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ABSTRACT

1

: 3
With the growing importance of having energy conserving

features in ﬁouses, the idea of having a label dn the house
that indicates the energy requirement of the house B;cbmes
attractive. A Building Energy Rat%ng System is a method to
rate the . energy performance of é house on a scale which
indicates its relative performahce. An Energy Label can be
thought of as a label fhat contains the 'enefgy rating
information of the house. Analogous to the EPA_ mpg stickers
on automobiles, Energy'LabEISfﬁfll give an indication.of the
actual thermal'pefformance f the house enyelope. At present
there.is no ehergy rating system existing in Canada. Hence
it was decided to develop a method of rating the ehergy'
performance of houses located in Canada.

This being a first such study 1in Canada to develop a
building energy rating system, it was confined to the
analysis of new single family, detached residences located
in‘Windsor,. Ontario, Canada. An optfmum or a 'base case'
house having all its components at the optimum "~ level was
first defined. The energy consumption of ‘this house was then
the optimum energy consumption for the type of houses

considered. Any other house can then be rated relative to

this house.

_ii_
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There were two maln objectives of this study The first
objectxve was to develop a model to: predzct the annual space
_heat1ng load of a house. The: var%able base degree app:oach'_
was uged to ‘develop.the model. The 'eiimatic—condit10n5‘§f~-
,the city of W1ndsor, ' Canada were fakeh as th@ basis for
developlngrthe model Taé model was developed u51ng/fhe CIRA
1 c bulld1ng energy 51mu1at10n computer program,

The second objectlve. was to develop_ an energy rating

;/,system to rate fhe:energyf perfofmance of a house envelope
relative to that of the base: case house.- The rating system
was based on the model developed to predict the annual space

. heating load of.a house. The rating system cghpares the
annual heating load of a house with that of the . base case
house, aad-'assigns a “positive or negative rating "to the
house depeading on whether the annual heating load of the
house is higher or lower thah,that of the base case house. A
sample Energy Label format has been suggested that would
contain the energy rating of the house and other information
such as the predicted energy cénsumption, the building load
coefficient, and the south facing glazing area of the house
that ma& be of interest to a potential buyer. .-

' The model developed was validated against three houses
located in Windsor. The first house was a single story:house
with a partially heated basement. The second house was a two

sﬁory house with an unheated‘basemedt. The third house was

. also a two-story house but with a fully'heated basement.. The

- 1i1i -
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model predicted the annﬁq; space heating load of the houses
within -6% of the actual annuai sﬁace heatiné lﬁads. )
A second model to predict the annual space heating load: -
of a house was developed for the city of Ottawa. . This model
‘was' similar to the model for the city of Windsor, and it was
found that a singlé model could be .used for both the
locations. This suggesteQ\EEE_possiﬁiiity of using a single
‘quel for a group Of closely located cities instead of a
different model for éach individual city. Further studies in

this direction were recommended.

——
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Chapter 1

INTRODUCTION

1.1 OVERVIEW

The idea of developing a Building Energy Rating System is 4
not a new one. Buildings, like automobiles or refrigerators,
" have different energy consumption levels depending on their
physical or'structural characteristics. Atboofly constructed
house will consume more _energy than a similar but well
insulated house. A ‘potential buyer of a house will not be
able to appréise the true condition of the house by mere

inspection. An apparently good house.may ve a high energy

consumption while a second heuSe, in an apparently bad

condition, may be highl energy efﬁic%ent. With the
increasing awareness among tﬁe public of having energy-
conserving features in their houses, the concept of having
an energy label on the house that indicates t%e.probable
energy consumption of the house becomes attractive.

The idea of ratings already gxists in the automobile
industry. = It is now mandatory for all  cars to have a label-—
(EPA mpg stickers) which indicates the fuel consumption of
the vehicle under some standard conditionsw. Obviously, the

label is not the sole criterion on which the buyer will base

his decision. Other factors like the price of the vehicle,
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its appearance, the comforts offered, etc.  also are
considered before the'yehicle is bought. A label is just one
more yardstick to evaluate the vehicle. The importance of
such a label increéses greatly when two similar vehicles are
Eo be compared. In such cases, the vehicle with a better
rating on the. label would be a better choice..

An energy label on buildings will perform a similar
function as the EPA stickers on vehiéles. In the case of
buildings it is thg,energy consumption for space hggting or
cooling thatlvaries from house to house. By having a label
on the house that indicates its energy consumption,
different houses can be compared. -

-

Energy labelling.of houses, if'implemented, can provide
valuable information 10 a potential buyer. Besides the
energy consumption, the information that could be presented
on an energy label is the south:facing glazing area of the
house, an energy rating of thg house compared to the optimum
energy cdnsuming house, etc. Using this information a buyer
could compare different houses before taking a final
decision. A house with a better energy rating compared to a
second house may have other features that 'may not be
attractive. Hence the energy label aids the buyer in
evaluating the house, and may not "be the only c}iterion on
which to base a decision.

The advantages of the labelling-sxftem are not limited to

indicating the energy consumption. Once confidence 1in the
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enerqgy labels 1is developed and the labels are accepted by
the public, houses without a label or with a bad rating may
be difficult to sell. |

Unlike labels for automobiles or electrical appliances,
building energy labelling is a very complex procedure, The
many factors that affect the energy consumption of the house
like the building physfcal characteristics, outdoor weather
conditions, the surrounding terrain con&itiqpé, etc. make it
very difficult to develop 2 uniform énéfgjllabei for all
types of houses and for all locations. Thus-iﬁ order to
develop energy labels for houses some assumptions have to" be
made regarding the buildgng parameters, the weather
conditions, etc. In other words; some standard 'operating
conditions' have to be defined to develop the labelling
system, " A little consideration will show that these
standard operating conditioris will be analogous to the
cperating conditions under which a vehicle will perform as
indicated on the EPA mpé sticker.

As yet, there is no energy labelling system of any kind
being used in Canada. As with any new concept that tries to
iﬁtroduce a cﬁané in the conventional trends, energy
labelling of houses also may face some initial resistance
from the public. ‘Hence energy 1abelling of houses can be
succesful only if it is accepted voluntarily by the public.
This can be achieved if efforts are made, preferably by.the

government, to educate the public on the advantages of
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‘having energy labels on houses. The ﬁext steﬁ'could then be
to have a legal requiremgnt to have an energy label on the
house. The law could then require houses to meet a certain
minimum‘%nergy consumption level, This would in effect be a

performance standard for houses.

1.2 LITERATURE SURVEY

Over the 1last few years, several utilities in the United
States have developed and adopted voluntary energy labelling
schemes for new houses. The states of Minnesota and Florida
already have a successful energy labelling system (Ref 1).
The state  of Massachusetts also has adopted a Home Energy
Rating System (HERS) that has 5een added to an existing
RCS(Residential Conservation Service) rating of homes (Ref
2). The state of California is trying to implement such an
energy labelling system. The following paragraphs describe
the Minnesota Energy Conservation Rating System and the
Massachusetts HERS systems being used.

The Minpescota Energy Rating system was developed@ at the
Lawrence Berkeiey Laboratory, . Enerqy and Environment
Division (Ref 3) for the state of Minnesota. This system is
based on the energy conserving potenfial_of the different
components of the building envelope. The components that
wvere considered were walls, ceiling, windows, infiltration,
basement walls, automatic thermostat set-back and appliances

& equipment present in the house. The rating is a scorecard
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type of system. The house considered for rating was a
typical house located in Minnesota with‘average proportions
and dimensions. Walls and ceiiinq were rated on their R-
values. The energy loss due to a component was converted
into points. The optimum R-values 'of walls and ceiling were
assigned 0 points. Then, depending on the energy saving
potential of the component, positive or negative points were
assigned. Positive points indicated that, on the average,
the component had a lesser enefgy saving potentialrfhan that
at the optimum.level, and vice versa. AsS avefagé‘house
proportions were assumed, changes in wall or-ceiling-&reas
were not considered. The glazing area was varied from that
at the base case level, and points were -8ssigned for
different glazing areas.

In order to rate the infiltration component of energy
loss, infiltration was classified as loose, standard, tight
and very tight corresponding to certain ach wvalues.
Appliances and egqguipment were rated bqsed on the
manufacturer'; efficiency rating. For equipment -like wood
stoves,“ a method was devised to arrive at a 'boint rating
based upon an estimate of the number of cords of wood that
will be consumed in, one year’'(Ref 3).

As the energy consumption for space heating depends on
the type of heating equipment being used, ® different rdting
systems were developed for houses with gas or oil furnaces,

heat pumps and electric resistance heating. In each case

some standard efficiency for the heating system was assumed.
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There are certainﬁdigadvantages to the Minnesota Energqgy

Rating system:

1.

As the energy consumption of the house depends on the
type of heating system being used, different rating
systems have to be; used er' rating a house even
though the houses .may be similar in all other
respects,

The rating is very location-specific. As the energy
consumption of the house also depends on the éutdoor
weather conditions, the points assigned for the
measures will be different for different locations.
The rating system, hence cannot be used for any other
location.

The assumption that all houses will conform to the
average house proportions assumed may not be correct.
The size of a house can vary greatly even in a given
location. There can be a significant change 1in the
enerqgy consumption of a house which has a 1larger
ceiling or wall area than that assumed in the rating
system. No allowance has been made to take into
account the wvariation in the area of the building
envelope cocmponents, In such cases, the enerqgy
consumption predicted by the rating system will not
be the actual energy consumption of the house, and 55
the rating of the house also will not be the true

rating.
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4, Finally, it is debatable whether to cpnéidef.heating

or cééliﬁg equipment as an integral part of the

house., Equipmenf like air—conditioners:can be easily

installed or removed and need not -be a -permanént
compénent of the house (Ref 4},

. Tarini (Ref 2) and others developed a HGEE‘Energy Rating -
System (HERS) for the state -of Massachusetts. This system
uses an existing RCS addit program to collect rating
{nformation ané provide a ;ating. The rating has two parts:’
the first part provides a score of relative efficiency. for -
the house, and the secénd‘ part provides the preéicted
heating cost. The rating‘system was developed usiné the CIRR
building -energy simulation computer . prégram using the
weather conditions of the city of Boston. Several'building
envelope components like ceiling, wall and. floor ‘insulation,
winddws, air infiltration, and also the spiar gains and the

heaﬂing system were considered for developing the rating

system.
A" base case house having no insulaticn, and with an
extremely leaky structure was first defined. The seasonal

heating load was determined using- the CIRA program. Points
were then assigned torhow well each changé, in insulation
level, for example{.reduced the heat load as compared to the
base case house. The heating system present in the house was
also considered as a part of the rating system, and points

were assigned for different types of heating systems
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-depending on their efficiencies. Standard assumptions were -
:made-for internal éains. -
‘ The rating. system was presented in the form,_of;tables
called Rating Forms. The ratio of well area to ceiling area
was chosen ae - the basis for each rafing' form. . Eight
different-rating forms were :developed ior eight wall-to-
~ceiling ratios. The rating .points of each component are
summed up and the overall rating.'is determined from tLis o

value.

Incidentally, a similar approach was initially adopted in
the present study. A ,baselcase' house .havieg‘ all‘ its
components at their optimum levels was first defined. The
internal éains were assumed to be constant. The net annual
heat 1loss from the  ‘house was determiged‘ by _using the
"CIRA l.a building energy simulation eompuper program. This -
value depends on the conduction, infiltra;ion & radiation
losses, and the eelar gains into the house. The relative
contribution of each component of the house envelope was
then determined‘by eliminating one coméonént at a2 time, for
'example walls, and finding the ~net annual heat losé once,
qagain using the CIRA program. - The difference between these
two heat loss "values gave the eontribution of'the wall
component toward the total heat ldss from the house.‘ The
relative heat loss of eéch compoﬁent was converted to
peints, éech point repreéenting a certain heat ioss value in

MBtu. A point rating scale was then developed for .each
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component fér different levels of the component, for example

different R-values of walls. This method was later discarded

6r the following reasons, which to a certain extent, dpply

/

< !
'

.‘/// 1.

.and more accurate

/. to the Massachusetts HERS 'system also.

CIRA 1.a building energy simulation  computer program

is one of the earlier programs developed by the

Lawrence Berkeley Laboratory, California, This

L]

program was found to have certain faults and
inaccuracies and was subsequently revised. The new

version of the program, CIRA l.c,

.

is basfcally a sophistichted variable base degree day

program that determines the annual heating degree
days based on the balance point temperature of the
house. The program does not calculate conduction
lossés,' infiltration losses- ,etc. through each.
building Eomponent. The earlier assumption that
these heat losses were calculated by the program was
incorrect, The Sky-radiation 1loss and the solar
éains can;however, be.obtained from CIRA.

The effect of any cbmpﬁnent on the heafing load of
the house may not be independent of the effects of

the other components. For example the effect on the

‘heating load of increasing the wall insulation in a

- poorly constructed house will be greater compared to

that in a house which has high insulation levels and

a tight structure. It may be inaccurate to assume
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that inéreasing the wall -insulation by a certain
amount will bring about the same change in the
heating load in allfhouses;

3. The heating energy consumgﬁion of a2 house depends not
only on the building envelbpe characteristics, but
also on the outdoor weather conditions which are
location-specific. The points assigned for energy

savings for each component will therefore differ with

location.

