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ABSTRACT.—

The nation’s goal of 20% solar contribution by the turn
of the century will be achieved, in part, by the construc-
tion of residences heated by virtue of their passive solar
designs. These designs are not economically Competitive
against all conventional fuels in all locatffim’. some
degree cf government inceritivewill be req~iwed :0 assure
d competitive position for these derigns. A methodology
is presented which is used to assess the magnitude of the
government incwstiw required to assure feasibility, The
methodology is used to provide a regional assessment for
the Pacific Northwest under alternntivc home ownership
periods and conventional ~ucl types.

~ INTRODUCTION1 .——.——

A pi]ssive solar incentive program has not been enacted at
the Iederal level. It will be ncccssory for residential
pdsslvc design options to be included in the solar tax
credit Icgisldtion for Lhcse de$igns to achieve il com-
petiti~c position In all locatiofls. The exact structur(!
of the tncen~ive package will bc the result of the IJolii-
ic,ll process ~nd is nnt the s~bjcct of this pnpu;-, tll-
thouqh i1 is PO: SILIC to iIsscss the nuqnitude of the
inccnti v(1wh Ich wi II IILIrrquir(!d, l!Iu’LAsL/lJNM [AS[.-I1
N Ipl is used in pruvldc cstimdtc~ of the totdl inccntivu
tl(luIl”cd. lhl’ trltflllncswtivc i!.filSO CXpU!SSCd i)> d pl!r

uril of cnrrqy fiqure. Two rcsid~nce types arc nnnlyzcd,
ThIcr ccsnvrnt{nnal furl altcrnntivcb iirc included; fuel
pri~cs ISrCspccificd for each rf slxtccn loc,~tlonsin the
Nul’Lllwc5t, Three p~ssivc (lc~lqn opt,luns ~rc included i!!
thr dllJlySiS. !ipdcc limitations dictdtc llmt lhu rv$ults
,~rcsontcdhere Mcrcly hlqhl iqht th(! rcsul ts of the ful I
,ln,~lysis. 1hu rrsul ts ,Irr IIt’csc,Itcd IIIIn,Ippud ,11111 Lshu 1,11.

ful’111,

.)
t! M[lIILSLMJOGY

design over the home ownership peri’d, The difference
between the total design cost, call :i~ted in the fourth
step, and the maximum affordable CosL is then calculated
and defined as the incentive required to guarantee de-
sign feasibility. A more thorough discussion of the de-
tailed methodology and ad,!itionalbackground information
can be found in (3, 4).

The two key calculations in this procedure are the totdl
desl n cost and the maximum affordable design cost (cost

7goal . The total design cost is calculated as the pro-
duct of the collector area requirement (ft2) and tne
variable cost of the design ($/ft2 collector area). The
variable cost Is adjusted for each location according t.u

labor and materials cost indices for that Iocaticn, The
cost goal calculation +s based on the idea th~t ,]passivti
dcsiyn can he defined as feasible when the ddd-01) cost is
just equal to the cost of supplying the displaced convcn-
tio!hsl fuel over the period of home ownership, An ann,j,~l-
izcd fuel cost ($/f4MDtu) is used in conjunction wit) the
amount of conventional fuel (f4,!Lltu)clispldccd by the LIc-
slgIl to cdlculate the cost godl, The applic~tion of J
fixed chal.gc r~te assures that the resulting cost go~l 1s
in curr(!nt dollar terms, The difference between thcsu two
costs is lhu amount J consumer will neul as Jn lllccntivc
to invest in the clcsiqn qiven tlmt he rcquirus the dusiqfl
tu bre,lkcvl!no’tcrIllscwnership of tk rcsiclcncu, Tliu
gcncrdt dcslgq and economic p~ramctcrs anu fuul price
assumptions arc displayud in Table 1 and i!rusputtivcly.

