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EVALU4TION OF PASSIVE SOLAR RETROFIT OPTIONS
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B71;i

AOSTRAC~

If passlvesolarenerqy is tomakea signifi-
cant contribution to the reduction af resi-
dential energy consumption by the close of
the century, passive retrofit designs wst be
incorporated into a sizeable proportion of
the existing housing stock. By the year 20D0
70 percent of the housing stock will be of
pre-19BD construction, Noreover, these homes
will account for over 80 percent of the total
residential space heating demand. Displace-
ment of conventional fuels by passive solar
design techniques will depend upon their
acceptance as a retrofit option. An evfilu&-
tion framework has been developed which
allows for the assessment of the role of pas-
sivQ solar retrofit in the nationwide re-
duction of conventional fuel use,

Three types ofanalysls are proposnd within
this framework: the physlc~l/technical capa-
billtyof the present housing stock to incorp-
orate passive solar retrofit; the economic
feasibility of the applicat~on of retrofit
designs; and the actual market potential or
acceptance of these alternhtiva retrofit
options. Each type of analysis has specific
data requirements and a series of evaluation
procedures to halp establiah *stimates of the
potential for passive solar retrofit in the
present housing stock. The data requirenmnts
with their respective sources and evaluation
procedures for the first two types of anelys{s
-=physlcal/technicalsottlng @nd ecormmdc
feaalblllty--areenamlned In thla paper, A
distinction is drawn between consmnity speci-
fic case studies and more generalized national
assessments,

Informat~onderlvedfranthesa three typesof
analysis, whether case specific or national
In scope, can then be used In an evaluation
of potential economic Imphct%, Thp e8tabll~h-
mnt of regional ●conomic benaflts and costs
serves as a measure of the nmrft or attrac-
tivetlassof the Iwlemmtatton ofl passive
tolar retrof~t proprsm,

1, INTROWCTION

Thephyslcal/technical characteristlca of the

Scott Nell
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existing housing stock nust be assessed before
evaluating the economic competitiveness and
market potential of passive solar retrofit
options. Two alternative approaches ca;h;e
used in such an assessment procedur~.
case study approach utilizes neighborhood
specific survey results to arrive at a de-
tailed characterization of physical attributes
of the housing stock. An alternative approach
is to use readily accessible data bases which
allows for the physical description of housing
st~cks across a broad geographic spectrum. A
nationwide appraisal generally requires the
use of the second approach, although the two
approaches can be cotiined to allow a more
co~lete description of national housing stock
characteristics. The nonhomogeneousnature of
construction practices and consumer prefer-
ences necessitates fairly detailed geographi-
cal resolution of the housing stock inventory.

In characterizing the physical/tt?chnical
attributes a number of parameters must be
●stablished. The first group is compriwd of
information about the actual structural char-
~cteristlcs af homms. These pamnetm$ in-
clude dwelling type (e.g., Singl@-faMilY
detached or multi-family high-rise), ago,
style and model, type of construction and
thermal Integrity. Thermal Integrity Is in
turn defined bynme specific building char-
acteristics such as Insulation R-values, typa,
size and orientation of windows and so forth,
The second group of aramaters includes ln-

!formation about dwal ing site characteristics,
The two nmst important for passive solar retro-
fft consideration ar~ resfdence orientation
and shading,

Thare are a nmber of public and private
sources that can be used to help define the
parameter values, Some of thesehave includ-
ed: Bureau of Census Houting Survey data
bates [1,2]; ahtelllte reconnaissance photot
from var!ous divisions of NASAi low level
aerial photographs from local, stateand fed-
eral agenciesi and conatructlon practices

!/
overned by state and federal buildin codes.

?nadditlol, a nunberof ifiatitutions utlll-
ties, state and local energy offices for
example) have developed detcrlptions of
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existing housing stock which can be used for
cotmnunltyspecific analyses.