4. Once again, it is debatable whether to consider the
heating system as an integral part of the house.

Blancett (Ref 5) developed a method of rating the thermal
performance of a hsuse enve}ope relative to an enerqgy
efficient house taken as a standard. In this appro?ch, the
U-value of the different components of the hous;.envelope
were first converted to points and then summed up to get an
overall U-point for the house. The éreas of the individual
componenté were normalized by dividing by the floor area of
the house. The basic ASHRAE Degree-Day equatién ‘was then
used to determine the annual heating load of the house. This
method considered only the heating season. The degreé day
values to the base 65°F were used to calculate the heating
load. The main = disadvantage of this method is that thé_
balance-point temperatures of new houses are considerablfg
below 65°'F. The tradifional use of 65°F-based deéree—days 1s

founded on correlations between energy and dégree—days made



11
in the: 1930's. New houses have cons&derab}y higher
insulation levels, have lesser infiltggtion, iﬂcreﬁged solar
and internal gains, etc., resulting in balanée—point
temperatures much lower than 65 F. Thus the energy
consumﬁtion determined by using the 65 F base degree days
will be much higher than ‘the actuai energy consumption, |
:ypicélly 25 to 30% (Ref 6). While such éopservative over-
prediction may be acceptable for design - purposes for
individual'reéidencés, a more accurate method is-required fo
determine the energy consumption of houses. ‘

1.3. OBJECTIVES
This study is the firét step in thgzaevélopment of an energy
rating system for houses located in Canada. The scope of
this study is confined to the demonstration of this system
to a typical new single family house located in Windsor,
Ontario,_éanada.
Based on an analysis of,‘the existing .energy rating
systems, a different approach was judged to offer, some
advantages. The objectives of this study are as follows:
1. To suggest a procedure that-will lead to the use of
Energy Labels for new, single family residences.

2, To deveiép an easy-to-use, yet accurafe, building
energy rating system tﬁat compares, the thermal
performance of building envelopes in a  given

. \
location.
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3. To develop a model for pred}cting the annual space

heating lcad-of new, single family residences.

The energy rating system wiil compare the annual space
heating loads of different houses wunder the assumption of
standard internal gains and indoor heating temperature set-
point. The energy rating and other information such as the
probable energy equivalent of the fuel used for space
heating, etec. will be presented on an Energy Label 'inep
manner that can be easily understood by a potential buyer. -

In order to compare the annual space heating load of’
houses under the.  above assumptions, it 1is necessary to
develop a model that determines the annual space. heating
load of a house under these assumptions. A model will
therefore be developed using the CIRA 1.C buiiding energy

~simulation computer program.



Chapter 11
THE BASE CASE HOUSE

This rchéptér describes the principles underlying 'yhe
-selection and definition of the Base Case House, and its
modelling in,the CIRA computer 'progfam. The chapter is
divided into four sections., The first section gives a brief
description of the CIRA energy simulation program, and the
reasons for selecting this program. - . - ' B
The second section describes the Energy Labels and their
advantages. A sample format for én~Energy Label is presentea'
which can be easily understood and used. The third section
defines the optimum or the Base Case house‘fo} Windsor. All
assumptioné made in the process-are clearly delineated. The
last section presents the modelling of the Base Case house

in the CIRA simulation program.

2.1 CIRA ENERGY SIMULATION PROGRAM

./\

The CIRA l.c energy simulation compusgf"prqgram is a micro-
compuéer based energy simulation ﬁrogram déveloped at the
Lawrence Berkeley Laborats?yT"agiversity of California.
CIRA, or Compﬁtgrized Instrumented Residential Audit,' is a

. L
user—friendly energy simulation program which determines the

annual heating and cocling energy consumption of residential

_13_



. 14
buildinés.- Unlike other enetgylsimulation programs,“such as
DOE 2.1, CIRA is é relatively simple program capable of
handliné differeﬁt types of houses, | with or without
basements, passive solar measures, different heating or
cooling appliances, etc. The input of a house in CIRA can be
done by siﬁply aﬁswering the guestions posed by the program.
For questions that cannot be answered without a detailed
knowledge of the house, e.g. information regard{ng the
leakage characteristics of the walls and ceiling, etc., the~”
DEFAULT facility in-built in the program can be used. On
the othér hand, detailed information of the house is
required to use energy simulation programs like DOE 2.1.

CIRA is basically a sophisticated degree day program that
computes the energy consumption of the house. ’Variable.base
degree days are calculated for each month of the year foﬁE
the house (Ref 7). An effective outdoor temperature is firstr
determined using the actual outdoor temperature, solar
gains, free heat and the building load coefficient of the
house. The effective outdoor tempefature is defined as 'that
outdoor dry-bulb temperature that would produce the same
heat transfer th;ough the envelope by‘ conduction and

convection only, under steady-state conditions, as the
superposition of conductive, convective and radiative heat
transfer (short and long-wave) -and internal "free heat"
actually occuring' (Ref 7). The relation between the
effective outdoor temperature T, and the conventional base

temperature T, 1is given by the equat;%n:
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Te - Te =Ty - T,

where T, 1is the actual outdoor temberature. _
liThis effective outdoor temperature is then used to r
calculate, ﬁéing an empirical relation, lthe.variéble base
degree days of the ﬁouse; The higher the effective outdoor
temperature of the house; the smaller is thé variable base
- degree days of the house, and vice \versa{f\The program
performs only monthly ékergy calculatioﬁE and\Pegce the tiﬁe
taken for one éompléte energy calculafiom is very small
(approx. 2 minutes). This offers a tremendous opportunity
to make a detailed study of the di@éérent components of .a
building 1like the wall and ceiyéng R-values and areas,"
different glazings, infiltration/etc, CIRA has also stored
weather data for a number oflcitigﬁ_gpth in Canada and the
United States, .with the provision of adding other cities to
‘the list. These weather files can be used fo stuidy a house

under different weather conditions.

Censidering the numerous advantages offered by the CIRA
energy simulation program, it was 1logical to “use this

program for- developing the energj rating system.

2.2 ENERGY LABELS

An energy label fixed to a house would indicate the probable
energy consumption of the house. f An energy label should be
easy to understand and should contain a meaningful appraisal

of the house. Though the information presented on the
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energy label could be updated after a certain time, the data
shoula be as accufate as possible. This information should
be selected carefully so as to give a true and comprehensive
picture of fhe house condition. EQen though the primary
purpose of the enérgy rating system is to arrive at a rating
value for the house enveldpe, ‘certain other information can
be obtained indirectly from the system. Fbr example, the
annual energy consumption of ‘the house c¢an be calculated
once the building load coefficient, the.variable base degreé
days, and the efficiency of the heating system are known. Of
these three factors, the first_two can be obtained from the
rating system. The heating system efficiency could either be
estimated or obtained from the nameplate on the system. An
Energy Label can be utilized to indicate not only the energy
rating of the house envelope, but also such.information that
would be relevant to a potential buyer. A suggested format
of an Energy Label is presented in Table 2.1. _ The
information presented on the label was chosen so as to be
readily available from thé‘énergy rating system to be
developed in this study.

The following paragraphs discuss the various parameters
presented on the energy label.

l. The type of heating system present in the house

should be indicated here. Any system that does not

come under the three heating systems shown can be

specified separately. The steady-state efficiency is

/__
~
D
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the bonnet efficiency of théfheating éystem. This
value is used to determine the energy efficiency of
t@gdhouse.

The annual energy equivalent of the fuel used  for

rheating the house is based on an assumed seasonal

efficiency for the heating system.  For gas furnaces,
a seasoﬁal efficiency of 70% was - assumed. An
efficiency of 85% was assumed for high efficiency
condensing furnace.

The energy efficiency of the house is defined as the
armmual heating energy consumption per unit floor
area,. Houses with different sizes will have
diff renf energy consumptions, e.g., a house with
twice the floor area of the optimum house may consume
twice the energy annually. By normalizing the energy
consumption of the house by 1its floor area, all
houses could be brought to a common denominator to

perform a meaningful comparisdn. This eliminates the

- possibility of penalizing a house because of its size

(Ref 5).
The optimum energy efficiency is the energy
efficiency of ‘the optimum house for the given

location. The optimum house for Windsor has been

defined in Section 2.3 of this chapter. Comparing the

energy efficiency of the house with the optimum
energy efficiency gives the potential buyer a good

indication of the condition of the house.
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TABLE 2.1 ,

A Sample Energy Label Format

‘Location of the House :

Heating system: Gas or oil furnace { )
Electric resistance ( )
'Heat pump (
Other (specify) ........

System steady-state efficiency : ....
Annual energy equivalent of

fuel used for heating ! «... KWH

Energy efficiency of the house .... KWH/sg.m

Optimum Energy efficiency : .... KWH/sq.m

Building Load Coefficient P ... WOC

Energy Réting of the house : %

Living floor area P .... s@.m

South-facing window area P .... S@.m

CAVEAT:

The energy consumption of the house may vary
from that indicated on the Energy Label if the
building operating conditions are different
from the standard building operating conditions
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The energy rating of the house 'is the difference
between the annual heating load per unit floor area
of the house and the base case bouse, expressed as a
percentage Sf the annual heating load per unit floor
area of the base case house. A positive energy rating
indicates that the house "has a better building
envelope compared to the base case house, and vice
versa.
South facing glazing area of the house 1is a feature
that may be of interest to a potential buyer.fThis'is
a property of the design of the house envelope.
Building load coefficient (BLC) is the overall UA
value of the house. This is a measure of the quality
of the house envelope. High BLC values mean low
insulatiop5 levels or - higher 1infiltration into the
house, of a house with large compohent areas. Low
BLC value indicates either a tight structure with
high insulation levels, or a small house. In
general,” the higher the BLC of the house, the highér
is the energy consumption of the house for space
heating. Though scientific in nature, - its use may

become common once the public gets familiar with this

term.



20
2.3 DESCRIPTION OF THE BASE CASE HOUSE

The first step in developing a2 rating system is to identify
the components of the building envelope that should be
further consiéered. As the major objective of this study was
to analyze t@e building gnvelope, only the physical
cdhponents of the envelope were considered for developing
the rating system. Certainly other factors such as internal
gains due to occupants, thermostat set-back, appliances and
equipment, etc},. have a significant effect on the energy
cénsumption of the house. Living habits vary gréatly, and
apparentiy similar houses may still have very different
eneréy ﬁse patterns. Policy decisions would .perhaps be
required to decide if the above factors should.be included
in the rating system since it could be argued that these
factors do not form a part of the house. Also the complexity
of including these variables makes it virtually impossible
to develop an energy rating system that would be simple and
yet accurately predict the energy consumption.
A building envelope consists of the following components:
1. Tﬁe exterior walls of the structure.
2. The ceiling or roof of the structure.
3. The glazing in the windows and doors, and the doors
present in the exterior walls of the Structure.
4. Infiltration into the structure due to cracks in the’
walls and around windows and doo:gi

5. Basement walls and floor, —
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Of the above five components, all but’ infiltration are
the physical components of the.structure{ \ Infiltration is
directly dependent on these physical components and so can
be classified as a physical component of the house. -The
heat 1655 due to infiltration may be as high as 25—30%'of1‘
the total building heat loss, and.therefore it is important
to inclﬁde infiltration for the purpose of deyeloping the
rating sysfeﬁ; '

In most Canadian- quations the energy consumed for
heating is much higher than the energy consumed for cooling
the house. Hence it was decided to restrict the analysis to

the heating season only,

2.4 MODELLING OF THE HOUSE IN CIRA

Once the decision regarding the components was made, the
next step was to define an energy efficient construction
standard for these different components. Two cases were
considered for the study:

1. A single family house with an unheated basement

2, A single family house with a heated basement.

It was found 1in a statistical survey {(Ref 8) that over
80% of the homes in all regions except British Columbia have
basements. The fraction for British Columbia is about 51%.
This study therefore analyzed houses haging basements. The
fraction of the basements that are heated 1is not known,

therefore both heated and unheatgd basements were considered
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in this study. The optimum house, henceforth called the Base
Case House, has éil its components at their optimum or
recommended levels. The energy -consumption for this Base
Case house will be at the optimum level, Any other house
that is different from this house can then be compared with
this house.

A sketch of the plan and elevation of the base case house
is shown in figure 2.1. The floor area of fhe base case
“house is 1000 sq.ft. This is the total or gross floor area
of the house excluding .the thickness of ﬁhe exterior walls.
" The exterior wall area also was assumed to be 1000 sq.ft.

In order to define the étructural defails of the house,
the optimum R-values of walls and ceiling had to be
determined., The procedure for calculating the optimum R-
values is -shown in appendix B. An economic life period of 30
years was assumed (see Ch.20, Ref 11). The cost of
electricity and gas for the year 1983 obtained from the
.Windsor Utilities were $13.18 per MBtu and $5.75 per MBtu
respectively. The optimum R-value for the wall was
determined to be 21 h.sé.ft.F/Btu, and for the ceiling as
26 h.sqg.ft.F/Btu. The equivalent SI values are presented in
appendix A.

There is no simple procedure for determining the optimum
U-values for window glazings and doors. Hence values

recommended in Ref 9 were used. The U-value recommended for

window glazings was 0.588 Btu/h.sq.ft.F. This U-value can be
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FIG 2.1} Plan- and Elevation of the Base Case House
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achieved by haQing a double-pane glass with 0,25 inch air
space. A total glazing area of 10% of the floor area was
assumed., For the base case house this corresponds to a total
glazing area of 100 sq.ft. The windows were distributed
uniformly on ~ all four elevations to simulate ‘:andoh
orientation. The recommended R-value _for doors was
4.0 h.sq.ft.F/Btu, or a U-value of 0.25 Btu/h.sq.ft.F. A
door of 21 sq.ft. was assuméd to be present in the south
facing wall of the house.

Infiltration was described in termslof_a leakage number
LN for the house., A LN value is an indication of the leakage
characteristic of the house structure. A LN value of 0.0
indicates that the hoﬁée has a very tight strﬁcture. A LN
value of 4.0 indicates a very loose structufe. The ENCORE
CANADA simulation program specifiés é value between 2.0 and
2.5 (Ref 10) for an average house structure. 1In order to
determine the leakage area of the different components of
the house, defaﬁlt values were used inrthe CIRA program: The
infiltration determined by the program corresponded to a LN
value of 2.2 under the design weather conditions of Windsor
obtained from ASHRAE 1981 Fundamentals (Ref 11). Thus this
LN value of 2.2 was assuhed to be the average wvalue for
Windsor. |

The two cases considered for dgveloping the- rating
sygiem, viz,, a house with an unheated basement, and a house

with a heated basement were input seperately in the program
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and analyzed. gér.unheated basemenés, according.to ASHRAE
(Ref 11), :in general, "heating plant present in the bagehent
sufficiently warms the air near the'basement ceiling to make
an allowance unnecessary for floor heat 1loss from rooms
located over the basement™. The basement, therefore, was
modelled to reduce the heat loss from the basement ceiling
“to a minimum. The technique to do this in the program is to
install a wvery high insulation between the floor jofsts;
This value was the maximum allowed in the program of
80 h.sq.ft.F/Btu. The floor area was reduced to the minimum
of 20 sqg.ft. allowed in the program. lAlso,.the_R-values of
the basement walls and flogr were input tﬂe maximum allowed.

