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Summary: Eleven different methods of seolar heating are reviewed
with regard to their applicability to rural buildings such as
health center, subcenters, and primary schools. Indigeneous
methods of low-energy climate control are discussed. Con-
clusions reached suggast that traditional building styles embody
some important fundamentals, and could be modified according
to modern prinici.es to take advantage of solar radiation
for low-cost year-round comfort.
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ALTERJATIVE APPROACHES TO SOLAR HEAYING

OF RURAL BUILDINGS IN AFGHANISTAN

Pt e i o Ve, sttt s

Although Afghanistan may not have been affected as seriocusly ag
othar developing countries by the recent ‘energy crisis”, its initial
Losltion may hzve been worse than most. Energy resources such as gas
and coal are woderate in amount but mo real distribution system exists
for their epplicarion in rural areas. llydroelectric erergy sources
supply only two mzjor cities. Timber resources are probably being con-
vaorted fato firewood and charcoal faster than their current replacement
rate,

The market cost of imported petroleum fuels has 8o f£ar been held to
pre-197% levels by means of government cubsidies and concessionary ternms
from neighboring suppliers. Althougﬁ the possibility exists that these
favo. sble terms will be naintained, and/or grants received from retroleum-
exporting countries, it is to be expected that Afghanistan will be hurt
econcmically and development activity dependent on foreiga currency
resexver will be slowed. It is beyond the purposeg of this paper to
estimate the magnitude of the effect on foreign exchange of developing
supplementary local energy sources, but it {s reasonable to sugpest
that it would be positive in direction.

Looking at the need from the point of view of small, isolated
butldings in rural areas such as govercment schoolg and health centers,

the picblem of distribution is added onto that of coat. These combine



to make the problems of heating public buildings so great that the usual
respouse 18 to heat them inadequately or not at all. TInstead of paying
thuo cash price of delivering the fuel needed, the government pays the
cost in services not supplied or supplied with low efficiency due to an
unconfortabla working environment.

Excluding the possibility of an all-out petroleum windfall, it might
be economically beneficial for Afgharistan to invest in the development of
a technology fot”utilizing an abundanc and free resource, solar energy,
The Central Asian plateas is shown on world maps as an area of relativaly
high incidence of sunny winter days for its latitude, and measurements of
incident solar radiation made in Rabul (Reference 1) indicate that so'ar
energy is as abundent here in winter as in, say, the southwestern United
States. Several of the more promising experimenis in golar hezating have
been done in regions climatically similar to Afghanistan, and there is
reason to belleve that a techncle:y appropriate to conditions here can

be found to utilize this rasource.

Practical Approaches to Solar Heating

Beginniqg well before the present "energy crisis", far-sighted
architects and angineers have succeeded in applying theoretical principles
(briefly outlined in Appendix I) to practice for the solar heating and
co@liug of émall buildings. Recent events have pushed chese activities into
the limelight, and the non-technical press has given solar heating wmuch
publicity. One possible unfortunzte resule may be that 2 massive influx
of research funds will encourage development of systems %oo costly and
sophisticgted for developing nationé, at the expense cof the low-budget

R & D prevalent today.



All available publications have been culled for descriptions of
useful schemes for sclar heating of small buildings. The more complex
and costly approaches, or these requiring the use of exotic materials,
have been ignored in favor of a more careful examination of the simpler
and locally adaptable ones. Dr. Cornelius Zondag, who in 1974 visited
some golar energy research centers in the U.S. and Canada, and
‘ir. Robert ‘fac‘akin, have also provided information.

Eleven different experimental schemes, concepts or designs whicn
seemed to be representative of current developments are described in
Appendix II to this 1eport. All of the methods uszd seem to fall into
one of two general categories. The first, and perhaps better-known,
method involves the use of a flat-plate solar energy collector in which
the working fluid is heated. The heated fluid is then distributed to
other parts of the huilding for storage or for immediate heating., The
second =ategory takes advantage of both the temporal and spatial patterns
of the flow of energy and matter (usuallv air) through the outer walls
of the building, and the properties and conflguration of materials to
control these flows. This jargon conceals the fact that the latter

approach is often the simpler of the two, as will be Szen.

Rural Building Design Constraints

Although the functiomnal requirements may vary somewnat, a common
set of deairable characteristics exists for health centers, subcenters,
aind prirary schools in rural areas. The basic assumption of this
2:erciss L8 that tie buildings in cold areas should be comfertable in

vinter 1hile utilizing a winimum of fuel, and builldings in essentially



varm sreas should be comfortable yesxr round. The buildings should be
funccional, inexpensive, and should have a reasonably long life expectancy.

The remote location of many of these buildings i{mposes another set
of requirements. Vo source of slectric power can be assumed at the site,
either for use in construction or for actual use in the building. Several
proposed sites for health centers and a majority of sites for ‘subcenters
are distant from any rcads, forcing greater reliance on locally available
materials,

Since sunny days predominate during the winter in mcst parts of
Afghanistan the heat storage requirements of a solar heated building
could reasonsbly be reduced to a minimum, but during cloudy periods
supplementary heating would be required. If the means of providing
supplementary heat can be made economical and 1f building heat stﬁrage
is costly, this would seem to be a reasonable compromise, given the
low incidence and short duration of overcast periocds.

The exact heating and cooling requirements of a bullding are
determined largely by its occupancy pattern. A building which ig
occupied only during the daytime need not have a system for storiné
heat overnight provided it fs heated rapidly in the morning, whereas
overnight heat storage is higuly desirable in space used as living
quarters. .4 -

If thick walls are used as the storége.medium, however, duting‘ﬂot
sumger days these requirements conflict with the necessity of a long
thermal time-lag for spaces occupied by day and a ghor% lag in the |
aleeping spaces. In the former areas the peak heat of the day shOuld

not get transmitted to the working aspace uatil early cvening, while the



temperature of sleeping room walls ghould Le allowad to drop quickly
durine the cooler cvenings. (The resolu;ion of this problem involves
the application of Prof. Trombe's principle, described in tae next
gection).

Regional climatic differences are at least partly responsible for
the development over centuries of regional styles of architecture in
#fghanistan. (Appendix IIT) This varisnce in functional requirements
bag aleo wads 1t necessary to creata two differeant designs for government
Bagi~ Heslth Centers, for example, one for co}d reglons and cone for heot
raglons. Considering the marginal ability of the practical solar
heating/cooling schemes reviewed here to perform theilr asgigned tasks
even under optimum conditions, it is unreasonable to expect to find
a single scheme well-suited to .otu climatic extreamrs. A minimum of
two different approaches 1s probabiy needed, and the follswing evaluation
is made with this in mind.

