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CIRA - A MICROCOMPUTER-BASED ENERGY ANALYSIS AND 
AUDITING TOOL FOR RESIDENTIAL APPLICATIONS 

Robert C. Sonderegger & James D. Dixon 

Energy Performance of Buildings Group, Lawrence Berkeley Laboratory 
University of California, Berkeley, CA 94720 

ABSTRACT - Computerized, Instrumented, Residential Audit (CIRA) is a collection of programs for energy 
analysis and energy auditing of residential buildings. CIRA is written for microcomputers with a CP/M 
operating system and 64K RAN. Its principal features are: user-friendliness, dynamic defaults, file-
oriented structure, design energy analysis capability, economic optimization of retrof its, graphic and tabu-
lar output to screen and printer. To calculate monthly energy consumptions both for design and retrofit 
analyses CIRA uses a modified degree-day and degree-night approach, taking into account solar gains, 1K 
losses to the sky, internal gains and ground heat transfer; the concept of solar storage factor addresses 
the delayed effect of daytime solar gains while the concept of effective thermal mass ensures proper han-
dling of changes in thermostat Betting from day to night; air infiltration is modeled using the LBL infil-
tration model based on effective leakage area; HVAC system performance is modeled using correlations 
developed for DOE-2.1. For any given budget, CIRA can also develop an optimally sequenced list of retrofits 
with the highest combined savings. Long run-times necessary for economic optimization of retrofits are 
greatly reduced by using a method based on partial derivatives of energy consumption with respect to princi-
pal building parameters. Energy calculations of CIBA conpare well with those of DOE-2.1 and with measured 
energy consumptions from a sample of monitored houses. 

INTRODUCTiON 

Building energy analysis computer programs often 
are designed by engineers for engineers. Sophistic-
ated algorithms are embedded In programs developed 
for batch-computer systems with line-oriented input 
devices and high-speed printers. Such programs may 
have a fixed format input language that the user 
has to learn and may produce book-thick printouts. 
Relatively inexpensive microcomputers allow consid-
erably more user interaction during input and per -
mit to view output before it is printed, usually on 
a slow device. The price for this convenience is 
limited memory size and slow calculation speed. 

Computerized, Instrumented, Residential Audit 
(CIRA) is a user-friendly program developed for 8-
bit, 64K microcomputers with the CP/M operating 
system that attempts to make maximum use of the 
advantages of microcomputers while maintaining an 
adequate level of sophistication in the energy cal-
culations. More precisely, CIRA is a collection of 
programs tor building energy analysis and economic 
optimization of energy-saving retrofits using 
state-of-the-art interactive features and database 
management capabilities, designed to be used by 
relatively non-technical users. 

CIBA does more than conventional energy 
analysis programs: from a large list of energy 
retrofits, CIBA can select those that will maximize 
total energy savings and indicate the order in 
which they should be installed, for any house in 
hundreds of different climates, using economic 
parsineters specified by the user. 

INPUTS 

CIRA accepts inputs on a wide variety of house 
components and related features: 

- Walls, windows, doors 
- Roof/ceiling and floor/subfloor 
- Active and passive solar features 
- Heating and cooling system 
- House orientation and shielding 
- Occupant behavior related to energy use 
- Economic assumptions. 

In the context of an energy audit, some of 
these entries may require the use of specialized 
instrumentation, such as a tape measure, a solar 
siting meter, a combustion efficiency meter, and a 
blower door to pressurize the house. Thanks to 
dynamic defaults, however, these measurements and 
the attendant instruments are not indispensable --
CIRA can function as a 'stand-alone" diagnostic 
program. 

In developing CIBA, much effort was devoted to 
facilitating the tedious process of entering the 
appropriate building data. A data base manager was 
developed to enter, delete and edit building 
characteristics with a minimum of work for the 
user. The main features are summarized below. 

