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ABSTRACT

1f passive solar energy 1s to make a signifi-
cant contribution to the reduction of resi-
dential energy consumption by the close of
the century, passive retrofit designs must be
incorporated into a sizeable proportion of
the existing housing stock. By the year 2020
70 percent of the housing stock wil) be of
pre-1980 construction. Moreover, these homes
will account for over B0 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 evalua-
tion framework has been developed which
allows for the assessment of the role of pas-
sive solar retrofit in the nationwide re-
duction of conventional fuel use.

Three types of analysis are proposed within
this framework: the physical/technical capa-
bility of thc present housing stock to incorp-
orate passive solar retrofit; the economic
feasibility of the application of retrofit
designs; and the actual market potential or
acceptance of these alternativa retrofit
options. Each type of analysis has specific
data requirements and a series of evaluation
procedures to help establish astimates of the
potential for passive solar retrofit in the
present housing stock. The data requirements
with their respective sources and evaluation
procedures for the first two types of analysis
--physical/technical sotting and econamic
feasibility--are examined in this paper. A
distinction is drawn between community speci-
fic case studies and more generalized national
assessments,

Information derived from these three types of
analysis, whether case specific or national

in scope, can then be used in an evaluation

of potentisl economic impacts. The establishe
ment of regional economic benefits and costs
servas as a measure of the merit or attrac-
tiveness of the implementation of a passive
solar retrofit propram,

1. INTRODUCTION
The physical/technical characteristics of the
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existing housing stock must be assessed before
evaluating the economic competitiveness and
market potential of passive solar retrofit
options. Two alternative approaches can he
used in such an assessment procedure. The
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
1s to use readily accessibie data basas which
allows for the physical description of housing
styocks across a broad geographic spectrum. A
nationwide appraisal generally requires the
use of the second approach, although the two
approaches can be combined to allow a more
complete description of national housing stock
characteristics. The nonhomogenous nature of
construction practices and consumer prefer-
ences necessitates fairly detailed gaographi-
cal resolution of the housing stock inventory.

In characterizing the physical/technical
attributes a number of parameters must be
established. The first group is comprised of
information about the actual structural char-
acteri{stics 3f homes. These parameters in-
clude dwelling type (e.g., single-family
detached or multi-family high-rise), ago,
style and model, type of construction and
thermal integrity. Thermal integrity i3 in
turn definod by more specific building char-
acteristics such as insulation R-values, type,
size and orfentation of windows and io torth,
The second group of parameters includes in-
formation about dwalling site characteristics,
Tie two most important for passive solar retro-
fit consideration ar. restdence orientation
and shading.

Thare are & number of public and private
sources that can be used to help define the
parameter values. Some of these have includ-
ed: Buresu of Census Housing Survey data
bases [1,2); sutellite reconnaissance photos
from verious divisions of NASA; low leve)
aerial photographs from local, state and fed-
eral agencies} and construction practices
?ovcrncd by state and federal buildin? codes.
n addition a number of institutions (utili-
ties, state and Yocal energy offices for
example) have developed descriptions of



existing housing stock which can be used for
community specific analyses.

One example of such an analysis is the Phila-
delphia Solar Planning Froject., 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 anrd a com-
puter program Lo evaluate the orientation of
all two-story row houses. 184,000 were found
to be properly oriented to accept retrnfit
designs. A voluntary Class B audit was con-
ducted to gather information concerning the
thermal integrity of the homes. The audit
consisted of a questionnaire relating to
solar retrofit and conservation characteris-
tics of the homes. It was distributed by

the Philadelphia Gas Works. A field check on
100 nomes included in the audit revealed that
home owner responses about orientation were
generally inaccurate. The results of the
Class B audit were then used 1n conjunction
with a2 methodoloqy suggested by Balcomb

and McFarland of Los Alamos Scientific Labor-
atory (LASL) [3] to estimate heat loss for
the homes in the sample. The experience of
the Philadelphia retrofit assessment program
can be used to guide other city case studies
(such as the Albuquerque, New Mexico study
described below) in certain areas of physical/
technical assessment.

