Conditions
. The energy rating, for heating conditions, of windows used in self-contained low-rise dwelling

unis shall be computed from the following equation:

ER = [F_ Fo Ht] - [(tb¡-tbo) U*] - [(t¡ ¡- t5o)(0.138pF L7sl,\)(pcol3.6)]
where
ER = window energy rating for heating conditions, W/m2
'F- = window solar heat gain coetfìcient'for the reference size in Table l, established in

accordance with Clause 6, dimensionless

Fe = off-normal incidence angle factor for solar radiation, dimensionless

Ht = âv€râ9€ solar radiation incident on vertical windows facing the four cardinal
directions during hours of the year when solar heat gains influence heating load,
W/m'

tu¡ = âv€rã9€ indoor temperature during hours of the year when daily average outdoor
temperature is below 12oC (assumed to be 2O.O"C)

tuo - average outdoor temperature during hours of the year when daily average outdoor
temperature is below l2'C (assumed to be -l .9.C)

U* = window U-value for the reference size in Table l, established in accordance with
Clause 5, W/(m2'C)

Lzs = window air leakage rate at a pressure difference oÍ 75 Pa for the reference size in
Table 1, established in accordance wlth Clause 7, expressed ¡n m3/h

0.1 3SPFLzs/Aw = âir leakage rate per unit area for installed window of reference size, under average
. weather conditions during hours of the year when daily average outdoor

temperature is below I 2"C, expressed in m3/h pet rn2

p Cp = thermal capacitance of air, 'l .2 kJ/m3"C

3.6 = kJ/h per watt

Aw = âr€â of window based on the reference size in Table l, m2

8.2 SimplÍfied Equation for ER
The values of weather factors used to establìsh an average energy rating for all climates and all
cardinal compass directions shall be as follows:

F. H, = 72.2
tu¡ - t¡o = 21 .9
PF = 0.54

Then the ER equatìon becomes,

ER = 72.2 F- - 21.9 U* - 0.54 (175/,\)

October 1991
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CSA SpeciøI Publícatíon A440.3-M1gg 1
User Guíde to CSA Prelitnínøry
Størtdørd A44IO.2 -Mlgg I, Energy
P erfoÍÍnctrtce Ev øluøtion of
Wíndows ønd Slídíng Gløss Doors
Part 1- Explanation of Clauses
Note: C/ause numben ín this port of the lJser 6uide correspond to those in the body ol CSA Stondord A440.2.
Commentory is not provided for all Clouses in the Standord

1. Scope

1.1
The angle from horizontal at which windows are installed has some effect on thermal properties.
The Standard specifies the determinatìon of reference values for vertical installation, as most
windows are installed at this angle. These values of F and U are generally approprÍate for
comparing the performance of windows installed at other angles. The ER value, however, is based
on solar radiatìon incident on vertical surfaces and therefore does not apply directly to windows
installed at other angles.

1.3
The energy rating in the Standard is not currently relevant for energy use required for mechanical
cooling of residences. The effect of windows on energy requirements for cooling of a residence
can be calculated, but a simple comparative rating procedure has notyet been standardized.
Similarly, the energy rating is not directly applicable to heating or cooling applications in
multistorey apartments or commercial building applications, where the relationship of heating and
cooling loads to weather conditions is more complex.

ln developìng the energy rating, each of the weather factors in 1 3 Canadian cities with more
than 4000 heating degree-days were averaged, including solar radiation incident on windows
facing the four cardinal compass directions, to produce a single set of average weather conditions.
Rating values based on these average conditions therefore do not apply to any specific location.
The ranking of the windows, however, is the same, for the most part, as that which would be
obtained using local weather conditions.

The ranking of windows would, however, likely be aifected if an ER value were computed for a
specific orientation. A method for obtaining ERS values for a specific location and orientation is
provided in Part 2 of this User Guide, for those who may wish to select or market windows on this
basis. The ERS values so obtained can be used to make a comparat¡ve estìmate of the effect on
annual heating energy requirements of alternate window installations, and the User Guide provides
a method for making such estimates.

See clause 8 of this user Guide regarding the effect of window size on ER values.

]-4LUser Çuide to CSA Preliminory Stondard A440.2-Ml 9gl,
Energy Performdnce Evoluotion of Windows ond Slidíng Class Doon
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1.5
Thermal properties of windows may change with time. For example, there may be some
uncertainty about the long-term service life of sorne sealed glazing systems. Similarly, air leakage
rates for some air-sealing systems change more rapidly than others. Standard methods for
establishing the ability of windows to retain certain thermal properties have not been established.

2. Definitions
Itwill be noted that the frame area (,\) as defined may not be the same as the projected surface
area of the f¡ame as seen from the indoors or outdoors, as the frame components could overlap
the installation clearances on either the inside or outside (see Figures 1 and2 of this Standard).
The frame area includes the area of any sash members.

Solar heat gain coefficient (F) and shading coefficient (SC) for glazing materials are normally
taken to be related as follows:
5C= 1.15 F

!n this Standard, the value for these coefficients is that for incident solar radiation normal to the
glazing. Angle of incidence affects the values of the coefficients, but the effect is small for
windows without shading devices when off-normal incidence angles are less than 45". ln Canada
most of the solar radiation receìved by vertical surfaces over the heating season occurs at
off-normal incidence angles less than 45o.
The temperatures of the indoor and outdoor surÍaces of the window are not unìform. For

purposes of defining the thermal conductance of the window specimen, the temperature of each
of these surfaces is a derived average.

4. Selection of Specirnen Windows
4.2 Specimen. Size - ER Deterrnination
The reference window sizes in Table 1 of the Standard are those proposed for Type A windows in
the draft ASTM 5tandard, Proctice for Determining the Steody Stote Thermol Tronsmittonce of
Fenestrotion Systems, fanuary 1990, and for Model Size M in the lnterim Procedure for
Determining Fenestration Product Thermal Properties, March 15, I 991, NFRC Technical
Committee., The sizes are consistentwith those generally used in residential construction.
Reference sizes are used so that comparison of the energy-use characteristics can be made on an
equitable basis, Largerwindows have a larger ratio of centre-of-glass area to edge-of-glass and
frame áreas. Thus, fo¡ example, for glazing arrangements in which the centre-of-glass U-value is
less than the frame U-value, the overall U-value will decrease with increas¡ng window size, and vice
versa. The eifect increases as the difference between centre-of-glass U-value and frame U-value
increases. Similarly, the air leakage rate per unit area of window for a specific model is likely to
vary with wìndow size.

The solar heat gaìn coeificient is affected by window sìze because the ratios of the total glazing
area and the frame area to the complete window area are affected. The value of solar heat gain
coefficient for the frame (F1) is usually very small relative to the solar heat gain coefficient for the
glazing. Thus as the size of the window increases, and the relative area of the glazing increases,
the solar heàt gain coefficient for the complete window product (F*) increases.

Where values of the thermal properties are obtained for window sizes other than the reference
sizes in Table'l , Appendix B of CSA Preliminary Standard A440.2, when applicable, can be used to
extrapolate these values to those for the reference size.
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4.3 Air Leakage Rate
with operable windows, most of the air leakage occurs through the joints between the sash and
the frame, and between meeting rails of the sliding sash. The ratio of the length of this crack to
the window area decreases with increasing window size. Thus, with other faciors equal, the air
leakage per unit area of window will tend to decrease with increasing window size. The relative
pressure exerted on the weatherstripping by operating and locking hardware will also be a factor
determining the leakage per unit of crack length. ldeally, therefore, the air teakage rate should be
determined using window test specimens with sizes according to Table 1. ln CSÀ Standard
CAN/CsA-4440, reference sizes are chosen for structural performance considerations, and are
therefore larger than those in Table I of A44O.2. ln order to avoid the need for a second air
leakage test, the results from tests in accordance with CSA Standard A440 can be used, if they are
adjusted for size in accordance with Appendix B of 'CSA Preliminary Standard A440.2.

