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EVALUATION OF RESIDENTIAL BUILDING ENERGY PERFORMANCE STANDARDS 

ABSTRACT 

Mark D. Levine, David B. Goldstein, 
Metin Lokmanhekim, and Arthur H. Rosenfeld 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, California 94720, U'.S.A. 

This paper reports on the development and analysis of energy performance 

standards for residential buildings in the United States. The approach involves 

an assessment of the economic costs and benefits of alternative standards and 

provides quantitative estimates of the reduction of energy use resulting from 

the implementation of standards. The sensitivities of b,uilding energy use to 

design parameters of buildings--including size, orientation, aspect ratio, 

basement type, window area, and construction material--are assessed. The DOE-2 

Building Energy Utilization Analysis program was used to evaluate the heating 

and cooling loads of residential buildings. Residential buildings were simu

lated in ten weather climates using hourly weather data with a variety of 

energy conservation measures. 

A number of key issues relating to the evaluation of building energy per

formance standards are raised and discussed., These issues include: 

o What are alternative methodologies for evaluating building energy 
standards? How dependent are standards on key economic assumptions 
of the analysis? 

o How can the standards be implemented so that tradeoffs between dif
ferent energy conservation measures can be made? 

o What are the costs and benefits of different approaches to reducing 
residential building energy consumption? 

o What role can reducing infiltration into buildings play in the 
standards? 



o How can the standards be implemented to give appropriate credit for 
passive solar design? 

o How many sets of standards are needed for residential buildings? 

I. Introduction 

A.Performance Standards 

The U. S. Congress designated energy performance standards as a means for 

reducing the energy use of new buildings. These standards differ from the more 

conventional IIcomponent-based" and prescriptive standards by setting a limit on 

predicted energy use of the building as a whole rather than specifying the 

thermal performance of each element of the building separately. 

The performance aspect of the standards allows the builder greater flexi

bility in meeting their requirements, since high performance of one component 

can be traded off against low performance of another. In spite of this greater 

flexibility, they are mor.e difficult to implement than prescriptive standards. 

This paper discusses the process of applying life-cycle cost analysis to 

the evaluation of performance standards for residences. 

Minimizing life-cycle costs of ~ building can be accomplished by simulat

ing the energy performance of a prototype building on an energy utilization 

model under different conditions of thermal integrity ... The effect of adding 

conservation measures to the base house is modeled and, for each measure, a 

compari son is made between reductions .in energy costs over the Ufe of the . 
. 

building and increased investment in energy conservation. ' 

Conservation measures are added in order of decreasing benefit/cost ratio, 

until the ratio is les~ than one. The energy budget at this minimum in life

cycle cost is hereafter defined as .the Design Energy Budget of a building type . 
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Energy performance standards can be set by requiring ,all· buildings to 

. achie~e the same or better (i;e., lower) energy performance as the cost-mini

mizing ptototype. If there is a sUbstantial difference in the ability of dif

ferent types of buildings to meet this performance, different prototypes can be 

established for each type of building . 
. . 

The energy budgets derived by this method are abstract numbers (Btu/ft2 

year): additional study is needed to relate these numbers to specific config

urations of specific houses (other than the prototype). Sensitivity of the 

design energy performance of a building to different building parameters must 

be ,explored to assume that the energy budgets are realistic for a wide variety 

or houses. 

Many of the ·key issues revolving around performance standards concern their 

applicability to different types of houses and the assumptions used to model 

the energy use and economics of- the building. " 

This report derives energy budgets for residences based on minimizing 
, . 

1 ife-cycle costs of conventional conservation measures to the consumer (home 

owner). It shows that the houses with conservation measures and energy budgets· 

associated with the minimum in life-cycle costs are relatively insensitive to 

most variations in house design, so that energy budgets are well-defined and 

~quitable compared to prestriptive standards. 

The U.S. Depa-rtment of Energy has used these budgets and an attendant 

report -.JJ as the basis of the Proposed ;Rul e on Buil ding Energy, PerJormance. 

'Standards for Residences, issued in November 1979 :-.1/. Commercial B,uilding 

Energy Performance'Standard·s'( i ncl udi ng -those for multi -family. resi denti a 1 

buildings) are based ana statistical methodology developed by, the ~merican 

.. , Institute of Architects Research Corporation -.l/, . 
. , 
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B. Summary of Results 

o If all new residential buildings incorporate traditional energy con
servation measures until the minimum in life cycle cost is achieved, 
then 

--a reduction of 30% to 40% in the average energy use for space 
conditioning (from current building practice) is accomplished, 

--a reduction of 60% to 70% in average energy use for space 
conditioning (from an average existing house) is obtained, 

--simple payback on conservation investment occurs in 1 to 4 
years for electric heat and 3 to 10 years for gas heat, and 

--an inc~eased investment of $0.50 to $1.00 per square foot 
for a new house is required (i.e., an increase in initial' 
investment of 1 to 2%) 

--the consumer achieves a net saving of $800 to $1500 on the cost 
. of fuel (and conservation) over the life of the house mortgage 

o If the list of available conservation measures is expanded to in
clude reduced air leakage (infiltration) into the house, coupled 
with mechanical venti.lation through a heat exchanger (not yet 
widely available) and these measures are implemented until the 
lif~ cycle cost minimum is achieved, then . 

-"-a reduction of 50% to 60% in average energy use for space 
conditioning (from current building practice) or?5% to 80% 

. (from an average existing house) is accomplished, . 

-,-an increased investment of $0.75 and $1.50 per square foot 
for a new house is required, and 

--the net savings is $1500 to $4000 to the consumer. 

II. Method of Approach 

The approach- fo 11 owed-i n -the ~analys i s- 'of res i dent i a 1 space conditioni ng 

energy performance standards involves the following s~eps: 

1. ·Development of Residential Prototypes 

2. Selection af Conservation Measures to be Evaluated 

3. Description of Standard Building Operating Conditions 

4. Development of Economic Data, Projections, and Assumptions 

5. Computer Simulation of Building Energy Requirements in Different 
Climatic Regio?s 

-4-
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6. Ana1ys~s o(Life-Cyc1e Costs of Energy Conservation Measures 

7. Sensitivity Analyses on Building Characteristics, Operating 
. Conditions, Conservation Measures, and Economic Parameters 

8. Analysis of Impacts of Alternative Energy Budget Levels, in 
which the Alternative Budget Levels are based on steps 1 through 7 

The basis of the analysis method is the use of life-cycle costing. The 

objective of achieving a minimum in1 ife-cyc1e costs is a reasonable basis 

for estab1'ishing energy conservation policy because' i,t provides a rational 

framework for trading off scarCe energy resources and other ~esources (e.g .• 

labor and capital) in achieving a particular goal (in this case, space con

ditioning in residential buildings) 3/. The acceptance of -such an approach 

can, in our judgment, greatly facilitate the cons~nsus-bui1ding that is nec

essary to establish the major energy conservation elements of·a national 

energy policy. This does not mean that the process of building consensus is 

ne~essari1y easy or ~ithout its divisive aspects. But, the use of an economic 

approach to energy conservation--and the increasing public awareness of how 

economics can help resolve issues--can be greatly enhanced by a government 

decision to use life-cycle costing as on~ of the major elements of its energy 

conservation. policy. 

