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Ie INTRODUCTION

Over the past ten years a number of systems have been developed to rate
the energy efficiency of single-family houses@ These systems can be categor
ized as either calculational, prescriptive, or performance systems. Calcula
tional systems range from simple degree-day methods to large computer simula
tion codes. Prescriptive systems are derived from calculations, but require
only simple arithmetic to produce points, labels, and, in more elaborate ones,
actual energy use. Performance systems are those that use past utility bills
as a basis for assigning ratings@ Of the 86 systems reviewed in a 1982 study,
59 are prescriptive, 24 are calculational, and only 3 are performance (Hen
drickson, 1982)0

At present, different rating systems are apt to give divergent values due
differences in their assumptions as well as calculational methods@ If the

public is to accept the validity of rating systems, there must be a method to
assess their accuracy and to certi those that are technically relfable~ The

fi on procedure can also agnose those areas where rating systems
improvement, and suggest ways ngi compatibili to the present
in rati system numbers0

110 TECHNICAL ISSUES IN CERTIFYING RATING SYSTEMS

i fy ng systems d be to compare them to a
carefully monitored energy consumption data for actual houses. Authors
n9 systems would be furnished drawings and descriptions of these houses

asked compare their energy use values or equivalent rating points to
measured usage of those houses$ Unfortunately, the amount of meas-
needed reliably assess conservation measures covered in even the

n9 would be exhaustive. Moreover, questions would i
se about typical were the house, its occupants l lifestyles, loca-

or even the weather n9 the measuring periode Consequently, this
evaluation procedure is very difficult to put into practice at the

though it may be feasible in the future with reduced costs and
iability in mon; n9 houses~

yen circumstances, a practical certification procedure for
i systems would be to compare their results to those produced by a
comprehensive and validated computer simulation program@ Candidates for serv
ing as this secondary standard include hourly thermal load models such as
DOE&2, BLAST or NBSLD *6 Questions still remain concerning the technical
accuracy of these and other building simulation programs, but the general
i cation is that they are accurate to within 10% for predicting residenti
energy use (Wagner, 1984; Judkoff, 1983; A~D~ Little, 1982)*
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Once standard program has been selected, it can be used to simulate a
number of prototypical houses through a series of conservation measures and
climates designed to test the accuracy of rating systemse From our experi
ence, at least three prototypes are necessary to cover detached housing (one
story, two story, and split-level houses), along with one, and preferably two,
prototypes to cover attached housing (either an average townhouse unit, or a
townhouse separated into middle and end units)e This number of prototypes is
needed test the ability of a rating system account for variations in
wal1-to- oar ratio and the ratio of internal gains to shell conductance.
operating assumptions, construction details, and building design used for
standard simulation must be described in detail so that authors of rating sys
tems can duplicate them closely in deriving their energy values for comparison
to those from the standard program~

There will be problems in certifying prescriptive systems that have
operating cond; ons different from the standard condi ons selected for
secondary standard~ In those cases, the certifying body can either demand that
those systems be modified prior to certi cation, or accommodate them by mak
ing special simulations with the standard program. The second alternative is
not recommended nee it would lead to a proliferation of rating systems th

assumptions about thermostat settings, window operations, etc@, that
would be extremely n9 to the general public@

SYSTEMS

* is
ssion

new bUll
$1

adopted by the California Energy Corn
to certify programs for use in its Title 24

dential buildings, CEe relies on the
as a secondary standard against which other

example, see Micropas UserBs Manual, 1984)@
CEe uses OOE.2~lA as the secondary
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Table !@ Conservation measures covered in twenty existing rating systems

Measure Method of description used

Building Shel1
(1) Ceiling
(2) Wall
(3) Foundation or Floor
(4) Infiltration

(5) Window layers
(6) Window sash type
(7) Window insulation
(8) Storm or insulated doors
(9) Attic vent

By R-val ue
By R-value
By R-value and depth
Qualitative (i.eo, ulooseU) or
descriptive (;&e.,are windows caulked?)

By number of panes
Descriptive (with thermal break, etc)
Descriptive (drapes, etc$) or by R-value
Yes or no
Type and area of vent

ar Gain -
(l) Window glass type
(2) Window overhangs
(3) Exterior window shading
(4) Window areas, esp0 south
(5) House entation

Descriptive ( ective, colored,etc~)

by amount of overhang projection *
Yes or no
By area or percent floor

ther N-S or E-W

or no

nts heat pumps
Numeric
Correct zing by rough calculation
Either in or out living space

ther in or out of 11 n9 space
ther in or living space

(1) Type
(2) Effi
(3) 51 n9
(4) HVAC location
(5) Pipe i on
(6) Duct i on
(7) Automatic

thermostat

c Hot Water pment -
(1 ) ated tank
(2) pi
(3) on of tank
(4) Low-flow snower~necia

or no
or no

E1 in or
Yes or no

of living space

(I )
(2)

Yes or no
Yes or no

energy impact of a window overhang depends on its geometry,
ng both its width and height above the window~ Rating systems that con

der only the width of a window overhang will give inaccurate values for its
effect~
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tight house from 10% equally distributed on four sides of the house to 20%
glazing equally distributed, and to 20% glazing with 12&5% on the south (Table
IV, Houses 0, 01, 02, A, AI, and A2).

