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THE SOLAR I7

ZHESLS ABSINACE

THE RISING COSTS OF EWERGY CONSUMPLIUN, THE
KECOGNITION OF THE ENVIRONMENTAL IMPACTS ASSCCIAZED W1TH
CURRENT METHODS OF ENERGY GENERAZION = COAL AND PETROLEUM
PRODUCTS - COUPLED WITH THE INABILITY OF THE NATIONAL
BLECTRIC POWER AUTHORITY TO EFFECTIVELY MEED THE DEMANDS
OF THE NATIONAL ENERGY NESDS HAS LED 10 A SEARCH FOR
DIFFERENT APPROACHES TO NATIONAL AND WORLD LNERGY
PRODUCTION,

THE USE OF SOLAR ENERGY I8 ONE SUCH AFPROACH AND
THIS THESIS SEEKS TO EXPIORE THIS POSSIBILITY, ™WIS THESIS
IS ALSO AN ATTENMPT AT QREATING A COMMUNITY ALMOST RURAL IN
NATURE BUT SITED IN THE CITY WITH ALL THE RESIDENCES,
COMMBERCIAL CANTRES, FOUTPATHS, OPEN SPACAS AND POUNDALNS
BTC, THAT ONBE FINDS IN A HIGHLY URBANISED CO/MUNITY ALL
LOCATED,Of ONE SITE,

THE SOLAR HABITAT, THE AUTONOMOUS HABITAT,

THIS THESIS SEEKS SECONDARILY T0 EXPLORE THE
POSSIBILITY QF USING HUMAN AND ANIMAL WASTES FOR THE
GENERATION OF METHANE GAS FOR THE HOME.

THE FROPOSAL IS T0 ACCOMMODATE %15 FAMILIES BETWEEN

THE, MIDDLE AND THE INCOME GROUPS WITH THE HOUSES VARYING
IN SIZE FROM A ONE-BEDROOM DWELLING TO A 5 BED7ROOM HOUSE.
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THE ESTIMATED POPULATION OF THE COMMUNITY IS 2,000.
PINALLY, THOUGH THE THESIS IS SITED IN A cITY, IT IS

INTENDED AS A LESSON 70 THE AUTHORITIES THAT OUR RURAL

ARBAS HAVE A HOPE IN THE PROLIFERATION OF SOLAR TECHNOLOGY.

AND IF WE, ARCHITECTS, ARB T0 TAKE SOLAR ENERGY SERIOUSLY,

THEN WB WILL HAVE 70 FIND SOLUTIONS IN WHICH THE

BQUIPMENT BBOOMES AN INTEGRAL PART OF THE BUILDING,
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GLO SSARY

ABSORPTANCE « A yatio of the radiation abesorbed by
a surface to the rediation incident on thet surface,

ABSORPIION - TYPE COOLING SYSIEM - A system in
which cooling is produced by the evaporation of water
into & near-vacuum, the vacuum being maintained by
abgorption of the resulting water vapour by & liquid
soiution that contains much lithium bromide or other
material with strong afinity for water. Solar energy
can be used to recondition, or rejuvenate, the solution
by heating it so hot that the water is driven off.

AMBIZENT TEMPERATURE - The tempereture of the

outeside air cr air surrounding a space or building,

BEAD WALL « A transparent or translucent window
employing two glazing sheete a few centimetres apart,
thie epace being filled, on cold nighte, with tiny,
insulating beads of polystyrene foasm.

During the day the beads are stored elsewhere and
solar rediation is free to pass through the window,

BIO~CONVERSION - Conversion of solar energy to
fuel by the natural procese of photosyntheeis,

BIOFUELS - Renewable fuels end energy sources
derived from organic muteriel,

COLLLCIOR 111D « The angle at which a solar
ecllector is inclined with respect to & horizontal plane,
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CONCENTRATORS - A device used to intensify the
polar radiation striking a suriace,

COULING FOND = A body of water which dissipates heat
by evaporation, convection, and radiation.

KUTECTIC 3AIY = A comdbination of two (or more)
mutually soluble materisls, requiring a large amount of
heat to melt or an equally large amount of heat to solidify,
which melts at constant temperature and with constant
composition. The phase change temperature is the lowest
achieveble with these materials,

GHOTHERMAL -« Heat energy contained in large
underground reservoire of steam, and hot water, produced
by molten mmterial from the earth's interior.

