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ABSTRACT 

Performance and economic information on passive and hybrid systems has been 
compiled as part of the solar commercial readiness activity at the Solar 
Energy Research Institute. -This paper presents the results of selected 
performance simulation and cost estimate studies as well as actual cost and 
performance data from operating buildings. Systems representative of each 
major passive design concept are included: direct gain, indirect gain 
(thermal storage wall, thermal storage roof), and isolated gain (convective 
loop/thermosiphon, attached sunspace/greenhouse). 

Results are present·ed in tables structured by major design concept. Data for 
simulated and actual systems are presented separately. Comparison of 
individual system design specifications, performance, incremental solar cost, 
and cost of delivered energy are made by major design concept and by simulated 
or actual data source. In addition, results are aggregated to derive cost and 
performance ranges over all data sources, by design concept and by simulated 
or actual system. 
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SECTION 1.0 

INTRODUCTION 

The commercialization potential of passive solar heating has been recognized 
on a national level [1]. Understanding the economics of passive systems is 
necessary in order to remove obstacles to their widespread use. Economic 
information also comprises an integral part of a commercialization readiness 
assessment, supplementing technical and market readiness evaluations. 

Economic information on passive systems has ·proven difficult to obtain and 
less information is available for hybrid than for passive systems. Initial 
passive solar work done at SERI included publication of generic and specific 
passive systems descriptions and cost and performance data available from 
engineering simulation· and cost studies [2,3]. This database has been 
expanded and updated with additional information from simulation and cost 
studies as well as cost and performance data available from operating passive 
and hybrid buildings. This paper describes the methods and assumptions 
employed in data gathering and reports cost and performance results by generic 
design. System-specific information is presented in an appendix. 

3 
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SECTION 2.0 

METHODS 

Passive and hybrid systems information was compiled from previous solar energy 
conference proceedings, from other solar energy publications and from 
individuals and organizations involved in the design, construction and 
evaluation of such systems. Alternative technology organizations were 
consulted as well as energy commissions, scientific research organizations, 
builders, designers, engineers, building occupants, architectural firms, 
educational organizations, and economists. Data were updated· and/or 
supplemented with additional information obtained by personal communication 
with authors or their associates. Information is presented for a total of 50 
systems from 33 sources. The database, however, is small, and results should 
be regarded as tentative. 

2.1 MATRIX 

Information for each system is entered 
(see Appendix) for comparison among 
information is provided for each system 

into a design/performance/cost matrix 
systems. The following descriptive 
(where available): 

• system type (direct, indirect, or isolated gain, or hybrid); 

• number of glazing layers; 

• type of storage; 

• whether used for space heat, domestic hot water, or both; 

• presence or absence of night insulation; 

• building load in Btu/ft2 /DD; 

• presence or absence of fans; 

• collector area in square feet, and expressed as a percentage of 
heated floor area; 

• estimated system lifetime; 

• whether a new or retrofit system; 

• type of design (tract or custom residential, commercial or 
instHutional); 

• number of location!>; and 

• whether simulated or actually built. 

5 
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Systems having small circulating fans are included with passive systems. 
Hybrid systems represented are collections of active and passive collection 
and storage (brief descriptions of hybrid systems are given in footnotes to 
the data matrix). Collector areas· are in most cases expressed in net figures 
rather than gross. 

Cost and performance data presented are as follows: 

• system yield, in annual millions of Btu and percent solar 
contribution to building load; 

• total incremental capital cost; 

• incremental capital cost per square foot of collector: 

• dollar base year; 

• operating and maintenance costs (expressed ~s a dollar figure, as an 
annual percentage of total incremental capital cost, or estimated as 
minimal or negligable); and 

• cost of delivered energy in dollars per annual millions of Btu. 

2.2 SYSTEM TYPE 

Where systems are combinations of design types (e.g., a direct gain system 
combining other passive elements such as a thermal storage wall or a 
greenhouse) they are classified according to the design concept representing 
the largest area of the passive system. In some cases it is not possible to 
determine which element yields the most in terms of solar contribution. 
Hybrid systems are classified in one category even though they make use of all 
of the passive design concepts. 

2.3 SIMULATED VERSUS ACTUAL 

Cost and performance data presented are derived from mathematical simulation 
and. cost estimation procedures and from actual building data. However, some 
structures are either under construction, not monitored, or monitored results 
are not available. Therefore data presented for actual systems include status 
of monitoring activity and performance verification. Number of systems by 
generic type and simulated or actual data are broken down in Table 2-1. 

6 
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TABLE 2-1 

Sim. Actual Total 

Direct Gain 6 10 16 
Indirect Gain 

Thermal Storage Wall 7 8 15 
Thermal Storage Roof 2 1 3 

Isolated Gain 
Attached Sunspace 1 4 5 
Convective Loop 2 0 2 

Hybrid 0 9 9 
TOTAL T8 32 so 

/ 
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SECTION 3.0 

RESULTS 

3.1 DESIGN 

In nearly all of the reported cases, systems are double-glazed. Only two 
systems provide domestic hot water alone. Both of these are direct gain 
systems. Three systems, one direct gain, one water wall and one hybrid 
convective loop system, provide both space heat and domestic hot water. 

Less than half of the passive and hybrid systems make use of night insulation. 
One-third of the passive systems include small circulating fans. 

