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ALTERNATIVE APPROACHES TO SOLAR. HEATING

O~' RURAL BUILDINGS IN AFGHANISTAN

Stephen J. Fabricant

March 8, 1975

Eleven different methods of sol~r heating are reviewed
with regard to th~ir applicability to rural buildings such as
health center, ~ubcenters, and primary schools. !ndigeneous
methods of low-energy climate control are discussed. Con
clusions reached sugg~st that traditional building styles embody
some important fundamentals, and could be modified according
to modern prinicl~es to take advantage of solar radiation
for low-cost year-r0und comfort.
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(
ALTER;lATIVE APPROACHES TO SOLAR lIlA.'tIiG

OF RURAL BUILDINGS I~ AVGllA.USTAN

l~eds and Favorable Circumstances--- .----.-------
Although AfRhanistan may not have been affected QD sericusly as

oths~ developing countries by the recent "2nergy ed.sis:' r its initial

~os!tion may have been worse than most. Energy resources such 8S gas

and coal are modernt~ in amount but no real distribution system exists

for their ~ppllcatlon in Tural areas. IIydroelectric energy sources

Sl\pply only two major cities. Timber resources are prob.ably being con-

vert~~ into firewood and charcoal faster than their current replacement
rate.

The market Q.Ost of 1nlported petroleum fuels has so far been held to

pre-1914 levels by means of government subsidies and concessionary terms
from neighboring suppliers. Althou~h the possibility exists that these

favoJ. ..ble terms will be maintained, and/or grants received from ~etroleum-

exporting countries, it is to be expected that Afghanistan tv.111 be hurt
economically and development activity dependent on foreiga curren~y

reserver. ,viIi be slowed. It is beyond the purposes of this pape~to'

estimate the map,nitude of the effect on foreign exchange of developing

supplementary local ener~ sources. but it is reasonable to sugRest

that it would be positive in direction.

Looki~ at the need fr~m the point of view of small, isolated
bu1Jdlng~ in rural areas such as' government schoole and health centers,

th'! p'i'C bIem of distribution 18 added onto that of coat. These combine
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to Mb the p~obl8JU of hea~ing public buildings 80 great that the usual

response 18 to heat them inadequately or not at all. Instead of paying

thu cash price of delivering the fuel needed, the government pay. the

cost in services not supplied or supplied with low efficiency due to an

uncomfortabl. working eovlronmant.

Exc:ludiu8 the possibility of an aU-out petroleum windfall, it might

be economically beneficial for Afghanistan to invest in the development of

a tecbnolol1 for utilising an abundant and free resource. solar energy.

The Central Aaiaa plateau is shown on world maps aa an area of rtr1ativ,!ly

high incidence of sunny winter days for its latitude, and measurements ?I

incident soIaI' radiation made in !{abul (Reference 1) indicate that so'.ar

energy i9 as abundant here in winter 49 in. say, the southwestern· United

States. Several of the more prom1ai~g experimenta in Bolar h~ating have

been done in regioDs climatically mlm1lar to Afghanistan, and there 1.

reason to believe that a technolo'c.Y appropriate to conditions here can

be found to utilize tht. resource.

Practical Approaches t~1ar Beating

Beginning well before the present "energy crisis": far-sighted

architects and engineers have succeeded in applying theoretical principles

(briefly outlined in Appendix I) to practiee for th~ solar heating and

cooling of small buildings. Recent events have pushed these. activities into

the limelight, and the non-technieal press has ~iven sol~!' heating ~l1uch

publicity. One possible unfortunate result may be that a massive luflu3:

of research funds will encourage development of systems ~oo costly and

~o'Ph1sticated for developing nations, at -the expcanse cf the low-budget

R&D prevalent today.
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All available pubU.catiolla have been culled for de~cript1on9 of

USQful schemes for solar heating of small buildinqs. TIle more complex

and costly aprJl"oach&~I or tbose requirinp.; the use of exotic materials,

h!lve been luored in favor of a more careful examination of the simpler

and locally adaptable ones. Dr. Cornelius Zondap,. who in 1974 visited

some solar energy reseat"ch centers in the U. s. and Canada, and

'ir. Robert ~fa.e"rakin» have also provided information.

Eleven different experimental schemes, concepts or designs wnica

seemed to be representative of current developments are described in

Appendix II to this leport. All of the methods used seem to fall into

one of two ~eneral categories. The f~r8t, and perhaps better-known,

method involves the use of a flat-plate solar energy collector in which

the workin~ fluid is heated. The heated fluid is then distributed to

othe~ parts of the buildin~ for storage or for immediat~ heatin~. 'rhe

second 1':3te~ory takes advantaRc of both the temporal and spatial patterns

of the 1:10T'1 of enerp,y and matter (usuallv air) through the outer (.,a1ls

of the building, and the properties and configuration of ~Aterials to

cOiltrol these flot·1s. This jar~on conceals the fact that the latter

approach 1s often the simpler of the two. a9 will be eaen.

Rural Building Desisn Constraint~

Although the functional requirements may vary somewnat, a common

set of deairable characteristics exists for health centers, subcenters,

and primary schools in rural areas. The basic assumption of this

.~: :erc.i9'- Ls ti14t elle buildings in cold areas should be comfortable in

:iinte:r ,'bile utilizing a minimum of fuel, and buildings in essentially
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watll .rea. should be comfortable yell' l'Ound. The buildings should be

func:,iollal, inexpensive, and should have a reasonably long life e:acpectancy.

Ths remote location of many of those buildin~s imposes another set .

of requirements. ~o source of alectric p~er can be assumed at the site,

either for use in construction or for 8ctual use in the building. Several

proposed sites for health centers and a majority of sites forosubcenters

are distant from aU7 r~ad8, forcin~ greater reliance on locally available

materials.

Since sunny days predominate durin~ the winter in mc.st parts of

Af~hanist~n the heat storaee requirements of a solar heated build1ng

could reasoD8bly be reduced to a minimum, but during cloudy perloda

supplementary heating would be required. If the means of providing

supplement.ary heat can be made economical and if building heat storage

is costly, this would seem to be a reasonable compromise, given the

low incidence and short duration of overcast periods.

The exact heating and cooling requirements of a b~11ding are

determined larRelv by its occupancy pattern. A building which is

occupied only during the daytime need not ha.ve a system for storing

heat over.night provided it 1s heated rapidly in the morning, whereas

overnight heat storage 1s h1galy desirable in space used as living

'lU4rters.

If thick walls are used as the storage medium, however, during ohot

summer days these requirements conflict vith the necessity of a long
J:. '.'

thermal time-lag for spaces occupied by day and a short lag in the

sleeping spaces. In the former areas the peak beat of the day should

not get transm:lttecl to the working space until early evening. wh1.le the
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teroperatura of sleeping room walla should Ld allowwd to drop quickly

durin~ the cooler evenings. (The resolution of this problem involves

the application of Prof. Trombe's principle, described in the next

section).

Regional climetic differences are at least partly responsible for

the development over centuries of regional styles of arc)11tecture in

~fnh$nlstan. (Appendix III) This varionce in functional r~quirement9

has al~o madait noceS3sry to create ~o different ne9igu9 for Po0vcrnment

BaG1~ Health Centers, for Qxauple, one for cold regions and one for hot

~egions. Considering the marginal ability of the pr~ctical solar

heating/cooling schemes revimoled here to perform thei~ assiKned tasks

even under optimum conditions, it is unreasonable to expect to find

a single scheme well-suited to <Joti., eli.matie extreJl~s. A minimum of

t':110 different approaches Is probably needed, and the follG~.;ing evaluation

is made with this in mind.