To model a heated basement, it was first assumed that the
above grade height of the basément wall was'1l ft. The R-
value and the leakage characteristics of the basement walls
were déte;hined by default. Once the above-gfade R-value and
the soil-conductivity are” known, CIRA calculates the
equivalent below-grade R-value. The soil conductivity was
assumed to be 9.6 Btu.in/h.sqft.F. This 3alue is specified
in Chapter 25 of the ASHRAE 1981 Fundamentals (Ref 11).

To complete the input of the house in C;RA, data had to
be entered for the heating eguipment and other appliances
existing in the house. This data was then used by the
program to compute the internal gains in the house. It was
assumed that the heating system was a gas furnace with a

seasonal efficiency of 70%. As the analysis was restricted
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to the heating season only, no cooling equipment was input.
The thermostat set-point was 70°F. There was no night set-
back, It was also assumed that there were four people in the
house. Using these values, CIRA determined the internal
gains of the house as approx. 2500 Btu/h, or 60,000 Btu/day.
Table 2.2 summarizes the structural details of the house.

See appendix D for the detailed house input in CIRA.



TABLE 2,2

Input Details of the Base Case House

Structural Details :

Type

New single family, wood frame
ranch with a full basement.

Floor area 1000 sq.ft.

Wall area t 1000 sqg.ft.

Exterior wall : R-21 insulation (total)

Ceiling : R-26 insulation (total)

Windows ¢ Double glazed

.window area : 100 sqg.ft., distributed
equally on all four elevations

Doors One solid core flush door

., ee

with a metal storm.
HVAC System :
Controls : 70°F heating set-point,
no night set-back.

Heating equip. : Gas-fired forced-air furnace

Cooling equip. None

Occupants ¢ Four people.




Chapter III

DEVELOPMENT OF THE ENERGY RATING SYSTEM

The objective of this.chapter is to. describe the procedure’

adopted to develop the rating system, and the rating systém o

developed. The chapfgr "is presented in two sections. The
first section describes the basic quEFions underlying the
system, The second section describes the rating system
developed using these——QEsic equations.  This section 1is

subdivided into three subsections.

3.1 THE DEGREE DAY EQUATI.ON

An energy rating system that/*is capable of being general in

nature should be ba on a'characteristic property of the

building envelope,” .The rating system should not be affected
by the heating system being used, the 1life style of the
occupants or by other such ‘'extrinsic! properties of the
house. The ASHRAE Degree Day equation is such an'equation.
It determines the annual heating load of a house using only
the annual heating degree days of the location and the
building load coefficient of the house. This equation can be

written as:
g HL = (ZUA) X DD X C,, X 24 ... (3.1)
where,

..28_



29

HL = annual heating load in Btu
'ZUA = Building load coefficient, Btu/h.F P
- . .. . DD= annﬁal heating degree ‘days, F-days

The acfﬁal 'ASHRAE degree day equation .uses the degree
days to the base 65°F. .The factor Cp is' a function of the
degree dayslof _the-ldcation only. This 1is an empirical
factor that takes into account the lower balance _poing;.
tempefatures of new houses. The graph in Fig.l,‘ Chapter 28

of the ASHRAE Handbook of Fundamentals (Ref 11) shows the

_Eglationdpetwéen. the cqfrection factor C , and the degree

days (b;sé 65 F) for any location. The term (DD X Cp) can be
understood to represent a modified annual heating degree day
value of.the houée. _ : -

A possible approach to determine the variable base degree
days of a house in any location is to-éxpfess the dégree
days of the location for -aifferent ‘base -températures.
Recent work has been done (Ref 12) 1in the United States to
determine the annual heating degree'aayé of a location as a
pover function of the base temperatures. Then, knowing thelf
base or bAlance-point temperature cof the house, the
corresponding variable base degree days can be calculated.
This is a better approach than the ASHRAE modified degree
day method which uses a single value for the C factor for
all houses in a given location.

Two drawbacks of this method are immediately apparent,

Determining the balance-point temperature of any house is
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not.easy. Tﬁis temperature depends on many complex factors
like internal ‘gqains from the occupants, éppliances, etét,
which cannot be guantified easily. Though some approximate
methods have been suggested for commercial and industrial
buildings (Ref 13), their accuracy for residential buildings
i§ not known, | _ |

The second drawback, as applicable to this study,nis_that
no work ﬁas been done to 'deteEmine the. degre§/a$¥§ fér
various base temperatures for locations in Canada. The only
useful data available for Canadian locations is the annual

heating degree days for base 65°F. Thus such an approach,
1 ihough attractive, was not done for this study.

A second possible approach, as adopted in this study, is
to determine the variable base degréé days of a house using
an energy simulation computer program. For rea%ons mentionea
in Section 2.1 of the previous chapter, CIRA was chosen to
develop such an approach. The effect éf the wvarious
components on the annual variable base degfee days of the
house can be investigated by analyzing a prototype house
under different conditions.

The variable base degree days of a house,. in general,
depends on the following factors:

l. The BLC of the house, 1i.e., on the transmission and

infiltration losses from the house.

2. The glazing area, 1i.e., the solar gains into the

7N

house,
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3. Internal gains.

The effect of thermal mass on thé. annual .energy
consumption of ordinary houses is not significant (Ref 14 &
19). Hence for this study the effect of thermal méss of the
house has been neglected. The internal gains were considered
to be a constant as the analysis was restricted to the
building envelope only. The DD of the house will then dépend
only on the first two factors. Thofeffect‘ of these two
factors on the DD of the house was Qtudied by wvarying the
BLC and the glazing,area of the house,

The modified degree day edquation for the base case house

Ll

. can:- be written as:

HL = ZUA X DD X 24 .. (3.2)

where,

HL = annual heating load of the base case house
ZUA = BLC of the base case house

DD = variable base degree days for the base case
house as computed by CIRA

Now, for any other similfr house, the above equation can be

written as

HL' = (ZUA + AUA) X 24 X (DD + ADD) .o (3.3)
In this equation the AUA term indicates the difference in
the building load coefficient of the second house from that
of the base case house. This change 1in UA can be caused by

either a change in the U-value or a change in the area of a
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component of the building envelops. Thu; the AUA term
indicates the difference in the physical structure of any
house compared to the base case house. Note that AUA can be
either positive or negative. A negative value indicates that
the house 1is either smaller in size or it has moré
insulation and a tighter construction. The ADD is the
corresponding change in the variable base degreé days of the
house due to a change in the BLC of Ehe house., The ADD is
deterﬁined with the DD of the base case as the reference
value. Thus if the ADD of a house can be expressed as a
function of the AUA of the hogse, the héating load can then
be calculated from eg. 3.3. Observe that this approach
obviates the need of ~calculating the balance-point
temperature of the house. The AUA of the house can pe
éasily determined from the structhral details of the house.
Equation 3.3, in essente, represents the secénd approach
mentioned above.

The next few sections describe the analysis of the base

case house using. the CIRA program and the rating system

developed using this analysis.

3.2 THE ENERGY RATING SYSTEM

The Energy Rating System determines the annual heating load
of the house, and, using this data determines the energy
rating of the house. The user of the rating system simply

fills in the required data, and with simple calculations
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”

-aFrives a£ the energy consumption and the energy rating of
;tﬁe hduse. .

An energy: rating ;hould be both accurate'and simple .to
use. Once the base case house was defined, it was input in
the CIRA program for analysié. A summary of the CIRA output
for this house is shown in Table 3.1 (see Eppendix E for the
detailed output). The table shows the output for thelhouse.
with an unbeated'basemehf.'The annual heating dégree.days of
the house was 3906IF7days, and the building load coefficient
was célculated as 238 Btukh.F. The corresponéing annyal

heating load was 22.3 MBtu. '

As the analysis for the heated basemeng case is similar
to the unheated basement case, the development of the enerqgy
rating system for the unheated basement case only will'bé
presented in this section. The energy rating system was
based on the above data of the_baée case house as the

reference. The rating system wasiwsubdivided into three
sections as described below.

3.2.1  SECTION 1 ‘.
In order to determine the annual heating load and the energy
rating of any house, the house details such as the total
insulation R-values of walls and ceiling, area of walls,
ceiling and windows, etc. are reguired. It is«aésumed'that

this data is available to the user of . the rating system.

Therefore no procedure willrbe provided to obtain this data.
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CIRA Simuldtion Results of the Base Case House
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Unheated Basement:

Buiiding_Load Coefficient
Annual heating.variable
base degree days
Annual daytime sensiblé
heating load
Annual nighttime sensible
. heating load
Annual gas use for space
heating
Space conditibning energy
use ( heating ) |
Mean infiltration (heating
season only) |

Free heat

238 Btu/h.F

3906 F-days

8.5 MBtu

13.8 MBtu

421 Therms

42.1 MBtu

.61 ac/h

2507.36 Btu/h

/
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SECTION I

35

10.

Floor, Windows and Door areas :

Net living floor area of the
house (excluding basement)  (A)

Ceiling area (B}
Gross exterior wall area (C) ....

Window area on the South
facing side (D)

Window area on the East
facing side (B)

Window area on the West
facing side - (F)

Window area on the North

facing side (G)

. I
Door area N (H) ...
Sum of items D to H (1) ...
Net exterior wall area (J)

Y

l...l Sq.ft.

oo Sg.ft.

sg.ft.
sqg.ft.
Sq.ftf
sq.ft.

sq.ft.
sqg.ft.
sqg.ft.

.... 5q.ft.
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Table 3.2 show& the first section of the rating system.
Data for the wall, floor, window and door areas have to be -
hentered.: The floor area does not include the basement floor
area. Item C is the gross wall area of the house. Items D
to F are the windows and door areas on all sides of the
house. Subtracting the total of these areas from the gross
Qali area gives the net exterior wall area of the house. The
data entered in this section will be used in sections II and
I1I described next. '
3.2.2  SECTION 11
This section compares the building envelope of any house -
with that of- the base case house, The building load
.coefficient of the house is de;ermined with respect to the
base case house. This is then the overall AUA value of the
hodse.' In order to obtain thié-value, the UA values of the
individual components of the house were compared with the
~corresponding components of the base case house. The Ua
values of the components of the base case house were taken
as the reference vélues. Therefore summing the individual
AUA of the components of the house gives the overall .A‘UA
of the house wifh respect to BLC of the base - case house.
. This will become clearer when the individual components are
described below. The section itself is Ezgéented in the form

of graphs for the various components.
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1. WALLS : The optimﬁm R-value of the base case wall was

determined as 21 h,sq.ft.F/Btu (see appendix B). The net
Qéll area was assumed to be equal to 1000 sq.ft., eqgual to
the floor area of the house. The UA due to.walls was
calculated as 47.6 Btu/h.F for the base case house. For any
other house with a different wall area or R-value, the value
df UA-wall will be different from that of the base case
house. 'Taking the U?-wall of ®he base case house as fhe

reference value, the AUA-wall of the house can be computed.

.This is shown in Fig. 3.1. The abscissa is the R-value of

the walls, and the ordinate is the AUA of the walls. The
figure showé a family of curves, each for a different net
exterior wall area. The curve for 1000 sq.ft. wall area
intersects the abscissa at R-21 and corresponds to a AUA
equal to 0. The curves were generated by determining the
DAUA's for various combinations of R-values and wa;l areas.
By increasing the R—valuﬂ of the wall, for a given wall
area, the UA of the waill decreases. Similarly, by
increasing the wall area at a partiéular R-value incréases
the UA of the wall.,

In order to determine the AUA-wall for any house, locate
the R-value of the wall on the abscissa. Knowing the net
wall area of the house from section I, draw a vertical line
to intersect the corresponding area curve. Read off the AUA-

wall across on the ordinate.
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FIG. 3.1 Gravh to determine Delta UA-wall for

different wall areas and R-values
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2. CEILING : “The optimum R-value of the base case ceiling
was determined as R-26, ahd the area was 1000 sq.ft. The UA-
ceiling was ‘then calculated to be 38.5 Btu/h.F. Fig. 3.2
shows the curves for determining the AUA-ceiling for any
6ther.house. The abscissa represents the R-ceiling, and the
ordinate represents the AUA-ceiling.' The datum point on the
ordinate is the UA-ceiling of the base case house. The curve
for 1000 sg.ft. intersects the abscissa at R-26.

-In order to determine the AUA-ceiling of the house, locate
the R-value of the ceiling on the abscissa. Draw a vertical
line to intersect- the corresponding area curve. Read off the
AUA-ceiling across on the ordinate.

3. DOORS : Taking the U-door ™ equal to 0.25 and the door
area of.21 sqg.ft. of the base case house, the datum point
on the ordinate 1in Fig. 3.3 was calculated as UA=5.25
Btu/h.F; It was assumed that there was one door of area 21
sq.ft. in the base case house. The abscissa represents the
U-door. A U-door of 0.25 can be achieved by having a solid
core flush door with a metal storm door. The AUA-door can be
determined in a similar way as.for walls and ceiling.

4. WINDOWS : The totallglazing area ig the base case house
was assumed to be equal to 10% of the floor area, or 100
sq.ft. The window U~value was 0.588 Btu/h.sq.fg.F. Fig. 3.4
shows the graph to Metermine the AUA-window of any house.