Estimates of system lifetime vary widely from 10-15 years (where recycled 
components are employed) to 100 years or life expectancy of the building. 

Most systems, both actual and simulated, are new, custom, residential passive 
and hybrid applications. Limited data are available for retrofit 
installations. Several simulation studies, however, report results for tract
type residences. In addition, data are reported for three commercial and four 
institutional systems. 

Simulation studies generate data for a given passive system in as many as 48 
different locations. All data for actual systems are based on one location 
per system only. 

3.2 BUILDING LOAD RANGES 

Building heating loads, expressed in 
design. 

TABLE 3-1 

Direct Gain 
Indirect Gain 

Thermal Storage Wall 
Thermal Storage Roof 

Isolated Gain 
Attached Sunspace 
Convective Loop 

Hybrid 

. 2 
Btu/ft /DD are in Table 3-1 by generic 

4 - 10.5 

2.65 - 12.5 
9.36 - 12.5 

4.31 - 21.0 
7 10 

2.7 - 12.5 

Loads for attached sunspaces vary most widely of all designs. In the indirect 
gain category, the building load range for the thermal storage roof design hc;ts 
a significantly higher lower bound than for the thermal storage wall. This 
may be due to the location of most thermal storage roof buildings in warmer 
rlimatAs where insulation requirements may be lower. 

9 
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3.3 COLLECTOR AREA RANGES 

Expres::;ed as a percentage of building floor area, collector area ranges for 
each of the generic designs are in Table 3-2. 

Direct Gain 
Indirect Gain 

TABLE 3-2 

Thermal Storage Wall 
Thermal Storage Roof 

Isolated Gain 
Convective Loop 

Hybrid 

5 - 35% 

15 - 75% 
38 - 100% 

11 - 20% 
9 - :LSi. 

Thermal storage roof areas are largest and in some cases collection area is as 
large as floor area. Ranges for indirect gain systems vary more than for any 
other generic design. Data for attached sunspace systems are not available. 

3.4 PERFORMANCE 

System yields in annual (heating season) millions of Btu are reported by 
gener~c design and by simulated or a~tual system within each generic design. 
Actual systems are further divided into monitored and verified (M) or 
unmonitored (UM) systems. Results in Table 3-3 are as follows for residential 
systems only. 

Direct Gain 
simulated 
actual, M 
actual, UM 

Indirect Gain 

TABLE 3-3 

Thermal Storage Wall 
simulated 
actual, M 
actual, UM 

Thermal Storage Roof 
simulAt.Rrl 
actual, M 

Isolated Gain 
Attached Sunspaces 

simulated 
actual, UM 

Convective Loop 
simulated 

Hybrid 
actual, M 
actual, UM 

10 

M Btu 

14 - 121 
6.85 - 85.7 
36 - 64.6 

.6 - 68 
10 - 95 
53 - 80 

6 - 30 
38 

15 - 27 
53 - 85 

8 - 20 

32 - 114 
60 - 78 
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For direct gain, these yield figures include results for two domestic hot 
water systems and one system providing both space heat and hot water. In 
addition, two actual, monitored commercial installations provide 270 and 720 
million Btu per heating season. One simulated institutional indirect gain 
system is expected to deliver 1090 million Btu annually and three distinct 
sections of an actual but unmonitored institutional indirect gain system 
should deliver from 55-195 million Btu annually. Data for only one actual 
thermal storage roof system are available. This system has been monitored, 
and this yield figure is given with confidence for heating and cooling. 
Limited data are available for isolated gain and hybrid systems. 

System yields expressed as percent solar contribution to building heating load 
are in Table 3-4. 

Direct Gain 
simulated 
actual, M 
actual, UM 

. TABLE 3-4 

Indirect Gain 
Thermal Storage Wall 

simulated 
actual, M 
actual, UM 

Thermal Storage Roof 
simulated 
actual, M 

Isolated Gain 
Attached Sunspace 

actual, UM 
Convective Loop 

simulated 
Hybrid 

actual, M 
actual, UM 

% Solar 
Contribution 

26 - 95% 
35 - 100% 
35 - 711% 

20 - 97% 
38 - 97% 
65 - 91% 

21 ._ 100% 
100% 

72% 

33 - 61% 

31 - 95% 
59% 

Actual data are available for only one thermal storage roof system and limited 
data are available for isolated gain and hybrid systems. 

These numbers reveal that performance in delivered annual MBtu or percent 
solar contribution for actual systems matches or exceeds performance estimated 
for simulated systems (with the exception of a direct gain system supplying 
both space heat and hot water). Further, it was determined through personal 
communications that in some cases where performance was verified through solar 
system temperature and/or auxiliary heating system monitoring, performance 
exceeds previous prediction. If this is true for some actual, unmonitored 
systems it may help explain why performance figures for these systems are 
lower than for the monitored systems. However, the systems are not strictly 
comparable and· differences in monitored and unmonitored system performance 
data may also be explained by design and climate variations. 

.. 
11 
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3.5 COST 

For most systems, operating and maintenance costs are estimated as minimal, or 
negligable, or as a small percentage of incremental capital cost per year, 
usually less than 1%. 

