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EVALUATION OF RESIDENTIAL BUILDING ENERGY PERFORMANCE STANDARDS

Mark D. Levine, David B. Goldstein,
Metin Lokmanhek1m, and-Arthur H. Rosenfeld

Lawrence Berkeley Laboratory
- University of California
- Berkeley, California 94720, U.S.A.
ABSTRACT
This. paper reports on the deve]opment and analysis of energy performance‘

standards for residentia] budeings in the United States. The'approach invo]ves

- an assessment of the economic costs and benefits of alternative standards and
~ provides quantitative estihates,of the-reduction of energy use resulting from
~the imp]ementation of standards. The sens1t1v1t1es of bU11d1ng energy use to

des1gn parameters of bu11d1ngs—-1nc]ud1ng s1ze, or1entat1on aspect ratio,

basement type, window area, and construct1on_mater1a]--are assessed. The DOE-2
Budeing Energy Utilization AnaTysTs program was used to evaluate the "heating

and cooling lToads of residentialvbuildings.v Residential buildings Were simu-

lated in ten weather climates using hburTy weather data With.a'variety of .~

energy conservation measures.

A number of key issues relating to'the_eVa]uation Of budeing energy per-:

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

0 What are alternative methodologies for eva]uat1ng bu11d1ng energy :
. standards? How dependent are standards on key econom1c assumpt1ons
of the ana]ys1s? . v Coe

o How can the standards be 1mp1emented SO that tradeoffs between d1f-
ferent energy conservation measures can be made?

0 What are the costs and benefits of d1fferent approaches to reduc1ng
. residential. bu1]d1ng energy. consumpt1on? - v

o What role can reduc1na infiltration into bu11d1ngs play in ‘the
-standards7 : ‘
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0 How can the standards be implemented to give appropr1ate credit for
. passive solar design? v

) How many sets of standards are needed for'residential’bui]dings?

1. 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

,conventibnai_"component-based“ and prescriptive standards by setting a limit on

predicted energy use of the building as a who]e rather than specifying the
‘thermal performance of each element of the bu11d1ng separately
The performance aspect of the standards allows the bu11der greater flexi-

-b1l1ty in meeting the1r requ1rements, since h1gh performance of one component

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

flexibility, they_are more difficult to implement than prescriptive standards.
This paper discusses,thevprocess of_app]yingvlife-cyc]e cost,ana]ysis to -
the evaluation of performance standards for'residences. |
Minimizingv]1fe-cyc1e:costs of_a boilding cangbe accompiiShed by simulat-
ing the energy performance of arprototype building on‘anvenergy utilization
mode1 under different conditions of thermal-integrity..,The effect,of adding
conservation medsures to the base house is modeled and, for each measure, a
comparison -is made between reductions invenergy costs'orer the life of the.
bu11d1ng and 1ncreased 1nvestment in energy conservation. |
Conservat1on measures are added in order of decreas1ng benef1t/cost ratio,
until the ratio is less than one. The energy}budget at th1s minimum in 14fe-

cycle cost is hereafter defined as the Design Energy Budget of a building type.



Energy performance standards can be set by:requfrtng;a11'buildings to

" achieve 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. bu11d1ngs to meet this performance, different prototypes can be
established for each type of bu11d1ng |

The energy budgets derived by this method are abstract numbers (Btu/ft
year): add1tTona1.study is needed to relate these numbers to specific config-
urations of specific houses (other than the prototype). Sensitiyityvof the
design energy performance of a bui]ding tovdifterent bui]ding parameters mUst
be exp]ored to assume that the energy budgets are rea11st1c for a wide var1ety
or houses i |

Many of the key issues revo]v1ng around performance standards concern their
app11cab111ty to d1fferent types of houses and the assumpt1ons used to model
the energy use and economics of the bu11d1ng ~t-" |

, Th1s report der1ves energy budgets for residences- based on m1n1m1z1ng

1ife- cyc]e costs of convent1ona1 conservat1on measures to the consumer (home
'owner) It shows that the houses with conservat1on measures and energy budgets -
‘assoc1ated with the m1n1mum in 11fe cyc1e costs are re]at1ve1y 1nsens1t1ve to
:most variations in hOUSE»dESJQn, so that energy budgets are we]]-def1ned_and

“equ1tab1e compared to prescr1pt1ve standards.

The U. S Department of Energy has used these budgets and an attendant

oreport 1/ as the basis of the Proposed ‘Rule on Bu1]d1ng Energy, Performance. .
..jStandards for Res1dences, issued in November 1979 2/ Commercia] Bui]ding
'Energy Performance’ Standards (1nc1ud1ng those for mu1t1 -family. residential
buildings) are based on a stat1st1ca1 methodo]ogy developed by the American

-~ Institute of Architects Research Corporation 3/ .



’Summary of Results

If all new residential buildings _incorporate traditional energy con-

servation measures until the minimum in life cycle cost zs 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 fbr eZectrze heat and 3 to 10 years for gas heat, and

—-an increased investment of $0 50 to $1.00 per square foot

for a new house is required (i.e., an increase in initial
_ znvestment of 1 to 2%)

~—the consumer achzeves a net saving of $800 to $1500 on the cost
- of fuel (and congervation) over the life of the house mortgage

If the list of available conservation measures 18 expdnded to in-
clude reduced air leakage (infiltration) into the house, coupled

-with mechanical ventilation through a heat exchanger (not yet

widely available) and these measures are implemented unttl the
life cycle cost minimum is achieved, then - :

—=a reduction of 50% to 60% in average energy use for space

conditioning (from current butldzng practice) or 75% to 80%
(from an average existing house) is accomplzshed

--an zncreased itnvestment of $0.75 and $1 50 per square fbot
for a new house is requzred and

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

II. Method of Approach

The‘approach“fb]lbwed'ihlthe‘analysis~of residential-space conditioning |

enérgy‘performance standards involves the following steps:

1.
2.

-Developmerit of Residential Prototypes -

‘Selection of Conservation Measures to be Evaluated .

Description of Standard Building. Operating Conditions
Development of Economic Data, Projections, and Assumptions

Computer S1mu1at1on of Bu11d1ng Energy Requ1rements in D1fferent
C]1mat1c Reg1ons

-4-



6. Analysis of Life-Cycle 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'ana]ysis method is the.use of 1ife-cyc1e costing. The
objective ef'aehieV1ng a minimuh in ]1fe-cyc1e costs ié a reasoneble basis
forvestabfishiné energy eonéervatfon po]icy becausefft provides a'rationa1_
framework for tradfng bff scaree,energy resources and other_resources’(e}g,,
labor and.cahita]) in achieving a particular goal (in this case, space con-
ditioning in residentfa] bdi]dingS) 4. The'aceepténce.of snch an approach
can, in our Judgment greatly fac111tate the consensus- bu11d1ng that is nec-
essary to estab11sh the major energy conservat1on e]ements of a national

energy policy. This does not mean that the process ofebu11d1ng consensus is

, necessar11y easy or w1thout its d1v1s1ve aspects But, the nse of an economic
vapproach to energy conservat1on—-and the 1ncreas1ng public awareness of how
Leconom1cs can help reso]ve 1ssues—-can be greatly enhanced by a government
'dec1s1on to use life-cycle costing as one of the maJor e]ements:of its energy

conservation.poTiey.