One example of such an analysis Is the Phila-
delphia Solar Planning Project. The city tax
files were used to evaluate the predominance
of different housing types. The two-story
row house was found to be the predominant
type. The tax files were then used In con-
junction with a geographic atlas and a com-
puter program to evaluate theorlentatlon of
all two-story row houses. lB4,000 were found
to be properly oriented to accept retrofit
designs. A volurltaryClass B audit was con-
ducted to gather Information concerning the
thermal integrity of the hems. The audit
consisted of a questionnaire relating W
solar retrofit and conservation charucterls-
tics Gf the homes. It was distrlbutedby
the Philadelphia Gas Iiorks. Afield check on
100 homes Included In the audit revealed that
hems owner responses about orientation were
generallY Inaccurate. The results of the
Class B audit were then used In conjunction
with a mathodolorw suggested by”Balconb
and McFarland of Los Alsnms Scientific Labor-
atory (LASL) [3] to ●stimate heat loss for
the homes In the sample. The experience of
the Philadelphia retrofit assessnmt program
can be used to guide other city case studies
(such as the Albuquerque, New Mexico study
described below) In certa~n areas of physical/
technical assessment.

Once the physical/technical setting hhs been
Identified, the economic considerations can
be addressed. The physical performance of
the passive solar retrofit tiption$determine,
in part, the potential heneflts (I.e., re-
duced conventional fuel use) to the consumer
and to the nation. Addltlonal economic ln-
forntatlonis required In order to mnre accu-
rately assess the extent of these benefits.
Two types of Infornwtlon are neodod, Ttl?
first deals with the conyentlonal (backup)
fuel type and heat delivery systems used In
existing banes. The second Includes the
financial climate faced by consumers. Ex-
amplas of economic paramet~rs include present
and projected fuel cost, future conv~ntlonal
fuel/furnace alternatives, hana value and
owmrship natterns retrofit costs (both

Imaterial and labor and the cost of financing
(o,g,, interest ratasand loan pariod), Soma
of the previously nmtioned sourcos have bmn
used to Identify fuel USC, fuel cost end da-
llvery system spaciflcs, Ty ical solar costs

!have bean derived from actua conatructlon
*rejects, Consumer costs have been obtainod
from various financial institutions,

Sots of procodurcs for tho p slcal/t@chnical
Yand cconomlc analyses are out Inod bclw for

use In a caso study of Albuqutrquo, New Mexico
belngconduct~d by the hbdollng and Economic
Analysis Group at LASL and th@ Unlvorsity of
Now Nexfco Resource Economics Department, As
stated carl~er, the third type ofonalyais=-

mrket potential or acceptance--is not examined
in this paper. Procedures which will be used
to assess the potential impact of a retrofit
programon the “local” economy are presented
next. The details of the Albuquerque study
are discussed and used to draw conclusions as
to other case studies and the eventual assess-
ment of national retrofit potenttalo

2. ALBuQuERQUE CASE STUOY

One purpose of the Albuquerque case study Is
to arrive at an estimate of the number of homes
which can physically accept a retrofit passive
solar design. This estirratecan then be com-
bined with an economic feasibility assessment
to project possible levels of retrofit adop-
tion Albuquerque would experience should a
vigorous passive solar retrofit program be
Implenmntcd. The potential Impact of the
retrofit pragram on the “local” economy can
t!lenbe assessed using an input-output (1/0)
fran@work. This would result in estimates of
Increases In production, Income, and employ-
ment for all sectors of the “local” economy,
The procedures for assessment of the technical
and economic feasibility of retrofit designs
In Albuquerque are presented below, The sub-
ject of market penetration wI1l not be dealt
with at this time, The use of an 1/0 frame-
work to assess maxinwm potential consnunity
Impacts will be briefly presented,

2.1 ~hyslcal/Technical Assessment--

The physical/*~chnlcal assessment is basically
a three step ellmlnatior,procedure applied to
a sample of homes In the Albuquerque urea,
The harrescontained in the sanple are those
Included In a Hw Energy Analysis (HEA) con-
ducted by the New Mexico Energy Institute [4],
Three types of Information nwst be identified
before a hem’s ability to accept a retrofit
design can be evaluated: 1) age and construc-
tion type, 2) orientation and 3) shading char-
acteristics. Information concerning these
elements can be found In the HEA, This lnfor-
rrMtioncan be evaluated to determine whether
or not a home should be eliminated from the
sanple,