A. Specifics of Approach and Assumptions 

Table 1 contains in summary form the most important elements of the 

approach. More detailed information on the assumptions used in the analysis 

is found in reference 5, ava il ab 1 e from LawrenteBerke 1 ey Laboratory. More 

detailed inf~rmation about the results of sensitivity analyses is found in 

Chapter 4 and appendices A and I of reference 1. We discuss here some of the 
, ,::-- . 

moreim~ortant elements' of the approach .. 

Assumptions (based ~n best available data) are required in all of the 

areas listed in Table 1:r~sidentia1 prototypes; conservation measures; 
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TABLE 1. Specific Elements of the Approach to Evaluating the Life-Cycle 
Cost of Energy Conservation Measures for Single-Family Residential Buildings 

Residential Prototypes 

o Four designs selected, following Hastings 6/: single story 
ranch, two story, townhouse, and split level house 

o Window ~rea taken to be 15% of floor area for all designs 

o Windows equally distributed on all four sides of house (two 
sides for townhouse) 

o Sensitivities of prototypes performed: 

--wi ndow area 
--window orientation 
--house size and orientation 
--aspect ratio of house 
-~thermal mass of house 
--conservation measures (see below) 
--building operating conditions (see below) 

Conservation Measures 

o Windows: up to triple glazing (or double glazing plus storm window) 

o Exterior wall: up to R-25 (using 211 x 611 studs plus insulating 
sheathing) . 

o Ceiling: up to R-38 insulation 

o Excludes: exterior wall with double studs (two 2 x 4 or 2 x 8 
studs with insulation); ceiling insulation greater than R-38; 
i nfil trati on reducti on (wi th or wi thout heat recuperator); any 
conservation measure requiring a change in behavior; other 
advanced energy conservation technologies 

Building Operating Conditions 

o. Thermostat set points: 70°F for heating; 78° for cooling; 
no night setback 

o Average air infiltration rate: 0.6 air changes per hour 

o Avera e internal loads: 50,000 Btu/day, Highest in early morning 
cooking, occupants, lighting) and evenings (cooking, lighting, 

occupants, TV) 

o Natural ventilation: windows open when indoor temperature greater 
than 78°F and outdoor temperature low enough to cool house to 78° 
in less than one hour. Non-opening windows considered as a sensi-
tivity case. . 
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TABLE 1. (Concl.) 
," 

Economic Data, Projections, and Assumptions 

o E.I.A. average energy price projections (Series B) 

--~as prices escalate at 2.8% per year above inflation 

o 

o 

o 

--electricity prices escalate at 1.5% pe,r year above inflation· 

Installed cost of· Energy conservation measures ~rom N.A.H.B. 

Discount rate chosen to'equal cost ofborrbwed capital fora 
new house (3% above inflation) 

Possible future changes in assumptions: 

--marginal energy prices . . . 

--updated ~onser~ation c6sts 

--regional prices 
, . 

Buil~ihg Energy Simulations 

o Use of DOE-2 computer program, checked against TWOZONE and BLAST 

o Change in infiltration ,arrdventilation algorithms' 

o Run fo'r 4 prototypes, about 12 ,groups of conservation 
measures per prototype, two ventilation algorithms and 
10 cities 

-7-
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building operating conditions; economic data~ projections, and assumptions; 

and building energy simulations. Some of these are discussed belDw: 

1. Prototype Houses 

The economic approach to energy budget analysis requires the use of 

prototype buildings. Cost/benefit analysis cannot be performed in the 

abstract; instead sRecific improvements on specific houses must be studied. 

The prototypes used are described by Hastings --.Y; they cover ranch houses, 

two~story houses, and townhouses. In addition, we modeled a split-level 

prototype. 

The Hastings houses were used in the analysis because t~ey were developed 

for the purpose of analyzing energy conservation measures, and have for over· 

a year, been subject to public scrutiny and review. 

We made several modifications to the basic prototype designs for the 

purpose of determining energybudgets. Window area was increased from 11% 

to 15% of floor area to correspond to data on average glass areas in new con

struction. The windows were distributed uniformly on all four elevations to 

simulate 'random orientation. These changes have the effect'of loosening the 

energy budgets such that a typical house could comply, if desired, through 

universally available conservation measures only, without the requirement 

of re-orientatiDn (which may not be feasible in many cases). 

2. Building Operating Conditions 

The conditions used in the analysis were chosen to reflect current usage 

patterns.Thi s choice was made to limit the scope of the performance standard 1 

to changes in building design, \'Jithno effect on the lifestyle or preferences 

of the occupants. If one assumes changed behavior (e.g., lower heating thermo

stats) then tighter insulation standards produce gains in comfort (temperatures 

which may float higher than the actual thermostat setting but lower than the 
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desired setting) which cannot be evaluated economi~ally. 

Natural ventilation was assumed because the present .data,- though sparse',' 

and~not.c~nclusive, suggest that.most people do op~ntheir windows on cool 

summer days .. Furthermore, the assumption of closed windows would cause pas

sive solar designs (which often rely on natural, ventilation) to have higher 

cooling loads, discouraging: the use of ~assive solar techniques~ in conflict 

with the legislative mandate. 

Internal load assumptions were based on average occupancies~ appliance 

ownership, and projected appli~nce efficienties. Infiltration.rates were cal-

culated.using a Coblentz-Achenbach equation with coefficients developed by 

Stephen R. Petersen ~'J The average, 0.6 in changes per hour, is typical of 

. the' averages of measurements made in over 50.houses~· 

3~ , Economic Parameters \ -

A discount rate 3% aboVe the inflation. rate has been used~ibased on the 

approximate cost of capital to the consumer buying a new home. A higher 
, ~ .. 

discount rate, such as 10% or 15% above inflation, reduces the number of 
.. 

conservation measures which are cost'-effective, particularly in the mi.lder 

cl imates; a lower discount rate increases the number· of energy conservation 
. .-

m~asures that are cost effective, particularly in ,moderate and mild climates. 

The 3% rate was chosen: for consistency with the cost assumptions: because 

the conservation measures were evaluated based on cost to the home-buyer· 
'.. . " \ 

(rather than to the.builder) and the fuel prices are those appropriate to 
, . 

.' 
home-dwellers, not to the Nation, it is consistant to use capital-borrowing 

- , , . 
costs to the consumer as the discount rate. 

- '. 
Alternately, ·one~might want to re-calculate cost minima using national 

j 

parameters: marginal fuel prices, increments for environmental degradation . 
and effects on balance oLpayments and rational security considerations, 

-9-
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manufacturing costs for conservation measures, and a social discount rate. 