The analysis umfcrtakon in this effort w~s very cxtrnsivl!,
A f,lir numhcr of coml,ln~tfons of fuel, house dnd d,’’,iqn
typu$ bss WI!I1 as altmhstivc home ownership puriod:, W(,I
cxdmlned. T,lble4 shs)wtthe specification of the full
,Illdlysfs, Hcsults prcsontul hvru rcl)rc~rnl hiqhliqblt, of
the full rc$ults, lho hiqhlightcd results inLIudi! lIWI
dll,llySiS Of O tWO-\tOl’y f~,llln!huusr With ,1 11’011111(. W,ll]

(wltll n~uht ln~uliltion) p,lssivcdr~ign ,lu,lil),![III:[I,rutl
11111,)(]1’C(-lflvrnti[)ndlful)l Ult(!rlltltlvum lW(J ICVUI$ Of !IOI.11”
culltrll)ut ion dnd two hom(! ownct. ~hi JI pm, I 11(11, ,Iru ,111,1I V; II II,

1w,) Ilnllw(IwllorztlIp p,,,’II)[f\hdvc I)ccn illc1Ildlllto (11”,111,,1-
tilc thr Ff.f[)[t of thIs pcrhnwtcr. Ttw tflll,yr,!I’OWl)Pl”-

<111 1) pi!r i d s imu 10tr5 the Conct!rtl!iof tll(~,Ivut,,I!N,hum,
ownl!r, who st,lys IIId hump I)ctwQcll 7 find I[1 yl\,lr\011 thl~
fivrrnqr, Thv h(mw! owners ‘ prinklI-y COII(III.ll II, L)l,l t LI)I.

d(tflqn p,l y for I t~ol f durlnq Ilijoc~upan~.yOt lI)uro,,j
(h?flcl?, lllisis contrasted with n thirty yvflr ownor,,hll,
p(ir1[)[1. 1Ill rl y ycal-!l Lorrt!$pmts t{) tllo dvl?l’,lqr Illol”lq,lql,
p(!t.lodnilllpfl~51vP dcfiqn Iif(!. Hhrn d thirty yrtll’IIwlllll
Shil} lJ@rilsdIS us@d It lS wr@ skill tu lhc LIInLPIhn~of llw
(J(lvrl.lllllullt--tllnt th:~ dc~lqn I)rcnk evml over It> Iifvtllm,,
lho rosulf+ Ohtrlinc(lfor t)lpfrtwtjp~l,i~,ls~flllI)vd~~~,,tLIv
[(nitril<trltto dr;nunftrdto thr lmport,lll~pof th;s pflr,lmrl III,

I 11,’vvrntU(II ,lpprnn(h to ilnIllcl,ntIvp structurv (uuld
,l.l. lou\lv imp,u’t 11% Itf flu t 1V(,11P5S Ill 11!1’111<of ll\ !1111IItv
1(1,11t111’fIll!(Ilvll,lndfor rl,,.l(jotltid I l),l\\Ivr (111%I(]II[)1)[1o11,,
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RESULTS

Highllgilts of the results of this analysis are presented
In Table 3. The total required Incentive as well as the
required Incentive expressed in terms of a doliar per
million Btu amount Is shown for both a ten and thirty year
ownership period for the threfi major conventional fuel
types for new homes in the Northwest--natural gas, electric
resistance and electric heat pump. The total cost of the
design for a 25% and 50% solar contribution are shown.
The incentives reflect the dollar amount the consumer
would need to te given to be Induced to Invest in the
design assuming that breaking even over a specific time
period would be sufficient to cause him to invest.

The results reflect the magnitude of the local fuel prices.
When the alternative energy is cheap, given specific de-
sign performance, the incentive required will be very high.
The value of the displdced fuel and hence the cost goal
will be very low; which in turn will always result in a
very high required incentive. Increasing the cost of the
backup fuel will always result in a lower required incen-
tive. The effect of cheap energy Is exemplified by
electricity in most Washinton locales,

The effect of varying the ownership period is quite
dramatic. The incentive required to qua?antee feasibility
given a ten year home ownership perind is, in general,
several tir,es that required given a tlllrty year period.
This is, plyrhaps, indicative of the problems of recon-
ciling societal goals with private goals, The investment
required b./ society to bring about the achievement of
individual consumer gctlls of feasibility will be sub-
stantuallv greater than that dictated by more rigorously
definer, societ?l concerns. Maps 1 and 2 show the dif-
ference in r~quired incentive on a dollar per energy unit
basis between the two ownership periods. In many cases
n? incentive is rcquirccl given a thirty year ownership
period.