The size of the sliding door specimen required in CGSB Standard CAN/CCSB_92.1 is within the
tolerances for the reference siee în Table l. Where these tolerances are exceedgd, measured air
leakage rates can be adiusted to the reference size in accordance with Appendix B of the Standard.

5. U-VaIue

5.2 Deterrnin¿fie¡1 of U-VaIue by Measurement
A standard method of test and a standard practice for determining the U-value of windows by
measurement are being developed byASTM, based on BRN234. Theywill be considered for
reference in Clause 5.2..l when available.
Air pressure differences across the test spec¡men during heat transmission measurement mayvary

between one specimen and another and between test apparatus.
Thus it is important to minimize air leakage during testing as specified in Clause 5.2.2 of the

Standard. The eifect of air leakage on the energy required for heating is dealt with separately ¡n
the ER calculation. Appendix C provides guidance on measures for minimizing air leakage.

The indoor and outdoor temperatures specified in Clause 5.2.3 are those used in calculating the
U-values in the 1989 ASHRAE Handbook, Fundomentols.

It is essential that the method of test provide uniform, controlled surface conductances, within
the limits stated in Clause 5.2.4, that can be accurately determined. Because surface conductances
affect overall U-values, reference values are specifìed (Clause 5.2.5), and window U-values are
established for these reference values.

Outdoor surface conductances vary significantly with wind speed and shielding. The reference
value specified in Clause 5.2.5 corresponds to that for a wind speed of 6.7 mls (1 5 mph). This
reference value for the outdoor surface conductance is proposed in the draft ASTM standard
practice referred to above and approximates that used in computing the window U-values given in
the'l 989 ASHRAE Handbook, Fundomentols. lt is a value normally used for establishing heat losses
for sizing of heating equipment. Fo¡ annual energy use, a somewhat lower value would be
appropriate for most locations. The effect of outdoor surface conductance on U-value decreases as
thermal resistance increases.

The reference value for the indoor surface conductance is for natural convection conditions and is
proposed in the draft ASTM standard practice.

5.3 Determination of u-value by c^arculation (Simuration)
The reference surface conductances specified in Clause 5.3.4 are consistent with those specified in
Clause 5.2.5. The equatìon form of the indoor surface conductance is convenient for computer
use. lt assumes that the indoor surface of the fenestration is exposed to natural convection and to

October l99l
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black body conditíons at indoor air.temperature. lt gives a value of 8.3 W/(m2'C), for a glazing
emissivity of 0.90, an indoor air temperature of 20oC, and an indoor surface temperature for the
fenestration of 2.5'C. The effect on U-value of any ditferences in the reference values of indoor
surface conductance between measurement and calculation procedures will be small.

6.2 Determlnation of Sola¡ Heat Galn Coefflclent by Measurement
There is currently no published standard method for measuring solar heat gain coeffìcients. The
method referenced in this Standard is based on the National Solar Test Facility, in Kingston,
Ontario. ASHRAE is considering the development of a Standard. One of the principal iechnical
issues is how to deal with the dependence of transmitted solar radiation on angle of incídence. As
noted, this Standard uses values for normal incidence.

Because of the variable effect of shading devîces on solar heat gain, removable shading devices
are removed for the determination of solar heat gain coefficients. While it would be desirable to'obtain shading coeificients for a number of positions of non-removable, adjustable shading
devices, a test at only one reference condition (Clause 6.1.2) is specified for purposes of energy
rating.

6.3.4 solar Heat Gain coefficient (sHGc) of Frarne and Dividers
The equation for F, and Fo comes from Development of o Procedure for Colculotíng Toto! Wîndow
u-volue ond sHGC, November 1990, Energy, Mines and Resources canada (Ft= alJv where a, is the
solar absorptance of the frame). The value of a, is taken as 0.3.

7. Air Leakage Rate
See comments on Clause 4.3. Both CSA Standard CAN/CSA-4440 and CCSB Standard
CAN/CGSB-82.1 refer to the ASTM E283 air leakage test method. Both express air leakage in
(m3/h) per metre of crack length, whereas CSA Standard A44o.z.*pr.rr., ¡t ¡n (m3/tr) tãr ti'e
appropriate reference size. Values obtained in accordance with 4440 will have to be converted to
an air leakage rate for the reference size by the method given in Clause B3 of Appendix B. The
same method can be applied to sliding glass doors when the specimen size is not in accordance
with Table 1.

The ASTM E283 test method uses room temperature conditions on both sides. Studies have
shown that air.leakage rates for some windows may be aÊfected when windows are subjected to a
temperature difference such as occurs in practice.

8. Energy Rating for Eleating Conditions
See comments in Clause 1.3.
The ER equat¡on incorporates three terms for: solar heat gain, heat transmission loss and heat

loss associated with window air leakage. Values of the weather factors (Clause 8.2) were obtained
by averagìng the relevant weather data for I2 locations in Canada and 2 locations in the USA withoC-days between 4000-6200. For H,, the incident solar radiation on vertical surfaces facing the
four compass cardinal directions was averaged for all locations. lt was assumed that internal heat
gains were sufficient to provide all heating requirements when outdoor temperatures were above
12"C, based on computer calculations for a typical house. Weather data were therefore averaged
for those hours throughout the year when the outdoor temperature was l2oC or lower in each of
the l4 cities.
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The off-normal incidence angle factor for solar radiation accounts for the variåt¡on in solar heat
gain coelf¡cient with off-normal incident angles of solar radiation (direct, diifuse and reflected)
rece¡ved by the window:

Fe = F"/Fn

where
F¿ = the value of the solar heat gain coefficient for any off-normal angle of incidence
F, = the value of the solar heat gain coeifìcient for normal incidence

The term for the heat loss assoc¡ated with window air leakage is based on a model for estimatîng
average house air leakage developed by Sherman and Grimsrud, and described in Chapter 23 of
the 'l 989 ASHRAE Handbook, Fundomentols. The uàderlying relationship is as follows:

L = ELA¡ [A(trt") + Bv21t/z

where
L = average house air leakage rate for the period, m3/s

ELA¿ = total equìvalent leakage area of the house envelope referenced to a pressure difference of
4 Pa, cm?

A = a stack coefficient, dependìng on the house height and the distribution of the equivalent
leakage area

t¡-to = the average indoor-outdoor temperature diÉference for the time period, oC

B = a wind coeffìcient, depending upon terrain and local shielding conditions, and upon the house
height and the distribution of the equivalent leakage area

v = aueiage wind velocity for the period, m/s

The PF term in Clause 8.1 is then
p¡=[A(t,-tj+Bvz¡r/z
The PF component accounts for the average pressure difference driving air leakage, resulting

from buoyancy and wind forces; it has units of m3/(s.cm2). ln selecting coeificients for the PF

term, a two-storey house was assumed with moderate local shielding. House leakage area was
assumed to be half in the walls, with the remaînder divided equally between lower floor and
ceiling. This corresponds to values of 0.00376 forA and 0.00299 for B. ln applying the house air
leakage relatiooship to windows, window teakage area was regarded simply asacomponent of
overall house leakage area. ln order to express window leakage characteristics in terms of Lrr,
instead of the equivalent leakage area-at 4 Pa, and to express the average leakage rate for the
period ¡n terms of m37h, instead of m3/s, the conversion factor, 0.,l38, was incorporated.