Although transportation of glass to rural building sites presents
serious problems, the desirability of adequate window zvez in schools
and healzh centers cannot be overemphasizad. Hygiene and illumination
as well as winter heating are such important requiremenzg for these
buildings that the production and transportation problems ¢f glass must
be thoroughly examined if a satisfactory construction progran is

contemplated.



Gomparisaen of Eleven ‘Methods
I have attempted to evaluate all eleven schemes by applying
several criteria which are ralated to the applicability of the method
to heating (and cooling) small rural buildings such as health centers,
subcenters and schools in Afghanistan. It should be borne in mind that
this analysis was performed without the benefit of professional knowledge
of architecture and structural design, in the hope that the tentative
results might stiaulate further discussion and inquiry. Clearly, more
precise information is needed about the performance of thegse different
approachas and others, about local climatic conditions, and sbout local
construction material and manpower resources, before attempting any
experimental designs.
Se§eral of the schemes described can be eliminated from further

congideration by examining the limiting factors which affect their
applicability. The reader's attention is directed to the summarized
.evaluation in Table 1. If electric-ﬁower-is'assumed unavailable af the
sites of rural schools and health centers, the techniques used in the
Thomason Solar House, Sunstructures, and the Solterra Home must be
removed from further comsideration. Not coincidentally, these three
are also the most complex schemes and perhaps the most costly - and
represent the mainstresm approach solar heating research today in the
United States. For applications where electric power is available, the
Solterra method, although as yet untested, would seem to have several
importart advantages. Its initial cost may be competitive with other
central heating syastems, and is especially worthy of coasideration for:

urbae buildings requiring a higher initial investment thar gchools or
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health centers. The Suastructures approach is sulted ¢ adaptation tc
existing bulldings vith fuel-fired central heating plunts. The application
of this technlque at the Child ilealth Institute in Kabul has been suggested
as a pllot project (Ref. 6).

The Davis Home (Appendix II-5) is an ingenious atterpt to take
alvantage of the non-leaking and non-freezing properties of air by using
iz 28 a working fluid. At the same time the uge of pwips or fans to
tircuiate the air has been avoided by the use of natural convection; but
the apparent requirement that the building be elevated or built on a
south slope must be regarded as a serfous limitation.

The Jodhpur Solar room-heater (Appendix 1I-4) may repregent a
practical solution to the heating of well-insulated, existing buildings
having fairly emall individual roows. Whether or not 1ts characteriatically
slow worning heating poses a limitation depends on the occupancey pattera
of the building. The proslemu of water freeziang acd of limited heat
gccrage gshould be overcome by making the indcor atorage tank-cum-radiator
Figh in volume and draining at sundo.m only the smull amsunt of water
t :id in the collector. Although this method, already vniar development
¢ : USAID/A, could be used in new structures, 1t ie nov cv dent that

t would be the most appropriate, given its limitation =pd oiher
available options.

Having given low marks to the five approaches uging flat-plate
collectors, we must turm to the secend baslc scheme to F£iud a better
rmethod for the solar heating of new buildings. BErxovdrns:ion of the
surmsry compariscn chart shows that no single approsch is tha perfect

cne, but several are not far from the mark.



Mne sdvantage shared to a greater or lesser degree by the schemes
that uee the outer skin of‘thc building to coatrol the internal climate
is that the basic principles and forms involved are wull known and
found inm many types of indigenecus architecture. (Appendix III) Five
of them require southern exposure, implying either an oblong single-
storey or multi-storey layout to get a gufficient number of rooms. The
sixth method uses the roof to modulate heat flows, and may represent
the mogt radical departure from traditional construction even though
taough the building layout is the most flexible. The requirement of
a major southern exposure ig not as limiting as it may secm, and‘dOe;
not rule out a courtyard layout, for exémfié.

Trombe-Miche} (Appendix II-6) - The Trombe-Michel solar wall has
many of the &esired characteristics. Rapid morning heaticg ability tends
to offset limited heat storage capacity, but there is apparently room
for improvement there as well. The 35-cm. (l4-inch) thick wall, which
is egid to provide a circulation of warm aié until after midnight, is,
thin by Afghan standards. . - o

In summer it might aot be necessary to shade the wall. A coaé bf‘
whitewash (removable with water in the fall) over the glags would égffice
to reduce the sun's intensity but still maintain a thermo-—-circulation of
cool outside air through the buflding. .

The basic simplicity and efficiency of the Trombe-Michel schénc
1s offset by two disadvantagea. The fact that the ares occapled by the
solar wall 1s unavsilable for ordirary windows is s serious drawback
whera direct sunlight is needed for hygiene and fllemiracion. ﬁ'indows

could b2 added high on the south wall, resulting in a dual system of



solar hasting, or elsa on nther exposed wxils. The second and more
sarious problem s the nead for a double-glazed outer wall. Although
no mention is made in the refarence of the possibility of substituting
plastic fila for one or both layers of glass, this might te worthy of
investigation.

A word about plate glass is in order. Glass is fragile, difficult
to transport, but useful in solar heating systems because of its
radiation-selective properties. Every scheme described here with the
exception of the Solarchitecture House calls for glaass ia faitly lnrge
smounts. Plastic sheet is unbreakable but it is degraded by sunlight
and is not as efficient a3 glass, and since it is petroleum-based its
cost is rising faster than glass. Thicker sheets of glass are less
fragile but cost more to buy nd tramsport. Fortunately, the plate
glasé used need not be of high quality, and the ultimate solution
nmight be to stimulate a dom=atic window-glass industry (using solar
furnaces!) An interim solution might be to equlip a vehicle espgciall&
for transporting glass_to rural construction sites. N

ABC Group (Appendix 1I-7)

While the methods for controlling the flow of heat through a
wall guggestad by the ABC Group do not present a formuls for & solar
heated building, they are appealing because of the ease with which they
can be applied to conventional buildings. In winter, a south wail
rainted bléck and equipped with a system of whitewashed or reflective
shutters would act as an absorber andAatore~of heat during the day. At
night vhen the shutters are closed, most of the heat stored in the

vells would radiate inwardly, provided the shutters formed a tight
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<" 6sal to trap wsrm &ir aund act as a convection and radistioa barrier.
If a conventional or double-glazed windcw were built into part of the
wall, the room would receive direct solar radiatiou during the day but
the heat stored in the floor and iaternal walls would not b re~zadiated
cutward et night 1f the ghutters als. coverad the window.

In the summer, the shutiers could be ief: particily open to
edelt indireet light during the day aud silow heatad als to egcape
from the walls., At uight the shutters would be onened te allow che
wall to csol i:: radiation.