Incremental capital costs associated with the addition of solar collection and 
storage elements are presented in Table 3-5 by generic design and by simulated 
or actual system (costs for systems still under construction, although not 
final, are not presented separately because their cost estimates are well 
within the range given for all actual systems). 

TABLE 3-5 

Direct Gain 
simulated, residential 
actual, residential 
actual, commercial 

Indirect Gain 
Thermal Storage Wall 

simulated, residential 
simulated, institutional 
actual, residential 
actual, institutional 

Thermal Storage Roof 
simulated 
actual 

Isolated Gain 
simulated 
actual 

Hybrid 
actual, residential 
actual, commercial 
actual, institutional 

3.6 COST EFFECTIVENESS 

Incremental 
Cost 

$1250 - 7560 
$950 - 9969 

$8000 - 100,000 

$124- 47,930 
$155,645 

$1200 - 11,500 
$8600 - 22,000 

$5410 - 9077 
$3168 

$891 - 2100 
$1040 - 14,160 

$3000 - 9307 
$10,000 
$18,463 

A more revealing measure ·than either system cost or performance (both of which 
often range widely by generic design) is cost of delivered energy, which is an 
indicator of cost effectiveness. Expressed in dollars per MBtu delivered per 
heating season (not over life cycle), ranges are in Table 3-6 • 

• 12 
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Direct Gain 
simulated 
actual, M 
actual, UM 

Indirect Gain 

TABLE 3-6 

Thermal Storage Wall 
simulated 
actual, M 
actual, UM 

Thermal Storage Roof 
simulated 
actual, M 

Isolated Gain 
Attached Sunspace 

simulated 
actual, UM 

Convective Loop 
simulated 

Hybrid 
actual, M, residential 

commercial 
actual, UM, residential 

institutional 

$/MBtu/yr. 

$32 - 538 
$30 - 139 
$33 - 127 

$85 - 887 
$36 - 244 
$89 - 156 

$179 - 1092 
$83 

$33 - 58 
$12 - 120 

$64 - 147 

$26 - 168 
$278 
$120 
$308 

For dlrect and indirect gain systems, cost of delivered energy ranges appear 
more favorable for actual than for simulated systems. The very high upper 
bound on the simulated thermal storage roof range represents a system having 
no night insulation. The range for systems having night insulation is $179-
469/MBtu/yr. Within the isolated gain category, cost of delivered energy 
ranges more widely for actual than for simulated attached sunspace designs. 
This range includes small, simple, low-cost and larger, custom, more expensive 
designs. Actual results for convective loop and simulated results for hybrid 
systems are not available. For hybrid systems, cost of delivered energy is 
much lower for residential than for commercial installations. 

13 
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SECTION 4.0 

DISCUSSION 

Several important factors must be kept in mind when attempting to interpret 
these data. The amount of data available is limited and in some cases 
(especially isolated gain and hybrid) results are given for very few systems. 
No attempt has been, or can be made to control for differences in design and 
climate. Passive solar is climate-, design-, and user-dependent and widely 
ranging cost and performance figures reflect this fact. Further, cost, 
performance and cost of delivered energy for each of the systems are moving 
targets. Separating costs associated with solar from those associated with 
conventional construction is not an easy task. Costs are not adjusted for 
location and year. Performance estimates are only as good as the techniques 
we have for computing them. More confidence can naturally be placed in data 
from actual, monitored buildings than from unmonitored or simulated systems. 
Variations in cost and performance may also be partly explained by the fact 
that some systems are optimized and others not, and that assumptions on which 
optimization procedures are based may vary. 

The use of several systems for space heat and domestic hot water or for space 
heat and cooling complicates the attempt to compare systems. In addition, 
many systems combine direct, indirect and isolated gain. elements but are 
classified by predominant generic design. Caution must therefore be exercised 
in comparing cost and performance of the various generic designs. Range 
differen·ces may not be as significant as is apparent from the data reported 
here. 

Some inaccuracy exists in incremental cost/ft2 and collector area as percent 
of· floor area figures due to unavailability of net collector area data for 
some systems. The variance in system lifetime data may be misleadingly large. 
Lifetime estimates range from as low as 20-30 years (or less) and some as high 
as 100 years and/or lifetime of building. Some of the low estimates may have 
been made in an attempt to conform to life cycle costing or mortgage financing 
time fromco and may not be true. e.st.i.m.::~tes of system lifetime. Some engineers 
and designers hesitate to express system lifetime in accordance with a 20- or 
30-year life cycle or mortgage period when it is felt that the system should 
have a much longer life.· 

Although it appears that the data reported here are "hard", they must be 
interpreted with a certain amount of flexibility. They represent state-of
the-art information and must not be regarded as absolute or as representative 
of all passive and hybrid systems. They reflect a maturing, progressively 
better understood technology for incorporating cost-effective passive and 
hybrid techniques into modern building, design and engineering practice. 

15 
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SECTION 5.0 

SUMMARY 

Design, cost and performance data have been presented for 50 passive and 
hybrid systems. Cost and performance for the various generic designs vary 
widely due to design and climate variations. The data show that performance 
of most actual systems matches or exceeds that of simulated systems. In some 
cases monitoring of actual systems has revealed that performance exceeds 
previous prediction. Most cost of delivered energy ranges (a measure of cost 
effectiveness) appear more favorable for actual than simulated systems. 