Data are input by answering questions on wall 
areas and types, heating system specifications, 
passive solar features, etc. There are only two 
types of questions: multiple. choice, to enter 
information such as window types and city designa 

This work was supported by the Assistant Secretary for Conservation and Rerewable Energy, Office of Building 
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tion, and numeric, to enter U-values, solar storage 
factors and similar values. 

If the CIRA novice does not understand a ques-
tion such as 

"Terrain Class ..... ... 

he or she can call for help with a simple keys-
troke, to which the computer responds with one or 
two paragraphs of explanation of the question, 
together with examples when appropriate. 

If the user understands the question, such as 
"Window Glazing ..... ?", but does not remember the 
possible answers, another keystroke displays a list 
of options in multiple choice style, in this case 

SSingle Pane 
DDouble Pane 
TTriple Pane 

The same list is automatically checked by CIBA 
before accepting an answer. For numeric questions, 
the answer is checked against minimum and maximum 
limits. The same keystroke that produced the list 
above will display the acceptable limits of an 
answer, for example 

"Enter value between 0 and 20 %" 

Frequently, the user may not know the answer to 
technical questions, such as the H-value of a wall 
or the solar-gain factor of a window. What is, for 
example, the R-value of a 850 mm x 1350 mm frame 
wall whose cavity is insulated with vermiculite 
insulation-and 50 mm of exterior insulating sheath-
ing CIBA provides the answer, in this case 2.9 
°Cn 1W, at the touch of another special key. We 
call the values provided by this keystroke 
dynamic defaults. Defaults, because they provide 
the most likely answer when the user hasnt a clue, 
and dynamic, because the program usually calculates 
then on the basis of the users answers to one or 
more previous questions. Beyond the lay user, the 
professional can use dynamic defaults to avoid 
leafing through voluminous handbooks in search of 
material properties. 

Often, the user may want to alter previous 
input, or correct mistakes, or re-use a house 
entered earlier, changing only details such as 
floor area, the city where it is located, and the 
window size. As soon as another simple keystroke 
is hit, the computer enters an editing node, and 
displays the desired questions and the answers pre-
viously given on the screen, along with a request. 
for new answers where desired. The computer even 
keeps track of all those questions whose defaults 
are affected by the changed answers and that may 
have been forgotten in the process: if the user 
changes the city from Denver to San Francisco, for 
example, a flag will appear next to the question 
"Altitude ...... as a reminder of the probable change 
in altitude upon leaving the mile-high city.  

other programs. Although several correlations are 
based on hour-by-hour data, the basic time step in - 
CIBA is one month with a distinction made between 
day (8 am to 8 pm) and night (8 pm to 8 am). A 
detailed discussion of all heating and cooling cal-
culation algorithms can be found in the 2engineering 
section of the CIBA reference manual. The main 
features are summarized below. 

Heat Conduction 

Heat conduction through walls, floor, ceiling, 
doors and windows is handled in conventional 
steady-state manner, using component U-values. For 
unfinished attics, low-pitch roofs or cathedral 
ceilings, an equivalent U-value is calculated tak-
ing into account roof conduction, ceiling conduc-
tion, and ventilation between roof and ceiling. 
Solar gains or infrared radiation losses through 
the roof/ceiling, walls and windows are handled 
separately and discussed later. 

- For the floor/subfloor combination, the user 
can select among full basement, crawlspace or 
slab-on-grade floor. For basement and crawispaces, 
an equivalent U-value is determined using a method 
recommended by ASHRAE. The equivalent U-value of 
slab-on-grade floors is calculated uing an algo-
rithm developed by Muncey and Spencer and adapted 
for use in numerical calculations by Kusuda. 5  

Air Infiltration and Outside Film Coefficient 

Air infiltration is calculated on a monthly 
basis uging a method developed by Sherman and 
Grimsrud . This method uses information on the 
leakage area, L0 , of the house, the -type of terrain 
on which it is located, and the type of shielding 
surrounding the house. Leakage area is generally 
measured with a so-called "blower door, a fan-like 
device that creates an over- or under-pressure in 
the house and measures the amount of air flow 
through the fan necessary to reach several special 
levels of pressure. Alternatively, the leakage 
area can be estimated from information on the air 
tightness of windows, walls, doors, and all other 
building components. As usual, dynamic defaults 
are available to provide what the user may not 
know. 