Solarchiiscture House (Apperdix 11-8)

This design gseems best svited to hot, grid goutherly regfor3 where
winter temperatur~s can also drop below a.qufortable level., 1If the
execution of the dzsign proves impracticalgfsr Afghaniatan becausé of
the rather unusual requirements of wnter-fiiled pizetic baga on the
roof, the concept can be easily employed iéfa sonevhat different form.
The traditional thick mud roof couldibe topued with black bicamen or
tar, anl a wooden "eggcrate" framework'buiit into It to provida dead
#1ir gpa:e under the removable cover. ThaAcéver could be the wood=piraw
sandwich supgested in Appendix II, or some kind of imprasnsied white
teat canvas which would be rolled up during the day in wirter. The
baagic principle would then be aimilar to the ABC appreacn, but the
taﬁid worning hesting at the black fiin intecface of the original -
design would be lost. This could be c#mpeaSaﬁed for in rocms with
4 scuthern exposure by conventional windews, whiabccouié te effectively

shaded from the high summoer sun by & small £iwed ros: arerhang.
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Sutmaer eooling results when the black roof {s uncoverad at night
oud lozes its heat to the sky. If water is available it can be sprinkled
on the roof at dusk, increasing cooling by evaporation.,

Basr House (Appendix 1I-9)

Basically a variation on the ABC theme, this scheme obtains a large
heat storage capacity by making a wall out of water, and can also be
regarded as a vertical application of the Solarchitecture prineiple.
Although the use of barrels seems impractical on a large scale in Afghanistan,
the large aeat capacity of water could ba utilized by £11liag the hollows
in concrete block walls with water-filled plastic tubes,

Biosphere House (Appendix II-10)

The application of the Bioaphere concept in full would seem at present
to be a rather ambitious endeavour for rural buildinga. Nevertheleas,
the basic zonfiguration of a slanted glass wall and thermail barrier
and an internal vertical south heat storage wall could add flexibility
to other designs. This layout has ia fact been used in snother of Baer's
houges, and 18 yet another variation om the ARC cerneept.

The specialized application of this'ar;angemant to & greenhouse could
have valusble demonstration potential at héalth centers and rural schools
in areas where fresh vegetables are umavailable ir winter. In coﬁbination
with a simple composting latrine, a complege water-consgerving, saanitary
ecological system could be demonstrated and the produce grown cJ:ia be
given to the sChool or health center staff. o

A ateeply inclired glass 6: plaatic cover in conjunction with a tall

bklack-susfaced wall would unite the two advantages of a large heat astorage
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area and fréedoa fton ahow overload. The nighttime cover could be made
from inexpensive local materials such as reed matting and felt, with a
renewable coat of whitewash to improve the reflectivity of the covering.
This might be especilally well suited to the south wall of sleeping rooms
of living quarters, especially if an cast window is available for early
moxning heating and 1llumination.

St. George's School (Appendix II-11)

The: vast double-glazod area of the south wall precludes the use of
this zpiocach in rural Afghanistan, but the principles demonstrated are
useful. Enough heat can be trapped and stored by massive interior wallg
and floors to maintain comfortable temperatures without supplemental
heating, even under rigorous winter conditions. At the movre south;rly
latitude of Afghanistan it would probably be necessary to make extensive
use of skylights because of the hiéh winter sun, but rhis in tura
produces the need for shading devices in the summer.

Indigeneous Architeeture (Appendix ITY

Many of the innovations proven over centuries of building im
Afghanistan ave based on sound principles and are relevant to lﬁwhenergy
climate control, and with some modification could be used 23 a basis for
i der’gns. Certainlv the proportioning and orientaticn of buildings
30 cne rezjor axis runs ENE-WSW optimizes both wintex heating 2nd summer
cooling.  Th1ck walls and roof are aléo désirable, but 5y themselves
are not an oﬁiimal arrangement for thermal control, -
| Prof. Trombe (Ref. 10) has expressed an {mportant principle of-
building fébric control as follows: "It is zbsolutely necessary to

avoid using the same mass both as a heat store and as a thermal barrier."
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All 3ix schemes in this category describzd here have rccognized this
requirement, and four have accomplished the separation of functions by
a eystem of movable shutters. When coverad the wall or mass is a

heat barrier, and when exposed it is a heat store.

In addition, the principle of adjusting the thickness of walls of
different exposures to provide different thermal lag pericds, as
described by Olgyay (Ref. 3) can be applied to provide balanced winter
lLeating and minimize summer exposure.

Traditional building materials are usually inexpensive and locally
availablé. Advanced techniques for adobe and compacted earth construction
have been developed under USAID auspices. Preservative treatments could
be added on-gite to inexpensive and useful local materials such as teéd
matting, felt, poplar pcles and dry brush, at far less expense than
importing structural elements and insulation. Stone walls have thermal
properties similar to concrete, and put money ihto the pockets of local
labore—s that would o. rwise go into the purchase and transportation of
cement. Far less water 1s alio consumed.

Inzorporaticn of traditional methods of gupplerentary heating and
:00ling which are energy-congerving also secms desivable. The 'tabakhzna”
5y§tem of underground radiant hca:ing widely used in mosques and
houses would also find application in schools, clinic walting roonﬁ,,
and staff itvins quarters. The use pf shadfug verandas and overhangs -
for summer protection from the high sun must be ratained, and of course
the surrounding greenery and strategic placenment cof decidusous treéﬁ-’ii
must be considered as an integral part of the bullding plan. Sciehgiﬁic

principles of vantilation and air circulation are readily applied to

e
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08t kinds of traditfonal buildings.

Recoumeudations

Beforo undertaking the design of a prototype solar heated rural
building, three preliminary steps appear necessarf. It would first be
necessary to have more information about some of the described schemes,
both in terms of their execution and performance. The need for economy
and simplicity would suggest that more should be known about the work
of_ghe ABC Group in France, and the encouraging results obtained with
the Erombe-xichel Solar Wall in the same country als: are worthy of
further inquiry. If a design for the hot region is contemplated, the
Solarchitectur9 Houses in Arizona and California would seem to contain
1dga; worth exploring. 1If there have been any practical developments
of'Chah;oudi'a Biosphere concept, it would he of value to know more
,;bout thenm, \

| The second steg would be to refine and adapt the msst applicable
approaches to the particular problem of r&ral buildings in Afghanigtan,
Enough engineering and architectural talent exists in Kabul to make a
good start oo this, and outside consultants could be brought in as
required. 1If there is some interest in thisg problem at Kabul University,
that might be the logical locus for such a group.