17 
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APPENDIX 

DESIGN, COST AND PERFORMANCE 
DATA BY SOURCE AND GENERIC TYPE 
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APPENDIX: DESIGN, COST AND l'ERFORHANCE DATA 1\Y SOURCE AND GENERIC TYPE 

DIRECT GAIN 

Design Parameters Cost and Performance Data 

Collector 
Ouilding Area System Viele lnoremental Operating 

# Space . Load Sq. Ft. Estimated Actual or Number MBtu/yr Capital lncrementnl and Incremental 
Glming Heat Nioht (BiuiFt'l (%Floor lifetime New or Typo of Simulated of (%Solar $1 Sq Ft Capital Cost Mair1tenar1ce Cost 

Source· Layers Storage orOHW lnsulalion DO) Fans Area) (Yearsl Retrofit Design Sysrom locations Conlribulior (Base Yearl (Base Yearl Costs ($I MBtu I Yrl 

*ERCDC bldg. 300 20: Dlf\ 12la $12.73 $38203 

1977 mass both no ::l.a. no (15%) 30: 11C\o/ tract sim. 1 (50%) ( l977) (1977) n.a. $32 
space 
heat 

t---- --- ---·-- ---·-·-·-- ---· ·--- f----·- ··-···-·-···- ---- ·--------
Go1ubov & 

Leffln water [•HW yes no 420 20 retro sim. l. 51.66 $!8 $7560 $20/yr $146 

1978 •
3

' tubes (-) (-) (!977) (1977) 

--- --- ---···· ------- -----·- ------ ·----
Taff ct al var- bldg. var- 4 (bas 300 3-21.6 $1.17 - $1250 - SJOI, 

1978 (2. 3) iab1e mass ~:q:ace iable case) yes (lR%) 20 new n.a. sim. (39-55%) ?.50 2251 n.a. 5JR 
(optimized) (_977) (1977) 

-- f---
Booz- con- 232-

Allen~ . crete SJ=ace no 7-10 no 371 30 new tract sim. R 11.4-1.5.8 $1~-22 $4700- negligible s 31J 
TEA 197 ,J slab (15- (26-95%) C977) 5990 450 

25%) (1977) 

·-- ---· - ------ ····---· ------ -·---·- ··------1---
Cole & bldg. 8.2 
Kinney 19 78 mass space vari.able base v.uiab.le 20 new tract sl.m. n .a. r..a. $4000 - n.a. $84 -
(optimized) case no variable (n .a.) 7100 3UR 

;J> (2. 3)b 3.9 to 29%) (1977) 
I ~.·ell 
rv nsulate 

case 

*Harris, et 
·al 1976 

(Illinois 3 m1ne space no n .a. no 122 50 new tract s:lm. 1 14.3 $16.39 $2000 ncgJ igt bl P. $1,~(1 

house) (8%) (n.a.) 0 S76) (l976) 

(optimized) ,______ ____ 
·······-····--- -·-·--· --· ··-- -- .... ·---·· 

*Steel 1978 water acturd. 
(Gannon in S;-'13.CC :r'es n.a. yes 825 50 new custom (uoder t\1 $7.27 $6000 I}~ of in-

house) drums (:1. a.) c0ostruc (n.a.) (1978) (1978) cremental $911 
ti.on) c.1pit~l 

cost/yr 
··------ --- -·--- ····--------· 

*Harier .one ret -·-·-·-· ·----- ·--·-- ----- ·----···-- ·----- - --------
acturd 

1.977 
2 slab & 

6.6 272 .0-l5c monltora 1 :IJ $7.3';e ~2000" negl.l.gl bl e S~J. 
(Harier bldg. 

sJace yes no new c·tstom 
(l 7%) aux. 05:q (LY78) (197R) 

house) mass 
-----·- ----'---· ·---- ---- ------· -·--·--- ·---------

-.'1-Str~rr lio actual 
Nel.zer lq78 S6.65f $.1975f 
(Sol.dyne " uncrct SJOC:e no n.a. no 297 10 new CI!Rt:um mon itore 16.9 n•og t lP,I hl.c $11 7 

h011~e) 
slab (n.n.) ver1.fi.ed 90% h'=.'iJtj II!"> (J 976) (l'l76) 

00% c.<>o lin".) --1------ r------ --·--·-·· ··-· - -·- ·------·· ---·--!-----; _____ ·-----f--·--- ---·-·-----
*Starr lio water Jl custom rtct11al n.85 3 Jl $950 

1.% of in- $1 39 
Helzer .197R trtnk.s )IM 110 nn (-) 20 + llC'W h:-eod- rnonll:ore 1 . 1,5-55:'-:JJIIW) (i976) (1976) 

crementa L b hllX verl fi.ed 
C;tpt~ [ 

-·--··-·--1-- -·-----·- c<Jst/yr .. ___ 
---~----1-.. ___ -··---1---·-- ----·---- ·----- -- ·-. ·- ··---·- t--



DIRECT GAIN (con't) 
Design Parameters Cost and Performance Data 

Collector 
Building Area System Yield lncrerncntnl Operating 

# Space Lo)ad Sq. Ft. ~stimated Actual or Number MBtu/yr Capital lm.:renumtal anrl Incremental 
Glazin·J I teat Night (Fllrr/rt'/ (%Floor Ufetime Nuwor Type of Simulated of (%Solar $/Sq Ft Carita! Cost Mair1tenanr:e Cost 