The air infiltration equations are summarized 
below. 

QLO,Jf 2 v2 +f 2 LT+Q2 	 (1) 

where: Q is the Infiltration [m3 /s]; 
L0  Is the leakage area [m2 1; 
v Is the wind speed [m/a]; 

T is the indoor-out temperature diff. [ ° C]. 

Q. is the unbalanced mech. ventilation [m 3 /s}. 

I 

ENERGY CALCULATIONS 

The energy calculations used in CIBA are part 
simulation, part correlations of the results of 

The wind and stack coefficients, f- and f. , contain 
the necessary information about the dIstrbution of 
leakage area in the envelope and about the effect 
of surrounding terrain and local shielding. These 
coefficients are calculated as: 

-2-- 
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where: RL 	- (Lc + LF)/Lo 

	

XL 	- (Lc - LF)/Lo 
Lc, LF are ceiling and floor leakage areas 

tm2 ] 

The term C describes local wind shielding within 
two house heights by trees, fences and similar obs-
tacles. The terms c(, i( , )', )' , describe the 
effect of terrain in a radiL of several kilometers 
on the wind velocity distribution near the ground 
and, thus, on the wind-induced air infiltration. 
On request by the user during input, appropriate 
values for terrain and shielding coefficients are 
obtained from tables indicating their values 
function of easily observable landscape features. 
Together with wind speed, the information on ter-
rain and shielding is also used to calculate 
monthly values of the outside convect ive-rad iat ive 
heat transfer coefficient, or film coefficient. 

Direct Solar Gains and IR Radiation Losses 	/ 

Solar gains are computed by taking into account 
weather-averaged solar radiation in the city chosen 
by the user, the shading effects of trees, nearby 
buildings and overhangs, and the optical charac-
teristics of windows and walls. The shading 
effects of overhangs and the angular dependence of 
the transmission of glazed surfaces are modeled by 
using correlatlQp methods described in the Passive 
Solar Handbook. Solar gains through walls and 
roof/ceiling are calculated using,a method similar 
to the aol-air temperature method. 

Some of these direct solar gains are felt dur-
ing daytime, some of them at night. If the indoor 
temperature is kept constant day and night, the 
partition between nighttime and daytime solar gains 
is not overly important, except for the swing 
months. If, however, the thermostat is set back at 
night (8 pm to 8 am) and the indoor temperature is 
left to float, the partition becomes very impor-
tant, especially for the spring and fall months. 
This partition is modeled by using a solar storage 
factor, 0, defined as the fraction of the solar 
gain received over 24 hours that is released during 
the night period. Numerical values for 0, dependent 
on the house's thermal storage and the outside tern-
perature, were derived from correjations of com-
puter runs using the BLAST program. 

The net infrared heat losses to the sky, 
and LR', are calculated using the concept of an 
equivalen' sky emissivity, calculated from the out-
Joor dew point usin a correlation developed by 
Berdahl and Fromberg. 

Internal Gains and Effective Outside Temperature 

InternAl gains are assembled on a month-by-
month basis, separately for night and day, as the 
sum of solar gains, 5, and other gains frOm apli-
ances and people, referred to as "free heat." F °  by 
dayand Fn  by night minus the radiation loss to 
the sky, ARu  and R . The ratio of internal gains 
and the overall building loss coefficient (encom-
passing both conduction and infiltration) has 
dimension of a temperature and describes an outdoor 
temperature increase equivalent to the internal 
gains. When added to the outdoor temperature, T 0 , 

this increase leads to the definition of an "effec-
tive outdoor temperature," Teff 

- Td + 2 1 (1_P)s + Fd - R4j 	
(3) 

eff 	0 K+p c Q 

where: K is the heat conduction coefficient 
LW/°CJ; 

pcQ is the infiltration coefficient [W/ °C). 