Once the physical/technical setting has been
identified, the econonic considerations can
be addressed. The physical performance of
the passive solar retrofit uptions determine,
in part, the potential henefits (i.e., re-
duced conventional fus] use) to the consumer
and to the nation. Additiona) economic in-
formation 1s required in order to more accu-
rately assess the extent of these benefits.
Two types of information are needed. The
first deals with the conventional (backup)
fuel type and heat delivery systems used in
existing homes. The second includes the
financial climate faced by consumers. Ex-
amples of economic parametars include present
and projected fuel cost, future conventional
fuel/furnace alternatives, home value and
ownership natterns, retrofit costs (both
material and labors and the cost of financing
(e.9., interest rates and 1oan period). Some
of the previously mentioned sources have been
used to identify fuel use, fuel cost and de-
1ivery system specifics, Typica) solar costs
have been derived from actual construction
grojects. Consumer costs have been obtained
from various financia) institutions.

Sets of procedures for the ph{:i:i\/tochnical
and economic analyses are outlined below for
use in a case study or Albuquerque, New Maxico
being conducted by the Modeling end Economic
Analysi{s Group at LASL and the University of
New Mexfco Resource Economics Department, As
stated earlier, the third type of snalysis.-

market potential or acceptance--1is not examined
in this paper. Procedures which will be used
to assess the potential impact of a retrofit
program on the "lccal” economy are presented
rext. The details of the Albucuerque study

are discussed and used to draw conclusions as
to other case studies and the eventual assess-
ment of national retrofit potential.

2. ALBUQUERQUE CASE STuDY

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 estimate can 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
implemented. The potential impact of the
retrofit program on the "local" economy can
then be assessed using an input-output (1/0)
framework. This would result in estimates of
increases in production, income, and employ-
ment for all sectors of the "local" economy.
The procadures for assessment of the technical
and economic feasibility of retrofit designs
in Albuquerque are presented below. The sub-
Ject of market penetration will not be dealt
with at this time. The use of an I/0 frame-
work to assess maximum potential community
impacts will be briefly presented.

2.1 Physical/Technical Assessment

The physical/*~chnical assessment {s basically
a three step elimination procedure applied to
a sample of homes in the Albuquerque aurea.

The homas contained in the sample are those
inclyded in & Home Enerqy Analysis (HEA) con-
ducted by the New Mexico Energy Institute [4].
Three types of information must be identified
before a home'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 infor-
mation can be evaluated to determine whether
or n?t a home should be eliminated from the
sample.

The age and construction type is used to par-
tition the homas in the sample into two groups
--those which can accept elther a trombe wall
or a graonhouse and those which can ounly be
ratrofitted with a greenhouse. It {s assumed
that block wall construction can be appropri-
ately retrofitted with either design, whareas
frame construction wuuld only accept a green-
house. These two groups can be subdivided
further by screening out very old structures
which, in meny cases, will not ba good eco-
nomic candidates for a retrofit due to their
short remaining useful 1ife.

The orientation information contained in the
HEA tells which side of the house faces to the



south (front, back,etc.). The survey also
contains more specific information about the
characteristics of the south wall; included
are details such as the presence or absence
of awnings, whether there is another struc-
ture within 100 feet, the number of glazings
and square footage of window area, and length
of the side of the house. This information
can be used to further assess the appropriate-
ness of the home for retrofit. Identification
of the 1iving 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 mignt be necessary to
deliver heat to the living area than if the
den or living room were on the southern ex-
posure. The orientation information can be
correlated with low level black and white
aerial photos, zoning maps and field checks to
ascertain the reliability of the survey data
and provide experience in the use of these
other daca bases.