Clearly these parameters are more difficult to evaluate than the consumer-

oriented parameters. Preliminary results suggest that the use of parameters 

based on national impacts would result in equal or tougher standards compared 

with those based on consumer impacts. 

B. Comparison with Approach used to Evaluate Commercial Buildings 

The American Institute of Architects/Research Corporation (AIA/RC) per

formed an analysis of commercial buildings that was used by the Department 

of Energy in much the same way that our research was used in selecting the 

Design Energy Budgets":y. The approach taken by AIA/RC differed markedly 

from that used for single family residential buildings. 

A recent book publ ished by Resources for the Future (RFF), "Energy-~the Next 

Twenty Years," ~ provides an excellent summary and critique of the approach 

taken to evaluate commercial' buildings. We quote: 

liThe statute mandating BEPS requires that the standards be 
applied at the design stage and regulate the energy performance. 
of a building. The government hired the American Institute of 

. Architects Research Corporation (AIA/RC) to collect the data upon 
,which standards would be developed. AIA/RC selected 1,661 build
,ings des igned shortly after the oil embargo, on the somewhat dubious 
theory that the architects designing those buildings would have put 
the state of the art of energy conservation in their design stage. 
Using a proprietary computer program owned by the Edison Electric 
Institute, the buildings were "modeled" to calculate how many 
British thermal units per square foot the buildings would use 
per year~ Unfortunately, the researchers did not go back to see 
whether the buil di ngs as bui It performed as the computer predi cted ... 
A small sample of the original buildings were selected for 
redesign. Their original architects were given a three day course 
in energy conservation and told to redesign the building to save 
more energy. (The redesign instructions included the important 
limitation that the new building was not to cost any more than 
the original building. This i~struction eliminated most capital' 
improvements to make the redesigned buildings more energy-efficient, 
except that capital no longer required for large heating and cooling 
equipment was freed to be used elsewhere in the building.) Interest
ingly enough, the computer calculations indicated that four out of 
five of the redesigned buildings were more energy efficient than 
all but the top fifth of the designs in the original sample. This 

... -10-
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illustrates the power of paying attention to a pro~lem and learn
ing how to deal with it. 

Economic calculations have been notably missing in the pro
cess. Cost figures for the ,changes were not made available, and 
little attention 'was paid to the question of money, either in the 
data-gathering phase or in the analysis ... 11 

The commentary above was evidently written by an economist who would 

have preferred to see standards set on the basis of minimizing life-cycle 
, .. '. , 

costs to society, irrespective of whether that required buildings to be con

structed at median energy use or at a level below anything currently b~ing 
, i' <' 

built. But in fact there are many p~actical similarities between the re

sults of the life-cycle costing methodologyfor residences and those of the 

statistical approach uS,ed for the commercial sector. In both cases, true 

minimization ,of life-cycle cost would involve the use of measures (e.g., 

residential ~eat e~changers} or techniques (e.g., daylighting in offices or 

passive solar techniques in residence~) not widely available to building 

designers and builders, but which could lead to large savings in energy 

beyond those mandated by the energy budgets chosen by DOL' So for both 

sectors and both methodologies, the energy budgets are on a declining por-

tion, of the cost curve - where more ,conservation would lead to lower costs -

but they are running against constraints of DOEls judgment of the capabilities 

of the industry at the present time. 

Nonetheless, the points made by RfF are of considerable importance and 

we, antici.pate that the Department of Energy will note them as they continue 

the research in support ()f the final rule. The life,-cycle costing of com

mercial building prototypes is not as easy to perform as that for the residen

tial prototypes. However, such an approach has been initiated at AIA/RC 

and is likely to provide results that are extremely useful for the final 

BEPS rule. 
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III. Results of the Life-Cycle Cost Analysis 

A. Houses Heated with Gas 
.-

Table 2 contains the detailed results obtained by minimizing the life-

cycle costs of energy conservation investment and a discounted stream of 

payments for fuel over the lifetime of the house mortgage, for a house with 

natural gas heating (assuming a system efficiency of 70 percent) and electric 

cooling: The first column lists the climatic regions. The second column 

presents the representative city for which the thermal analysis of the resi-: 

dence wa's performed. Columns 3 and 4 show the long-term average heating and 

cooling degree days for each of the cities. The heating degree days are pre

sented with a'base of 65°F and, in parentheses, a base of 53°f. The cooling 

degree days are presented with abase of 65°F and, in parentheses, a base of 

68°F. (The 53°~ base for heating and 68°F for cooling are included because 

space heating and cooling loads for a well-insulated house are expected to be 

more nearly linear with degree days calculated on this basis than,for the 

traditional base of 65°F.) 

Column 5 presents the insulation levels and column 6 the number of glaz

ings in the prototype house which minimized life-cycle costs.* These insula

tion l~vels would bring most houses irito compliance with the en~rgy budgets. 

Of course, many other configurations'would also comply. Triple glazing is 

used inc1 imates as cold as Washington', D.C., and in areas with very large 

cooling load, and double glazing is used in all other climates modeled. Typical 

insulation levels for all but the extreme climates (coldest or mildest) are 

R-38 ceiling and R-19 walls. Column 7 contains the estimated increase in 

*For regions in which a crawl space iS,the common form of basement, the floor 
insulation levels are noted in Table 2. For unheated full basements, the as
sumption is made that heat loss-s and gains balance. Slab on grade and base
ment construction is assumed to have adequate perimeter insulation, as des
cribed in reference 1. 

-12-
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Climate Representative 
~ion _, '_~t!.r_-_ 

MinneapoliS 

2 Chica90 

3 Port land 

3 Washington. 
D.C. 

4 Atlanta 

4 Fresno 

5 Burbaok 

6 Phoen h(c) 

6 liouston 

Ft. Wod h ( c ) : 

--------

~7"~ .- " 

Re~ults'of t~~ lif~ cycle~~6~i.analysis of energy conservation measures 
for single storyh'Ouses heated, bynat'ural gas and cooled by electricity 

3 4 - 5 6 7 8 
Insulation Ener!!y Budget Heating Cool ing Levels Conservation 

oegr{e Oegrfe (R-Value) , Number of Investment. Primary Enel"gy. Sui ldin-g B~undary. 
O,dYS a) Q~s a) ~ening Wall Floor Giazings ' $197/l MBtu/ft 2 /lr, MBtu/ft /yr 

13310 -530 : 38 25 -- 3 - S1.160 66.1 54.5 
(5260 ) L 370) 

6130 930 38 19 3 $ 900 42.9 35.0 
( 3540) ( _620) 

4790 300 38 i9 19 3 $1.050 30.9 25.9 
(1840) ( 15U) 

4210 1420 38 19 3 $ 900 33.7 22.4 
( 1980) (1010) 

3100 1590 38 19 11, 2 S 900 28.2 18.3 
(1230 ) (1130) 

2650 1670 33 19 2 $ 850 31.9 16.1. 
( 770)' ( 1220) 