The values of F*, U*, and Lrr used to compute the ER values are those for the reference window
sizes in Table 1. This provides a uniform basis for comparing the ER values of different products.
The values of these energy-related window properties can vary with size (see comments on Clauses
4.2 and 4.3). The nature of this variation depends upon the design of the product. Thus the
comparison of window performance based on the reference.ER values ís, strictly speaking, valid
only for the reference sizes. ER values can, of course, be calculated for any window size if the
corresponding window properties are known.
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Ì"Í 2 - _Contputing ERS Values for Specific Location,
Orientation, and Size

Clause 8.1 of CSA Standard A440.2 provides a method for computìng an energy rating based on
average climatic conditions. This section of the User's Guide provides a method for obtaining an
energy rating value (ERS) that is specific to the climate of a particular locatîon, to window
orientation, and to window size. The concept of the ERS is similar to that for the average ER in
Clause 8.1. A different method, however, was employed for its derivation (see Appendix An
Bibliography - l). The ERS is defined as

ERS = [F* Fe H¡ N¡] - [(trt") u*] - [(ti-tox0.t 38 pF Lzs/A*)( p Col3.6)]
where
ERS

Fw

Fe

H5

= window energy rating for the heating season, for specific location and orientation,
W/m'

= window solar heat gain coefficient established in accordance with this Standard,
dimensionless

= off-normal incìdence angle factor for solar radiation, dimensionless, taken as 0.93

= âv€râ9€ rate of solar radiation incident on a window for a specific location and
orientation condition during the heating season, W/m2

= utilization factor for solar heat gain, dimensionless

= âv€râ9€ indoor air temperature during the heating season, oC

= âv€râ9€ outdoor air temPerature during the heating season for the specific location,
oc

= window U-value established in accordance with this Standard, W(mz.C)
= window air leakage ra.te at a Pressure difference of 75 Pa, established in accordance

with the Standard, m'/h

= a factor which is dependent on the wind and stack pressures causing air leakage
and therefore varies with location, m3/s per cm2 of leakage area

= thermal capacitance of air, 1.2 kJl(m3.C)

'Ns

t¡

Lo

U*

Lzs

0.138PFLzs/Aw = âir leakage rate per unit area for installed window under average weather
conditions for the heating season, m37h per m2

PF

PCp
Note: 7he heoting season ís token as October I through Apríl 30, inclusive.

To calculate the ERS for a particularwindow size, the values of F*, U*, and L7rl\for the actual
size, instead of for the reference size, must be used in the calculations. The values must be
determined following the methods given in CSA Standard A440.2, using the reference indoor and
outdoor conductances.

It will be noted that the ERS equation contains three terms:
(a) the first represents the average rate of useable solar heat gain through un¡t area of the window
during the heating season, (qr);
(b) the second rePresents the average rate of heat loss through the window by transmiss¡on, (qr);
and
(c) the third represents the average rate of heat loss through the window by infiltration, (q¡).

The ERS number then represents the average rate of net heat loss or net heat gain through unit
area of the window during the heating season.

For convenience, the equation has been rearranged as follows:

Oaober 1991



l)ser Guide to CSA Preliminory Standard A410.2-Ml9gl, L47
Energy Performonce Evoluation of Wíndov+s and Sliding Gloss Doors

ERS = F¡ F* - U* (ti-t") - F¡Lzs/A*

where
Fs = FeHrNs

and

F¡ = (t¡-t"X0.1 38 PF)(pCp/3.6)

The value of the solar utilization factor, Nr and therefore F¡, depends on the total solar heat gain
relative to the house heat loss. To take this into account, a parameter, the solar heat gain index,
was defined as

5Gl = F*A*t/Ar¡

where
F* = solar heat gain coefficient for window, dimensionless

A*t = total area of windows above grade in house, m2

Ar¡ = total above grade floor area in house, m2

Values of F3 were computed, using the HOT 2OOO computer program (see Appendix A,
Bibliography -2), tor two values of SCI bracketing the range generally encountered. Since these
values depend also on the heat loss characteristics of the house, they were generated for two levels
of thermal efficìency:
(a) houses typical of post-1 975 construction; and
(b) houses meeting R-2000 energy performance requirements.

Values of Fs for 13 Canadian cities are given in Tables I and 2 of the User Cuide. Tables I and 2
also include values of (ti-to) and F¡. Table 'l can also be used to compute ERS values for windows
used in pre-'l 975 houses with little error. Because these houses will tend to have higher overall
heat loss characteristics, the Fsvalues, and therefore the computed ERS values, will tend to be

. lower than the correct values.

Uslng Tables 1 and 2
The ER5 can be obtained using the factors in Tables 1 and2, ¡f the following values are known:
(a) window solar heat gain coefficient (F*);
(b) overall heat transmission coefficient (U*) and air leakage rate per unit area at 75 Pa (LzslA*)
determined by the methods given in Standard 4440.2; and
(c) values of the average rate of net heat loss or heat gain for the heating season per unit area of
w¡ndow for specifìc locations, or¡entations and window sizes.

The ERS values are intended primarily as a uniform basis for comparing windows in relation to
their effect on seasonal energy requirements for heating. ERS values for manywindow
arrangements, orientations and sizes will be negat¡ve, indicating that they add to the energy
requirements for heating; the greater the negative number, the more the net heat loss attributed
to the window. Some window arrangements and orientations will have ERS values that are
positive, indicating that over the heating season there is a net gain in energy (and net reduction in
heating requirements) attributed to the window.

The procedure for using Tables'l and 2 ¡s as follows:

(a) determine which of the two house types best represents the thermal characteristics of the house
(ie, post-'l 975 or R2000);

(b) identify the c¡ty in Table'l nearest, or which best models, the location forwhich ERS values are
required;

(c) determine values of F*, Uw, and LzslA* for the window, based on the methods gìven in CSA
Standard A440.2;

' October 1991
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(d) determine the approximate ratio of total window area to house ffoor area for above-grade
floors. Where Ft values are required for general use, rather than for a specific installation, it is
suggested that a value of 150ó be used lor A*JAui

(e) determine the value of F*A.n/A¡ (the SCf);

(f) choose the orientations that best represent those.of interest and determine the value of F, for
these orientations, interpolating linearly between the values of Fs given for the two values of SGI in
Table 'l;

(g) multiply these values of F, by the value of F* for the window, to obtain qr for each orientation
of interest;

(h) where an average ERS value ís required for the same windows used on more than one
orientat¡on, an appropriate average value of q, is obiained by area weighting:

Qrãverage = (ArQsl + Azqrz +...+A.Qr")/(Al + Az +...+A¡)

where
41, 42, '..4n = window areas for each orientat¡on
Qs1, Qs2, ...e,n = average seasonal rate of solar heat gain for each orientation.

Where there are approximately equal areas in each direction, area weighting is not required and
simple averaging will lead to the correct average of qs.