The {hird step would be to construct an experimental structure
in whick severai alternative or complementary approaches could 'be
evaluated over one year. The design might be an approximatiocn of a

multi-room school or health center, aud the separate rooms would be

heated and cooled by different methods. Information could then be
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obtaired under coutrolled conditiony on tempcraturas szcidaved, building
costs, maintenance costsg, and costs of supplementary heatiug. The
bast nmethod or methods could then ba selected. If the experimental
building were built in the in-between climate of Kabul, reasomably good
extrapolations could be made for both colder and warmer areas.

The experimental building might follow the plan layout shown in

Fig, 9. Room 1, having both south and west exposures would be used

for the Trombe-Michel golar wall. 1In room 2, a three-quarter version
of the solar wall would be constructed znd couventioral dcuble-glazed
windows installed in the upper part. Room 3 would be a demonstration of
the ABC Group shuttered heat-storage wall combined with 2 large single-
glazed window, which would also be shuttered. Room 4, with an additional
eastern exposure, would be used to test ﬁhéAeffectivemess of a plain
shuttered wall. |

Room 5 has a northeran and westexﬁ expésure and cculd be used:gbﬁA
evaluate both the heating and cooliqg effectiveness of the SOlarégitecture
roof-pond systam. Windows in the west wall would sinulate the hgéé’losd
of a square housé with east, south and west walls of norial thicknéés.
Room 6 could demonstrate a simplified acheme for a thermal—contrqi'roof
with an ordimary south window as deseribed earlier.

Attached to the south wall of room 7 is a Biosphere greemhouse.
This could be divided by an internal wall to test the relative eéfectiveuess
of plastic and glass or different covering materiale.

The experimentzl structure would also incorporate foatures that
are desirable in the future prototype building regardiess of the methods

specified for heating. The long axis would be oriented so it faces about
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17 degrees east of south according to Olgyay's primciples. A vestibule
and {aterunal circulation corridors would minimize heat loss through
opaned doors. Heat generated by the occupants and an east window exposure
would be adesquate for a vestibule-cum-waitineg room.

The year-round effect on internal temperatures of a light-colored
versus dark mud roof could be evaluated by dividing cne of the test
roons internally. The effectiveness of dark colored internal floors and
wzlls as heat absorbers could also be differeatially compared in room 6.

A supplemental heating scheme such as the “'tabakhana" could be
evaivated by building the system into several of the rooms and comparing
its performance with standard wood-burning stoves or kerosene heaters.
Each system would be used on alternate wip;er days and the room temperatures
obtained and the amount of fuel conﬁuméd ﬁo&ld be recorded. Variations

 in solar heating effacts would average out over the winter petiod ao.

reldiable gfficiency data would be obﬁéiﬁéﬁ riit would be ugeful to also

conducz this experiment in a convenflonal room guch as Room 8. Information

.-ﬂ’ 1 ‘-

gained from this experimental building ove jche course of a year- ehould

e 3o

be sufficient to proceed with the design.oi'a prototype rural buikdiny.:

In addition, experimentation wich methods suitable for use fn exiacing

buildings ahould be continued. The Jodhpur~U4AID golar roonm heaCer has B

to be useful and inexpensive "add-on—»apP¥9&ch. Three PrOtOL?PS'ﬁhaaesf‘
y - 0

,..‘.»

could poteatially arise from an experimancal pnase. a new design for'tural

build:lngs, an"add-on "technique for existing build..ngs, and a speciahzed

"add-on"unit for existing buildings with centra; heating systems..““>
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APPENDIX I

Principles of Solar Heating

Stndieg of the physiological basis of comfort have shown that the
achievemant of thermal equilibrium (constant normal body temperature)
with a minimun of thermoregulation (muscle respiration, shivering,
perspiring, etc.), usually corresponds to the senvery feeling of comfort.
Thermal equilibrium is achieved when the heat produced by the body's
metabolic processes 1s balanced by losses or gains of heat by radiative,
conductive-convective, and evaporative preeesses,  Radlation i3 believed
to account for 40-45%7 of body heat lose to (or gain frem) surroundings, snd
conduction-convection for 35-407 (Ref. 2). 1In practical terms, this
meang that the major factors in the comfor; of a buildiag are the temperatura
(and to 2 lesser extent tha velocity) of the ailr inside the building, and
the temperature of the interior building surfaces. Because of tpe extra-
srdiaarily.high enissivity of human*ékin;ii'gteat deal of heast maf ba -
logt Ly radigéiéﬁ'to surrounding solid objects whose temperatuie is loéer
. than tkat of the body.

Yost conveutional heating systems depend on the achicvement of
relatively high temperatures by operating fluids ¢o heat air by convection,
wvhich in turn warms the surrounding'aolid surfaces. Sevaral types of
low~temperature radiant heating are also in widesprezad use. They can be
generally described as requiring the conversion of euergy at high temperatures
(burning fuels or electrical resistance algmenﬁs) to lower temperatures
(hot water or air). The same can‘b; sald for solar heating. “Moat of the
sensiblz heat from the sun arrives on‘the carth's surface 1n the. form of

hort-vavelength infrared radiation produced by high temperatures onm the



sun'g surfaca. The interaction of this high-energy radiation with matter
results in its conversion to low-temperature heat. Solids, gases, or
liquids thus heated by the absorption of short-wavelength infrared
radiation then re-radiate long-wavelength infrared in the form of sensible
heat. Direct conversion can also occur at the skin-air boundary when
direct solar radfiation falls on the bodv surface, resulting in warming
of the body.

any common materfals have properties which make them useful in
gsolar heating systems. Ordinary window glass {s transparent to short-
wavelength infrared vadiation but is relatively opaque to long-wavelength
radiatfon. This means it can allow solar energy in to heat up a solid
or fluid mass, but will not allow the warm mass to lose heat by rapidly
re~-radiating it to colder objects. Certairn materials such as water,
concrete and damp soil have a high thermal capacity, and can be used to
gtore large quantities of heat in smail volumes. Other materials, notably
metals, are good conductors of heat and can transmit heat rapidly fron
- one Interface to another. Insulating materials such as stiil air, roeck
wool, polyurethane foam, asbestos, foamed concrete or dry sand can be
used to Llock the flow of heat where or when it 1g not desired. In
addition, the surface properties of any object drastically affeﬁt i1ts
ability.to absorb, radiate and reflect radiant energy. Dark and rough
surfaces are good absorbers of energy, and are also good radiators when
the object 1s hot. Light or shiny surfaces are good reflectors of radieant

energy, and are 8s a result poor abgorbers or radiatora.



