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ABSTRACT

The objective of this study was to make a complete evaluation
of the Computerized, Instrumented, Residential Audit ( CIRA )
program as an energy analysis program for residential buildings.
This goal was accomplished in three steps :

1. Energy consumption predicted by CIRA was compared against the
metered energy use for selected residential dwellings.

2. A comparative study between CIRA and DOE-2.la was performed,
Heating loads, solar gains and internal gains were analysed and
compared. Heat losses from the underground walls and £loor
predicted by CIRA and a finite difference heat conduction program
HEATINGS were compared.

3. Finally, the calculation algorithms within CIRA were
critically examined in detail.

From the first study, it was concluded that for average
residential buildings the CIRA predicted energy consumption
agreed within 22% of the metered energy use on an annual basis.
This is a good agreement considering the simplicity of the
program.

The comparative study of CIRA revealed that large

b o

discrepancies between the CIRA and DOE-2.la-predicted heating

loads occured during the swing months. The agreement was found
to worsen when airtight structures with passive solar features

and high insulation levels were modelled. This was attributed to

iv
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the fact that CIRA always used a 1¢0% solar and internal gain

utilization. The comparison of underground heat losses predicted
by CIRA and HEATINGS5 showed that CIRA could be expected to yield
reliable results for seasonal heat loss only.

The critical examination of the calculation algorithms used in
CIRA showed that the basement model was too simplified and there
was no provision to model a basement as a conditioned space. The
approaches used for calculating solar gains and radiative heat
loss were found to be thorough. The infiltration model ignored
the effect of wind direction on infiltration. The variable base
degree day procedure for calculating monthly heating load was
judged to be excellent.

In summary, it 1is concluded that CIRA can be used with
confidence for simulating houses of average construction, low or
moderate insulation levels and low or moderate solar and internal
gains. CIRA is not recommended for modelling very tight houses

with high insulation levels, and high solar and internal gains.
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1. INTRODUCTION

The motivating force for undertaking this project is the
current energy crisis. Our energy resources are finite, but
-energy consumption 1is continual. Moreover, due to limited
resoures, the energy costs are also increasing. Increasing
attention is therefore being paid to the conservation of energy
in all walks of life., There are essentially two ways of solving
this problem.
The first way is to look for alternative energy resources.
It will not be very long before the World will run out of fossil
fuels. Scientists and engineers are trying to economically
harness the ever available solar energy. Nuclear energy and
biomass are also potential sources of energy, and they could
significantly reduce the consumption of natural gas and oil.

The other way is to minimize energy consumption in the built
environment. Almost one fifth of the energy consumption in
Canada occurs in residential structures. Conservation of energy
in dwellings thus assumes a great deal of importance.

This project belongs to the second strategy outlined above.
The current housing stock in Canada is 4 million units and,
annually, approximately one hundred thousand new houses are
built(l). Therefore, there is a great potential for reducing the
national energy demand by performing a systematic study of energy

use in buildings.
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2
Energy analysis programs are essential tools in analysing
energy use in buildings. Computer simulation of buildings offers
numerous advantages over a corresponding experimental
investigation (e.g. a monitoring study ). It involves lower
costs compared to actual monitoring. Modelling of a building can
be done in a short time. The implications of several energy
conservation features can also be studied in a short time. On
the other hand, a corresponding experimental determination would
take a very long time. Any situation can be simulated by
computer, e.g. one may easily vary the wall resistance or the
floor area of the house. In an experimental setup, such changes
may not be possible due to restrictions on time, money and
labour.
Computer simulation permits analysis of the various energy
transfers and planning of different building designs. Moreover,

an economic analysis of different retrofits can be carried out.

1.1 Liferature Survey

Hall (1) used the DOE-2.la program to calculate heating energy use
for two residential houses located in Windsor. He found that the
energy predictions made by this program agreed extremely well
with the actual metered energy use over the entire calender year
as well as on a monthly basis.

Researchers at the Lawrence Berkeley Laboratory(2) compared
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3

heating loads predicted by CIRA and DOE-2.1 for the Hastings

Ranch house in seven U.S. cities. They analysed two cases. In

the first case, comparisons were made for a constant indoor

temperature. The difference between CIRA an” DOE-2.l predictions
was 0.9 % + 7.3 3. The second case involved a 5 °F thermostat
setback. The difference between CIRA and DOE-2.la predictions
was 6.5 % + 8.5 %.

Colborne, Hall and Wilson(3) made a critical analysis of two

programs, namely HOTCAN and CIRA. They used DOE-2.la program for
comparative purposes. Heating loads, heat losses and heat gains
for a conventional single storey house were calculated using
HOTCAN and CIRA, and the results were compared with those
obtained using DOE-2.la. Annual heating loads, predicted by
HOTCAN and CIRA, were within 9 % of the DOE-2.la values. The

individual component heat losses and gains varied from the DOE-

2.la values by over 100 % because of different calculation

methods and definitions.

Little(15) has reported on work dealing with the evaluation of
several energy analysis programs. As part of this work, five
energy analysis programs were examined in detail with reference
to their capabilities relevant to residential buildings. These
were : DOE-2.la, ENCORE-CANADA, HEAP, REAP and TRNSYS. The

models for space temperature, basement, attic, solar gains and

the HVAC systems were examined. Thus, it was possible to identify
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4
the strengths and weaknesses of the various models used in each
program.

The following conclusions were drawn from the literature
survey:

Validation of an energy analysis program can be done in two
ways.

The £first way is to make a comparison of the energy demand
predicted by the program under question with the actual energy
demand. This is a direct, and perhaps the best, way of
validating any program. In order to have faith in a simulation
program, however, a number of such validations have to be done
for a variety of houses in different weather conditions.
Therefore, this approach is not always feasible because of
restrictions on time, money and availabilty of data.

The other way of validation is to compare the results
predicted by the program with those predicted by another program
of reference. A program of reference is one which has been
previously extensively validated. Hence, this approach to
validation requires the availabilty of a program in which
sufficient confidence has been established.

The engineering models and assumptions upon which the program
is based need to be examined to identify the scope and
limitations of the program. Based upon such analyses, the

prospective user can make a decision as to whether or not the
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5
program would be usable for the analysis of a particular building

of interest,

1.2 Objectives

There are not many computer programs which specifically address
residential buildings. Sophisticéted programs like DOE-2.la can
be used for analysing residential structures. However, its
complexity, which includes the ability of analysing commercial
buildings, causes some limitations such as cost, running time,
large computer memory requirements etc. Computerised,
Instrumented, Residential Audit ( CIRA ) is a new energy analysis
program developed at the Lawrence Berkeley Laboratory, U.S.A.,
specifically for residential buildings. It calculates monthly
and annual heating loads for single family structures. Some
prominent features of the program are:

It is user-oriented. The user does not have to spend time in
learning any specific language to model a house. In most
computer programs, the user has to invest a great deal of time
and effort in learning a specific building description language.

It is an interactive program. If the user does not understand
a question, he can ask for "help" from the program, to which the
program responds by providing a detailed explanation of the
question. Similarly, if the user cannot answer a question, he

can get a list of possible answers as well as a default answer to
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the question from the program.

It needs a short simulation time, of the order of a few
minutes.

It is a microcomputer based program, available on a £loppy
disk. It is inexpensive compared to most other energy simulation
programs.

Thus, CIRA appears to be attractive from the perspective of
cost, ease of use and simulation time. It will be a great asset
to energy conservation programs if it is proven to be reliable.
It is a new program and it has not yet been thoroughly validated.
In order to have confidence in its results, it is necessary to
make a thorough analysis of the program.

The present study aims at accomplishing this goal and make the
prospective user aware of the scope of applications of the
program, its strengths and weaknesses and in general the
reliability of the program. The user can then make an educated
decision as to whether or not he should use the program in the
field of building energy.

The objective of this study can therefore be stated as
a critical evaluation of CIRA. This will be accomplished in
three phases :

First, the program will be validated against house performance
data. Utility bills are available for several houses in Windsor,

Ontario. This will provide a direct validation of CIRA.
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7

Second, the program will be validated against other simulation
programs. It has been previously shown that the DOE-2.la program
is in good agreement with other programs as well as with metered
energy use, Therefore it can be chosen as a standard of
reference. This exercise would allow a component by component
comparison between CIRA and DOE-2.la, which would reveal the
areas that are not adequately treated by CIRA and hence need
further attention.

Finally, the calculation algorithms used within CIRA would be
examined in detail to provide insight into 1its strengths and
weaknesses. This will help establish the scope of applications of

CiRA in the field of residential building energy analysis.
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2. VALIDATION OF CIRA AGAINST UTILITY RECORDS

This chapter marks the beginning of the evaluation process of
CIRA. Two validation studies were done. In the first half of

the study, the energy consumption predicted by CIRA was compared
with the utility bills for a single house. The latter half deals

with the comparison between the energy consumption predicted by

CIFA and the average energy use obtained from the utility bills

of 75 similar houses.

2.1 Validation Study on House A

2.1.1 Description of the Test House

House A 1is a single storey, 1000 ft? house with a heated
basement. A detailed description of this house 1is given in
Reference 1. The house has brick veneer finish on the exterior

and has wood framed windows. The attic has 13" of insulation and
the walls contain 2" insulation. The house is occupied by two

adults and one child. Heating is provided by a natural gas-fired
furnace and space cooling is provided by a central electric air
conditioner. The thermostat is maintained at 78°F during Winter
and at 78°F in Summer. The floor plan and elevation of this

house are shown in Figure 2.1 . The structural details are given

in Table 2.1.
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Table 2.1

Type

Shape

Area

Orientation

Exterior wWall

Ceiling

Windows

Door

Structural Details of House A

Single storey wood frame ranch with
basement.

Rectangular, 26.5 ft X 38 ft

981 ft2 of main floor area

Long axis oriented north - south
2" %< 4" stud construction with R-7
insulation, face brick outer finish
2" % 4" truss construction with R-40
insulation

Single-pane double-hung wood frame
with exterior aluminum storms

Front and rear wood doors with

aluminum storm door for each

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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11
2.1.2 Data Gathering and Analysis
A validation study of the DOE-2.la program using house A was done
by Hall(l). His information is reproduced below in brief.

Natural gas bills were received each month from the Union Gas
Co. . The gas consumption was read during alternate months and
estimated for the in between months. The electricity meter was
also read during alternate months.

Since. any'subdivision'of actual bimonthly energy consumption
into monthly values may introduce inaccuracy when comparing the
predicted values with the metered use, all comparisons were made
on a two month basis(l).

The natural gas was used for hot water heating, the furnace
pilot and the space heating. The furnace pilot and the hot water
heater were assumed to consume a constant amount of gas. This
was referred to as " Baseline Consumption ". The baseline gas
consumption was obtained from the gas bills for the summer

months. This was found to be 2.62 MCF per month(l).

The electricity consumption was due to lighting, appliances
and space cooling. The baseline electricity consumption was
determined ~ by calculating the average electricity consumption
over the winter months(l).

Since the primary interest of the validation study in the
Present study was to determine how well CIRA was able to predict

heating energy requirements, no effort was made to compare the
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12
cooling energy predicted by CIRA against the actual cooling
energy use.

In order to make a meaningful comparison, the utility values
need to be adjusted for weather. CIRA uses a weather file
derived from the TRY weather file, while utility-measured energy
use corresponds to actual weather. The neutral point temperature
of the house for each month from October through May was obtained
by modelling House A on CIRA. The input listings are given in
Appendix A. The degree days for each month were calculated for a
base temperature corresponding to the neutral point for each
month from the actual weather( October 198l to May 1982 ). This
information is presented in Table 2.2. The utility-measured gas
consumption was then adjusted by multiplying the utility values
by the ratio of the TRY heating degree days to the actual heating

degree days, both at the new base temperature(see Table 2.3).

2.1.3 vVvalidation Results for House A and Discussion

It can be seen from Table 2.4 that the adjusted total heating
energy use based on utility records is 75.3 MBtu. CIRA predicts a
heating energy consumption of 91.5 MBtu. This is within 22% of

the adjusted energy use. Note that on a bimonthly basis, the

variation between the actual and predicted heating energy

consumption ranges from 16% to 48%.

The adjustment of the utility records was based on the ratio
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Table 2.2 : A Comparison of the Actual and TRY

Degree Days

Month Neutra%og?int Temperature Degree Days

Actual TRY

(°F) (°F)
OCT 53.2 174 145
Nov 61.4 603 592
DEC 61.9 1045 1929
JAN 57.0 1242 1095
FEB 56.9 1013 896
MAR 45.4 620 328
APR 47.9 200 79
MAY 50.7 41 37
Total 5538 4201
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Table 2.3 : Adjustment of Utility Records to TRY Weather

Billing Natural Gas Use( MBtu )
Period Total Baseline Heatlng Adjusted BAdjusted
Measured Heating Total
OCT/NOV 18.3 5.2 13.1 12.4 17.6
DEC/JAN 40.8 5.2 35.6 33.1 38.3
FEB/MAR 38.9 5.0 33.9 25.4 30.4
APR/MAY 14.4 5.2 9.2 4.4 9.6
Total 112.4 20.6 91.8 75.3 95.9
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Table 2.4 : A Comparison of the Actual Heating Energy Use

to the CIRA Predictions ( House A )

Billing Heating Energy Use (MBtu) Variation from

Period Adjusted Measured
adjusted CIRA (CIRA)
Measured Predicted %

OCT/NOV 12.4 14.7 18

DEC/JAN 33.1 40.8 23

FEB/MAR 25.4 29.5 16

APR/MAY 4.4 6.5 48

TOTAL 75.3 91.5 22
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of the actual degree days to the TRY degree days, both having a
base temperature equal to the neutral point temperature of the
house. The neutral point temperature in turn was obtained from
CIRA. This means that if the internal gains are estimated fairly
accurately, calculation of the neutral point temperature depends
on the solar gains available to the house. CIRA uses the solar
radiation data obtained from the TRY weather tape. The TRY
weather data was developed to be typical in temperatures alone.
Therefore, the solar data from the TRY weather tape can be
significantly different from the local weather. In such a case,
the adjusted energy use can be significantly different from the
predicted energy use. Apart from this reason, CIRA uses a 100%
utilization of solar gains through the glazing and the opaque
surfaces to calculate the neutral point temperature. This is not
Correct, since some portion of the solar gain is not useful in
reducing the heating requirements if the space temperature is to

remain in tolerable limits. A detailed discussion of this aspect

is provided in chapters 3 and 5.

It is seen from Table 2.5 that the natural gas use predicted
by CIRA is within 1% of that predicted by DOE-2.la on an annual
basis, It is however misleading to conclude that CIRA and DOE-~
2.1la predictions agree closely, since on a bimonthly basis the
variation between CIRA and DOE-2.la predicted energy use ranges

from -23% to 24%. Such wide variations can be explained to some

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 2.5 : A Comparison of Natural Gas Consumption

predicted by CIRA and DOE-2.la

Billing Natural Gas Consumption(MBtu) Variation of
CIRA from
Period CIRA DOE-2.1a DOE-2.1a
Prediction Prediction (%)
CCT/NOV 19.9 16.9 24
DEC/JAN 46.0 42.2 9
FEB/MAR 34,7 37.2 ~7
APR/MAY 11.7 15.1 =23
JUNE/SEP 19.6 10.6 -
Total 122.9 121.1 1
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eXtent by investigating the treatment provided by each program to
the underground heat losses and the utilization of solar and
internal gains. Basement models used in both the programs are
extremely simplified. The ground temperatures used in the DOE-
2.1la program are meant to introduce the phase lag in heat loss
due to soil. CIRA, on the other hand, uses the mean monthly air
temperatures to calculate the underground heat loss. It is thus
clear that for any given time period, CIRA and DOE-2.la predicted
underground heat losses will be significantly different and may
differ from the actual heat loss. A detailed analysis of
underground heat loss is also provided in chapter 4.

Another major factor which influences the heating load is
the internal heat gain due to people, appliances etc., and the
solar energy available in the house. CIRA assumes that the
entire free heat, consisting of internal and solar gains,
contributes to reducing the heating load. This is obviously not
Quite true(l7), especially for the Spring and the Fall months. A

detailed treatment of this aspect is provided in chapters 3 and
5.
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2.2 Validation Study on Villages of Riverside House
A study was done by Colborne et al(4 and 5) on the Villages of
Riverside houses. The owner of each house was interviewed to
obtain his estimate of the percentage of the basement heated and
the percentage of time it was heated. It was found that basement
heating was being done for approximately 35%. Utility records
were obtained for each house. In addition, information was
gathered regarding the number of occupanté in each house,
appliances etc.

There are several variables that make a comparison of computer
predicted results with the actual energy consumption difficult.
Some of these are : occupant effects, infiltration and the
seasonal efficiency of the heating system. The Villages of
Riverside houses were heated by electric resistance baseboard
heaters. Therefore, there was no concern about the seasonal
efficiency of the heating system since it could be taken as 190%.

As a result of the study mentioned above, it was possible to

compare the predicted energy use with the energy use of an
"average" house, obtained by averaging the utility records of a
group of 75 houses without air conditioners. This ensured that
the effect of differences in house construction and occupant
related factors such as window opening, setting of thermostat on
the energy use was minimiéed. Since information was available on

the number of occupants and appliances, an average value for
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internal gains could be specified in the simulation of the house

on CIRA,

2.2.1 Description of the Test Houses

The house has two floors and a basement. The first floor has a
brick veneer outside finish and the second floor has a wood
finish. The windows are double glazed, The walls have R-1ll
insulation in the wall cavities and R-20 in the ceiling.

The front face of the house was oriented due South when it was
modelled on CIRA. Orientation was found to cause a variation in
the aﬁnual heating energy of 15%(5).

The structural details of houses are given in Table 2.6 and a

typical house is shown in Figure 2.2.

2.2.2 Data Gathering and Analysis

The houses were assumed to have a medium air tight construction

and an average infiltration of @.6 ach over the heating season.
Energy consumption figures for the year 1980¢-81 were chosen.

A comparison of actual heating degree days,as recorded at Windsor

Airport, at base 65 F and the TRY degree days is presented in

Table 2.7. Since the actual degree days were very close to the

TRY degree days, no effort was made to adjust the utility records

for weather for the purpose of comparison with the energy use

predicted by CIRA.
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Table 2.6 : Structural details for the House
" villages of Riverside "
Type : two - storey house with basement
Shape : rectangular, 19.5 ft = 26.9 ft

Area 481 ft2 for each floor

Orientation : front faces south

Exterior
wall : 2"x 4" stud construction with R-1¢ insulation

Ceiling : 2"x 4" truss construction with R-2¢0 insulation

Windows : double-glazed, wood framed.
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Table 2.7 : A Comparison between the Actual and

the TRY Degree Days( Base 18.3°C )

Windsor Detroit (TRY 1968)
May 80 199 168
June 80 50 39
July 80 g 19
Aug 80 g 23
Sept 80 55 54
Oct 80 301 216
Nov 80 440 394
Dec 80 656 624
Jan 81 773 746
Feb 81 554 638
Mar 81 485 480
Apr 81 250 238
Total 3664 3639
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The electric meter readings were obtained for all 75 houses on

a bimonthly basis(5). The readings were taken between the 19th
and the 15th day of every alternate month. Since the actual

reading dates for each bimonthly period were not available, it
was assumed that for the average house the meter readings were

taken on the 13th of every alternate month.

Such an assumption introduces an error when the average energy
use is computed. This approach will underestimate or
overestimate the energy use over a bimonthly period depending on
whether the actual bimonthly period was longer or shorter. This
will affect the calculation of the baseload, which in turn will
affect the calculation of the bimonthly heating energy.

There were six meter readings for each of the 75 houses during
one calendar year, The average consumption for the "average"
house could thus be obtained for each two month period. Since
the degree days for the period from July through October were

few, the energy consumption for this period was taken as the base

load ( see Table 2.8 ). It was assumed that the base load
consumption would be constant over the entire year. The heating
energy use was obtained by subtracting the base load from the

total energy use.
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Table 2.8

25

: The Average Bimonthly Heating Energy Use for

the "villages of Riverside" House

Billing Period /
( Calender Pericd )

14 Oct
(1L Nov
(1 Jan

15 Feb
(1 Mar

15 Apr
(1 May

15 Jun
(L Jul

15 Aug
(1 Sep

80
80

80
80

81
81

8l
81l

81
81

81
81

Total

Note

- 14
- 28

- 14
- 31

- 14
- 30

- 14
- 31

- 14

Base

Dec

Feb
Feb

Apr
Apr

Jun
Jun

Aug
aAug

Oct
Oct

Degree
Days,°C

(Actual Pericd)

80 856
849)

81 1541.6
81)

81 793.6
81)

8l 298.8
81)

81 14.3
81)

81 159.5
81)

Average
Electricity
Use( Kwh )

4119

7689

4567

2803

1889

2029

23078

Average
Heating
Energy (Kwh)

2119

5689

2567

803

11169

load from 15 June 8L to 14 October 8l.
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2.2,3 validation Results and Discussion
There was 2" of foam insulation 2 feet deep along the interior of

basement walls. To evaluate the effect of the basement wall

insulation, two cases were modelled on CIRA by the Author. The
input listings can be found in Appendix B. In the first
simulation( Case 1 ), there was no insulation along the interior
of the basement wall. In the second simulation( Case 2 ),
insulation was placed along the full depth of the basement walls.

The bimonthly billing period was out of phase with the
calendar months, e.g. the energy use recorded for October and
November was, in reality, for the period from l4th of September
to the 13th of November for the sample house. The heating load
Predicted by CIRA is from the first to the last day of the month.
To compare the CIRA predictions with the actual heating energy
Use, the CIRA values were prorated to reflect the actual billing
Period. Consider Case 1 for illustration. The heating energy

consumptions for December, January and February are 9.23 MBtu,

11.11 MBtu and 9.07 MBtu respectively. Hence the energy use from
15 December to 14 February is[3} x 9.23 *11.11 * 1% x9.07]meu,
which is equivalent to 5979 Kwh.