The age and construction type is used to par-
tition the homas In the sample into two groups
--those which can accept either a trombe wall
or a raenhouse and those which can ~nly be

?retro itted with a greenhouse, It is assunwd
that block wall construction can be appropr~-
ately retrofitted with aithor des~gn, whereas
frame construction WWIICIonly accept a green-
house, Those two groups can be subdivlded
further by scr~enlng out vwy old structures
which, in many cases, will not b~ good eco-
nomic candidates for a retrofit due to their
short romalning useful life.

The orientation information rontained in the
HEA tollt which aldcof the hou~e faces to the



south (front, back,etc.). The survey also
contains more specific information about the
charact~ristics of the south wall; Included
ore details such as the presence or absence
of awnings, whether there Is another struc-
ture wfthin 100 feet, the nutier of glazings
and square footage of window area, and length
of the side of the house. This Infornsatlon
can be used to further assess the appropriate-
ness of the home for retrofit. Identification
of the living area adjacent to the south wall
may restrict the type of design which can
realistically be retrofitted. For example,
If the garage is adjacent to the south wall
a more complex design Migilt be necessary to
deliver heat to the living area than If the
den or livlng room were on the southern ex-
posure. The orientation Infonnatlon can be
correlated with low level black and white
aerial photos, zoning maps and field checks to
ascertain the rsllabllity of the survey data
and pro~ide experience In the use of these
other data bases.

Twoof these other data bases--aerial photos
[5] and field checks--wI1’ be ust?dto assess
the degree of shading for horres,wl,lchat this
point, are still included 1,]the retrofit
sample. The HEA asked respondents if nmch of
their house was shaded in the sunaner. Re-
sponses were categorized by three types:

[
1) little or nr..e,(2) about half, and
3) most or all Ther’:are three problems

with adaptlnq this Infoi”rnationto the needs
of retrofit assessment. First, it is neces-
sary to distinguish deciduous shading from
evergreen, and second, it is necessar)’to
distinguish between vegetive and nowegetive
shading. The third problcm Is to evaluate
the mear,ingof the presence of surrsrtershading
for the winter season, An object which shades
a home in the winter may not shade It in the
+ mt, This relationship will be dete~ined
by the height and setback of the shading
object, 11’:Pof aerial photos and field checks
will bm nci,!ssaryto properly assess the true
nature of the shading, Once the nature of the
shading is known, the ~ppropribteness of the
home for retrofit can be assgsseti, Hom$ with
evergreen, nonvegetive or excess win+er shad-
Ingwi;l, Inmost c~ses, be eliminat~d from
the sample,

The result of this thrbe step elimination
process ~tll be a sub-set of honws w~ich can
o},ysicallyacconmdate a retrofit design.
Information on the thermal integrity of this
subset of homes will be used in the next step
--economic fe~sibility analysis, Ther~l
charactertstlcs are not directly addressed in
the HEA, Thp respondents were asked about
the R-value uf walls, floors and ceilings;
the type ofwlntows and doors; the nmber of
Storfesi floor, wlnaow and door areas and the
nutier of glszlngs. This information can be
used to estimate the heat 10SS factor which
might h~ IJplIrOprfdhly used to evaluate the
honm hcatiny \oad (p@rt ofeconomfc feasi-

bility assessment). As iildst step, the size
and composition of ihe sanple will be used to
estimate the total number of homes in Albuquer-
que which are physically/technicallycapable
of accepting a retrofit greenhouse or trombe
wall.