A. . Spec1f1cs of Approach and Assumpt1ons

Table 1 contains in summary form the most important e1ements of the
approach. More detailed information on the assumptions used'1n the analysis
is found in reference 5, available from Lawrence Berkeley Laboratory. More
detailed infqrma;ion abput the resu]ts of sensitiviry ana]yses_is found in
Chapter 4 and appengices A and I of reference 1. 'We discuss here some of the
more.imbortant eienents'of-the approach. | "

Assumptions (based“pn best available data) are required in all of the
ereas‘iisted’in Table 1:”residentia1'brofotypes; cbnservation 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

W1ndow area taken to be 15% of f]oor area for a]] de51gns

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

Sensitivities of_prototypes performedf

--window 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

Windows: up to tripie gia21ng (or double g]a21ng p]us storm window)

Exterior wall: up to R-25 (using 2" x 6" studs p]us ‘insulating
sheathing) : - : ; o

e111ng up to R- 38 insulation

Excludes: exterior wall with double studs (two 2 x 4 or 2 x 8‘

studs with insulation); ceiling insulation greater than R-38;
infiltration reduction (with or without heat recuperator); any
conservation measure requiring a change in behavior; other
advanced energy conservation technologies

Building 0peratingﬁConditions

0.

Thermostat set points: 705F forvheating;v78° for cooling; a -
no night setback : .

Average air infiltration rate: 0.6 air changes per hour : -

Average internal loads: 50,000 Btu/day, Highest in early morning |
(cooking, occupants, iighting) and evenings (cooking, 1ight1ng,
occupants, TV)

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-
t1v1ty case

-6-



,TABLF 1. (Concl.)

Economic Data, Projections, and Assumptions -u" ‘ ;

0 E.I.A. average energy price projections (Series B)
--Gas prices esca]ate”at 2.8% per year above-ithation‘t_
--electricity prices escalate at 1,5% per,year above 1nf1atton‘{.
"0 Installed coSt offEnergy conservation measureSwfromkN AH. B

"0 . Discount rate chosen to equal cost of borrowed capital for a
 new house (3% above 1nf1at1on) _

0 'Poss1b1e future changes in assumpt1ons:
'--marg1na1 energy prices
——updated conservat1on costs

: -—reg1ona1 pr1ces

Bu11d1ng Energx;§1mu1at1ons

o  Use of DOE-2 computer program, checked aga1nst TWOZONE and BLAST .
o Change 1n-1nf11tratnon~and'vent11at1on a1gor1thm5'
0  Run for 4 prototypes, about 12 groups of conservation

_ measures per prototype two vent11at1on a]gor1thms and
10 cities =~ _ . :

o



bui]dihg operating conditions; economic data, projectiohs, and assumptions;
and building energy simulations. Some'of these are discussed below:

1. Prototype Houses

‘The econcmic approach to energy budget analysis requires the use of
prototype bui]dings. Cost/benefit analysis cannot be performed in the
' abstract§ instead specific jmprovements‘on speciffc houseSvmust;be studied.
The prototypes used are described by Hastings 6/; 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 they were'developed
for the purpose of analyzing energy conservation measures, andfhave for over -
a year, been subjeét to-pub11C'scfut1ny énd review.

We made severaj_modifications to the basic prototype designs for the
purpose of determining energy budgets. Window area was inéreased from.11%
to 15% of floor area to correspond to data on_avérage glass areas-in new con-
struction. The windows were distributed;uniform]y on all four elevations to
simuTate’ranAOm oriehtation. These chaﬁges 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 ré-oriehtation (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. This choice was made to limit the scope of the performance»standard '

to changes in building design, with no effect on the lifestyle or preferences -
\6f the occupants. If one assumes éhanged behavior (e.g., lower heating thermo-
stats) then tighter insu]ation.standards produée gains in comfort (temperatures
which mdy f]oat»higherbthan the actual thermosfat settihg but lower than the

-8-
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‘approximate~c05t of'capital'to the consumer “buying aonew home. A hlgher ‘ A

d1scount rate, such as 10% or 15% above 1nf1at1on, reduces the number of

desired'setting) which cannot be evaluated economically. .. . . - NI

Natural ventilation was assumed because'the presentfdata, though sparse’ ..
and.not -conclusive, suggest that .most people do opén,thefr windows on cooT
summer days.. Furthermore, the-assumption of closed windows would cause pas-
sive solar designs (which often rely on natura]rventilatfon) to have higher
cooling 1oads,.discouraging;the use of passive solar techniques; in conflict.
with the_Jegis]ative mandate.

Internal load assumptions were based on average occupancies, appliance

ownership, and projected appliance efficiencies. Infiltration .rates were cal-

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

52

stephen R. Petersen';Z/.-,The average, 0.6 in changes per hour, is typical of oo

“the averages of measurements made in over 50 .houses. -

-+ 3. .. Economic Parameters .- ... . = VLo R ,; '

A discount rate 3% above the inflation rate has been used, based on the

A B

conservat1on measures wh1ch are cost- effect1ve part1cu1ar1y in the m11der

c11mates, a 1ower d1scount rate 1ncreases the number of energy conservat1on

imeasures that are cost effect1ve part1cu1ar1y in moderate and m11d c11mates

The 3% rate was chosen for cons1stency with the cost assumpt1ons because

" the conservat1on measures were eva]uated based on cost to the home buyer

. {rather than to the bu11der) and the fuel pr1ces are those appropr1ate to

K2

" home- dwe]]ers, not to the Nat1on, it is cons1stant to use cap1ta1 borrow1ng

7 costs to the consumer as. the d1scount rate

A]ternate]y, one m1ght want to re- ca]culate cost minima using . nat1ona1

i

' parameters marg1na] fuel pr1ces, 1ncrements for env1ronmenta1 degradatlon

¢ -«

and effects on balance of;payments and rat1ona1 secur1ty cons1deratfons,

-9-.

pes



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 bn-consumer impacts.

B. Comparison with Approach used to Evaluate Cbmmercial Buildings

The American Inétitute of Architects/Research'Corporation (AIA/RC) per-
formedvan analysis of comhercia] buildings that was used by the Department
ofvEnergy'in much - the samé way that our research was used in selecting thé
Design Energy Budgets _3/. The approach taken by AIA/RC differed markedly '
from that used for siﬁg]e family residential buildings.