Tables 2.9 and 2.10 show a comparison of the prorated CIRA
values against the CIRA values weighted by the actual degree
days. The prorated and weighted results compare within 13% from

14 oOctober 1980 to 14 April 1981 and within 24% from 15 April
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Table 2.9 :

Billing
Period

140ct~
1l4Dec

15Dec-
l4Feb

15Feb-
14Apx

15Apr-
14Jun

Total
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A Comparison of the Prorated and Weighted

CIRA values ( Case 1)

Prorated
values
(Kwh)
289¢
5979
3972

236

12177

Weighted % Variation

values from Prorated
(Kwh) values
2732 -6

6633 11

2686 -13
292 24

12343 1
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Table 2.10 :

Billing
Period

140ct-
14Dec

15Dec-
l4Freb

15Feb-
14Apr

15Apr-
14Jun

Total

28

A Comparison of the Prorated and Weighted

CIRA values ( Case 2 )

Prorated Weighted % Variation
X

values values from Prorated
(Kwh) (Kwh) values
2682 2558 -5
5752 6289 9
2785 2511 ~10
226 263 16

11445 11621 2
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1981 to 14 April 1981.

It 1is seen from Table 2.1l that the CIRA predictions{(Cases 1
and 2) agree with the actual heating load within 9% and 3%
respectively on an annual basis. The agreement however is far
from good on a bimonthly basis. Note that if a comparison was
made using the weighted CIRA results( see Table 2.12 ), the
agreement between ﬁhe actual heating energy use and CIRA values
would marginally improve in each bimonthly period except in the
period from 15 December 1980 through 14 January 1981 when it
appreciably worsens. |

Such wide variations can be explained as follows:

The base load was assumed to be the same for the entire year.
This is not strictly true because there is more usage of lights
and appliances during wintertime ( e.g. a dryer ). Thus the base
load for winter is more than that during summer. A small
mistake in the base load estimation can seriously affect the
calculated heating load for swing months( i.e. a month in
transition from heating to cooling or vice versa ) when the
heating requirements are appreciably lower than those 1in the

winter months.

2.3 Closure

The validation study done on House A showed a good agreement

(within 22% ) with the heating energy use on an annual basis. On

a bimonthly basis, the agreement was within 48%. In the second
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Table 2.11 : A Comparison of the Actual Heating Energy Use

to the Prorated CIRA Predictions

2

5]

CIRA Variation
Predictions( Kwh ) from
Billing Actual Heating 1 2 Actual
Period Basement Basement Heating
( Kwh ) without with 1 2
insulation insulation
l40ct-
14Dec 2119 2890 2682 37 27
15Dec-
14Feb 5689 5979 5752 5 1
15Feb-
14Aprx 2567 3072 2785 20 8
15apr-
14Jun 803 236 226 ~70 -71
Total 11169 12177 11445 9 -3
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Table 2.12 :

Billing
Period

140ct~
14Dec

15Dec~
14Feb

15Feb-
14apr

15apr-
14Jun

Total
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A Comparison of the Actual Heating Energy Use

to the Weighted CIRA Predictions

2

(5]

CIRA Variation

Predictions( Kwh ) from

Actual Heating 1 2 Actual

Basement Basement Heating
( Kwh ) without with 1 2
insulation insulation

2118 2732 2558 30 21
5689 6633 6289 17 11
2567 2686 2511 5 2
803 292 263 -64 -67
11169 12177 11445 9 -3
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validation study it was found that on an annual basis, an
agreement within 9% was obtained between the heating energy based
on the metered energy use and the heating energy calculated by
CIRA. On a bimonthly basis, the agreement was inconsistent. Both

House A and the Villages of Riverside house have no particular

passive solar features. Each has a full basement. House A has a
fairly high level of insulation in the attic and a low level of
insulation in the wall cavities. The Villages of Riverside house
has moderate insulation in the walls and ceiling. Both the
houses are single family dwellings with an average level of
internal gains.

CIRA was compared with measured house performance data in
this chapter. In chapter 3, CIRA will be compared to DOE-2.la.
This will help identify the components of CIRA that are not
Properly and / or adequately treated. The basement component of
CIRA will be examined in detail by comparison with a finite

difference heat conduction program HEATINGS in chapter 4.
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3. VALIDATION OF CIRA AGAINST DOE-2.la

CIRA is compared to DOE-2.la in this chapter. Heating load,
solar gains and internal gains are analysed and compared in the
first section. In the second section, the effect of variation of
thermal mass, internal gains and solar gains on the heating load,
taken individually, is investigated and compared.

Since CIRA and DOE-2.la have extremely simplified basement
models, it was decided to analyse heat losses through the
underground surfaces as such in depth. This component of heat
loss, therefore, is not considered in this chapter. A detailed

analysis is provided in chapter 4.

3.1 Component Analysis

The following modelling techniques were adopted to minimize heat
loss through the ground. The model house consisted of two
Storeys and basement. This house( "villages of Riverside" ) has

been described in detail in the previous chapter( see Table 2.3).

3.1.1 Modelling in DOE-2.la
The house was divided into two zones. The upper zone consisted
©f 1living area which included the first and the second £loors.

The basement was treated as a separate zone. Space temperatures
in both the zones were held at the same value(7¢°F). This ensured

that there was no heat loss from the upper floor to the basement

33
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(see the input listings in Appendix C ).

3.1.2 Modelling in CIRA

Heavy insulation was placed on the basement ceiling and its area
was kept a minimum, so that the heat loss to the ground could be

ignored. The input listings of CIRA are given in Appendix D.

3.1.3 Component Study

CIRA is an energy analysis program for residential buildings(19).
It uses the variable base degree day procedure to calculate the
heating 1load. The conventional degree day method, using a
neutral point temperature of 65°F, is an elementary form of
Steady state heat transfer analysis. It assumes that the solar
and internal gains will offset transmission losses when the
outdoor temperature is 65 °F, and the fuel consumption is
Proportional to the temperature difference across the building

€nvelope. This procedure however fails to account for several

factors such as lowering of thermostat setting, air tightness,
insulation level in wall cavities and attic, glazing area and the
location of building. The degree day procedure used in CIRA
accounts for the above mentioned factors which can significantly
reduce the neutral point temperature of the house below 65 °F.
Since it is a variable base degree day procedure, it is logical

to perform a component analysis for a particular house of
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interest with respect to solar gains and internal gains.

3.1.4 Results and Discussion

During the simulation period, the space was maintained at a fixed
temperature of 7¢0°F. Heating loads predicted by CIRA and DOE-
2.1la were compared( see Table 3.1 ). Freé heat, consisting of
solar and internal gains, was analysed( see Tables 3.2 and 3.3 ).

On an annual basis, the CIRA-predicted load is in excellent
agreement with the DOE-2.la predictions. CIRA predicts heating
load within 7%. The agreement is better during cold months( from
November through March) and it starts worsening when swing months
are approached ( October and April ). It is seen that during
Cctober the agreement is the worst. CIRA underpredicts DOE-2.la
by 32% during this month.

This behaviour can be explained when attention is paid to
solar and internal gains as shown in Table 3.2. DOE-2.la
calculates solar gains falling through the glazing area. The
effect of solar energy falling on an opaque surface - e.g. an
exterior wall - is treated separately. In other words, DOE-2.la
uses the concept of sol - air temperature and thus accounts for

the heating of the outside surface by solar radiation. CIRA, on

the other hand, calculates an equivalent glazing area “ue to

walls and calculates the total solar energy available inside the

house as the sum of solar energy falling through the equivalent
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Table 3.1 : A Comparison of Heating Loads predicted

by CIRA and DOE-2.la

Month Heating Load Variation
( MBtu ) (%)
CIRA Predicted DOE-2.la Predicted
Oct 1.2 1.76 =32
Nov 4.3 4.38 -2
Dec 8.5 8.63 -2
Jan 19.2 19.58 -4
Feb 8.4 8.71 -4
Mar 4,5 5.26 -14
Apr 1.3 1.73 -25
Total 38.4 41.95 ~7
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Table 3.2 : A Comparison of Solar Gains
used in CIRA and DOE-2.la

Solar Gains
(MBtu)

Month CIRA DOE-2.1a
Useful Available Useful Available

Oct 1.55 1.55 g.34 1.28
Nov .90 g.90 @.65 g.82
Dec g.67 g.67 g.60 g.60
Jan g.88 7.88 g.77 g.77
Feb 1.32 1.32 1.04 1.12
Mar 2.08 2.08 @.98 1.67
Apr 2.86 2.86 @.49 2.25

Total 19.26 13.26 4.87 8.51
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Table 3.3 :

Month

Oct

Nov

Jan

Feb

Apr

Total
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A Comparison of Internal Gains

used in CIRA and DOE-2.la

CIRA

Useful Available

1.96
1.9¢0
1.96
1.96
1.79
1.96

1.90

13.43

Internal Gains

1.96
1.90
1.96
1.96
1.79
1.96

1.90

13.43

DOE-2.la
Useful Available
1.00 1.96
1.76 1.90
1.96 1.96
1.96 1.96
1.75 1.79
1.60 1.96
g.94 1.90
19.97 13.43
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glazing area and windows.

It is interesting to note that CIRA always assumes that 100%
of the available solar energy is useful in reducing the heating
load. This assumption is fairly valid when the transmission
losses are large compared to internal and solar gains as is the
case in the colder months. During a swing month, however, a
certain fraction of free heat must be removed to maintain a
fixed space temperature. This is so because in a swing month
thexre can be several hours when free heat far exceeds the
transmission losses. Unless the excess heat during those hours
is removed, the space temperatures may become intolerable to
occupants. When no means were provided for space cooling (viz.
ventilation or air-conditioning), the hourly space temperatures
predicted by DOE-2.la exceeded 119 °F for a number of hours.

DOE-2.la predicts that during October, only .34 MBtu out of
1.28 MBtu solar energy was useful for space heating purposes.
This means that about 73% of the total available solar energy had
to be removed from the space to maintain it at the reference
temperature. CIRA, on the other hand, assumes that all the solar
energy ( 1.96 MBtu ) was useful. Thus CIRA shows an appreciably
lower heating load as compared to that predicted by DOE-2.la

during swing months.

It can be seen from Table 3.2 that the fraction of useful

solar energy ranges from 27% in October, reaches its peak in
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December and January ( 1l00% ) and starts falling until April to
21%.

Similar comments apply to internal gains. DOE-2.la shows that

during swing months the useful portion of internal gains can be

as low as 50% of the total internal gains. CIRA, as before,

assumes 100% utilization for all months( see Table 3.3 ).
3.2 Parametric Study

3.2.1 Internal Gains

The villages of Riverside house, described previously ( see Table
2.3 ), was modelled on CIRA and DOE-2.la. Internal gains due
to people, appliances and lights were chosen to be 70000 Btu per
day in this study. The BEPS- recommended magnitude of internal
gains is approximately 63000 Btu / day for a typical residential
house. It was decided to choose two other levels of internal

gains for this parametric study. One was greater than the chosen

value of 70000 Btu / day and the other was less than the chosen
value. Thus the parametric study included three levels of
internal gains: 5¢00¢ Btu / day, 70000 Btu / day and 100000
Btu / day.

It is seen from Table 3.4 that the difference between the

heating loads predicted by CIRA and DOE-2.la does not show any

fixed pattern with respect to the magnitude of internal gains.
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Table 3.4 : A Parametric Study with respect

to Internal Gains

Internal Gains / day
50009 Btu 70003 Btu 10003 Btu

Monthly Heating Load Predictions ( MBtu )

CIRA DOE- Diff CIRA DOE~ Diff CIRA DOE- Diff

2.1a of 2.l1a of 2.1la of
CIRA (%) CIRA(%) CIRA(%)

Cct 1.4 2.1 -32 1.2 1.8 =32 - 1.4 =100
Nov 4.8 4.9 -2 4.3 4.4 -2 3.4 3.7 -7
Dec 9.1 9.2 -1 8.5 8.6 -2 7.5 7.8 -4
Jan 19.9 1l.1 -2 19.2 14.6 -4 9.3 9.7 -5
Feb 8.9 9.2 -4 8.4 8.7 ~4 7.5 8.0 =6
Mar 5.0 5.7 -13 4,5 5.3 =14 3.6 4.6 =22
Apr 1.2 2.0 -40 l.1. 1.8 =21 - l.4 =100
Total 41.3 46.3 -11 38.4 41.0 -7 31.3 36.5 =14
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The agreement 1is generally good ( within 14% ) on an annual
basis. As the internal gains are increased from 50000 Btu / day

to 70000 Btu / day, for the month of October, DOE-2.la shows a

fall in the heating load from 2 MBtu to 1.8 MBtu. CIRA shows a
corresponding decrease of 9.2 MBtu . As the internal gains are
increased further to 1990@¢ Btu / day, DOE-2.la shows that the
heating load is further reduced by #.4 MBtu to 1.4 MBtu. However
CIRA predicts that there is no heating load at all when the
internal gains are 1¢0@@@ Btu / day. It was expected that CIRA
would have shown about the same heating load as that predicted by
DOE-2.1la (1.4 MBtu ).

The above anomaly can be explained as follows :

CIRA calculates either heating or cooling load for a given
month, Therefore, based on the effective temperature calculation
if CIRA determines that the month is a cooling month, no heating
load is calculated for that month. When the internal gains were
100000 Btu / day, October was treated as a cooling month by CIRA.

Residential dwellings typically do not have a high thermal
mass., The indoor temperature therefore varies about the same way
as the outdoor temperature if no heating is provided to the

house(21). There can be several hours in a swing month,
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especially during nighttime, when the outdoor dry bulb
temperature is quite low . Space heating may be necessary
during those hours. Since a monthly average temperature is used
by CIRA, it can not account for the above phenomenon. However, it

must be noted here that the heating requirements are quite low
in swing months and therefore the error involved by ignoring them

is quite small for a typical residential structure.

3.2.2 Thermal Mass

The two storey plus basement house was modelled on CIRA and DOE-
2.la for three types of constructions : light, medium and heavy.
The standard weighting factor option was chosen in DOE-2.la to
input different constructions. The floor weight was specified
as 3¢ b / ft2, 76 1b / ft2 and 130 1b / ft2 to represent light,
medium and heavy construction respectively.

A comparison between CIRA and DOE-2.la-predicted heating loads
for light, medium and heavy constructions is given in Table 3.5.

The DOE-2.la simulation indicates that the thermal mass has
negligible effect on the annual heating energy. An increase in
thermal mass from 3¢ 1b / ft2to 130 b / ft2 reduces the annual
heating load by less than 2%. Simulation done on CIRA also
indicates that the heating load is reduced by less than 2%. Aan
independent study done by G.P.Mitalas confirms this result(13).

For any thermal mass, CIRA predicts the heating load within 8%
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Cct

Nov

Jan

Feb

Apr

Total

Table 3.5 :

CIRA

1.2
4.3
8.5
19.2
8.4
4.5

1.3

38.4

Light

A Parametric Study with respect

to Thermal Mass

Medium

Heavy

Monthly Heating Load Predictions ( MBtu )

DOE-
2.1la

1.7
4.4
8.9
19.9
8.9
5.2

1.5

41.5

Diff
of
CIRA (%)

-29

CIRA

DOE-
2.1la

1.2 1.6
4.2 4.4
8.5 8.9
19.2 16.9
8.4 8.9
4.5 5.2

1.1 1.3

38.1 41.2

Diff
of
CIRA (%)

-26

=13

-18

44

CIRA DOE- Diff
2.1la of

CIRA (%)
1.1 1.6 =29
4.2 4.4 -4
8.5 8.9 -5
1.2 16.9 -6
8.4 8.9 -6
4.4 5.1 -14
g.9 1.2 =26
37.7 41.9 -8
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of the value predicted by DOE-2.la .

It 1is instructive to note the effect of thermal mass on the
heating load as predicted by CIRA and DOE-2.la during the swing
months. To illustrate, in the month of April, DOE-2.la predicts
a decrease in the heating load of about 13% and 20% as the
thermal mass is increased from 3@ 1b / ft2 to 76 1b / ft2and 30
b / f£2 to 130 1b / £t 2 . The corresponding decrease in the
heating loads predicted by CIRA is 15% and 30%. Since the loads
are small in the swing months, this decrease has little effect on

an annual basis.

3.2.3. Sclar Gains

Since the component analysis of CIRA done so far indicated that
large discrepancies between heating loads predicted by CIRA and
DOE-2.la ocurred during swing months, it was decided to
investigate this matter further by modelling a passive solar
ranch located in Ottawa ( see Fig 3.1 ). Colborne et al have
simulated this ranch for several cases by using the DOE-2.la
program(6). There were four cases determined by insulation and
infiltration levels. Each of these cases was provided with

varying thermal mass and four thermostat settings. Two cases

were selected from the above study that could be used for

investigating the combined effect of large solar gains, tight

house construction and high insulation levels. A light
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construction with the heating and cooling thermostat settings at

70 °F was chosen and its tightness and insulation levels were

allowed to vary. These cases were :

R,wall R,ceiling Glazing Avg.Ach
Case 1 12 20 Double g.6
Case 2 30 50 Triple d.3

These two cases were modelled on CIRA by the author. The

listings are given in Appendix E.

3.2.4 Results and Discussion

Case 1

From Table 3.6 it is seen that the agreement between the heating
loads predicted by CIRA and DOE-2.la is good over the heating
Season. The agreement is within 16 %. A monthly comparison shows

that the agreement is extremely good for cold months, 1i.e. from

November through March. It starts worsening as the outdoor
temperature starts rising. Thus for the months of October, April
and May, the agreement is within 33 &%. Although CIRA
significantly underpredicts the heating load for swing months,

the heating load itself is quite small.
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Table 3.6 : A Comparison between Heating Loads

Predicted by CIRA and DOE-2.la( Case 1)

Month CIRA DOE-2.la Variation
Prediction Prediction of CIRA
( MBtu ) ( MBtu ) from DOE-2.la
(%)

Oct 1.43 2.14 -33
Nov 4.42 4.64 =5
Dec 11.26 12.14 -7
Jan 12.90 13.85 -7
Feb 9.37 13.43 -19
Mar 6.67 7.25 -8
Apr 3.00 3.75 -20
May 1.21 1.57 =23
Total 50.26 55.77 -10
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The internal gain utilization factor is defined as the
fraction of the total internal gains that is useful in reducing
the heating required to maintain a fixed indoor temperature. The
solar gain utilization factor is defined as the fraction of the
entering solar energy that is useful in reducing the heating
required to maintain the space temperature at the reference
level. These factors are discussed in detail in References 6 and
17. Some discussion is also provided in chapter 5.

The solar and internal gain utilization factors ( see Table
3.7 ) are close to 199 % from November until March. They drop
to as 1low as about 35 % and 75 % respectively in the month of
May. Since CIRA assumes a utilization factor of 190% for free
heat, it substantially underpredicts the heating load as compared

to the DOE-2.la predicted heating load.

Case 2

The overall agreement between heating loads predicted by CIRA and
DOE-2.la is within 23 % ( see Table 3.8 ). CIRA does not consider
the swing months of October and May as heating months any more
and hence does not predict any heating requirements for these

months. Notice that for each month the agreement between CIRA

and DOE-2.la is worse as compared to the agreement obtained in

Case 1. Conduction and infiltration losses are reduced

significantly as compared to those in case 1 because of high
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Table 3.7 : Variation of Solar and Internal Gain
Utilization Factors with the Time of the

Year ( Case 1, based on DOE-2.la simulation )

Month N(s) N(1)

Oct @.489 0.878
Nov 7.853 1.000
Dec g.983 1.000
Jan 1.090 1.9090
Feb 7.982 1.000
Mar 3.898 1.000
Apr @.659 g.911
May g.341 @.745

Note : ©N(s) and N(i) represent the solar and internal

gains utilization factors, respectively.
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Table 3.8 : A Comparison between Heating Loads

Predicted by CIRA and DOE-2.la( Case 2 )

Month CIRA DOE-2.1a Variation
Prediction Prediction of CIRA
( MBtu ) ( MBtu ) from DOE-2.1la

(%)
Oct - g.52 -100
Nov g.92 1.33 -31
Dec 3.61 4.26 -15
Jan 4.16 4.80 -13
Feb 2.74 3.46 =21
Mar 1.69 2.24 -25
Apr g.79 1.97 -35
May - @.36 -100
Total 13.82 18.04 -23
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Table 3.9 : Variation of Solar and Internal Gain

Month

Oct

Jan

Feb

Apr

May

Utilization Factors with the Time of the

Year ( Case 2,

N(s)

g.219
g.523
g.798
2.829
@.752
g.628
g.416
@g.159

based on DOE-2.la simulation )

N(1)

0.808
9.987
1.000
1.009
1.000
1.000
?.889

g.66
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insulation levels in walls and ceiling and a tighter house
construction. The internal and solar gains, however, remain
unchanged. Thus the ratio of the free heat to transmission
losses is increased in the second case. This in turn means that
lower solar and internal gain utilization factors will be
obtained in case 2{( see Table 3.9 ). CIRA however assumes a 190%

utilization of free heat and hence the agreement between the

predicted heating loads worsens( see Table 3.8).

3.3 Closure

The comparative study between CIRA and DOE-2.la showed that CIRA
agreed closely with DOE-2.la on a yearly basis as well as over
the cold months. The agreement was poor during the swing months.
In general the agreement was found to worsen when energy
conservation measures of a tighter construction, high insulation

levels and more passive solar gains were incorporated into the

house,
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4. BASEMENT STUDY

In the evaluation process of CIRA done so far, heat loss
through underground surfaces was not considered. The objective
of this chapter is to provide an analysis of heat loss through
underground wélls and floor , with particular reference to the
basement model used in CIRA. Four computer programs were used to
calculate heat loss through the below grade walls and floor of a
well-defined, uninsulated basement, maintained at 70°F. These

were : CIRA, DOE-2.la, HOTCAN and HEATINGS.

4.1 Introduction
Thermal properties of a basement wall above grade are easy to
determine . The thermal capacity of the wall is negligibly small
So that a steady state heat transfer can be assumed on a daily or
a monthly basis. Calculation of the heat loss from underground
sSurfaces is much more complicated because the  thermal
conductivity and thermal capacity of the soil are difficult to
determine. Since soil adds a significant thermal mass between the
wall and the outside air, the heat flow cannot be treated as
Steady state.

S.J.Raff(8) has discussed in detail the heat transfer
Processes associated with ground. He has also analysed earth

temperature variations with respect to ground depth and the time

Oof the year.

54
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The method developed by Boileau and Latta(l4) assumes that the
steady state heat flow from underground surfaces takes place in
circular paths from basement temperature to a ground surface
temperature. They have concluded that precise mathematics are
not warranted in calculating basement heat losses because thermal
Properties of soil, moisture content and temperatures will not be
Usually known accurately.