The abscissa represents the U-window, and the ordinate

represents the AUA-window. A U-window of 0.588 can be

-
]
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achieved by having a-double glazed windoﬁ wifh‘0,25 inch of
ajr space. "The U-values of the different types of windows
can berbtained from Chapter 23 of ASHRAE 1981 Fﬁndamentals
(Ref 11). The graph shows curvesj'for'différent window
glazing areas. The datum on the ordinate corresponds to the

UA-vwindow of the base case house. 7Phe AUA-window can b§
determined by locating the U-window oh‘the abscissa, drawing
a vertical line to intersect the curve of the éorresponding

area, and reading off the AUA-window on the ordinate.

5. INFILTRATION : The leakage characteristic of a house

envelope was répresented as a leakage number. The LN for the

base case house was 2,2. The infiltration into the house was

then determined using the design weather conditions for
Windsor obtaingd from Chapter 24 of Ref 11, The infiltration
obtained waS then expressed as an effective 'UA' value as
shown ~in appendix C. The LN value of the house can be
determined by doing a fan depressurization- test on the house

(see appendix C).

Fig; 3.5 shows the Vgraphs for determining the AUA-
infiltration for both.gas and electrically heated houses as
a function of the LN of the house. The higher infiltration
in the gas heated houses is due to the presence of a chimney
(appendix C). The figure shows two curves for the two cases.
Becéuse of Dbetter construction practices and the building

code requirements, * it can be expected that the LN of new

houses,; in general, will be:less than 2.5. Therefore the

-'—\
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graph in Fig. 3.5 does not show the curves extending beyond
an LN of approx. 2.7. To determine the AUA-infiltration of
the house, locate the LN of the house on the abscissa. Draw
a vertical line to intersect the pretinent'cﬁrve, and-read
off the corresponding AUA-infiltration from the ordinate.

' The above five graphs cover all ;he components of a house
with an unheated basement. ° For any house, Fhe sum of the

| AUA values obtained from these graphs gives an overall AUA
relative to the BLC of 238 Btuh/F of the base case house,

The graphical presentation of the component énalysiq has
several advantages over a tabular presentation. The most -
important advantage is that interpolation can be done easily
for areas or R-values not listed in a table. This is more
evident for components like walls, ceiling and infiltration
where the curves are not “linear, and hence. interpolation
using tables will be cumbersome.

The second advantage is the ease* with which the graphs can
"be modified for datum values other than those shown for the
various components. I1f, for example, the optimum R-value of
walls is different from R-21 of the base case house, the
coordinate system can be displaced so that the abscissa
intersects the curve representing an area of 1000 sq.ft. at
the new R-value, Thus the same graphs can be used with minor
modifications for locations othér than Windsor where the
optimum parameters of the base case house will be different

from that determined for Windsor.
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3.2.3 SECTION III

The AUA of the house can be calculated from the previous two
sections. Analysing thé 'ASHRAE degree day equation
(eq. 3.3), it can be seen that the annual heating load of a
house can be determined if the corresponding ADD of " the
house is known. This section describes the method developed
to determine the ADD of a house.once the AUA is gnown.

To analyze the relationship 'between AUA and ADD for a
.house, . if any, the-base case house was modified to obtain
different AUA values for the house. The corresponding ADD
values were obtained from the CIRA simulation results
(Table 3.3). Fig. 3.6 shows the relation between ADD and
OHUA for a house obtained from the analysis of the CIRA
results. The absa}gsa represents the AUA of the house, and
the ordinate represéﬁts the ADD of the house. The datum for
the abscissa is the BLC of the base case house, i.e.
BLC=238, while the datum for the ordinate 1is the variable’
base .degree days of the base case house, i.e. DD=3096; The
graph was obtained for the city of Windsor and for constant
internal and solar gains. The graph shows that the variable
base DD of the house increases as the building load
coefficient of the house increases. As the annual. heating
load is directly proportional to the degree days, the graph
indicates, 1indirectly, that the annual hgating load of the
house increases when the building 1load coefficient 1is

increased. The solar gains were kept approximately constant
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TABLE 3.3

Summary of DD and UA values from CIRA simulations

CASE 1 - CASE I1I

Unheated basement Heated basement
AUA . ADD ADUA - ADD
' 3
46,6 730 42,7 287
33.1 623 37.3 . 309
31.T 471 ' 36.2 212
25.2 371 28.3 186
22.6 312 26.2 195
18.2 326 + 24,6 201
15,2 230 - 23.1 185
16.0 321 20.6 121
12.4 300 12,1 51
7.9 215 6.6 .56
7.8 94 2.5 26
.-6.5 62 0.0 0
4.7 35 -5.5 -22
0.8 12 -7.6 -31
0.0 0 -12.1 -92
-2.6 -26 =-20.1 -108
~4.8 -51 - -
-7.2 -136 -
-9.4 ~-99 -
-12.7 -117
~16.3 -286 - -
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by keeping the glazing area on the South,  West and East
_sides unchanged.lF:om the graph it can be seen that there is
a linear relationship between AUA and ADD as obtained from
"the CIRA'program.

Lineaf regression analysis was performed with the data
obtained for AUA and ADD. The dependent variable was taken
to be ADD, and -the independent variable as AUA. The results
are shown in Table 3.4. A straight line fit was obtained
betv'ieen AUA and ADD. The curve that was fit to the data was

of the form:

ADD = a + m * AUA
where,
\a is the constant when AUA is 0, and,
m is the slope of the straight line fit.
As the origin corresponds to the DD of the base case house,
it was necessary to make the curve to pass as close to the
origin as possible. This was achieved by inputting more than
one data set point for the coordinates of the origin,
thereby forcing the 1line to pass as close to the origin as
possible. Thé slope of the.curve was 16 and the constant was
18. A coefficient of determination of .0.975 'was obtained
from the regression analysis.
The graph shows the change in the DD of the house when the
BLC is changed from that of tﬁe base case house. Knowing the
AUA  of the house from the previous two sections, the

corresponding ADD can be read off from the graph. Similar



TABLE 3.4

Regression Analysis Results for the Base Case House

CASE I : Unheated basement-

Equation used : ' % ADD = a + m * AUA
Coefficient of Determination = 0.975
Constant on the ordinate = 1B F-days
Slope ﬁ of the linear fit =16

_ CASE II : Heated basement-

—_—

Equation used : ADD = a + m * AUA
Coefficient of Determination = 0.983
Constant on the ordinate = 3.5 F-days

Slope m of the linear fit ‘ = 7
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results were obtained for the base case house with a heated -
basement (see table 3.4 and Fig. 3.6).

Analysing eq. 3.1 it can be seen that the quified degree
day v;lue is a constant for 'a given location. Though jt was
found that the value of the empirical factor Cp can vary
from house to house even in a given 1ocati$n (Chapter 28,
Ref 11}, no method was suggested to determine the actual
degree days of a house in a given location. The graph in
Fig. 3.6 shows that it would be incorrect to use one éingle
value for the correction factor C, for all houses in a
location. The balance-point temperatures can vary from house
to house, and as a result, the energy consumption for
heating also will vary. The graph developed shows a method
to determine the energy consumption of a hoﬁse in a
particular lpcation, in this case Windsor.

In the previous analysis the solar gains were kept
approximately constant by keeping.the glazing area on the
Séuth, West and East sides unchanged. The linear‘relation
‘obtained does not give accurate results when the glazing
area on these sides is changed. This is because of the fact
that the effect on the heating load of increasing the
glazing area 1is two-fold,. When ‘Ehe glazing area is
iﬁcreased, the wall area is decreased by an equal amount.
As the U-value of the glazing 1is greater than that of the
wall replaced, the net effect is to increase the overall UA

of the house. This results in an increased conduction loss.
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The cofresponding increase in the DD of the house éan be
determined from Fig. 3.6 once the increase in the UA of the
hoﬁée is khoyn.

The second effect of increasiﬁg the glazing area is to
increase the solar gains ihté the ﬁbuse. This increased
solar gain, especially on the South side, is genefally high
enough to offset :any_ increase 1in the conducﬁion losses
mentioned above. In some cases the solariéains may even
reduce the heating load of the house (Ref 19}, Thus when
the glazing area is increased, Fig. 3.6 shows an increase in
the DD of?tﬁe house, while it is actually decreased. it
should, however,- be noted that a decrease in the DD of the
house does not nécessarily mean a decrease in the annual
heatiﬂg load of the house. The annual heating load is a
function of both the DD and the building load coefficient of
the house.

"In order to take into consideration the change in solar
~gains, the effect of changing the glazing area on the Sduth,
West and East sides on the DD of the house was analyzed.
The glazing area was varied from that of the base case house
while keeping the other components like walls and ceiling
areas and R-values unchanged. To begin with, the window area
on the South side was changed from 25 sq.ft. of the base
case house, and the DD and the BLC of the house were
obtained from the CIRA output. Several CIRA runs were made
for diffegent south glazing areas. The above analysis was

performed for the following four cases:
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1. Single glazing 6n the South side.
2. Doubie glazing on the South side.
3. Single glazing op the East (or West) side, and
4. Double glazing on the East (or West) side.

Table 3,5 shows the summary of the CIRA_;GLput results for
double glazing on the South apd East sides. The first column
shows the change in the window area. The AUA is the
corresponding change in the BLC of the house. The actual ADD
shown in the third column 'is the change 1in the DD of the
house due to the change in the glazing area. 1t can be seen
that «the DD of the house has decreased when the giazing area
is increased. If only Fig. 3.6 were used, a positive ADD
woﬁld have been obtained for the same change in glazing
area. This 'spurioﬁs' change is shown in the fourth column.
This change has been termed 'spurious' for it is not the
actual change in the DD of the house. This Qalue will always
be positive as long as there is a positive change in the Bﬁé
of the house. The modified ADD shown in the last column is
the difference between the actual ADD and the spurious‘ADD..
In other words, this is the error induced if only Fig. 3.6
was used to determine the ADD of the house without applying
any correction to it. Tbe sum o©of the modified ADD and the
spurious ADD gives the actual ADD for any glazing area. The
modified ADD 1is the correction that has to be applied to

the ADD obtained from Fig. 3.6.
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CIRA Results for South and East Window Glazings

Glazing Area AUA
( sq.ft.)

SOUTH DOUBLE GLAZING :

0 -18.2
25 0.0
35 7.2
50 18.1
75 36.2

100 54.2
150 90.2

EAST DOUBLE. GLAZING :

0 ~ -18.2
25 0.0
35 7.2
50 18.1
75 T 36.2

100 54,2

150 - 90.2

Actual
- ADD

~-41

i3
34

63

129

Spurious
AHDD

-265

110
272
543
813
13563

-265

110
272
543
813
1353

Modified
ADD

454
-0
-128
=315
-621
-924
-15189

224

-97
—238
-480
=725
-1224




55
- Fig. 3.7 shows the correcfign to. be‘appiied to Fig. 3.6.
The abscissa is the glazing area on the South faqing'side.
ordinate is the modified ADD obtained from Table 3.5. The’
figure shows Ewo curves one fgr single and one for double
giazed windows. Fig. 3.8 showé Ehe' graphs for single and
double glazed windows for the East or West sidés.

In order to obtain the ADD of any house, determine the AUA
of the house from the first ' two sections. Using thiS.QUA
determine the ADD from Fig. 3.6. ~Then, knowing the winéow
areas on the . South, BEast .and West sides of the house,
determine the ADD from Figs. 3.7 and 3.8. The sum of these
three ADD values gives the actual ADD of the house. The
heating load of the house can now be calculated using
equation 3.3.

In order to investigate the effects of the weather
conditions on the relationship between ADD and ﬁhe AUA of a
house, the analysis done for Windsor was repeated for the
city of Ottawa. The optimum R-values for walls and ceiling
were calculated using the eqguations as shown for Windsor in
appendix B. The optimum R-values for walls and ceiling ﬁere
calculated as R-26 and R-31 respectively. The windows were
assumed to be double glazed. The areas of the different
components were the same as for ‘thg_basé'l&ase‘houée in.
Windsor. The analygig was aone"forufhe unhéated basement
house. The weather file in the program for Ottawa was used

to calculate-the annual heating variable base degree days
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and the annual'heating 1oad of the house.  The variablqsbase
DD of the base.case'house- ﬁas determined as 5873 F-days and
the BLC as 219. g -

Table 3.6 summarizes the results of the 1linear regression
analysis performed on the data for Ottawa. The slope of the
curve was obtained as 14 and the constant on the ordinate
was -2, The coefficient of determination was obtained. as
0.957. The high value of this coefficient shows that the.
relation between ADD and AUA for Ottawa is essentially
. linear(see Fig.3.9)., Observe that the slopes of the curves
for Windsor and Ottawa are very close to each oéher. This
suggested an analysis of the combined data for both the
locations, Reg;ession analysis results obtained for the
combined data are shown in Table 3.6. The coeffieient‘of
+ determination obtained wa; 0.971 and  the slope of thé curve
| was approximately 15, The results indicate a poésibility of
ﬁsing a single curve for both Windsor and Ottawa. Fig. 3.9
shows the graphs for all the three éasés, viz. for Ottéwa,
Windsor, and for the combined data of the tﬁo‘locations. It
should, = however, be noted that though the séme curve could
-perhaps be used for the two locations, the datum values for.
the two' locations are not the . same. . It is simple to
determine fhe'BLC of the base case h;hse for different
.locations once the optiﬁum values. for the different

)

components are known. Further research will perhaps be

s

required to determine the variable base DD of the base case

house in different locations.
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TABLE 3.6

Regression Analysis Results

for Cftawa.

60

Results for Ottawa:
Variable base degree days
. Building Load Coefficient

Equation used :

ADD

Coefficient of Determination.

Slope of the curve, m

Constant on the ordinate

Il

5873 F-days
219 Btu/h.F

a +m * AUa
0.997("
14

-2 F-days

Results for Windsor and Ottawa combined:

Coefficient of Determination
Slope of the curve

Constant on the ordinate

1]

It

0.971
15
10 F-days
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The energy 'rating of the house can be determined by
‘comparing the heating load of the house with that of the
base case house. -This was done by first 'normalizing‘ the
heating load of the house by dividing by the floor area of
the house. A larger house wiil have a higher heating load
compared to a smaller house. Thus, 1if the energy rating is
- based on the heating load only, then larger houses may
receive a poorer ratiné compared to a smaller house. To
avoid penalizing a house for it§' size, normalizationrof the
heating load was ' done. The following relation was used to

determine the rating of a house:
L

Energy Rating = [(NHLLpb - (NHL)]/ (NHL)

opt
where,
NHL = normalized annual heating load of the house,
(NHLLPE = normalized annual heating logd of the hase

case house.