HEAT BXCHANGER « A device used to transfer heat
from one temperature level to another,

PASSIVE SCLAR COOLING SYSTEM - If a solar cooling
system does not employ machines for circulating liguid
through pipes, or air through ducts, the system is said to
be passive, lote that the system mmy, nevertheless, make
use of shuttere, dampers, vanes, or curtains that are
operated at the ctart and finish of the day and may employ
fans %o help circulate air in en irformal menner, A
syoten that conteins nec mecheniecal wmoving parts whatsoever
might be called an ultrapassive syetem; very few solar
cooling oystems conform to this definition,



PLENUM « A compartment for the passage and distribution
of air,

SELBCTIVE OURFACE - Pertaining to solar collectors,
the surface produced by the application of & coating to an
absorber plate, with spectral selective properties, which
maxiudizes the absorption of incoming solar radiation
(03 %0 3.0 micxcn roange) and ewite much less radiation
(3.0 t0 30.0 wicron range) than an crdinery black surface
at this same temperature.

SKYSHAPT « A multie-charbered plexiglaes device which
penetrates o roof used to provide naturel illuminaticn
with a minimun of heat loss or gain,

SULLR Chll- AlB0, photovoltaic cell, A device
employing crystals (silicon for exauple) which when
exposed to solar radiation, generates an electric current.

SOLAR COOKER « A device for cooking which uses the
Sun &g an energy source,

SOLAR POWER FARM « An installation for generating
electricity on 2 large scale using ecolar energy, consisting
of an arrey of solar collectors,

SUN TRACKING = The ability to follow the apparent
motion of the sum acroess the aky,

THERMO-SYPHON - The hydraulic system in vhich 2
fluid ecirculation 1e& caused by temperature (thus density)
differencee in the fluid,



VAPOUR BARRIER - A component of construction
which is impervious to the flow of moisture, used to

prevent molsture travel to 2 point where it may condense,

WIND MACHINE - Any one of 2 number of devices
used to convert the kinetic energy of wind to another
form of energy for useful purposes.
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THE HOUSS

SOLAR ARCHIT2CTURE
ARCHITECTURAL BlGNIFICANCE
THE SUN .46

(a) The source

(b) Derivatives

(e) Collecting the Energy.
FLAT PLATE SOLAR COLLRCTOR
'EVACUATED TUBE COLLECTOR
PARABOLIC COLLECTORS
PHOTOVOLTAIC COLLECTOR SYSTEM

" Emergy problen cerries within itsels its own

solution, a solution to be reached only by the

intense inner coneentraticn of a devotion to truth,”
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CHAPTER ONE

WHEN THE WORD 'HOUSE' 13 MENTIONED, it means
so many different thinge to different people. One
perscn sees it on a dirt track in the village;
another sees it on an open road in a sub-urban
setting; one thinks of a farm; another of a cave
dwelling while yet another thinks of a flat ox
a flat-let in noisy urban centre., Vvhat do they
all have in common? It is the ability to protect
the occupant from harsh weather, Like the shell
of a tortoise, a house is basically a shell; but
unlike the shell of a tortoise or a snail, the
'house' is supposed to contribute to the daily
needs of the occupants, +ouse is culture and
culture is archetypal; it grows from deep within
you, embodies long-lived feelings towards
shelter, family, community and self,

SBOLAR ARCHITECTURE.

The Almighty Creator has given us the ever-glorious
sun, the sustainer of life on this universe, but

of what use 18 the sun to us if we do not use

the great tool-brain - given us to change this

"shell" to a "house".
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I seek a superior sense of use and a finer
gense of coufort, expressed in solar eimplicity.
This implies sclar architecture. what is that solar
architecture, any way? As Frank Lloyd Wright said:
"yhen we endeavour to make for ourselves an atmosphere
in which to live and work according to our own faith
and feeling for nature, we are performing a genuine
service not only to our time, but especially to the
future", OSolar architecture is that expression of
feelings and it is the scientific art of making solar
energy express ideas, It is a triumph of human
imagination over the harsh weather,

ABCEITECIVRAL USICNIGICANCE

The significance of this THESIS are:

To enhance awareness of the magnitude of national
energy and resource enigma in the design profession,

To reseaych intc the deeign tools ond other
architectural technologies of active, passive and
hybrid solar systems,

To study building deeign in relation to climate ,
energy and resource conservation and altermative
energy sources,

To illustrate applications of energy and
environmental education through ecase studies,

To stimulate awareness of the benefits of gas
production through Bicconversion,
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TEE SUNOI..