G.P.Mitalas (18) has developed a new method to calculate heat

loss from basements. The calculation method requires the
knowledge of shape factors, attenuation factors and ground
surface  temperatures. A comparison of the predicted and
monitored basement heat losses indicated that the method was
fairly accurate. Basements with simple rectangular shapes can be
treated adequately, but the three dimensional heat flow of
basements with irregular geometries cannot be analysed by the
method. The method does not account very well for the factors
that influence the variation in mean ground temperature around
the basement.

The finite difference heat conduction program, HEATINGS,
developed by Turner, Elrod ana Simon-Tov (7) was used to model a

basement. This program solves a steady state or transient heat

conduction problem in one, two or three dimensions. The program

is capable of handling a number of situations. The thermal

conductivity, density and specific heat may change spatially.
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They may be temperature dependent. Materials can undergo phase
change. The boundary conditions can be fixed temperatures or a
combination of a given heat flux, convection and / or radiation.
The program solves steady state problems by a point successive
Overrelaxation iterative method. Transient problems are solved
by a variety of techniques such as the Crank Nicolson method.
Thus the program appears to be a versatile tool for analysing
complex heat conduction problems associated with the underground
Surfaces, that are difficult or impossible to solve by exact
analytical methods.

It was, therefore, decided to select HEATINGS to calculate the
Wnderground heat loss. The underground basement heat loss
Obtained from HEATINGS was taken as a standard of reference. The
Underground basement heat losses calculated by CIRA and DOE-2.la

Were compared with the heat loss calculated by HEATINGS.

4.2 Description of Basement
The basement is shown schematically in Figure 4.1. It is

€Ssentially the basement of the "villages of Riverside" house. It
has a floor area of 494 ft2 and it is 6 feet deep in the ground.

The basement wall consists of 8" concrete block and is

Uninsulated. The floor is a 3" concrete slab.
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Figure 4.1 : A Sectional View of the Basement of the
""Villages of Riverside' House.
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4.3 Modelling of Basement in different programs

4.3.1 Modelling of Basement in HEATINGS

A two dimensional basement configuration was chosen( see
Figure 4.2 ). The input was prepared in a format recommended in

the manual of HEATINGS5. The input listings are given in Appendix
F. Since it was symmetric about the Y - axis, only half the
basement was modelled. The basement configuration was defined by
boundaries 1,2,3,4,5 and 6. The deep ground temperature is
constant over the year and is usually slightly aone the mean
annual air temperature(8). This was 50 °F for Detroit(boundary 4).
The adiabatic boundary 5 was chosen to be sufficiently far away
from the centerline. This distance was 29.5 feet. Boundary 3
was the line of symmetry and hence there was no heat transfer
across this boundary. Boundaries 1 and 2 were formed by the
interior surface of the basement wall. The boundary condition
along these surfaces was assumed to be natural convection with
Constant heat transfer coefficient from the air space of the
basement which was held at a fixed temperature of 7¢ °F.
Similarly, the boundary condition along boundary 6 was specified
as natural convection from the ground to the outdoor air. Average
monthly outdoor air temperature was expressed as a function of
time of year by a 3rd order Fourier fit ( see Appendix G ).

The grid size was reduced until the results were no longer
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Figure 4.2 : Boundary Conditions for the Basement
simulated in HEATINGS.
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dependent on it. The final grid pattern, consisting of 675 nodes,
is shown in Appendix H. Temperature distributions for three
typical days, October 15, January 15 and April 15 are also given
in Appendix H. These temperatures were obtained by using a 15 -
day time step. Thus two sets of temperature distributions for
the basement configuration were available in each month. Since
only temperatures along the interior surfaces of wall and floor
were computed by the program, another program was written to read
in these temperatures and calculate the heat loss from the
basement space to ground. The procedure for calculating heat
loss from temperatures is explained in Appendix I.

Heat 1loss per hour from the basement wall and floor was
Calculated separately. Heat loss could then be computed over any
Pericd of time by simply integrating the appropriate heat loss
expression over the time period of interest. This procedure is
explained in Appendix K.

The HEATPLOT code, a plotting program for HEATINGS, was used
to plot isotherms in the basement configuration for different

times of the year.

4.3.2 Modelling of Basement in CIRA

CIRA does not explicitly output heat loss from the underground
Surfaces, It was therefore necessary to devise some means to

@xtract basement heat loss from the program. First, a
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Superstructure - in this case, the Villages of Riverside house ~
was modelled with basement. Second, the same house was modelled
with a minimum of floor area and heavy insulation on the floor.
This ensured that the heat loss through the ground was negligibly
Small and thus the heating load was imposed only due to the
transt:.ssion lossas from the superstructure. Heat loss through
the basament walls and floor could then be determined by
Subtracting the heating load in the second case from the heating

load in the Ffirst case. The program listings are given in

Appendix L.

4.3.3 Modelling of Basement in DOE-2.la
The DOE-2.la program estimates heat loss through the undeground

wall by using a steady state expression of the form :

l....(. 4.1)
= t.. -t )
sz Yog Pog 1570
11 (g_t_‘-.’.)
Where Qb = the heat loss from the underground wa n
g d wall (—2E8 )
w‘ e —————eea e
sz = the effective U-value of the undergoun h.ftz,op

2
Ab = the area of the underground wall (ftr”)
g
o)
tib = the basement space temperature ( F)

o
t = the ground temperature ( F)
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Ground temperature " t g" is not clearly defined in the DOE-2.la
manual, It is, therefore, difficult to calculate the effective
U-value of an underground wall. In the absence of any proper
information, the following approach to the calculation of the
effective U-value of an underground wall was taken.
The heat loss from an underground wall can be found by taking
heat flow along circular arcs with their center at the point
where the basement wall and the grade line meet(ll). Therefore,

the R-value and U-value at a distance Yy below ground level is

i IY -
i . LA veoas( 4.2)
given by (19) : Ry R, + ZKg

1
Uy = & ceeees ¢ 4.3 )
R
y v _
h.£e2.OF
where Rw = the thermal resistance of the wall (—4-§Eir——ﬁ
X = the soil conductivity 'Q———EE%— )
& | h.fr.°F

The U-value of the wall at a distance "y" below grade is
integrated over the entire below grade depth of the wall, H, and

then divided by H to yield the effective U-value for the entire
wall,

e Juks! (4.4)
- 3 ‘__——.1 e me 00 .
Ubg TH n {l ™ ZKg RWJ

Following the procedure recommended by ASHRAE, the deéign heat

loss from the underground wall can be calculated as follows :
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Qpesign = %bg = (Upg “bg’asurar (F1p~ (578}
: 0-0(405)
where ta = the mean annual air temperature (OF)

B = the amplitude of fluctuation of the ground
surface temperature (OF)
For Detroit. £, = 49°F

and B = 22°F

.. Uegign = Upg Apgdasurap (70-27) -+ (4.6

Note that the ( UbgAbg ) corresponds to a mean ground surface
temperature ( Ref.,1l). However the ground temperatures used in
the weather file of the DOE-2.la program do not seem to
COrrespond to the ground surface temperature. They appear to be
located somewhat below surface. The previously calculated ( UA )

Value therefore needs to be modified before it could be input in
the DOE-2.1a program.

vt QDesign B (Ubg Abg)DOE-—Z.la (tib-tg)

(Ubg Abg)ASHRAE (70-27)

Where tg = 39°F for January (see Reference 12)
(UbglAbR)DOE-Z.la (70-39)

= A '70-27
(Ubg. bg)ASHRAE ¢70-27)

(Upg % poE-2.1a = 1.38 (U, (4. 7)

g Abg)ASHRAE'
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The ( UA ) value thus obtained was input in the program. The
input listings are given in Appendix M.

The peak heat loss from the basement floor was determined by
using the ASHRAE recommended procedure( see Reference 11 ).
Using this value and the ground temperature for January, the
effective U-value of the basement floor was determined to be
0.9289 ( Btu / h-ft -F). This value was input in the program to

estimate the floor heat loss.

4.3.4 Modelling of Basement in HOTCAN

Basement heat losses are not explicitly given by HOTCAN. Hence it
Was necessary to devise some technique to extract this component
of heat loss from the program. Zero above-grade wall and window
Areas were input to the program. Similarly, the internal gains
Were specified as zero. The underground wall and floor
descriptions were provided in the manner specified in the user's
Manual for HOTCAN(19). Steady state and periodic shape factors
Were obtained from the engineering manual of HOTCAN(2¢) and input
to  the program. Thus the heat loss calculated by HOTCAN was
through the underground surfaces only. The program listings are

9iven in Appendix N.
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4.4 Results and Discussion
The results of heat losses through underground walls and floor
are presented in Table 4.1 and shown graphically in Figure 4.3.
It can be seen from Table 4.1 that on an annual basis the
underground heat losses predicted by HEATINGS, CIRA and DOE-2.la
are in good agreement . Over the heating season, these losses
are 2¢.5 MBtu, 18.3 MBtu and 18.1 MBtu respectively. Both CIRA
and DOE-2.la underpredict heat losses by 10% as compared to those
Calculated by HEATINGS. This is an excellent agreement
considering the simplicity of underground heat loss calculations
used in these two programs.

HEATINGS accounts for the thermal mass of the soil. It is
Seen that due to the presence of soil, heat loss per day peaks in
February, which is a month after the mean monthly dry bulb
temperature reaches its minimum. The monthly heat losses from
January through April are 3.6, 3.9, 4.0 and 3.1 MBtu. This shows
that the soil gives a flywheel effect to the seasonal heat loss.
It tends to distribute heat loss almost equally from January
through April, although the air temperature rises.

ASHRAE recommends that for an uninsulated basement, the

1sotherms near the underground wall are radial lines centered at

the intersection of the grade line and the exterior of the

baSement wall, Heat flow can therefore be approximated by

Concentric circular arcs. This is illustrated in Figure 4.4.
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Table 4.1 : A Comparison of Underground Heat Loss,

Month

Nov

Jan
Feb

Mar

Apr

Total

as predicted by CIRA, DOE-2.1a,

HOTCAN and HEATINGS

CIRA DOE-2.1la HOTCAN HEATINGS
Predicted Predicted Predicted Predicted
(MBtu) (MBtu) (MBtu) (MBtu)
1.1 1.17 1.6 1.15
2.4 1.85 2.23 1.83
3.4 2.67 2.89 2.70
4.1 3.21 3.22 3.59
3.5 3.19 2.90 3.91
2.7 3.32 2.86 3.96
1.1 2.79 2.19 3.10

18.3 18.11 17.89 20.24
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The heat flow lines run perpendicular to the isothermal lines.
Isotherm plots obtained from HEATINGS indicate that during the
months of January and February ( see Figures 4.5 and 4.6 ),
isotherms for a major portion of the basement wall are radial
Straight lines originating from points close to the point where
the grade line meets the inside of the basement wall. Hence the
Circular arc approach is fairly valid for January and February.
Moreover, these plots suggest that the center of circular arcs
should be located at the intersection of the grade line and the
interior, rather than the exterior, of the basement wall. The
Circular arc approach should not be used for other months. This
is evident from the isotherm plots for April and October ( see
Figures 4.7 and 4.8 ).

CIRA, on the other hand, treats basement walls and floors as
Surfaces with no thermal mass. It also uses the mean monthly air
temperature to calculate basement heat loss. Basement heat loss
therefore follows exactly the reverse trend of air temperature.
CIRA is in close agreement with HEATINGS from October to
December, It predicts a maximum heat loss of 4.1 MBtu in
January, This is to be expected since the air temperature
reaches its minimum in January. However as the outdoor
temperature starts rising basement heat losses start falling, to

the extent that during April CIRA predicts a heat loss of 1.1

MBtu as against 3.1 MBtu predicted by HEATINGS.
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Figure 4.4 : The ASHRAE Procedure for determining
the Heat Flow Lines( Uninsulated Basement )
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Ground Temperature Isotherms for February 15.

Figure 4.6
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Ground Temperature Isotherms for April 15.

Figure 4.8
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The DOE-2.la predictions of basement losses follow quite
Closely the HEATINGS predictions. The agreement is almost
Perfect from October through December. DOE-2.la shows a peak
heat loss of 3.2 MBtu in February. Hence, it can be concluded
that the ground temperatures used in the weather library of DOE-
2.1a are introducing an appropriate time lag in heat loss. The
DCE-2.1a prediction is within 18% of the value calculated by
HEATINGS.

Snow cover was not taken into account when the basement was
simulateq using HEATINGS. Since the presence of snow cover
imparts an insulating effect to the underground surfaces, and
thereby decreases the heat loss, it is expected that the basement
heat loss values calculated by HEATING5 would be lower than the
Present values if the snow cover is accounted for. This in turn
wWould make the agreement between the DOE-2.la and HEATINGS
Predictions better.

The basement model used in HOTCAN has been developed by
Mitalas(18). It overpredicts heat loss compared to  that
Calculated by HEATINGS from October through December. It is
Interesting to note that while CIRA, DOE-2.la and HEATINGS

Predicteq underground heat losses are in close agreement for

OCtOber, the heat 1loss calculated by HOTCAN is appreciably

higher, prom January until April, HOTCAN underpredicts the

fonthly heat loss as compared to that predicted by HEATINGS.
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HOTCAN predictions are closer to those made by DOE-2.la, which

suggests that an appropriate time lag in heat loss is being
introduced by HOTCAN and it may be accounting for snow cover
during winter.

The basement model used in HOTCAN is developed on the basis of
experimental and analytical studies of the basement heat loss.
Heat loss experiments were conducted on several basements.
Comparisons of the actual and calculated basement heat loss
showed that the measured losses were greater than the calculated
ones when the actual soil conductivity was greater than the
values used in calculation and / or the model failed to
adequately account for groundwater flow(18). This in turn means
that the shape factors used in the calculation of basement heat
loss need to be modified if the ground thermal conductivity is
known.

The existing documentation in the HOTCAN manual( see
References 19 and 20 ) provides shape factors for only two sets
of average soil thermal conductivities: 1.47 Btu / h.ft. °F and
2.25 Btu / h.ft. °F. Hence, the user has to select the shape
factors corresponding to either of the above soil conductivities
unless he has the knowledge and / or means to calculate the shape
factors for the desired soil conductivity.

The shape factors chosen in this study correspond to a soil

thermal conductivity of 1.47 Btu / h.ft.”F. A soil conductivity
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of .76 Btu / h.ft.°F was used in CIRA, DOE-2.la and HEATINGS.

4.5 Closure
CIRA, DOE-2.la, HOTCAN and HEATINGS agreed closely with each
other over the heating season. The seasonal heat loss predicted
by CIRA was within 19% of that predicted by HEATINGS. The
agreement was not good on a monthly basis. Thus it was concluded
that CIRA could be expected to predict only seasonal heat loss
fairly well.

The next chapter forms the final stage of the evaluation
process of CIRA, in which the calculation algorithms used in CIRA

are examined in detail.
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5. CRITICAL EVALUATION OF CIRA

The calculation of heating load is complicated since it involves
a number of coupled heat transfer processes of varying
complexity. During any given hour, there are four components of
heat transfer associated with a structure : heat loss due to
conduction from walls, windows etc., heat loss due to
infiltration, solar heat gain through windows and finally heat
gain from people, appliances etc. The calculation of conduction
heat loss is essentially solving the energy equation for
diffusion for each hour. The solar heat gain calculation
involves information on the diffuse and direct solar radiation
and glass properties. The heat gain due to people,appliances
etc. 1is specified as an input by the user. The resultant hourly
space heat loss is not equal to the space heating load since the
radiant energy entering the space does not immediately cause an
increase in the space temperature. The radiation 1is first
absorbed by walls, furniture etc. causing their surface
temperatures to rise. This in turn causes heat to be convected
from the surface to the space air.

Calculation of the heating load from the space heat gain can

be done by two methods. The first method involves heat balances

on the interior and the exterior surfaces and the room air

itself., This method is mathematically rigorous and hence
77
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accurate. It is however extremely time consuming. The second
method uses the technique of "transfer function" to convert the
heat gain to the heating load. This is the technique used in
DOE-2.la. This method, although approximate compared to the heat
balance method, is still quite complicated and time consuming.

Such detailed, transient simulations are certainly required
for peak load calculations. They would also predict the heating
load over any time period of interest. Over a long time period
such as a month, the transient behaviour of various house
components smoothen out and hence it is possible to calculate the
heating load by using a steady state approach provided the
physics of all major conductive, convective and radiative
proceses are taken care of in some manner.

CIRA uses a steady state calculation method designed to
provide monthly energy audits of heating or cooling loads . It
calculates monthly degree days and degree nights for heating and
cooling seasons. The effective temperatures used to calculate
degree days are derived from indoor temperature, solar and
internal gains, radiation losses from the building skin to the
sky and the thermal characteristics of the building. Degree days
based on an effective temperature are calculated by using an
empirical correlation. A brief description of some calculation
procedures used in CIRA that are related to this study and their

evaluation are presented next.
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5.1 Introduction
If a steady state heat transfer through the building edvelope is
considered, then the heating load can be written as:

Heating Locad = ( Heat Losses ) - ( Heat Gains ) ..( 5.1)
Heat losses can be broken down into two major parts : (i) heat
loss due to conduction through the building envelope and the
underground surfaces, and (ii) heat loss due to infiltration of
air. Heat gains are due to the solar energy through the glazing
areas and due to people, appliances and lights. Conventionally,
Eg. (5.1) is written as :

Heating Load = ( Conduction loss + Infiltration loss )

- ( Solar gains + 1Internal Gains )..(5.2)

= - . ceea(5.3)
H (C + I) (Sg + Ig)

Several steady state approaches can be developed to estimate the
heating load. All of them obviously have to satisfy Eq.(5.3). In
this chapter, the approaches used in CIRA to calculate heating
load are examined one by one. First, the calculaticn procedures

related to conduction and infiltration are considered.
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5.2 Heat Conduction

5.2.1 Description

The overall building heat conduction coefficient "UA" is
calculated as a sum of all individual components, e.g. walls,
windows etc. Except for basement, it is assumed that the heat
flow is one-dimensional. In computing the "U" value for the
basement walls, it is assumed that the heat flow lines can be

approximated by circular arcs; so that

2K .
" ™oy (5.4)
U, =—2 . {1+ 57—}
bg mH 2Kg Rw
1 de wall (—DEY
where Ub = effective U-value of the below grade wa { 5 o
g h- ft . F‘
. Btu
K = soil conductivity ( 5 )
8 h.ft. ' F
H = the depth of the below grade wall (ft)
2 6
R = R-value of the basement wall (-111-%-'———}:)
w : tu

5.2.2 Discussion

Let "U", "R" and "A" stand for the conductivity, resistance and
area of a component under consideration. The total "UA" value of
the house including basement is calculated by CIRA from the

following network( see Figure S.l1-a ). Resistance due to the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



81

R,
ti RaW to
— T VVVVVWV,
| R
ag
R
—\N AN v

;where Rr = the resistance of roof
Raw = the resistance of exterior walls
Rf = the resistance of basement ceiling
Rag = the resistance of above grade basement walls
Rbg = the effective resistance of below grade walls
Rbs = the effective resistance of the basement slab
Figure 5.1-a : Equivalent Electric Network for a House

with Basement(1l)
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above grade walls, below grade walls and slab form a parallel
network in series with the resistance due to the floor. This is
quite logical since the heat flowing from the upper space to the
basement space is lost through the above- and below - grade walls
and the basement slab. Hence, the heat loss from the various

basement components can be expressed as :

Btu
=2 -+ - mm—
Q, = {a, * Ay Upg A Ug bo(ey-e ) =)
Let Qb = Af Ub
where Ub = the equivalent conductivity of the basement walls
and slab C-———%Eg——)
h.ft”. F)
. * g Ubg T A Uye
U { }
b
. ot 1 ) (h.ftz.oF )
- RgT iy A Btu
28 y +28 gy +vu
Ag ag  A; bg bs

The only flaw in the above logic is that the below grade basement
components are treated as components with zero thermal mass.
This is .not correct, since the below grade portion of the
basement is surrounded by the soil, which changes the whole
mechanism of heat transfer. This was discussed in detail in

Chapter 4. A modified network should perhaps have a condenser,

denoting the presence of soil( see Figure 5.1 b).
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where R =
e

Figure 5.1-b : Equivalent Electric Network for a House
with a modified Basement Network
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From the above model, . it is.clear at once that the basement is
not considered as a separate zone from the living area. Since
there is no provision to specify the space temperature in the
basament, one cannot strictly simulate a house with a conditioned
basement space. Continuing with the network( see Figure 5.2), it
can be seen that the left hand end of the equivalent basement

resistance, R K’ will be exposed to a temperature:

et ) (ey-t) (‘.°F5 cera(5.5)

tg © ti (RE+RB
If" ¢t i" is considered to be fixed over the heating season,
"ot B“ will vary from month to month, since " g, " is different
for each month. Note that"—igféfig is constant. In other

words, the basement temperature floats between the indoor

temperature and the outdoor temperature, and for a given
R

—f
Re * By

approximate a heated basement situation with the basement space

, it varies from month to month. The only way one can

temperature the same as that in the upper floor is to drive the

second term

(ti-t yko zero. This implies that " Rf ", the

R +
) £
resistance of the upper floor( i.e. the basement ceiling ) should
o . R
be negligibly small (= @), so that §T—£;-_— tends to ¢. This
R £
implies that -t ), which means that " t ~ "t ", To
+RB B i
illustrate, let " ti =70 °F, then if " RB " is extremely
small, * tB “= 70 °F, and hence one can medel a so-called

"heated" basement maintained at 70 “F. The minimum value that
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Figure 5.2 : Equivalent Electric Network for a House
with Basement(2)
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. [+]
the resistance of the upper floor, Rf , can assume is 1 h.ft . F

Btu
R A
—f _ can be written as ——+_ . The magnitude of the
Rf + RB 1l + RB

term R B depends on a number of factors such as the floor area,

Hence

the above and below - grade wall areas and resistance of the
basement walls and slab. Ry should be as large as possible
since Re . cannot be reduced below 1 h.ft . °F / Btu, for making a
better approximation to a heated basement case. Since the
magnitude of Ry is dependent on the various areas and resistances
of the basement components, its magnitude is fixed for a
particular basement. From the above discussion it is apparent
that there is no provision to model the basement as a conditioned
space. It is therefore felt that the basement should be modelled
as a separate zone and mean monthly ground temperatures instead
of air temperatures should be used to calculate the basement heat
loss. These ground temperatures should introduce an appropriate
time lag in the heat loss due to the thermal storage of soil.