Thus, a house with a positive rating is better than the
base case house. VTﬂe energy rating can 5e expressed as a
percent instead of a ratio as shown above. Comparing fhe
annual heating loads insté;d of the anhual energy
consumption of the house avoids the necessity of assuming an
efficiency for the heating system to determine the enerqy
rating of the house. A house with an electric resistance
heating system may consume less energy because of a higher

system efficiency compared to a house with a gas heating
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' _

system. As ' the objective of this was to rate the energy
performance of the house envelope only, the energy rafing_
was expressed as shown above. Fig. 3.9 shows the graphical
representation of the abbve equation. The abscissa is the
annual heating load per unit flqér area of the house. ‘Tﬁé
ordinate is the energy rating of the house relative to the
base case house, expressed as a percentage, The base case.
house is rated as 0. Once the annual heating load of the
house has been determinea from the three previous sections
of the model developed, the energy rating can be found from

this graph.
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Chapter Iv
VALIDATION OF THE ENERGY RATING SYSTEM

In this chapter the results of the comparison of the actual
enérgy consumption of three houses with the energy
consumption predicted by the model deyelopéd are presented.
The houses were all located in Windsor. The first house was
a single,ﬁtory house with a partially heated basement while

the other two houses were two-story houses with full

basements.

4.1 COMPARISdN OF RESULTS FOR THE SINGLE STORY HOUSE

A single story house with a partially heated basement was
first chosen to validate the model. The hodse wés an
occhpied, single family house located in Windsor. The floor
area of the house was 1007 sq.ft. The windows were single-
glazed with exterior aluminium storm windows. A natural gas—'
fired forced-air furnace provided the heating in the
building. The structural details of the house are‘summarized
in Table 4.1. There were three occupants in the house. The
thermostat set-point was 70°F with no night set-back (see
Ref 15 for more details.of the house and its\%iﬁu;ation in
the DOE 2.1 energy simulation ﬁfogram). The measured annual
energy consumption for space heating was 91.8 MBtﬁ. The

, L
steady-state furnace efficiency as obtained

_64_



Structural Details of the Single Story House

TABLE 4.1

65

Type .

Floor area

Exterior walls

Ceiling

_windows

HVAC System :

Controls
Heating Equipment

Occupants

-

single story house with

basement

1007 sqg.ft.

2 X 4 stud construction

with R-7 insulation

R-40 insulation

single glazing with

exterior aluminium storms

»

70°F heating set-point,

no night set-back

gas-fired forced air

yfurnace

3 people

;
\\

~




TABLE 4.2

Comparison of Actual and Predicted

Single-story House:

66

Energy Consumptions

Measured annual, heating energy
consumption of the house

Steady-state efficiency of the
gas furnace

Annual heating load of the house

Predicted annual'heating'load
of the house

. .
Percentage difference between
the actual and predicted annual
heating load of the house

91.8 MBtu

70%

48.2 MBtu

i

49,32 MBtu

fl

2.3%
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.froﬁ éhe nameplate _wés 70% (Ref 15). The basement was
partially heated to a temperature of 60°F. The house was
also simulated on.the CIRA program (Réf 16) and the building
load coefficient wés deterpined és 384 Btu/h.F. The annual
heating load of thg house as calculated by the program was
48.2 MBtu, \/\
For the purpose of wvalidating the moael developed, the
house was assumed to have a fully heated basement. “The
results of this comparison are summarized in Table 4.2, The.

predicted annual heating load was 49.32 MBtu. The agreement

was within 3%.

4.2 COMPARISON WITH THE VILLAGES OF RIVERSIDE HOUSE

The Villages of Riverside house 1is actually the average
utility-measured performance of a group of 75 similar houses
in one. sub-division (Ref 18)., The structural details and the
energy consumption of the 75 houses were analyzed, and the
data averaged out to eliminate the occu@ant~related effects.
The house can therefore be regarded as an actual house.
These details are summarized in Table 4.3. The house had an
unheated basement, and the building load coefficient of the
house was determined to be 351 Btu/h.F. The house was
simulated on the CIRA program (Ref 16) and the annual
heating load was determined to be 40.06 MBtu. The ‘internal

gains were estimated to be 70,000 Btu/day. The results of



TABLE 4.3 -

Details of the Villages of Riverside Héuse
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Type

'Floor'area
Exterior wall area
Ceiling area
Exterior walls
Ceiling

Windows

HVAC System:

Controls

Heating equipment

Occupants

two story house with
unheated basement
962 sq.ft.

B97 sqg.ft.

481 sqg.ft.

R-11 insulafion

R-22 insulation

double glazed

70 °F heating set-point
with no night set-back
electric baseboard

4 people




TABLE 4.4

Comparison of Actual and Predicted Energy Consumptions

Villages of Riverside House :

. Annual energy consumption = 40.06 MBtu

for space heating
Estimated internal gains = 70,000 Btu/day
Annual heating load . = 40.06 MBtu

Predicted annual heating

lcdad of the house ' . = 42.42 MBEu
J Predicted.annual heating

ehergy consumption - ‘ = 42.42 MBtu

Percentage difference between

actual and predicted energy

consumption .of the house Va = 5.8%
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the comparison of the annual heating load predicted by the
model with the actual annual heating lcad are shown in

Table 4.4, The agreement was within 6%. ‘ S :

' i o
4.3 COMPARI SON OF RESULTS FOR THE TWO STORY HOUSE

The third house was a two story house, also located in
Windsor. The house was occupied, and was heated by a natural

gas forced-air furnace located in the basement. The floor

area of one floor of the house was 704 sq.ft. The _

structural details of the house are summarized in Table 4.5.
The walls were of frame wall construction and had an R-12
insulation._ The insulation on the ceiling was R-12. The
wvindows were distributed mostly on thé East and West sides.
The window area on the East side was 94 sq.ft. and on the
West side was 72 sq.ft. The window area on the North was 11
sg.ft. and on the South was 3 sq;ft. The windows were double
glazed;

The thermal performance of the house was monitored over the
1982-83 winter season. The annual energy consumption for
heating was obtained from the wutility bills maintained by
the homeowner by subtracting the energy used for hot water

\\heating.'This was calculated as 80 MBtu. (see Ref 17). The
house was simulated on the CIRA program and the building

loadq)coefficient was determined as 533 Btu/h.F. The energy

consumptio predicted by CIRA was found to be in good

agreement with the actual energy consumption of the house.

-
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Froﬁ the simuiation resulfs of this sﬁudf ; the seasonal
fughace efficiency and the internal .gains were estimated to
be;75% and i44,000.Btu/day respectively. The'steady-state
bdnnet efficiency of the furnace was 80%. (see hef€i7 for
er more details on the monitoring and simulation of the
house on the DOE 2.1 and CIRA energy simulation programs).
In'order to validate the model -developed in this study with
the actual energf ‘consumption of the house,. the ﬁouse was
simuiated again on the CIRA program with some modifications.
Note that the 1internal ,gains in the house are greater thén
that asSuméd in the model (60,000 Btu/day) by -a factor of
2.5. Because of such high internal gains, the actual energy
consumption of the house will be lower than that predicted
by the model. - It was therefore decided to simulate the
house on CIRA with reduced internal gains. The internal
gains were ruced to a valﬁe close to 60,000 Btu/day. \'I‘!‘fe

annual heating energy consumption of this modified house was

determined to be 100.4 MBtu. The annual space heating load

was 75.3 MBtu. The annual space heating load was then
determined using the model developed. The results are

summarized in Table 4;6. The agreement between the predicted

and the modified annual space heating load was within 6%.

The justification for modifying the internal gains of the
house lies in the fact that mest houses may not have such
high internal gains as_this house. The high-internal gains
of this house could be an exception rather than the rule.

The comparison also brings out the limitation of the model.

o

) o7



TABLE 4.5

Structural Details of the Two Stoty House

-
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Type

Floor area
Exterior wall area
Exterior wall
Ceiling

Windows

Window areas

HVAC System:

Controls

Heating equipment

Cooling equipment

Occupants

single family, detached
two story house with i
full heated basement |

704 sqg.ft. { oné floor only)
1836 sq.ft.

R-%? insulation

Rv12 insulation
doubletglazed

82 sq.ft. on East side

74 sg.ft. on West side

15 sq.ft. on North side

3 sq.ft. on South side

)
70°F thermostat set-point,

no night set-back
gas-fired forced air furnace
central air-conditioning

5 people
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TABLE 4.6

Comparison Results for the Two

73

Story House

Measured angyal energy
conéumpéion of the house
'Estiﬁated internal gains

Annual enefgy consumption of
the house for modified internal
gains

Annual heating load for the’
modified house

Predicted heating load

Percentage difference between

the modified and predicted annual

heating load of the house

-

B0 MBtu
144,000 Btu/day

100.4 MBtu
75.3 MBtu

70.9 MBtu

5.85%
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4.4 LIMITATIONS n . -

Despite-ﬁhe good agreement found between the actual and the
predictéd annual heating loads for the above.hodées, there
age éome limitations of the energy rating s;§tem. As the
rating system was restricted to the analysis of the building
envelope only, the internal gains were assumed fo be
'constant. Hence, if the internal gains are verf much
different from those assumed, the heating load prediéted by
the system will be different than the actual heating-load.

This limitation was apparent when the model was validated
againgt the two story house .which had internal gains more
than those assumed. The limitation could be considered
unimportant by the reasoning that the main objeétive of the
energy rating system is to arrive at a rating of the
building envelope. Thus the assumption gf a fixed internal
gain becomes one of the standard ‘building operating
conditions' for the house.

The gecond limitation of the rating ‘system is that it
cannot determine the energy consumption of passive solar
houses accurately. The rating system ‘was developed byi
simulating-a 'typical' single family house on CIRA. Thus any
house which does not conform to this classification cannot
be modelled accurately usinb this sfstem. Also, the CIRA
energy simulation program does not simulate accurately
houses which have high passive. solar gains., The discrepancy

between the CIRA predicted energy consumption and the -actual
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energy consumption was found to' be high for ﬁgﬁses of
unusual designs (Ref 17). Thus the energy rating system will
not give reliable résults for such houses.

The model used for representing the infiltration component
was developed in an earlier study (Ref 10). This model, it
was found, gave accurate results for houses located in an
urban locé;ion. All the resprictions applicable. to this
model will, therefore, apply to the energy rating syétem. If
the contribufion of infiltration is énly a small fraction of

the totél building heat’ 1055, the rating system ' could
perhaps be  used for other types of locations without

sacrificing accuracy significantly. This assumption will not

‘be true for houses with high infiltration.

\

/‘



" The conclusions of this study are:

Chapter V
" CONCLUSIONS AND RECOMMENDATIONS

' The concept of having énergy labels to indicate the. thermal
performance of the building envelope is still not in use in

' Canada. This study is the first step.in the process of

develbping ah energy rating system that could be uséd to
rate the thermal performance of the building envelopes of

la)

residential houses. ¢

;
1. A simple .model to predict the annual spaéé heating
load ?f a new lresidential builaing was developed:
using the CIRA 1l.c building? energy simulation
pfbgram. The moéel was developed for a single family
house located iﬁ Windsor, Ontario, Canada. ‘

2. The energy rating system was .developed as an
extension of the above model. ' The energy rating
s}stem determines the energy fating cof the building
envelope of the house compared to the optimum. house

- of the .1oqatioh.' The energy "rating system was
developed for the Windsor location using the optimum

house for Windsor.

3. An Energy Label for i:a house. is a very useful _ and -
. [ et Ll L ’

v

practical concept. *By adopting such a system, a

- 7;6-"

sy,



5.

\
Based

3 B ,'.
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'building performance Etgndard that. will be energy

Y
/ : )
efficient can be‘idevgloped. A sample format of an

Energy Label has been presented in| this study. |

-

The accuracy of ’the model was verlified By compqring
the predicted annual heaéing loag with the 'aapuai‘
annfial heating loads of thfee houses located in
Windsor. The Sgreement was within 6% fof all the
houses, |

It was found tﬁét the relation between the variab}é
baségdegree days and the building load coefficient of
a hoﬁse in any location, expféésed with respect to
the ‘bptimum house of that locatiOh,A \\remains
apprbximately- the same .as determined fdr Wistor.

This was verified by performing the analysis for the

Cify of Ottawa. However, this relation should al§o
A

)

be tested for other locations in Canada.

on the information obtained 1in this study, the-

following recommendations are made:

1.

The enerqgy rating system was developed for constant
internal gains. Further-reéearch_would be reqguired to
determine the effects ofloccupants and eqaipment on
the annual space heating 1load as predicted by the

model developed.

_ The analysis done for Windsor should be extended for

other locations in Canada. It was found in-this study

that a singlé-energy rating system could be uséd for

-
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a group 6f_ closely located cities rathef than

developing an enérgy rating system for each location,

Further studies will be reduired to explore this

possibility.
It is recommended that research be cQFried out to
determine a functional relatipnship— between the

annual heating degree days and the base temperature

- for varidus locations in Canada. Such an equation

will be useful in both hand and computer calculations
for determ1n1ng "the energy consumption of houses. As
a part .of such a study, 'ﬁesedrch could be done to
determine the balance-point temperatures of houses
with different‘characteristits.

The models used for infiltrhtion and basement heat
losses are ;not fully developed and could lead to
inaccuracies. These possible i_naccurac.ies~ could in
turn affect the accuracy -of the rating. More

accurate models should be _developed for these

~components.