Although transportation of glass to rural builclin~ 81.tc9 presents

serious problems, dle desirability of adequate ,Y.indoiv ~~ea in schools

and health eenters cannot be overemphasiz(!d. HygienG l1nd. illumination

as well as winter heating are such important requil.:"eiaent9 for thi1se

buildings that the production and transportation problems cf glass must

be thoroughly examined if a satisfactory construction progr~m is

contemplated.
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9!'!Par.~8QD of El8'l'~ ~fetbod8

1 have att~ted to evaluate all eleven schemes by applying

."'.1'81 criteria wich are related to the applicability of the method

to heat~ (and cool1n~) small rural buildings such as health centers,

lubcentere ad 8chools in Afghan1Dtall. It should be borne in mind that

this analysis was performed without the benefit of professional knowledge

of architecture and structural desl~, in the hope that the tentative

~e9ult8 might stt.ulate further discussion and inquiry. Clearly, more

precise information is needed about the performance of these different

approaches and others, about local climatic conditions, and about local

construction material aou manpower resources, before attemptln~ any

exper1wental designs.

Several of the achemes described can be eliminated from further

consideration by examining the limiting factors which affect their

applicability. !he reader's attention ia directed to the summarized

evaluation in Table 1. If electric power is assumed unavailable at the

sites of rural schools aDd health centers, the tecbniques used in the

Thomason Solar House, Sunstructures, and the Solteri:'a Home must be

removed from further consideration. Not coincidentally. these three

sre also the most complex schemes and perhaps the most eostly - and

represent the mainstream approach solar heating research today in the

United States. Por applications where el~ctric powe~ is avai~able, the

Solter.ra method, althougll as yet untested, would seem to have several

itaportar.t advantages. Its In.itlal cost may be competitive with other

c~Qtral heatiag systems, 8hd is especially worthy of consideration for'

urban building. requlr1Dg a higher initial inves~ent than s choale or
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health centers. The SI"Ul0tl:UCl;Ures appronch is 8ultlld i;O i:idaptation to

c4Ciatlng buildings \lith fuel-fired central heating 1>Lmt:9. The application

of this technIque at the Child iIealth Institute in K~bul has been suggested

as 8 pilot pToject (Ref. 6).

The Da~is Home (Appendix 1I-5) is an ingenious attempt to take

,dvantage of the non-leaking and non-freezing propel:ties of air by using

j ': :18 a l-1Orking fluid. At the same time the use of PU!:lPS or falls to

tlrculate the air has been avoided by the use of natural convection 5 but

the apparent requirement that the building be elev3£:ed or. built on a

south slope must be regarded 3S a serious limitation.

The JodhpUT Solar room-heater (App~ndix 11-4) ~~y represent a

practical solution to the heating of well-loaulated, existing buildings

having lairly small individual rooms. lnlether or not ita characteristically

slow morning heating poses a limitation depe~ds on the o~~upaucy pattern

of the building. The problema of water frcai:~_!lg auJ of limited heat

8!:crage 8h"uld be overcame by making the indoor $t()r;~ge tcmk--cum-rad1ator

~lP:h in volume amI draining at sundo-..m ou:')' the smull ('J!:',:)unt of water

I ~.'.d in the collector. Although this method,; alreadY" t..rd«l.J7 development

E : USAIO/A'I could be used in new stru{~tures. it ie r~o;~ (·.i~.d3Ut that

it \:o1ould be the most appropriate, given ita limitation .=.n.d other

available options.

Having given low marks to the five approaches using flat-plate

collectors, we must turn to the second basie scherile to f:hld R better

method for the 601~r heating of new buildi!.1.gf:. E):;.:;::\i~~:·· ':-;.on of the

Bumtn&ry comparison chart shows that. no single appy.o.~.ch is th.e perfect

cne. bu': several "'lre not far from the mark.



ODe advantaRe shared to a greater or lesser de~ree by the scbGllles

that ue. the OGter skin of the bGllding to control the internal cl~te

18 tbat the b.alc principlu and fonaa involved are wall known and

'found in many types of ind1geneou8 architecture. (Appendix III) Five

of them require .outh~ru expo.ure, implying either an oblong siqle

storey or multi-storey layout to get a sufficient number of rooms. The

sixth method uses the roof to modulate heat flows. and may represent

the MOst radical departure from traditional construction even though·

taough the building layout 1s the most flexible. The requirement of

a major southern eXposure is not as limiting as it may geem, and· does

not rule out a courtyard layout, for example.

Trombe~M1cbel(Appendlx 11-6) - The Trombe-~ichel solnr wall bas

many of the desired characteristics. Rapid morning heating ability tends

to offset limited heat storage capacity, but there is apparently TCom

for improveaeDt there 8S well. The 35-cm. (l4-1nch) thick wall, which

is said to proYide a circulation of warm air until after midnight, is.

thin by Afgban 8 taDdards. ..

In summer it might Dot be necessary to shade the wall. A coat of

lmitewash (removable with water in the f8.1l) over the glass would suffice

to reduce the suuts intensity but still maintain a thermo-clrcula~ion of

cool outside air through the buildinR.

The basic simplicity and efficiency of the Trombe-~1chel sC~eAe

1s offset by two disadvantages. The fact that the ares occupied by the

solar wllil 1. un.vaUahle for ordinary ,nndO"..rs 1s fa se).~i.ous drawback

wher~~ direct 1JUD11ght 18 needed fer l1yg1ene and illum:f.nlltion. Windows

c auld b! added high on the south wall, resulting in a dual system of
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Mlar heot1ns, or .latt on nther exposed wCtll". The second aDd Dllln:•

• erious problem is the need for a double-glazed outer wall. Althou~h

Do .eDt1on 1a made in the refarence of the possibility of substituting

plnstlc fila for one or both layers of glass, tbis Night ):,e worthy of

investigation.

It. word about plate glas8 la in order. Glass is fragile, difficult

to transport, but ueeful in solar heating aystems because of its

r.di4tion~select1veproperties. Every sch~e described here with the

exception of the SolaTcb1tecture 110,\188 calls for Slass in fairlr l.rie

amounts. P~a8tlc sheet 1s unbreakable but it 1s degraded by sunlight

and is not a. efficient as glaas, and sinCe! it is petroleum-based 1ts

~ost 1s rising faster than glass. Thicker sbeets of g18so are les.

fragile but cost more to buy I;~ud transport. Fortunately, the plate

gl1\s9 used Deed not be of high quality, and tb& ultimate solution

might be to stimulate a domastie window-glass iudustry (using Bolar

furnaces!) An interim solution m1~htbe to equip 8 vehicle especially

for transporttDg glass to rqral construction sites.

ABC Group (Appendix 11-7)

While the methods for controlling the flow of heat through a'

wall suggested by the-ABC Group do not present a formula for a solar

heated building, they are appealing because of the ease with which they

can be applied to conventioual bu1ldings. In winter, a south wall

painted black and equipped with a system of whitel\"!lshed or reflective

shutters wOuld aCi: as an absorber and '.tore '0£ heat during the day. At

night whrm the shutters are elolllC!d, most of the heat stored in the

valls would radiate inwardly. pr~'1ded the shutters formed a tight



-10-
.,'

" .
...· ....1 to trap wan air .ud act as a convection ..ad rad1::1tioa barrier ..

If IS convent:101lal ur donble-sla::ed w!ucicw were buU t into part of the

vaU., the room would receive direct solar l"adiation durin~ the day but

~b. heat stored in the floor and i~ternal walls would not b~ r~-7adiat~d

cutwa~d at night 1f the shutters al~~ covered the window.

In the Bummer, the shutters could be left par.ti~ily cpen to

~d~1~ indirect light during the day and 9110y hent2d ~it to eDcape

from the. walla.. At night the Ihl!1:ters 'Hould be ~.?('med tc. allow the

wall to c-'Ol it; radiation.