It was shown in Chapter 4 that the basement heat loss
calculated by CIRA did not agree well with that calculated by
HEATINGS on a monthly basis. The agreement was, however, quite
close( within 10% ) over the heating season. Considering the
highly simplistic nature of the basement model used in CIRA, 1t
can be concluded that CIRA can be expected to predict only

seasonal basement heat loss fairly well.
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5.3 Infiltration

5.3.1 Description

The air infiltration model used in the program is developed by

Sherman and Grimsrud(lg). The infiltration for each month is
calculated as a superposition of flows from stack and wind

effects, which are given by :

QS = L fg (_g.H.AT/T)!i
cees (5.6)
and Qw = I, f; v
£e3
where Qs = gtack Induced infiltration C—;—)
£e3
Qw = wind induced infiltration (—;—)

2
L = the total house leakage area (ft°)
H = the house height (ft) .

T = the absolute outdoor temperature (OR)

Vv = the wind speed (ft/s)

fg = the reduced stack parameter
2
R 3/2
(Z—RL)

fé = the reduced wind parameter
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B\ Y
a3y
a2 Tw

w
¢. 15’

= ¢ a-r)Y3 g
L
XL and RL are defined as

4, = Qg - Lp/tL
RL.= (LC + LF)/L
where L

L. = the ceiling and floor leakage areas (ftz)

terrain parameters for the weather station site

QR
-
L]

C' = a local shielding parameter

H = the measurement site height (ft)

a,Y terrain parameters for the house

A detailed explanation of the stack and wind reduced
parameters can be found in Reference 19.

The total infiltration is calculated as:

3
2 2
Q= (Q, + Q) : (5.7

To reduce computing time, stack and wind effects are
calculated in advance for a reference house under reference
conditions. These values are then corrected to reflect the
actual conditions. The above expression for calculating monthly

air infiltration reduces to the following form :
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’

2 2
Q= L{c, a3 + (Cc qa )"} (5.8)
where 9.» 9, = monthly specific stgck and wind induced
infiltration ( £e
h.ft

Cs, Cw = factor to correct the non-standard house

in standard surroundings

These factors are a function of the leakage area distribution,
the height of the house and the actual surroundings. Leakage

areas are calculated from door fan tests. If they are not
available, the default values of leakage areas given by the

program can be used.

5.3.2 Discussion

Infiltration is a major cause of heat loss in residences.
Calculation of infiltration is an extremely difficult task. The
above model calculates infiltration for a structure for any
weather condition if the leakage area and distribution are known.
Considering its simplicity, the agreement between infiltration
measured by the tracer gas decay technique and that predicted by
the model for fifteen differerent sites was gocd (22).

The model does not consider the directional effects of wind.
For a house in an urban ;ité, the wind direction may not be a

critical factor since the surounding buildings provide a good
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shielding and deflection of wind. For an isolated building,
however, this can be a major limitation , since the wind

direction would have a significant effect on infiltration.

5.4 General Discussion

At this point, an expression for heating load can be written as :

-

= - - Btu, .. (5.9
H= (UA + ch)(_ci t,) ng-!-Ig) ) (5.9

where ti = indoor temperature (OF)

to = outdoor temperature (OF)

The reader is reminded that the models used by CIRA to
calculate solar gains have not yet been dealt with. Note that
Eq. (5.9) accounts for heat losses due to conduction, UA( Bo- ),
infiltration, pCQ( ti- to) and heat gains due to the solar
energy falling through the glazing, Sg ,» and the internal gains Ig.
However, (i) heating of the opague surfaces, e.g. walls, by the
incident solar radiation, and (ii) radiation heat exchange of the
building envelope with the sky and the outdoor surroundings have
not yet been accounted for. CIRA does account for the above
factors. Pirst, the calculation methoed used in CIRA for solar

gains will be examined and the adequacy of the approach will be

discussed.
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5.5 Solar Gains

5.5.1 Description

Solar gains for windows, four walls and ceiling are calculated as

follows :
7 Ll | (5.10)
= +— I ¢ 0 e @ .
S L oy Yy, ev (T, 7 Py 5)
V=1
where V = the orientation of the surface
2
cv = the solar aperture for the Yth orientation (ft7)

wv = the solar exposure modifier for the vth orientation
6. = the overhang modifier for the Vth orientation
I., = the daily average solar flux on a horizontal surface.
= for V=5
IV 0 fo

p = the ground reflectivity

The solar aperture for windows is defined as the product of

the transmisivity and area of glass.

The solar aperture for opaque surfaces( e.g. a wall )

is
defined as | 3
UA ' veenn (5.11)
g aG)
o
where o = the short wave absorptivity of the opaque surface
' . 2
A = the area of the opaque surface (ft”)
- Btu
h = the outside heat transfer coefficient G———7T7; )
° h.£e°.°F
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Hence the total solar gains , S, consist of the solar gains
through the glazing, Sg , and the solar gains through the opaque
surfaces, So .

The solar exposure modifier is the fraction of total possible
solar radiation that reaches the house through any obstacles,
such as trees, adjacent buildings etc.

The overhang modifier accounts for the obstruction to the

incident solar radiation due to overhangs. It is set to unity

for all directions except South.

5.5.2 Discussion

It 1is necessary to perform the following analysis to see the
rational of the approach used by CIRA. A one - dimensional,
steady state heat balance along the exterior of the surface

(see Figure 5.3) yields :

= - + - o...-(S.lZ)
al ho(tx co) + Ro hi(cx ci)

where & = the short wave absorpitivity of the opaque surface
w .

¢ Btu

I = the solar flux incident on the surface 2)
‘ h.ft
tx = the surface temperature COF)
.,  Btu
R = the longwave radiation flux . ( 5 )
o
h.ft
to = the mean monthly ocutdoor temperature (OF)
ci‘= the indoor temperature (oF)
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A One Dimensional, Steady State Heat Balance
along the Exterior of an Opaque Surface.

Figure 5.3 :
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h = the outside heat transfer coefficient-( Bty )
o 2 o
) h-ft [ :
h, = the inside heat transfer coefficient (———iﬁﬁL-)
i 20
: h.ft™. ' F
Rearranging and solving for t
X
.aI.+.(hoto + hiti) - Ro (5. 13)
t £ e ————————————ASetet—— s e e e eae -
X h,+h
i o
] h{aI+(hoto+hiti)—Ro e}
9,1 i b, th 1
o]
R
al o]
. h + (to ti) " h
- o o
1
U
where B
U = the overall heat transfer coefficient (————333), such that
h.ft . F
1. L, L
U~ h, &
i o
then UR
= Ut - - -9
qc,i ah +U(t;o ti) o ceeee (5.18)
o o
A = the total surface area (fcz)
Q=qc’iA
0= JA - - ba Btu ceees (5.15)
,‘Q—ah°I+UA(toti) b R, O
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EQ.(5.9) may now be refined by modifying the heat conduction

term . Introducing Eq.(5.15) as the conduction heat loss term in

Eg. (5.9):

UA _
H = {UAC;i-to) + a(%éﬁl - (E_)Ro} + (pCQ) (£, t°>

01) ° ceee.(5.16)
Term I represents the conduction heat loss. CIRA lumps d(géﬁ

Q
with the term S and defines the sum as the total solar gain. The

radiation heat loss term is included with the total solar gains

and internal’gains. This approach is quite logical and a simple

rearrangement of terms in Eq.(5.16) results in:

: UA
= - bad + + - - R '010(5-17)

B (U + 00Q) Ceymt)) = {(S) + (S) + T = AR}

- ocuA

where So = a(h I
o}
Call , B -
F=I " and AR = GgéiR ««+.(CIRA notation)
g o °

. B = (0 + pCQ)(E -t ) = (S+F-8R) ~ +...-(5.18)

where S =.Sg + So

The approach used in CIRA, i.e. EQ.(5.18), is just an alternate

way of expressing Eg.(5.16).
Eg. (5.16)

However, it is slightly better than

in the sense that it allows the terms related to the

building structure, UA and pCQ, to be brought together. 1In

addition, the solar gain terms, S, and Sqr

g internal gains F and
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the radiation heat loss term are grouped together, signifying the
"net" heat input to the house ( excluding the heat input from the
heat equipment ).

The radiation heat 1loss term, AR, will now be briefly

examined,
5.6 Sky Radiation Losses

5.6.1 Description

The heat losses by long wave radiation from the walls and rocof to

the sky are calculated from the following expression :

: 4 L UA UA Btu
AR = 40T {L~-¢_, H T e+ 1L e} (
‘ ° . k" roof By wall 3k, _ B

o = the Stephen—Boltzman constant

€ emissivity of the clear sky

sky

1

€ s € - emissivity of wall and roof
wall roof

For the details of the derivation of this expression, the
interested reader should refer to the engineering manual of

CIRA(19) .

5.6.2 Discussion

The approach used by CIRA to calculate heat loss due to long wave

radiation 1s quite thorough. Radiation losses are calcq;ated
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from the horizontal( i.e. ceiling ) and the vertical( i.e.walls )
surfaces. The calculation of radiation heat exchange of the
building surfaces with the sky requires knowledge of the sky
emissivity. Berdahl and Fromberg (23) conducted a study in which
they measured the thermal radiation from clear skies for three
locations in the United States. Basad on the collected data,
they developed a correlation between the sky emissivity and
surface dew point temperature. Thus it is possible to produce an
estimate of clear sky emissivity based solely on dew point
temperature. This correlation is used in the calculation
algorithm of radiation loss. In conclusion, the approach used to
calculate heat loss by long wave radiation seems to be sound.

Equation(5.18) will now be considered to determine if it is

adequate to calculate heating load.
5.7 Solar Storage Factor, 8

5.7.1 Discussion

Eq.(5.18) is a steady state heat transfer equation used by CIRA
to calculate heating load. If the calculation period is divided
into day( 8 a.m. to 8 p.m. ) and night( 8 p.m. to 8 am. ) ,

Eq.(5.18) can be written as :
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Hd = (UA + ch)(ti—t: ) - (Sd + F - ARd)

and ceees (5.20)

H” = (UA + pCQ)(ti—tZ) - (8" + F - AR

where the superscripts d & n denote day and night respectively.

The distinction between the day and night solar energy is
accomodated by using a "Solar Storage Factor", B8 . It is defined
as the fraction of the solar energy received over a 24 hour
period which is released during the night period(19). Numerical
values of this factor, dependent on the thermal storage of the

house, are derived from the correlations of computer runs using
the BLAST program(l@). This approach of partitioning the day and
night solar energy is probably the best way, since it is based on
hourly calculations done by the BLAST program for a variety of
nouses in different weather conditions. It will not be
appropriate to get into the details of such calculations here.
Details and further references can be found from Reference(1l9).
Eg. (5.20) can be written as :

Hd

d
(VA + pCQ)Cti-t:) - [2(1-B)S + F - AR]

HIJ.

n
(ua + 0CQ) (e, —ty) - [28S + F = OR7]

where B = the solar storage factor

= Sn
s34+s?
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S = the average daily solar gain

8%4s™
2

=..Sd

This logically leads to the concept of "Effective Temperature"
used in CIRA.

5.8 Effective Temperature

5.8.1 Description

d
- F - AR
d _ td + 2(1-8)S +

o UA + pCQ
eff o EATEE (5.22)
n
n _ oo 285 + F - AR
ané t:eff - t:0 uA + pCQ

Qualitatively, the effective outdoor temperature is that outdoor

dry bulb temperature that would produce the same heat transfer
through the building envelope by conduction and convection alone,
as the superposition of conductive, convective and radiative heat
transfer and internal free heat actually occurring(19).

Hence Eq.(5.21) can be written as:

d - d
= (UA + pCQ(t -t __.)
H ( i Teff veees (5.23)

_n
and H = (ua + ch)(ti—teff)
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The necessity of the solar and internal gain utilization

factors in the heating 1load calcualtion was pointed out in

chapter 3. This requires that the calculation of the effective

temperature should be modified.
5.8.2.

This is discussed in section

5.8.2 Discussion

With reference to Eg. ¢ 5,18.),the heating load can be written as:

H = (QC#QI) - (sg + F) e (5.24)

]

Bt
wvhere QC conduction heat loss (_EE)

UACE,-E ) + a38y1 - AR
(o)

and Q; = infiltration heat loss
= pCQ(ti-to)

It is obvious from equation (5.24) that the calculated heating
load is Dbased on the assumption that 100 % of the solar and
internal gains are useful. Eq.(5.24) is a steady state heat
balance equation. In deriving the expression however occupant
comfort was ignored which led to an implicit assumption that all
the solar and internal gains "stay" inside the house. This
assumption may be fairly valid for very cold months, but it can
be seriously violated in several other situations if the space

temperature is to remain in tolerable temperature limits. This

is best explained with reference to Figure 5.4.

Case 1l is a typical case for colder months( e.g. December,
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Figure 5.4 : Heat Balances on Space
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January ) when heat must be supplied to the space to maintain the
space temperature at the heating set - point of the thermostat.
There are several other situations possible when solar and / or
internal gains may exceed transmission losses. In Case 2, no
space heating is necessary since the gains have just offset the
transmission losses. In this case the space temperature lies
within the thermostat deadband. Case 3 through Case 5 illustrate
the situations when solar and internal gains exceed the
transmission losses and hence the excess heat must be removed to
prevent the space temperature from rising above an acceptable
limit. If the excess heat is not removed, the space temperature
rises. This results in higher conduction and infiltration
losses., ' These cases will be more and more frequent during the
Fall and the Spring months.

The above discussion is to emphasize the fact that all of
solar and internal gains simply do not contribute to reduce the
space heating requirements if the space temperature is to remain
within tolerable temperatures. In other words, the heating load

should be expressad as :

. _ +n F veeena(5.25)
B=(Q,*+ Q) (ng Sg n; B
where nSS = the portion of solar gains useful in reducing the
heat supplied.
niE = the portion of internal gains useful in reducing
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the supplied heat.

solar gain utilization factor

Ng

]

ny internal gain utilization factor

Only heating is required to bring the space temperature to the
heating set point. Hence the term (QC+QI) is evaluated at the
heating set point of the thermostat.

Solar and internal gain utilization factors are very high and
they are close to unity in colder months when the transmission
losses far exceed the solar and internal gains. Hence a
utilization factor of unity used by CIRA is reasonable for colder
months. In the swing months however these utilization factors
are significantly lower than unity( see chapter 3 and References
6 and 17 ). Thus it is a gross simplification to assume a 109 %
utilization factor for these months. Because of these reasons it
does not seem appropriate to rely on the resﬁlts given by CIRA
for tight, well - insulated houses with passive solar features.
This was shown by the comparison of simulations using CIRA and
DOE-2.la on a passive solar ranch( see chapter 3 ).

The modified expressions for calculating the effective

temperature are :

od
2(1- + n,F -
4 4 20BnS FnE R sien
eff o UA + pCQ
o ny 28NS + 0. F - AR®
and tagr = o Ta 7523 e (5.28)
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Finally, the calculation method used in CIRA to calculate

monthly heating loads from effective temperatures will be

considered.

5.9 The Variable Base Degree Day Procedure

5.9.1 Description

Cnce the effective temperatures for day and night are known, CIRA
calculates monthly degree days and degree nights from the
following correlation which has been previously determined by
means of a specialized regression analysis of the weather data

(see reference 19):

‘ . v
o =3 {ay, + w@A - [Ty L. (5.29)
2 -+ ‘ | +
! = - eesees (5230
AT = (&5~ g (5:30)
where
‘ ' . o
DD = the predicted degree days or degree nights (°F)
d = number of}days in the month
ﬁ, v = dimensionless empirical degree day coefficients
o
A = empirical degree day temperature ( F)
o
tofr = the effective monthly outdoor day/night temperature ( F)
e :

C 1+ is an operator such that the value within the brackets

is equal to itself, if positive; else, it is set to zero
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The correlation splits into three regions, defined by ( see

Figure 5.5 ).

In Region I, the second term is zero since is negative.

Hence,

) } ceseases (5.31)

DD =~%'{(t
+

1" tessf

In Region II, both the terms are present. The indoor

temperature is greater than the effective outdoor temperature.

Therefore,

DD =§ [Ty + u(h = [ATDYY e (5.32)
+

In Region 1III, the indoor temperature is less than the
effective outdoor tamperature. Hence the first term 1is zero.
Therefore,

oD =_% e - laThyr e (5.33)
The base temperature of the house is related to the effective

temperature as:

ey =ty - (t_psto) Ceeeaas (5.34)
5.9.2 Discussion

If a program were available for performing hourly calculations,
then the heating degree days over a month could be computed by
accumulating the degree days for the hours when the effective
outdoor temperature was less than the indoor temperaturs. Since
CIRA operates on a monthly basis, it has at its disposal only the

monthly averages of the daily and nightly effective
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Regién I

Figure 5.5

+-A

: The Variable Base Degree Day Function
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temperatures. It 1is, therefore, necessary to have a function
which would predict heating degree days based on  average
temperatures. The function used in CIRA serves this purpose and
hence it is indispensable in the program. The details of the
development of this function can be found in the Weather Library
of CIRA( see Reference 19 ). The function consists of two terms:
one is 1linear in AT and the other is non-linear in AT. To

illustrate how efficiently this function operates, consider

Regions I, II and III.

Region I corresponds to the low temperature region, i.e. when
the effective outdoor temperature is appreciably lower than the
indoor temperature. This situation typically occurs in colder
months( e.g. January ), and the function reduces to a linear
form( Eg.5.31).

In Region II, the effective outdoor temperature is less than
but close to the indoor temperature, In such cases, heating
degree days calculated by multiplying the average T by the
nunber of days ( or nights ) during a month will be lower than
the summation degree days calculated hour by hour over the entire
month. In this Region, both the terms of the function are

retained( Bq.5.32 ). The second term can be considered as a
corrective temm.

In Region III, the effective outdoor temperature is greater

than the indoor temperature. However there is still some heating
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load which is calculated by the second term of the  function

( BEg.5.33 ).

5.10 Closure

By now the calculation procedures used by CIRA that were related
to this study have been examined. The overall conclusions and

recommendations are presented in chapter 6.
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6. CONCLUSIONS AND RECOMMENDATIONS

The objective of this work was to evaluate CIRA as an energy
analysis program to be used in residential building applications.
Various tests were designed to reach this objective. Energy
consumption predicted by CIRA was compared against metered energy
use. CIRA was critically examined against an established energy
simulation program DOE-2.la. The heat losses from the underground
basement walls and floor calculated by CIRA were compared against
those calculated by a finite difference heat conduction program
HEATING5. These tests were described and their results were
‘presented in the previous chapters. The calculation procedures
used in CIRA to calculate heating load were analysed. The

following overall conclusions were drawn from these endeavours :

6.1 Conclusions

1. CIRA can be expected to produce reliable results for houses

of average construction with low or moderate levels of insulation
and solar and internal gains. Thus CIRA may be used with
confidence to simulate conventional single family houses.

2. CIRA is not recommended to simulate well - insulated, tight
houses with high solar and internal gains.

3. On an annual basis basement heat losses predicted by CIRA were

within 10 % as compared to those calculated by the finite
109
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difference program HEATINGS. The agreement was very good
considering the simplicity of calculation procedures used in
CIRA.

4, CIRA significantly overpredicted the basement heat loss in
the Fall and the Winter months as compared to that predicted by
HEATING5. This pattern was reversed in the Spring months. Hence
it is concluded that CIRA can be expected to yield reliable
results for seasonal basement heat loss only.

5. The overall calculation method used by CIRA for estimating
heating load is very good. The overall method consists of
several individual calculation procedures to calculate different
heat loss or heat gain components . The approaches used for
estimating the sky radiation losses and solar heat gain are
adequate. The infiltration model does not take into account the
effect of wind direction on infiltration. As noted in (4), the
basement model is too simplified and it would not predict monthly
basement heat 1loss accurately. The effective temperature
calculation method ignores human comfort. The variable base
degree day approach 1is a very efficient way of calculating
the monthly heating load based on the average indoor and

effective outdoor temperatures.
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6.2 Recommendations
1. Solar and internal gain utilization factors should be
incorporated in the effective temperature calculation.
2. It is felt that there should be a proper provision to model a
conditioned basement space. This could be achieved by making a
provision in the program to set the resistance of the f£floor,
separating the living area and the basement, equal to zero.
3. Ground temperatures should be used to calculate basement heat
loss. Considering the retrictions on the available computer
memory, these temperatures should be such that they will

introduce a phase lag in heat loss due to soil.
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Appendix A
CIRA Input Listings for House A

Currant answarz ftor QGEMERAL named J.F3il's

NAME of tnR13 hOUS 2. i iinrrrvasnnonenses? 'JuHall's!

What CITY ..ot oriortatverserneseraenes? 'Datrart’

AZIMUTH of north face (degr22s).,..v.....7 '3' degresas

what type ot THERMOSTAT......ve:vvvvese.? 'Dual heating & cooling’
Heating THERMOSTAT zatting (d2gF)......."7 '70°' gegF

M23ting NIGHT setting (d293)....00c0ee.s? '70' daegF

Zooling THERMOSTAT s2tting (deqF',......7 '73' degfF

Cooting NIGHT 32tting (ded3F 'vviservssas? '78' gdagF

3

Total hous2 FLCOOR AREA (33Tt /.vereeesree? '1350' sqrtt
HOoUS2 MASS et vttt v r ot rarernasatroonnsosnn ‘'Light!

Solar STORAGE factor (un1tless).s. v, ' 22 unitlass
SPECIFIC THERMAL MASS (Stus/Fs3fttl...,.e0e? '1,3' BtusFsqte

{ DELETE tnh1s Component >,..
{ Changes COMPLETED ...

-3

MAEXTTOG Lo Nmoom:
NN

e a e et e e e e e e

Cdrrent answars tor WINOOWS namad East !