Two of these other data bases--aerial photos
[5] and field checks--wil' be used to assess
the degree of shading for homes, wi.ich at this
point, are still included in the retrofit
sample. The HEA asked respondents 17 much of
their house was shaded in the summer, Re-
sponses were cateqorized by three types:

1) 11ttle or nr-e, (2) about half, and

3) most o= all Ther: are three problems
with adapting this infoirmation to the needs
of retrofit assessment. First, 1t is neces-
sary to distinguish deciduous shading from
evergreen, and second, it 1s necessary to
distinguish between vegetive and nonvegetive
shading. The third problem is to avaluate
the meaning of the presence of summer shading
for the winter season, An object which shades
a home in the winter may not shade it in the
- mmer. This relationship will be determined
by the height and setback of the shading
object. l=r of aerial photos and field checks
will br ncoessary to properly assess the tiue
nature of the shading. Once the nature of the
shading is known, the uppropristeness of the
home for retrofit can be assessei. Homcs with
everqreen, nonvegetive or excess winter shad-
1ng wi:1, in most cases, be eliminated from
the sample.

The result of this three step elimination
process will be a sub-set of homes which can
plysically accomodate a retrofit design.
Informaticn on the thermal integrity of this
subset of homes will be used in the next step
--economic feasibility analysis. Thermal
characteristics are not directly addressed in
the HEA. The respondents were asked about
the R-value uf walls, floors and cellings;
the type of wincows and doors; the number of
storfes; floor, window and door areas and the
number of glazings. This information can be
used to estimate the hcat loss factor which
might be appropriately used to evaluate the
home heatiny load {pert of economic feasi-

bility assessment). As & last step, the size
and composition of :he sample will be used to
estimate the total number of homes in Albuquer-
que which are physically/technically capable
of accepting a retrofit greenhouse or trombe
wall.

2.2 Economic Feasibility Assessment

The economic feasibility assessment procedure
is used t> identify the cost components of

the retrofit designs and incorporate them into
an estimate of the potential benefits (to the
rasident) which might result from the instal-
lation of a retrofit trombe wall or qgreenhouse.
Thas2 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 procedure
1s given below. [6]

The New Mexico Solar Energy Association (NMIEA)
has escablished the cost of several retrofit
trombe 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 1ife 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 is, in turn, determined
by the thermal integrity of the home and
performance estimates supplied by the Los
Alamos Scientific Laboratory Solar Load Ratio
methods. {7] The HEA will supply the type of
conventional fuel used. This allows 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 summed
over the relevant number of years provides
the benefits that wil accrue to the home-
owner.

The third group of components 1s defined by
the cost to the homeowner of building and
maintaining the retrofit design over and
tbove the actual construction cost. 1If it is
assumed that the construction 1s financed
through a conventional home improvement loan,
part of these costs can be quantified through
the loar terms available to the typical home-
owner (e.g., interest rates and financing
period), the values of which can be provided
by loral lending institutions. Recurring
costs (opernting and maintenance costs,
insurance experditures, and property taxes)



are another type of expenditure included in
this group. These are usually specifiec as
some proportion of the initial construction
costs. NMSEA, insurance brokers and the New
Mexico State Bureau of Revenue are sources
for specifying values for these types of re-
curring costs. The Bureau of Revenue can

also supply information pertaining to the cal-
culation of the solar energy tax credit. Al1l

of these general econnmic parameters will be
specific to Albuquerque.

The economic feasibility procedure usec all
three groups of information to estimate the
present value characteristics of the design.
This is done by calculating a present value
for the desian cost components, a present
value for the design benefits, and by com-
paring the two. A Aesign 1s feasihle 1f the
benefits exceed the costs to the home resi-
dent. The homes physically capable of accept-
ing a retrorit design will be classified by
conventional fuel typc and thermal integrity
category (from information contained in the
HEA) for this purpose. Homes which u:~ a less
expensive conventional fuel, for example, may
not experience positive benafits if a retro-
fit design were constructed. The end result
of the economic feasibility analysis 1s the
further elimination of homes from the subset

established by the physical/technical analysis.