A fundameatal property of all liquids i3 somerimes aspplied to the
problem solar heating end cooling. When a liquid turns into a gas by
evaporation, or a gas under pressure expands through 2 nozzle, heat is
absorbad by the substance from its surroundings. Tris propertf of heat
2bsoxption can be used to ccol buildings in hot climates, but itg
épplication generslly entalls some degree of complication of tha building.

Fluids (gases &nd liquids are pliysically both fluidy) sre lower in
deasicy when warm than wheq cold, m0 warm watay, for erampic, rises to
the top of a elosed tack and cold water settles 65 the btottom. This
density gradient can be used in certain circumstances to move the fluid
where desired without the use of prmps or :ans.

The condition of the sky 1s another impcrtant factor. Sclar radiation,
especlally the short infrared which produces heating, 13 reduced and
diffused on cloudy days, but can still be ugeful. A warm building lozes
far more heat emexgy by radiation to the sky on a clear night than on a
cloudy night, helping tc offset the’ 10W¢f gain of lisat during cleuoy apel?s.

Ferhaps the single most important factor acffecting yvar~“ouvd |
elinatic adgptation to the solar energy ‘ﬁpv“ is the orl:ntaticn gf the
vertical surfeces of a building. Olgyay (Ref 3) has found tha t at the
lazitude of Phoenix, Arizona, maximum radiation duving wister is reééi&ed
by a vertical surface oriented 32 degrees east of due souch, éhile waximum
summertima radiation 13 receivad 68 degrees west of dua scuth. He has
determined the optimum orientation for maximizing winter beatlag and

minimizing summer heating to be 25 degrees east of south. The latitude
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4 ?h0¢nlx'is ;ear to that of Kabul, and Wr. Albaert Szabe and his
erllasgues gt Kabul University have found that the predominant orientation
of iguses in four villages studied near KRabul ia in fact very close to
this theoretical optimum.

The tilt of the earth's axis results iu the seasonal change in the
sun's apparent dally course through the sky. Above €he Tropic of Capricorxa
the sun is low in winter, and most radiation f#l11s on soutn-facing vertical
surfaces. In the summer tha high suan falils mostly nn horizontal surfaces,
and south walls can be easilv‘shaded”fron its intensity. West walls remain

vulnerable to the low afteruoca summer sua.,
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i{i.e Thomason Sclar Home (Ref. 4)

Piftean years ago Dr. Hazxy L. Thomason, pateat attorney,
 bullt a solar lLizated house in a Washington D.C. subuzb, uging
a relatively simple, reliable, and inezpensive heat-collecting
and storage system he invented. %ihie house wartked, and a secoad
and third model were built. The third houge also proved succegsful

and has received substantial publicity. Last yveas his home-heating

<

coat until February 1 was only 315, in & pesice o rapidly rising
gas, fuel oil, snd eiectricity cests.

Y3t of the steeply-sloping ecuth roof iz ecvered with
blackened corrugated aluminum sheezz, and a2 emall triskle of
water runs down each ¢/ the val;aya{ The epace :he water travela
in 18 covered by a layer of g;ass vhich insulates 1t from cold
alr and redﬁces heat loss froa leug-wave infrared radiac;on;,
(This 1s the basic principle of the fiat—plate colloctor uged in
the USALD/A experimental model-and mo#ﬁ other dezizua), Axg¢tiér
collects th; solar-heated water that drips fuom th: lover anda_qf-
the ghannela and directs it to a largé bggement wzzer tank fhﬂﬁ-

13 surrounded by coarse crushed rock. After severzl sunny daya

of oﬁéfhtion, the tank and the crushed rock becosic hot, snd contair
eu@ugﬁ heat to keep the house warm for several sunlnes dayﬁ."ﬁhaa
the rooms need heat, a thermostat turps on a fan zhet blowe £he
hot air from the crushed rock into the rooms. At the ond of«thé‘
day, the pump that sends water from the tapk o Lhs mop of the

colleetor is turned off and all the uater en the voof vetuens to



the tank. Thus practicaliy uo hest 15 lowc {..a (.a¢ -ollector
&t wight aud there 18 no danger froum freezing tempecatures. An
officlent air-conditioulng s;ster has been designed into the
latest wmoedel, 3o during the wairm scasons scue solur =nergy 1s

utilized, reducing electricity consumption forr cooling.

Sunstructures (Ref. 3)

A small group of ecological cctivists in ¥Michican hizg modified
sevaral existing styructures for solar hweatiny, wizh "aoderate"
success to dste. The group, which sperares unior the corporxate
nane of "Sunstructures”, has used wascnti’lly the anrcoach
caployed by Thomason, but transfers the heat in solar-heated water
to heat air in an already-axisting hest-exchange system. This is
identical in principle to rhe systum propesed {R=f. 6) for the
Cnild Health Irgtitute in Kabul.

They alsc suggest simple techniques for achlaving low-energy
designs for small buildings, such ag the use of = vod Tcof, earth
mound Insulation of north walls, and wentliazion by nateral con-
vection.(Fig. 1) The major comiribniion of this yronp has been %o
show that existing houses cam be adapted te golor hoating by means
of flat-plate collectors. '"foderate” succsss dn Michigas can

probably be translated into a much higher level 1o suncler regilons.
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Ths Solterxa Home (Ref. 7)

Williem B. Edwondson of San Dlego, Californis has deseribed
an a8-yat unproven design for a low~cost solar-heated and cooled
home that can be built without a backup heating syscew and has
offered detailed plans for gale. Air, instsad of water, is
heated in a glass—-coverad flat plate solar collector which also
forms the south sidé of an otherwise normal-lovking sloped roof.
(Pig. 2) The heated air is ecirculaced throvgh a closed gystem
which includes a heat storaga bin coutzined fn the sormal basermens;
area of the hosue. Thermostatic controls dirzez the {low of warm
air from the collector into the etorage bin during the summer.

The bin cousists of thousanda of cubie feet of damp earth criss-
crossed with clay soil pipe, which feorms & high surfsce area heat
exchanger. The desiguer claims that some £wo meouths worth of heat
at 130 degrees F. can be stored for late fall snd carly winter
heating fn a bin of the size that could bs located under a typical
small house. Hot air produced during sununy winter doyas is eircu—
lated through the hougs, and any excess or deflcit for heating tha
house is added to or withdrawn from the storage bin. At night
all required heat 1s withdrawn from the biam.

Heat accumulated during the swmer can be uzed to operate an
absorption type air conditioner but requires the wsc of sone

fairly complex machinery.