The energy rating system should be further validated

against actual data to gain confidence in the system.

i)
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.  Appendix A
SI EQUIVALENTS OF IMPEﬁIAL UNITS

IMPERIAL‘UNITS EQUIVALENT SI UNITS

1e. 0.305 m

1 inch . 2.54 mm

1l sq.ft. 0.693 m

(t°F - 32) X 5/9 St %

1 MBtu 293.25 KWH

1 Btu/h.F 0.53 w/°c

1 sg.ft.h.F/Btu " 0.176 m °C/wW
i Btu/h.sq.ft.F 5.68 W/m °C

3906 Fahrenheit. degree 2170 Celsius

days A degree days

_82_




. " Appendix B
CALCULATION OF OPTIMUM INSULATION LEVELS—

The optimum insulation R-values for walls and teiling chn.be
determined by using the following relation (see Chapter 20,
Ref 11):

R = 24 x DD x C_. x FC x PWF
opt D

Bx 7

where,
R .= optimum R-value, sg.ft. F.h./Btu
DD = degree days (base 65 F) of the location
c = an empirical correction factor
FC = fuel cost, $/Btu |
PWF = present worth factor
B = cost of additional insulation, $/ft2/R

1 = seasonal efficiency of the heating system.

The present worth factor can be calculated b} the relation:

PUF = (1 + fe 1 - 1 + fe)
- +
where, d fe 1 d‘

fe = fuel escalation rate above inflation

N

d = discount rate above inflation

N- = economic lifetime of the house

_83_
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Using the data shown in Table B.1l, the optimum.R-vaIueél
were determined as follows: o _
Optimum R-value for wall insulatibn = 21 sq.ft.F.h./Btu
Optimum R-value for ceiling.insulation = 26 Sq,ft.F.h./Btu
The fuel prices were obtained from the Wihdgor Utilities
CommiSsion. .The fuel escalation rates for gas ‘and
electricity were assumed to be 5% and 1% above inflation
respectively. The cost of additional insulation for walls
and ceiling varies-depending on the soﬁrce (Ref‘8;15,20).
These values were therefore assumed to be 5.9 ¢/sq.ft./R and
3.9 ¢/sq.ft./R for walls and ceiling insulation
respectively. (See Ref 16 for more details on these
factors). The-economic lifetime of the hogse was chosen as
30 years. In general, 1longer lifetimes rather than shorter
lifetimes aré rec;mmended to determine the _optimum

insulation levels (see Chapter 20, Ref 11).



TABLE B,1l

i
i
{

Ecohomic betails for Optimﬁm R-value Calculations

Fuel Cost (Gas)
Fuel Cost (Electricity)

Fuel escalation rate
(Gas)

Fuel escalation rate
(Electricity)

Discount rate
[

Cost of additional
insulation (Walls)

Cost;bf'additional
insulation (Ceiling)

o L
Assumed seasonal efficiency
of the gas furnace

Efficiency of electric
baseboard heater

Ecofmic lifetime of house

$5.75/MBtu
$13.18/MBtu

5% above inflation -
/

i

1% above inflation

4% above inflation

' 5.9¢/sq.ft./R
_-3.9”/sq.ft./R

70%

100% |

.30 years
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Appendix C

-/ INFILTRATION MODEL

Infiltration heat loss from a house can be as high as 25-30%
of the total building heat loés., Therefore it is important
to include this component in any model that predicts the
energy consumption of houses. - -
Infiltfation is a very complex phenomeéa that is dependent
on many interacting vériabies. The model developed by Ahmed
(Ref 10) determines infiltration as a function of the
ieakage characteristics of the house, the‘ indoor-outdoor
temperature difference and the outdoor wind speed. This
model'was used for raﬁing the infiltration component in this
study. The ;eaq?ge characteristics of a ‘house can be
expressed as a Leakage Number LN ranging from 0.0 to 4.0.
An LN=0.0 indicates that the house has a very tight
structure while an LN of 4.0 indicates that the house
structure is very ieaky. An average house structure has- an

LN value between 2.0 and 2.5. e
Once the LN of a house is known, infiltration can be
_determined using the relations developed in Ref 10. As the
wind speed and the inside-outside temperature difference

vary from day to day, it is necessary to assume some

standard AT and wind speed so that all houses can be rated

- B6 - ~



" CASE I : For gas heated houses-

87 .

“-on the same basis,. the design outdoor - conditions for

Windsor specified in Chapter 24 of ‘Ref 11 were assumed to be
the standard outdoor conditions.

The LN of a house can be EEtermined by performing a simple

door fan depressurization test on the house. The equation to

be used is:

A LN = 0.9802 - 0.427 log( AP)
for a Q/V ratio of 0.0610.(seeLRef 10). '
Here P is the pressure differéntial across £he house
structure, V is the volume of the house and Q is the air
flow rate through the fan. - ¥

The infiltration models developed were:

e

) -
I = 0.11 + [(1.91 x 1072) (2408 Nyr 1 e ATy + (2.3x 1077) &

2.
(e 391LN)

2
where I is in ac/h., and Wo(1 *EﬁJ)J

€ = 0,.001886 is a constant.

CASE II : For eieétrically heated houses-

5 e2.4LN 7

YI{1 +EAT) + (2.0 x 107
(éZ.BLN 2 ]

I =1.3793 x [(1.35 x 1077)¢( ) X

JHT({1 +EAT)

LY

Once the infiltration is known, the equivalent 'UA' due to

“infiltration can be determined using eg. B8, Chapter 25 of

Ref 11~

UA 0.018xv0

wvhere V0 is the volume of outdoor air entering the building

in cuft./h.
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The volume of the base case house was 8000 cuft. In order
to determine the UA-infiltration for any other house volume

V1, multiply the the UA-infiltration 6f the base

by the ratio V0/8000. The AUA-infiltration of
then be calculated by subtracting the UA-infiltration of the

base case house’from the UA-infiltration of the house,

‘7
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-Appendix D ,

BASE CASE HOUSE INPUT IN THE CIRA PROGRAM -

1

. The input 1is for the city of -Windsor (Detroit TRY weather

file).
noted:

1.

The following points regardinq‘tbe.input:'éhould be
The inputs.marked with an '*"are the default values
of the pfogram: -

The input was . prepared _for the heating ' season
énalysis only. Therefore no'cooling equipment was
input. It-"was also assumed .that there was no

thermostat present and the indoor winter temperature

'was at a fixed value of 70°F.

_89..
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Current answers for GENERAL named Podury

A) NAME 0f this hOUSE. eueninsusnnnnss
Bl WAt CITY.euunuernononsnonsannensns
AZIMUTH-of north face (degrees)....
What type of THERMOSTAT.......c.un.

"C

. '_D v

}

Avg Indoor WINTER. tewmperature
Avg Indoor SUMMER temperature

Sclar STORAGE factor

COMPLETED

EN

LETE this Component

>

(degF)
(degF)
Total house FLOOR AREA (sqft).....
House MASS . ieevere s ionnsnns’onaenns
(unitless)...
SPECIFIC. THERMAL MASS (Btu/Fsgft).

-rant answers for RQQOF-CEI namsd ROOF

NAME for attic/roof or cgiljng....

Foof-Ceiling TYPE...

Ceiling R-value

Insulation TYPE......
Inzulation THICKNESS (inches).....
Inculatabkle AIR SPACE

(inchez!)....
(F-sqft/8tuh).....

Ceiling AREA (sQftd....ovuiuvantonns

No.
Mo.
Ceiling Ssp.

Feof ABSOPPTIVITY
Attic VEMTILATION

of ceiling VENMTS
of ceiling PENETRATIONS (count).
LEAKAGE ares
Reof PITCH (%) .0 vunniorruonas
Roof top MATERIAL.,......
(%) e v v ons
{cfm/sqft)......
¢ DELETE this Component ...

¢ Changes COMPLETED >...

(count)...

« s .

{seqin/sqft)

.

IEVEEIN NS RIS IS S R

FYS TS JCSS, IS BETS RN a) )

) )

-~

)

¥ es)

)

=

G
a

'S

90

'

'Podury’
'‘Detroit’

*‘H' degrees
‘None "

t7Q' degF

'70' degF

‘1000’ sqft
'Light!

', 22 unitless
'1.9' Btu/Fsqit*®

VROOF !
'Unfinished
'Fiberglass
‘@' I1nches
12 inches
'26' F-zgit
D00 sqft
countx
'10' . count®
*.,04262510"
100" %
'Asphalt Shingles'
‘a5 %ok .
" ,5' ctm/eqit®

attich
batts’',

.

JBtuh

sqinssqf

t'k*
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Current answers for WALLS named West @

A) NAME for the f0110wing wallS.ee e eeerson
B) Which wall ORIENTATION. cvveevrvncnnannns
C) Wall TYPE. . iverersanssnsnnsaaasssonnrnanss
D) Wall INSULATION. . v vrverroosaonansnsnsas
£) Insulation THICKNESS (inches)e.seesonsas
F) INSULATABLE wall THICKNESS (inches).....

'West'

‘West walls'

'Two by Si13 Frame'
‘Fiberglass batts'
'5,59' inches

'0' inches

30 D D 0 ) WD e ) ) )

G) Exterior INSULATING SHEATHING.......c... ‘None'

H) Wall R-VALUE (F-sqft/Btuh).u.eeecnesanss '21°? F-sqft/Btuh
1) Wall AREA wo/ windows & doors (sqft).... *1898' sqft

J) No. of WINDOWS (NO.).weiieossaonnosacsons *1' No.

K) No. of VENTS in wall (Nou)eesvuoevsaoe.a? "1 NG,

L) No. of other PENETRATIONS (No. Y. eunes '1,' No.

M) Specific LEAFAGE AREA (sqin/sqft).......~7 '.019883$'lgq1nf5q$t*
¥)1 { DELETE this Component ..., . s ’
I) ¢ Changes COMPLETED ... . -

.Current answers for WALLS named South !

A) NAME for the following walls...euweesas? 'South’ .
B) Which wall QORIENTATION. . ..eveevayseaias? 'South walls’
(] Ua11,TYPE........................,..;...? *Twe hv, Si1x Frame'
D) Wall INSULATION. . v veeerernsnesrsssesss? "Fiberglacss batts’
E) Inculation THICKNESS (inches)...iavssaes? "D.8" dinches
F) INSULATABLE wall THICKNESS (inches).....? 'D' ynches -
G) Exterior -INSULATING SHEATHING,..........7 'None’
H)Y Wall R-VALUE (F-sqft/Btuh).viiviisesasss? '21" F-sqft/Btuh
1) Wall AREA wo/ windows & docrs (sqft)....? '28B' sqft
J) No. of WINDOWS (NC.)uueevevenennrsaaaass? "2 No,
£1)1 No., of VENTS in wall (No.).vesesnaaneeaes? "1 No.
L) No. of other PENETRATIONS (NO.).........? ‘1 No. Co
M) Specific LEALAGE AREA (sqins/sqft}.......? ',0187828" sqinssgft®
Y) ¢ DELETE thic Component 2>...

~I) ¢ Changes COMPLETED »...



-

r

Current answers for WALLS named North

A) NAME for the followj
B)

wallis.....
Which wall ORIENTAT/ION.Y

C) Wall TYPE. . uvunvnnnnsfs

D)
E)
F)
G)
)
In
J} No.
kY Nea.
L) No.
M)

Wall

INSULATABLE wall THI
Exterior
Wall R-VALUE

of WINDOWS

of VENTS in wall

INSULATION. ...
Insulation THICHKNESS

INSULATING S

Srpecifric LEAKAGE AFEA

——

LI I AN L I ]

(1n'hes).......

(sqinssqft)..

(sqft
(NO .. veevverensnsats
(NO ) ww s s s sn v
of other PENETRATIONS

JINESS (inches).
HING, . ....
(FR-sqft/Btuh)......%..
Wall AREA wo/ windows & doors

(No.bY.....

Yv ( DELETE this Component'}..:

- .
Iy 9

Changes COMPLETED

Current answerc for

-
K

v
.

.

WALLSE named East

Al ﬂAHE fdr the following walls. ... ...

B{ Which wall
Cr Wa'11l
C wall

TYFE...

INSULATICON. .. ..

CRIENTATION...........

I I I R I R I )

Et Insulation THICKFNESS (Inches!..esa.

F1 INSULATABLE wall THICHNESS (inches)

G} Extericr INSULATING SHEATHING.......
HY Wall R-VALUE (F-sqft/Bturd..........
I' Wwall AREA wo/ windows & deoors {(sqft)..
Jr No. of WINDOWS (No.).u e eveenieriannn
E) No. et VENTS 1n wall (No. oo er s
L} No. of other PENETRATIONS (No.J).....
M} Specific LEAKAGE AREA (sqin/sqft)...
Y} < DELETE this Component >...

I) ( Changes COMPLETED

;

W
/doa

‘.
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v
T 'North!'

? 'North walls®

vo?2 '"Two by Six Frame'
? 'Fiberglass .batts’

«e? '5,5%" Inches

2?2 0" inches

++?7 '"None' '

cee? '21' F-sqft/Btuh
7 'R210 sqft
2?2 No.

.7 '1' No.

o7 "Y' Ne.

? ',018' sginscqft*

"Eact’
.7 'East walig” .
v e " Tw by S1v Frame'

..

? 'Fiberglace hatte!
L.T 'S.5' inches
.? 0" anches
.7 '"None!
L2 F-sqftcEBtuh
« 188" eqrTt
«o 7 "1 No.
.7 "1 Neo.
? "1 No.

- i . *
<7 7', 01898833 eqin/sqft
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Curreﬁ; answers for WINDOWS named East :

A) NAME of the following windows..........,? 'East’
B) Which window ORIENTATION....ivevveueeso.? 'Eact’
C) Window TYPE....0vevvansssanassvsrsaesees? 'Double hung”
D) GLAZING. . vveivertorssnnnsseenrsorssannns? ‘Double pane’
E) DRAPES & SHUTTERS . . vt v vinrarvrarnnanaas? 'None
F) U-value (Btuh/sqft/Fl).....0vrveereenssa? '.588" Btuhfsqft/F
G) Average sash FIT...eiveeetineeerenreaasas? '"Average' :
H) Specific LEAKAGE AREA (sqin/sqft).......7 '.0790502" sqin/sq¥t*
1) Summer SOLAR GAIN factor (%)....vevvrna? '77 4 %
) Winter SOLAR GAIN ‘factor (%)....iivnn...? *77" % *
) Window AREA (sqft)..............J.......7 '25' sqft
) { DELETE this Component >. '
| Changes COMPLETED »...