A recent book pubTished by Resources for the Future (RFF), I"Ener-gy-;the Next
Twenty Years," 8/ troyides an excei]ent,Sqmmary,and critique of the approach
takeﬁ to eva]uate'commefcial'bui]dings We quote:

"The statute mandat1ng 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 designed shortly after the oil embargo, on the somewhat dubious
theory that the architects designing those bu11d1ngs 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 buildings as built performed as the computer predicted..
A small sample of the original buildings were selected for -
redes1gn Their original architects were given a three day course
in energy conservation and told to redesign the building to save
more energy. (The redes1gn instructions included the important .
limitation that the new building was not to cost any more than
the original building. This instruction 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

- - 210-
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illustrates the power of pay1ng attention to a prob]em and 1earn- '
1ng 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 pa1d to the question of money, e1ther in the

data-gathering phase or in the analysis..."

The commentary above was ev1dent1y written by an econom1st who wou]d
have preferred to see standards set on the bas1s of m1n1m1z1ng 11fe cyc]e ,
costs to society, 1rrespect1ve of whether that- requ1red bu11d1ngs to be con-.
structed at. med1an energy use or at a 1eve1 be]ow anyth1ng current1y be1ng B
built. But in fact there are many pract1ca1 s1m11ar1t1es between the re-
sults of the life- cyc]e costing methodo]ogy for res1dences and those of the |
statistical approach used for the commerc1a1 sector In both cases, true
minimization of 11fe -cycle cost. would involve the use of measures (e-g s r
residential heat exchangers) or techn1ques (e g., day11ght1ng 1n offices or
pass1ve so]ar techn1ques in res1dences) not w1de1y ava1lab1e to bu11d1ng.h

designers. and bu1]ders, but wh1ch cou]d 1ead to 1arge sav1ngs 1n energy
lbeyond those mandated by the energy budgets chosen by DOE ' So for both
‘sectors and both methodolog1es, the energy budgets are on a dec11n1ng por-
ht1on of the cost curve - where more conservat1on wou1d 1ead to 1ower costs -
but they are running aga1nst constra1nts of DOE S Judgment of the capab111t1es
of the industry at the present time.

Nonetheless, the po1nts made by RFF are of cons1derab1e 1mportance and
~we anticipate that the Department of Energy will note them as they cont1nue
the research in support of the f1na1 ru]e The 11fe-cyc1e cost1ng of com-
mercial building. prototypes is not as easy to perform as that for the residen-
t1a1 prototypes. Howeverf such an approach has been 1n1t1ated at AIA/RC
'and is'likeTy'to provide results that areﬂextremely useful for. the final
BEPS rule. | | |
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II1. Results of the Life-Cycle Cost Analysis

A. Houses Heated with Gas

Tab]e 2 contains the detailed results obtained by‘Minimizing the life-
cyc]e costs of energy conservat1on investment and a discounted stream of

payments for fuel over the 11fet1me of the house mortgage, for a house w1th _

naturalvgas_heat1ng (assumwng a system efficiency of 70 percent) and electric

cooling. The'ffrst column Tists the climatic regions. The second co1uhn'
presents the representat1ve city for which the thermal ana]ys1s ‘of the res1-'
.dence was performed. Co]umns 3 and 4 show the long-term average heat1ng and
coo]1ng degree days for each of the c1t1es “The heat1ng degree days are pre-
-sented with a base of 65°F and, in parentheses, a base of 53°F. The coo]ing
degree days are presented w1th a ‘base of 65°F and, in parentheses, a base of :
68°F. (The 53°F.base for heating and 68°F for cooling are included because
-space.heat1ng and.coo]1ng loads for a_we]1-1nsu]ated house'are expected to be -
more nearly 1inear with degree days ca]cu]ated on this basis than for the
traditional base of 65°F.) | |

Column 5 presents"the insulation 1eve1s and column 6 the number of glaz-

ings in the prototype house which m1n1m1zed 1ife- cyc]e costs * These 1nsu1a—
tion 1eve]s wou]d br1ng most houses into comp11ance with the energy budgets.
of course, many other conf:gurat1ons wou]d also comp]y. Triple glazing 1svv
used in-ciimateS'as'co1d as'washington;'D;C., and“jn areas with very large
coo]ing'load, and double glazing is used in all other climates modeled. Typical
insulation levels for all but the extrene climates (coldest or mi]dest)vare

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

*For regions in wh1ch a crawl space is the common form of basement the floor
insulation Tevels 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.
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Tab]e 2 Resu]ts of the 11fe cyc]e cost ana]ys1s of energy conservation measures:
for s1ng]e story houses heated by natura] gas and ‘cooled by e]ectr1c1ty

1 2 3 a4 S R _ 7 8
' : - : ' Insulation - - .
_ . Heating Cooling Levels ) ’ . Conservat ion Energy Budget
Climate Representative Degrfe- Degr?e (R-Value) ‘ ,_Ngmber of Investment,  Primary Energy, Building Bgundary,
Region . - City ~  Days a Paysia Ceiling  Wall Floor Giazings - T $1978 . ‘ MBtu/ftl /yr » MBtu/ft</yr
1 Minneapolis - 8310 830 : 38 .25 .- 3. $1,160 6.1 - 54.5
: - © (5260) (. 370) : S o S :
2 Chicago' 6130 . 930 38 197 -- . 3 §$ %0 . .. 4.9 30
ST (3%40)  (620) o : » - : '
3 Port land 4790 0 38 19 - 19- - . 3 1,050 3.9 5.9
- S (1830) " - ( 150) . - - e ' _ - ‘ '
3 Hashlngton, ~ 4210 - M20 - 38 19 - 3 $ %0 . 3.7 22.4
0.C (1980) - (1010) S o A » v o
a Atlenta . . 3000 1590 . 3@ 19 - 11 2 $ 900 8.2 .. 18.3
. . (1230) - (1130) o R . . S .
4 Fresno 2650 1670 38 19 - 2 $ 850 - 319 16.1
S : (770)-  (1220)° - - | ‘ .
5 . Burbank. 180 620 19 A - 2" $ o380 15.7 2
: o ( 170)(b)  (310)(b) . . v o . , .
6 pnosaix(€) . ysso . 3810 0 -3 19 o 3 $1,260 3% . 12.0
C C(320) (2960) s S : L o
6  touston . 1430 2890 o 2 $ s0 . u.4 15.1
C(360)  (2240) . - : oL
7 Filwortele)l 2830 2500 38 19 oo 30 . st 32.3 15.2

( 810)h '(gozo) .