Jodhpur Solar Buow- Heater (Ref. 8)

J.D. Gupts and R.K. Chopra of the Defence Laboratory,
Jodhper, India have developed a very simple storage heater
for use in high sltitude conditions (i.e. cold air but clear
skies). It consigis of a flat-plate collector through which warm
water moves by means of natural convection.(Pig. 3) Tt passes
through the outer wall to a tsll thin rectangular storage tank
on the inside of the wall. The back of the tank e carefully
insulated, and heat from the warn water radiates from the
front of the room. It was tested at an altitude of 3,500 meters
under sub-gero conditions. Anti-freeze was put inte the water.
It heated a liviecg room 3.75 m. by 2.40 m. by 2.40 w. (760 cubic
feet) ae satisfactorily as comparale rooms heated by electricity
or fuel,

This 1s similar to the system now being tested at USAID/A.
The dimensions of the solar collector used Ly Chopra and Gupta
were not given, but if the output of the USAID unit is about
4,000 BTU/hr. during wioter days (Ref. 8), a siagle unit might .

be sufficient for a room of this size.

The Davis Home, Albuquerque, New Mexico (Ref. 9)

- Although construction detailé wefe not given, thig ho;;;'is
heated by maturaliy-convected warm Qir from a large flat-pI;te
collector. The house itself 1t built on the south glope of a’
hill, so that the firat floor appears.to be elevated on posts.

A heat reservoir of crushed rock under the house stores heat
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from the collector. No information about ducte or controls
was given, but supplementary heat is needed during proloaged

cloudy veather. HNo pumps or fans are used.

fhe Trombe-Michel Solar Wall (Ref. 10)

Since 1956, the Solar Emergy Lzboratory of the CNRS (Prench
equivglent of our NSF has baen studying the applicacion of solar
energy to domegtic climate control. -The principles of this
method were developed by Prof. Trowbe (of solar—-furnace reknown
and director of the laboratory) and their application has involved
an architect, Jacques Michel. Michel has this toc say about
previous "solar houges®:

" The absence of success of previcusly constructed prototypes of
houses heated by 80?~r energy is a result of their tezhuical
complications. It ias for this reason that the designs we propose
are as simple as posgible. . . ."

The principlas upon thch the désign are basad are:

% the use of vertical south—faging walls aB collactors of solax
enexgy.

% the use of the greenhouse effect tQ-trap solar cuergy.

* the natural thermocirculation of air heated this way.

* the storage of heat using the high thermal capacity of concrete

or water.
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A prototype house built im tha Pyrcnece (lat. 42° 37')
applies these principles as follows. The south wall cousists
of a concraete slab which 13 structural as well as baing a heat
store, The outside surface of the wall is rough cast and 1s
painted black. The area of the wall intended to collect solar
encrgy is sheathed in an air space covered by glass, two layers
of glags being the economical bdreak-even point. (Fig. 4)

ghort-wave solar radiatiou penetrates the glass and isg
absorbad by the vall,which heats vp and emite long-waveleagth
infrared radiation. Tuis radiatfon does not pecetrate the
first sheet of glass eacountered, but is absorbed by it and heats
it, so that it in turn emits radiation. About half of this is
directed exterrally and half internally. The second sheet is
placed to further intercept the externally directed componeat,
go only about one quarter of thé loﬁg—Wave radiation finallj’~z
reaches the outside. Three-quarters stays inside and heats éhe qir
between the panes of glass and the wall, as well as heating the
glass and the walls themselvas. '

fha heated air expands, becomes less desse and rises. -If
there are ducts at the top and bottém of the e¢ollecting areas
connecting the heated air mass in theAcollector to the cooler.
air mass inside the building, the heated air wiil naturally
flow out of the top and cooler air will flow in at the bottom -
establighing & circulation of air throughout the huilding. If
the thermal capecity of the collactor wall is sufficient it will

continue to reradiate heat for most or all the night. RExperience
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with the prototype housag in tho Pyranags shows thot for a
toncrets wall 35 cam, thick gbout half the heat abzorbed by the
wall 19 grored by it and is sufficfaont to maintein & warn air
current until the early hours of the worning.

During the summer the pattern of air flow can be modified
to cool the house by sucking air thzough it. The collector acts
as a thermal chimney -and a2ir from ducts in the shzded north wall :
13 aucked 4in. (Even with uo roof ovethang, during the suumer -
wonths, a gouth wall at the latituda oi Kabul vacaives only 3.
fraction of the arount of radiation zeveived durlog the winter.L )
Flom the beginning of August until Phe onget of cool weathar. i::-
might bhowever be necasgary to provide soma sheding of the aout:h
and west walls.) ? | : |

Michel indicates that for a @elljinsulated building, one -
gquare neter of glazed wall can heat ten cubic meters of interiot
space. The two prototype houses in the Pyrenees were able to
gain two-thirds to three-quarters of the energy required for
vinter heating (while external air temperatures fyecounntly fall

below zero Centigrade).

Tte ABC Group Approach (Ref. 11)

ABC, a multidisciplinary group based in Margeilles, Ff;gce,
heva been'working on the climatoloéicgl adaptation of éxisciggw‘
buildings, paying particular attention L0 solar radianion, Their

project 1s in no way attempting to build a 'sclar house® s WOT

to develop costly add-on devices, but rather to dzvelep low-cosgs



houeing, "paying great attention to aeconoaic constraints and

existing social realitieg." The group summarizes 1its aims as

follows:

* to concentrate on modular housing adapted to (Mediterranean)
climatic conditions.

® to ensaure that this adaptation improves comfort conditions and
does not involve any additions to the cost of construction.

% to ensure a noticeable veduction in vunning costs and 1in energy
expenditure by lacreasing the solar heat gain.

Their approach has been to select maﬁerials according to their

radiant and thermal propexties from ffeely available existing

materials. The basis of their eystem is, as is that of Trombe

and Michel, structural. They use the thermal properties of :he '

sou:h‘wall to absorb, store, and transmit heat in both direccione

(i.e., from the outside inwards when heating 1s required, and ffom

the inside outwards when cooling is required) They have choaen

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

glass cover heating up a column of air. One of the group, ¥, M, Lamﬁs,

has mzde extensive studies of heat transfer across walls in

fluctuating climatic conditions. His approach has. been to examine

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

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

clogely related to thickness and conductance) the smaller the

variations in the internal temperature curve over a tventy-four

hour period, and the more comfortable the internal climate is

likely to be, relative to the external climate, This principle



is not unknown in Afghanistan; thick mud walls aving a high
thermal capacity contribute much to the year-round cownfort of buildings.