(i) determine the value of (ti-to) for the location of interest and multiply this by the value of U* for
the window to obtain qt;

C) determine the value of F¡ for the locatìon of interest and multiply this by the value of LzslA* for
the window to obta¡n q¡; and

(k) the value of ERS for the window arrangement of interest is:

ERS=gs-qt-qi
lf windows with differentvalues of F* are to be used in a particular case, for example, if different

windows are being considered for south and north walls, or if replacement windows are beíng
considered for one orientation, Iable I can still be used to obta¡n an appropriate value of q, and
hence ERS. As a first approximation, values of SCI can be calculated for each window type (for
èach F*), using the area of all windows for A*,, and these values used to obtain values of F, from
Table 1. This will give a value of q, and ERS for each window that will be adequate for most
PurPoses.

lf the v¿indow being rated has a lower value of F* than the other windows, the value of F' will be
somewhat higher than it should be, since Table 'l is based on a model house with the same F- in
all orientations. Thus the value of F* used in computing SGI should be an appropriate average of
the F*values of all the windows. This average should reflect the appropriate total solar heat gain.
This can be approximated by weighting the different values of F* by the multiple of the ¿ctual area
of each window type and its value of qs obtained in the first approximation above:

F* average = (F*1 ArQrr + F*z A: Qs2 +...+FwnAnQrn)/(Arqst + Auqrz +...+Anqrn)

where
Fwt, Fwz, ...Fwn = values of F* for windows in different orientations

fi¡, 42, ...4n = åctuâl aieas of windows w¡th different Fwvalues in different orientations

Qs'r, 9s2, ...9sn = first approximation of q, values for windows with diiferent F¡ values in different
orientations

October l99l



L49User Guide to CSA Prelimínary Standard A410.2-Ml 991,
Energy Peñormance Evaluotion of Windows ond Slidíng Gloss Doon

New values of F, for windows in each orientat¡on can then be obtained from the tables, using the
new value of SCl, and new values of q¡ computed for each comb¡nation.of F* and orientation.
An approximation of the total heat loss or heat gain through windows in a particular application

can be obtained by multiplying the ERS values for each orientation by the total window area for
that orientation, and by the number of hours in the heating season.

Q* = 5088 (ERSrAr + ERSzAz + ERS¡A¡ + ERS+A¡)

where
Q* = total increase or decrease in seasonal energy use for heating due to windows, Woh

ERSI, ERSz, ...ERSn = ERS values for windows in the different or¡entations, Wm2
Ar, Az, ...4n

5088
= area of windows in the different or¡entat¡ons, m2

= hours in the heating season (October'l to April 30 inclusive).

lf an estimate of the total seasonal energy required for heating is wanted for a specific house, a

computer program such as HOT 2000 can be used.

Erample I
1. House type: R-2000

2. Location: Winnipeg

3. Window type: Casement with wood frame and sash; clear sealed-double glazing with air space
and metal spacer. Window properties (from CSA Standard A440.2):
F* = 0'53
U* = 2'82
LzslA* = 2.73

4. Ratio of total window area to house floor area (\r/,\,):
Assume 20oó

5. Value of 5Gl: 0.53 x 0.2 = 0.106
This is approximately mid-way bewveen the two reference values ¡n Tables 1 aod 2

6. Values of Fs for orientations of interest

south east/west north
147 .3 68.2 3 3.4

7. Values of q, = FrF*

south east/west north
7 8.1 36. 1 17 .7

8. Average value of q':

Assume equal window areas in each orientation. Çr âverãg€ = 42

9. Value of qt = U*(ti - t")

Qt = 2.82 (28.3) = 79.8

10. Value of qi = F¡(LzslA*)

qi = 0.57 (2.73) = l.d

October 1991
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1 1. Values of ERS = g¡ - Qt - g¡

south east/west north .

-3.3 -45.3 -63.7
ERS average = -39.4
Erample 2

1. House type: Post-1 975

2. Location: Toronto

3. Window type: casement with wood frame and sash; sealed double-glazing with low-E coat¡ng
and argon-filled space with insulating spacer. Window properties:

F- = 0'5.l '

U- = l'99
Lz'slA* = 2.73

' 4. Ratio of total window area to house floor area (A*,/,\¡):
tusume I59ó

5. Value of SGI = 0.5 1 x 0.1 5 = 0.077
ThÌs is 25% of the numerical distance between the top and bottom reference values of SCI in
Tables 'l and 2.

6. Values of F, for orientations of interest:
south east/west north
I '.10.4 59.0 31.0

7. Values of q, = FsF*

south east/west north
56.3 30.'l 15.8

8. Average value of qr:
Assume equal window areas in each orientation.

Qs average = 33.1

9. Value of qt = U*(t¡ - t")

qt = 1.99 (20 .7) = 41.2
'I 0. Value of qi = F¡(LzslA*)

qi= 0.361 (2.73) = 0.99

1 l. Values of ERS = g¡ - gr - g¡

south east/west north
't4.1 1 -12.1 -26.4
ERS average = -9.1
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Table 1
Coneputlng ERS Values for post-1975 flouses

EDMONTON

sE/sw NÊ/NW

o.o44
o.174

145.2
140.0

I 16.9
1 12.5

32.5
31.2

65.7
62.8

37.3
35.6

Fi = 0.479 rrta= 27.3

FREDERICTON

F5

South NE/NW

0.044
0.174

128.0
123.4

104.9
101 .0

64.1
61 .4

38.4
36_7

3 3.9
3 2.5

F¡ = 0.379 t¡-to = 22.6

HALIFAX

sct

South ÊM NE/NW North

0.044
0.174

ì 04.5
't 00.1

89.3
85.5

62.4
s9.6

44.0
42.1

40.3
38.7

F¡ = 0.397 t¡-to = 21.2

MONTRE,AL

sGt

Ê.fw NE/NW

0.044
o.174

't 17.0
112.2

97.8
93.6

40.1
38.2

63.3
60-3

35.4
3 3.8

F¡ = 0.407 ¡u-Îo = 22.7
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OTTAWA

South sE/sw E/W NVNW

o.044
o.174

128.1
122.7

106.1
101.2

66.3
62.8

39.8
37.7

34.6
33.0

F¡ = 0.406 t¡-to = 23.2

clegec

sGr

NE/NW

0.044
0.174

129.9
125.8

107 .1

103.5
66.4
63.8

40.6
39.0

35.8
34.5

F¡ = 0.455 t¡-to = 24.6

sT JOHN',S

South sE/sw E/lV NE/NW

0.o41
0.174

90.7
88.8

7 6.9
7 5.2

52.3
51 .0

37.1
3 6.1

34.4
33.6

F¡ = 0.474 t¡-to = 21.2

SASKATOON

F¡

E/W North

o-044
0.174

1 60.7
154.9

128.6
123.7

70.9
67.7

38.0
36.2

32.6
3'l .2

F¡ = 0.553 t¡-to = 28.6
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TORONTO

sct

South SE/SW E/W NE/NW North

0.044 11 1 .6 93.1 59.8 36.4 31.3
0.174 106.7 88.8 56.7 34.5 29.9

Fi = 0.361 ç1" = 20.7

VANCOUVER

sct

F¡

F¡

South SE/SW EIW NE/NW North

0.044
0.174

87.0 71.6 43.7 25.7 22.1

81.3 66.6 40.1 23.5 20.4

ti = 0.212 t¡-to=.l5.1

WHITEHORSE

sct F¡

South SE/SW El'W NE/NW North

0.044
0.174

114.2 91 .7 50.0 28.4 24.2
1 ',l 0.8 88.7 47.9 27.O 23.4

F¡ = 0.564 ti-to = 30.3

WINDSOR

F¡sct

South SE/SW EtW NE/NW Nonh

0.044
o.174

't21 .9 102.2 67.1 42.0 36.6
t12.0 93.7 61.1 38.4 33.8

F¡ = 0.344 ¡-¡" = 19.0
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W¡NNIPEG

Scl Fs

South SVSW É/W NE/NW North

0.044 't51.3 122.4 70.5 39.8 34.4
0.174 146.5 '¡ 18.2 67.6 38.1 33.1

F¡ = 0.570 ti-to = 28.3
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Table 2
Coneputlng ERS Values for R-2O00 Élouses