(a}) Neatlng -and cool)ng degree days base 65°F pnesented heaijng degree- days base 530F in parentheses; cooling degree days base
6BOF in parentheses. . s AR ' B .
{b) Degres days for Los Angeles reported ' - : e o : S
{c) Under the EIA Medium Price Projections (Decemher 17 1978) both Phoenix and Ft, Worth would have used double glazing- at a
- conservation investment of $850. Primary energy use was:40.1 and 36.8 MBtu/fté/yr for Phoenix“and Ft. Worth, respectively.



investment (fof all 1176 square foot house) for the conservation measures
compared with qurrent investment in conservation in the different climates.
(The estimates of currenf conservatioﬁ’investment'are based on an NAHB survey,
results of which are»containéd in.Table 3. 9/ Column 8 contains the energy.
budget at the 1ifeécyc1e cost minimum, which we have previously defined.as
the Design Energy Budget of a house. We have‘eXpréssed theSe budgets in
“terms of primary energy use and use at the bui]ding bouﬁdary.- |

_ There are nume}ous ways fhat the Design Energy Budgets can be met in
the different c]fmates.' Téb]e 4; taken from.referencés 2 and 10, f]]ustrates
two or three a]ternative ways of achieving the Design.Energy‘Budgets in three'_

climates.

B. HousesvHeated with Electric Resistance

Table 5;summarizesvthé 1ife-cy§1e costihg results for e]eétrit resistance
heating.. Caiumhs 5 aﬁd-6 show the standard inéu]ation and glazing Tevels that
wilT,meet thezdeéigned_energy budgets Qf thevnominal.case: “R-38 ceiling and
triple glazing insulatiqn'is'used in all c1imates'except the_mqét'mild (Burbank) ;
R-25 wall 1n§u]atibn is used in all c1imates:aS'c01d as or éo]der_than Washing-
Iton, D.C. and Rf19:wa]1'1ﬁsu1atibn'in all other climates. Thus, in all cli-
mates except regioh 1 (Minnéabo]is), thé standard conservation measures for
houses using electric resistance heating ére strictgr than those for naturé]
gas-heated houses. The investment in energy conservation for the electric
resistance heated houséS'reflects the use of tighter measures for all cli-
mates'except Minneaho]fs. The increased inveétment‘in energy conservation
(beyond éstimated 1975 current practice) is between $1,160 and $1,433 for

2

the 1176-ft" wood frame protofype>house.

-14-
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Table 3. Standard energy conservat1on measures for
residential houses constructed in 1975,
based on data from-the 1977 NAHB survey

L o St=ndard Pract1ce, 1975
city < W F_a@
Minneapolis . o 22 1 oo
Chicago = ‘19 BRI S
Portland. - 19 11 7
FWash1ngton, D.C. co19 1l e
Atlanta . .o w18 117
. Fresno BT : f.I§": ali -
‘Burbank . .o 1900 11 --
Phoenix - .19 < 11 oo
CHouston S 19 0 11 a-
Fe.wWorth - 19 11 -

T S S N

ceiling R- véiué'nﬁzﬁkwéii’Q Q&]Qe,
floor R- valJe (17 applicable);
number of g} az1ngs for a11 w1ndows

(a)”:C_
6l
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“Table 4. Illustrative ways of meetﬁng»the-deSigh energy -budgets for single
family residences in three Tocations: gas heated homes

Locat ion . . Sets of Optiions

Chicago, IL 1. Average window area and distributiona; triple glaiingb; R-38 ceiling and R-19
© wall insulation. . o L

/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 wa]l insulation.
3. Active solar domestic water- heatlng systemd
wall lnsu]atlon.

; double: glazing; R-38 celllng and R-11 -
Atlanta, GA - 1. Average w1ndow area and’ d1str1but|on ; double g]azlng, R-38 ceiling, R-19 wall,
o and R-11 floor~ insulation.
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-30 CEIIIOQ,
R-11 wall and R-11 floor insulation.

3. Active solar domestic water heating systemd double glazing; R-19 ceiling, R-11
wall and R-7 floor insulation, _ : o

Houston, TX 1. Average window area and distribution? ; double glaZIng. R-30 celllng and R-11 wall
. . : insulation.

2. Active solar domestic water heatlng ; R- 19 ceiling and R-11 wall’ lnsulatlon

3. Other alternatlves, such as pa551ve solar de51gn and redlstrlbutxon of windows, not
evaluated for Houston. '

NOTES: - ®The average wlndow area is 15% of total floor area. - The windows istri
e aver walls | dows are distributed equally among the

b , _ S _ :
Double glazing plus storm windows can substitute for triple lazing with Ji i
b ttle ch
Design Energy Consumption of the house. p‘ g» 9 . ¢ change n the

C \ :
ilggr insulation lS noted in Atlanta, Georgia and all other areas where crawl space basements are

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

water heating 1 in
a 1500 square foot house for the purpose of thlS itlustration. 3 oad‘In

.
e

;5
.
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Results of the life- cyc]e cost ana]ys1s of energy conservat1on measures for

51ngle story houses heated and cooled. by e]ectr1c heat1ng (other.than_heat pumps )

Table 5.
1 2 3 4
) L . Heating Cooling.
‘Climate Representative . ’Degr?e : Degr?e
Region -City Daysia Daysta)
1 Minneapolis 8310 530
B (5260)  ( 370)
2 Chicago 6130 . 9% -
T (3540)  ( 620)
3 Port land 4790 300
- (1840)  (1010)
3 Washingtoa, 4210 . 1420
' D.C. ~{1980)  {1010)
4 - Atlantalc) 3100 1590 -
: ; C(1230)  (1130)
4 Fresno . 2650 1670
: _ ( 770)  (1220)
5 ' Burbank. - 1820 620
- ( 170)(b) (310){b)
§ - Phoenix .. 1550 3510
: o ( 320)  (2960) :
.6 " Houston ' .. 1430 2890
- , (.360)  (2240)
7 Ft. Worth - 2830 2590
§ (. 810)-

(2030)

8

Insulation
Levels
"(R-Value)
Céi11ng Wall Floor
38 [ T
38 25 -
38 25 19
38 25 -
819 19
38 19 .-
0 19 -
B/, 19 -
B 19 -
38 19 -

6 7 ,
. Lonservation Electrical Energy Budget .
~ Number“of Investment,  “Primary Energy, Building Eoundary,
Glazings - © 31978 MBtu/ft2 /yr MBtu/ftl/yr.
3 31,160 132.2 38.9
3 $1,19 80.0 - 23.5
3 $1,350 58.5 17.2
3 $1,190 53.7 15.8
3 $1,433 39.6 - 11.6
3 $1,280 38.6 11.4
w2 $ 760 151 4.4
3 $1,280 38,5 11.3
3 $1,280 33.6 9.9
3 $1,280 430 12.6

(a) Heating and cooling degxee days base 65°F presented heat1ng degree days base S3°F 1n parentheses, coollng degree days base

680F in parentheses..

“{b) Degree days for Los Angeles reported
{¢)-Under the -EIA Médium Price Projections (December 17,
$1,330 and a primary energy budget of 40.7 MBtd/ftz/yr.