Cania also observed that a high capacity wall which reduces
the pesk amplitude of the internal temperature curve will also
put the internal curve very much out of phase with the external
curve. (1i.e., if the peak external radiatiou occurs about 2 p-m.,
the peak internal temperzture may not occur until some time later.)
The intended use of the building {daytize only or twenty-four
hour use) should therefore be taken into consideration vhen
designing the south wall.

Purther control of heat transferx across the south wall would
be effected by a system of adjustable shutters. (Fig. 5) 1In the
eummer these can be used to partially or totally block incoming
t3lar radiation; fn the winter they can be opened &5 that they
« > not block incoming solar radiation, but when it is cloudy and
4t night they can be closed up to reduce loeses of heat both by
long-wawe radiation and by convection.

The north wall would be particuelarly well inguiated, while
the east and west walle are shaded snd treated ag being non-
absorbing.

The ABC group believes thege techniques to be economically
viable and hopes that it will be possible to test them in tﬁe
near future by applying them to actual buildizgs. Clearly, much

~f the resulting information will be applicable o laeal problems.
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The !bocnix and Atascadezo Solarchitecture tHousce Faf. 12)

At ;ower latitudes in wiater & higher prcporiiva of incideat
golay rédiation falls on a flat roof than 4n aortierly locations.
Harold Hay bae built ove of the muut sudcessful solar heated and
cooled houabs near Phoeniz, Arizona (approxircately rhe same
latitude astKabul). and another has recently been completed in
Califorgia at a latitude of 35“ N. The concept employed 1srmodu—
lation of heat flow through the »cof, |

The choice of materials for vchluv*ug control over heat'flqw
is as unique as the concept itself. Hay describes his Phoeéix )
prototype himself:

QCorrugated metzl sheets form the ceiling supported between
upward extending roof-beam aupports. Black plagtic sheet above
the matal sheets was crossed over tha beams to waterproof the'A.
sLxueture. S* to saever inchms (15—18 cm) of water in transp;fant
plagstic bags was laid on the lining between the beans. (Fig. 6)
This emount of wmter provided the heat capacity effect of a foot
(30 cm) of concreta with a weight aquivelent of & three 1Q§h
(8 cn) slab., Extruded aluminum trackways mounted atep the beams
permitted insulation panels to.be alternately positiocned aboﬁe
the ponds, or stacked two or three deep over a carport.

"Operating procedures for the Phoanix building 2xpose the
ceiling ponds to solar radiation in Qinter. Heat convepai;h tékes
plaze at the black liner under the water and teuds to heat ﬁhe room iv
the mﬁrnings faster than it does the water, which may eventh&ll}

attain a temperature of 85° F (29.4° C) before the insulation is
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zoved over the pond to prevent night-time he:t loss to the sky.
Dowaward radietion from the ceiling kept the room in the 66-73° ¢
(19-23° ¢) range whan outside temperatures reached 100° P (38° C)
end the 24-hour average was 84° P (29° C). Wirh naxiwa of about
108° ¥ (42° C) and an average of 87° ¥ (31° C), room temperatures
betwaen~77 and 82° F (25~28° C) were obtained by £looding the
plastic-enclosed ponds with a thin layer of water. Night-tiue
evaporation of 1/8 to 1/4 inch (.3 to .6 ci) of wster cooled the
prornds below the minimum morning air tenperature. ‘ihie losa of only
1.37 gallons (5.5 iitres) of water czn produce the effect of 2
ton of refrigerant . . . . the probleme of humidity restrict roof
pond cooling without forced evaporation to dry, clesr areas., In
these areag natural radiation and evapcratioa can provide all the
cooling most people feel comfortable with - cven in the hottest
desertn~ for wintaer heating the system is limitsd t» snow~-frec
regions with strong solar radiation.

"Operational skill for this natutal air ccndlzioning is
minimal. A rope is pulled an hogr gfter sunrisc sad an haar
before sunset. On cloudy wintet.aayé.rhere is encugh solar-
radiation to heat the ponds if a aeuk shadow can ba p*oduﬂed by

L

one's hand. The system can be 1nsta11ed and msintaiped by sn

[ e
illiterate parson properly trainad. During summer the shaded
plzatic bags. do not deterior:ce, algae do not prow, =nd mosquitoéé

carnot breed ia the eaclosed poude."



Hsy's use of cellular polyurethane panuls, 2 material not
readily available in Afghanistan for ineulat:i.. should unot be
regarded as an obatac;e to local application of the principles
desefibod. A poasible subatitute might be locally-made
sandwiches of white-painted composition boavd filled with dry
straw. These would then be compatible with common practice of
shoveling snow from roofs, and would overcome the climatic
lin{tation proposed by Hay. A less sophisticated system for
covering and uncovering the ceiling ponds requiring some manual
labor could be easily devised, perhaps employing hinged panels
as used in the Baer house described next. If rcof ponds are found
to be impractical for Afghanistan, tha traditicnal adebe roof
could be used, blackened by mixing crushed charcoal with the top
layer of mud. The rapid morning room-heating effect mentioned would
be sacriffced. but overcll results shculd be similar 1if enough

thermal capacity exists.

The Baer House (Ref. 13)

Steve Baer, architect and ecology activist, has coustructed
a home near Albuquerque, iNew Mh#ico heated by a vertical application
of Harold Hay's selective roof. The heat store consists of
racks of 55 gallon (200 liter) drums f£illed with water eud stacked
vertically on south-facing wall sections behind z single sheet
of glass. ovable exterior pamels of styrofoam insulation can be
ralsed or lowered to cover or expose the black-painted outside

ends of the dxrumg., When heat is needed, the panels are lowered,
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solar radiation warms the drume &:d the wate: fusids. The glacs
reduces external heat loss by long-wavelength radiation and by
convection, and the house is heeted by fnward radiatior and
coavection from the warm barrals. Wkea the sun goes down or
heavy clouds come over, the panela are raised to prevent heat
from being lost, but the barrels continie to radiate 1nside.
Enough heat can be stored in oneéday‘po last through two déys

of cloudy weather.

Biosphere ﬁouae'(Raf. 14) |
snay Chahroudi's Biosphere.concepé'applies saveral of the
principles already described in an {ntegration of a house,:green—
hceuse, sblar heater, and a solar still., Although it has not been
proven in practice, it represents a possible demonstration of
advanced ecological principles and could in addition encourage
the producticn of fresh vegetables during wintcer.
A greenhouse covered by an angled glass or plastic roof is
erected on the south side of a long, well-insulsted building.
(Fig. 7) The south wall of the bullding 13 the north wall of the
gesenhouse and 18 congtructed as a high-cepacity neat store.
Solar radiation heats the wall and the . » soil of the greenhousge.
At night, insulated panels are swung into place over the glass
or plastic to prevent heat loss. The wall radiztes heat into the
1living space and intc the greenhouse and ducts allow circulation of
alc warmed by the soil and the wall from the greeulicuse into the

living sgpace.
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Fresh drinking water condanses op the ¢old glass or plastic
and trickles dowm into collecting troughs. In summer the shutters
s&xe partly closed during the day and opened to allow the wall and

scil to cool by radiating heat to the night sky.