Solarchi~~~tureHouae (Appendix iI-8)

This design seems best suited to hot t arid eoutherly reg1or-J whet'e

winter temperaturf.18 can also drop belotif a, comfortable level. If tha

ex,'~cution of che ,d::31~ proves 1mpracticslfor Afghauil.1t:an because of

the rather unusual requirements of water-Ell_led p..l.-~et:tc beg9 on the
- .

ro{)f. tile concept 'can be easily employed in-'a SOIi1e~-rhat \!ifferent fc;rm~

The tradi.tional thick. mud roof could- be tOPF~d with bltl-ek bitamenor

1ar., an 1 a wooden n(!ggerat:e" framewo.r.k bui;t_t into :i.t to provic.e dead' .

ldr ~Jl'a:€ under the removable cover. 'l'hocover c~~!td be th~ WOO"~htra'W

U211d};:tc:h suggested in Appendix II~ or. SO;!I~ kind of :i.mpl::a3i1cted white

teat can\ras which would be rolled up during the de:, in wint.er. The

basic principle would then be similar to the ABC approach} but th.e

rapid morning hea~ing at the black film 1nte~face of tta orig1na~;

design would be lost. This could be com~.enS:nt£.d fen: :!.n xocm~ with

II sClllthern e:zposure by convent:ional windcvi3, v:hi~h~(;.auJ.cl i;c effectively

shaded from the high nummar /'Jun by I!. small fi:e.:~d ro..,f :1"n:rhang.
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SV.~er cool~g results when th~ black roof i. unco?ered 4t n1nht

~d l~s.s ita heat to the sky. If wator is av~ilable it can be sprinkled

on the roof at dusk, increasing cooling by evaporation.

Saer Boa.e (App~d1x 11-9)

Basically a variation on the ABC theme, this scheme obtains a large

heCi!.(: sto~age capacity by I18king a wall out of water, and can also be

rssarded as a vertical 8pplication of. the Solarchlt~ctureprinciple.

!uthough the use of barrels seems ~pract1cQl on a large scale in Afghanistan,

the .larga aeat capacity of WQ&er e~Jld be utilized by rilling the bollm~B

in con.crete block walls with water-filled plastic tubes.

Biosphere Bouse (Appendix 11-10)

lbs application of the Biosphere concept in full would seem at present

to be a rather ambitious endeavour for rural buildings. Nevertheleso,

the basi.c c.ouflauratlO1l of a slanted glass wall and thermal barrier

and an internal vertical south heat storage. wall could add flexibility

to other designs. This layout has in fact baen used in another of Baer I s

houses, and is yet another variation on the ABC c"nce:pt:.

The specialized application of this arrangement to a greeuhnueecould

have valuable demonst~ation potential at health center9 and rural· schools

in areas where fresh vegetables are unavail~ble in wintct". In col"bination

w!th a simple composting latrine, a complete water-conserving, sanitary
"fi:.. .

ecological Qystem could be demonstrated and: the produce grown c0l114 be

given to the sChool or health center" staff ~

A ate:eply inclined glass or plastic cover in conjunction with a tall

black-stJI,,;'facec! wall would unite the two advantages of ;1 large heat storage
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at'Cla aad freedoa from flDOW overload. The ulghtt1lDe CO'IQ1: could be made

f~ 1DexpaU:l.ve local uterial. Buc:h a. reed mattlug and felt, with a

renewable coat of whitewash to improve the reflectivity of the covering.

'lids m18ht be especially well suited to the south wall of sleeping rooms

of 11v1Dg quart_Sf especially 1f aD ....t window 111 available for early

IDOmlng heatins and illumination.

St. George'. School (Appendix II-II)

Thfl vast double-glazoo area of the south wall pre,cl.udes the use of

this ~PPloach 10 rural Afghani.taD, but: the prind.pleo demonstrated are

usefuL Enough heat can be trapped and stored by IDasslV0 interior walls

and floors to 1U1nta1n comfortable temperatures without supplemental

heating. even under rigorous winter conditions. At the ml)1~e southerly

latitude of AfghaDistan it would probably be neeessary to make uteusive

use of skylights because of the high winter sun, but chis in turn

produces the need for shading devices in the summer.

Indigeneous Architecture (Appendix II~

Many of the innovations· prO"len over centuries of building in

Afghanistan aTe based on sound principles and are relevant to low-energy

~l~te control, and with 80me modification could be ueed as a basis for

;} ::W de~:· gns. Certainlv the proportioning and orientation of buildings

:U t;ne F.2'jor axis runs ENE-WSW optimizes both winter heating and summer

cooling. ,Thick walls and rcofare alsodesll'able, but ';)y themselves

are not an optimal arrangement for thermal control.

Prof. Trombe (Ref. 10) has expressed an important ?rinciple of·

building fabric control as follows: "It is l!bsolutely necessary to
avoid Daing the same mass both as a heat store and as a thermal barrier."
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All !'Sf'" ..eh_.8 in this category dece:ribed here 4ave recognized this

xoequtreaeDt, and four have accomplished the separation of functions by

a system of mvable shutters. When covere~ the wall or mass is a

heat barrler. and when exposed it i8 a heat store.

In addition, the principle of adjusting the thickness of walls of

different exposures to provide different thermal lag periods. as

described by algyay (r~f. ) can be applied to provide balanced winter

heating ancl .1oimle swamer exposure.

Tradlt101lA1 building material. are usually inexpensive! and loeally

available. Advanced techniques for adobe and compacted earth construction

have been developed UDder U~AID auspices. Preservative treatments could

be added on-site to inexpensive and useful local materials such as reed

matting, felt, poplar pole8 and dry brush, at far less expense than

importing structural elements and iDaulation. Stone walls have thermal

properties s1mUar to concrete, and put money into the pockets of local

labore-4g that would tH.' '\rwise go into the purchase and 'i:1:snsportation. of

ce.ent. Par les8 water is altlo consumed.

InCOrPOration of traditional methods of supplementary heating and

:ooling 'ubich are energy-c:onaarv1lll a180 seems des1:1:able. The "tabakhanall

JysteM of underground radiant he.tias widely used in mosques and

houses would also find application in schools. clinic lfaiting rooms,.

and staff liv1v.g quarters. The use of shadiug ver.andaa 8D.d overhangs

for 8UIIlmar protection from the high sun must be retained, and of cour8e

the suzroundtng greenery and strategic placement of deciduous trees

IllUst be coDsideired as an integral part of the bU:f~diDg plan. Scienti!C:lc

principles of v~tUatiOD and air circulatiC:)Q are readily applied to
" ... -.

. .
. }:
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308t kinde of t~ad1tlOD&l buildings.

laco.et&dations

Beforo undertaking the design of a prototype solar heatad rural

building. three preliminary steps appear necessary. It would first be

necessary to have more information about some of the described schem99,

both in terms of their execution and performance. The need ~~r economy .

aw:I simplicity would suggest that JleJre should be known about tbe work

of .the ABC Gl"oup in' Prance. and the encouraging results obtained with
,

the Tronabe-,",che1 Solar Wall 10 the same country als.:' are worthy of

further inquiry. If a design for the hot region is contemplated. the

Solarchitecture Houses 1n Arizona and california would seem to contain

ideaswortb exploring. If there have been any practical cevelopments
, \

of Chahroudl's Biosphere concept. it would be of value to know more
,

about them.

Ttle second step would be to refine and adapt. the m~st applicable.
approaches to the particular problem of rural buildiuga in Afghanistan.

Enough engineering and architectural talent exists in Kabul to make a

good start 00 this. and outside consultants could be brought in as

required. If the~e is some interest in this problem at l<8bul University,

that might be the logical locus for such a group.

TIle third 8tep would be to construct an experimental structure

in which several alternative or complementary approache9 could 'be

evaluated over one year. The design might be an approx1rr~t1on of a

multi-room school or i.lealth center. and the separate rooms VTould be

heated and cooled by different methods. Information could then be
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obtit l~ed wader coutrollac1 conditiou9 on tealpc-raturas ach13vecl, building

coat", maintenance costs, and costs of supplementary heating. The

belt:. method or liethoele couleS then ba selected. If the: experimenW

building were built in the 1n-be~e~ climate of Kabul, reasonably good

~~trapolation. could be made for both colder and wal~er ar~\B.