1978)-Atlenta used R-ll floor insulation for a conservation investment cost of



C. Houses Heated and Cooled with Heat Pumps

Tab]e 6 summarizes the life-cycle cost1ng resu]ts for - heat1ng and cool-

ing with an electr1c heat pump ~Column 8 in tab]e 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 0Oak R1dge Nat1ona1 Laboratory 11/ The COP for a
heat pump is reported as 10% lower than can present]y be achieved by commerc1a1 ‘
‘models to account for heat losses in the ductwork associated with the heat
pump. | |

Comparison of the Design Energy'Eudgets-for the e]ectric heat‘pump (co]umn'v
9‘in'Tab1e 6) with'electric resistance"heating.(column 8 in Table 5) reveals
. that tne heat pump-budget is ]oWer,than the electric resistance_budget in al-
most'a11 cases. The heat pump_budget is significantly Tower in:the coo1vand
cold c]imates, - An economic evaluation of electric heating using neatvpumps
and using resistance heating fndicates tnat the heat.pump system has lower
11fe-cyc1e costs than resistance heating,in'cool and cold climates, in spjte
of the higher f1rst costs of the heat pump.12/.

Table 7 1]1ustrates a1ternat1ve ways of meet1ng the Des1gn Energy Budgets
that were obta1ned for homes.heated and cooled byvheat_pumps in three c11mates
2 and 10/, | ' |

D. .Comparison with Current and Past Energy Conservation Construction Practice

Figurebl presents a comparison of fuel requirements for space heating
using natural gas for a large number of different cases. -The upper.curve;
labeled "U.S. stock, Dole 1970“, is the best available estimate of the fuel
requirements for space heating the 1970 stock of houses in the Unfted States
13/ The fourth curve from the top 1abe1ed “Current Pract1ce (DOE- 2)

is our best estimate of the current construct1on pract1ce in houses bu11t

218-
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Table 6. Resu]tsAof the Tife-cycle costing analysis of energy conseFvation measures for
-single story houses heated and cooled by electric. heat pumps

1 S T B S 5 6 7 -8 , 9
: I o Insulation ' S B ’ “Electrical Energy Budget
: Heating - “Cooling Levels Conservation Primary .  Building
Climate Representative Degr?e Degr?e (R-Value) :Numbgr of Investment, - Heat Pump Enérgg, Boundary,
Region City Days(a)  Days(a) TE{TIng~ Wall Floor ~2l2zings - " §1978 "~ Seasonal COP  MBtu/ftl/yr MBtu/ftZ/yr
1 Minneapolis 6310~ 530 .- 38 25 .- 3 781160 o138 . 983  28.9
. '(5260) (370) Lo R L o . . ) .
2 Chicago 6130 930 38 28 .- 3 . $1,190 152 . 54.6 16.1
(3540) - (.620) .. t - - R o S _
3 Portland - 4790 300 38 19 19 3 §1,00 1.87 ©34.9 10.3
A (1840) . (1010) . L L oo
3 Washington, . 4210 1420 38 19 w0 3§90 .. 179 - . 377 1.1
0.C. (1980) .~ (1010) . - . ; _ '
4 Atlanta 3100 1590 .38 19 3 5,300 .82 20,0 7.9
= S (1230)  (1130). - Coe - : : :
Lo . o . . N -
! 4 Fresno . 2650 1670 38 19 -- : 3 $1,280 - 2.02 28.6 8.4
{ 770) (1220} . : [ o L o L
‘ 5 Burbank 1820 620 300 11 - 2 8 s 2.02 14.6 4.3
B ( 170)(b)  (310)(b) A T .
6 Phoen ix 150 310 .3 19 - 3 sl 192 6.0 10.6
' ( 320)  (2960) - S SR C S -
6  Houston 1430 2890 " 38 19 .- S 3o+ i 280 1.83 28.5 8.4
oo o ( 360) - (2240) - - T T S o -
7 GFt.Worth - - 2830 2590 38 19 o T3 $1,280 1.83 33.9 10.0
SO0 { 810) (2030) - CieaT ’
(a) Heating and cooiing degree days base 650F presented; heating degree days base 530F in parentheses; cooling degree days base 68°F in
" parentheses. ' ) .

{(b) Deyree 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 1ocat1ons.‘ electric heated homes

Location

Sets of Options -

~ Chicago, IL

Atlanta, GA

Houston, TX

1. Average wlndow area and distribution®; triple glaZIng ; R-38 ceiling and R-25

wall 1nsulatlon heatlng supplied by a heat .pump.

‘2. 'N1ndows redwstrlbuted so that south facung w1ndow area 1ncreased by 36% and east,
west. and north facing window area decreased by 12%; triple g]azrng, R-38 cellwng
.and R-19 wal] lnsulatlon, heatlng supplied by heat pump.

3. Active solar domestic water heat)ng systemdé doub]e glazing; R- .38 celling and R-25
wall insulation; heating supplied by e]ectrlc resistance.

1. Average window_area and distribution®; trlp]e g]aZIngb, R-38 celllng, R-19 wa]l
and R-11 floor insulation; heating supplled by heat pump.

2. 'H!ndows redlstrlbuted so that south facwng window area lncreased by 80% and east,
west, and north facing w&ndow area decreased by -27%; double glazing; R-38 celllng.
R-19 wall and R-11 floor lnsulatlon heatlng supplled by ‘heat pump.

3. Active solar domestiE water heatlng systemd; double glazing; R-30'ce11ing, R-19
wall, and R-11 floor™ insulation; heating supplied by electric resistance.

1. Average window area and d1§tr1butlon triple g]azingb; R-38 ceiling and R-19

wall insulation; heatlng supplled by heat pump .

2. Active solar domest1c water heating system R-19 celllng and R-11 wa]] insulation.

NOTES:

' are distributed equa]ly among the -
3The average window area is 15% of total floor area. The windows
exterior walls. _ y 'h- .
| ing with little change 1

bpouble glazing plus storm windows can substytute for trlple glazing ! |
Design Energy Consumption of the house.

s where crawl space basements are
CFyoor insulation is noted in Atlanta, GeorgIa and all other area
used.

ater heating is assumed to be sized at 60% of the watgr heating load in

d W
The active solar domestic 2 the purpose of this i1lustration.

a 1500 square foot house fo
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after the 1973 oil embargo. This;gurve is based on survey data for the yéars
1975 and 1977 and on results Of‘DbE-Z,lﬂ/ computer calculations perfdrmed'at LBL
_3/.The fifth curve from.the top, "1abe1ed LBL optimum medium infiltration," |
‘contains. the results of_]ife-cyc]e costing analysis for gas heated houses. : ‘ “a
" The sixth curve, labeled "LBL optimum: low infiltration (DOE-2)", illustrates
the energy,requirements for a house withvinfiltraffon levels reduced from
0.6 to 0.2 afr changes per hour. For this case the assumption is made that
mechanical 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 étated in an earlier section -
of thisﬁpaper.f We nbte heré that thevehergy savingthhat can be achieved
by cost effecfive energyfconservation measufes are enormous. There should
. be Tittle doubt'tﬁat»U.S. houses can'bé impfoved $ubstantia]1y_in their
therma].pérformanceiand'that such imprdvements can save the consumer money.:
The magnitude of the savings on a natibna] scale aré_very large and can go

a long:way toward reducing growth in energy demand in this Nation. .