IMO 
( 170 lib) 

620 
(310) (b) 

19 11- 2 "'_ S 380 15.7 ' 7.2 

- 15~0 3510 - 38 19 3 $1.280 35.8 12~0 
( 320) (2960) 

1430 2890 30 11 2 S 520 34.4 15.1 
( 3(0) (2240) 

2830 2590 38 19 3 ' SI.280 32.3 15.2 
( 810) (~030) 

(a) lIedting-dlHI cooling degree days base 650 F pl'esented; heai.ing degree> days base 53°F in parentheses; cooling degree days base 
61l0r in ~arentheses. - ' ~ 

(b) O.:gree days fOI' Los, Angeles reported. " ,__ 
(e) Under the ELlI. Medium Price Projections (Dec(:mh~r 17,. 1978) both Phoep,ix and Ft Worth would have used double glazing at a 

conservat illl) investment of $~50. Rrimary energy use was :40.1 ,dod 36.8 MStujft2/yr for Phoenix 'and Ft. Worth. respectively. 



investment (for all 1176 square foot house) for the conservation measures 

compared with current investment in conservation in the different climates. 

(The estimates of current conservation investment are based on an NAHB survey, 

results of which are contained in Table 3. ~ Column 8 contains the energy 

budget at the life-cycle cost minimum, which we have previously defined as 

the Design Energy Budget of a house. We have expressed these budgets in 

terms of primary energy use and use at the bui 1 di ng boundary .. 

There are numerous ways that the Design Energy Budgets can be met in 

the different climates.' Table 4, taken from references 2 and 10, illustrates 

two or three alternative ways of achieving the Design Energy Budgets in three 

climates. 

B. Houses Heated with Electric Resistance 

Table 5 summarizes the life-cycle costing results for electric resistance 

heating. Columns 5 and 6 show the standard insulation and glaiing levels that 

will meet the designed energy budgets of the nominal case: 'R-38 ceiling and 

triple glazing insulation is used in all climates except the most mild (Burbank); 

R-25 wall insulation is used in all climates as ~old as or colder than Washing

ton, D.C. and R-19 wall i~su1ation in all other climates. Thus, in all cli

mates except region 1 (Minneapolis), the standard conservation measures for 

houses using electric resistance heating are stricter than those for natural 

gas-heated houses. The investment in energy conservation for the electric 

resistance heated houses reflects the use of tighter measures for all cli-

mates except Minneapolis. The increased investment in energy conservation 

(beyond estimated 1975 current practice) is between $1,160 and $1,433 for 

the 1176-ft2 wood frame prototype house. 

-14-
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Table 3 .. Standard energy cons~rvation measures for 
residential houses constructed in 1975, 
based On datafrorn·the 1977 NAHB survey 

.Standard Practice, 1975 
City C W F 

Minneapolis '22· 11 

Chicago 19 11 ". 

Port1 and, 19 11 7 

Washington, D.C. 19 11 

Atl anta 19 '·'11 7 

Fresno 19 11 .; ... 

Burbank 19 11 

Phoen i x 19 11 
,. , 

Hbuston 19 11 
Ft. Worth 19 11 

:. :-

(a) C = ceiling R-value; W = wall R-value, 
F .= floor R-value(ifapplicable); 

Gl = number of 9 1 az ing's for a'll \~i'ndo\-is • 

;' ;J 
,.' 

'.:', 

~.,i. -<t : .. " .t~. 
....... ~ 

-...:!!-. '~'-;.. ~ .. 

Gl ( a) 

2 

2 

2 

2 

1 

1 

1 

1 

1 

1 

......-.• j 

'.: 
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"'Table 4. 'Illustrative ways of meeting the design energy budgets for single 
family residences in three locations: gas heated homes 

location 

Ch icago. Il 

At 1 anta.GA 

Houston. TX 

Sets of Options 

1. Average windo~ area and distribut~ona; triple glaifngb ; R-38 ceiling and R-19 
wall insulation. ' 

2. 

3. 

1. 

2. 

3. 

1. 

2. 

Windows redistributed so that south facing window area increased by 75% and east. 
west, and north facing window area,decreased'by 25%; double glazing; R-38 ceiling 
and R-9 wall insulation. 

Active ~olar domestic water heating s-ystemd; doubl'e.glazing; R-38 eei-ling and R-ll 
wall insulat ion. 

Average window area and distributiona~ double glazin~~ R-3B ceiling. R-19 wall. 
and R-ll floorc insulation. 

Windows redistributed so that south facing window area increased by 75% and east. 
west,and north facing window area decreased by 25%; double glazing; R-30 ceiling. 
R-ll wall and R-ll floor insulation. 

Active solar domestic water heating systernd; double glazing; R-19 ceiling, R-ll 
wall and R-7 floor insulation. 

Average window afea and di~trfbutiona; double glazing; R-30 ceiling and R-ll wall 
insulation. 

Active sol,ar domestic water heatingd ; R-19 ceiling and R-U wall insulation. 

3. Other alternatives. such as passive solar design and redistribution of windows, not 
evaluated for Houston. 

NOTES: aThe average window area is 15% of total floor area. The windows are distributed equally among the 
exterior walls. ' 

... 

bOouble glazing plus storm windows can substitute for triple glazing with little change in the 
Oesign Energy Consumption of the house. 

cFloor: insulation is noted in Atlanta, Georgia and all other areas where crawl space basements are 
used. 

dThe active solar domestic water heating is assumed to be sized at 60% of the water heating load in 
a 1500 square foot house for the purpo~e of this illustration. 
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Table 5. Results of the life-cycle cost analysis of energy conseryation measures for 

singl~ story houses heated and cooled by electric heating (other than heat pumps) 

2 3 4 5 6 7 8 
Insu1cltion 

Heating Coo 11 ng Levels .conservation Electrical Ener1a BUd6et 
Climate Representat ive ". Degl-re Degrfe (R-Value) . Number of Investment, Primary Energy" Bu ; ing oundary, 
Region_ ··Ci~~ ~~-~ Days a) ~enin!l Wall Floor Glazings : $1978 MBtu/ft 2/yr MBtu/ft2/yr 

M i nneilpo lis B310 530. 38 .25 3 $1.160. 132.2 38.9 
(5260. ) 370.) 

2 Ch icago 6130.. 9JO 38 -'25 3 $1,190 80.0. '. 2~.5 
( 3540.) ( 620.) 

j Portland 4790. JOD 38 25 19 3 -$1,350. 58.5 17.2 
(1840.) (10.10) 

J Washington, 4210. 1420. 38 25 3 $1,190. 53.7 15.8 
D.C. ( 1980.) ( 10.10) 

4 " Atlanta(c) 310.0. 1590. 38 19 19 , 3 $1,433 39.6 . 11.6 
(1230. ) (1130.) 