This equation is for the daytime value of outdoor 
temperature. A similar expression defines the 
nighttime effective temperature, but the term (1-p) 
becomes P . The effective outdoor temperature is 
that outdoor dry-bulb temperature that would pro-
duce the same heat transfer through the envelope by 
conduction and convection only, under steady-state 
conditions, as the superposition of conductive, 
convective and radiative heat transfer (short and 
long-wave) and internal "free heat" actually occur-
ring. 

Variable-Base Degree-Days and Degree-Nights 

The monthly values of effective outdoor tem-
perature and average indoor temperature are used to 
copute monthly heating and 'cooling degree-days, 

and "degree-nights," DDn. Degree-days are 
defined like conventional degree-days as the sum of 
hourly differences between indoor temperature and 
outdoor effective temperature, counting only hours 
between 8 am and 8 pm and positive differences. 
Degree-nights are similarly defined for hours 
between 8 pm and 8 am. 

To calculate monthly heating or cooling 
degree-days and degree-nights without the need for 
extensive on-line tables, an empirical, three-
coefficient correlation was developed with monthly 
average temperature: 

DD 	[[T-T 'ff  ] + i()- I TTff 	} (4) 

where: N 	is the number of days per month; 
are dimensionless empirical degree- 
day coefficients (three for each com-
bination of heating/cooling and 
day/night); 

[X]+ is X (-X for cooling) for X>O and 

—3— 	 zero otherwise. 



If the day and night thermostat settings are 
equal, then Tad l m , the average day and night indoor 
temperatures are identical to the thermostat set-
tings; if these are different, then day and night 
average indoor temperatures are calculated assuming 
an indoor temperature float with a single time con-
stant governed by the house equivaleit thermal mass 
determined during the input session. 

Sensible Beating and Cooling Loads 

Monthly heating loads and sensible cooling 
loads are calculated for day and night periods 
using 

L 	24 (K + UA 5  + pcQ) DD 	 (5) 

where: UA5  is the heat conduction coefficient of 

all passive solar components [W/ °CJ. 

Where there is a night thermostat setback, the 
nighttime load is decreased by the amount of heat 
released by the equivalent thermal mass of the 
house nd the daytime load increased by the same 
amount. 

Sensible cooling loads are calculated simi-
larly. The calculation of latent cooling loads is 
described in the section on equipment efficiencies. 

Rnl nr Pan tiIrac 

Direct gain passive solar systems are treated 
as windows, as described earlier. Trombe walls, 
water walls and greenhouses are modeled usit the 
correlation method developed by Balcomb et al that 
expresses the reduction of heating load by passive 
solar meaàs by the "solar savings fraction", SSF, a 
function of the solar load ratio (solar gain 
through the Trombe or water wall -divided by the 
heating load) and the load to collector ratio (heat 
conduction and infiltration coefficient- in W °C 
divided by the Troinbe or water wall area in m ). 
Heating loads then are decreased by monthly values 
of (l-SSF). 

Active solar systems for space and wate1r0  heat-
ing are treated using the f-chart method. f is 
the fraction of monthly space and/or water heating 
loads supplied by active solar systems. Thus, the 
space and water heating loads are reduced by 
monthly values of the factor (1-f). 

Heating and Cooling Equipment Efficiencies 

Monthly heating energy consumptions are figured 
separately for daytime and nighttime using the 
equation: 

L 
E '- 	 (6) 

Vh 

where: Lh is the day or night heating load 

[Wh/nonth]; 	 - 

is the overall heating efficiency.  

For heating equipment the efficiency, ij, is calcu-
lated as a function of rated efficiency, distribu-
tion losses, and part-load ratio. The part-load 
ratio Is the fraction of total capacity of the 
heating equipment that is required to meet the 
heating load. For oil boilers, a correlation 
between efficiency and part-load ratio was 
develope 1 2based on measured data from 16 
boilers. ' For heat pumps, manufacturers data 
was used to develop a similar correlation, that 
also takes into account the dependence of the heat 
pump fPacitY on indoor-outdoor temperature differ-
ence. No decrease In efficiency under part-load 
conditions is assumed for gas heating equipment. 