2.2 Economic Feaslbilltv Assessnmt

The econcsnicfeasibility assessment Frocedure
is used t] identify the cost corrrponer,tsof
the retrofit designs and incorporate them into
an estimate of the potential benefits (to the
resident) which might result from the instal-
lation of a retrofit trombe wall or greenhouse.
Thcss Cost components can be divided into
three groups:

[
1) construction cos~.s,(2)

foregone costs benefits) in the form of dis-
placed conventional fuels, and (3) general
economic conditions facing the consumer, These
cost components are discussed and a brief de-
scription of the economic assessment proc~dure
Is given below. [6]

The New Nexlco Solar Energy Assoclatlon (NKEA)
has es’~ablishedthe cost of several retrofit
tronbe wall and greenhouse designs, Their
workshop projects have provided them the oppor-
tunity to estimate these costs based on the
construction of retrofit units by do-it-your-
selfers as well as contracted professionals
with the use of materials readily available
in the Albuquerque area. The NMSEA designs
and costs will be used to detail the labor
and materials components of the program.

The foregone costs are defined as the fuel
savings over the projected life of the unit
or the appropriately defined homeowner use
period. These fuel savings are tied to the
performance of the retrofit design and the
cost of the conventional fuel. The perfor-
mance of the design 1s, in turn, determined
by the thermal Integrity of the hornsand
performance estimates supplied by the Los
Alamos Scientific Laboratory Solar Load Ratio
methods, [7] The HEA will supply th~ type of
conventional fuel used, This allws for the
specification, through the price of the con-
ventional fuel, of the value of the fuel dis-
placed by the design, This value when surrnned
over the relevant number of years provides
the benufits that wI:l accrue to the home-
owner.

The third group of components is defined by
the cost to the homswner of butlding and
maintaining the retrofit design over and
cbove the actual construction cost. If it is
assumed that the construction is financed
througila conventional hom improvement loan,
part of these costs can be quantified through
the loan terms avatlable to the typical home-
owner (e,g,, tnterest retes and financing
period),the values of which can be provtded
by local lending Institutions. Recurring
costs (operatin and maintenance costs,

8insurance axpefiitures, and property taxez)



are another type of expenditure IncludeclIn
this group, These are usually specified as
some proportion of the Initial construction
costs. NMS.EA,insurance brokers and the New
Mexico State Bureau of Revenue are sources
for specifying values for these types of r:-
currlng costs. The Bureau of Revenue can
also suppl{ inforrnation pertalr!lngto the cal-
culation o the solar energy tax credit. All
of these general ecommlc parameters will he
speclflc to Albuquerque.

The economic feasibility procedure usez all
three qroups of information to estimate the
present value characteristics of the design.
This Is done by calrulatlng a present value
for the desian cost canponents, a present
value for the design benefits, and by com-
paring the two. Adeslgn Is feasible if the
benefits exceed the costs to the home resi-
dent. The homes physically capable of accept-
ing retro;it design will be classified by
conventional fuel type and thermal integrity
category [Prom infwnation contained in the
HF4) for this purpose. Homes which u:’ a less
expensive conventional fuel, for example, may
not experience positive benzfits if a retro-
fit design were constructed. The end result
of the economic feasibility analysis is the
further elimination of hcmes from the subset
established by the physical/technical analysis.

2,3 Potential Impact_A~sSmgnJ

The final esti,nateof the number of homes
which can both physically and economically be
included in a retrofit program for Albuquer-
que will be used In conjunction with the labor
and mterials estimate for the designs in ah
input/output [8] framework to assess the max-
imum potential impact levels on the Albuquer-
que :cono~,

[As stat~rj earlier, Oneessentfal step in the
assessment of economic inpact has been exclud-
ed from discussion in this paper. Market

!
enetratiorlqstimates are necessary to estab-
ish the level and timing of retrofit adoption,
Information from the physical/technical and
economic analyses are cunbined in a market
penetration alqorlthm to help establish the
nunber of honw adopting solar retrofit de-
sign by year. The total nutier of homes by
year, however, can be bypassed in determining
the maximum potential impact on Albuquerque’s
economy. (Thus, th~ thorny problem of actual-
adoption and its timing--a formal marke~e-
traticm analysis--can beencluded. ) This is
done by examining varying levels of adoption
in a single year, Econo+nicimact (change)

Yassociated with these varying evels of adop-
tion (transform into number of honres)can
then be interpreted as the maximum potential
effect on Albuquerque.]