4 .Fresno 2650. 1670. 38 .19 3 $1,280. 38 .. 6 11.4 
( 7:70.) (1220) 

5 Burbank 1820 620. ~ . 19 2 $ 760. 15.1 4.4 
( 170.) (b) (31O){b) 

6 Phoenix 1550. 3510 3B . 19 -- 3 $1,280 .38.5 11.3 
(320. ) (2960) 

6 Houston 1430. 2890. 38 19 3 $1,280 -33.6, 9.9 
( 360.) (2240.) 

] . Ft. Worth 28JO 2590. 38 '19 3 $1,280 .43.0. 12.6 
(8lO) (2DJO) 

(d) Hea t i ng an(j coo 1 i ng degree days base 650Fpresented; hea ti ng degree days base 530F in parentheses; coo Ii ng degree days base 
6BoF in parentheses.. . . ' . 

(b) ~egree days for. Los Angeles reported. . . 
(c) Under theEIA Medium Price Projections (December 17, '1978) Atlanta used R-ll floor insulation for aconservatiori investment cost of 

$1,330. and a primary energy budget of 40..7 Mlltulft2/yr. . . 



C. Houses Heated and Cooled with Heat Pumps 

Table 6 summarizes the life-cycle costing results for heating and cool

ing with an electric heat pump. Column 8 in table 6 presents the seasonal 

coefficients of performance (COp) of heat pumps in the heating mode in ten 

climates. These COPs are based on the simulation of available efficient heat 

pumps in ten climates by the Oak Ridge National Laboratory.!lJ. The COP for a 

heat pump is reported as 10% lower than can presently be achieved by commercial 

models to account for heat losses in the ductwork associated with the heat 

pump .. 

Comparison of the Design Energy Budgets for the electric heat pump (column 

9 in Table 6) with electric resistance heating (column 8 in Table 5) reveals 

that the heat pump budget is lower than the electric resistance budget in al

most all cases. The heat pump budget is significantly lower in the cob1 and 

cold climates. An economic evaluation of electric heating using heat pumps 

and using resistance heating indicates that the heat pump system has lower 

life-cycle costs than resistance heating in cool and cold climates. in spite 

of the higher first costs of the heat pump lV. 

Table 7 illustrates alternative ways of meeting the Design Energy Budgets 

that were obtained for homes. heated and cooled by heat pumps in three climates 

2 and 10/. 

D. Comparison with Current and Past Energy Conservation Construction Practice 

Figure 1 presents a comparison of fuel requirements for space heating 

using natural gas for a large number of different cases. The upper curve, 

labeled HU.S. stock. Dole 1970". is the best available estimate of the fuel 

requirements for space heating the 1970 stock of houses in the United States 

.llI. The fourth curve from the top labeled "Current Practice (00E-2)". 

is our best estimate of the current construction practice in houses built 

':"18-
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Table 6. Results of the life-cycle costing analysis o{ energy conservation measures for 

single story houses heated and,cooled by electric heat pumps 

2 3 , 4 5 6 7 8 9 
Insulation 'Electrical Energt Budget 

Heating Cooling Levels Conservation Primary Building 
Climate Representative oegr{e Oegrre (R-Value} ~umber o( il],vestment, Heat Pump Energ~, Boundary, 
~ion Cit ~~ ~l Ceiling Wall Floor iGl azi rigS . $1978 Seasonal COP MBtu/ft hr MBtu/ft 2li!:. ___ lU.-__ ------

Minneapolis 8310 .. 530 38 25 3 $1,160 1. 38 98.3 2B.9 
(5260 ) ( 370) 

2 Chicago 6130 930 38 25 3 $1,190 1. 52 54.6 16.1 
(35'10 ) (,620) 

3 Portland 4790 300 38 19 19 3 $1.050 I. 87 34.9 10.3 
(1B40) ( 1010) 

3 Washington, 4210 1420 38 ' 19 , -''':' 3 $ 900 ,1.79 37.7 11. 1 
D.C. (1900) , (1010) 

4 At lanta 3100 1590 38 19 11 3 ' $1,330, 1.82 ,27.0 7.9 
(1230) , (1130)' , 

4 Fre sno 2650 1670 38 19 3 $1,280 2.02 2B.6 8.4 
( 770) ( 1220) 

S Burbank 18?O 620 30 
( 170)( b) (310)(b) 

11 2 S 520 2.02 14.6 4.3 

6 Phoenix 1550 3510 38 19 3 , $.1,'280 .1.92 36.0 10.6 
( 320) (2960) 

6 Houston 1430 2890 38 19 3 . $i ,2BO 1.83 2B.5 B.4 
( 360) (2240) 

:'Ft. \/or-th 2830 2590 38 19 j S1,280 1. 83 33.9 10.0 
( BI0) ( 2010) 

-,------
(a) Heating and cooling degree ddYS base 65 0 F presented; heating degr-ee days base 530 F in parentheses; cooling degree days base 6BoF in 

parentheses. 
(h) Degree days for' Los Angeles reported. 
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Table 7. Illustrative ways of meeting the design energy budgets for single 
family residences in. three locations: electric heated homes 

locat ion 

Chicago, Il 

Atlanta, GA 

Houston, TX 

NOTES: 

Sets of Options 

1. Average window area and distributiona ; triple glazingb ; R-38 ceiling and R-25 
wall insulation; heatingsuppJied by a heat ,pump. ' 

'2. Windows redistributed so that south facing windo~ area increased by 36% and east, 
west, and north facing window area decreased by 12%; triple glazing; R-38 ceil ing 
and R-.19 waILinsulation;,tJeating supplied by heat pump. 

3. 

1. 

2. 

3. 

1. 

Active solar domestic water heating systemd; double glazing; R-38 ceiling and R-25 
wall insulation; heating supplied by electric resistance. 

Average window area and distribution a; triple glazingb; R-38 cei)ing, ,R-19 wall, 
and R-U floorc insulation; heating supplied by heat pump. 

Windows redistributed so that south facing window area increased by 80% and east, 
west, and north facing w~ndow area decreased by 27%; double glazing; R-38 ceiling, 
R-19 wall and R-ll floor ins~lation; heating supplied by heat pump. 

Active solar domestiE water heating systemd; double glazing; R-JO ceil ing, R-19 
wall, and R-l1 floor insulation; heatin9 supplied by electric resistance. 

Average window area and distributiona ; triple glazingb ; R-38 ceiling and R-19 
wall insulation; heating supplied by heat pump. 

2. Active solar domestic water heating systemd ; R-19 ceiling and R-l1 wall insulation. 

The windows are distributed equally among the 
aThe average window area is 15% of total floor area. 
exterior walls. 

bOouble glazing plus storm windows can 'substitute for triple glazing with little change in the 

Design Energy Consumption of the house. 

,. 

cFloor insulation is noted in Atlanta, Georgia and all other areas where crawl space basements 
are 

used. 
d

The 
active solar domestic water heating,is assumed to be sized at 60% of the water heating load in 

a 1500 square foot house for the purpose of th is ill ustrat ion. 