The expcr1.melltal building might f011011 the plan layout shown in

rig. 9. Ruoa 1. having both south and t\:est exposures would be used

for the TrOllbe-mcllel solar wall. In room 2, a three-quarter ·.,ersion

of the solar lIIa11 would ba co~stnaeted and conventioltsl d(Ju.ble-gla~ed

~ndow8 installed in the upper part. Room 3· would be a d~on8tration of

the ABC Group shuttered beat-storage wall combined with a large 8i~~le

glazed windot·1. which would also be shuttered. Boom 4, with an ad.ditional

eastern exposure, would be used to test the.effectiveness of a plain

shuttered wall.

Room S has a northerll and weste.rn exp,o$ure and co~ld be used to ., .

evaluate both the heating and cooling effeet:ivene99 of the Solarehitecture

roof-pond system. Windows in the west wall would simulate the heaiioad

of a square house with east, south and ~o1est walls of normal thickness.

~oom 6 could demonstrate a simplified scheme for a the~al-contr~lroof

with an ordinary south window as described earlier.

Attached to the south wall of room 7 is a BiospherE greenhouse.

1111s could be divided by an internal wall to test the relative effectiveness

of plastic and glass or different cnveringmateriale.

The experimental structure would also incorpo~~te factures that
..

are desirable in the future prototype building regardless of the methods

specified for besting. The ~oDg axis would be oriented so it faces about
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17 desxeea ...t of south according to 01gyay's principles. A vestibule

and lDterual circulation corridors would minimize heat loss through

OPiIIle<t doofe. Keat generated by the occupants and an east window exposure

would be adequate for a vestibule-eum-walt1ng room.

The year-round effect OR internal temperatures of £ light-colored

versus dark mud ro,of could be evaluated by dividing ClUe of the test

rooms internally. The effectiveness of dark colored internal floors and

wall~ as heat absorbers could also be d1ffereat1ally co~pared in room 60

A suppleaelltal heating seheae such as the uubakhltna" could be

evaluated by building the syste ilato scveral of tlle t'oome and coapariQg

its performBuce uith standard wood-buTning stoves 01' keroaene beaters.

Each 8yst~ would be used on .lterua~e winter days and the ro~ temperatures

obtained and the amount of fuel conaulJu!d wQ",ld be l:ecorded. Variations
"

in solar heati. effects would avera,ge' ,o~t.: '~ver the winter period' ~~~ .
..... . .

. : ' .. ' :': :: ~'~-~i . " t

relia,ble efficiency data would be obtained:.':" It would be useful t:q' -~lso
..:.',.#.~. ',' .' '.' '. ~ '._ .: :~:,·!~r'.~;,.:.',' :' "t :

. . ~~"{.:~': . .'.• i .

conduct tl~-~8,experiment in a conveDi~,~~~~fxt'i such as Room 8. ~~~~~a~10n

gained fro~th18 experimental bUildi~~,,.ov~j(:,t:he course of a year-':~~~'~l,d
- ;.. ~ .. '. '...: ~ .~rri! . ~.; "l"

be aufficieut to proceed with the d~9igli.'~~'.>e prototype rural bU~;~';"i:.n.f.f. ,,;,

III addition, experimentation with \l1e_~h~~8 suitable for use &:/~:i~'ting
~ . , . , :::':':::~- ;.:~::;:.,:,:::: :. ,

buildings :~boU1d .be continued. The Jodhpur.~USAID solar room heatet~s
~ '. :", ': .,. . .. .
'. ,~':i :. ,.:' : ';::,:.." .F,:~~ to.;; "(.

potential 'for thiS, appl:lcation, and ~he' '~~u,;~tered ABC wall m~y al~~,.pr~ve
•. . ;·.:!~'/f· .>::<: .. ~::./.. ~. (

to be useful ucl lDexpensive "add-o~,~.!ap'p~~~th. Three prototype ;:~~~~~',:"
.Y:. . '.- \~ ~~.:..~:~ . ~1:Yi.·J >- :'.:'~ ..~: '.~..

could poteo.t1ally arise from aD experimental: phase: a new desl~ :,for'~ura1

, . t·· .
buildings, an'\add-Oi("teehnique for existing :buildings, and a spec1,~lized

:\..

Itadd-on"untt for existing buildings with centrai hcatin~ systems.

.,
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Ai'P~'IDIX 1

!!.t.,\ciI!l~ ~la~ l!!!.!..tit!8,

Studi•• of the pbysiological busis of comfort ha',e shmm that the

aeh1evement of thermal equilibrium (conottint normal body temperature)

with a minimum of thermore~u14tion (muscle respiration, shivering,
persp1rinA, etc.). usually corresponds to tlle senoory feelin~ of comfort.

Thermal equilibrium is achieved when the heat prodl,tccd by the body's

metabolic processes is balanced by lo8se~ or gains of heat by radiative,

c~ndJ~tive-convect1ve.and evaporative processes. Rldistion is ~elieved

to account for 40-45% of body heat loss to (or gain frL~) surroundings, &nd
conduction-convection for 35-40% (Ref. 2). In l'ract1.cal terms. this

mGsns that the major factors 1n the comfor.t of a building are the temperatur~

(and to a lesser extent the velocity) of the air inside the buil~1~g, and

the temperature of the interior building surfaces. BeCC1uae of the extra

Q;:din81:ily high emissivity of human···skin.8 'great deal of heat may be '

lost. b" radiation' to surrounding solid obj eets .-,hOBe temperature 1s l()'l'Aer

than that of the body.

~!ost conventional heating systems depend on the achievement of.

relatively hi~h temperatures by operat1n~ fluids to heat air by convection,
which in turn warms the surrounding solid aurfaces. Sevazal types of

low-temperature radiant beating are,also in widesp~~nd use. They can be
generally described as requiring the converaion of energy at high temperatures
(burning fuels or olectriesl resistance ol~ments) to lower temperatures

(hot wat9r or air). !he same can be said for solar heating. ~~at of the
aens1bl.i} heat from the elln arrives on the e.arth' 9 surfac~ in the, form of
:·hort-t.]!l'veleagtb infrared radiation produced by high temperatures OIl the
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sun's surface. The interaction of this high-energy radiation with matter

results in ita conversion to law-temperature heat. Solida, gases, or

liquids thus heated by the absorption of, short-wavelength infrared

l'adlation then re-radiate lon~-wavelenflth infrared in the form of sensible
heat. Direct conversion can also occur at the skin-air boundary when

direct Bolar radiation falls on the bod~ surface, resulting in warmin~

of the body.

'-!any C4l11Ron materials hllve properties ~.,hich make th~~m useful in

solar heating systems. Ordinary window ~lass is transparent to short

wavelength infrared ~adiation but 1s relatively opaque to long~avelen~th

radiation. This means it can allow solar energy in to heat up a solid

or fluid mass, but will not allow the warm mass to loee heat by r~pidly

re-radiating it to colder objects. Certain materials cruch as water,

concrete and damp soil have a higb thermal capacity, llnd can be used to

store large quantities of heat in small volumes. Other materials, notably
metals, are jtood conductors of heat and can transmit heat rapidly 'from

. one interface to another. Insulatinp, materials such as still air. rock
wool, polyurethane foam, asbeetos, foamed concrete or dry sand can' be

used t.o ulock the flow of heat where or when it is not desired. In

addition, the surface properties of any object drastically affect its

ability to absorb, radiate and 'refleet radiant energy. Dark and rough

surfaces are good absorbers of energy, and are also good radiators when

the object 18 hot. Light or shiny surfacea are good reflectors of radiant

energy, and are as a result poor absorbers or radiators.