Source Layers Storage orOHW fnsululinn DO) Fans Area) I YearS) Retrofit Dosion System locations Co11tributio11 (Oase Year) toasu YuHr) Costs ($/ MRtu/Yrl 

*W. & s. 
Nichols _onere ~ 434 actual 85.7 $23 $9969 
1978 2 and 6.6 (20%) 100 new custom monitore 1 (n.a.) (1977) (1977)· negligible $11.6 

(Unit 4, water 
space yes no 

First Vil-
verl.fie 

lage) 
-· ----- :-------·--

*Fraker 
1978 2 water actual 

(GeiRel and~ space yes 6.1 no 684 50 new custom \dll bP. 1. 64.6 $12 $8200 <.lZ of :In-

house) stone (n.a.) monitore (74%) (197 7) (1977) c rement:1l $127 
(this iR ra pl.tal 
ls t win- cost/yr 

ter) 
---··-- ·--·· -------

*Shippee actua] 
1977 2 one ret lespace yes 5.6 no 160 n.n. new custom not monl. 1 36 $7.50 $1200 approx. 2% s:n 

(Linden slab (5%) to red (35%) (1976) (1976) of incre-
house) not veri: ment<>l cap 

fied Hal cost/ r 

·-- ----- ·-- ------ ----·· 
*Shapiro 

$2500 $91.60 1977 2 rnasonr space yes 10.5 yes 450 100: new custom actual 1 27.3 $5.56 (1% of Jn--
(Crosley and (35%) g.l~zing monitore (50%) ('75-'76) ( '75-'76) crementill 

house) oncret~ system aux. capital 
8: verified cost/yr 

awning 
fabric .. 

*S. Keller actual 
1978 concre e monitore 
(Plover 2 slab & space no n.~. yes 12,400 30-40 new commer aux. 1 720 $8.06 $100,000 

neglii;!bh $139 
Warehouse) inve:t- (10%) cia! verified (95%) (1977) (1977) 

orie3 

-
*ll. K~ller 

et al 1978 concce e actual 
(Kalwall 2 slab & space no 7.5 yes 1750 30-40 retro commer non itore 1 270 $4.57 $8000 negligible $30 
Corp. 1-lare- inve,- (17 .5%) cial verified (55%) (1977) (1977) 

house) torL•s 
··- ----····· ·---·-- ---· ---· 



INDIRECT CAIN 
(Thermal Storage \~all, 

Design Parameters Cost and Performance Data 
Tho;rma1 Storage Roof) 

Collector 
Buih.Jing Area System Yield lne~emental Operating 

# Space load Sq. F1. E•!imatod Actual or Number MBtu/vr Capital lncremoulal and lncremcnlal 
Glazing liual Niuht (Blu/Ft'/ (%floor lifetime New or fype of Si·nulalcd of (% So!ar $.'Sq Ft Capital Cqst Mainlenance Cost 

Souu:tt layms Storooe n• DHVI lnsula1i0n DO) Fans Artla) (Years) Retrofit Desion Syslem localions Contribution (BoStJ Yt:arl IOa•e Yearl Costs ($/ MBtu I Yrl 

Noll 1978 vari- solid 360-112 
(opti1ulz~d able or space no 8 no 24-75%) 30 new tract 3im. 1 (2J-40) $8-14 $3057- 1% of incn $107-214 

(2,3) rom be (45-80%) (1978) 8615 mentAl cap 
wall (1978) tal cost/yt 
" -20" 

Nol.l, Roach 18" 10-3375 .6-68 $10.75- $124- 1% of incre 
& BenJ9a~id 2 Tr.o!"be s:_:-.-ace no 9 no q,. a. ) "30 new tract 3im. 48 (20-657.) ] 6.61 47,930 mental cap $111-887 
1978 ' ) wall I (1~78) (1978) tal cost/yr 

--.. ~ ------- -· .. -·- --··- - - ----· -·----- ·----·-· ·-····-·· -· -- ---·--· f-· 
Noll, Koach 

2 18" 9 0-450 30 48 $HI 
& Ben-D'\rid 

s~ace )'~S no new tract s im. n.a. n.a. 1% $115-250 

l978 b Trombe (0-30%) (1978) 

(optimized) 
2 18" s~Hce no 9 no 0-450 30 new tract Eim. 48 n.a. $13.50 n.a. .5% $123-268 

Trombc (0-30%) (1978) 

2 water 9).3.C~ yes 9 no 0-450 ]0 new t;:-act ei.m. 48 n.a. $16.50 n.a. 1% $105-228 
(0-JO%) (1978) 

2 wat~r s:·ace nc 9 no 0-450 30 new tract slm. 48 n.a. $12.00 n.a. .5% $120-277 
(0-]0%) (1978) 

- - -·1----· - -· -
~oll 6 llray variab e 411- nGne, 

~.5 208-432 30 1.978 p, 1-3 20 11 :;;p-ace 
1<-5 or no new t rae t sd.m. 3 38.1!-50 $10-20 $3300 - .5 - 1% S85-165 

(optimiz~d) Tromb£: R-9 
(14-29%) (n.a.) (1978) 5460 

wall (1978) 