IV.>.Ké2.IssQeS‘. |
The précedUre of using performance étandérds raiseé a number of issues
of equity_and enforbeabi]ity Which are nof bresent with prescriptive standards.
Somé of these.issueé.reVO1ve around the philoprhy of using a befformance
standard concept; and the objectives ¢f the Tegis]ative'mandate establishing -
“the standafds, (sUéh'as the eﬁéburageﬁént of renewable enefgy résdurces).
Pérformancé sténdards aré a new phéhomenon: they are not.in wide use ..
anyWhére, and eVen the jﬁrisd%éfidnslwhichvhéve recently estab1ished pérfok-
mance staﬁdards héve.had ihsuffﬁcieht'experiénce‘to raise all the important
questions. Undoubtedly, the use of nationwide_pérformance standards will

spur further debate on issues of fairness and effectiveness of the standards.
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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 re]ative change in energy consumption of the

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

relative rather than absolute accuracy is important, s0 long as the same

assumptions and simulation models are used in setting and. complying with\the'ﬂ_
budget |

.The fact that changes in budget level are more important than abso]ute

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

fact that lower budget numberstcan,‘under certain circumstances, represent.
a'weaker standard. An‘example js the effect of assuming that peop]e set-their
thermostats Tower to. save energy This- assumption results in a reduction . in
des1gn energy use but it a]so produces smaller energy sav1ngs from conserva-
tion measurest This reduces;the_cost effectiveness of the last conservation
heasure so'that it is dropped;from the Tist. The resu]tihg cost-minimiiing

(i e., design) energy budget is lower than that in the case where a h1gher

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

budget represents a house with fever cons ervat1on measures.

Thus, the important resu1t of the energy budget- sett1ng process for

‘res1dences is the re]at1onsh1p between the budget 1eve1 and all sets of con-
'servat1on measures of the house corresponding to 1t'f The energyvbudget 1tse1f
»has meaning onTy if rules are provided (prototype descriotions, standard
.operat1ng conditions, bu11d1ng energy models and accompanying assumpt1ons)

4to derive the different sets of energy conservat1on measures consistent w1th

1t or to test the comp11ance.of "test" sets of energy conservat1on measures,

. =23-



B. Comparisoné of Computer Programsyto Evaluate Bui]dinngnekgy Use

The cost effectiveness of;the‘energy standards is detefmined by simula-
tions perfofhed}on’the'DOE—Z bui]diﬁg:energy analysis model. To what extent
can these predictions be relied upon 1n.the real world?

One test for program accuracy is to cohﬁare simulations of the samé-house
on different progrqms.’ There are abnumber=of pub}ic-domain compufer’programs
that model heating and coo]ing loads of a house. If the results of all the
programé agree, then their joint prediction is mdre credible than théf of one
progham alone. And if they disagree, the form of discrepancy canvoften provide
‘insight into the building heat transfer prob]eh~or to possible errors in'the-
'_ computer programs. s : | | o

We have compared thé.results of DOE-1 and DOE-2 with simulations of
TWOZONE and- BLAST performed at LBL and on NBSLD'runS‘performed,a? NBS and LBL.
"The resu]ts bf sévera]-teStszshOW genera]Ty good agreement (+ 10%) between
all programs for ordinary houses in which solar gains are small compared to -
total heating load. ]gglgj;' |

MoreArecent'results-haVe considé?ab1y reduced the discrepancy between
TNOZONE.and‘DOE-Z on cooling loads, and also somewhat lessened the disagree--
ment on heating Toads in warm sunny,t1imates. We have also found good agree-
ment between DOE-2, NBSLD, and TNOZONE for mésonry bui]dingsv_j]. |

| There continues to be a need for the comparison of the cbmputer results
with the-energy consumption of a statistical aggregate of residential build-
ings. A]though spot.checks,.often on test houses, have showh good agreement,
the study of a large statfstical"sample wouid provide important information
about the re]ationship»betwéen-the predicted.energy'budgets and: those dbtéined
(or likely to be obtained) in the real world. This information isvparticu]arly'

~ important in assessing the.dégreeAto,which.BEPS or other énergy.cpnservation

|

|
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policy initiatives is Tikely to result in actual reductions in energy use.
We have undertaken some modeSt work along.these lines-and we ahticipate,that
DOE will support a more extensive daté gathering and analysis- program during

the imp]ementation of BEPS. .

C. . Passive Solar Credits

One key argument for the use of performance standards instead of pre-
scriptive standards is the ability of performance standards to credit passive

solar techniques. For instance, in a performance standard; a builder can use"

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

.'through other features (say,vextra-1arge'northéfacing“wihdows).

Given an evaluation methodology--for "example the DOE-2 program and a

. set of assumptiohs-rthe~performance_stahdard'providés‘a credit for passive -

. techniques to the extent that the program correctly handles the heat flows -

in‘passive_SyStems. Present evidence suggests that DOE-2 shows signifi-

cant savings potent%als:ffom direct-gain passive systems in all climates,

'é]though DOE-2 may_undereStimate thése savings. The Savingé predictions

appear to be larger thah thoSe in other pub]ic-domain'programs, such as'
BLAST, NBSLD,'ahd TWOZONE. Therefore the use of the performance standard
methodology will result in credits for passive so1ar;v (It may also, we hope,
result in improvements in DOE-2 and other computer'pfograms 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 tradéoff analysis with simple teéhniquesvsuch as design-
heat-1oss methods, for.the majority of builders who will not use DOE-2. -

In use, the passive solar bui]dings‘will probably usé-]ess energy than

'other_buildings which comply with the energy budgets. Passive houses perform

better as the thermostat "float" range is increased. The 8°F float band used
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in.the eva]uation methodology 2/ is too small to take fd11‘advantage of
- the heat storage in a passive building.’ Howeyer crediting the passive

bUi]dings with. their fu]],pOtentia1 savings in use is, in our judgment, not
| appropfiate for several réasoné; First, it is inequitable to allow buildings
labelled "passive" to take credit forréhanges in 1ifesty1e (eig, lower thermo-
stat set points) which_areﬁdenied to other houses. lSecohd, if larger credits
are given, fhey_wi]] be used io trade off passiye agdainst lower insulation
levels. This red&étioh in insulation levels wi]]Imove.the passive house away
fkom its own cost optimum. A passive building which used as much energy with
widely f]oatfng thermostat as a convéntioné] house with cbnventiona] tﬁermo-
stat would be a~véry>1eaky bui]ding. ‘If subsequent occupants. tried to héat
it to 70°F, they would find it to be much more inefficient than the conven-
tional hOme! B _. , o