A fWMlaJIeQul propeTty of all liquIds 1.::1 SOtll~tilues uppl1ed to the

probletD solar heating and cooling. Uhen a liquid turno :f.nto a gas by

evaporation. or a gas under pressl.lt"e expands tllr.OltBh :j nozzle, heat is

absorbed by the substance from its surroundings. Tr,is prop~rty of heat

Lbsoq,tian ean be used to cool buildings in hot cl~llU1te:~. but ito

~pplicatlon generally entails some degree of complication of the building.

Fluids ("asos e.nd liquids are physically both fluida) :>.re lower in

the top of a closed tank and cold water nettles C~ tho bottom. This

density gradient can be used in certain cirCUinstances tv move the fluid

where deairQd without the use of Pl~PS or :aus.

The condition of the sky is another impurtant factor. Solar radlat1.on,
especially the ahort infr~red which produces heat-LAg. is reduced and

d1£fUG~d OD cloudy days, but can still be useful. A warul building loses

fer more heat erliergy by radiation to the sky on a clear l1.'Lght than on 4

."'cloudy night, helping to offset thel(lwer gain of heat dt:~ing c~ou,dy appJ.J.s.
I . . .Pezhnps the single most important factor affect1~g y~ar-T.ound

.: . ; . :.:elimz.tic adaptation to the solar energy inpl~l: la the Of: l-;;ntation ,of the
'.-: : ~ .''iYerticbll surfaces of 4 buildinst. 01gY301 (Ref. 3) has fov.nd t.hat\ "at' 'the

latitude of Phoen1x~ Arizona, maximum radiation dur:l:i\~ ';Yi:.~:~r is received

by a vertical surface oriented 32 de~ree9 esst of du~ ::;·:.mth. whil'e maximum

summertime radiation is received 68 degree~ west of dUG gG~t.h. He has

determ1.neci the optimum or1P.ntation for ma.ximizing Hiutl,n,' h.~!atinFt, and
minimizing summ.er heating to be 2S rlef(rees east of south. The latithdc
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"..r :)hQ'u~J.x 1e nUl' to that of Kabul, .<;ll\d jjr. Altor:!: S";i4b,~· and his

l';".u ""'Wlee .t Kabul Un.iversity nave found that the prerloininant orientation
Qf 'IQUSUet in lout" villages studied uaa'c Kabul is in fact lJcry close to

this thf.!oretical optimunt.

The tilt of the earth's axis result~ in tIle seasonal change 1n the
sun' s apparent daily course throlJgh the sky. Above t~le Tropic of capricorn

the sun is low in winter, and most radiation f~11s on soutil-facing vertical

surfaces. In the 9UI'lI!Uet' the high Gun falls mostly fm horJ.2ontal surfaces ~

and !:.outb walls can be easily .s1aaded fron its inte!131ty. Tvest walls remaiu

vulnerable to the low afternoon summer sua.



1 , the Thoma.on SolAr llome (Ref. I.)

f1fteen years ago Dr. Har~y E. Thomason, pateat attorney,

bulle 4 80lar heated house in a t~a;3hington DqC. suburb, us.1nS

a relatively simple, reliable. and inexpensive heat-collecting

and storage system he invented. The house trl;')~ked, aud a second

and third model were built. The th:b:d hou&e also proved successful

and baa teceived sl~bstc\1tial publieity. Lns!~ YCfL~ }d.s home-heating

coat uutil February 1 vas only $15 J iu [; pe!.':;"G"~ ,,~ !:f.tr-id1y rieing

gas, fuel oil. and electricity costs.

~3t of the 8taeply-slop1L\g 8cuth roof is c0~er.ed ~rl~b

blackened corrugated altninum sheeto t and a sn:.all t:rickle of

water runs down each \;1: the v.al~eY6. The t:!~ace I,:h,~ ';1'&ter tr~vela

in 1a covered by a layer of glass t..:hich insulate:; it from cold

air and reduces beat loss from long~'itTa"'le infrared n"diation •. ·

(This is the basic principle of thf~ fie.t-plate c<"JJ.lc.cr.or uaed in .

the USAW/A experimental model and most other de~;lgli.s). A "guttaz

collects the solar-heated water that drips 6.:0;11 th:.l luRer ends. G.f

the channels and directs it to a large bage~ent W2~er tank that

i!~ surrounded by coarse crushed rock. After 8ev~;~::'.£.1 3tmny .daya

of operation, the tank and the crushed -.:ocl;: bC~O:"K; hot p &nd con~.!ld.L

Clll.n1lh beat to keep the house ,warm .fen:" several .11.1:1.1'-.'.£3 days·. ~Jhf~"f.

the l'omu need heat II 8 thermost:.mt turns on a fa'1 t111.':'); blo.is};be

hot air from the cr\!EJhed rock into the. ~OO1i'JJ. At. ti:,f;) c.nd of the

day, the PUlfap that sends water from ~;he tau:!r; to tho:::. :--.n}, of the

collector is turned off and all the '.;ater on th(~ ~'.•;)~: ?etc~9 to
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th~ tank~ Thull pr&etic:.alJ.y no honl: 19 lo~l:. f." .,-.~ i ,i~ ·_~J.lec:tor

ai: aight awi there 1.s no danger from froeziug &:e;:lperatures" An

ut'ftc1ent air-cond1t1outng s:"stell!. has been d~8:tgn':d lato the

latest model, so during the "farm seasons aO·lne. ;,;;01:.:.4' ·::r:.€:rgy is

utilized, reducing electricity con:::umpt1on fOi~ f:oolio.g.

2. Sunstructures (Ref. 5)

A small group of ecologic.al c{:thTj~gts in ~·H~:l.L~~an Ims modified

se.vera.l ~19t:1.ng structures for f.:{J! Ci1' )!~:.<\tin;~ •. t'iV':::l "flod{~rate"

success to date. The group. which ':;pet"3tes tm:;l .."':: the eO~l>ol'ate

n~'.JG of "Sunstruet'l..\:res" , has used LSSQu";iall30' th,.: fill;roach

cmplo'" by ~0IJII801l. but tr.msfcro the heat 10 Bolar-haated water

to he.~ &1~ in an already-ext.ting he&t-ezchange f:l)"atero. This is

identlcel 10 principle to the. syat:.;m p1:'oposcd {Ref.. 6) for the

Child Health !nstitute in Kabul.

Th.e:y also 9\!ggest simple te.chl'!iqu~s for ach:!.(..vi'.l~; l.ou-etlergy

designs for small buildings, uuch ~a tho uee of: :; UI.:.(1. Z'cof ~ earth

mound insulation of north walls. ~ud ~out11~~i~o. hy natural CG~

vection. (Fig. 1) The tllajor co!:'~tr.i.bl~;;.!.on of this g)~"ap has been to

show that existing houses can be adnpted to tJo1-,;,:~' h::ating by means

of flat-plate c:oll~to.r:s. n~{oderate;1 BUC~B6f.) in Ftchigall I.an

probably be translated into a much ~1j.gher le'...... e1. :bl ~1.1T.!fiier rtlg!on£.
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~ Sole_"_ Uome (Ref. 7)

VUltam B. EdDlOUdsOQ of San Diego. california h.as described

an ~8-yat unproven design for a lo~-aost 8ular-h€at~G and cooled

home that can be built without 8 bsclwp heat:f.ng ajsce\Z\ and bas

offered deuUed plans for sale. Air. instaa.d of wate~. 1s

heated 10 a glass-covered flat plate solar collector which also

forma the south side of an otherwIse normal-looking sloped roof.

(Fig. 2) The heated air is cireula~ed thro~8h a closed syste~

whico includes a heat 3torag~ bin c,()i.1t8.i~ed in the noxmn,l baaemen-;;

area. of the oosue. 1'he1"la'static controls dir-;.~ct the rlOlf of wan

air from the collector into the etorage bin du~ing the summer.