" " 
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after the 1973 oil embargo. This curve is based on survey data for the years 

1975 and 1977 and on results of DOE-2 liI computer calculations performed at LBL 

--.lI.The fifth curve from the top, "1abe1ed LBL optimum medium infiltration," 

contains the results of life-cycle costing analysis for gas heated houses. 

The sixth curve, labeled "LBL optimum: low infiltration (DOE-2)", illustrates 

the energy requirements for a house with infiltration levels reduced from 

0.6 to 0.2 air changes per hour. For this case the assumption is made that 

mechani~a1 ventilation through a heat recuperator restores the outside air 

exchange rate to 0.6 air changes per hour. 

The conclusions from this Figure have been stated in an earlier section· 

of this paper. We note here that the energy savings that can be achieved 

by cost effective energy conservation measures are enormous. There should 

. be little doubt that U.S. houses can be improved substantially in their 

thermal performance and that such improvements can save the consumer. money. 

The magnitude of the savings on a national scale are very large and can go 

a long: way towa-rd reducing growth in energy demand in this Nation .. 

IV. Key Issues 

The proced~re of using performance standards raises a number of issues 

of equity and enforceabil ity whi ch are not present with prescriptive standards. 

Some of these issues revolve around the phil osophy of us i ng a performance 

standard concept, and the objectives of the legislative mandate establishing 

the standards, (such as the ericouragement of renewable energy resources). 

Performance standards are a new phenomenon: they are not in wide use 
. . 

anYWhere, and even the jurisdictions which have recently established perfor-

mance standards h~ve had insufficient experience to raise all the important 

questions. Undoubtedly, the use of nationwide performance standards will 

spur further debate. on issues of fairness and effectiveness of the standards. 

-22-
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option, so that we can evaluate the present value of energy cost savings and 

compare them with the cost of the measure. Similarly, for compliance with 

the code, we need to know the relative change in energy consu~ption of the 

permit applicant's house compared to that of the prototype house. Again,. 

relative rather than absolute accuracy is important, so long as the same 

assumptions and simulation mod~ls are used in setting and. complying wi~h.the 

budget. 

The fact that changes in budget level are more important than absolute 

level explains apparent paradoxes in setting the budget; for example, the 

fact that lower budget numbers can, under certain circumstances, represent 

a weaker standard. An example is the effect of assuming that people set their';><~\ 

thermostats lower to save energy. This assumption results in a reduction, in 

design energy use, but it also produces smaller energy savings fromconserva

tion measures. This reduces. the cost effectiveness of the last conservation 

measure so that it ts dropp~dfrom the list. The resulti~g cost-minimizing 

(i.e., design) energy budget is lower than that in the case where a higher 

thermostat, set point was used, but the standard is weaker because the energy 

budget repr~sents a,house with fewer conservation measures. 

Thus, the important result of the energy budget-setting process for 

residences is the r,elationship between the budget level and all sets of con-
'. 

servation me?sures of the house corresponding to it. The energy budget i.tself 
. " 

has meaning only, if rules are provided (prototype descriptions, standard 

operating condition~, building energy models and accompanying assumptions) 

to deri ve the different sets of energy conservation measures cons iStent \'/i th 

it or to test the compliance of "test" sets of energy conservati,on measures .. 

-23-
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B. Comparisons of Computer Programs to Evaluate Building Energy Use 

The cost effectiveness of the energy standards is determined blsimu1a-

tions performed on the'DOE-2 building energy analysis model. To what extent 

can these predictions be relied upon in the real world? 

One test for program accuracy is to compare simulations of the same house 

on different programs. There are a number of public-domain computer pro'grams 

that model heating and cooling loads of a house. If the results of all the 

programs agree, then their joint prediction is more credible than that of one 

program alone. And if they disagree, the form of discrepancy can often provide 

insight into the building heat transfer problem or to possible errors in the 

computer programs. 

We have compared the results of DOE-l and DOE-2 with simulations of 

TWOZONE and BLAST performed at lBl and on NBSlD runs performed at NBS and tBl. 

The results of several tests show generally good agreement (± 10%) between 

all programs for ordinary houses in which solar gains are small compared to 

total heating load, 18,19/. 

More recent 'results have consid~rably reduced the discrepancy between 

TWOZONE and ,DOE-2 on cooling loads, and also somewhat lessened the disagree-

ment on heating loads in warm sunny climates. We have also found good agree-

mentbetween DOE-2, NBSlD, and TWOZONE for masonry buildings 3' 

There continues to be a need for the comparison of the computer results 

with the' energy consumption of a statistical' aggregate of residential build

ings. Although spot checks, often on test houses, have shown good agreement, 

the study of a large statistical sample would provide important information 

about the relationship between the predicted energy budgets and those obtained 

(or likely to be obtained) in the real world. This information is particularly 

important in assessing the degree to which BEPS or other energy conservation 
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policy initiatives is likely to result in actual reductions in energy use. 

t4e have undertaken some mode,st work along these 1 ines· and we an~icipate, that 

OOE will support a more extens i ve data gatheri ng and ana lys is program duri ng 

"- ,~;. the imp] ementation of BEPS .. 

,', 

.. 
!", l' 

C. Passive Solar Credits 

One key argument for the use of performance standards instead'ofpre

scrip'tive standards is the ability of performance standards to credit passive 

solar techniques. For instance, ina performance standard'~ a builder can use 

solar gains from south windows as a way of compensating for extra heat loss 

,through other features ( say, extra-l arge north..;faci ngwi ndows) . 

Given an eva1uationmethodo1ogy--for example the 00E-2 program 'and a 

set of assumptions-,..the 'performance standard provides a credit for passive 

techniques to the extent that the program correctly handles the heat flows' 

in passive systems. Present evidence suggests that 00E-2 shows signifi-
, ' 

cant savings potentials from direct-gain passive systems in all climates, 

although 00E-2 may underestimate these savings. The savings predictions 

appear to be larger than those in oth~r public-domain programs~ such as 

BLAST, NBSLO, and TWOZONE~ Therefore the use of the performance Standard 

methodology will result in credits for passive solar. (It may also, we hope, 

result in improvements in DOE-2 and other computer programs so that passive 

solar systems are more accurately simulated~) 

To be useful, these credits must be evaluated in simplified form so'that 

they can be used in tradeoff analysis with simple techni~ues such as design

heat-loss methods, for: the majority of builders who will not use OOE-2. 

In use, the passfve solar buildings will probably use· less energy than 

other bui 1 dings which comply wi th the energy budgets. Pass ive, houses perform 

better as the thermostat If1oat" range is increased. The 8°F float band used 
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in the evaluation methodology ~ is.too small to take full' advantage of 

the heat storage in a passive building.' However crediting the passive 

buildings with their full potential savings in use is, in our judgment, not 

appropriate for several reasons. First, it is inequitable to allow buildings '., ~ 

labelled IIpassive li to take credit for, changes in lifestyle (e.g~ lower thermo-' 

stat set pOints) which are denied to other houses. Second,iflarger credits 

are given, they will be used to trade off passive against lower insulation 

levels. This reduction in insulation levels will move ~he passive house away 

from its own cost optimum. A passive building which used as much energy with 

widely floating thermostat as a conventional house with conventional thermo

stat would be avery leaky building., If subsequent occupants, tried to heat 

it to 70°F,theywould find it to be much more inefficient than the conven

tional home! 