Optimum passive houses will hot necessari]y have mihimum'Design_Energyﬁ

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

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

- Tess energy in use. Another passive hoqse_may have an even Iowef budget but.
higher~energy use. That is; passive will turn out to be a better way of
saving energy than of complying with thé’budget. But the budget evaluation
methodology will assure that a passive house will not use more energy fér
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.thé same set of assumptions, and the
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resu]ting energy use determines whether the proposed deSign complies

In: practice we expect that very few bui]dings w1]1 use a procedure this

_ comp]ex Most builders w111 probably just use the equivaient 1nsu1ation stand-

ards in the optima. When variations are made from the insu]ation?feuels the
variations are iike]y to be simp]e For exampie more window area}may be'
traded against more 1nsu1ation or less 1nsu]ation in one e]ement may trade :
of f against more in another These tradeoffs can probab]y be handled by ;
51mp1e deSign -heat- 1oss techniques, further ana1y51s of the Simu]ation mode]
resu]ts will test th1S presumption | |

More complicated tradeoffs, such as variations in w1ndow orientation;

shading, and bu11d1ng mass, can be handled by the. 51mu1ation ‘model. It-is

de51rab1e to deve]op 51mp1e tradeoff rules based on these simulations.

Other tradeoffs may be beyond the scope of the building mode1 . Changes

1n 1andscap1ng or ground contours to minimize w1nd pressure on the. house .can

have a large 1mpact on energy use through reductions ininfiltration. -However,

present building simulation models are incapable of computing the magnitude of

these effects. The'enforcement'agency wi]]’haue to deueiop appropriategmethods

for treating these types of measures; otherwise each builder will attempt to

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

“the same measure will.be handled inconsistently bymdifferent*buiiding code -
.IOff1CIa]S, resu]ting in extra ana]ytic work and 1nequ1tab1e ‘treatment of some

1bu11ders

This example illustrates one of the problems inherent in a performance

- standard: the tools for establishing comp]iance will never be able to model all
- the newest innouations in design. Code officiais are often resiStant’to
f‘innovations where effectiveness cannot be 51mp1y and’ conc1u51ve1y proved.

i'Since one of the purooses of the performance standard is ‘to foster innovation,
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theré is a need to deve]op‘a proéess wHereby the approval of 1nn6vations'is
facilitated. One suggestion is to provide an intermedfary to hé]p the in-
novator obtain approval from the building ;ode‘official (if appropriate).
Another approach cdu]d be to_haVe a:pfocesslto screen innovatjons to select
those that appear both Sighificant (in téfﬁs of potenfia] energy sévings),
widely applicable to many buiidings, and sufficiently cbmp]ex to require
careful ana]ysiS’by DOE. A pre]iminary éna]ysis in a specified time period
could résu]t iﬁ approval for. all buid]ings begunvbefore_final resulté are
thained._ Other approaches need be developed to.insure the BEPS fdsters

rather‘than retards innovative energy conservation techniques in buildings.

E. How”Many'Energy Budgets are Needed?

The process of 1ife-cyc1e cost'minimization invo]ves'altering certain
qualities of a house:in order to saVe;energy. Inhefent_in the process‘is the
division of,buildihg properfies,into two1c1asses: those that can be adjusted
in. the optimization'process (e.g. insulation ]eve]s,and number.of g]azings)_
and those that are he]d’fixed (é;g. hoﬁse shape, house cqnstruétion): The
~-choice of which items-td hold fixed and what va]ués‘to use for the fixed |

~parameters will affect,fhe Tevel of'budget; éach_different choice will pro-
| duce a different Design Energy Budget.

ThErevare.tWO»approaghes to handling a "fixed" parameter. One is to'ref‘
_ 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‘paraheter,v - |

The first approach_has several advantagésm Fbremostvamong them-is its
f1exibi1ity. The reason~for usihg an analytically complex perfqrmance standard

-in place of ‘a simple prescriptive standard is to increase,the’builderfs flexibility

-28-
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We discuss below some of the issues which have become apparent dur1ng
the ana]ys1s of res1dent1a1 standards

‘A, - S1gn1f1cance of the Energy Budget

The energy budget provides a meansvof comparing'different designs of
buildings in terms of their energy.consumptfon.-.It.isdbased,on.a "design"
calculation--that is, it is a_ca]culation,based on‘yariattons_in design : .
parameters of the bui]ding,'rather than on changes in behaviorfof its oc- .
cupants. There is no impTication that a building with a design energy bud-
get.of 40 thousand Btu/sq. ft,/yr. will be.required to use 40.thousand Btu/sq.

ft. annually. The_energy budget merely represents the amount of energy the -

bui]ding wou]d'be‘expected to use if operated under standard conditions.,

. The magn1tude of the budget depends on the assumpt1ons 1ncorporated w1th-

in or: used as input to the bu11d1ng energy use s1mu]at1on model . Frequent]y,
a few apparent]y m1nor changes in the assumpt1ons can produce s1gn1f1cant
.changes in the energy budget This dependence onvmode].assumpt1ons_]s.]ess
important than it may- seem what‘iseimportant is not thehactua1 budget number
.Jbut the set or sets of energy conservat1on measures cons1stant w1th a g1ven
'”energy budget. That is, a budget of 40 thousand Btu/sq ft./yr. rea]]y repre-
:'sents the set_of a]] buildings wh]ch, when.s1mulated cn the'bu1]d1ng mode] with |
{standard assumptions,‘result in a prediction of 40 -thousand Btu/sq.. ft. of
annual energy use. A1l buildings whose predicted energy use is ]ess‘than, |
40 thousand Btu/sq,jft, are'considered in compliancetw%th this budgetggwhile

buildings with predicted~energy use in .excess of this budget fail to,comply,_

Y‘Ne;see from.this discussion that-the absd]ute’accuracy of the model, and

‘ f the:degree of realism of :the assumptions, are .not nearly as important as the
- relative accuracyf For the purpose of life-cycle cost mode]ing;_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 nén—comp]iance with pre;criptive
1imits in Some areas against ovércompliance or-design éhange in others. Set-
ting sepérate-budgets for separate values of some parametef eliminates the
builders ability to use that parameter. The singie-budget approach (for each
‘weather region) is dlso mgch'easier 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 sécond approach--different budgets ior each value of the fixed para-
meter--has the advantage of increased fairness and poTitica] acceptability.
For example, if a certain type of house-cannOt’feasibly comply with a single
standard, then a sepérate standard for that type of houSe.whicH'is set at
i§§;gyg_cost minimum will. result in greater po]itiéa] acceptability of the
standard, and iess government intérferencé‘into_peopie's selection of housing
type. |

The'drawback of the"setond approach is in its administration. Whenever

_a criterion is used to-différentiate befween houses with different energy
budgets, some applicant will come in with an iﬁtermediaté.case.‘vFor example,
if there are separate budgetS'for one-Story and two-story house, how does one

2 second-floor room over a 3000-ft’ first floor?

treat a Case‘with'a-]OO-ft
If thereiarevseparate sténdards for gas heat andveiectric.heat; how does one
classify an electric heat pump with gas supplementary heat?