EDMONTON

5Cr Fs

South sE/sw E/W NE/NW North

0.044
0.174

145.1
136.9

1 16.8
109.8

65.7
61.1

37.2
34.5

32.5
30.4

F¡ = 0.479 t:rto= 27.3

FREDÊRICTON

5Ct F¡

South SE/SW NE/NW NorthEfw

0.044
o.174

127.9
'r 20.3

104.8
98.4

64.0
59.6

3 8.3
35.7

3 3.9
3l .6

F¡ = 0.379 ti-t< = 22.6

HALIFAX

5Gt F5

South sE/sw Etw NE/NW Nonh

0.044
o.174

'I 04.4
97.2

89.2
83.0

62-3
57.8

40.3
37 -6

43.9
40.9

F¡ = 0.397 t¡-b = 21.2

MONTRE,AL

sGr Fs

South sE/sw Ê,tw NE/NW North

0.044
o.174

1 16.8
¡ 09.0

97.6
90.8

63.1
58.3

40.0
37.O

35.3
32.9

F¡ = 0.407 tr|g= 22.7

October 1991
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OTTAWA

South SVSW ÊM NE/NW North

0.044 128.1 105.8 66.3 39.7 34.5
0.174 119.2 98.2 61.0 36.5 32.0

F¡ = 0.406 t¡-b = 23.2

QUEBEC

South SUSW E/W NE/NW North

0.044 129.8 107.1 66.3 40.6 35.8
0.174 123.0 101.1 62.2 38.0 33.7

F¡ = 0.455 t¡-to = 24.6

sT JOHN',S

South SE/SW EtW NE/NW North

0.044 90.7 76.9 52.3 37.1 34.4
0.174 87.4 73.9 50.0 35.4 32.9

t¡ = 0.474 t¡-to = 21 .2

SASKATOON

Ff

F¡scr

South SE/SW EtW NE/NW North

0.044 160.6 128.5 70.8 38.0 32.5
0.174 151.9 121 .2 66.0 35.3 30.5

F¡ = 0.553 t¡-to = 28.6
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TORONTO

sGt

South

o.044
o.174

t 11.4
103.4

59.6
s4.7

92.9
86.0

36.3
33.3

3'r.2
29.0

Fi = 0.361 ¡¡-¡o = 20.7

VANCOUVER

sct

sE/sw NÊ/NW North

0.044
o.174

86.6
77.6

71.2
63.4

25.5
22.1

22.O
19.2

43.4
37.9

F¡ = 0.212 t¡-to = 15.1

WHITEHORSE

scr

South Norih

49.9
46.6

0.044
0.17 4

'¡ I4.1
't 08.7

91 .6
86.9

28.4
26.2

2!-s
22.8

F¡ = 0.564 t¡-to = 30.3

WINDSOR

F3

svsw Etw

0.044
0.174

120.9
106.2

't 01.4
88.8

41.7
36.4

36.4
32.2

66.5
s7.7

F¡ = 0.344 t¡-to = 'l 9.0

October 1991
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WINNIPEG

SGI F¡

South SÊ/SW E/W NÊ/NW North

0.044 t 51.1 122.3 70.4 39.7 34.40.174 't 43.3 1 15.5 65.9 37.1 32.3

F¡ = 0.570 t¡-t" = 28.3

October 1991
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APPENDIX E.

STAITSTICE OF I'I.AIIITOBA EOUSEEOLDE

The following statistics on electricity usage in Manitoba

households were obtained from the Manitoba Hydro 1991 Residential

Energy Use Survey. fnformat,ion pertaining to specific households,

obtained from the Departrnent of Energry and Mines of Manitoba can

also be found in this appendix.

* There are approximately 98,500 all-electric single family
households in Manitoba. This number is increasing by Z.SZ
yearly (Barakat & Chamberlin 1991).

* Over 81.08 of survey respondents 1ive in singte detached
houses. The rest of the housing profile consists of
apartments (7.O2) , duplexes (4.92) , rnobile homes (3.72) , and
townhouses (3å).

* All-electric households in Manitoba consume an average of
27 ,47 0 KVÍ.h per year.

* Natural gas (54.42) is the rnost dominant heating fuel followed
by electricity (32.42). In no-gas available areas,
electricity (62.22) is the most conmon heating fuel, followed
by oil (L4.62) and wood (11.38). In gas-available areas,
natural gas (73.4+, is the most conmonly used heating fuel,
followed by electricity (19.18).

* The doninant water heating fuels are electricity (50.3å) and
natural gas (46.92).

* Close to 40å of dwellings have either a central air or window
air conditioning systeur.

The above information is very useful for computer simulations

required for this study. The following information from Manitoba

Department of Energy and Mines also proved useful for computer

simulations.
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Manitoba
þril28, 1992

Grant McVicar
Director
Energy Conservation Branch

¡NFORMATION FOR FORT WHYTE CENTRE

íffieänorandurm
Robert WiEke
Transportatíon Economist

This memo updates the April 6th memo on the same topic. lt utilizes the
1992 rates for both natural gas and electicity. I have also taken the liberty of
adding to the report the annual carbon dioxide (CO2) emissions of the two 'Tamilies',.
The'Tamilies" (homes, appliances, automobiles) being compared here are detailed
as follows :

Twical Familv

- single detached one storey winnipeg home of wood frame construction
approximately 1187 sqit in size

- occupants are 2 adults and 2 children
- average heating temperature = 70 degrees F.

. - doors are wood
-. windows are combination of aluminum slider and wood sash
- insulation levels are : attic (R32), main walls (Ri3), doors (R2),
basement walls above grade (R13), basement walls (R13), perimeter
area (R1), cenfe area (R1), windows (range from Ri -82)
- building air tightness level is average (4.SS ACH @S0 pa)

primary space heating fuel is natural gas and the equipment is a fumace/
boiler with continuous pilot and ouþut capacity of z/,999.9 BTU/hr (steady
state efficiency = 65%)

- primary water heating fuel is natural gas and the equipment ¡s a conventional
tank with a 25 lmperial Gallon capacity, seasonal etficiency of 65%, and a daily
household consumption of 40 lmperial Gallons/day
- elecfical appliances include a refrigerator, treezer, stove, clothes washer,
clothes dryer, dishwasher, television, and lighting and miscellaneous uses
- family vehicle is a 1.985 chevrolet cavalier with a 6 cylinder engine and an
automatic tansmission achieving fuel etficiencies of 1, 2 U1 @ km urban,
and 7.3 Ul00 km on the highway

- from 1991 CAA survey, assume averãge annual distance favelled is 18,442
kilomefes of which 50% is urban driving.

Enerov- Efficient Fam ilv

- Single detached one storey Winnipeg honle of wood frame construction
approximately 1187 sgft in size
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- occupants are 2 adults and 2 children
- average heatingrtemperature = 70 degrees F.

- doors are metal insulated
- windows are triple-glazed, coated Low-E
- insulation levels are : attic (R40), main_walls (R28), doors (R7),
basernent walls above grade (R21), basement walls (R20), perímeter
area (Fl1), cenre area (R1), windows (nnge from R3-R6)
- building air tighhess levet is tight (1.S ACH @S0 pa)

- primary spece heating fuel is natural gas and the equipment is an induced
draft fan furnace/boiler wíth ouþut capacity of 39,998.9 BTUihr (steady
state efficiency :80%)
- a heat recovery ventilator (HRV) is in continuous operation
- primary water heating fuel'is natural gas and the equipment is a direct vent
(sealed) tank with a 25 lmperial Gallon capaciÇ, seasonal efficiency oî g4%,
and a daily household consumption of 4O lmperial Gallonlday
- elecfical appliances include a refrigerator,lræzer, stove, clothes washer,
clothes dryer, dishwasher, television, HRV, and lighting and miscellaneous uses
- family vehicle is a 1992 Honda civic with a 4 cylinder engine and a standard
tansmission achieving fuel etficiencies of 6.9 U100 km urban, and S.2 U100 km
on the highway
- from 1991 CAA survey, assume average annual distance tavelled is 19,442
kilomefes of which 50% is urban driving.
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APPENDIX F.

lifANfTOBÀ HYDRO AVOIDED COSTS

AND SIMPIJE ECONO!'ÍIC SCREEN
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- for programs with greater than a 1O yea¡life
at custoner meter, .. '.Ì ;;:.' ;:!.