Booz-A1len/ 10" $2520 -
TEA 1977 2 rom be space no 7-1.0 no 295 30 new tl":tC t sim. .~ 8.9 - 1g.2 $8.48 - 2920 negliP,ible $151-324 

(2, 3) , ... u (20%) (20-73%) 9 .·33 (1977) 

..J - -·--- ---- -·--·- ' 
(1917) 

--· ·---
Fraker & 
c;leunie va.ri- Trombe S1i"'2Ce variable 12.5 Y<'S 61.0 40 new custom silr. 1 20.2-31.5 $8-12 $5291- n.a. $229-262 

1976(2,3) able wall (38%) proto- (62-97%) (1976) 7803 
(optimized) typE'. (1976) 

·-·-- ·--- ---- -------- ------· ----- - -·----· 
*Fra~.er 

1978 2 brick SJ;E.Ce yes 10.9 yes 4278 30-50 retro ins tit sim. 1 1090 $31i.38 $155,645 <1% Sl43 

(Princeton & (n.a.) tiona! (n.a.) (1~17) (1977) 

School of water 
Arch. ) 

·--·---
*Fraker 

1971! 2 water G;:lBCe yes 7.82 no 832 20 (ex- new custom actOJ:tl 1 53.1 $9.44 $7850 <1% $148 
(Parsons and (59%) cept (under (91%) (1~77) (1977) 

house) concrC' e H
2
0 censt. 

I storage 
tubes) 

. -f-·--- ----· --- ------~ ------- ---· -· --- -----
"Peckham 

$4C-44h h 
1978 3 Trombe space no 4.5-5.5. yes 146-225 100 new custom actaa1 1 55-78 $5860 - minl.ma1 $.98-144 

(Meadows wall (n.a.) pr~to- (unC:er (4 town (n .a.) (1978) 9940 
Townhouses) type construe houses) (1978) 

lion) 



:X> 
I 

lJ1 

INDIRECT GAiN (can't) 

I Space 
Glazing lloat 

Sourco· Layms Storage orDIIW 

*Fraker -
1978 2 Trombe space 

(Blairs town ~ water 
Center) walls 

*W. f. s. 16" 
Nichols 2 Trombe space 

1978 wall 
(Unit 3, & bric 

' 1st Village concre·e 
... ··--·-

*Converse 
1978 2 8" space 

(Cross Trombt< 
ochool) wall 

-- f---
*Towle 

1978 2 Trombe space 
(Mill i.ken wall 

Houses) 

-· ----· 
*Shippee 

1977 2 water both 
(Sunearth in 

house) drums 

*Sandia 15" 
Lab 197i 2 Trombe space 
(Kelbaugh wall 1 
llouse) .nne ret 

sl11b 
.. ·- ... - -- ·-·. ---

Fraker ~ 

Glennie vari• 12" space 
1976(2,::,) able water 
(optimized ponds 

Kohler 6 
Putnam 2 8" space 
(Booz-AIJ.e water 
/TEA) 
1977 (2,") 

ponds 

-----·- ---· 
~ l'tNiles, 

Haggard & 2 8" space 
Hay 1976 water heat & 
(1\tascacler ponds coolin 

House) and 
one ret 

-·----1----1----

Design Parameters 

Collector 
Uuilctifi\J Area 

Lo<d Sq. Ft. Estimated 
Night (fllui''FI (%Floor Lifetime 

Insulation 0[•) Fans Area) (Years) 

yes 11.35 no 581 50 
8.1 1738 

10.] 1038 
(n.a.) 

r--

no 6.3 no 337 100 
(19%) 

no n.a. no 240 n.a. 
(n.a.) 

·---- ------- ---

no 4.5 yes 1~0 30 
(lSI) 

----- --·-- --· --- ·-----

yes 2.65 no 330 n.a. 
(16. 5%) 

partial 9.9 no 800 50-100 
(38::!:) 

--······ ·- --· --····· .. . -·-··· ... 

yes 12.5 yes n40 40 
()8/;) 

--··-· ·----··-· ---· -------· --·-

yes 10 no 1.500 30 
(100%) 

-···- -· --· ·-··· ........ -. ···--- ... ------·-·-·-

yes 9. 3b no 1100 7:PVC 
(92%) bags 

30-~0: 
rest of 
system 

------- -- ·--··-·-··- -··-- ·-----··-- f.---'--·-

Cost and Performance Data 

System Yield lncromontal Operatintt 
Actual or Number MBtu/yr Ca11ital lncrc•ncnral and Incremental 

New or Type ol Simulated of (o/~ Solar $/Sq Ft Capital Cost Maintcnanr.e Cost 
Retrofit Dosign System Locations Contribution (Base Year) (Bose Year) Costs 1$/MBtu/Yrl 

new insti- actual 1 55 (73%) $15 $.8600 negligl.b l.e $156 
tnt ion- (under 95 (71%) $13 22000 $113 

al canst. .~0 (6~%) $17 17400 $124 
wi 11 be (1978) (1978) 
monltore 

--- --·--- i-------
new custom actual 1 80 $21 $71~8 negligib I.e $89 

not (n.a.) (1.978) (1978) 
monltor£-• 

retro inst i- actual 1 33 $5 $1200 n.a. $36.36 
tution mon!torec (n.a.) (19 78) (1978) 