CONCLUS1ONS——. ——— .

. The cwnership period assumption 1s an extremely
tdnt pdrirmcter in lncentlvc analysls.

. Natur,ll gas 1s expensive enough ~t the present t
to require no Incpntivc irlmost locations in the
rc!lion,

mpor -

nw

. P~ssivc dejigns cannot e~slly h? expected to compete
irq,lir)stelectric hc~t pumps,

~lrutricityl the primary rcqiolldl fuel, 1s cheap in
,Ir]yIucotions with ~ foirly hir;h incentlvc rcqulrcd
I ,I!I1(I?VL? fcdsiblllty,
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TABLE 1

SUMMARY OF ASSUMPTI’2NS USED IN INCENTIVE ANALYSIS

Regional Sites

Solar System
Configuration

Energy Futures

Energy Conversion
Efficiency

Economic Param?ter
Values

16 SOLMET cities

Trombe Wall is 18 inches thick [1]
surface area to mss ratio is 1.5
ft3 of storage mass for every ftz
of glass [2],

Constant escalation rates for all
locales (in real terms); natural
gas = 8%, electric resistance = 4;.

Adjustment to account for losses;
natural gas ❑ 75>:, electric resis-
tance = 100;;.

(adjusted for inflatiorl where
necessary)
Time period of Analysis 19Elo
Solar System Life 30 yrs,
Inflation R~te 8
Interest Rate (Redl 3.5
Mortgage Rate (Nominal) 11.s
Discount R~te (Nominal) 11.5.
Income lax Bracket 3U
Down Payment

Sol~r Add-on2!os;~
Rescle Vdlue 11
l{omc Owncr)hi 1)Puriod 10 yrs,

dlld

30 y~’s.

Opera tlng & M,linten,lnce I of
Sol,lr Add-on (’ 51S

.—-—_—_— —.-— .—-—-— .—. .—.— -.. .———— -———-

Stdte

citL—...-——

IDAIIU
Uoise
Lewistor~
Pocatello

OREGON
Astoria
Burns
Meclford
North Ucrld
Pendleton
Portland
Redmond
Sa Iem

WASHINGTON
f)lylnpia
5~~ttle-Ta~onur
bpokane
Widbey Island
Ynklnla

TAULL 2

tULL Pl{lC[\

Nalur,ll
1979

$/MCl—. —-—..

3s74
3,?4
3.74

4,71
4,71
4,II(J
4,71
4,65
4,11
4 .6!)
4,71

3.10
3.10
JI?4
.i.lo
3.10

G(15 LIULtl’lL l{l!51StdllLt!

I!179 1979 lg/11

$/M141JLu c/hwll $/ MNl!l(l

6,:)[]

G ,2[{
6,4(
6,’:(1
6,20
6,2[{
(1.20
6.211

4.13
4,1.)
~,J2
4,13
4.1.1

i’.54
I,/{}’
2.!)4

3.10
3,(II
:i.1[)
J,lu
.Ll[l

3 ,01{

:1,1(1

3,[)}1

,1 ,),
.,( )

Ill
I ,}{(,

I,.1’1
?,4(1

(1,/’1
I .,!,

,, ::]!,
4,[)/
/,\#,



TABLE 3

REQUIRED INCENTIVES FOR TROMBE WALL PASSIVE SOLAR DESIGN ($)

Variable Cost - $20/ft2 Collector Area

State Fuel Natural Gas
city Solar Fraction .25 ,50

IDAHO
B!21sL

Total Design Cost
30yrs. period of analysis

total required incentive
$/MMBtu required incentive

10yrs. period of analysis
total required incentive
$/MMBtu required incentive

IJW,WW
Total Design Cost

30 yr. period of analysis
total required intent’ve
$/MMBtu required incentive

10yr. period of analysis
total required incentive
~/~Btu reauired incentive

30

10

Total Design Cost
yr. period of analysis
total required incentive
S/MMBtu required incentive
yr. period of analysis
total required incentive
5/f4i’iBturequired incentive