For cooling equipment, a detailed heat and 
moisture balance is done monthly for day and night 
to arrive at an equilibrium indoor wet bulb tem-
perature. Together with indoor and outdoor dry 
bulb temperature, it is used to determine latent 
and sensible cooling capacity of the equipment 
used. Then, the part-load ratio is obtained from 
the ratio of sensible cooling load and sensible 
cooling capacity. The rated equipment coefficient 
of performance, COPr,  is modified according to 
these part-load conditions and the indoor-outdoor 
dry bulb temperature difference. Finally, the 
cooling energy consumption is calculated as 

L +L 	 - 
E 	

m 	
(7) 

where: L 5  is the sensible cooling load (Wh/moj; 

Lm is the latent cooling load [Wh/noj; - 

qc is an overall cooling efficiency. - 

The cooling efficiency, 9 , includes the COP and 
the effect of distributionClosses. 

Validation 

Space heating and cooling predictions using 
this method have been shown to approximate the 
results from the 90E-2.1 building simulation pro-
gram within +10%, , as shown in Fig. 1. Prelim-
inary comparisons with measured energy consumption 
data from 42 houses have shown a comparable 
correspondence between measured and predicted 
yearly heating and appliance energy consumption. 

Viewing the results 

After the minute or so that it takes to perform 
the heating and cooling calculations, CIRA displays 
monthly values and yearly totals and means of 
several quantities, such as daily and-nightly heat-
ing and cooling energy loads and consuinptions, air 
infiltration, solar gains, dollar expenditures for 
heating and cooling, and more. 

By pressing the appropriate key from a menu 
displayed at the top of the screen, the user may 
also plot any arithmetic conbinations of these 
quantities (e.g., the sum of all space heating 
expenditures divided by the floor area). All can 
be displayed either in tabular form or graphically, 
depending on the users wishes. 

—4- 
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Fig. 1: Comparison of CIRA and DOE-2.1 monthly heating and cooling loads for 7 climates 
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ECONOMIC OPTIMIZATION 

For energy auditors and energy policy makers, 
calculating yearly energy consumption may be of 
less interest than determining the most cost-
effective strategy to save energy. That is, for a 
given budget, what is the most energy-saving combi-
nation of retrofits or, what is the highest retro-
fit budget for which the dollar savings still 
exceed the expenditures (including maintenance 
costs)? 

Optimizing a mix of retrof its on a building may 
be compared to the textbook case of ranking invest-
ments by return on investment. Each retrofit, 
then, is viewed as an investment in energy savings 
and the monetary savings realized over the years to 
cone constitute the return. However, the analogy 
is incomplete at best, as the returns on retrofit 
investments are a moving target. With each retro-
fit that the "investor" acquires, the returns on 
all remaining retrofits change, in general down-
ward. Furthermore, for individual retrofits the 
parameters affecting energy are rarely monotonic 
functions of cost. A good example is the multitude 
of window shades commercially available, some cheap 
and others expensive, and often with little corre-
lation to R-value or shading coefficient or any 
reasonable combination thereof. 

It is partly because of these difficulties that 
8 numerical approach to retrofit optimization was 
taken in CIRA. The strategy to find the mix of 
retrofits with the largest net life-cycle savings 
is essentially that used by a blind person to find 
the highest point of a hill: follow the line of 
steepest ascent. That is, keep re-rating retrofits 
and implement those with the highest savings-to-
cost ratio until the available budget is used up or 
the remaining retrofits don't pay for themselves 
any more. 

Energy Savings of Applicable Retrofits 

After the energy consumption of the original 
house has been evaluated, CIRA scans a retrofit 
data base on disk containing close to hundred 
retrofit options. Costs are indicated per unit 
area, per unit length, etc. Those retrof its which 

physically cannot apply to the building are not 
considered --  e.g. cavity insulation for solid 
masonry walls, or a replacement oil burner for a 
gas furnace. 