2.3 Potentia] Impact Assessment

The final estimate of the number of homes
which can both physically and economically be
included in a retrofit program for Albuquer-
que will be used 1n conjunction with the labor
and materials estimate for the designs in an
input/output [8] framework to assess the max-
imum potential Impact levels on the Albuquer-
que -conomy.

[As stated earlier, one essential sten in the
assessment of economic inpact has been exclud-
ed from discussion in this paper. Market

qenetration 2stimates are necessary to estab-

ish the level and timing of retrofit adoption.

Information from the physical/technical and
economic analyses are cumbined in a market
penetration algorithm to help establish the
number of homes adopting solar retrofit de-
sign by year. The total number of homes by
year, however, can be bypassed in determining
the maximum potential fmpact on Albuquerque's
economy. (Thus, the thorny problem of actual
adoption and its timing--a formal market pene-
tration analysis--can be excluded.) This is
done by examining varying levels of adoption
in 8 single year. Economic 1mgact (change)
associated with these varying levels of adop-
tion (transformed into number of homes) can
then be interpreted as the maximum potential
effect on Albuquerque.]

The dollar value of increased demand bg vari-
ous economic sectors (industries) can best be
computed 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-
goriec 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
in Albuquerque's total production, income, and
employment levels.

An I/0 framework describes the relationships
among economic industries (sectors) in a jiven
geographic region. Further, through careful
transformation and interpretation of the 1/0
structure one is provided with reasonable esti-
mates of multipiiers: that is numbers that
when multiplied by the change in final demand
(from material and lubor costs for a set num-
ber of homes) result 1n estimates of the total
impact on a region’'s ezonomy. For example,
construction work expense for a yreenhouse
retrofit will result i) further expenditures
for items such as fvod anc clouhing by the
workers or material 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 AYbuquerque case study an I/0 model
developed in 1975 for the county [9] w'l1
serve as the tool for assessing the .naximum
potential impact on Atbuquerque's ecoromy.
Multipliers for total production, incume, and
employment will be developed from this mode!l
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
addition to providing a general picture of

the total maximum potential impacts (additivn-
al costs and benefits of passive solar retro-
fit) on Albuquarque’s economy, use of this

"/0 structure and multiplier analys's will
prcvide information on possible material/labor
bottlenecks and shortages that could occur
under a vigorous retiufit program,

3. CONCLUSIONS

The retrotit assessment procedure presented
herc has been directed to a case study of Aj-
buuserque, New Mexico. By judicious applica-
tion of this assessment prucedure to other
communities some weasure of regional potential
and impact could be constructed. If a suf-
ficient number of communities were chosea :n:
these communities cuvered a large geographic
area, & naticnal assessment would result.

The transition from a community specific
physical/technical assessment to a regional
or national assessment can be sccomplished
with the aid of seighborhood profiles drawn
from the 1imited number of case studies which
are available. A neighborhood profile 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 ciimatic type to classify a community or
portions of a community into one of several
profile categories. This categorization can
then be matched with the neighborhood pro-
files from case studies (augmented with avail-
able neighborhood profile data ba.es) to

infer specific pnysical/technical capabilities

for locations which lack specific case studies.

This type of evaluation proceduyre can be
applied to a regional or national assessmer.t
effort. The economic assessment procedures
can be conducted in a fairly straight forward
manner for these additional communities.

The potential impact assessment can Serve as
a measur2 of the attractiveness of the im-
plementation of a vigorous retrofit program.
Costs and benefits are measured in several
ways when this type of analysi: is used.
Changes 1n production, irccme and employment
are three such measures. /ssessment of the
impact on the tax base can also serve as a
benef{t measure. The amount of conventional
energy which could be displaced by a retrofit
program 1s another measure of the benrfit to
a community or region of irplementatic. of a
retrofit program. The cos*S and benefits to
a group of comnunities can serve as the basis
7o~ a regional or national potential impact
assessment.
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