Pl

Current ansQérs tor WINDOWS named South

A) NAME of the following windows..v.vveveer..? 'South’
B! Which window ORIENTATION, v ivivreveesraa™ 'Spouth’

L) Window TYPE. .ttt i it st i v et evonnnns eeessr 'Double hung'

D) GLAZING. .ottt etnsserrssssnarssvsansesss? '"'Double pane’

E) DPAPES & SHUTTERS.......................7 "None!

Fi1 U-value (Btuh/sqQft /F),.,.c.... rrersrereer .588' Btuh/isqft /F

G! Average sash FIT.. . it ivnesvernnseseren.? '"Average' :
H) Specific LEAKAGE AREA (sqin/sqft).......7 '.0790502' sqin/sqft*
I) Summer SOLAR GAIN factor (%)...vevesreas? '77' %%
J) Winter SOLAR GAIN factor (%)..iiiiinsaa? '77¢ %%
K) Window AREA (sqft ). .. eevenarrsnnsanereas? ‘25" sq7ft
L) Overhang PROTRUSION (inches)... vt as+..7 '24' dinchesx*
M1} HEIGHT above top of window {inchec).....? '12' inches*
N) Average window HEIGHT (feet)............7 '4.33' feet
Y} ¢ DELETE thys Component >...
IY ¢ Changes COMPLETED >...
-~
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Current answers .for WINDOWS named West @

"A) NAME of the following windows..??\,.....? ‘'West!
B) Which window ORIENTATION........5§;;...;? ‘West'
C) Window TYPE...vevertrsosanrsvsssrsecavss? 'Double hung'
D) GLAZING. 21 ensoeisossesrsssesssrvaahessass? ‘Double pane’
E) DRAPES & SHUTTERS.................5\....? ‘Mone’
FY U-value (Btuh/sqft / Fl..oieer oo s?
G) Average sash FIT... . viveevrnrrernesnsears? "Average' :
_H) Specific LEAKAGE AREA (sqins/sqft).......? ',07903502" s5qinseqft®
I) Summer SOLAR GAIN factor (%).....veeeon..? "77° %% .
J) Winter SOLAR GAIN factor (%)............? '77' %% N
EK) Window AREA (sqft )., ... inavonos ? '25' sqft
¥ ¢ DELETE this Component ...
IV ¢ Changes COMPLETED >...

1,588 Btuh/sqft/F

¢

Current answers for WINDOWS named North
~ _AY NAME of the following windows.......0.0.7 'North'
E) Which window ORIENTATIOM. .. ..cuvesnveeners” "North'
C) Window TYPE . . v v s v e v v cs s st nsansroraans s 'Double hung’
D) GLAZING. s vttt e i s aneaenn e .+ 'Doubie pane’
E) DRAFPES & SHUTTERS..... v s sderssarsenss '"None' .
FJ) U-value (Btuh/sqTt /Fl.y.ereieinsnsnensenas ',.288' Btuh/esqft F
G) Average sath FIT..... .. ¢iviuerrerneesans? '"Average'
H) Specific LEAKAGE AREA (sqinfsqft}).......7 '.0790502" csqin/eqft*
1) Summer SOLAR GAIN factor (%} .e..ieecoas.? *77' %%
J) Winter SOLAR GAIN factor (%)............7 '77" %*
K) Window AREA (SQft)..ueesevrunnraeinaena.? "' saft
Y) ( DELETE this Component ...

Z) ¢ Changes COMPLETED ...



Current answers for DOORS named DOOR

A)
B)
(0
0}
)
F)
G).
H)
<1}
Y}
)

Current antwers for

Al
B
c)
o
E}
F)
G
Y)
I

Current answers for

A)
Bl
)
D)
E)
F)
G)
H)
Y)
Z)

NAME of following doors....
D0or TYPE.ueesvenenoaonosns
Door MATERIAL...... . veavse
Approxi1mate Glass AREA (%).
AnY STORM dOoGT S ¢ cvssavewas
‘U-value (Btuhs/sqft/F)......
Poor FIT.eveeenvuvonannases

3?ec1f1c leal:age AREA (sgqin/sqft)

Door AREA (sqft)................

{ DELETE this Component Y.
¢ Changes COMPLETED .

B

SHIELDING Cl1assS.. v vensneas

Ic there MECHANICAL Ventilation.
‘NATURAL Cecoling Ventilatign.....
TERRAIN Clacscs.. v arsevornans

HEIGHT of living space (feet),

Approx.

housé VOLUME (cubic feet

HOW was leakage area MEASURED...

{ DELETE thic Component 2,
{ Changetz COMFPLETED >...

Ground SURFACE TYPE ' eeresons

Ground REFLECTANCE (%)..civvevineosens

SOUTH solar EXPQSURE - DECEMBER

SCUTH solar EXPOSURE - JUNE (%)g

EAST ccolar EXPQOSURE - DECEMBER (%).
EAST solar EXPOSURE - JUNE (%).....
WEST solar EXPOSURE - DECEMBER (%).
WEST solar EXPQSURE - JUNE (%).....

¢ DELETE this Component 2..
{ Changes COMPLETED ...

(%)

LANDSCAF named Yard

INFILTRA named Venti

LI

LI 3

. ?

*

-

?

2

?
?
?
?
?
2

1oh

-

v 7

N
K4
?
-
!

72

?

7
?

'DOOR!

'Plain (Hinged)'
‘Wood Solrd Core!’

!Ol

%

‘'None’

‘.25 Btuh/sqft/F
‘Average’ '

', 0294501 sqins/sqft*

Iz"i

sqft

"None '

INol

‘Class 3'*

|8|.

“Class 23'*

feet

'8000"' cubvc feet’
'Not measured'*

‘Green grass’

24
60!
ran
l_Gol
-
I‘EOO
-

o *
% %
% %
o ®
% x
ok
5

95



‘Current ans@ers~th~HVAC-SYS named Heat-Coo)

A)
B)
c)
D)

Current answars for

A
E)
C:
[l
E}
F
G
H
1w
Q)
(3]
L>
M)
N)
Y)
Z)

What HEATING EQUIPMENT ... o0y
Rated INPUT capacity (kBtu/hr)
Steady-state EFFICIENCY

FLUE gas

(%)..

temperature (degF)..
What DISTRIBUTION system.....
WHERE are pipes’ . or ducts.....

). INSULATION on pipes or
InsulatabIe duct1p1pe LENGTH (feet
Distribution LOSSES to ocutcside
What COOLING EQUIPMENT...s o0 es--.

ducts....

/

(%)

Actual Fan FLOW (cfm).ovuvnoensns
{ DELETE this Component ...
¢ Changes COMPLETED ...

MAME of occupan}s..
Hoew many DAYTIME OCCUFANTS
NHIGHT QCCUFPANTS

How many
DAILY hot

WATEF HEATER type.....
Input FATING (LW oo eenn

Mot water
WHERE ¢

Stdby plumb.

-

water USE (gal/idav?!.

L T R )

THERMOSTAT setting
water heater........

REFRIGERATCOR tvYPe.,.. ...
Average MONTHLY CONSUMPTION {kWh/mo)

DRYER and RANGE t¥Ype....

I I I I |

(pecpia)
tpecpliel

APPLIANC named FAMILY

LI I )

P

(degF1

L

LOSSES (kBtushr1t,

Internal MOISTURE generation

.LIGHTS & OTHER HEAT GAINS
{ DELETE this Component

¢ Changes

COMFLETED .

N
P I

LI I I )

(1b/dy)

(kBtu/hr).

o .‘.J

[ |

NE RN RN JE)

)

i

(RS TN B s |

2

96

‘*Gas Furnace'

'100°*'. kBtu/hr

_l75|

%

'250' degF

‘For

ced Air'

‘Basement’
*None’
‘100' feet*

l25l

%*

'None'’

l0l

' ] ]
' 4 1
‘g2,

cfm *

CFAMILY'

Feople
pecrle
S gaifdav*

*Electrac’

l4l

ju*

‘140" degF

'Bac
|'42
'Aut

ement '
3336° LEBtushr®
0. defrast & frezzer

100" kEWh/mo

'Bot
] ':( hr J

. r

l"l

h Electrac!
§999' 1b/gy
Btushr ¥
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Current‘answers for SUBFLOOR named Basement !
A) Subfloor NAME.......vsetsessssisesssesse? 'Basement’
B) Subfloor TYPE....ic:ivevecrsenassnersasecs? 'Basement’
€C) Joist INSULATION. . s eccearearsarssrsassres? 'Polyst¥rene boards’
D) Joist insulation THICKNESS (inchesgl).....? '16' inches
E}) Total joist R-VALUE (F-sqft/Btuh).,......7 '82.0002' F-sqft/Btuh
F) Floor AREA (Joists) (sqft).....vvvusaaa.? '20' sqft
"G) No. of floor PENETRATIONS (No.J)d..eioswaa? 10" No.
H)Y Floor sp. LEAKAGE AREA (etqinssqtt)......7 '.379751' sqinsfsqft
1) Subfloor WALL INSULATION material.......? 'Pelystyrene boards’
J) Wall insulation THICHNESS (inches)......? ."4' inches _
k.1 Above-grade wall R-VALUE (F-sqft/Btuh)..? '30' F-sqftsBtub ~
L) ABQVE-Grade HEIGHT (feet!},..iiiviveserse? "7V feet
M) Eupoced PERIMETER (feet)..v v eveversasaee? '20' feetl
N} Sco11 CONDUCTIVITY (Btuh-1n/F-sqft)......7 '2.5' Btuh-insF-sgqft
)1 No. of WINDOWS (NO. )i iierrnosrersarawaaa? 10" No.
Py No, of wall VENTS (NG, ). .t iitivessnaneaas "9 NoO.
Q) No. of wall PENETRATIONS (No.}. i sesenseaas "10" No.
FY Wall specific LEAKAGE AREA (sg9insfsqft),.” '.5' sqinssqgft
S)' Below-grade R-VALUE (F-sqft/ /Btuh).......? '20' F-sqft/Btuh
T) Floor R-VALUE (F-sqfts/BRtuh).....iesee...7 '40' F-sgft/Btuh
W) Eqv Floor RESIST' oute'd (F-eqft /Btuh)..? 100" F-sqft/Btuh
Y1 ¢ DELETE this Compcnent ... .
< I ( Changec COMPLETED ...
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urrent answers for SUBFLOOR named Basementek:

A) Subfloor NAME ., .., .crsesunerssessssrssnasss? 'Basement’

B) Subfloor TYPE....eicierrsasnessssssssces? 'Basement’

C) Joist INSULATION....vveeerasnssensstissss? ‘Heated basement’
D) Total joist R-VALUE (F-sqft/Btuh)......,? '3' F-sqft/Btuh
E) Floor AREA (Jo1tts) (sqft)eeeevevannsssa? "1000' s5qft

F) No. of floor PENETRATIONS (No.)....eveee? '"108 Non

G) Fleor/ sp. LEALAGE AREA (sginfsqft)......? '.0379751"' cqin/sqfts
H) Subfidpr WALL—JINSULATION materiat......7 'None' .

1) Above-grade wall R-VALUE (F-sgft/Btuh)..? '8' F-sqft/Btuh

Q) ABOVE-Grade HEIGHT (feet).....NL.s-sss.:7 '1"' feet »

K) Exposed PERIMETER (feetl..... e Mevuvee.? 140" feet

L) Scoa1 CONDUCTIVITY (Btuh—1an sqft“ Lhae? 9,6 Btuh-in/F-g37t
M) No. 0f WINDOWS (NG.)euvrevusrnvanasanass? "0 Noo N '

NY No. of wall VENTS (NG.). e ivvnnnassesasa? "8 Hoax :

0) No. of wall PENETRATIONS (No.V. ... vaaa.? 30" HNok

P) Wall specific LEARAGE AREA (sginssqft)..? '.160353&6"' =q1n“_HTh*
Q) Below-grade FR-VALUE (F-gqft/Btubl.......7 "14.0734" F-zqft/Btuh %
B) Floor R-VALUE (F-sqit /Btuh)...oeeerare.a? '2' F-sqit Btunx

S) Eqv Floor RESIST' oute'd (F-egqft/Btuhl..? TAE' F-sgft. /EBturs

vy { DELETE thieg Component 2...
Z) ¢ Changez COMFLETED ...

'
bl

** This input is for the heated base case house only. .
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Appendix E
CIRA OUTPU?‘ FOR THE BASE CASE HOUSE

The output is for the unheated basement case for the city of

Windsor. Y

-
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Related date... !
Occupants' Name: FAMILY
House Name: Podury
House Areafsqft): 1000
House Volumel(cuftd): @000
Crty: DETROIT
L-tatudag;s_-'és; 42

. Altitudetfeat):

oy

23
, ‘Az vmuthidegd: O
Solar storage factori(unitless): ,22
Thermal tyme constantthr): B.54842 a
Free heat(Btushr): 2307.,3¢

Moisturel(lb/day): 3.79%8%9

Bui1lding Load Coefficrent(Btushr/F); Yearly / Heating / Cocling:

222.263 236.023 211.00¢
Conduction Coefticient{Btushrs/F): Tota)l 7/ Cerling / Floor:
148,942 37.3266 : L23226¢%
Leal-age areal(sqinl: Total 7 Cerlang 7 Floor:
76.%59N 42.62%) 6.%5799¢8
North/East/South/West/Horyzontal December Solar access(%):
100 60,0001 35.2081 60.00M 100
North/East/South/WestsHorrzontal June Solasr access(%):
100 "718.9994% ’ 37.5555%5 79,9988 100
Nortthait/Sohth/Uest/Hor\zont|1 heating sedson SA(xqft):
21.8424 20.9058 21,6584 20.905¢ B.85803
North/East/South/West /Horyzontal cooling season SA(sgfti:
2)1.8424 20.9058 2).65684 20.9058 £.89602
Heating day/night thermostats{(daegF) Cooling day/night thermostatsi(degF .
70 70 . 70 70
Yearly Electric Cons.liWh)/Cost(8) ~- Yearly other Fuel Cons.{(MBtu)/Cost($);

11478.6 436.186 4z2.1007 242, 07%



yri{sum):
yr{mean).

a
Dlocad
o Jan: 2.8
Feb: 2.0
Mar: 0.6
Apr -1.2
May.: -1.9
Jun: -3.3
Jutl -3.9
Aug: -3.35
Sep: -2.3
Oct! -0.8
Nowv: 0.9
Dec: 2.3

]
[ o)
~

t

TW .M ON T

A
B8)
c)
o
E)
F)
G}
H).