'East’

'East’

'Ooutble hung’

'Single pans ws/ QUTSIDE ztorm’
'Shadas or Blindgs:

A) NAME of the ?t0110owing WinNdOWS .o .eeoovaers
2) Which window QRIENTATION. . v vt ev e
T) Window TYPE . it vt rreeer st ssostvoeosasooan
D) GLAZIF‘GIIIU'.Q‘Il"""‘ll'l"'llilliiﬂl
€E) DRAPES & SHUTTERS 1t e vttt v s s ene vt aaas

~d D

>
-
F) Ara window covers USED at DAYt me.....,..? ‘'No'
G) U=value (Btuns/3q7tt/Flieicrvrverrsriereass™ ',819443' Btuh/33ft/F
=) Avarag2 333h FIT ... e ereres e ereass? 'Avarage'
I! Spacific LEAKAGE AREA (sgin/33fti.......° ',0790502' sqinssqtt
J) Summar SOLAR GAIN factor (%)...ieeeevaad? 770 %
) Wintar SOLAR GAIN factor | 77 %

NI )

Window AREA (SaTL ) .iierertortnssrsesnesss? '43,086' sqTt
{ DELETE thiz Component J...

k.
L
A\

2) ¢ Changes CCMPLETED >...
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Currant anzwars for WINDOWS

Al
g
(o]
01
E)
)
3)
)
I}
J}
K
!
Y
Z3

surrent answars ftor

A)
21
c)
0
£)
=1
@)
-
I
J)
[
L
Y)
)

named

MAME of the following windows., ...
wWhicn window QORIENTATION, ..
Window TYPE . iei e v enonnnnns
GLAZING.: it en o nossvanraass
DRAPES & SHUTTERS . v e v e v v
Are window covars USED at DAYt ime
U~-value (Btuh/sgtt/F)..
Average sash FlIT.eovevee
Spacific LEAKAGE AREA
Summaer SOLAR GAIM factor (%).....
Wwinter 3S0LAR GAIN factor (%).....
Window AREA (38Tt ). i eeasrtnetaanne
{ DELETE this Componant J...

{ iZhangas COMPLETED

LR )
e e
LR RN )
T e
DR I B R Y

N
"‘"'

WINDOWS namaed Wast

NAME of thae following windows..
Wwhich window ORIENTATION.. ...
Window TYPE ... oo eenronen
GLAZING. .t it eeeescarsosnn
ORAPES % SHUTTERS...
Ar2 window covars USED at
J-value (Stubhssgft/Fi....
Avarage sash FIT..cveaven
Spaci1fic LEAKAGE AREA (sqin/s33f¢t)
Summar SOLAR GAIN facter (%lu....
Wwintar SOLAR GAIN fagtor (%).....
Wwingow AREA (33fttl)....
¢ DELETE tnhis Componant
¢ Changes COMPLETED ...

LR

DAYt ime

R R B R

AR

North

(sgqin/ssqft),

e« & & »

RS RN I B B RS AR )

IR A N T )

SIS S )

B I S )

117

'North®
'North'
'Ooubia hung'

'Singla pana ws QUTSIDE
'Shades or Blinds’
‘No'

'.513443" Btunssqtt/F
‘'Avarage’

'.0790502' s3i1nssgft
‘77 %

‘77 %

'16.77' s3qtt

‘Wagt!'

'Wast!

‘Ooubie hung'

'Singla ean2 ws QUTSIDSE
'Shades or Blinds’
‘Ng'

'+913443 Btuh/ssatt/F
'Avarage’

'e2790802' ss1nszqrFt
7%

A A A

250 sqTt
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Surrent answars for WINQOWS named SBouth

A) MAME of tha following windows..
2) Which window ORIENTATIOM,.....

Cr Wwindow TYPFE . v ervrveanoes
0) GLAZIMG, ¢t evracnanans
} YRAPES & SHUTTERS.......
' Ara window asovars USED a
G) U=value (8tun/sqfts/Fi...
~) Avarage sash FIT.....vn
It Specific LEAKAGE AREA (s
J) Summer 30LAR GAIN fzctor
w1 Wintar SOLAR GAIN factor

) 1an

t

qin/sqft

DAYt 1me

L

(%)

(%)

L) Window AREA (s3ft) e vevenans
M) Ovarhang PROTRUSION (inchesi
M) WEIGHT 3oove top oF window (
Q) Average window HEIGHT (feat}.
¥ { DELETE tnis Componant >...

N
.

) ¢ Changas COMPLETED >...

)
.

inchas)

.

Surrant answers for WALLS named Front

Wall AREA wo/ windows %

L1 O UNmMmOoOGmsx

-

Y1) { RQELETE this Componeant

» Ne. of othar PENETRATIONS

>

! NAME for the following walls
) Which wall QRIENTATIOM......

! Wall .  TYPE . s v v esrsaas v oo

ToWall [NSULATION. . veerarvann

+ Ilasulation THICKMESS (inches)

i INSULATABLE wall THICKNESS

) Extarior I[MNSULATING SHEATHING......
)

¥

]

doars

Mo, OF WINDOWS (NOW) s sierorv s aoann
No. 0% YENTS 1n wall (NOsJevvev s

.

(inches)

wall R-VALUE (F=-gaft/Btuhl)...cvvoen

(sqft

(NOW ).
Mt Spacific LEAKAGE AREA (sqinss3ft),

.

(55 JEES RV BN IR 52" I B |

-3

Y

B I IR IR N}

RYIRN Y

IS IR YD R JRT )

‘Seuth’

'South’

‘'Oouble hung'

'Single pane w/ OUTSIDE
‘Shadas or 3linds’
‘Mo

'+513433" Btuhss3TL/F
‘Average’

0730502 gsqinssstt
‘77 %

Y7700

'10.71"' z3qft

'13' inches

'12' 1nches

‘5.41' feat

‘Front '

‘'East walls'

'Two HY Four Frame-
'Fibarglass batts'
'3' inchas

'3 incnas

'Nena '

'3’ F-3g97t/Btuhn
'234.92 3afl

‘4 No.
"1 Mo,
"t Ne.

'.0335934' sain/szqft
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Current answars Tor WALLS named Latt !

‘Latt!
"Soutn walls!

A) NAME for tne following walls,,
8) Which wall ORIENTATION...¢.ov v
Ch Wall TYPE v v ersorsssornaronnes 'Twe by Four Frame'
D) Wall IMNSULATION. . v estvvsrinnssnnssese? 'Frperglass batte:
€) Insulation THICKNESS (inches) . v eereenas '3' inch=zs

F) INSULATABLE walil THICKHNESS (inches)....,. ‘0" inchasz _

G) Extertror INSULATING SHEATHING. . oo v, ‘Nene’

M) Wall R=VALUE (F-sqft/Btuhl....tevveeeeis '3' Fesqfts/3tun

I) Wwall AREA wo/ windows & doors (zqfti,,. 201,29 sqft

DR A ]
R B A
.

3 ) D

e o 'e =
-
-

RIS T R S A IS

J) No. of WINDOOWS (NO v ) s v s o v v os s e s sveens *2' NMo.
K} Mo, of VENTS 1n wall (NOeJ)ivesorenrorne ‘1' No,
L) No. of othar PENMETRATIONS (NOJ)iesr o v '1' No.
. '.0269733' 3ainssqtt

M) Spaciftic LEAKAGE AREA (sqin/33%8).....
¥) < DELETE thi1s Component >...
I} ¢ Changeag COMPLETED ...

Y

Which menu ITEMOS) . it vee it eaoona oo

Currant answers for WALLS named SBack

'Back’

‘'Wast wails!

'Two by Four Frame’
'Fibarglass batts'
'3' inches

'Q' inchas

'Nona'

'3 F-sgftsBtun
'2358.3' sqft

A) MAME for ths following walls.,.
B) Which wall ORIENTATION.....v.
Cr Wall TYPE. i veveossssessansanras
D) Wall INSULATION.  evseov oo
Z) Insulation THICKNESS (inchesi.ierivrvoens
) INMSULATABLE wall THICKNESS (inchasi,....
G) Extertor INSULATING SHEATHING.....ccv...,
H) Wall R=VALUE (F=3qft/BtufN).sverervecsaas
I) Wall AREA we/ windows & doors (3qft).,

e« e o =
-
P
-
.

P Y B SV BIY ES JRSS BN RN BN RV R I )

Ji No. of WINDOWS (NO ) et ersrersssaasss® '3 No.
F) Mo, of VENTS 1n wall (MO et nnerennn '"1' Neo,
L) No, of other PENETRATIONS (No.)......euv? '1' No.

M) Spaecitic LEAKAGE AREA (338t1n/zqft)..... '.0306005' 3qw1n/349ft
¥) ¢ DELETE this Component J...

Z) ¢ Changes COMPLETED >...
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Curr=ent snswers for WALLS nameg Right

A) NAME for the following walls,.
3) Which wall ORIEMTATIOM. . vevenv.
C) Wall TYPE . sttt einrnosnvenroronses
0) Wall INSULATION . v v vt vaane

E) Insulation THICKNESS (Inches!..cov v
=) INSULATABLE wall THICKNESS (1nches).....

? 'Right’

?

? '0' 1ngheas
G3) Bxterior [NSULATING SHEATHING.....c0c0..7

?

?

'North walls'

teeiee? 'Two bY Four Frama'
'Fibaerglass batts'’
‘3" inches

- Ir‘oneo

M) Wall R=VALUE (F=337ft/8tuh ). iuviasconeiss '3’ F-gqftsBtuhn
1) Wall AREA wo/ windows & doors (3qft)....? '195.23' sqft
J) No., of WINDOWS (MO« J) .o ev v voonsnonse ?
K Mo, af VENTS in wall (NO. /. iseesserntsan

L)Y No. of otner PENETRATIONS (No.,)..
M) Spaci1ftic LEAKAGE AREA (3gqinssqtt)
)y ¢ QELETE thys Component ...

Z) ¢ Changesgs CCMPLETED ...

' Ne.
.027708S"' 391n/33°7¢

Zurrant 3answars for LANDSCAP namad Yard & Tr

aas
A) Ground SURFACE TYPE . v v i versosvatseeesre? 'Greoeen 3rass’
8) Ground REFLECTANCE (%) . i vervnsenereneas? '24" %
2) SOUTH szo0lar CSXPOSURE =~ OECEMBER (%).....%7 '680' %
D) SQUTH 30lar EXPOSURE - JUNE (%)....000..? "30' %
E) EAST zolar EXFOSURE - DECEMBER (%) ......7? 'S0' %
) EAST solar EXPOSURE - JUNE (%)...ieee.e0? '30' %
3) WEST z0lar SXPOSURE -~ DECEMBER (%)......7 'S80' %
) WEST s0lar EXPOSURE = JUNE (%) ..ieeeaeas® '30' %

v) ¢ DELETE this Component ...
Z) { Changes COMPLETED ...
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Current answers for DOORS namayg East

Al NAME ot following doonrs,

g8) Door

TYPE e veeortannnenvas

C) Door MATERIAL. . v veae

0y Aper

Yy o«

- .
2y <

Currant answers

A) NAME of
5) QDoor

mimate Glass AREA (
£) Any 3TORM doors
&)Y U=

T R R R A

value (Btuh/ /syttt /Fr...
G) Door FIT . e ioavtoeroeare
H) 3pecitig

1) Door AREA

DELETE th1s

teakaga AREA

[4R-X- % 2K S B

Changes COMPLETED >...

Camponant 2.

for OOQORS named

following doors...
TYFPE e et s arsevaroaoas

) Door MATERIAL. cv s v oo
D) Approximate Glass AREaA
) AnYy STORM d0OrZ ..ot oo

Fi U=vaiue
3) Qoor

M1 Spacifaic

I) Door AREA
DELETE tn1s

Y s
-

) <

Changes

%)

(Btuh/sqtt/Ft.e..,
FlT e nenoaensavsanaans

leakkaga AREA

(33Tt e nvarns

COMPLETED

Componant

e

N
4

(zq9in/39ft

« s

wWest

{(3qins 337t

DR

?

?
?

“d ) 2

?

Y

[ R IR IRV IR |

'East’

'Plain (Hinged)'
‘Wood Solid Core’

Q%

'Outszide storm’

R IEAFE

Btun/zgqft/F

"Averaga’
0294501 sqinssqTe

'20.0%Vv

‘Wast'’

zqft

'Plain {(Hingag)}'

'Wood So
D R A
'Outside
',24312
'Avarage
'.023480
*20.0Vv

11a Corea-

storm'
stuh/sqtt/F
1' sqin/saft
3qftt
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Currant answers for ROQOF-CE! named Att1ic

A) NAME for attic/roof or cerling.

) Root=-Ceiling TYPE .t erverunarnne
Cl Inzulation TYPE. v rereoroass
D) Insulation THICKNESS (1nches).
£) Insulatable AIR 3PACE (11nches)
F) Ceiling R=-valus (F~3sqft/8tuh),
G) Car1ling AREA (3aft).iieesosvosn
H) No. of €2atrling VENTS (count)..

I} No. of ceiling PENETRATIONS (co
J) Cevling zp. LEAKAGE area (s31n/

K) ROOF PITCH (%) ivreressnornesess
L)Y Root top MATERIAL v ceevvear o
M) Roof ABSORPTIVITY (%) . esaes
M) Attic VENTILATION (cfm/sqftl..
¥y ¢ DELETE this Component J...
Z) ¢ Changes COMPLETED >...

Curraent answers for IMFILTRA namad Vent:

TERRAIN Clazsiiarearvvssnsnonnne
SHIELDIMG Cl1asS .o venaaoas
HMEIGHT of living space (faet).

{ DELETE thi1s Component ..,
¢ Changes COMPLETED >...

M- T oTMmOOom?3

1z there MECHANICAL Ventirlaction.
NATURAL Cooling Ventilation.....

ApProx, housa YCOLUME (cubitc faet)
HOW was leakage ar2a MEASURED...
TOTAL leakage araa (331N). ...

-
-

RV JRES BV SEU RNV EELY BRV R SRVINEN IEEV RS IS IIN )

100

S I S I JEi JRI)

122

‘Attag!

‘Unfinishad attHre’
‘Fiberglass batts’
‘13' 1nches

'Q' ingcnas

'43' F=gqfts8tuh
'925"' sqtt

'S’ count

10" count
'.0435876"' sqinS/gqft

'30' %
‘Asphalt Shingles’
‘95" %

‘.9 gfm/sqft

‘None'’

"NO ¢

'Class 3

'Classg 3

‘'8 faat

'7400' cubie faat
'Toetal only’

‘80’ sq1n
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Currant answars tor SUBFLOOR named Basement !

A) Subtloor MAME ., i ee vt evestrsssosanssrioesese? 'Basemant’

a:’ ‘Subf'loor TYPE!I'I"'II'Il'Il"llllltcl-.? 'EaSi\'ﬂent'

C) Joist INSULATION. s v e vt oot st araveasnea? 'H2ated basement’

0) Total joist R=-VALUE (F-sqft/Btuh).......? '3' F=5qtt/Btuh

E) Floor AREA (Joi3t3) (53QTL)sesnerreeeaess? '925' sqft

F1 No, of floor PENETRATIONS (NOQ«J):ivivetesa? ' ' No.

G) Floor sp. LEAKAGE AREA (sgqin/sqft)e.....? ',0385407' sainssqgft
) Subftloor WALL INSULATION matertal.......? 'None’

) Abova=grade wall‘R-VALUE (F-33ft/8tuh)..? '3' F-gsqft/8tun

J) ABOVE-Grada MEIGHT (f2at)i.isetsvrereaess? ',100001"' tamat

) EBuposaed PERIMETER (f2&€) .. viiansneree? 128" faat
L) 3cil CONDUCTIVITY (Btuh-1w1n/F-sqft),......? 15" Btuh~ins/F-satt
Mt No. of WINDOWS (NGOl ivsisevrsananssaneses? ' ' No,
MY Mo, 0f wall VENTS (NO ) iv v erororneanses? ' ' Na.
Q0! No., of wall PENETRATIONS (NO.Jivvesseess? ' ' No.
Py wall gpagific LEAKAGE AREA (sgqins3q9ft),.? ',137362' sqi1n/337¢
Q! Below-gracae R-VALUE (F-gqft,/Btuh).......7 '5.39993' F-gqtt. Btun
R) Floor R-VALUE (F=837¢/BtuUN)siversivvrivsas? '2' F-gq7ts/Btun
3) Eqv Floor RESIST' outszs'a (F-3gqft/Btuh),.? '36' F-3qtt/Btuh
v) { QDELETE thiz Componant J>...
I) ¢ Changes COMPLETED >...
Surrant answars for APPLIANC nama2d Occupant ¢
A) MAME OFf OCCUPANES v s sasssesoosssensss? 'Qeccupant’
3) Mow many DAYTIME OCCURPANTS (peoplalt.....? '1' paoptla
C) How many NIGHT OCCUPANTS (peoplal.......? -0' paopla
O' DAILY hot watar USE (galygaVvYli....vveeees? 44,0001 gal/gay
E' WATER HEATER tY¥PRiveierirsnrsrasssansvses- 'Gas’
) Input RATING (kStushr) s erersiviessese? 40" kBtusnr
G) Mot watar THERMOSTAT setting tdgegf).....? "140' agegF
) WHERE 15 watar N3t 2r .. cescerevsovrsssssss? 'Sasamant’
1) Stdby/plumpd., LOSSES (KBtu/hr)..vvoveveed? 1,12 uBtu/snr
J) REFRIGERATOR tYPQiseresrvearessnssrtrsasas? 'Man, aqefrost & s2p. fresczer'
K71 Avarage MONTHLY COMSUMPTICON (kWh/mol....? '83' wkWh/mo
L) DRYER 3nd RANGE tYP2...:0cr0caerrssssess? "Both Elactric’
)

M) Intarnal MOISTURE aqeneration (losdyi.,.. '2.583001" lbsay
N! LIGHTS & OTHER HEAT GAINS (kBtushri.....? 1,452 wuBtu/hr
Tr { DELETE thiz Component 7,..

Z) ¢ Changaez COMPLETED ...

4
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Surrznt answers for HVAC~SYS nameg MHeat-Cool

A) Wnat HMEATING EQUIPMENT.......
21 Ratezag INPUT capacity (kdtu/hr
C) Steady~state EFFICIENCY (%)..
0) FLUE gas tamparature (degFl..
E) What DISTRIBUTION system.....
=) WHERE are pipes or ductsS.....
G) INSULATION on pipes or Cucts.
) Insulatable dugt/pipe LENGTH

I) Diztribution LOSSES to outside

Jy wWhat COQLING EQUIFPMENT .. cv ..
k) Rated TOTAL capactity (kStu/hr

)

Y

J

L' Ratad SENSISLE capacrty (kBtu/hr

M) Rated COP (unitlass)...coevees
M Actual Fan FLOW (efml.iosieesa
vy + DELETE this Compongnt >...
I) < Changes COMPLETED ...

Surrant 3answars tor ECONOMIC namag

Economic HORIZON (VYears).....
REAL OI3COUNT rata (%l.eseses

Maximum IMVESTMENT ($F1....0.040
AQJUST razults to ACTUAL usa.
NHOM=ELECTRIC fueleiiiveneoanan
GAS price (S/Therm) . veieieeees
3AS escalation rate (N1,
ELECTRICITY price (E/lzwh) ...,

¢ DELETE thiz Componant ...
¢ Changas COMPLETED /...

ML T Hr MO GH»

T U

REPLACEMENT-RETRCOFIT a2s3c. rate

ELECTRICITY escalation rate (%

Pri

}

.

R A
Lad
~

R TS RN 2R JE® IERY TR N BN TS TN )

R IE JEN ]

R I IR I ]

DI IR R BV IR |

124

'Gas Furnace’

‘100"
‘70 %
*250°

4
5.3
3

b

-]

[

Btusnr

2gF

Forced Ar'
gdasement’

Cantral Aarr Conditraning:’
' kBtusnr

k8tusnr

unitlass

tm

‘20" vears

'3 %
R A
'2000°
DNO
‘3as’
'.85%%"
‘ZOS"
'LA7 WY
b],sw

”
R
'

%

3

$/Tharm

3/ kwh
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Appendix B-1
CIRA Input listings for the Villages of Riverside

House ( without Basement Wall Insulation )
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Turrent answars ftor SEMERAL named V of R

MAME of this MOUS2.sscoosasensons
What CITY . vt ienrnnernnnarnanee

What typa of THERMOSTAT...:.e...

Al
=}
c» 2IMUTH of north faca (degrees!
D1

£) Heating THERMOSTAT szetting (dagF)

1 Heating MIGHT 3atting (degF?.,....
(degf
H1 Toatal nousa FLOOR AREA (saftti,....
I) MOUE® MAS D e v vt ot s s s s st aavs s aaens
J) 3otar STORAGE factor wunitlass)..
=1 SPECIFIC THERMAL MASS (BtusFssgft)

3! Avg Incoor SUMMER temparaturs

r1 ¢ DELETE tnis Component 2...
2y £ Changas CCOMPLETED >...

Currant anzwars tor WALLS named Front

Al MAME for the following walls,
&) Which wall ORIEMTATION......,
C) Wall TYPE .. v ioenreoserenranans
D) Wall IMSULATION (ceeves v o
£) Insulation THICKNESS tincnes)

1 [NSULATABLE wall THICKNESS (inches

3) Esxtartor INSULATING SHEATHING,

H) Wall R=-VALUE (F=sqft/8tun)...,
1) wall AREA wo/ windows % doors
J) MNo. of WINOOWS (No.)iierseesn
Ky No. of VENTS 1n wall (Ne.'..,.

LS

(

.

.

sqft)

Y No. of other PENETRATIONS 'MNo.!...

M) Spacrfic LEAKAGE AREA (sginrsqit).

(; ¢ DELETE tni1s Component >.,..
Z) < Changes COMPLETED 5...

>
?

) )

Y

2 3

YR S

S N R s

FEIRN IS YN RN Y

3o -

126

‘V oof R
‘Datroit’

'0' degqraees
‘Heating oniy!
'70' degf

'70' degfF

'73' dagfF
'1443' 3497t
'Lignt!’

v 23' unitless
't.3' BtusFsqrfe

'Front'

‘South wallg!

'Two by Four Frama'
'Fiberglass natts'
'3.35' 1ngnes

'0' inchas

'Nona’

"11' F-3qft/8tuh
'323.46' 35t

'1' No.
1Y Neo.
"1 Mo,

'.0158823"' sz3vnssq¥e
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Surrent answars Tor WALLS named Raar ¢

‘Rear

'North wallsg!

‘Two by Four Frame'
'Fibarglass patts'
'3.5' ingnes

‘0’ dinghas

‘None’

11 F=3q7t/3tuh

NAME ftor zhe fol1lowing walls.veereoooennn
Which wall ORIENTATION. ittt vt vrvoeonen
WAl TYPE . i i v v rervaransoaesasastosnsoss
Wall IMSULATIOM. e ot et e s s aevonaansnsnorss
Insulation THICKNESS (incghasi....
IMSULATASLE wall THICKMESS (ingnhnes).....
Sxterior INSULATING SHEATHING....