The dollar value of increased demand b vari-
ious economic sectors (industries) can est be

co~uted by using the material and labor cate-

gory cost estimates derived for each specific
passive solar design. When multiplied by num-
ber of homes adopting the passive solar retro-
fit option, these materia~ and labor cost cate-
gmies result In a total dollar increase in
final demand or purchases for each economic
sector. This information)can then be used di-
rectly in an 1/0 framework to estimate changes
irIAlbuquerque’s total production, income, and
employment levels.

An 1/0 framework descrlbss the relationships
mnong economic industries (sectors) in a given
geographic region. Further, :hrough csreful
transfomvition and interpretation of the 1/0
structure one is provided with reasonable esti-
mates of nultiplir?rs: that is numbers that
when multiplied by the change in final demand
(from Irateria”land l~bor costs for a set num.
ber of homes) result In estimates of the total
impact on a region’s e:onomy. For example,
construction work experwe fnr a greenhouse
retrofit will result I’Ifurther expenditures
for items such as food and clo~hing by the
warkers or rmterial suppliers themselves. The
multipliers derived from the 1/0 structure
allows one to easily transform these direct
passive solar retrofit dollar outlays into the
total effect on a regiun’s economy.

In the Albuquerque case studyan I/Omodel
developed in 1975 for the county [9] w+ll
serve as the tool for assessing the ,naxim~rn
potential impact on Albuquerque’s ccoromy,
Multipliers for total production, incwmc, and
employment will be developed from this model
and subsequently used in conjunction with
alternative levels of passive solar retrofit
adoption and direct costs to provide estimates
of the maximum expected economic effects, In
adrl!t!onto providing a general picture of
the total moximum potential impacts (addition-
al costs and benefits of pass+ve solar retro-
fit) on Albuqwrque’s economy, use of this
.tO structure and multiplier analys?s will
prcvide information nn possible nmterial/labor
bottlenecks and shortages that ceuld occur
under a vigorous retiwfit program,

3. QxigJ.JsLoM

The retrotit asswssmmt proced~ro presented
here has been directed to a case study of Ai-
buwerque, New Naxico. By judicious appli~a-
tion of this assessment pruccdure to other
conmrunitiessome measure of reqional potential
and impact could be constructed, lfa suf-
ficient number of cottsnunitieswere chosen :m:
these cwsnunit!es covw~d a Iar e geographic

Yare~, a national assessment wow d result,

The transition froma comrrunity;peciflc
physical/technical assessment to a re ional

?or national assessment can be Jccompl shed
with the aid of ,leighborhoodprofiles drawn
from the limited nutier of case studies whtch
are available. A neighborhood prGfile can be



used to represent a broadly defined housing
type whict.,for the purpcse of a national as-
sessment, can be assumed to typify the shading
and orientation characteristics of neighbor-
hoods of like types. Building type and age
are hcusing characteristics which are readily
available from national level data bases.
These two characteristics can be coupled with
the climatic type to classify a conrnunltyor
portions of a cormrunltyinto one of several
profile categories. This categorization cdn
then be matched with the neighborhood pro-
files from case studies (augnentedwlth avail-
able neighborhood profile data ba=es) to
Infer specific pnysical/tichnlcal capabilities
for locations which lack specific case studies.
This type of evaluation procedure can be
applied to a regional or national assesmer,t
effort. The economic assessmnt procedures
can be conducted In a fairly straight forward
nunner for these additional cotrsnunltles.

The potential impact assessment can serve as
a measure of the attractiveness of the im-
plementation of ~ vigorous retrofit program,
Costs and benefits are measured In several
ways when this type of ana~ysl: Is used.
Changes in production, inctnw and employrr~nt
are three such measures, Assessment of the
~mpact on the tax base can also serve as a
benefit measIJre. The amount of conventional
energy which could be displaced by a retrofit
program is another measure of the benrfjt to
a consnunityor region of Irlplementatitlof a
retrofit program. The COS’;Sand benefits to
a group of consnunitiescan serve as the basis
io- a regional or national potential impact
assessment,

This work has been suppnrted by the U. S.
Department of Energy, l)tticeof the Assistant
Administr~tion for Conservation and Solar
Applications,
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