The retrofit database also stores instructions 
on how each of the building parameters (such as 
thermal resistance, leakage area, thermal mass, 
spatial distribution of thermal resistance and 
leakage area, furnace efficiency, and distribution 
losses) is altered by a retrofit. More than one 
parameter may be changed -- e.g. adding a storm 
window in winter will decrease conduction and 
infiltration coefficients and will decrease solar 
gains. 

During optimization, the program translates the 
retrofit instructions into corresponding changes of 
annual energy consumption. This structure allows 
the addition of almost any retrofit to the database 
used for the optimization. It also allows for 
retrofits to be "removed" if displaced by more 
cost-effective retrofits at a later stage of the 
optimization. 

Dollar Savings and Costs 

For each retrofit, the energy saving calculated 
by CIRA is converted into a gross lifetime dollar 
saving, S, by multiplying by the price of energy 
and reducing to present value, using fuel escala-
tion rates and a discount rate entered by the user. 

For each retrofit, the maintenance cost, M, is 
given in the retrofit database as a percentage 
replacement after a number of years, e.g. 100% 
after 3 years for plastic storms. If the lifetime 
of a retrofit is short, more than one replacement 
may be needed, such as for a ten year horizon and 
plastic storms, that may have to be replaced after 
three, six, and nine years. The present value for 
such maintenance expenditures is figured using a 
projected escalation rate in maintenance costs and 
the discount rate. 

The cost, C, of a retrofit is calculated from the 
unit cost (e.g. dollars per square meter of double 
pane windows) and the quantity of that unit in the 
particular application (here, the area of the win-
dow to be retrofitted). 

—5- 



The savings-to-cost ratio, SCR, is defined as 
SCR - (S-M)/C. Retrof its are ranked in decreasing 
order of SCR. and the optimization stops when only 
retrof its with a SCR of less than one remain. 

Economic Optimization Loop 

After finding all applicable retrof its, the 
next step is to rate each retrofit by the SCR cal-
culated as if taken alone. The retrofits are 
sorted by individual SCR, and the retrofit with the 
highest SCR is chosen, then removed from the list 
of retrofits and installed in the house. Finally, 
the new energy consumption of the house is re-
calculated. 

Now the process starts anew. Each remaining 
retrofit is re-rated (for the altered house) by 
calculatIng a new SCR. These retrofits are sorted, 
and the best one chosen and installed. The second 
installed retrofit naturally has a lower SCR than 
the first, and this trend continues as more retro-
f its are chosen. The loop of rating, sorting, 
installing, and re-calculating energy consumption 
continues until there are no more cost-effective 
retrofits. The list of retrofits is then printed 
out, together with relevant economic parameters. A 
sample output for a limited library of retrofits is 
shown in Fig. 2. At the top is some summary infor-
mation about the house and the economic assump-
tions. Not indicated is the economic horizon, in 
this case 20 years. The fuel costs chosen  

reprewent the U.S. national averages for residences 
for April, 1982. The rest of the printout shows 
the list of retrofits ordered by decreasing SCR. 
The "Name and Location" column refers to components 
of the house, such as windows and walls, and to 
their user-chosen names, such as "West" windows or 
"North" walls. The "first year savings" include 
space conditioning and all other uses of energy. 
The "annualized maintenance'S is the annualized 
present value of maintenance cost. Fig. 3 is a 
graphic representation of the net life-cycle sav-
ings (savings minus maintenance) versus total 
expenditure for all retrof its. 

Partial Derivatives 

In principle, the procedure, outlined above 
requires the recalculation of annual energy con-
aumption each time a single, retrofit is rated, 
which could require several thousand calculations 
of annual energy use for a full optimization. To 
speed up the process, CIRA rates the retrofits by. 
an estimate of the savings based on partial deriva-
tives of annual energy consumption with respect to 
building load coefficient (conduction and infiltra-
tion), internal gains (solar, IR losses, and free 
heat), equipment efficiency (heating and cooling) 
and distribution losses. Actual annual energy con-
sumptions and new values for the partial deriva-
tives are recalculated only each time a "winning" 
retrofit has been identified and installed. 