"1 verified 
---- --- ------- ··---·-·---

new tract actual 1 10 $1~ $1950 n.a. $195 
(low- mon.i.tore (38%) (1975) (1975) 
income ver !fie 

--- . ·-··----

new custom actual 1 27 $20 $6600 1.5% $2<i4 
monitore (85%) (1977) (1977) 
verif led 

new custom actual 1 94.6j $14.38 $ Ll' sou ncgl:lgl bl c $122 
nonltored (84:;,:) (1975) (l975) 
verifierl 

·--··-- ·- .. -. -~· --
new custom sim. 1 5.82 - $9.93 - $fi356 - n.a. $336 -

proto 25.2 $14.18 9077 1092 
type (21-91%) (1976) (1976) 

------- ·---·---·· ----···-- -- -- --·-· -----------
ne.w tract sim. 3 J.J. 4 - $3.61 - $SioJ.O - n.n.. $179 -

30.3 4.19 6280 ~69 

(100%) (1977) (1.977) 

------- ·---· . ---·--· --··- -

$1.65 
k $3168k $8) new custom "ctual 1 38 operating: 

lnonitorec (100% heat (1973) (1973) "'gligible 
ve rif iec ing & cool 1ain tenance: 

in g) n.a. 

f----- 1---·-· ··---· --- ------



[SOLA'l'ED GHN ,. 
(Attached SunspaCt:!/ CreenhoutlL~, Design Parameters Cost and Performance Data 
Conl!ective Loop/TI".t!rmoJSi hon) 

Collec10r 
Huildill!) Area Systen• Yi~ld 1-lcrwuental Opowtinu 

# Space l.oacl S4. Fl. Estimaterl Actual or Number MBtu/yr Capital h1crcmental c.nc1 Incremental 
Gla~iny llt:at Night (Btu/H'.' (%floor lifetime New 01 Typo of Simulated of (%Solar $/Sq Ft. Capital Cost Maintenance Cost 

SourcB Layor• S10raue orDHW lnsL11a1ion DO) Fans Area} (Years) Retrofit Design System Locations Contribution (Base Yt!arl (Base Year) Costs 1$/ MBtu I Yr) 

Taff et 15.27 - ~9.09(not $891 (not 
nl 1Yi7 2 water space yes n.a. yes 98 20 both tract sim. 12 26.94 varied varied negligible $33-58 

(2,3) (n.a.) (n.a.) ••ith loca with loca 
tion) tion) 

(1976) (1976;. 

Yanda 2 water space no n.a. no 1.60 20 both tract actual see 85
1 

$6. so 1 
$1040 

1 n.a. ~12 
1977 ariable not foo tno~• variable (1975) (1975) 
(2, 3) monitore 

..., 
Vl *Steel 2 ·one rete no n.a. yes 368 100: new ··us tum actual 1 53 $16.30 $6,000 1% of incr· ~113 :::> 
0 1978 and .3pace (n. a.) l. ifc of (under (n.a.) (1978) (1978) mental ~ cap .., (Conner rock glazing const.) ita 1 cost/ .., !louse) system not "' year 
'-' c:same as rr.onJ tore ...... .., 

house) u 
..: 5-10: p.. 
Vl life of z 
;::, fans Vl 

Q .., 
;c 
u *Fraker 2 oncrtt yes 21 no 520 so retru custom actual 1 74.3 $12.50 $6,500 • ~.% of incre $87 ~ .... 1978 and space (n .a.) (under (n.a.) H977) (1977) mental cap 
< ( llami11 water const) ita 1 cust/ 

Acldition not year 
mon ltore 

*Ffaker 2 water spac:t! yes a riable yes 1549 50 rctro custom actual l 118 ~9. 14 $14,160 Kt% of inc ' $120 
1978 an:J 4.31- (n .a.) (except not (72%) (1977) (1977) mental cap 

(Junes masvn- 14.8 fan) mon ito ret ita1 co~ t/ 
Barn) ry ye.:t.r 

Hurr1e 1977 1 none space no n.a. nu 262 n.a. retro tr;,ct sim. 1 .5. 7 (n.a.) $:'.82 $1,000 n.a. $63.70 

(n.a.) 0977) (1977) 

Bocz-Al~n 2 none space no 7-10 no 158-297 30 new tract sim. s .2-20.1 $E.lJ-/.O $1,010- neglig ib1e $86-$11•7 

EA 197 ,3 (ll-20% (33-6 l%) (]977) $2,100 
(1977) 

-· ··-

; 



HYBRIO 
Design Parameters Cost and Performance Datn 

Colloct·~r 
Building Area System Yield lncrarnC11tal OpCiating 

# Space load Sq. Ft. Estimated Actual or Number MBtu/yr Capital Incremental and Incremental 
Glazing l·leat Night (IJtu/F.''/ (%Floor lifetime New or Type of Simulated of ('Yo Solar $/Sq Ft Capital Cost Maintenance Cost 

Sou reo layers Storage orDHW Insulation DO) Fans· Area) I Years) Retrofit Design System Locations Contribution IBasP. Veal) I Base YP.ao) Costs I$/ MBtu I Yrl 