Optimum passive houses will not necessarily have minimum Design Energy 

Budgets. A given'passive house will probably fall somewhat below the (non

passive) prototype in terms of Design Energy Budget, but will consume substantially 

1 ess energy in use. Another pass ive house may have an even lower budget but 

higher energy use. That is, passive will turn out to be a better way of 

saving ~nergy than of complying with the budget. But the budget evaluation 

methodo~ogy will assure that a passive house will not use more energy for 

space conditioning than a conventional house even under conventional operating 

schedules. 

D. Compliance with the Energy Budgets 

Energy budgets are derived by running a prototype house description with 

a set of assumptions through a building simulation model. Compliance can be 

demonstrated, in principle, by the same procedure: the proposed house design 

is run through the simulation model with the same set of assumptions, and the 
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resulting energy use determines whether the proposed design complies. 

In practice, we expect that very few, buildings will use a procedure this 

complex. Most builders will probably just use the equivalent insulation stand

ards in the optima. When variations are made from the insulation levels the 

'ii. variations are likely to be simple. For example, more window area may be 
1 ~_} 

• 
• t, 

traded against more insulation, or less insulation in one element may trade 

off against more in another. 'These tradeoffs can probably be handled by 

simple design-heat-loss techniques; further analysis .of the simulation model 

results will test this presumption. 

More complicated tradeoffs, such as variations in window orientati6n, 
, " 

shading, and building mass, cari be handled by the Si~ula~ionmodel. It-is 

desirable to develop simple tradeoff rules based on these simulations. 

Other tradeoffs may be beyond the scope of the building model. Changes 

in landscaping or grourid contours to ~inimize wind pres~ure 6n the house: can '"Q 

have a large impact on energy use'through reductions in ·infiltration.However,'~ 

present building'"simulation models are incapable of computing the magnitude of ~ 

these effects. The enforcement agency will have to develop appropriate;methods 

for t~eati~g these types ,of measures; otherwise each builder will attempt to 

use a different method to qualify his particular energy-saving option, and 

,the same measuY"e will be handled inconsistently by different building,code " 

officials, resulting in extra analytic wOrk and inequitable ~re~tment of some 

builders . 

This example illustrates one ot'the problems inherent in a performance 

.. standard: the,tools for establishing compliance will never be able to model all 
. '" 

. the newest innovations in design. Code officiais are often resistant to 

:' innovations where effectiveness cannot be simply andconclusively proved. 

" Since one of the purposes of the performance' standard is to foster innovation, 

-27-



there is a need to develop a process whereby the approval of innovations is 

facilitated. One suggestion is to provide an intermediary to help the in

novator obtain approval from the building code official (if appropriate). 

Another approath could be to have a process to screen innovations to select 

those that appear both significant (in terms of potential energy savings), 

widely applicable to many buildings, and sufficiently complex to require 

careful analysis by DOE. A preliminary analysis in a specified time period 

could result in approval for all buidlings begun before final results are 

obtained. Other approaches need be developed to insure the BEPS fosters 

rather than retards innovative energy conservation techniques in buildings. 

E. How Many Energy Budgets are Needed?· 

The process of life-cycle cost minimization involves altering certain 

qualitiES of a house in order to save energy. Inherent in the process is the 

division of building properties into two classes: those that can be adjusted 

in the optimizatiofl process (e.g. insulation levels and number of glazings) 

and those that are held fixed (e~g. house shape, house construction). The 

choice of which items ·to hold fixed and what values. to use for the fixed 

,param~ters will affect the level of budget; each different choice will pro

duce a different Design Energy Budget. 

There are two approa~hes to handling a "fixed" parameter. One is to re

quire that all houses comply with a budget derived using one value of that 

parameter; the. other is to derive separate budgets for buildings with dif

ferent values of the parameter. 

The first approach has several advantages. Foremost among them is its 

flexibi'lity. The reason for using an analytically complex performance standard 

, in place ofa simple prescriptive standard is to increase ,the builder's flexibility 
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-We discuss below some of the issues which have become apparent during 

the analysis of residential standards~ . 

A. Significance of the Energy Budget 

The energy budget provides a means of comparing different designs of 

buildings in terms of their energy consumpt.ion.· It is based .. ona. IIdesign" 

calculation--that is, it is a calculation based on variations In design .. 

parameters of the building, rather than on changes in b~havtor·of its oc-

cupants. There is no implication that a building with a design energy bud

get, of 40 thousand Btu/sq. ftw/yr. will be.required to use 40; thousand Btu/sq. 

ft. annually', The energy budget merely .represents the amount of energy the 

buil~ing would be expected to use if operated under. standard conditions., :: ....... .. 
. . 

The magnitude of the budget depends dn the assumptions incorporated with-

in or used as input to the building energy use simulation model .. Frequently, 

a few apparently minor changes in the assumptions can p~oduce significant , . 

changes in the energy budget. This dependence on model. assumptions is less 

important than it may seem: what is·important is not the.actual budget number 

but the set or sets of energy conservation measures ;consistant with a given 

energy budget. That is, a budget of 40 thousand Btu/sq. ft./yr.really repre

sents the set of all building~ which, when simulated en the bui)ding model with 

standard assumptions, result in a prediction of 40 t!,!ousandBtu/sq .. ft. of 

annual energy use. All buildings whose predicted energy use 15 less than 

40 thousand Btulsq.ft. are considered in compliance with this budget, while 

buildings with predicted· energy use in excess of this budget fail to comply. 

We see from·thisdiscussion thatt~e absolute accuracy of the model, and 

the .degree of realism of the assumptions, are not nearly as important as the 

relative accuracy. For.the purpose of; life-cycle cost modeling, we require 

accurate predictions of .the changes· in energy use which result from a conservation 
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in complying by allowing him to trade -off non-compliance with prescriptive 

limits in some areas against overcompliance or design change in others. Set-

ting separate budgets for separate values of some parameter eliminates the 

builders ability to use that parameter. The single-budget approach (for each 

weather region) is also much easief to derive and administer, because only 

one benefit/cost analysis is required and each applicant in a given region 

has a single target to be hit. 

The second approach-~different budgets for each value of the fixed para

metet--has the advantage of increased fairness and political acceptability. 

For example, if a certain type of house cannot feasibly comply with a single 

standard, then a separate standard for that type of house which is set at -

its own cost minimum will result in greater political acceptability of the -

standard, and less government interference into people's selection of housing 

type.' 