CIRA----- --------- - ----- ---------------CCJIPUTERIZED INSTRLFIENTED RESIDENTIAL AUDIT----- ---- - ------ --------------------CIRA 

'ASHRAE-TEST' house in WASH-DO at 14 feet. - 

$4205.50 ' Limit: $10000.00 

Real DISCOUNT rate (%): 	3.00 Peal MAINT ESC rate (%): 0.00 

Heating 	Cooling Water Electric 

Type of EQ(JIlENT I Gas Furnace 	Central AC 	Gas -na- 

Fuel- PRICES ($/MBtu) 	1 5.30 	20.50 5.30 20.50 

Real ESCALATIOR rate (%) 	I 3.00 	 3.00 3.00 3.00 

Retrofit NAME & InItial 1st 	Year Annualized Net SAIGS 

D8mCRIFrIOR LDOATICE CDOT SAVIPGS 	MAINTENMXE to daT R 

1 	Set water htr. thermstat to 120 F ---- Reith APPLIANC $0.50 $34.41 $0.09 999.9 

2 	AUTO. S F Htg. & Clg. NIGWr SETEACK ASHRAE-TEST GENERP.L $120.00 $174.68 $4.47 28.6 

3 	Install 6 inches of loose fiberglass ----- Insulated RDOF/CEI $695.00 $648.24 $7.50 18.5 

4 	Install R-6 water htr. blanket -- - meith APPLIANC $30.00 $13.93 $2.62 8,0 

S DOUBLE glaze -- 	 --- Herth WINDS $168.00 $34.14 $0.00 4.1 

6 DOUBLE glaze 	 ------ 	 ---- East WINW.'JS $168.00 $34.14 $0.00 4.1 

7 DOUBLE glaze -------- - West wIND($IS $168.00 $34.14 $0.00 4.1 

8 *TRIPLE glaze ------------ - Herth WIN4S $72.00 $15.41 $0.00 3.7 

9 *TRIPLE glaze ---__----- - East WINS $72.00 $15.41 $0.00 3.7 

10 *TRIPLE glaze - 	----------------------- West W1N4S $72.00 $15.41 $0.00 3.7 

11 DOUBLE glaze ------ 	 ------ South WINS $168.00 $29.14 $0.00 3.5 

12 Buy new EFFICIENT REFRIGERATOR 	 ---- Seith APPLIANC $700.00 $106.92 $0.00 3.1 

13 *TRIPLE  glaze -------'---- South WIN4S $72.00 $8.85 $0.00 2.4 

14 	INSULATE with 3.5" blown-in cellulose -------- Herth WALLS $440.00 $45.76 $0.00 2.1 

15 	INSULATE with 3.5' blown-in cellulose - South WALLS $440.00 $38.64 $0.00 1.8 

16 	INSULATE with 3.5" blown-in cellulose -------------- West WALLS $260.00 $22.02 $0.00 1.7 

17 	INSULATE with 3.5" blown-In cellulose --- East l'ilLLS $260.00 $22.02 $0.00 1.7 

18 •Install 9 inches of loose fiberglass --- Insulated 	F/CEI $300.00 $21.73 $3.24 1.2 

* - This replaces a previous retrofit on this compenent. 	Savings and costs are in addition to those of the replaced retrofit. 