*llayes 1978 vari- :nason space no 4.5 yes 754 30-40 new custom actual 1 70 (63%) $6.63 ;;5,000 negligl. hl.e $71 

(Marlboro, ablem ry, (23%) (pass- monitor- (197fi) (197fi) 

VT house) con- i·Je) ed VP.ri-
~rete 20 flec.l 
and (hybr l.d) 
water 

*Zwart n 2 adobe, space no 6.6 yes 500(20% life new custom actual 1 114 (90- $6(1976- $3,000 minimal $2(, 

1978(Shan'<- bri.ck of monitor- 95%) 1977) (1976-77) 

land house) con- bldg. ed veri-
crete (;,xc. fied 
and fans) 
ocock 

*Fraker 
0 actual 

1978 2 ~o~~ater space yes 7.8 yes 380 15-20 new custom not moni J 77.7 $24.50 $9307 2% of $120 
(Builder (n. a.) to red (59%) (1977) (1977) incremPntal 

home) not veri: capital 
fied cost./ yr 

------·-·--
*Frerkingp 

1978 2 'Jncret space no n.a. yes 350 20 new custom nctua1 q 1 37.8 $9.83 $3440 negligible $91 
•)lull House) )rick (25%) monitore (75%) (1977) (1977) 

~ rock -· ---·· -------.. ----- ----
*Sandia Lnb 2 ~om be space 7.2 yes 250 30 new custom actual 1 32.4 $18.12 $5436 r negl igl ble $11'>8 
1977 r'-11 & no 

(13%) 
monitore (60%) (1976) (1976) 

(Hu nn house ~ock verified 

* w. & s. 
NicholsP 2 rock space no 6.3 yes 400 100 new custom actur1l 1 80 $17.25 $fi900 f>egligible $86 

1978 I. adob (20%) ~onitnred (n.a.) (1976) (1976) 
(Unit 1, ~erified 

1st Vi.llag ) 

---··- -----·---- -·-··- ------- -·--- ---- ------ ·----- --
*Hunn & 
Jones s 1 rock both no 2.7 yes 512 10-30 new custom actual 1 77.33 $12.22 $6500 l.-2% of in $8/o 

1978 (20%) depends noniton>d (84%) (1977) (1.977) "'remental 
(Jones on com- p:rrtly captial 
House) ponent) verified cost/year 

-·- --·-· ----------- ·---------· --------- ------.. - ------ ··--------- ·------- ------ ------------· 
*Crowther ... 

1978 2 bldg. space no 12.5 yes 388 n.a. new commer- actual 1 36 $26 $10,000 n.a. $278 
(Solar mass (9%) cial nonitored (31%) (1976) (1976) 
Offices) aux. 

verified -·---
, ____ -- --·- ------- ·------ -------

*Banwell, 
White & actual 
Arnold, Inc 2 rock space yes n.a. yes 2042 40 new insti- non ito red 1 60 $9 $1.8,41;3 n.a. $308 

1978 (n.a.) tution- 0 resul s (n .n.) (1978) (1978) 
(White al yet 
Mountain 
School) 

--- ------- ·--- ------·-· ------ ----··-1---· ----- ---·- -----1---
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FOOTNOTES TO APPENDIX 

Cost and energy savings dJe to house orientation and insulation not included. 

2 
System slze optimized until 400 ft area reached; then architectural constraint 
placed again~t larger siz ~;. 

Windows for direct gain s.·stem were recycled. 

Auxiliary heat use estima:o;d (records not accurate) to be less than predicted 
by calculation. 

Estimate for curtent inst.alled cc-sts associated wi~h sola! if home were not 
owner-built. 

Includes $1200 cost if ti~e fl~or which may or may not be attributable to solar. 

Information obtained by personol conununlcation with. S. Noll, Los Alamos Scien
tific Laboratory, Novembe•·-December, 1978. 

COnstruction delay may adc 7-10% to incremental solar costs. 

Figures given fer 3 dist!rct solar conditiono;d spaces within the Blairstown 
Center. 

Average gross solar gain. Fuel savitlgs were $405 for winter of 1976-77. 

k 

m 

n 

0 

p 

q 

r 

s 

Costs associated with constructi:>n of prototype system. 

Cost is average of several Ne"' Mexico locations; yield is for Albu
querque area. 

llybr id air collectors are double-glazed; greenhouse is single-~: lazed. 

Passive collection, passive and active storage. 

Greenhouse-assisted heat pump. 

Passive greenhouse with active rock storage. 

Sysr.:em has not been monitored through most severe ;.art of heating season. 
It is anticipated that the 75% solar contribution estimated will prove 
conservative. 

Trombe wall wl.th active storage bas
2

been operating in passive mode for 
two years. Direct gain from 140 ft windows not included. 

Cost of system not including actlve storage is $3617 ($14.47/ft2 

of collector), bringing cost of Jelivered energy down to $112/ 
MBtu/yr. This, in turn, adjusts the cost of delivered energy 
·range for actual, residential hybrid systems from $26-168/MBtu/ 
yr to $26-120/MBtu/yr. 

Thermosiphon system with rock stcrage and forced-air distribution. 
Collector doubles as greenhouse ~.lazing. 

Active collectors, passive direct gain with forced circulation. 

* Indicates personal communication with source and/or associates. 

n.a. = not available 
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