Toial Annrral Avoidecl Costs Cäpaciiy
-: $/kw

Generation Production w/o Defe'rral
Generation Defen'al
Transmissio n

D istrib u tio n

Total Annual Avoided Cost

27

13
13

79

Generation Deferral
Transmissio n

Distributio n

Total Avoided Cost inter Onl .5¿

19

C.apacity
s/kw

Avoided Costs For Summer Only Application: . Energy
/MWh

Generatîon Production lo Deferral
Generation Deferral
Transmission
D is trib u tio n

Total Avoided Cost Summer On

WJH / AVC for DSM Programs 3/21/91



Tab1e F2.
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- for programs wilh trèdter-tnan a-10 year life.
- ât customer meter : I i'-:'i'.. ': '

.' :...,' .

Total Annual Avoided Costs Energy

wlo Deferral
Generatíon Deferral

.Transmission
D ístrib u tio n

.Total Annual Avoided Cost

Avoicred Costs For Winter Only Applieatìoni Ênei-ry
S/MWh

Generation Production (wlo Deferral
Generaiíon Deferral
Trans m issio n

Distribution

Total Avoided Cost 10

Avoided Costs For Summer Only Application: Energy
S/MWh

Generation Production w/o Ðeferra 19
Generatíon Def erral
Tran s m is sio n
Distribution

Total Avoided Cost (summer Only) 'a 27 I

Capacity
s/kw

Capacity
s/kw

Capacity
s/kw

13

35

32

13

35

t,5

,5 I

t5

WJH / AVC for DSM Programs 3121191
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À,hnltù Flydo l'årglnal Cosb - Ls,/sllzod
lgt Oollars Ræl Dlsccttn 5.5%

Demand (kW)
S.rmmr On Ped(

Mld-Peak
Off -Peak

Wnler ûr Peâk t
Mld-Peak
Off -Peak

Ehdgv o<wh)
S.rmmer On Ped<

Mld-Peak
On -Peak

W¡nter tr PeaJ<

Mld-Peak
Orl-Peak

Tohl AñnLal

LwelÞed Ccb, 1H Odla-s

'Lod<up123456
Table # Yw Yw Yw Yw Yw Yw

2
3
4' 5.00 9.75 14.26 18.56 22.65 26.57
5 0.00 0.00 0.00 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00 0.00 0.m
7 -., t( 61, Jt
8 ,5.00. 4.87 7.ls 36.73 64.8t 91.47
9 0.00 0.0() 0.00 0.00 0.00 0.m

10 0.00 o.oo 0.(n 0.00 0.00 0.00
1l
12 0.012 0.023 0.034 0.050 0.065 0.079
13 0.000 0.00() 0.000 0.000 0.000 0.000
t4 0.ot2 0.023 0.034 0.050 0.065 0.079
t5
t6 0.012 0.023 0.034 0.060 0.085 0.100
17 0.000 0.ooo 0.000 0.000 0.000 0.000
t8 0.ot2 0.023 0.034 0.060 0,085 0.100
19
n o.otz 0.023 0.034 0.056 0.077 0.097

,.,",.. . ....'ët
Ehse Yær - 1g I

' .+,j. 1

r lbb: The aì/old€d cost lcr ìvlnf ÌtW lns been dMded by 2 to R/enly dsfbtjto lt b€twe€n lho a.m. and p.m. peaks.

Table F5.

789
Yea Ys Yw

30.32 3{}.92 37.37
0.00 0.00 0.00
0.00 0.00 0.00

1t6.84 141.01 164.08
o.oo 0.00 0.00
0.00 0.00 0.00

10 ft 12 13 14 15 t6 17 18 19

Yw Yw Yea' Yea

0.093
0.000
0.0s3

0.t3t
o.000
o.1 31

40.70 43.90 47.m 50.01 52.92 55.75 58.51 61.20 63.83 66.41:
O.0O o.fi) 0.OO O.OO O.0O . O.0O 0.0O 0.0O 0.0O O.OO

o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

| 16.;1 2t l,o?
id6iq zot.zt nr.æ à4t.06 2s8.28 269.æ zlo.os m]z 30t.19 3,l1.5i'

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.oo
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.13t 0.142 0.t9t o.1M o.l7B 0.f 90 0.æ3 0.2f 5 0.226 0.n7
0.000 0.000 0.000 0.000 0.000 0.0co 0.000 0.000 0.000 0.000
o.r31 0.r42 0.15.1 0.164 0..l78 0.190 0.203 0.215 0.%.0.237

0.f06 0.1 l9
o.ooo 0.000
0.106 0.119

o.152 0.t73
0.000 0.ooo
0.152 0.173

0.t t6 0.135 0.t52 0.169 0.185 0.200 0.215 0.232 0.249 0.265 0.280 0.æ5 0.310

0.192 0.2t 1 0.m 0.247 0.267
0.000 0.000 0.000 0.000 0.ooo
0.t92 0.2t t o.æ 0.247 0.267

0.286 0.3M 0.3æ 0.339 0.355
0.000 0.000 0.ooo 0.000 0.000
0.286 0.304 0.322 0.3íþ 0.355

68.93 Z/.80 87.20
' 0.00 0.oo 0,00
0.00 0.00 0.m

3ot, +6

32r.72 361.49 4û1.56
0.00 0.00 0.00
o.00 0.00 0.00

0.248 0.282 0.3f8
0.000 o.mo 0.000
0.248 0.282 0.3 r 8

0.372 0.42. 0.476
0.ooo 0.000 0.000
0.372 0.42. 0.476

0.324 0.368 0.4,l5

H
cn
or
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Hotz00O Version 6.02 Dee 2I/92 09:35:57

************************************Jr***
**
* Hot2000 ** Version 6.02 ** CANMET *
* Energy, Mines and Resources CÀNÀDÀ ** July 1, 1991 *
**
****************************************

House Data Filename=À:\TFH1.HDF

I,leather DaÈa is for WINNIPEG, }'!ÀNITOBÀ

Builder Code =TFH1.HDF Data Entry by:HENRI P. CÀRRIERE, p.Eng.