Wall R=VALUE (F-3qtt/Btunl)...iea. .
wWall AREA wo/ windows & deors (3qfti,,..

ITwnmoOoaow»r

ES TS TRVINPIE IS N TR S Y

L '276' 3aft
1) No. 0f WINOOWS (MO ovurruernsereeeeeass? '1° Na.
) Mo, of VENTS tn wall (No. et venore '1' No.,
o) Mo, of athear FENETRATIONS (No)iveveaeee? "1 No,

S ]

M1 Spegitic LEAKAGE AREA (33 1n/33ft).......7 '.0173103° 3q91ns/3qft
v) < DELETE thisz Componant ...
2y * Changes COMPRLETED ...

ae

Current answars tor WALLS namea Rignt

A} MAME Jor the following walls,...uivveeees® 'Rignt:
21 Which wall ORISNTATION. .. vt eressea™ 'East walls®

Cr wall TYPE.......------cc-.-t-----.......? 'Two by Four Frama'
D) Wall IMSULATIOM. v eert et eresavsneasasess? 'Fibarglass bdDatts'
£7 Inmzulation THICHNESS (i1nches). v eeeas? '3,.5" ingnes

=) IMSULATABLE wall THICKNESS (inches;....,? 'Q' inchaes

G) Extarior IMSULATING SHEATHING....v:i:i..0.7 'None’

~) wall R=VALUE (F=3q7t/Btuhl..icivieavieese? "1 F=33ft /3tun

1; Wall AaREA wos windows % doors (saftt)..,.? '2560.93' 337t

1) No. of WINDOWS (MO )diverreernnrnaeaserss?® 'O No,

K Mo, of VENTS 1n wall (No.f.evvweerevv? "1 No,

L' Ng. of othar PEMNETRATIONS iNo.).........7 '1' MNe,

M) Spacific LEAKAGE AREA 134 'n/39ft).......7 *,0150394"' zq91n,23q°%2
¢+ ¢ DELETE this Componant 2...

Z) ¢ Changes COMPLETED ...
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Currsnt answers Tor WALLS named Lett

Al NAME for the following walls...
21 wWhich wail ORIENTATION. . e
C) Wall TYPE . it ittt eranvoenannooe
O3 Wall INSULATION. . v et enenvens
Sy Insulation THICKNESS (rnchasz:..
S0 IM3ULATAGLE wall THICKRNESS (inchas)
5y EZxterior INSULATING SHEATHING. .
M) Wall R=-VALUE (F-33f2/8Btun’.....
I1 wWall AREA wo/ windows & dJoors
Ji No., of WINDOWS (MNO, luvesarrnaen
K'Y Mo, 9Ff VENTS in wall (No ).,
L) Mo. 3Ff ctnar PENMETRATIOQONS (Ng.)
M) Spacitiec LEARAGE AREA (3331n/s4f7
v { DELETE this Componant >...

21 7 Changas COMPLETED »...

Currant answars for

NAME ot the following windows..
Whien window ORIENTATION... v v
b Wingdow TYPE . e s re s oettosacae
) GLAZING. . it r i i e s i s e
y ORAFES & SHUTTERS. .. v v v
} Ar2 winaow covars 0AY?t
G) U=value (Btuh /39ftt/Fliivreieen
) Average 3ash FiT.cer oot ason
1) 3pacitic LEAKAGE AFEA
Jr Summer SOLAR SAIM factor (%l...
k) Winter SQLAR GAIM factor (%)...
LY Wingow AREA (33ft).ieieeroansnns
MY Queaerhang PROTRUSION (1nches!...

Mmoo 3

USED at

-

=
{

) ¢ QELETE tniz Componant ...
Z) 4 Changaes COMPLETE Ve e

Tt

wINOOWS named Front

(gsqI1n/5qtt

RS IRV IR

-

I S A R

2 IR0 TRV R BN R R |

) 2

3D )

"Laft!

'Wast wallsg'

'Two bY Four Frame'
'Fibarglass batts'
'3.3' 1nch=as

'3’ 1ngchas

‘Hona’

11 F-zg7ts/Btuh
67.228' sqft

No.

'.0282936"' sqwnszatt

‘Front’

'South’

'Ooubla hung'
'Doubla panz:
‘Shades or 8iinds’
‘Mo !

'.513433' Btun/sgft <
"Avaraga’

',0730502' 3ainszqft
7T O%

77 %

'3.43' 397t

'Q' 1ncnas

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Currant answars

a)
2)
)
o
E}
=
3)
=L
I
J
¥ )
(W]
T
)

MAME of the following windows.,
which wingow ORIENTATION......
Window TYPES . v oanrsonenans
BLAZING. . v i s s it s s i e e

DRAPES & SHUTTERS ... vvvvioans

Ars window covars USED at OATtime

Jevalue (Btuh/33Tt/F)...iivens
Avarage 3a3n FIT .o rernvnvanaas

fTor WINDOWS namag Latt

Speci1fic LEAKAGE AREA (321n/33°7ft)

summar SOLAR GAIN factor ¢%)..
Wintar SOLAR GAIN factor (%)..
Window AREA (3aTt)iieieisansens
{ DELETE tniz Compaonent ...

{ Changas COMPLETED >...

I I R R N I B )

Zurrant answars for WINODOWS namad Raar

Twnmmoomx

—

J)
k)
L
Y

-
Z)

MAME of tha foilowing windows.
whien window ORIENTATION......
WIRGoW TYPE . civ et ororseosanons
GLAZING, s vt v ene s cassarsarsass
ORAFES & SHUTTERS ... v v s
Ar2 window cavers USED at DAYt
U=valueg (Rtuh/zgft/F)Y.eivienes
Avaraga 33sn FIT . veervian v,

Spacific LEAKAGE AREA (341n/337F¢!

Summar SOLAR GAIN Tactor (%)..
Wintar SOLAR GAIN factor ().,
Wingow AREA (33Tt )..cveronvann
7 DELETE this Coemponent ...

{ Changasz COMPLETED ...

.

3 ) ad

D 3 D s D

“d ) )

N S Y

Y JRLY B BV )

RO I

‘Lett!
‘'Wast
‘Ooubla nung’
‘'Ooupla pana-

‘3hadaeas or sBlinds’
‘Mg’

'e519443° BtuhszqrtsF
‘Average’

' Q790502 s3vnszqft
77 %

Y77 %

'93.71' 337t

‘Raar’

‘Nortn’

'Ocuola hung'

'Qoubia pana’

‘Shades or

"No '
".8194433"

'.0790Q502"

-

Eiynas’
Btuh/s9ft/F

33INS3gF e
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for SUSFLCOOR

Currant answers
Subtloor NAME . e i eveevrennroonen
Suntloor TYFE . e esvir e
Joist INSULATIOM. .o
Total joizst S=YALUE (F-3zgqtt/8tu
Floar AREA (Jovsts) (zaftt).....
MNO. of floor PENETRATIONMS 1Mo,
Floor zp. LEAKAGE AREA (z51ns:2qg
Subfloor WALL INSULATION
Abova=-grade wall R-VALUE (F-taf
ABOVE=-Grade HEIGHT (faati......
Expocsad PERIMETER (feat).,ovsos
Sn11 COMDUCTIVITY (Btuh=-in/F=33
No, of WINDOWS (NO. 1. i vaieess
NO., OF wall VENTS (MO ).wseeaan
Mo, 9f wall PENETRATIONS (No.:».
wWall specific LEAKAGE AREA
Salow=-g3rage R-YALUE
Floor R-VALUE (F=-347Ft/Btun)....
Sqv Flgsor RESI3T' oups'd (F=-33°7
¢ DELETE tnis Compana2nt >, ..
COMPLETED

e e

DR

I umoomr

X

VMOVOZZIr
e e e e e e e et e e e e e e e e e ot

Y

-3 U

Seal s
¢ Changas

~

t

materia

[

(sgq1n/
(F-3gft/2tuh)

?

-Currant answars for INFILTRA named Van

A1 Iz tmara MECHANICAL Ventayriation
g1 MATURAL Coaling vantiiatien....
S TERFAIMN C133Z . cevrorssnectosony
D) SHISLOING 27382 tnasoonsons
£) HEIGHT of living zpaca (feat:..
F)' Approx., housa2 VQLUME (cubic faa
3) MOW was lsakage ar=2a3 MEASURED..
) TOTAL laakage 3r23 (23'N) ..
1) CEILIMG laarags 3aread (33int....,
J) FLOOR laakagae 3r23 (333INn}'......
¢) ¢ DELETE thi1s Compoenent J...

PAE RN

Z) ¢ Changes COMPLETED

t

w - . = We ~

named Basemsznt

?
nd
3

i

-

[ BTN I N

B I e R N S IR et

a

RS TS N e S Y0 IR

g

130

‘Basamant’

‘Bazemant’

‘meatsd 2asamant’
'5.,2500) F=z3<¥t.,3%un
431 zqftte

N,

*L,Qd885QY1 " z9i1ns g
‘None’

11 F-zqft/B&tun
100001 feat
fast
Btun=-in/F=g3%¢
No.

Nong !

tag’

"Claszs 3°

‘Claszs 3°

'18.233" fagat

"11385*' gubrc faat
A1l three measurag'
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Currant answars for RQOF-CEIl nmamad Toe

A)
3)
)
a»
g)
F
3
)
I
2
(]
(W}
M
N
vy
)

~

NAME for attiz/root or carliing.
Roof=Cailing TTPE . veerrenvisnse
Insulation TrPE. . vt v vt ernas
Insultattion THICANESS (inenas)..
Insuiatablia AIR SPACE (i1ncnes!.
C2i1ling R-valuyse (F=349%tt/Btun),,
Ceiling APEA (38Tl i ieens
NOo. af zzyviing YENTS (gount)...

Me. @f 223111nq PEMETRATIONS (count
ce1ling 3p. LESAKAGE 3r=2a (331n/353°f¢) ..

oot PITCIH (%) e erartertnaceen
ROAT t3p MATERIAL .1 v e vt rones
Roof ABSORPTIVITY (%) it iiearonn
Att1g VEMTILATION (cfm/s/397t)...
7 DELETE tn13s Componant o...

. Zhangas COMPLETEZED ...

’
h

.

Zurrant answars for HVAC-3SY3 namag Heat

M= MmO OMm>P

what HEATING EQUIPMENT ... ov e

Ratad INPUT capacity (k8tu/hr).,
Steady-3ztata EFFICISENCY (%)....
wWhat QISTRIBUTION 3ystam.. ...
Distribution LOSSES to outsida
What COOLING ZQUIPMENT..... .4
¢ DELETE tni1s Component ...

{ Changas COMPLETED ...

LS Y0 IS IR TSI APR A

2

D3 D s D

Top '

‘Untintzheq attic’
'Fiberglass oactts’
inchas

' inches

2' F-sqft/Btun

81 zaft

' count

'10' count
'.08551835' s33inssaft
‘30 %

'Asphalt 3hinglas’
‘95" %

'+5' gfmssqFt

'Elactric Sazapnarag’
'30' kBtu/hr

‘100 %

'In Room’

‘0%

"Nona'
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Surrent answars for APPLIANC namad Residants

A) NAME of occuURaNt S i i e soersnsanrecsss? 'Residants’
8) How many QAYTIME QCCURANTI (peoplal.....? '2' paopls
C) row many NIGHT QCCURPANTS (p2oplal.ivs.ea? '4' prople
D) DAILY hot watar USE (3ai1/3aY % eeisvenenes? '75' galsday
EY WATER MEATER fYP2. . it teoersrsocnosrsseanees? 'Electric!’
) olnput RATIMNG (HMW) oo i i it e i snersosaeasosse? "4 kW
G) Mot watsr THERMQSTAT setting (degfF).....7? '140' dagF
M) WHERE 13 watar N23tar......c000000s:2.4.7 'Living 3paca’
1) Stabysplumb, LOSSES (kBtushr)....vieeee.? *,423336"' LBtushr
J) REFRIGERATOR tYRP2. .1 e ienerteissorsssseeese? 'Man, dafrozt & sep. freezar:’
K1 Avarage MONTHLY CONSUMPTION (kWh/mo)....? 'S5' kWh/mo
L) DRYER 3ng RANGE tYP2..iietvasnsssssseseas? 'Bath E2lacgtraic’
Ml Internal MOISTURE genaration (lbsayt....7? '4,36001' ibrdy
MY LIGHTS & OTHER HEAT GAINS (kBtushrd.....7 '1.,24' kBtu/hr
Y1 { QELETE this Componant >...
Surraeant 3nswers for LANDSCAP named Yard & Trass !

A) Ground SURFACE TYPE ..ttt e vt ersavnesenane grasgs’
21 Ground REFLECTANCE (%) . v v v nrrsnars oo
C) SCUTH z0lar EXFOSURE - DECEMBER (%) .....

? n

? %

? %

0) 30UTH 30lar EXPOSURE = JUNE (%) ..svevra? '30" %
? %

7 %

b .v'

%

E) EAST 30lar SXPOSURE - DECEMBER (%) .., 7
Y EAST s0lar EXPOSURE = JUNE (M), v e s e?
G) WEST solar EXPOSURE - DECEMBER (%1'......~" ‘80!
H) WE3ST solar SAFOSURE - JUNE (%)....vavv0.? '80°
vy { DELETE thi1z Cowmponent ...
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Currant answers for SCONOMIC named Price

Ay Economic HORIZON (years)..
2) REAL OISCOUMT rata (%).,..
C) REPLACEMENT-RETROFIT ez=z.

0) Maximum INVESTMENT ($).,,..
E) AQJIUST results to ACTUAL u
) MOM-ELECTRIC fuel.........
G) GAS prica (5/Therm).eees o
H! GAS ascalation rata (%),..
I' ELECTRICITY price (5/kkwh).
Jr SELECTRICITY e3calation rat
3 ¢ DELETE tnisz Componant ».

Surrant answars for OOORS named

A) MAME of following doors...
3Y Door TYPE . v eerionsanne
2) Door MATERIAL .. v e i
D) Approximate Glass AREA (%)
) Any STORM doors.ievevooaans
F1 U=v3lue (Btuhssaft/Fr,....

-

G) Door FIT ., i oranetoeaonas

H) Spagifiec laakage AREA (s3in/sartt)

I) Qoor AREA (33T%)cervenrvns
¢ ¢ QELETE this Component 3.

e

Y

SN N N S )

~3

RS IRV )

SIS T Y )

3 )

'2

‘3%
B A
‘200300
‘No

'Gas'
'.559"

‘2.3

0' vears

3

$5/Tharm

LA

e
'+044383533" F/iktwn

LA

K4

11'51

‘Front®
'Plan

(Hingad)!'

‘'Wood So0l1d Cora’

‘g %
'Nona'

'".33' Btuh/saftr/F
‘Avarage’
',0294501 s3tnssatt

13,03

zqt*
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Appendix B-2
CIRA Input Listings for the villages of Riverside

House ( With Basement Wall Insulation )

The same input data as in Appendix B-1 with the following

change(s) :
Subfloor

Below Grade R-value : 11 °F. sq.ft. / Btuh
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APPENDIX C

DOE-2.la Input ( COMPARATIVE STUDY )

TITLE LINE-1 *TYPICAL 2 STORY HOUSE*
LINE-2 *VILLAGES OF RIVERSIDE*

s......HEADINGctooos
DIAGNOSTIC CAUTIONS..
ABORT ERRORS ..
RUN-PERIOD JAN @7 1968 THRU JAN @7 1968

JAN @1 1968 THRU DEC 31 1968..
BUILDING -LOCATION [AT=42.23 [LON=83.33 ALT=633 T-2=5
WINTER=DESIGN-DAY  DB-H=8 DB-L=4
HH-14 H-L=22 DP-H=22 DP-L=22 W-5=22
W-S=10 W-D=@ C-A=Q CL=0.97
C-T=1 G-T=38
$...SCHEDULES...$
GAINS-1=DAY-SCHEDULE $.UPSTAIRS.S
(1,24)
(.3,.3,.3,.31,.31,.31,.43,1.,.27,.3
.3,.5,.5,.3,.3,.3,.3,1.0,1.9,.77,
77,.77,.78,.38) ..
GAINS-2=DAY-SCHEDULE (1,24) SWATER HEATERS (1,24) (1.9) ..
GAIN-W=WEEK-SCHEDULE  (ALL) GAINS-l..

!

GAIN-2W=WEEK-SCHEDULE (ALL) GAINS-2 ..

GAIN-1Y=SCHEDULE THRU DEC 31 GAIN-W ..

GAIN-2Y=SCHEDULE THRU DEC 31 GAIN-2W ..
$..MATERIALS..S

FLR-DUM-INS = MAT RES = 34.61 $DUMMY INSULS..

WL-DUM-INS = MAT RES = 2.56 $DUMMY INSULS..

STUD-1 = MAT TH=0.83 COND=@.0677 DENS=34 S-H=0.33 ..

PLYWD = MAT TH=.0833 COND=.0677 DENS=34 S-H=0.29 ..

WD@1 = MAT TH=.0625 COND=.0677 DENS=32 S-H=0.33 ..

ING2 = MAT TH=.2957 COND=0.@25 DENS=.6 S-H=.2 .e

GPO1 = MAT TH=0.0417 COND=.0928 DENS=50 S-H=.2 .o

WDO4 = MAT TH=.2917 COND=@.@667 DENS=32 S-H=.33 ..

BKOS = MAT TH=.3333 COND=.7576 DENS =130 S-H=.22 ..

AL1lL = MAT RES=0.90 ..

PWO2 = MAT TH=.0313 COND=.9667 DENS=34 S-H=@.29 ..

AL33 = MAT RES=@¢.92 ..

ING3 = MAT TH=0.5108 COND=.@25 DENS=.60 S-H=0.2 ..

CCl6 = MAT TH=.6667 COND=1.g417 DENS=140 S-H=0.2 ..

CCca3 = MAT TH=.3333 COND=.7576 DENS=140 S-H=#.2 ..
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cces = MAT TH=0.50 COND=@.7576 DENS=140 S-H=0.2 ..
STO1 = MAT TH=.0833 COND=1.0416 DENS=140 S-H=0.2 ..
$..GLAZING..S

WIN=GLASS-TYPE PANES=2 S-C=0.88 ..
$..CONSTRUCTUIONS. .S

UP-WALL-I=LAYERS MAT= (WDOL1,INO2,GPOl) I-F-R=0.68 ..

Up-I =CONS LAYERS=UP-WALL-I ABS=@0.68 RO=4 ..

UP-WALL-S = LAYERS MAT=(WDOl,WDO4,GPOl) I-F-R= 0.68 ..

UP-S = CONS LAYERS = UP-WALL-S ABS=0.68 RO=4 ..

DN-WALL~I = LAYERS MAT=(BKO5,AL11l,PWO2, INO2,GPOL)
I-F—R::G . 68 .e

DN-I = CONS LAYERS = DN-WALL-I ABS=¢.88 RO=2 ..

DN-WALL-S=LAYERS MAT= (BKO5,AL1l,PWO2,WDO4 ,GPO1)
I-F-R=0.68 .o

DN-S = CONS LAYERS=DN-WALL-S ABS=@.88 RO=2 .o

CON-WALL=LAYERS MAT=(CCl6) I-F-R= .68 ..

Cc-1 =CONS LAYERS = CONWALL ABS=@¢.58 RO=3 ..

CEILING=LAYERS MAT=(PWO2,AL33,INO3,GPOl) I-F-R = .68..

CLG = CONS LAYERS=CEILING ABS=0.86 RO=3 ..

LAYER-BW= LAYERS MAT=( WL-DUM-INS,CCl16 )..

BASE-WALL=CONS LAYERS=LAYER-BW ..

LAYER-BF=LAYERS MAT= (FLR-DUM~INS,CCOS) ..
LAYFLO = LAYERS MAT=(STUD-1,PLYWD) ..
BASE-FLOOR=CONS LAYERS = LAYER-BF ..
EXT-DOOR=CONS U=g.5 ABS=@.4 RO=5 ..
FLOOR=CONS LAYERS=LAYFLO ABS=@g.4 RO=5 ..

$...LIVING AREA DESCRIPTION..S

UPPER=SPACE-CONDITIONS T=(70)
SOURCE-SCHEDULE=GAIN-1Y
SOURCE-TYPE=ELECTRIC
SOURCE-BTU/HR=5349
INF-METHOD=RESIDENTIAL
RES-INF-COEFF=(.0844,0.0459,0.0069)
FLOOR-WEIGHT=0
ZONE-TYPE=CONDITIONED ..

UPPER-LEV=SPACE AREA=481 VOLUME=11385
SPACE-CONDITIONS=UPPER ..
WL~1=E-W $ . .LOWER-STUD-FRONT..$

H=8.3 W=3.9 AZ=180 TILT=90
CONS=DN-S ..

WI~2=E-W $..LOWER INS. FRONT ..$
H=8.3 W=15.6 AZ=180 TILT=90
X=3.9 Y=0 2Z=0 CONS=DN-S ..

LY. J—
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DOOR

WINDOW

WL-3 =E-W

WL~4=E-W

WL~5=E-W

WL~-6=E~-W

WL~7=E-W

WL~8=E-W

WL~9=E-W

WL~10=E-W

WL~11=E-W

WL~12=E-W

WINDOW

WL~13=E-W

WL~14=E-W

WINDOW
WL~15=E-W

WL-16=E-W

H=6.7 W=2.7

X=16.5 Y=1 SETB=@.4 CONS=EXT-DOOR..
H=3.5 W=2.7 X=10 Y¥=3.8

SETB=0.4

G-T=WIN ..

$..UPPER STUD FRONT ..S$

H=8.3 W=3.9 AZ=180¢ TILT=90
X=0 Y=g 2=8.3 CONS=UP-S ..