The b1.n consiata of thousands of cub!>: feet of d80mp earth C~188

CrOfJ8oG W1til clay eoil pipe. which forms a hiEh :lux-face area heat

exchaugel'. The des1gl4er cla1lu that aome two w..cuths 'tIrorth of heat

at 130 degrees F. can be stored for late fall &nd early winter

heating 10 a bin of the size that could be located tmder 2 typical

smaU bouse. Hot air produced dm:1n.g Bunny \rlote:: Jo.ys is circu

lated through the house. and any excess or def~.~~.f.: 1:0:1.' heating t';la

house is added to or withdrawn frolll the ~torllgs b:tn> At night

all required heat is withdrawn frt"D1 the bin.

Heat accumu18ted during the s~nmer can be u~ej to operate an.

absorption type air conditioner but requires the \2t10 of BOile

f~1rly complex machinery.
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4• Jodbpu Solar l(,iOQl- Heater (Raf. 8)

.J.D. Gapta aDd a.&. Cbopr:a of the Defence Laborat:ory,

for uae in high Altitude condition~ (i.e. cold air but clear

skies). It cODs1at. of • flat-plate collector through which warm

water moves by means of natural convection. (Fig. 3) It passes

through the outer wall to a tall thin r.ectangu1a~ ~torage tank

on the iDeide of the wall. Tbe De.elt of tile tank ia carefully

'!nsulated. acd heat from the toll.U.~ watc:r radlate~ fro1U the

front of the rOOm. It was tested at an altitude of 3,500 meters

under sub-zero conditions. Anti-freeze was pet into the water.

It heated a living rooa 3.75 m. by 2.40 m. by 2.40 m. (760 cubic

feet) as satisfactorily as compaxa11e rooms heated by electricity

or fuel.

This is similar to the system now being tested at USAID/A.

The dimensions of the solar collector used 1)1 Chopra and Gupta

were uot given, but 1f the output of the US~\!D unit is about

4~OOO B'ru/hre during winter days (Ref. 8), It single. unit udght o.

be sufficient for a room of this size.

5. The Davia Home, Albuquerque, New Mexico (Ref. 9)

Although construction details were not given, this house 1s
I

heated by nturally-convected warm air from a large flat-plate

collector. The house it.elf is built on the south alope of a
O

hill, 80 that the firat floor appears to be elevated on posts.

A heat reservoir of crushed roek under the house stores heat
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fZ'Oll tile collector. No informatioa about ducts or controls

va SlY_. but .",ppl.entary heat 1s needed during prolonged

cJ.ouq weather. 10 paps 01' fall. are used.

The rroabe-Michel Solar Wall (Ref. 10)

SiDee 1956. the Solar Energy L~boratory of the CNRS (French

equivalent of our NSP hasbaen studying the application of solar

Gnargy ~o domestic climate control. ·The principles of this

method v.re developed by hof. 'lrowbe (of solar-furnace reknowu

and director of the laboratoxy) and their application has involved

an architect. Jacques ~t1chel. Michel has this to eay about

previous "eolar houses":

" The absence of auccess of previously construct.ed plototypea of

houses heated by 80~~T energy is a result of their technical

complications. It 1s for this reaGon that the designs we propose

are ae 8imple as possible•••• n

The principles upon which the design are baaed are:

* the use of vertical south-facing "lalla as collectors of solar

energy.

* tbe use of the greenhouse effect to trap 801ar energy.

'Ie the Datural thenaoclrc:ulatl.ou of air heated this way.

* the .~oraga of heat using the high th~rmal capacity of concrete

or water.
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A prototype bouse built ill th~ Pyrenti!. (14t. 1~2· 31')

appliea these principles as followo. The south wall consists

of a concrete slab which 1s structural as well 8S baing a heat

atore~ the outside 8urface of the wall Is rough cast and 1.

painted black. The area of the wall intended to collect ~lar

enG~gJ ia abeathed in au air Bpace covered by glass, two laY~8

of glaaa ~ein8 the eeoQ~cal \Teak-even point. (Fig. 4)

Short-wave so1ar rad1atiou penetrates the glass aDd 1s

absorbed by the vall, which heats \t.p and emits long-w3veleqth

infrared radiation. Tu1a radlatloo does Dot pecetrate the

first sheet of glass encountered, but. is absorbed by it and heats

it, so that it in turn emits radiat1.on. About half of this 1s

directed externally and half internally. Tlle second sheet 1s

placed to further intercept the externally directed component,

80 only about one quarter of the lon'g-wave radiation finally: .

re.aches the outside. Three-quarters stays inside and beats ~he air

between the panes of glass and the wall. ae well as heating the

glass and the walls themselves.

The heated air ~and8, becomes lese dense and rises. ~If

there are ducts at the top and b9tto~ of the collecting areas

connectin8 the heated air mass 'in the collector to the cooler

air ma8S inside the building. the heated air will naturally

flow out of tIle top and cooler air wi1:1 flo-lll in :olt the batt,om -

establi8hing a circulation of air throughout th~ building. If

the thermal capacity of the colleetor wall 1s suffie1ent it will

continue to reradiate heat for !lOst or all the night. Experience
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COa.enbt vall 3S em. tbick about half tho hfW.t 4bDorbed by the

wall is etorcd h1 it aad 1. 8uff1e!a~t to maintain s wa~m air

~urrent until tho early hours of the morning.

Durtng the summer the pattern of air flow can be modified

to cool the bouse by suck1ng a1r th~ough it. n10 collector acta

all a thermal cll1Jmey 'and air from ducts in the shaded north wall.

~ntha. a south wall at the latitud~ of Kabul ~~ceive8 only 'a ;,'

fraction of ,the amount of radiation received during th~ w!nt~r. '
. :.= ..•.

FI'om the' beginning of August u~:t{l t.~e onact of cool. weat:he,» "it;. .
; - .'. " .

mig1&: however be necaaeary to P,rov1da ~me shading of tbe QO",tb:.'

and west valls.)

Michel ind1cates that for a well-insulated ht.dld:1ng ll one '

squat::e Mter of glazed wall can heat ten cubic meters of interi,or·,

space. The two prototype houses in the Pyrenees w~rc able to

gain two-thirds to three-quarters of the energy required for

winter heating (while external air temperatures fa:';'~qu£.ntly fell

below zero Centigrade).

7. n e ABC Gro'lp Approach (Ref. 11)
......

ABC. a mult1disciplinary group based ill ~rs£:Llleat France 8

hE.V~ been working 011 the climatological adaptatioll of existing

b~ild1ngs. paying particular attention to ~olar. r.Q1i~tion. rneir

project Is in no way attemptitlg to build Do I so:tgr lwuse' t nor

to develop costly add-on devices, b~t ~ather to d~velop low-c~8t
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bouatoa. "paying great attention to oconomic eODatrdints and

existing social realities." 'the group summar1zea ita aims as

follows:

* to concentrate on modular housing adapted to (Mediterranean)

c,liD1aClc conditions.

* to enaure that this adaptation improves comfort conditions and

does DOt involve any additions to the cost of construction.

* to 8D8Ure a noticeable reduction iu ~unning costs and in energy

expenditure by increasing the solar heat gain.

Their approach has been to select ~te4ialG according to their

radiant and thermal properties from treely available existing

materials. The basis of their system' is, as is that of Trombe
...

and Michel, structural. They use the thermal properties o~ the
.:<.~~. ";'.south wall to absorb, store, and tran~mit heat in both direk~!on~.
• ;l' ~ ':.;~ '-~ .

(i.e. I from the outside inwards when heating 1s r.equired, ~d 'f;rom
the inside outwards ,.,hen cooling is required). They have chosen

to use the wall as the sole means of heat transfer, there 1s no

glass cover heating up a column of air. One of the group, P'o M. Cam...;.a ~

has made eztensive studies of heat transfer across walla in

fluctuating elimatic eonditionso Uis approach has-been to examine

the effect of walls on internal temperature curves. Not surprisingly,

he found that the greater the thermal capacity of the wall (usually

closely related to thickness and cDnductance) th~ smaller the

variations in the internal temperature curve over a t,~enty-four

hour period, and the more comfortable the internal climate 1s

likely to be, relative to the external climate. This principle
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is Dot unknown in Afghanistan; thick mud wal16 l~~vi~ a high

thermal capacity contribute much to the year-round co.ufort of buildings.

camt. also observed that a high capacity '1all which reduces

the peak amplitude of the internal temperatu~c CUlve will a180

put the ioternal curve very much out of phase with the external

curve. (1.e•• if the peak externalradiatiou OCCU1CG about 2 p.m••

the peak internal temperature may not occur uutil some time later.)