Client name: CÀRRTERE
Street address: TYPICÀL FÀI{ILY HOUSE
City: Region:
Postal code: TeJ_ephone:

*** GENERJ\L HOUSE CHÄRÀCTERISTICS ***
House tlpe: Single detached
Nunber of storeys: One storey
South side obstruction: 1& to 25å obstruction by Trees
WaLl- construction: Sing1e stud r¿aLl

sorl, TYPE: Nor¡nal conductivity: dry sand, loan, cIay, Low water table
HOUSE THERMÀL Må'SS LEVEL: (À) Wood frame construction, Lz.s nm gf¡proc va1ls

and ceiling, wooden fLoor
Occupants : 2 Adults for 50.0 A of the tirne

2 Children for 50.0 I of the tine
*** HOUSE TEMPERÀTI'RES ***

Heating'Temperatures Main FLoor
Basement

= 21.0 C

= L9.0 C
TEMP. Swing from 2L.O C = 3.5 C

*** FOUNDÀTION CONSTRUCTION CHÀRÀCTERISTICS ***
Foundation construction Àttachrnent Sides Insul-ation placement

FuII Basement None Interior
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Header
Height

Itr
.380
.380
.380
.380
.380
.380
.380

SHGC

.5200

.5200

.5200

.5200

.5200

.5200

.5200

Direction Seq
.¡¿

South

East

North
West

Code

000001
000002
000003
000004
000005
000006
000007
000008
000009
o 0 001_0
00001_1
00001_2

Component

It422
2t42L
1M3 1
2ù131
1M1 1_

1M4 1
2144 1

Location # of
Code I{indows

*** USER DEFINED WINDOI{ CODES

Description

TG BÀSTC
TG, I-ÀR
TG, HM66
TG, 1-LOW E
TG, PVC
TG, SS
TG, SS , IIlf 6 6
TG, SS, 1-LOW E, 1-ÀR
TG, SS, z-fþvl E, 2-ÀR
TG, SS, z-LOW E, 2-ÀR, PVC
TG, HM66, ss, l--Low E,2-ÀRTPVC
Qc, ss, lil{33 (vrsIo}r}JÀLL)

*** BUILDTNG PÀlìÀtfElERS ***

*** I¡IJNDOÍ.I CIÍÀRÀCTERISÎICS ***

Type l{indor+ OverHang
Width HeÍght Ì{idth

Itrmm
000001 .990 1. 300 . 610
000001 .990 1.300 .610
000001 .990 1. 300 . 610
000001 . 990 1. 3 00 . 610
000001 .990 1.300 .610
000001 . 990 1. 3 00 . 610
000001 .990 1.300 .610

L
2
3
+

6
7
I
9

10
11
1,2

Area (n2 )
Gross Net

scHEDUr.E ***

R-vaIue
RSI

.48

.49

.Jt

.52

.52

.52

.66

.60

.73

.81

.88
1. 04

RSI

Solar Heat Gain
Coefficient

.520

.520

. 310

.440

.520

.520

.310

.450

.37 0

.37 0

.280

.330

Heat Loss å Ànnua1
l,l*I Heat Loss

Àbove Grade Components

Ce iJ- ing
ct

TOTAL:

Main Walls
Ml_
I'12
M3
M4

TOTÀL:

Doors
D1 Location: M1
D2 ytz

TOTÀL:

l_10. 32
110.32

29 .42
29 .42
22.3t
22.3L

l_03.46

1.86
L. 86
3.72

1L0.32
110.32

26.27
23.70
19.74
t9.74
a9 .44

1. 86
l-.86
3.72

5 .64
5. 64

2.29
2.29
2.29
2.29
2.29

.35

.35

1l_638.3

2L823.8

9.30

L7.44

6324 . O 5.05



L70
Hot20O0 Version 6.02

conponent Àrea (n2 ) Rsr Heat Loss t À¡nualGross Net l4J Heat Loss

Base¡nent walls above grade
81 38.80 38 . 80 2.29

TOTÀL: 38.80 39.90 Z.Z9 9L2B.Z 7 .29

I'uIl Basement Àrea

Upper Basement Walls
25.86 2.29

TOTÀL: 25.86 2.29 3382 .O 2 .7 0

Lower basement wal-ls
38.80 2.29

TOTÀL: 38.80 2.29 3620.g 2.93

Perimeter area
12.56 .20

TOTÀL: 12.56 . OO 4607 .Z 3 .6g

Centre area
97 .77 .20

TOTÀL: 97 .77 .00 9952. 6 7 .Is
WINDOWS

orientation Totar Rsr Heat Loss å Annua1
Location Number Type Àrea(m2 ) window (shutter) MJ Heat Loss

(code)

South
M2 2 000001 2.57 .48
Ì42 1 00000t t.29 .48

2.57 ,48

North
M1 1 00000t L.29 .48

TOTÀL:

East
M3 1 00000L L.29 .48
M3 1_ 00000L t.29 .4A

TOTÀL:

TOTAL: L.29 . 48

T{est
M4 1 000001 L.29 .48M4 l- 000001 t.29 .4A

TOTÀL: 2.57 .48

3.86 .48 4806. O 3.84

3204.0 2.56

L602.0 1.28

3204.0 2.56
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Ventitation

Dec 2l/92 09:36:01

Àir
Change

t7t

Heat Loss t À¡nual
l.Lf Heat Loss

House
Volume

537.80 n3 .37 ACH

*** ÀlR LEAI(AGE ÄND \rENTIU\TION ,ç**

Building Envelope Surface Area
Àir tightness Level is Àverage
BuiJ-ding Enveì-ope is NOT Sheltered
Estinated EquÍvalent Leakage Àrea
Noraalized Leakage Àrea
Estimated Àirflow to cause a 5 pa pressure Difference
Estinated Àirflow to cause a 10 pa pressure Difference
EIÀ used to calculate Estimated AirfLows

F_326 VENTTI"ATTON REQUTR-EMENTS :

Kitchen,living,dining: 3roomsÊ- SL/s
Bedrooms: 1 rooas G lO L/s
Bedrooms2 2 roomsê 5L/s
Bathrooms: lroomsê 5L/s
Other habitable rooms: 1 roons ê 5 L/s
Basement Rooms:

*** E)CiJ\UST FLoW RÀTES ( L/s ) ***

Dryer
Kitchen
À11 Bathrooms
Àl-1 other exhaust devices
Vented central vac.
Largest Intermittent exhaust (other

Total continuous exhaust flow
Exhaust Fan Pov¡er

( 4.5s ÀCH ê50 Pa.)
from the !{ind.

Continuous

.0

.0

.0

than Dryer)

.O L/s

. O watts

42799.3 34.20

: 427.6 Ã2

: 887.6 cn2
: 2.0759 cm2/m2
= 56 L/s
= 88 L/s
= 355.0 cmz

: 15 L,/s
: lQ L/s
= LO L/s
: 5L/s
: 5L/s

5 L/s

Intermittent
75.0
94 .4
28.3

.0

.0

.o

.33 ÀCH)F-326 Reguired continuous ventilatÍon rate
*** SPÀCE HEÀTING SYSTEM

: SO.O L/s (

***

PRIMARY Heating Fuel
Equipnent : Forced air
Manufacturer
ModeI
Output Capacity

Steady State Efficiency
Fan Mode : Auto

Eleetricity

20.0 kw

100.0 3

furnace

Fan Power 388. watts
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*** À¡INUÀL SPÀCE HEÀTING SU},tr,fARY

Design Heat Loss at -33.0 C = 2L.28 Watts/ru3

cross Space Heating Load
Sensible Daily Heat Gain From Occupants
Usable Internal GaÍns
Usable fnternal- Gains Fraction
Usable Solar Gains
Usab1e Solar Gains Fraction
VentilatÍon Equipment Electrical Contribution
Auxiliary EnergTy Required

Space Heating Systen f,oad
Furnace/Boiler Seasonal efficiency
Furnace/Boiler Ànnual Energry ConsumptS.on

09:36:OI

***

= LL446.

=L25143.
= 2.40
: 23749.
= 19.0
= 13306.
= 10.6
= 0.
= 88087.

= 88087.
= 100.0
= 86411.

I.IatÈs

¡GT
kl{h/day
l6J
z
l4.T
I
MJ
ÌLr

I'LT
*
MJ

PRII4ÀRY Water
Water Heating

Manufacturer
Model-

*** DOMESTTC WÀTER HEÀTING SYSTEM ***

Heating Fuel : ElectrÍcity
Eguipment : El-ectric tank

Tank Capacity
Seasonal Efficiency = 149.8 Litres

= 93.0 ?