Since these tests cover the most critical conservation measures, we
believe the above procedure is adequate for testing the basic calculational
accuracy of rating systems, with the exception of the hot water system, which
is not a space conditioning measure@ However, if a more detailed testing pro
cedure is required for the individual items on Table I, the secondary standard
would have to be expanded either by more test runs or by extrapolations~ Minor
measures such as different window sash types generally do not require addi
tional simulations since their impacts can be extrapolated using wall values.
There is a further check necessary prior to certifying a rating systeme
Authors of rating systems that use qualitative terms must convert such terms
to the equivalent thermodynamic value@ For example, infiltration terms such
as "averageU or Uloose8G must be translated into effective leakage area or air
changes per hour, and duct insulation or flue dampers translated into changes
in equipment efficiency. If the assumed translation differ substantially from
research information available to the certifying body, the rating system
authors must supply adequate documentation~ For example, a rating system that
credits duct insulation with a 20% improvement in equipment efficiency will be
considered in error unless the claim can be substantiatedo

procedure does not test passive solar measures such as addi
thermal mass or increasing windows beyond 1205% of oor area$
measures are not found in convent; and so do not

on most ng systems ewed

nnflnp-nu,~pr~~, the criteria for
concerned about,

this study, we chose four
cooli energy costs

cool energy
annual energy costs

allows houses and conservation meas
in affecting consumer decisions~

fferences because they may equate to hi
or i fi dollar di

PROCEDURE

r procedure was applied to two rating system tools with which
is qui familiar, CIRA and the Energy Slide Ruleo CIRA is a simplifi

microcomputer program written for residential audits ng a able base
day calcul on method~ The Energy Slide e is a mechanical ce

ues by carrel a comprehensive data base of
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DOE.2 simulations for four prototype houses in 45 locations (for further
details, see EPB, 1983 and Huang(2), 1983)@ DOE&2 was selected as the stan
dard program, and the testing procedure followed for a one-story prototype
building in three locations - Washington, Minneapolis, and Miamie For the test
simulations, we used the same building operating conditions as in the Energy
Slide Rule DOE~2 data baseo

When we first used the same prototype house as in the Energy Slide Rule,
there was virtually no difference in energy values between the Slide Rule and
the test caseSe This shows that the Slide Rule accurately replicates its 00E02
data base, but raises questions about the fairness of the testSe To make the
comparison less biased in favor of the Slide Rule we chose a new one-story
prototype that differed from the original in ze, geometry, overhangs, and
window distribution (see Table 11)$

We encountered some difficulties in matching lding operating conditions
between the two tools and 00[$2$ The Energy Slide Rule is based on a six-hour
night setback, while CIRA models either no setback or a 12-hour setbacK &

00£*2 can simulate setbacks of any length or amount~ To avoid bias towards
either tool, we made two sets of simulations, one with a 6-hour setback for
testing the Slide Rule, and another with no setback for testing CIRA@ However,
only the 6-hour setback values are shown in Tables III and IV to avoid
unnecessary clutter$

VI~ RESULTS

Results of our comparisons are yen in e 1110 For units
we have chosen which we ieve are of most interest to home-

In our we tended to use percentage differences
compare them a des; accuracy of ± 15-20%, but percentages blow up

ated homes@ Thus, our ghtness A home has a heat bill as small
in Washington, D$C~; CIRA predicts $35-more (30% too high), yet we do

ieve a home-buyer 11 be concerned unless he feels that the pred-
ons are more $100/year0 [Note that $100/year is 20% of

ng bill of $500/year for a typical
C,D, or E)~J

x decreasing Utightness U (covering a heating
and a cooling range of 150%) , and two more steps (C and E)

1 on by ± O~3 ach for a current-practice house and
ngton n9 bill of $251 to $342~

i Rule ts DOE~2 embarrassingly well at the ddle of the table
umns C, 0, E} and exceed our ± $100 threshold of concern only for a com

y uninsulated, single-glazed home in Minneapolis~

CIRA acts more like an independent computer program$ typically over-
predicts heating and underpredicts cooling by ± $50 in the middle columns of
the table, and it exceeds our ± $100 threshold for cooling in Miami. CIRA1s
combined heatin us-cooling predictions agree with 00E02 to within a few
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Table 11@ Description of Prototype Houses

Building
Characteristics

Original 00E02
Prototype

Test
Prototype

Geometry
Construction
Floor Area (sq.ft.)
Roof Area (sq.fto)
Net Wall Area (sq.ft.)
Perimeter Length (ft.)
Window Area