~e inteaded use of the building (~~ltime only or tw~nty-four

hour use) should therefore be taken into consid~ration unen

designing the south wall.

Further control of heat transfe~ across the ~outh wall would

be effected by a system of adjustable shutters. (Fig. S) In the

eummer these can be used to parti~lly or totally block incoming

r<l:~ar racUa.tloIl; in the winter they can be opened {S':} that tbey

c 0 not block incoming solar radiation, but when it is cloudy and

lJt night they can be closed up to reduce losses of heat both by

long-wa~e radiation and by convection.

The north wall would be particularly well ins.u:tal:ed, while

th~ eaet and west walls are shaded and treated 80 being non

absorbing.

The ABC group believes these techniques to b2 economically

viable and hopes that it will be possible to teat them" in the

near future by applying thell to actual buUdfu,gs. Clearly, much

(,f the resulting information will be appl:1cnblc tC'J local problems.
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At lowor latitudes in winter £1. higher pl;cpori.:hlil of incident

eolat radiation falls ou a flat roof th~n in uortherly locations.

l1...u:old Hay baa built <me t'f the mooe :3uccea~ful B,~J.~r heated and

cooled hoUII~8 ut"..4r Phoenix, Arizona (approx1u:atC:2J.y l;he same..
latitude aa~lCab\Ll,J. and another ha9 recently been cC'mpleted in

I

"

California· at a latitude of 3S~ N. The concGpt employed i9 madu-

lat10n of heat flow through the roc)f.

The choice of mater:lals for l!c:hiev!.ng ~(Jntrol. over heatflo~

1s au unique as the concept itself. Hay describes his Phoenix

prototype himself:

nCorrugated metal sbeets form the:' ceiling supported between

upward extending roof-beam 8upportf1. Black plastic sheet above
",

. ,"

tb~ IDQtal sheets was crossed ove~ the: ·beams to wat~xproof the'·: :
~..." .' .

stxueture. . Six to saveu inches (15-18 em) of water in transpartn.lt"...
plastic bags was laid on the lieing between the be<1:ua.(Fig~ 6)

This amount of l~ter provided the heat capacity effect of a foot

(30 em) of concrete with a weight equivalent of a three ineh

(8 em) slab. Extruded aluminum trackways mounted atop the beams

permitted insulation panels to be alte.rnately positioned above

the ponds, or stacked two or three deep over a carport.

"Operating procedures for the Pboanix building expose the

ceiling ponds to solar radiation in winter. Heat convet:aloQ. takes

pla::e at the black liner under the l13ter and tetuls t.o heat the room i~

the. momings faster than it does the watcr.~ which may eventUaily

at:t::J.in a temperature of 8S· F (29.4° C) before the insulation 1s
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11.'Ovcd over the pond to prevent night-time h~:l.t loss to the sky.

DowuwaN rad:le.tlol1 from the ceil:log kept the room in the 66-73· 11'

(19-23- C) range when outside temperatures reachQd 1000 P (]8- C)

I.U'ld the Z4-how: average was 84- 'F (29- C). With l;14Alm.a of about

lOS- r .(42- c) and an average of 87· P (31- C). room temperaturea

between 77 and 82- , (2S-28- C) were obtained by flooding the

plastic-enclosed ponds with a thin layer of wa.ter. Night-time

eva.poration of 1'8 to 1/4 inch (.3 to .6 ell) of il,"u.ter cooled the

por4s below the m1n1mWll moruil:lg air tenperatu.re. 'fIle loss of only

1~37 gallons (5.5 litr~s) of water can produce the effect of a

ton of refrigerant • • • • the p~oblems of humidity restrict roof

pend cooling tnthout forc:ed eva.poration to dry. clear areas. In

thesEi arus DAtura! radiation ad evaporation can provide all the

(:ool1ng lIOst people feel comfortable with - ~·\...~n in the hottest

de3ertn- for winter heating the system is limited to sno~-£ree

regions with strong solar radiation.

"OperatiOD&l skUl for this natural air ccwil.:,:i{)u!ng 18

minimal. A rope 18 pulled an hour ~ft:er 8uo.risG i;il1d lltll hour

befo::e sunset. On cloudy winter eays there is encugh solar

• 0.1.

The oystem can be' . installed and ms:F.ntained bl.~n :.

radiation to heat the ponda 1f·~...~ak shadow can b~ pl"'oduce~r:by"
. i

one's hand.
"

illiterate parson properly tra:f.ned. During 3ura::ner the shaded'.

pl~8tic bags. do not deteriorfoc.;e. algl1e do not gt'm~') ,sma. mosquitoes

canaot brtled in the enclosed ponds."
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Ba7'~ use of cellular polyurut:hane patl~l!~) a material not

readUy availabl. 1D AfghaDistan for 1naulati_'.l should not be

resarde4 •• an obatacle to local application of the principles

des~rlbec1. A possible aub"tltute might be locnl1y-made

sandwiches of white-painted composition boa~d filled with dry

straw. These would then be compatible with common practice of

shoveling snow from roofs. and would overcome the \',limatic

lim1tation proposed by Hay. A less sophisticated system for

covering and uncovering the ceiliug ponds requiring some manual

labor could be easily devised, perhaps employing hinged panels

as used in the Baar house described ne~t. If roof ponds are found

to be impractical for Afghanistan, tha traditional adobe roof

could be ued, blackened by mixing crushed cha.rcoal with the top

layer of md. The rapid morning room-heating effect mentioned would

be saerSl'.ced" but over£11 results shcutd be similar if enough

thermal capacity exists.

9 * The Baer House (Ref. 13)

Steve Baer, architect and ecology activist, has constructed

a l10me near Albuquerque, i~ew l.f.exico heated by a 'H~1{'tical application

of Harold Hay's selective roof. TIle heat store ~cn8i8t8 of

racks of S5 gallon (200 liter) dX'UiDS filled with w&ter end stacked

vertically on south-facing wall sections behiud ~ single sheet

of gl~88. :iDvable exterior panel~ of st~ofoam insulation can be

raised or lowered to cove~ or expose the blac~-painted outside

enus of the ~r~. ~en heat i8 needed, the rane13 are lowerEd,
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solar radiation warms the drum- E.r d the waCtt.,: 5.~f1.:.d ~. The glaas

reduees external heat 108s by long-wavelength radiation and by

convection. and the bouse 1s heated by inward radiation and

convection fxom the warm barre1o. Wb.€:1'1 the sun goes down or

heavy cloud. como over. the p3ne1~ a~e raised to prevent heat

from being lost. but the barrels continJe to radiate inside.

Enough heat can be stored in one day to last through two days

of cloudy weather.
.: .1

10. Biosphere House (Ref. 14)

Day Chahroudi' s Biosphere concept applies ~~~.,.el·al of the

principles already described in an integration of & house, .green

house, solar heater, and a solar still. Although :tt has not beeD

proven to practice, it represents a possible demo~stratloD of

advancad ecological principles and could in addition encourage

the production of fresh vegetables during winter.

A areenhouse covered by an angled glass or plastic roof 1s

erected on the south side of a long, well-insulsted building.

(Fig. 7) The south wall of the building is the north wall of the

3C'&esJhouse and 1s conet:ructed as a h1gh-eapaci'ty heat store ..

Sola'!" radiation heats the wall and the. 9 soi.1 of the greenhouse.