St. George's School (Ref. 15)

An annex to St. George's School i\ Wallasey, England was
built in 1961 for the use of 300 gtudents. It was designed to gain,
directly, as much heat ag possible from soler radiction, to be
gufficiently massive in construction so thermal inertia would
prevent rapid or extreme fluctuations in internal air temperature,
and to be insulated so that internally trapped and stored heat
stays inside. In winter, solar radiation 1s the principal form of
heating, the only other sources beiﬁg;the occupants and the lighting.
It 1s situated at a latitude of 53° N, and in a hsrsh, windy,
cloudy climate. If it 18 posscible to use unassisted solar energy
to heat a building in winter in that part of England, it sﬁgqld be
pogsible to do so in most temperature climates. -

The building is a long, thin two story structure running
east-west. (Fig. 8) The ground floor, intermediats floor and
roof are concrete slabs 4, 9, and 7 inches (10, 23 and 18 cm.)
thick, and the latter is insulated by a 5 inch layer of pléstic
foem. The internal walls and east and west walle are of 9-inch
brick, while the low north wall is of 9-inch brick with foam

insulation.
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The south wall i3 27 feet (8.6 merevs) high by 239 feet (59 m,)
lons, and consists mostly of double glazing with a 24 inch (62 em)
separation between panes. REach classroom ig provided with two or
thrae onenable windows, which are single glazed,

Ihe purpose of the tall south wall znd the north-sloping roof is
to p;:mit qbg,;év;yincet sun to illuminate a maximum of floor and rear
wall area. Heat is stored by the massive flcor slab and walls, so that
external temperature fluctuations are smoothed out and the {nside is
majntained about 20° C (36° F) warwer than the outside air temperature
fhrough night and day, sunny and cloudy weather. Floor-to-ceiling
temperatiure differences, an important indicator of coufort, are quite
small,

The St. George's School has demonstrated the pessibilities of the
simplest possible form of solar heating. Many Afghan houses have a
"gulkhana" (flower room) warmed in the winter by sun streaming in through
tall wvindows.” Clearly, double glazing 1s almost a necesaity to reduce
heat loss,'add sbme kiud of shading and ventilatien weuld be required to

adapt such a building for summertime use in Afghznistan.
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§9mq;;mgggqggggg}on_ggg“gkiggpe Control in Indigenous Architecturz

sremnadie.

The thiek mud brick walls used {n most buildines in #Afghanistan are
not oaly fun;cional in terms of protecting the lives and pzoperty of the
inhabitants, but alsé reduce the wncomfortable cffecis of harsh winter
and rummeyr climates. When built to a thickness comnengurate with high
strength, mud walls also afford a useful (but not ideal) combinaticn of
insulstion and heat storage properties. As used in traditional designz,
they tend to veduce outward heat flov during cold periods while part of
the heat trapped in the south wall during the day slowly radiates into
the house at night. In the summer, thick eaet and west walis tend to
reduce the effeet of peak morning and afternson solar radiation by
absorbing 1ts dmpact and then slowly relcasine the heat throughout the
day and evening. MHigh ceilings and thick mud roofs slso aid in consexving
heat in winter and assist summer time ventilation.

The orlentation of buildings and major apertures Laz been found to
follow a formula optimél for naturzl heating 2nd coollngz. The long side
of rectazngular buildings and the large majority of windows face in the
preferxed south-to-southeast direction, waximizing solar heat flow into
the building in winter but minimizing 1t in summer by wzans of small
ezst and west wall areas. South-facing overhangs block the high summer
sun,

The use of plate glass 1s a relatively new innovaticn and, perhapa
due to its high cost in Tural areas, a uwcthod of making the ligh:,ad§itted
by a small pene equivalent to that of a larger plece has svolved. Tha

window opening inside the thick wall is splayed outward so that light is



not blocked when the sun is high or at an acute angle to the wall. The
effective window area is increased, while heat losses are kept small.

For hot, arid areas in the south of Afghanistan, specialized styles
have zvolved which keep daytime interior temperatures low during the
summer. A high, domed brick roof 1s a prominent feature of the Kandahar
"gumbazi" building. The dome may promote the circulaticn of cool air
from the floor and exterior courtyards, which are cooled by evaporatign
of the water gprinkled regularly throughout the day. Small windows 4n
the nerth aad south walls can be opened ro 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
neon sun until late afternoon. In the evening the population moves upward
ts enjoy the coolness, and sleaps warmly on the roof while it and the
interior cool down until sunrise.

The dreadful prevailing summer "lzo-ﬁay" winde in the Herat region
are harnessed by rooftop wind-towers, which create a partial vacuum
inside the building, sucking in cool, relatively dustless air from the
courtyard.

Clearly, Afghan builders have accepted the fact thzt the structure
by itself 1s inadequate to protect its inhabitants from temperature
extremes. If natural ventilation and evaporative coocling represent the
local form of low-energy supplemental cooling for hot climates, thea the
ancient innovation known as the "toba-khana" or "takhta sang” must be

the local angwer to low-energy supplamental winter heating. This systen

is also knowm ir modern Chine and Korea, aqﬂ i3 reputed to be a highly



economicsl way of heating an enclosed space. Bagically, the floof of
the room 18 heated by hot gases passing through an uvnderground network °
of channels which serve as tha flue of a small cven. Waza air and
railant energy rise from the floor, preducing e pleasan: varm eavironment
(especially for those sitting oa the floor), vhilea the cvean itself serves
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 use, and a relatively
small amount of fuel provides even and long-lasticg heat where it 1s most
wantcd. The oven is fired initially with dry brush for a large fire and
quick heating, and then fed slow-burning fuel, often dung cakes.

Further documentation of these methods and their periormance would
be desirable, but they have been deseribed with such enthusiasm that there
is little doubt of their effectivaness. Houses in Chazal (cne of the coldest
regions in Afghanistan) built according to these principles are reported
to remain comfortably warm all winter while consuuiop small amounts of |
fuel, and are said to be cool during the hot arid sumzier as well.

As elaborated in the text, many of these indigencous techniques
could be embodied in a pew, optimized design. The rescltart building
would then have the advantage of being famfllar in terms of construction

and operation.
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