(% of floor area)
South
North
East
West

rectangular
wood frame

1540
1754
1154
166

lOeO
2$5
2~5

2.5
205

L-shaped
wood frame

1080
1362
953
141

16@1
5~3

5eO
207
3.1

Table IV. Changes in heating and cooling costs ffering solar gain in
1540 sq 0 prototype ranch house. Units are annual dollars, as in Table III,

es indicated BS are di base cases A
and D of Table III i ons shown as
Am ,Au ,DB ,and 011 @

nsulated Conventional
A§ An 011 Dill

Increase + % + 10i + + lO~

in window area 0 distrlb@ eq@ di b$ south

11

O~7 0@7
3 1

n9

60 28
-7 -1 -6

4 9 18

i

52 66
-15 -15 -21

20 6 18 20

40
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Table lIle Interprogram differences between DOE@2 (used as a secondary stan
dard) and the Slide Rule (SR) or CIRA, for 8 ntightnesses 81 of the Test Proto
type House in 3 cities: Washington,O.C.,Minneapolis, and Miami.
Units are annual dollars. For heating the fuel is assumed to be gas at
$6/Mbtu; for cooling, electricity at $O@07/kWh.

House Type Superinsulated Uninsulated
A B C D E F G H

Ceiling (R-) 49 30 - 19 ...... 38 19 0
Wall (R-) 27 11 - 11 - ...... 0 -
Foundation (R-) 10-8 1 5-8 8 - 5-8 1 - - 0 -
Infiltration (ach) 0.7 Oe7 0.4 0.7 1.0 - 0.7 .-

Glazing (panes) 3 2 .- 1 ..... ,.,.", 1 "...

~~~.

Washington Annual Gas Heat;
DOE.2 131 211 251 297 342 405 428 632
SR ...... DOE.2 6 2 3 5 7 -3 -5 -18
CI - DOE.2 19 48 50 56 64 58 29

Washington Annual Cooling
DOE 149 167 176 182 181 200 205 254
SR - 02 4 -6 -4 -3 -2 11
ClRA - @2 -41 -41 -41 -46 -44

Hi is Annual ng

DOE~2 497 591 613 755 893 939 1299
- DO[02 8 2 -37 -40 -109

CIRA - DOE$2 64 79 99 92 78

Hi Annual i

at> Foundation 5-4@ 0 0 0
DOE@2 507 507 499 541 573 606 618

$2 -2 -7 -2 ....6 -4 12
C 02 -81 -27 -92 -134 -106 ~106 -88

= lWWbi

. Foundations (or sl have perimeter insulation. Thus, 5-4 1 means R-5
insul on to a depth of 4 feet$ Washington and Minneapolis

basements; Mi j as indicated, has a ab$
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dollars/year, and it easily handles the non-linear effects as building
integrity changes going across the table. The large discrepancy 1n Miami cool
ing energies indicate, however, that additional work will be required before
CIRA can be accepted as a Miami HERS tool. Our preliminary investigation sug
gests that this $100 offset is due to differing assumptions about window
operations between the DOE02 standard and CIRA~ and be easily correctable0

We return to the smooth sidewise variation of CIRAe Thus, for Washington
heating, it is $50 high for Cole E, but never varies from this $50 offset
more than $15 {except for $21 for the totally uninsulated house H)e s sug
gests that the sponsors of a rating tool be allowed and encouraged to cali
brate or lI offset ll their tool for a given city or statelb In any case those
responsible for certification must recognize that a single offset $50 or
$100 is easily fixed$ whereas a random sidewise variation of the same magni
tude is disconcerting to the buyer.

Table IV shows additional results for one city (Washington) as we explore
the aSsidewaysfl8 sensitivity of the prototype house to changes in window area
and orientation. The Slide Rule showed negligible errors 1n predicting changes
in heating bills, but underpredicted cooling increases by as much as $21 (out
of $60). 01 between CIRA and E@2 were similar magnitudes in
both heating and cooling, but never more than $20e s seems to us to
acceptable for both toolso

ve ar gn thenmal ~SS5 but we
conventional ng both the tools we tested are acceptable
n. This covers heating and cool; only@ . our opinion,

~UP~ft~ n9 ide Rule should so cover hot water and appl
un~a~~~8 d and Wagner, ), as eI alrea

a group liar with building ener
~~A~~~ for HERS tools 1S tractablee However,

consortium Agencies and trade associ
ng conditions such as indoor ~n~~~m!n~,r~~

~u-'~~~ono might also address the
effi and the COP for heat

loadlb This will obviate one of
duration the DO£02 data

SDO~nS()r must 11 make dec; ons such as
a secondary standard (part; arly for 1n9) and

tool agree with that standard.
~"""""'~Ii"'llI~III'''!l1lng a tool as {e @~

that the val; ng sponsor ve extra
that they were good ± $xx ~~D~~~~

And,
sel

fy how
, in

t $100) over fA
the more ~~~'U~'~~fl
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local homes.
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