ORIGON

~
Tot~l Design Cost

30 yr. period of ~n~lysis
total required inceutive
$/MMUtu requi,med incentive

10 yr. p~riod of analysis
total required incentive
$/MMlltu required incentive

H.UIS
Total Design Cost

30 yr, pcriud of armlysis
total required incentive
$/MMllLu rvquircd inccntivc

10 yr, pcrlod of dn,llysis
tutd] required incentive
$/MMllturequired incentive

M[D~u
Total DCSiqllCost

30 yr, period of almlysis
tOLJl required incentive
$/MMlit,urequired incentive

10 yr. pcriud of an,llysis
tol,llrequired incentive
$/MMULu rcquirud lncentivr

flol~lll.ulirl(!
Total LlcsiuIICost

30 yr, p~riod of-dnalysis
lrItiIlrpqulred incentive
$/MMUtu rcqui rcd inccnt Ivc

10 yr, p@riod nf ,lnfllysls
totnl ruqu 1red Inc(!nt I vc

$/kiMUturrquiro(linccntlvc
!’lNDLIWJ

Total [)esianCost
NJ

Io

yr, pcrlml of”hnnlysis

Lotal required Inccntivu

\/Mf411LuIWIUt f“eIl i nCcl\t i W!
yr, pl?riud of nllo Iysls

tuld I rpqui ml lIICCWl I w

$/MMllturvqulred lnccntivc

4207

0
0

2906
111

4916

0
0

3672
146

4633

0
0

3099
100

4362

0
0

5012

311LJ
98

4505

0
0

3120
137

337b

o
()

2096
9[!

4970

()
o

3C39
147

9852

0
0

7295
141

11652

004
26

9210
298

10439

0
0

7431
120

9793

0
0

6940
14/

11135

0
(1

7417
1?0

10464

0
(1

7725
173

717?

o
0

4G55
:Io

11743

0
0

U926
lull

Electric Res”,stance
,25 .50

4.207

424
16

2580
9B

4916

1635
65

3767
150

4633

0
0

2716
W

4362

0
0

2604
108

5012

0
0

2732
06

4509

(1
o

~~ljlJ
I26

3376

0
0

1nzu
nG

4Q;lJ

0
0

3?14
133

9852

740
14

6657
129

11652

5207
160

9394
3(!3

104J9

D
o

66o3
110

9793

@
o

6342
130

11135

0
1]

6679
107

10464

lp3~
?[!

7??I
161

7172

l?3i!
211

41211
9[1

11743

INII1
40

W?(III
17!I

Heat Pump
.25 ,50

4207 9852

1303 4138
50 80

31F18 7850
122 152

/,916 11652

2913 171?
116 249

4214 102;5
168 332

4633 10439

855 3047
28 50

3312 7843
107 129

4362 9793

1336 3054
55 UI

3301 7710
137 163

5012 11135

1[!6 2ZU!-I
15 37

3123 U029
10[1 130

4539 104G4

1745 40U!I
77 91

353tl [)555
1!lG 19?

337Li .?i7f)

1745 40U5
71 91

?4U(I 5411
lIG 129

4970 I:?41

I9!.;! jg:!g
N 1 12!I

~gl~ 9bG!l

I ‘(t 2114



Table 3 (continued)