$..UPPER INSUL FRONT ..$

H=8.3 W=15.8 AZ=180 TILT=90
X=3.9 Y=0 Z=0 CONS=UP~I ..
$..LOWER STUD RIGHT..S

H=8.3 W=21.5 AZ=90 TILT= 90

X=19.5 Y=0 Z=0 CONS = DN-S..
$...LOWER INSUL. RIGHT ..S

H=8.3 W=21.5 AZ=9¢ TILT=90
X=19.5 Y=5.4 Z=0 CONS=DN-I ..
S$..UPPER STUD FRONT...S

H=8.3 W=5.4 AZ=90 TILT=90

X=19.5 Y=0 %=8.3 CONS=UP-S ..
$..UPPER INSUL RIGHT ..S

H=8.3 W=21.5 AZ=90 TILT=90

X=19.5 Y=5.4 Z=8.3 CONS=UP-I..
$..LOWER STUD LEFT..S

H=8.3 W=5.4 AZ=270 TILT=90

X=g Y¥=26.9 Z=0 CONS=DN-S ..
$..LOWER INSUL LEFT..S

H=8.3 W=21.5 AZ=270 TILT= 90

X=g Y¥=21.5 Z=0 CONS=DN-I ..
$..UPPER STUD LEFT..S

H=8.3 W=5.4 AZ=27¢0 TILT=90

X=0 Y=26.9 2Z=8.3 CONS=UP-S ..
$..UPPER INSUL LEFT..S

H=8.3 W=21.5 AZ=27¢ TILT=90

X=g ¥=21.5 2Z=8.3 ..

H=3.5 W=12.9 y

X=1¢ Y=3.7 SETB=@g.4 G-T=WIN ..

S..LOWER STUD REAR..$

H=8.3 W=3.9 AZ=0 TILT=90

X=19.8 Y¥=26.9 2Z=0 CONS=DN-S ..

$..LOWER INSUL. REAR ..S

B=8.3 W=15.6 AZ=0 TILT=9¢

X=15.6 Y¥=26.9 Z=0 CONS=DN-S ..

H=7 W=5 X=5 Y=0 SETB=0.4 G-T=WIN ..

S..UPPER STUD REAR..S

H=8.3 W=3.9 a%=0 TILT=90

X=19.5 ¥=26.9 2Z=8.3 CONS=UP-S ..

S..UPPER INSULATION REAR..S
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H=8.3 W=15.6 AZ=0 TILT=90
X=15.6 Y¥=26.9 2Z=8.3 CONS=UP-I .

ROOF H=26.9 W=19.5 AZ=18¢ TILT=0
X=0 Y=0 2Z=16.6 CONS=CIG ..
INTERIOR-WALL AREA =481 NEXT-TO=DN-LEV TILT=180

CONS=FLOOR ..
$+...BASEMENT DESCRIPTION....S
BASEMENT = SPACE-CONDITIONS T=(70)
SOURCE-SCHEDULE = GAIN-2Y
SOURCE-TYPE=ELECTRIC
SOURCE-BTU/HR=305
INF-METHOD=AIR~-CHANGE
AIR-CHANGE/HR=0 .0
FLOOR-WEIGHT=0
ZONE-TYPE=CONDITIONED ..
DN-LEV = SPACE AREA=481 VOLUME=2694
SPACE-CONDITIONS=BASEMENT ..
WL~25=E-W $..BASEMENT STUD FRONT..S
H=1.4 W=3.9 AZ=18¢0 TILT=99 2Z=-1.4
CONS=DN-S ..
WL-26=E-W $..BASEMENT INSUL.FRONT..S
H=1.4 W=15.6 AZ=180 TILT=90
X=3.9 Y=0 Z=-1.4 CONS=DN-I ..
WI~27=E-W S..BASEMENT STUD RIGHT..$
H=1.4 W=5.4 AZ=90 TILT=90
X=19.5 ¥=¢g Z=-1.4 CONS=DN-S ..
WI~28=E-W $..BASEMENT INSUL.RIGHT..S
H=1.4 W=21.5 AZ=9¢ TILT=90
X=19.5 ¥=5.4 Z=-1.4 CONS=DN-I ..
WL-29=E-W SBASEMENT STUD LEFT..$
H=1.4 W=5.4 AZ=27¢ TILT=90
X=0 Y=26.9 Z=-~1.4_CONS=DN-S ..
WL-30=E-W S..BASEMENT INSUL.LEFT..
H=1.4 W=21.5 AZ=270 TILT=90
X=g ¥=21.5 2Z=-1.4 CONS=DN-I ..
WL-31=E-W S..BASEMENT STUD REAR..$
H=1.4 W=3.9 AZ=0 TILT=90
X=19.5 Y=26.9 2Z=-1.4 CONS=DN-S ..
WL~32=E-W $..BASEMENT INSUL.REAR..S
H=1.4 W=15.6 AZ=0 TILT=90
X=15.6 Y¥=26.9 2Z=-1.4 CONS=DN-I ..
U-FLOOR = U-F A=481 CONS=BASE-FLOOR TILT =180 ..
BGWALL=U-W S...BASEMENT WALL BELOW GRADE ..$
a=510 CONS=BASE-WALL ..
S...REPORTS...$
LOADS-REPORT VERIFICATION = (ALL~VERIFICATION)
END ..
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Appendix - D

CIRA Input Listings( Comparative Study )

The Villages of Riverside house was modelled( see Appendix B ).
The following changes were made in the "Subfloor" section:

15 h.°F. ft / Btu

1. Joist R - value

2. Floor Area = 20 ft

3. Soil Conductivity 2.5 Btu-in / h.°F. ft .

3 h.°F. ft / Btu

4., Below Grade R-value

5. Floor R - value 4 h.°PF. ft / Btu

6. Equivalent Floor .
Resistance = 166 h. F. £t / Btu
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Appendix E-1
CIRA Imput Listings for

Solar Ranch House(

Currant answars teor GENERAL namad NRC

A1 MAME 2% thiz MOUEE . s v o v
2) What [on S P
C) AZIMUTH of north Tace (degrees)...
0! What typs of THERMOSTAT it e e
€) Meating THEPMOSTAT sze=tting (dagF!,
1 Haating NIGHT s32ttyng (ga3Ft......
31 Cooling THERMOSTAT setting (QagF).
HY Cooling MIGHT 32tting \QagfF e,
{) Tota! houze FLOOR AREA (saftl.....
J) MoU3a MADS . et s et o et
k) Solar STORAGE factor (unitleszst,
L) SPECIFIC THERMAL MASS (Btu/Fsaft
vy ¢ QELETE thig Component 2>,...

Z) ¢ Changes COMPLETED ...

’

-

Current 3nswars for WALLS nameg Front ¢

AY MAME far tne following walls......
S) vihicnm wal) ORIENTATION. . . v,
C) Wall TYPE ., .. v ettt saneonas
D! w3l INSULATION--ct.------v------.
€1 lnzulatiaen THICKNESS {(incnes) ...

v INSULATARLSE wall THICKNESS (inchas)

G) Sittarser IMSULATING SHEATHIMG.....
) Wall R-vALUE (F=33ft/Btunt.iesvaa,

1) Wall ARSA wos windows & doors (3g7t)

Jr Mo, of WIMDOWS (NO . Jiieears st
«1 Mo, of VYENTS 1o wall (No.d e iaoas
L) MO. of otmar RENETRATIONS (No.l...
M1 Speci1fic LEAKRAGE AREA r391n/3497t),
¥r ( QELETE thisz Component ...

2y ¢ Changes COMPLETEOD »...

140

the Passive

Case 1 )

Vel ? 'NRC

see? ‘Ottawa’

ce. '0' gegrzes :
eee” ‘Qual neating & coocling’
vee? P70 gegF

vee? P70 324gF

vl 1300 aagh

wes? 30 gagF

ves? 117680 sqTt

s T 'Ligne’

cee? 1,220 unitlass
ere® 1,79 BtusFzatt

"Front

‘Soutn walls'

'Two oy Four Framae
"Fiserglass dattz’
"4’ inghes

‘"9 1ncnes

s ‘Nena !

13" F=5q%t/3tuh
‘173,13 3QFt

"7 No.

"1 NG,

1 Ne.

e e ‘-04;3433I 24931n/,847T¢

LY IS ARV IELVINES BEC IS |

BT IS B

D N e )
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Current answars for WALLS named Rignt

Al NAME for th2 following walls,.ievvivesess? 'Rignt’
8) wWnicn wall ORIENTATIOM, ccveeirerreerses? 'East walls’
Cr Wall TYPE ., ..o versvsisassrsrsortvsniesesessr 'Two DYy Four Frama'
D) wall IMSULATION. . e v svesvrssecrsnsesas? 'Fibarglass batts’
€)Y Insulation THICKMESS (1neh2s)..ievevesess? '4' inches
=y INSULATABLE wall THICKMESS (tnenesl).....? '0' 1ngchas
G! Sxtartaor INSULATING SHEATHIMSG......¢.¢..7 'Nong'
H) Waill R=VALUE (F=3g7t/Btub) ... e vvsveese? 13" Fezqft/B8tun
I! Wail AREA wo/ winagows & goors (sqft)....? '224' sqrtt
J1 No., of WINDOWS (No.)ieieeoaavrrsrenrssse? 'Q" No,
) NOo., of VENTS in wall (NO.tiseeiraereaaes? "1 No,
L) Mo. of otnhnar PEMNETRATIONS (No.J.eeeveesee.? "1 No,
M) Spaci1tic LEAKAGE AREA (sginsssfti.,.....? ',0154373' s31n.33f¢
¥Y ¢ DELETE tnrs Component >...
21 ¢ Changas COMPLETED J...
Currant anszwars for WALLS named Rear |
A} MNAME for tha following walls....veevev..? 'Raar:
2) whicn wall ORIENTATION. .ttt vsnassves? "North wallg’

~)

¢ -

Cl Wall TYCE . it e s st et osoe oo vt oo sv vl Two by ~our Frama'
D) wall INSULATIOM, «ieveveaaevon 'Fibarglaszs datts’
€3 Ingulation THICKNESS (inchesg) '3’ 1nghes

£) INSULATAGELE wall THICKNESS tinchas)..... 'd' dincheas

3) Exterior INSULATING SHEATHING.......¢.v..? 'Nane’

H] Wall R=-VALUE iF=-3qft/Btubhl). .. ‘13" F=sqft/Stun

1) Wall AREA wo/ wingow3 & doors (saft.... ©293.28' eqt¢*

DRI N N IR )

B Y I 155" IS IRV RN R IR RN |

Jr Mg, of WINDOWS (NO.J s ertosencnsoannos ‘4! No.,

) No. of VEMTS in wall (NOo! oot ‘1" No.

L) No. of othar PEMETRATIONS «No.J..vuisva "1 Na.

M) Specific LEAKAGE AREA (sainssqft)...,....7 ',0245452' szqinr3zqtt
Y1 ¢ DELETE this Component J...

Z' ¢ Changes COMPLETED >... .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Currant answersz Tor WALLS nameg Levt

A) NAME feor ths fellowing walls,,..
8) Which wall JRIENTATION,.....
C) Wall TYPE. i eversosrnsrneeans
D) Wall INSULATIOM. . v vavanns
€) Insuiation THICKEMESS (1ngnes).

Fi1 INSULATABLE wall ThICKN

-

ESS

(inecnaes

.

.

3) Suteri1or INSULATING SHEATHING.,
M1 Wall R=-VALUE (F=-sqfrus/Btun)....
Joo0rs
J) No. oFf WINDOWS (Mo )i eserns
E) No. of VENTS in wall (Nesl,....
(NO

I} wall AREA wos wingows

L) No., of athnar FENETRATIONS
(sqin/sq

My Spagitie LEAKAGE AREA

&

v1 & DELETE this Component
Z) 1 Shangas COMPLETED >...

Feee

(3

.

2urrant answerg for WINOOWS nama2a Front

Window TYPE., ivveeaeran
GLAZING. covvveeeaarae
DRAPES & SHUTTERS.....
iJ=value t(Stuhssafts F),
avarage zash FIT......
Spacific LEAKAGE AREA

.

MACZIZIOT LT aoanmmoom»

Changes <OMPLETED >,
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NAME of tma following windows,
wh1cn window ORIENTATIONM

3q1N/sqtt
(%) 4ee
(%Y.

Summer S0LAR GAIM factor
Winter SOLAR GAIN factor
Window AREA (3aFft1evaens
Ovarhang PROTRUSION (i1nchas)..
HEIGHT above top of window
Avaraga window HEIGHT (faat).....
¢ DELETE this Component

<
4

{(inchas!t

B IR I R R N Y S S Sy

W DD

RV IV)

gy

~) s

B IRV IR

‘Left

‘wast

'Two ©
'Fiber
-4' ‘n
‘@' wn
‘Nane'

wallz'
y Four
3lass
ches
ches

Frama’
batts

'13' F=sqfts/Stuh

t2z4!
‘d' pe
'1' No
‘1Y Neo
‘0154

'Front
.
Soutn

3971t

373" sqinssqft

i

‘Oouble nung’
'Oouble pane-

'None"
Y-

'Avera
*.07390
‘7%
71 %
'82.82
42
'2.76"
BT B

Btuh/ s
3e’

SO0Z2' s3i1nss5g97%¢:

' safet

nenes

Tnahe
faat

St/ F

3

142



Currant answers Tor WINDOWS named S1ig

A} NAME of the following windows
5) Whieh window QRIENTATION,....

CY Wingow TYPE . v iveeonse
D) GLAZIMG. et enrinn
S DRAPES & SHUTTERS......
Fr U=valua (Btun/sqft/F).,.,
3) Avarage zash FiT. ...
M) Spaciftic LEARAGE AREA

21N/

1) Summer 30Q0LAR GAIN factor
J) Wintar SOLAR GAIN factor
F.b Window AREA (2QTC )i vinrines
L) Qdverhang PROTRUSION (inchaes),

M) HEIGHT above2 top 0f window

(%
(%)

{inchas

.

MY Avarags window HZIGHT (fz2at)...

Y1 { QELETE this Component
Z) ¢ Changss COMPLETED > ..

.

>

.

Currant angswars for WINOOWS named Rear

Al MAME of tne following windows.
) Which window QRIENTATION......
Cr Window TYPE . eeern oo

DY GLAZING., .. ivesser oo
€) ORAPES & SHUTTERS......
F) U-value (2tuhszgft:/Fi..
G) Avarage zash FIT.......

H' Spacific LEAKAGE AREA (3qin/
I}? Summer SOLAR GAIN factor
) Wwintar SOLAR GAIN fagtor
) Window AREA (z23TC).i.eieevs
)
i

{ DELETE thi1s Component
¢ Changesz COMPLETED ...

3

(%)

V%)

.

2
?
?

?
?
?
?
2

PR TR e

EYIET IS R

B BRETERS B

143

‘S1g”

‘Seuth’

'Horizontal 31i1ding’
‘'Ooubie pane’

‘None'’

'L.43' BtuhszaftsF
‘Avaraga’

',0483001"' 3gIinszqrt
71 %

T
'60.,03' safte
‘42 incnes
'13.9' ingnes
'5.87" taat

'Raar
‘Nerth'

‘Ooucie nung’
'Ooubla pana’

‘None’

.43 BtuhszqttsF
'"Avarage

0730802 zaynssatt
‘TN

T

'42.72' 39Ft
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Current answars tor APPLIANC namad Life ¢

AY MAME 0T OCCUPANCS . v et avve ot v sesanrns
3) How many DAYTIME QCCURPANTS (paoplal,
C) How many NIGHT QCCUPANTS (peoplel...
D) DAILY hot water USE (gal/dayl..i.ie...
) WATER MHEATER tYo2.: it vrtsvetssosnsen
Input RATIMG (kBEU/NTr ) e veivonences
) Mot water THERMOSTAT sza2tting (degFy,
W) WHERE 13 watar Deatear . i.iveesoooosaos
I1 Stdbysplumb, WLOSSES (KBtu/hMrl)..vviu.
JY REFRIGERATOR tYPR..:vveveetarosonans
k) Average MONTHLY CONSUMPTION (kWh/mo)
L) DRYER and RANGE tYP2:s v isvroesasran
M) Intarnal MQISTURE gzeneration (1b/4dy)
NY LIGHTS & QOTHER HEAT GAINS (kBtu/s/hr),
Y} ¢ DELETE th13 LComponant >...

Z) ¢ Changes COMPLETED >...

w nim

currant angswars for DOORS nameg Front

A) NAME ot following 4doors..
B) 0oor TYRE., . s sevsvioroenn

C) Door MATERIAL et et o

D) Approximata 313335 AREA (%) ...
E) Any STORM Q00T 3. ¢ it etssnosnnesanons
£Y U=value Btuh satt/Fl . ernoersrans
G) Door FIT, . eerorreviase,
H) Spacific laakage AREA (3
1) Door AREA (3QT%) e
v1 ¢ DELETE tnis Componant

Z) ¢ Changes COMPLETED ...

mssatty,, .,

q
>

RUTEN Y

BN N TS T AN TR RS N VIR R

B IS P SN )

Y

[ IR

"Lifte!
"1’ peopla
'2' paopls
'75' gal.day

'Gas’
‘30 KBtu/hr
‘130 degF

'Living zpace’
'1.24" kBtu/hr

‘Man, defroszt & 3ap.
"85 kwWhsmo

'Both Electraic’
'4,36001" b /3y

'L kBtushnr

'Front’

'#lawn (HMinged)
'Wood Solid Cora’
¢ %

'None'

‘.4 BtunssaTtts/F
'Avarage’

', 3234501 33Insgate
'20' 3aft
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Currant answars Ttor

A
3)
[wil]
o)
g)
=
G
)
I
J
v

Z)

Currant answars for LANOSCAP named vard

Al
)
Dol
o
g
=
3)
lal]
Y)

)

&

thare MECHANICAL Vant

INFILTRA namad Vent

tlation,. ..,

MATURAL Cooling Ventilation.,......
TERRAIN C133S it vneronven
SHIELDIMG 1383 ¢ v eeaven

HE
Ap

TOTAL

IGHT of iiving zpaca (

featl)e,...

prox., nouse VOLUME (gubi1c f2et).,
HOW was laeakage are3 MEASURED.....

laakaga area (Sq1N) .. vev o

CEILING leakage area (3qi1nt.......
FLOOR leakage ar2a (391N J.4ieersens

<
3
7’
"

DELETE this Component
Changes COMPLETED >...

Ve

Ground SURFACE TYPE .. et v enesacen

ar

S0UTH s30lar

sung REFLECTANCE %),

SAPOSURE -~ DECEMBER

DR I S R

SQUTH s0lar EXPOSURE - JUNE (%J)...
EAST s0lar EXPOSURE - DECEMBER (%),
EAST 30lar EXPOSURE - JUNE (%)....
WEST s0lar EXPOSURE =~ DECEMBER (%)
WEST solar SXRPOSURE =~ JUNE (%)....

r
\

¢

ODELETE tni13z Component
Changes COMPLETED »>...

Yo
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11ation

(%)

L

« & & e o

-

07 ‘'Mona’
.7 ‘No’

«0? 'Class 3
+e? 'Class 3°

7 '8 feat
0?3403’ cubic taat
? ‘117 sq11n

st '81.0GQ01 sain
«e? '343,3399' sgn

e

5
«e? A1) thrae maasured’
e ]
-

raasg

+e? 'Graan grass'
Pe? t 240 0

e N1Q0 %

s 100 %

L 100 %
«FON1000 %

S N T I 4

P I TV A
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Surrant answars for ROQF-CE! named Attic

Aj) MAME tor attics/roof ar ca2rling..
B8 Rooft=Ca11ing TYPE . it enns
C) Inzulation TYRPE .. v vevensas
0r Insulation THICKNESS (1ncnes)

E' Insulatadbla AIR SPACE (inchas
71 Cerling R=valus (F=~sqft/B8tun)

G) Car1ling AREA (3370 i vansoas
M' Mo. of cailing YENTS (count),
(Cou
J) Ceiling 3p. LEAKAGE area {(sqi1n/3
k) Roof PITCH (%!'iuis et esnersnes
LY Roeo? top MATERIAL.. .o
M1 Roo? ABSORPTIVITY (%)...v.vn.
MY Attic VEMTILATIOM (ctmssqgft,

1) No. ot ceiling PENETRATIONS

7)Y < DELETE this Component ..
2V ¢ Changes COMPLETED J...

)

Sureant answarz for SUBFLCOR named Slab

A) Subfloor NAME . oo vr v o annon
) Subtloor TYPE . crvevvessanren
C) Floor AREA (Joirsts!) {(satt,
D) Expozad PERIMETER (faat)..,

.

«

€3 So0il CONDUCTIVITY (Btuh=1n/F-s3557¢t
Sy Floor R=VALUE (F=s3att/Btuht......
3) Eqv Floor RESIST' outs'd {(F=g3ft /3¢t

v ¥ OELETE thi1s Componant ..

21 < Changas COMPLETED >...

h)

e e e e s e e e e e
EYRRVIEN IS IV IR R

)

?

3

-3

-3 )

LS TR BN TS BNV ]

146

‘Attice
‘Unfinisned 3tttz
'Fibarglass batts'

§' inches

‘D' tnenasg

25’ F-sqftsBtuh
‘1178 331

'S’ count

'10' count

.0403354* saynssqft

'22.82' %
‘Agphalt 3hinglas:

B

35 %
.3 gfmssqgit

ls‘ab’
'Slab-on=-gradsa’

[
[
'

20' sqft

140" drat

2.9' Btuh=yn/F-ggte
40' F-3att/Btun
106G F-saft/Btun

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



147

Current answars tor HvAC-S¥3 nameg Meat~Coaol

A) What HEATING EQUIPMENT ... v v evssvesres™ 'Bas Furnace'’
&) Rated IMPUT caeacrty (wBtushr!,...uvevees? 350 kBtusrry
Cy Staady-ztats EFFICIENCY (%) vt verereea? 781 4
DY FLUE gas tamparature (d23F) ... v '250' gagfF
- What DISTRIBUTION zystem... ..vvvrveaess? 'Forced arr’
Fi WHERE 3ra2 p1pa3 0r QUSES.esvierseveassas” 'Living 3paca
G) INSULATION on p122s 9r 3UCE3 ... rerreed? 'NOna
~) Inzulatable dugts/pipa LINGTH rfzaty.,,.,,.° 'S0 taat
13 Distribution LOSSES to outside (%)1......7 'S’ %
J! what COOUIMG EQUIPMENT ... v vraass? 'Cantral Arr Condstianing:
k) Ratad TOTAL capacirty (kBtus/hri....coves0? '23' KBtushr
L) Ratad SENSIBLE capacity (kBtu/Ari..,iv..? "18" ¥8Btushr
M) Rated COF (URNI1ET1@SS ) iusinieenennninesoad? '2' unitianzs
M) Actual Fan FLOW (Cfml. .o ivernesvast 200" c¥m
Y1 { DELETE thi1s Component ...
2, < Changes COMPLETED >...