CIRA-------------- 	---------CClPtJTERIZED INS'lRIJiDI'ItD RESIDFIAL AUDIT -- -------- ------- CIRA 

Fig. 2: Sample retrofit optimization output. There are more retrofits in the database than selected above. 
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1 Water thermostat to 120'F 10 Triple glaze West windows 
2 5')' Automatic night setback 11 Double glaze South windows 
3 6" of fiberglass in attic 12 Install efficient refrigerator 
4 R-6 Water heater blanket 13 Triple glaze South windows 
5 Double glaze North windows 14 Cellulose insulation in North walls 
6 Double glaze East windows 15 Cellulose insulation in South walls 
7 Double glaze West windows 16 Cellulose insulation in West walls 
8 Triple glaze North windows 17 Cellulose insulation in East walls 
9 Triple glaze East windows 18 9" of fiberglass in attic 
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IniEial Cost ($) 

Fig. 3: Cumulative lifetime savings (after maintenance) versus cumulative retrofit installation cost. 

CONCLUSION 

The first version of CIRA was released in April 
1982. Modifications are under way to make the pro-
gram usable for small commercial and multifamily 
buildings. In parallel, an extensive validatioa 
program of the energy calculations using data from 
actual buildings is planned. 

Currently, CIRA can be run on any microcomputer 
with a CP/M operating system, 13  64K of random 
access memory (of which at least 56K user-
accessible), two 8" single density disk drives or 
equivalent (2x200K or 450K bytes total), an 80 
column, cursor-addressable video terminal, a 132 
column printer. At the time of this writing 
(November 1982), a complete system with these 
specifications can be purchased for around $4,000. 

REFERENCES 

R.C. Sonderegger, J.-Y. Gamier, and J.D. 
Dixon, Computerized, Instrumented, Residential 
Audit (Lawrence Berkeley Laboratory Pub. 425 
Revised, March 1982). 
CIRA 1.0 Reference Manual (Lawrence Berkeley 

Laboratory Pub. 442, March 1982). 
ASHRAE 1981 Handbook of Fundamentals. 
R.W.R. Muncey, and J.W. Spencer, "Heat Flow 
into the Ground Under a House," Energy Conser-
vation in Heating Cooling and Ventilating 
Buildings, Vol.2 (Hemisphere Publishing Corp., 
1978). 
T. Kusuda and T. Saitoh, Simplified Heating and 
Cooling Energy Analysis Calculations for 
Residential Applications (National Bureau of 

Standards, NSIR 80-1961, July 1980). 
N.H. Sherman, and D.T. Grimsrud, "Measurement 
of Infiltration Using Fan Pressurization and 
Weather Data," Proc. 1st AIC Conference on Air 
Infiltration Instrumentation and Measurement 
Techniques (Air Infiltration Centre, Bracknell, 
U.K., 1981). 
J.D. Balcomb, D. Barley, R.D. McFarland, J. 
Perry, W.O. Wray, S. Noll, Passive Solar Design 
Handbook, (US Department of Energy, January 
1980). Updates to appear in Volume Three have 
been published as New Solar Load Ratio and 
Solar Radiation Correlations, -(Los Alamos 
Scientific Laboratory, LA-UR-81-3114, 	Oct. 
1981). 
D.C. Hittle, BLAST: The Building Loads Analysis 
and Systems Program, Vol. 1 (U.S. Army Con-
struction Engineering Research Laboratory, 
CERL-TR-119, Dec. 1977). 
P. Berdahl, and R. Fromberg, "An Empirical 
Method for Estimating the Thermal Radiance of 
Clear Skies" solar Engy 29, no. 4 (1982). 
V.A. Beckman, S.A. Klein, J.A. Duffie, Solar 
Heating Design by the f-Chart Method (Wiley, 
New York, 1977). 
R.F. Krajewski, R.J. McDonald, and J.S. Milau 
Direct Efficiency Measurement and Characteriza-
tion of Residential Heating Equipment, Annual 
Report Fiscal Year 1979 (Brookhaven National 
Laboratory, 1980). 
W.H. Parken, R.W. Beausoleil, and G.E. Kelly, 
Factors Affecting the Performance of a Residen-
tial Air-to-Air Heat Pump, ASHRAE Transactions 
83(1) (1977) p.  839. 
CP/M is a trademark of Digital Research Inc., 
P.O.Box 579, Pacific Grove, CA 93950. 

-7- 



This report was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California, the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. 



1-3 
Q 