— —.
State Fuel Natural Gas Electric Resistance Heat Pump

city Solar Fraction .25 .50 .25 .50 .25 .50

PORTLAND
Tota! Desian Cost

30 yr. period of-analysis
total required incentive
$/MMBtu required incentive

10 yr. period of analysis
total required incentive
$/HBtu rewired incentive

Total oe5iqncost
30 yr. period of-analysis

total required incentive
$/WBtu required incentive

10 yr. period of analysis
total required incentive
$/t4MBturequired incentive

~
Total Oesign Cost

30 yr. period of-analysis
total required incentive
S/MMOtu required incentive

10 yrm period of analysis
total required incentive
$/hW4Dturequired incentive

WASHINGTON
w

Total Design Cost
30 yr period of analysis

total required incentive
$/MMOtu required incentive

10 yr. period of analysis
total required incentive
$/Mf4Bturequired incentive

SEATTLE-TACOM.A
Total Oeslyn Cost

30 yr. period of analysis
total required incentive
$/tlMDLurequired inccnt;ve

10 yr. period of analysis
total required incentive
$/MMBtu reauired inccnt:ve

WQiiM- ““
Total Dcriiq.1Cost

30 yr. period of-aniilysis
total required incentive
$/MMUtu required incentive

10yr. period of analysis
total required incentive
$/MMllturequired incentive

WID3EV ISLAND”
TotiIlOcsign COSt

30 yr. period ot analysis
total requfred incentive
$/flMUturequired inccntlve

10yr. period of analysis
total required Inccntivc
$/MM13turequired inccntivc

YAKIW
‘Total Oesiun Cost
30 yr. period of””analysis

total requlrerlincentive
$/f@iLturequired inccntiv~

10 yr. period hf analysis
total required incentive
$/t4f4fltil rcqutrcd Im:cntivc

4592

0
0

3257
147

4362

0
0

2625
90

4530

:

3180
142

4260

0
0

3094
122

3953

II
o

2860
120

5581

0
0

4317
141

35311

0
0

2435
102

4051

4n
2

3281
121

10821

81
2

8195
1BB

9982

0
0

6569
114

10485

;

7835
I7a

10036

0
0

7751
156

9494

0
0

7337
150

13563

255Y
43

110H4
IH4

11624

1970
4?

9454
200

11[1?6

235U
44

9695
ltll

4592

10
.5

2985
135

4362

0
0

2?32
77

4530

LI
o

2906
130

4260

0
0

2fr76
106

3953

1S96
80

3232
136

55UI

1779
5tl

424[5
139

3538 ‘

941
39

26?7
110

4051

377
14

32111
121

10821

1801
41

7658
1/6

9982

:

5798
111(1

10485

1385
31

7295
165

10036

l16t3
24

692FI
139

9494

5444
111

M074
165

13563

6093
101

II)V4N
I[I?

I1624

6516
I311

11826

3016
5fr

0742
164

4592

1922
87

3655
165

4362

305
10

2941
100

4530

1823
81

35yJ
160

4260

1491
59

3?88
1Jo

3953

272?
114

3522
14U

55tJl

3001{
9U

4617
I53

353[1

1972
[12

29[1’3
I25

4M51

2009
74

3U54
14;’

10821

6491
149

8979
206

9982

2015
35

7193
125

10485

5163
117

8620
196

10036

4596
92

tl129
164

9494

7oG!l
145

11547
177

13!)6.3

}1510
114?

11797
19(I

llfi74

854;’
lIJ1

l[)b43
223

1IUzti

G2LII
117

9[lbb
I[)!l



TABLE 4

CASES INCLUDED IN FULL ANALYSIS
(all cotiinations evaluated)

ouse Types 1. one story slab on 2. two story frame over
grade ranch style unheated basement

fuel Types

I

1. natural gas 2, electric 3. heat Pump
resistance

t

=iilesign Types 1. water wall 2, Trombe wall 3. direct gain
with night with night
insulation insolation

b==F- 1. 10years 2, 20years
Pe -iuds

Sular 1. 25c 2. 50%
Fraction

r

SOLWCST 00
KOUIRtO SOLAR INCENTIVES

TUOW[ WALL WITH NIGHT INSULATION
S0 I%RCENT fRACllON - - 10 YEAR LOAN

WCL IS UCCTRIC RCSIS7ANCC

WV 2

SOLWCST so
RC9LIIRCD SOLAR lNCtNTIVIS

TaWf WALL WITH NIGHT INSULATION
So PCnCCNT rRAcrl~l _ - so ~[, q LOAN

rU[L 19 [LCCTRIC RtSISIAwCt

.