*!t* ÀNNUÀL DOIfESTIC WATER HEÀTING SU}û'fÀRy

Daily Hot Water Consumption
Esti¡nated Domestic Water Heating Load

PRIMÀRY Domestic Water Heating Energy Consunption

*** LJGHTING ÀND ÀPPLTÀ}ICES SUMM'{RY ***

Total ELectrical Load
Average External- Electrical Load
Tota1 ÀnnuaL Energy Consumption

***

= 236.O Lj-tres /day
= 17L32. W

= l-8421. I'f.T

= 3.6.0 kWh/day
= 2. O kW}r/day
= 5840. kVfh

Hours

Heating
Neither
CooJ-ing

Total

*** FÀ¡f oPERÀTION

HRv/Exhaust Fans

suMllÀRY (k!fh) ***

Space HeatÍng

465.7
.0
.0

465.7

Space Cooling

.o

.o
,0

.0

.0

.0

.0

.o
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*** R-2OOO HOME PROGRÀM ENERGY CONST'MPTION SU},tr{ÀRY REPORT ***
Estimated Annual Space Heating-Energy consumption : 86411. l.fil = 240.03.0 kwhventirator Erectrical- consu¡ption: Heating Hóurs = o. liLf = .o kwhEstimated À¡rnual DHI{ Heating Energy Consuroption = 18421. l4J = SLL7.O kwh

ESTflfÀTED À¡INUÀL SPÀCE + DIII'I ENERGY CONSUMPTION = 104832. lfiI = 2gI2O. O kwh
À¡INUÀL R-2000 SPÀCE + DII- ENERGY CONSIIMPTION TÀRGET: 64O4L. I'fiI: t77!g.2 kl,fh

Estimated Ànnua1 Base El-ectrical Energy Consumption= 2lOZ4. I'fiI : 5B4O.O kl^lhventirator Electrical consumption: Non Heating Hours: o. l4J = .o kwh

*** ESTIMi\TED ÀNNUÀL F'UEL CONSUMPTfON SLtM}{ÀRy ***
Fuel Space Space DlfW Àppliances TotaÌ

Heating Cooling Heating

Electricity (kwh) 24168.7 . 0 511_7. 0 5840.0 35425.7

*** ESTJMJ\TED ÀNNUÀL FUEL CONSTJMPTTON COSTS ***

FueI Costs Library = D:\H2K\User\fUELpRlI3.CST

Electricity Natural Gas oil propane Wood
RÀ18 (ManHydrl) (FtNelcas) ( oilr_) ( erópr) ( AvRatel)

s 1433.84 .00 . OO . OO . OO

********************

Ene::gy units: MJ = Megajoules (3.6 Ì4f = 1 kWh)

The calculated heat losses and energ'y consumptions are onry
esti¡nates, based upon the data enterèd and aésumptions
l¡ithin the program. Actual energy consumption and heat
losses will be influenced by construction practices,
localized weather, equipnent characteristÍcs and the
lifestyle of the occupants.

Tot,aI

1433.84



L74

APPENDTX H.

SÀI{PLE WTNDOW 4.0 OUTPUT
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WINDOI{ 4. O Report

ID:5
NAtre:TG BÀSIC
Mode: Design

Envcond: l-

Ilpe:Picture FrID:
Tilt: 90
Size: Custou

Width: 1219 . 2Oñh
HeighÈ: 914.4onn

Àrea: 1. 11 lû2

U-val-ue: 2.086 W/ûz-C
SC: O. 608

SHGC: O.523
VL: 0.522

Data for Glazing Systens

coG
ID Name Àrea #Lay Tilt

m2

FTID: 4

SCc SHcCc Vtc RHG

FTTD: 4

GlzSysID:
" Div fD:

7
0 FTID:

Uc
Vl,/m2

7 TG BÀSIC 0.617 3 90 t-.769 0.76 0.66 o.7o Ass

Glass and Gas Data for Glazing Systeu ,7 lG BÀSIC,

l3__ Ir:_
outs ide
6104 CLEÀR

L Àir
6].04 CLEÀR

1 Àir
6104 CLEÀR
Inside

5.0 .816 .071
12.7
5.0 .816 .071

3.2.7
5.0.816.071

.071 . 881 .080 .080

.07L .881 .080 .080

.07t .881 .080 .080

.000 .840 .840 .900
.063

.000 .840 .840 .900
.070

.000 .840 .840 .900
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Fräne Data
Frame Edge

Location rD Name source Àrea Àrea ufrane uedge

ViINDOÍ{ 4. 0 Report Page 2

Left Ja¡ûb 4 Wood ÀSH/LBL 0.059 O.O4S 2.27 2.74Header 4 Wood ÀSH/LBIJ O.O8O 0.065 2.27 2.74Right JauÌr 4 Wood ASH/LBL 0.059 0.045 Z.Z7 2.74silL 4 Wood ' ÀSH/LBL o.o8o 0.065 2.27 2.74

Gas Data

rD Name cond dcond visc dvisc Dens dDens pran d.pran
Vnt-K W/m-Kz kglu-s kg/m-s- kg/m3 kg/Ã3-C

K
x e-5 x e-5 x e-B

1 Àir .o24L 7.6000 1.7300 10.0000 1.2900 -0.0044 .720O .OO18o

EnvironmentaL Conditions: 1 NFRC/ÀSHRÀE

Tout Tin WndSpd, Wnd Dir So1ar Tsky Esky(c) (c) (¡nls) (w/mz) (c)

Uvalue -17.8 2L.1 6.7I Windward O.O -12.8 1.OO
Solar 3L.7 23.9 3.35 Windward 783. O 3:-.7 L. Oo
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Frahe Library Data

ID NaDe Source

Page 3

U-vaIue
Frame Edge
w/û2-c w/Ðz-c

Edge GlzSys
Corr I{idth

DE

GIzSys Width
uc (PFD) Àbs

W/mz-C rnm

1 var N/À 69.85 0.904 Wood ÀsH/LBL

Divider Library Data

fD Name Source

2.27 N/A

'. U-va1ue Edge GlzSys Glzsys I,Jidth
Div Edge Corr Width Uc (pFD) Àbs

W/82-C W/n,2-C hn W/D,2-C ñm

No Dividers for this Glazing Syste¡û

Optical Properties for Glazing Systen ,7 Tc BÀSIC,

Àngle 0 L0 20 30 40 50 60

Vtc :0.696
Rf z A.I92
Rb : O. l-92

TsoI : 0.551
Rf : 0. 151
Rb :0.151

Àbs 1 : 0.L24
Àbs 2: 0.098
Àbs 3: O.076
Àbs 4:
À-bs 5:
Abs 6:
SHGCC: O.657

70 80 90 Hemis

SCc: 0.76 color Properties DomWf,
Tdw: N/À Transruittance u¡¡
Tuv: N/À Reflectance un

Purity
I

b*a*
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Temperature Distribution (degrees

Env. conditions: 
"i.I|ä:/i?y"outer Surface

Layer 1 Center
Inner Surface
outer Surface

¿ayer 2 Center
Inner Surface
Outer Surface

Layer 3 Center
Inner Surface
fnside Àir

Page 4

C) for '7 lG BÀsIc'

Condensation
U-va1ue
-L7.8
-15.4'
-L5.2
-15. O

-1. 1
-0.9
-o.7
11. I
L2.O
t2.2
2L.t

RH

N/À

56.6å

Solar
3L.7
37.5
37.9
38.0
42.5
42.6
42.5
36.4
36.3
36.0
23.9