At night t insulated panels are swung into place over the glaS8

or plastic to prevent heat loss. The wall radietas heat into the

living space and into the greenhouse and ducts allow circulation of

ai:c warmed by the soil and the wall from the greenhouse into the

living space.
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Pr••b drinldng w!\ter cond~Mes 012 the cold g.1a~s or plastic

and twu. down into collecting troughs. In summer the ahutters

"8 putly c108ecl during the day and opened to allow the wall and

soU to cool by radiating hut to the night sky.

11. St. George's School (Ref. 15)

Ala aQQ_ to St. George's School 1!l Wa1lasey, England was

built in 1961 for tIte use of 300 students. It was designed to gain.

directly, as much beat 8S possible froiD. sohr rndletioo. to be

sufficiently massive in construe~1on so thermal inertia would

preveot rapid or extreme fluctuations in internal. air. temperature,

and to be lnsulated so that internally trapped and stored heat

stays inside. III winter, solar radiation 1s the principal form of

heatillg. the only other sources being:. the oecupanta and the lighting..

It is situated at a latitude of 53· N, and in a harsh, windy,

cloudy climate. If it 18 poseible to use unassisted solar energy
. .

to heat a building in winter in that part of England. it sh~u1d be

possible to do 80 in most temperature climates.

The building ls a long, thin two story atructlJre running

east-west. (Fig. 8) The ground floor. iutermedi.atc floor and

roof are concrete slabs 4. 9, and 7 inches (10 0 23 and 18 em.)

thick. and the latter is insulated by a 5 inch layer of plastic

foam. the interoal walls and east and west walla are of 9-inch

b:r:tck. while the low north wall is of 9-inch b1:1ck with foam

lJ2sulac1oll.
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The aouth vall 1s 27 feet (8.6 met:el:s) hiR!\ by 23') feet (59 JIl.)

1onr. &ad cone1ats qostly of double Rlazin~ with a 24 inch (62 em)

aePLLrl1tlon between pan... !act} classroofal 1s provided ,nth tHO or

t~e. o!,enable windows, which are siDgle glazed •

.The purpo8e of the tall south wall end the north-sloping roof 1s

to permit the low winter sun to illuminate a maximum of floor and rear
. •... '. . . '., . I

wall area. Heat is stored by the massive floor slab and walls, so that

external temperature fluctuations are smoothed out and the inside is

aajqtalned about 20· C (36~ P) warmer than the outside air temperature

through night aDd day, sunny and cloudy weather. Floor-to-ceiling

t.emperat.ure differences. an important indicator of co~ort, are quite

~alL

The St. aeorge's School has demonstrated the possibilities of the

simpleet possible form of solar heating. ~mny Afghan houaes have a

"o:ulkhana" (flower room) warmed in the winter by sun. streamin~ in through

tall ,rl.ndm~s.' Clearly. double ~lazinp, is almost a neceuaity to ~educ:e

heat 10S8, 'and some kind of shading and ventilation would be required to

adapt such a bUilding for summertime use in-Afghanistan.



APPIU&lIX III

~~n:i~J~O];.~O_~~fe.!!_t!.n..ct£.l.!!!.l!t:.e C9..I1t:rol in Indigenous -':~l.'ci;~~tect~~

The thiek Tl1ud brick walls used in most build:tm~s in. A1:g:1anistan. ar~

not only functional in terms of prot~cting the lives a~d property of the

inhabitants, but algo reduce the unc~fortabla effects of harsh winter

and cumme~ elimates. l~en built to a thickness comulcneurate with high

strength, mud walls also afford a useful (but not ideal) cOlub1natlon of

iueulation aud beat storage properties. As used in tr~ditioual desi&ns,

th~v tend to tteduce outward heat flow du?:in~ cold perilJ·je vi!lile part of

the heat trapped in the south wall during the day slowly radiates into

the houGe at G{~ht. In the summer, thick east and west. walls tend to

r·!dt!ce t.he effect of peak morning and afternoon solar E'cHliation by

absorb1n~ its impact and then glowly relcasin~ tho "teat throughout the

day and evening. Hl~h cel1inqs and thick mud roofs also aid in couservine

heat in 1;o11nter and assist summer time ventilation.

The orientation of buildings and major apertux6S has been found to

follo~ a formula optimal for natural heating ~nd coolin.g. The long side

of rectan~lar buildings and the large majoritv of. w1nd.()I;ITU face in the

preferred south-to-southeast direction, maximizing sola~ heat flow into

the buiIding 1n tnnter but minim1zin$l it in summer by l:~r;p..ns of small

e~gt and. {"est wall areas. South-f8cin~ overhangs block the high EJummeL"

sun.

Till:, use of plate glass Is a relativel}' new innovat:ton and. perhaps

due to its higb cost in rural areas, a 'GGthod of making t:1.:!: light admitted

by a small pane equivalent to that of a l~.rp,ci: p:l.ece hr;.3 n"itolved. The

window opening inside the thick wall ia splayed outw«rd no that light is
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not blocked __ the SUD 1. bt~ or at an acute 4Dg1o to tho wall. 1'118

effectlve w1Dd?W area 18 increased, while heat losses are kept small.

for hot. arid area. 18 the south of Afghanistan, specialized styles

have evolved wbich keep daytime interior temperatures low during the

8UDller. A high, domed brick roof i. a prominent feature of the Kandahar

t'gumbazlU building. The dome may promote the circulation of cool air

from the floor and exterior courtyards, tmich are cooled by evaporation

of the water Ipr1nkled regularly throughout the day. Smallw1ndow8 in

the north and 801;lth walla can be opened to take advantage of cooling

breezes.

Flat-roofed buildings in hot areas can also be comfortable in summer

if the roofs are thick enough to delay the interior heating effect of the

noon sun until late afternoon. In the evening the population moves upl~ard

tn enjoy the coolness, and sleeps warmly on the roof l~h11e it and the

interior cool down until sunrise.

The dreadful prevailing summer "120-dayr, wiuds in the Herat region

ar~ harnessed by rooftop wind-towers, which create a partial vacuum

inside the building, sucking in cool, relatively dustless air from the

C(furtyard.

Clearly, Afghan builders have accepted the fact that the structure

by itself Is tDadequate to protect its inhabitants from temperature

extremes. If natural ventilation aDd evaporative cooling represent the

local form of low-energy supplemental cooling for hot climates, then the

ancient innovation known as the "toba-khana" or "takhta sang" must be

the local answer to low-energy supplemental winter heatingo This" system

:La also known ie modern China and I.orea. and Is reputed to be a highly.
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8':cnol111cal way of beatin~ 3n enclo8ed apace. Basicl\lJ:{ t the floor of

tbe ~11\ is 'heated by hot gases passing through l\D u!1del"ground netW'o}:'k

of channels which aerve 4S the flue of a small oven. iiar'll air and

f.·H.ant eraers, l'ise frOim the f1001'. producing a. pleaa~u;; \iQrJIl euv1ronmant

(especially for those sitting ou the floo~)~ vb11e the oven itself serv~s

in the kitchen or other room. A large pert of the heat normally dissipated

to the open air through the chimney is instead put to usc, and a relatively

small amount of fuel prov1dee even and lonK~la8t1ug heat ~n&ere 1t 1s most

want~,d. The oven 1s fired initially with dry brush for a large fire snd

quick heating. and tben fed slow-burnin~ fuel. often dung cakes.

lurther doe~entatioQ of these methods and the1~ periormance would

be desirable, but they have been described with such enthusiasm that. there

is little doubt of their effectiveness. Houses in Ghazni (one of the coldest

regions in Afghanistan) built according to these principl~a are reported

to remain comfortably warm all winter while consma1un small amounts of

fuel, and are said to be cool during the hot arid Sim~e:i: i?S well.

As elaborated in the text, many of these lndigenCDU'3 techniques
.

could be embodied in a new, optimized design. The resuJ. tal1t building

would then have the advantage of being familiar in ter.~g of construction

and operation.
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