The drawback of the second approach is in its administration. Whenever 

, a criterion is used to -differentiate between houses with different energy 

budgets, some applicant win come in with an intermediate case. For example, 

if there are separate budgets for one-story and two-story house, how does one 

treat a case with a 100-ft2 second-floor room over a 3000-ft2 first floor? 

If there are separate standards for gas heat and electric heat, how does one 

classify an electric heat pump with gas supplementary heat? 

There are many possible features for which people have suggested separate 

energy budgets. These include frame and masonry construction, full basement 

vs. crawl space or slab floor, two-story houses, one-story houses, split-levels, 

bi-levels, townhouses, houses with large aspect ratios, houses with large 

windows areas, sites without solar access, gas-heated or electric resistance-

heated houses, houses using heat pumps or oil heat, houses without ait-conditionirig, 
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houses with evaporative cool ers, houses wi thmany bedrooms:, houses with special 

sola,r features, and other criteria. If all of these suggestions were used, 

the "performance" nature of the standards would be undermined. and setting the 

standards would involve immense analytic effort. 

Resolution of the question of whether separate enetgy budgets·are needed 

will depend in part on the quantitative difference between the Design Energy 

Budgets and accompanying sets of energy conservation measures for different. 

values of parameters. 

If the selection of the value of a ,given parameter has little effect o~ 

the Design Energy Budget of the building,.then one may fix the parameter in 

~uestion. If, on the other hand, thevalu~ of the parameter has a large'ef~ 

fect on the Design Energy Budget, then the' best deciSion is not apparent.· 

-For example, our analysis shows' that changes in house type, house size, 

and "fall construction (frame or masonry) have only sma 11 effects· ( < 10%) on .. 

the energy budget, so that separate budgets may be unnecessary. The difference 

between heat pump energy budgets and those for-gas heat· is somewhat larger, 

. with heat pumps 10-20% higher (using price~weighted energy) than gas furnaces 

in most climates, but over 40% ~igher in the coldest climates. 

F. How Are Energy Budgets for Different Fuels Compared? 

Great controversy has surrounded the question of how to compare the energy 

budgets for different fuels.' Two measures are commonly used: buiiding boundary 

energy and resource energy. This report also discusses a third mea'sure': price

.:, wei ghted energy. 
.. 

The building boundary approach counts the energy content of fuels as they· 

, cross the building boundary. Oil and gas are counted as the energy content of 

fuel sold to the building wh,ile electricity is counted as the heat content of 

the electric energy transferred past the electric meter. 
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The resource (or primary) energy approach is based on the desire to : 

conserve energy resources rather than the amount of processed energy sold~ 

This approach counts the original energy needed to produce the energy sold. 

Simple a~plications of this approach, such as that used in the' California 

standards (California Administrative Code Title 24) count gas and oil exa~tly 

as is done in building-boundary accounting methods, but multiply the heat con

tent of electricity by 3 to account for the thermal efficiency of the power 

plant. 

Critics of the resource energy approach have argued that it is oversinipli

fied--that to be fait,we must go farther back through the economy and include 

the efficiency of mining, processing, and transporting fuels, includi~g extrac

tion efficiencies, and that too little is known about the whole process to 

eva 1 uate the resource use factors (resource energy use per unit buil di ng 

bounda ry fue 1 ) . 

Proponents of the building boundary approach also point out that the 

electric resource use factor of 3 will encourage the use of scarce gas and 

oil fuels over electricity. But the resource energy proponentsi ns i s t that 

the factor of 3 is necessary because electricity isn't a primary fuel, and 

that one unit of electricity is worth more than a unit of fuel because it 

has been converted to a lower entropy form. 

A third approach that reduces some of the problems is the price-weighted 

energy method. In this method, one fuel, say gas, is counted at building

boundary levels. and other fuels are weighted by their price relative to gas. 

The price-weighted method is most consistent with the approach of basing 

energy budgets on life-cycle cost minima taken in the rest of the performance 

standard analysisi because it results in energy budgets being directly pro-
. , 

portional to life-cycle fuel costs. If energy budgets are proportional to 
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fuel costs, then tradeoffs in the building that use an extra price~weighted 

unit of one fuel in exchange for one less price-weighted unit of another fuel 

will result in no change in either the energy budget or ;the fuel costs. Thus, 

the building designer will be encouraged to make his building design to achieve 

compliance with the standard in a cost-effective manner if a price-weighting 

method is used to express the design energy budget of . a building. 

The price-weighted factors satisfy the objection that the building boundary 

approach allows the substitution of expensive electricity for cheaper primary 

fuels. The price-weighting approach also avoids valueing 1 Btu of coal exactly 

the same as 1 Btu of gas or 1 Btu of oil. 

Further, if the government seeks to reduce consumption of a specifi~ fuel, 

say oil, ,then it can act as if this fuel had a higher price. This price will 

affect the energy budget weight, but it will also affect the tradeoffs between 

use of the fuel and conservation measures. Thus saving a scarce fuel by fuel 

substitution can be treated ona uniform economic basis with saving the fuel 

by conservation. 

V. Ongoi ng Research ~ 

Continuing analysis addresses a number of specific technical issues in-

volved in the process of standard setting for the energy performance of new 

single 

0 

0 

family residential buildings. These include: 
"-assessment of the effect of jointly setting appliance (including 

heating and,cooling equipment) and building shell energy perfor
mance standards 

analysis of the seasonal efficiencies of heating and cooling 
equipment in different weather regions and in houses with 
varying amounts of energy conservation 

o development of two new single family residentia) prototypes: 
single story heated basement; townhouse attached on one side 

o continued analysis of the thermal performance of masoriry houses 

-33-

.' 
'1' 



o sensitivity studies of the effects of changing window orientation, 
size, conservation measures, and internal thermal mass 

o assessment of the energy requirements of IIzonedll houses in which 
electric resistance heating is operated on a schedule in which 
the heat is turned off in-selected .rooms much of the time 

o advanced energy conservation options, including reduced infiltration 
with a heat recuperator to avoid indoor air quality problems 

o comparison of computer calculations of residential building energy 
requirements with measured data 

These technical issues have been selected because they are important to the 

formulation of a final rule for the Department of Energy Building Energy 

Performance Standards. The proposed rule, issued in November, 1979, used 

the results of the analysis of resi~entia1 life-cycle costs that are pre-

sented in this paper. We anti~ipate that the final rule will also reflect 

additional know1~dge and information gained by the continuing analysis of 

the issues identified above. Many individuals, including some who are other-

wise opposed to the issuance of standards for energy use in buildings, have 

noted that one of the most important results of the process of developing the 

standards has been an increased knowledge of the thermal behavior of buildings, 

the conservation measures that are cost effective indifferent regions of 

the Nation, and the holes in our knowledge that are needed to produce better 

standards in the future. To the extent that the results of the many studies 

being done for the Department of Energy on the building standards become 

widely available to the building and design communities, the standards could 

be effective even without a heroic effort to implement them. 
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