DayOn

— —

- BEOO0O0O0OO0O00 WO W

—
N~NO0O0O00O00 HOW

F -3
[#% I
. .
~ O

Dicad
Nlcad
DayOn

N1tOn .

SpEgy
Infil
T 9as
Telec

d - e
NitOD SpEgy
18.2 12.0
18.0 9.7
10.9 5.3
.0 0.0
0.0 0.0
0.0 0.0
6.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
9,2 5.0
15.4 10.1
7v.7 42 .1

[on]
o}
w
(4]

101

o

f 9 h
Infil T gas Telec
Ol 120 975
0.69 ‘a7 881
g.56 23 9795
0.53 0 543
0.48 0 875
0.38 0 943
0.36 0 975
0.37 0 97%
0.36 0 - 943
0.45 g 8975
0.55 50 943
0.62 101 975
5.91 421 11479
0.49 35 937

Davtime sensible lcad (MBtu)

Nighttime sensible joad
Daytime HVAC On-time

Nighttime HVAC On-time

Space cong.
Infaltration
Overall gas
Overall elec

energy use
(ac/hr)

use (therm!
use (kwWh)

(MBtu)

(%)

(%)
(MBtu?

\
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CIRA-=~==wv-me-—=m= Computerized Instrumented Residential Audit---------
\
a b~ ¢ d e f 9 h
Telec DewPt Sgain Rloss VBDODYy Spce$ Gas § Elecs
Jan: Q75 20.7 ‘0.80 0.47 1115 €8.8 68.8 37
Feb: -1 18.3 1.15 0.44 882 $55.8 = 55.8 33
Mar - 87% 29.%5 1.65 0.49 S00 30.6 0.6 37
Apr: 943 - 39.4 2.12 0.46 -217 0.0 0.0 . 26
May: 97% 46.5. 2.46 0.44 -377 0.0 c.0 37
Jun: 943 5.8 2.60 0.37 -767 0.0 0.0 36
Jul: 875 61.8 2.78 0.37 -944, 0.0 0.0 27
Aug: 9795 64.1 2.39 0.35 f879 _ 0.0 0.0 37
Sep: 943 58.6 1.79 0.37 -552 0.0 0.0 36
Oct: 975 46.2 1.34 0.44 -161 0.0 0.0 37
Nov! 943 . 35.5 0.80  0.45 477 28.9 28.9 35
Dec: © 875 26 .1 0.60 0.47 932 $7.9 57.9 37
yri{sum?): 11479 505.6 20.49 5.12’f 9 242. 242 .1 436
yr(mean): 957 42,1 - 1. 0.43 1 20.2 20.2 36
a = HY - Telec - Qverall elec use (iWh)
b = I) - DewPt - Indoor Dew Foint (deg F)
c = J) - Sgain - Sclar gain (MBtu)
d = K) - Rloss - Sky radiation loss (MBtu?
e = L} - vBDDOY -~ Var. Base Degree Days (F-day)
f = M}y - Spce$ - Space cond. cost (3}
. g = N) - Gas & - Overall;ygas cost (§)
h = Q) - Elecs - Overall elec cost (#$)



Appendix F -
CIRA'OUTPUT E?R THE BASE CASE HOUSE: OTTAWA

The output is for the unheated basement case for the city of

Ottawa.

- 103 -



A ' ) 104

CIRA======= rrre-w=Computarized Instrumented Ressdentia!l Audit-----==--==-c-a-

Related data...

Dccupants’ Name: FAMILY
Mouse Name: Podury
House Aresisqftl}: 1000
/
House Volumelcuft): BOOD
Crty: OTTAWA
Latitude(deg): 45,3
' Altitudet(fent): 413 -
Az 1muthideg): 0
‘Solar storage factorfunitlessl: ,22
. "4
Thermal time constant(hr): 9.17792
Free heat(Btushr): 2507.56
prsture(]b/ﬂl?): 3.7999¢"
Buiylding Load Coeffrcrent{(Btu/hr/F}: Yearly / Heating / Cocling!
207.018 219,18 180,034
Conduction Coefficrent(Bltu/hr/F)! Total 7/ Cerlang 7 Floor:
133.972 31,4586 2322354
Lealage mreai(sqin): Total /7 Cevlang 7 Floor:
76.3921 42,6251 6£.57998
North/East/South/West/Horv2ontal Defeamber Solar access{%):
100 . 6D.000 54,7476 60.0001 1006
North/East /South/West /Horizohtal June Solar access{%):
100 ) 79.9999 37.017 79.99499 100
North/East/South/West /Hor1zontal heating season SA(sqgfti:
21.4663 20.6656 21,309 20.66%6 ° 7.93609
NorthlElst‘South!chtIHor1;ontl1 cooling season SA(sgft):
21,4663 20.6656 21.309 20.665¢6 7.93608
Hesting day/night thermostats(degF)} Cooling day/night thermostatsidegF:
70 70 70 70
Yearly Electric Cons.{kWh}/Cost($) «~ Yearly othar Fuel Cons.{(MBtu)/Cost(%):

11478.6 436.186

59.3084 341,023



-

CIRA-==c-rrccccaa- Computerized Instruménted Residential Audit---------.
., a b c d’ N ) B -] h~
Dlocad Nload DayOn NitOn SpEgy Infil T gas Telec
Jan: 336 4.8 18.0 23.7 15.5 . 0.62 1595 975
; Febig, 2.9 3.8 14.0 21,0 11.8. 0.66 118 881
Mar: Y 1.3 2.9 - 6.6 14.6 7.9  0.60 79 375
Apr: 0.2 1.4 1.3 7.1 3.0 0.55 30 943
. May: -1.3 -0.1 0.0 0.0 0.0 0.47 0 + 875
Jun: -2.9 -0.3 0.0 0.0 0.0 0.41 g. 943
. Jul: -2.9 -0.7 " 0.0 +0.0 0.0 0.31 . . 1] 575
Aug: -2.95 -0.5 0.0 0.0 0.0 0.30 - C 875
Sep! -1.1 -0.2 0.0 =0.0 0.0 0.37 .0 943
\Oct: 0.2 0.7 _ 1.0 -3.9 1.8, 0.42 18 . 975
\Nov: 1.2 1.7 6.3 9.2 5.6 0.50 36 943
Dec: 3.3 4.1 16.5 20.4 '13.7 0.62 137. 975
yrisum): 2.5 T 17.6 63.6 99,9 59.3 5.84 993 11479
Yrimean): 0.2 1.5 ° 5.3 8. 0.49 49 $57
‘\\\ a = A) - Dlead - Daytime sensible load (MBtu!
-b = B) - Nload '- Nighttime sensible load (MBiu)
¢ = C) ~ DayOn - Daytime HVAC On-time (%)
- d = D) - NitOn - Nighttime HVYAC On-t ime (%)
e = E) SpEgy - Space cond, energy use (MBtu)
f = F) Infil - Infiltration (ac/hr)
g = &) T gas - QOverall gas use (therm)
h = H) Telec - Overall elec use (LkWh)



Jan:
‘ Feb:
Mar:
Apr .
May:
Jung

Ju“?

Aug:
Sep:
Oct:
Nowv:
Dec:

yri{sum?l:
yrimean):

a
Telec

a7s
831
97s
943
a75
943
975
975
943
a7s
' 943
975

11473
8§57

oJwm 4~ aOn 7o

DewPt

Ao s Wty —~

W
F -

13

I T T | B A VR (I |

WWw —~rR W wn
« =

w

.2

H)
I)
J
)
L)
M}
N1
)

—~ N~ bW WD D

c
Sgan

1.01
1.21
1.78
1.8)
1.70
2.06
1.70
1.80
1.24
1.1
0.62

0.79

16.94

" .1.40

Telec
DewPt
Sgan
'‘Rloss
vBDDY
Srce$
Gac §
Elecs

Rloss

0.43

0.39
D.44

0.44,
. 0.43

0.39
0.34
0.36
0.37
0.41
0.41
0.44

e
vBDDyY

.1534
1135
780

299

-246
=598
-740
-708
=280

188

584
1353

3302
275

1

g

Spces Gas

891

(4]
~J
~J

-
~
e

[V I B B o o o R o
OO0 BKOOOoOOO

~ W —~

341.0
28.4

- Overall elec use

- Indoor
- Solar
- SkY radration loss

gain

Dew Point
(MBtu)

‘89

€7.

435

]
-~

~5 W -

-

A

LA -
w —

-

(1 Wht
(deg F)

(MEtY)

o ODOOoO000

OD0bLbOODODODOO A BN~

s O

- = -

h
Elecs$

-~ Oy W~

AR AR AR AR R AR AN A
=4 ~1 O

-~ M -3 M

f-
) W
o 1T

- Var. Base Degree Days (F-day)

- GSpace cond.

cost

- Overall gas cocst

- Overall

elec cost

($?
(3
(%)



o 'l - . .Appendle e

-

CIRA OUTPU'I‘ FOR HOUSE WITH A HEATED BASEMENT

a

The followlng output is for "the heated.basement case for the

c1ty of Wlndsor.-

- 107 -



Related dete... . '
Dccupants' Name: FAMILY
House Name: Podury
House.Area(saft): 2000
Mous§ Volummicuft): 8000

\

Latytudeldeg: 42

" City: DETROIT

Altr1tude(feet)? £33
Azimuthideg!: 0
Solar storage tsctorl{unitlessi: .22
Thermal time constant(hr): 12,1031
Free heat{Btu/hr)!? 2507.367
Moisture(lbsoay): 3,798958

Eurlding Load Coi;}\c1ent¢8tufhrfF): Yearly / Heating 7 fooling!

313.969 = b 328.B05 292,156
Conduction Coefficrent(Btu/hr/F): Total / Ceirling / Floor:

Z227.39% 7.3266 7B.685¢
e Lealage mreaisqin): Total / Cerling / Floor:

BH,3528 42,6291 19.3474

North/East/South/West/Horrzonta) December Solar acgess(%);

100 60.0001 35,2060 60.0001 100
North/East/Scuth/West/Horrzontal June Solar accessi{%):
100 79,9995 © 3%.5555 79,9599 e
Nerth/Easst/South/West/Horizontal heating geason SA(sqtti:
21.84z24 20.9058 21.6%84 20,9058 B.23¢e03

North/East/South/West/Hor1zontal cooling season SA(sqft):
21.B8424 20.9058 21.6384 20.905¢% B.ESED

//—'—"_\
Heatyng day/night tharmostats(degF!} Cooling day/night thermostatstdegF:
70 70 70 70

Yearly Electric Cons.(kWhi}/Cost($) =- Year 1Y other Fuel Cons.(MBtu'rCosti$):
11478.6 436,186 55.5829 INg,. e



yrisum):
yr{meani:

2

Dload
Jan: 4.5
Feb! 3.4
Mar: 1.5
Apr:! - 0.2
May: -1.%5
.Jun_: H -2.3
Jul: -4.90
Aug: -3.6
Sep: -2.2
Oct: 0.3-
Nov: 1.7
Dec: 3.8

oo
— ~J

TGO .m0 on T

N1

.
BN D000 ~WHaW

AU

o mn now nn

oad

mmwwc{.mm—duuwu

LI

.

e
w m

A
B)
c)
o)
E)
F)
G)
H)

c
DayOn

b= 0O0DD0O0O0Q—U &0

. « a2 = s « = -

NNWOOOO0OOoOm=W

—

[ 4]

oD
oo

Dload
Nload
DayQOn
NitCn
SpEay
Infil
T gas
Telec

d .
NitOn SpEgy
20.5 13.9
20.2 11.9%
13.2 7.1
6.1 - 2.6
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
5.0 2.4
11.1 6.4
17.4 11.7
93.5.  55.6
7.8 4.6
Oaytime sens

Dayt ime HVAC

- Nighttime sensible load

Nighttime HVAC On-t ime

Space cond.
Infi1ltration
Overall gas
Overall~elec

t 9 h
Intfil T gas Telec
0.75 139 973
0.79 115 . g8]
0.68 717 8975
0.62 26 943
0.56 0 §75
0.43 0 943
§.40 0 975
0.41 0 . 975
0.41 0 943
0.53 24 875
0.66 64 943
0.75 11 A 975
6.58 BSE 11479
D.58 46 957
ible load (MBtu)

{MEtu)
On-time (%)
(%)

energy use (MBtu!
tac/hr}
use (tharm}

use (KkKWh)



Jan:
Feb:
Mar:
Apr .
May:
Jun!
Jutl:
Aug!
Sep:
Qct:
Nowv1:
Dec:

yrisum);
yrimean)!

a -
Telec
97%
881
975
9473
975
943

975 .

975
943
875
943
275

11479

957

Ju «~man o

b
DewPt

19.9
17.5
28.9
39.1
46.2
S8.6
61.6
63.9
58.3
45,8
35.1
25.5

S00.5°

41.7

M)
)
J}
K}
Ly
M)
N)
(0]

c
Sgain

0.80
1.15
165
2.12
2.46
2.60
2.78
.39
.79
.34
.80
.60

09O - —MN

20,49
1.71

Telec

DewPt

Sgain
Rless
VBDDY
Spces$
Gas $
Elecs

d
Rloss

0.47
0.44
C.49
0.46
0.44
0.37
0.37
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