There are many possibTe features for which people havebsuggeéted separate

energy budgets. 'These_include frame and masonry construction, full basement

Vs, craw] 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 air-conditioning,
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houses withvevaporativercoo1ersg houses with‘many bedrooms; houses With.specia]
solar features, and other criteria If all of these suggestiOns:were used'
the "performance nature of the standards would be underm1ned and setting the -
standards would involve immense ana]yt1c effort

Resolution of the question of whether separate energy budgetslare 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 se]ect1on of the value of a given parameter has 11tt1e effect on

'the Des1gn Energy Budget of the building, . then one may f1x the parameter in

-quest1on ~If, on the other hand the value of the parameter has a large ef-

fect on the De51gn Energy Budget, then the best dec1s1on is not. apparent
For examp]e, our ana]ys1s shows that changes in house type,- house size, -

and wa]] construct1on (frame or masonry)‘have on]y sma11 effects«(< 10%) on- -

: the energy budget, so. that separate budgets may be unnecessary 'The-differenceb

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

'w1th.heat pumps 10-20% higher (us1ng_pr1ce-we1ghted energy) ‘than gas furnaces

~in most-c]imates, but over_40% higher in the coldest climates.

F.' How Are EnergyﬁBudgets for Different Fuels Compared?

Great controversy has surrounded the quest1on of how to compare the energy

.fbudgets for different fue]s;h’TWO measures are commonly used:‘buildjng boundary
energy and resource energy. This report also discusses a third measure: price-

f}weighted‘energy}'

The:bUilding boundaryfapproach counts the»energy‘content of fuels as they

'f cross the'build{ng boundary. 011 and gas are counted’as the ‘energy content of
" fuel sold to the bu11d1ng while e]ectr1c1ty is. counted as ‘the heat content of

o the e]ectr1c energy transferred past the electric meter
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The resﬁurce (or primary) energy approach is based on the desire to :
conserve ehergyiresources rather-than the amount of prdﬁeésed energy sold.
Thfs apbrqach counts  the original ene}gy needed to produce the energy sold.
Simp1e app1ications of this approach, such as that used in the California
standards (California Administrative Code Title 24) todnt gas and 01l exactly
. as iS'done in building-boundary accouﬁting methods, but multiply the heat con;
tent of electricity by 3 to account for the therma],efficiency of the powef
plant.

Criticsvof the resource energy aphroach have argued that it is oversimpli-
fied--that to bé fair, we must go farther back through the economy and include
the efficfency of mining, processing;_and fransporting fﬁe]S, 1nc]uding extrac-
tion efficiencies, and thaf tdo little is known about the -whole brocess to
' eVa]uatejfhe resdukce-Use factors (resource énergyfusé pér'unitvbuilding
boundary’fue1). |

: Proponénts of the building boundary approach a]sd poin£ out that the
e1ectric resource use factor of.3 w111_encourage the uée of scarce gas and
oil fuels over e]ectficftyT But the resource energy proponents insist that
the factor of 3 ié riecessary bécause e1ectriéity isn't a brimary fuel, and
that one unit of electricity is worth more than avunit of fqe] because it
hds been conVertéd'to a lower entropy form. | _

A third approach that reduces some of the-prbb]ems is the price-weighted
energy methbd. In this method,_one fue],.say gés, is counfed at bui]ding— |
boundary levels and other fuels are weighted by thgir price relative to gas.

" The pricé-weighted method is most consistent_with the approach of.basing
“energy budgets on.Tlife-cycle cost minima taken in the rest of the performance'
standard anaiysis; bécauéevit're§u1ts in energy budgets being diréct]y pro-

'portional to 1ifchyc1e fuel costs. If energy budgets afé proportionaj to

- -32-

“a}

ot



]

~ /3

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 bu11d1ng des1gner w111 be encouraged to make his bu11d1ng des1gn to achieve

comp11ance with the standard in a cost- effect1ve manner 1f a pr1ce—we1ght1ng
method is used to express the des1gn energy budget of-a building.

The pr1ce-we1ghted factors satisfy the obJect1on that the bu11d1ng boundary
approach allows the subst1tut1on ‘of expensive electricity for cheaper pr1mary

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 consumpt1on of a spec1f1c fuel,
say 011 .then 1t can act as if th1s fuel had a h1gher pr1ce This pr1ce will
affect the energy budget we1ght but it will also affect the tradeoffs between
use of the fuel and conservat1on measures. Thus sav1ng a scarce fue] by fuel

substitution can be treated on'a uniform economic bas1s w1th saving the fuel

by conservation.

V. _Ongoing Research ~

Continuing anaTysisvaddresses a number of specific technical issues in-
volved in the pPOCGSS’Of standard setting for the energy performance of new

single family res1dent1a] bu11d1ngs These include:
v N
0 assessment of the effect of jointly sett1ng app]1ance (1nc1ud1ng
heating and cooling equipment) and building shell energy perfor-
mance standards :

0 analysis of the seasonal efficiencies of heat1ng and cooling
equ1pment in different weather regions and in houses with
varying amounts of energy conservation

0 development of two new single family residential prototypes:
single story heated basement; townhouse attached on one side

0 continued anaTysisvof the_thermaT performance_of maSoﬂry,houses
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0 sensitivity studies of the effects of changing window orientation,
size, conservation measures, and internal thermal mass

o - assessment of the energy requirements of "zoned" 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

0 compar1son of computer calculations of res1dent1a] bu11d1ng energy
requirements with measured data

These eechnical issues have beenvselected because they are important to the
formulation of a final rd]e for the Department of'Energy Building Energy
Performance Standards. The proposed»rule, issued in November, 1979, used

the results of the analysis of residential 11fe-cye1e costs that are pre-
sented in this paper. We antic{pate that the fina] rule will also reflect
additional know]edge and 1nformat1on gained by the cont1nu1ng analysis of
bthe issues identified above Many individuals, 1nc1ud1ng some who are other-
wise opposed to the issuance of standards for energy uSe_in buildings, have
neted that one of the most imbortant'reéﬂ]ts of the precess of deveioping the'
standards has been an 1nereased knowledge of the thermal behavior of bui]dings,
the eonservation meaSures that are cost effecﬁiye in different regiohs of

_the Nation, and the holes in our knowledge that are needed to produce better
standards in the_futu}e. To the extent that the results of the many studiee
being done for the Department of Energy on the building standards become
wide]y avaf]ab]e'to the building and design communities, the standards could &

be effective even without a heroic effort to implement them.
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