Current answars for ECONOMIC named Praice & Use
Al Economic HORIZON (Yaars) ... sievvrvevvea? "20Q' yaars
8) REAL DISCOUNT rat2a %), ittt ninrenesss? "3 %
S REPLACEMENT-SETROFIT aszc. rate (Bi......° "4 %
0Y Mastimum INVESTMEMT (5. ... cuiveieereeaass? 2000 3
€1 ADJUST rezultzs t3 ACTUAL uUS2. . ase "No-
) NOM=ELECTRIC fu2li v s inerrsssraress ™ 'Gas
G) GAS price (5/Tharm)iveiiiersnisasnssarsaad? ',553' 5/Therm
M1 GAS 2scalation r3td (%) .. i iverniered? 2.8 %
It ELECTRICITY price (F/LWwhl.iiveieraesanaeas? ' 3449995 5/vwn
31 ELECTRICITY aszcatatron rata %), ,....0..” 1,5 %

1) ¢ CELETE thig Componant ..,
Z) ¢ Changess COMPLETED ...
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Appendix E-2
CIRA Input Listings for the Passive Solar

Ranch House ( Case 2 )

The same input data as in appendix E-1, with the following
change(s) :

WALLS

Wall R-value : 32 °F. sq. ft. / Btuh
ROOF

Ceiling R-value : 5@ °F.sq.ft. / Btuh
WINDOWS

All windows are triple glazed.
U-value : £.29 Btuh / sq.ft. /°F
Summer Solar Gain Factor : 61 %
Winter Solar Gain Factor : 61 %

INFILTRATION
Total leakage area : 50 sqg.in.

25 sqg.in

Ceiling leakage area

Floor leakage area 20 sg.in
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Appendix G

A 3rd Order Fourier Fit for Air Temperature

The mean monthly dry bulb air temperature was related to time of
year through a 3rd order Fourier fit :
T, air = A + Al*cosX + A2*cos2X + A3*cos3X + Ad*sinX

+ AS5*sin2X + A6*sin3x

where X = (éﬁ+ 183 )*2 / 365 ( see Reference 9 )
and n = hours, beginning January 1.

A ,Al...A6 = Regression constants

The Sine and Cosine functions for different months are given in
Table A.l. The mean monthly air temperatures were obtained from
the reference manual of DOE-2.la. X was calculated for each month
by using the above expression. A regression analysis was
performed with the air temperature as the dependent variable by
using the package programs made by Microstat Inc. The following
regression constants were obtained :

A = 46.932 Al = 21.457 A2 = -2.2082 A3 = -0.056

Ad = 9.5031 A5 = -0.4554 A6 = 1.4725

The Coefficient of Determination, szas found to be 9.996.

A comparison of the actual monthly air temperatures and those

predicted by the above model is given in Table A.2.
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Appendix G( Continued )

Month Cos 1X Cos 2X Cos 3X Sin 1X Sin 2X Sin 3X

Jan ~.9647 .8613 -.6972 -.2632 .5079  -.7168
Feb -.7086 .0043 .7024  -,7055 1.0 -.7117
Mar -.2680 -.8562 7271  -.9633  .5165 .6864
Apr .2595 -.8653 -.7086 -.9657 ~-.5012 .7855
May 7925  -.0129 -.7207 -.7116 -1.9 -.6932
June .9668 .8695 .7145 -.2554 -.4939  =-.6996
July 7025 -.0128  -.7205 L7116 1.0 .6933
Aug .2429 -.8819 -.6714 L9700 .4712 -.7410
Sept  -.2678 =—.8565 .7265 .9634 -.5160  -.6871
oct ~.7206 .0386 .6649 .6933 -.9992 .7468
Nov -.9689 .8778  -.7323 .2470 -.4788 .6809
Dec -.9621 .8514 -.6763 -.2725 .5244  -.7366

Table A.l1 : A Fourier Fit for Air Temperatures
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Appendix G( Continued )

Month Actual Air Fourier - Fit Predicted
Temperature Alr Temperature
(°F) (°F)
Jan 20.95 20.58
Feb 22.45 23.46
Mar 34.45 34.65
Apr 47.60 46.54
May 52.79 54.74
June 64.45 62.48
July 68 .00 68.94
Aug 69.19 69 .40
Sep 62.65 62.04
Oct 51.10 51.41
Nov 39.45 39.49
Dec 27.65 27.81

Table A.2 : A Comparison between the Actual and Predicted

Mean Monthly Air temperatures
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Appendix H-1

The Grid Pattern used in HEATINGS

( see Figure H-1 )

Horizontal Distance between Two Successive
Node Numbers Nodes ( feet )
1,2,3,0000...16 g.63
16,17,18 g.34
18,19,20,....28 g.50
28,29,30,....33 2.87
Vertical Distance between Two Successive
Node Numbers Nodes ( feet )
1,2 1.0
2,3,4...10 g.66
19,11,12,...18 g.50
18,19,......25 4.71
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Appendix  H-2
The Temperature Distribution ( °F )along the

Interior of the Basement Wall and Floor

Horizontal Nodes
April 15
Floor Node No: 1 2 3 4 5 6 7 8
Temperature : 69.08 69.08 69.06 69.05 69.02 68.98 68.94 68.88

Floor Node No: 9 19 11 12 13 14 15 16

Temperature : 68.80 68.70 68.58 68.41 68.18 67.84 67.25 65.87

January 15

Floor Node No: 1 2 3 4 5 6 7 8
Temperature : 69.2 69.2 69.2 69.19 69.18 69.16 69.14 69.11
Floor Node No: 9 10 11 12 13 14 15 16

Temperature : 69.07 69.02 68.96 68.87 68.73 68.52 68.13 67.99

October 15

Floor Node No: 1 2 3 4 5 6 7 8
Temperature : 69.14 69.13 69.13 69.13 69.12 69.11 69.10 69.08
Floor Node No: 9 19 11 12 13 14 15 16

Temperature : 69.06 69.03 69.00 68.95 68.89 68.80 68.63 68.24
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April 15

Wall Node No: 1
Temperature: 58.14
Wall Node No: 9

Temperature: 66.53

January 15

Wall Node No: 1
Temperature: 55.25
Wall Node No: 9

Temperature: 67.46

October 15

Wall Node No: 1

Temperature: 65.42
Wall Node No: 9

Temperature: 68.75

156

Vertical Nodes

2
59.09

19
65.87

56.53
10

67.99

2
65.82
19

68.24

3 4 5 6 7 8
62.04 64.06 65.28 66.02 66.44 66.62

3 4 5 6 7 8
60.78 63.64 65.34 66.38 67.01 67.87

3 4 5 6 7 8
67.19 68.07 68.55 68.81 68.92 68.91
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The Wall and Floor Nodes

Figure -2
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Appendix - I
A Procedure to calculate the Hourly Heat Loss

from the Underground Surfaces

1. The Heat Loss from the Floor

Q = YBix( ti - Hi)aXi

where hi = heat transfer coefficient, Btu / h. ft.°F
tib = basement space temperature, °F
Hi =

temperature along the floor node, °F
Xi = grid spacing, ft.

Q = 1.08 { |76x14 - ( Hy+ Hp +.....Hqs )|x@.63 +

{E70x2 - ( Hy+ Hyg )}ce.s3}, Btuh.

2. The Heat Loss from the Below Grade Wall

Qw = Yhi*( ti - Vi )Avi, Btu / h

where Vi

temperature along the wall node, °F.

Yi

grid spacing, ft.

+ (70 - v10)x0.33}, Btu / h
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A Program to calculate the Hourly Heat Loss from the Underground

Baseament Floor and Wall

DIMENSION H(29,24),V(15,24) ,QF(24) ,QW(24) ,QT(24) ,AW(24)

READ, ((H(I,J),I=1,16),3=1,24)
READ, ((V(I,J),I=1,10) ,J=1,24)
DO 19 J=1,24

QF(J) = (980 -H(2,J)-H(3,J)-H(4,J)-H(5,J)-H(6,J)-H(7,J)
-H(8,J)-H(9,J)~-H(10,J)~-H(11,J)~H(12,J)~H(13,J)

-H(14,J)~H(15,J3))*.63*1.08 +( 140 - H(1,J)-H(16,J))

*,315%1.08
PRINT, 'QF (J)="',QF(J)

AW(J)= (70-V(1,J))*0@.5*%1.46 +( 70-V(2,J))*.5%1.46

PRINT, 'AW(J) =" ,AW(J)
QW(J)= (70-V(2,J))*.33*1.46 +

(499-v(3,J)-V(4,3)~-V(5,3)-V(6,3)~V(7,J)-V(8,3)~V(9,J))

*,66%1.46 + (70-v(10,J))*.33*%1.46

PRINT, 'QW(J) =" ,QW(J)

QT(J)= QF(J) + QW(J)

PRINT, 'QT(J)="',QT(J)
19 CONTINUE

STOP

END

Time Step Hour

360

720
1980
1449
1890
2160
2520
2880
3240
3660
3960

HFRuouodoaumdes vk

=
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Heat Loss( Btu/h )

Wall

52.30
57.59
69.59
60.70
57.77
52.44
45.81
39.95
32.92
27.68
22.27

Floor

12.35
13.08
13.79
14.41
14.84
15.98
14.99
15.35
14.40
13.90
15.38



Time Step

12
13
14
15
16
17
18
19
20
21
22
23
24
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Hour

4320
4680
5049
5440
5760
6120
6480
6840
7208
7560
7920
8280
8649

Heat Loss( Btu/h )

Wall

17.53
12.86
8.74
5.74
4.54
5.57
8.65

- 13.27

19.02
25.35
31.89
38.75
45.73

Floor

1l4.64
13.86
13.08
12.31
11.61
11.90
19.56
10.31
19.28
10.40
19.71
11.14
11.71
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Appendix K
A Procedure to calculate the Monthly Heat Loss from the

Hourly Heat Loss

1. The heat loss from the below - grade wall
Two hourly heat loss values were calculated for each month( see
Appendices I and J ). A 4-th order polyncmial equation was used
to relate the hourly heat loss to the day of the year.

Q w = Ag + AL*D + A2*D? + A3*D°+ adxp?

heat loss through the below grade wall, Btu / hr.

where Q w
D = day of the year

AfG,Al...A4 = Regression constants.

A0 = 41.2312 Al = §.875395 A2 = -0.0116918

A3 = 4,13513 * 10 A4 = -4.32455 * 10

The heat loss for each month was calculated by integrating

the expression for the heat loss per day over the number of days

in the month.

2. The heat loss from the floor
The monthly heat loss from the underground floor was calculated
by multiplying the average hourly heat loss by the number of

hours in the month.
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Appendix L

CIRA Input( Basement Analysis )

The Villages of Riverside House was modelled( see Appendix B)

with the following basement input parameters :

Case 1 Case 2

1. Joist R 2 15 ( h.’F.ft / Btu )
2. Floor Area 494 20 ( £t )
3. Above Grade

wall R 1 39 ( h.°F.ft / Btu )
4. Above Grade

Wall Height 1l 9.189 ( £t )
5. Exposed

Perimeter 9¢ 29 ( £t )
6. Soil Conducti-

vity 9.12 2.5 ( Btu-in / h.°F.ft )
7. Below Grade R 4.85 30 ( h.°F.ft / Btu )
8. Floor R 1.32 49 ( h.°F. ft / Btu )
9. Equivalent floor

Resistance 36.32 160 ( h.°F. ft / Btu )
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APPENDIX M

DOE-2.la Input ( Basement Analysis )

TITLE

LINE-1 *TYPICAL 2 STORY HOUSE*
LINE-2 *VILLAGES OF RIVERSIDE*

Seeeee HEADING 0 o. .S

163

DIAGNOSTIC CAUTIONS..
ABORT ERRORS ..
RUN-PERICD JAN @7 1968 THRU JAN @7 1968

JAN @1 1968 THRU DEC 31 1968..
BUILDING ~LOCATION LAT=42.23 LON=83.33 ALT=633 T-Z=5

WINTER=DESIGN-DAY DB-H=8  DB-L=4
HH-14 H-L=22 DP-H=22 DP~L=22 W-S5=22

W-S=10 W-D=0 C-A=0 CL=0.97
C-T=1 G-T=38
$...SCHEDULES...$

GAINS-1=DAY-SCHEDULE $.UPSTAIRS.$

(1,24)

(o3,v3’03] 03]-[ v3l' 0311043]101027'03
03, 05, 05,-3’ 03, .3, -3,1.@[10@, 077,

77,.77,.78,.39) ..

GAINS-2=DAY-SCHEDULE (1,24) SWATER HEATERS (1,24) (1.9)
GAIN-W=WEEK-SCHEDULE (ALL) GAINS-l..
GAIN-2W=WEEK-SCHEDULE (ALL) GAINS-2 ..
GAIN-1Y=SCHEDULE

GAIN=-2Y=SCH

FLR-DUM-INS
WL~DUM-INS
STUD~1
PLYWD
WDd1

ING2

GPOl

WDO4

BKOS

aLll

PWO2

AL33
ING3

CC16
CcCca3

EDULE

MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT

MAT
MAT

MAT
MAT

TN T T T € | N | T [ IO O 1}

THRU DEC 31 GAIN-W ..
THRU DEC 31 GAIN-2W ..
$..MATERIALS. .S

RES = 34.61 $DUMMY INSULS..

RES = 3.894 SDUMMY INSULS..

TH=0 .83 COND=0@.@677 DENS=34 S-H=0.33
TH=.0833 COND=.0677 DENS=34 S-H=0.29

TH=.2957 COND=0.025 DENS=.6 S-H=.2
TH=0.0417 COND=.0928 DENS=50 S-H=.2
TH=.2917 COND=0.0667 DENS=32 S-H=.33

RES=6.90 ..

LK

TH=.3333 COND=.7576 DENS =130 S-H=.22 ..

TH=.0313 COND=.0667 DENS=34 S-H=0.29 ..

RES=@.92 ..
TH=0.5108 COND=.025 DENS=.60 S-H=0.2
TH=.6667 COND=1.0417 DENS=140 S-H=0.2
TH=.3333 COND=.7576 DENS=140 S-H=0.2
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oces = MAT TH=Q.5¢0 COND=0.7576 DENS=140 S-H=0.2 ..
STO1 = MAT TH=.0833 COND=1.0416 DENS=140 S-H=0.2 ..
$..GLAZING..S$

WIN=GLASS-TYPE PANES=2 S-C=0.88 ..
S..CONSTRUCTUIONS. .S

UP-WALL~I=LAYERS MAT=(WDO1l, INO2,GPOl) I-F-R=0.68 ..

UP-I =CONS LAYERS=UP-WALL~I ABS=0@.68 RO=4 ..

UP-WALL-S = LAYERS MAT=(WDOl,WDO4,GPOl) I-F-R= .68 ..

UP-S = CQONS LAYERS = UP-WALL~S ABS=8.68 RO=4 ..

DN-WALL-I = LAYERS MAT=(BKOS ,AL1Ll,PWO2, INO2,GPOl)
I-F"‘R=g . 68 .o

DN-I = CONS LAYERS = DN-WALL-I ABS=0.88 RO=2 ..

DN-WALL~S=LAYERS MAT=(BKO5,ALll,PWO2,WDO4,GPOl1)
I-F-R=0.68 .o

DN-S = CONS LAYERS=DN-WALL~S 2ABS=@.88 RO=2 oo

CON-WALL=LAYERS MAT=(CCl6) I-F-R= (.68 ..

C-1 =CONS LAYERS = CONWALL ABS=0.58 RO=3 ..

CEILING=LAYERS MAT=(PWO2,AL33,INO3,GPOl) I~F-R = .68..

CLG = CONS LAYERS=CEILING ABS=0.86 RO=3 ..

LAYER-BW= LAYERS MAT=( WL-DUM-INS,CC16 )..

BASE-WALL=CONS LAYERS=LAYER-BW ..

LAYER-BF=LAYERS MAT=(FLR-DUM~INS,CCO5) ..
LAYFLO = LAYERS MAT=(STUD-1,PLYWD) ..
BASE-FLOOR=CONS LAYERS = LAYER-BF ..
EXT-DOOR=CONS U=@¢.5 ABS=0.4 RO=5 ..
FLOOR=CONS LAYERS=LAYFLO ABS=¢.4 RO=5 ..

$...LIVING AREA DESCRIPTION..S

UPPER=SPACE-CONDITIONS T=(70)
SOURCE~SCHEDULE=GAIN-1Y
SOURCE-TYPE=ELECTRIC
SOURCE-BTU/HR=5349
INF-METHOD=RESIDENTIAL
RES-INF-COEFE=(.0844,0.0459,0.0069)
FLOOR-WEIGHT=0
ZONE-TYPE=CONDITIONED ..

UPPER-LEV=SPACE AREA=481 VOLUME=11385
SPACE-CONDITIONS=UPPER ..
WL~-1=E-W $..LOWER-STUD-FRONT. .$

H=8.3 W=3.9 AZ=18F TILT=90
CONS=DN-S ..

WL~2=E-W $..LOWER INS. FRONT ..S
H=8.3 W=15.6 AZ=180 TILT=90
X=3.9 ¥Y=0 2=0 CONS=DN-S ..
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DOOR

WINDOW

WL~3 =E-W

WL-4=E-W

WL~5=E-W

WL~6=E-W

WL~7=E-W

WL~-8=E-W

WL~9=E-W

WL~10=E-W

WL~11=E-W

WL~12=E-W

WINDOW

WL~13=E~-W

WL~14=E-W

WINDOW
WL~15=E-W

WL-16=E-W

H=6.7 W=2.7

X=16.5 ¥Y=1 SETB=@.4 CONS=EXT-DOOR..
H=3.5 W=2.7 X=10 ¥=3.8

SETB=0.4

G-T=WIN ..

$..UPPER STUD FRONT ..$

H=8.3 W=3.9 AZ=180 TILT=9¢

X=g Y=0 2=8.3 CONS=UP-S ..
$..UPPER INSUL, FRONT ..$

H=8.3 W=15.8 AZ=180 TILT=90
X=3.9 Y¥=0 2=0 CONS=UP-I ..
$..LOWER STUD RIGHT..$

H=8.3 W=21.5 AZ=90 TILT= 90

X=19.5 Y=g 2=¢ CONS = DN-S..
$...LOWER INSUL. RIGHT ..$

H=8.3 W=21.5 aZ=9¢ TILT=9¢
X=19.5 ¥=5.4 Z=0 CONS=DN-I ..

$..UPPER STUD FRONT...S

H=8.3 W=5.4 AZ=90 TILT=90
X=19.5 ¥=0 2Z=8.3 CONS=UP-S ..
S..UPPER INSUL RIGHT ..S

H=8.3 W=2l.5 AZ=90 TILT=90
X=19.5 Y¥Y=5.4 Z=8.3 CONS=UP-I..
$..LOWER STUD LEFT..$

H=8.3 W=5.4 AZ=270 TILT=90
X=g Y=26.9 Z=¢ CONS=DN-S ..
S..LOWER INSUL LEFT..S

H=8.3 W=21l.5 AZ=270 TILT= 90
X=@g Y=21.5 2Z=0 CONS=DN-I ..
$..UPPER STUD LEFT..S

H=8.3 W=5.4 AZ=27¢0 TILT=99

X=g Y¥Y=26.9 2Z=8.3 CONS=UP-S ..
$..UPPER INSUL LEFT..S$

H=8.3 W=21.5 AaZ=270 TILT=90
X=g Y=21.5 2=8.3 ..

H=3.5 W=12.9

X=10 Y=3.7 SETB=0.4 G-T=WIN ..
S..LOWER STUD REAR..S

H=8.3 W=3.9 AZ=@ TILT=9¢
X=19.8 Y=26.9 Z=g CONS=DN-S ..
$..LOWER INSUL. REAR ..$

H=8.3 W=15.6 AZ=@g TILT=90

X=15.6 ¥=26.9 2=0 CONS=DN-S ..

H=7 W=5 X=5 ¥=0 SETB=0.4 G-T=WIN ..

S..UPPER STUD REAR..S

H=8.3 W=3.9 AZ=¢g TILT=90

X=19.5 ¥=26.9 2Z=8.3 CONS=UP-S ..
$..UPPER INSULATION REAR..S
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H=8.3 W=15.6 AZ=0 TILT=90

ROOF H=26.9 W=19.5 AZ=180 TILT=0
X=6 Y=¢ 7=18.6 CONS=CLG ..
INTERIOR-WALL AREA =481 NEXT-TO=DN-LEV TILT=180

CONS=FLOOR ..
S....BASEMENT DESCRIPTION....S

BASEMENT = SPACE-CONDITIONS T=(79)
SOURCE-SCHEDULE = GAIN-2Y
SOURCE-TYPE=ELECTRIC
SOURCE-BTU/HR=0 .0
INF-METHOD=AIR~CHANGE
AIR-CHANGE/HR=0.0
FLOOR-WEIGHT=9
ZONE-TYPE=CONDITIONED ..

DN-LEV = SPACE AREA=494 VOLUME=3458
SPACE~-CONDITIONS=BASEMENT ..
U-FLOOR = U~F A=484 CONS=BASE-FLCOR TILT =180 ..

BGWALL=U-W S...BASEMENT WALL BELOW GRADE ..S
A=540 CONS=BASE-WALL ..
$o L4 .REPORTS. . o$

LOADS-REPORT VERIFICATION = (ALL-VERIFICATION)
SUMMARY= (ALL-SUMMARY) ..
END . e
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APPENDIX N

HOTCAN LISTINGS (BASEMENT ANALYSIS)

SUMMARY OF ENERGY CONSUMPTION

MONTH TOTAL CONSUMPTION
KWH/D
JAN 30.48
FEB 30.37
MAR 27.95
APR 21.49
MAY 0.00
JUNE g.09
JULY 3.00
AUG 0.08
SEP 3.09
CCT 15.35
NOV 21.81
DEC 27.35

HEATING SEASON STARTS IN OCT AND ENDS IN APR.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1959

1975

1977

1981

1984

168

VITA AUCTORIS

Born in Malegaon, Maharashtra State, India
on October 31, 1959.

Completed the Higher Secondary  School
Examination of the Maharashtra State Board of
Secondary Education.

Completed the B.Sc. Part I Examination of
Nagpur University, India.

Completed the Bachelor of Engineering degree
in Mechanical Engineering from the University
of Poona, India.

Currently a candidate for the Degree of
Master of Applied Science in Mechanical
Engineering at the University of Windsor,
Canada.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



	A critical evaluation of the Computerised, Instrumented Residential Audit (CIRA) program.
	Recommended Citation

	tmp.1506712331.pdf.NgVDG