(a) ZHE JOVLSS

The sun is the star around which the earth
resolves and it is our planet's major source of
heat and light,

It is in fact, the ultinmate source of nearly
all energy utilized by this civilization in the
forn of water power, fuels and wind, Only atomic
energy, radioactivity and the lunar tides are
examples of non=golar energy. Our ultimate aim,
however is to 'capture' the infinite energy
sources offered to us directly by the sun.... and
infinite it isli

This potent star is firmly ensconced some
150 willion kilometers from the earth, it's position
changing by the season, day and hour in relation to
our planet, &arth receives about one-half of one-
billionth of the totz)l energy output of.the sun,
This tiny fraction of this gaseous orb's output
represents some 745 million billion kilBowatt
hours annually on earth and the natural life of
our planet uses only a minute portion of that
enexrgy . Mankind on this earth uses considerably
more, and that usage is increasing exponentially
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The sun retains 35¢ of its energy in a self-regenarating
process. Of that energy directed toward the earth, 50%

is reflected by the atmosphere Lefore reeching the surface,
159% 4s reflected by that swrface, 5.7 is cbsorbed by bare
80i) snd the remaining 29.7 i1z abeorbzd by the
hydrosphere to ralse woter tempertture 2nd evaporate

wvater, and 15 mbeorted by land and marine vegetation(fige1).
THE SUN... (b) DERIVATIVES
¥ost of the energy on earth, as has been noted, comes or

has come indirectly from the sun, The direct solsr
energy which strikes this planet (inecident solar
radiation has evolved the term ‘'insolation') provides
and sustaine the biosphere in which we live. The
radiation from the sun heats our atmosphere and causes
air movement or wind., (fig.2) It also heats the oceans
and water reservoirs of the earth, and in combination
with wind creates weather and sustains the continued
vater cycle of the planet. The sun provides the energy
for plant metelolic activitiea. Energy is stored by
them in the form of carbohydrates, wood, or as fossil
fuels., Foessil fuels are created with emergy stored by
the forces of heat and precsure acting upon decaying
plant material over millions of years.

(e) SOLLECTING TH: SNERGX
A solar collector is a device used to absorbd
heat which comes from the sun in the form of
radiation, and trensfers it to a circulating fluid
(air or liquid).



FIG. 2

THE SUN
— SOLAR-RELATED ENERGY SOURCES.

ocean thermal
gradient

gravity

FROM “SSUN £ARTH HOW TO
USE SOLAR AND CLIAATIC
ENERGIES" BY R L CROWHR.

15
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1.5 ELAT PLATE JCLAR COLLECTOR

The flat plate solar collector consists of a
black metal plate covered with glass or plastic and
backed with insulation. The metal plate is known as
an absorber and may have tmbing built in to contain
the circulating fluid. An airspace separates the
cover from the absorber (fig.3).

The glass or plastic is transparent to incoming
solar raediation, yet glass in particular is opaque to
radiation of longer wavelengths, Oolar radiation
passes through the cover and is absorbed by the black
surface, increasing the temperature of the metal. Longer

wavelength infrared radiation is emitted from the
absorber, but most of it cannot pass back through the

glase, This produces what ie lnown as the
GREEN HCUSE EPFFECT.
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PRINCIPLLE OF OPERATION
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SVACUAZED TUBE COLLECTOR

This is a series of tubes with special
ebsorptive coatinge to collect solar energy
(fig.4). The tubes have the sdvantage that
almost the same amount of surface area is
exposed and perpendicular to the sun at any
time during the day,.

The evacuated tube collector is composed of a
series of three concentric eylindrical tubes,
with a vacuum (nearly zero air pressure) between
the outer and middle tubes and a black selective
coating on the outer surface of the middle tube.
vater or air (usually water because of its
bhigher epecific heat capacity) is eirculsted
from supply pipes through the irmer tube. As it
travels through this space it picks wp heat,
Upon reaching one end of a colleetor module, it
enters the volume between the immer and middle
tubes where 1t reverses flow dircction and
contdines to bulld up heat content, It is then
drawn off by the retwm tube and elroulated into
the heating system,

An evacuated tube eystem has the advantages
of higher collection effisiency at standard
operating temperature and the utilization of high
Temperutures in ite collaction process without

exceasive heat loss,



1.7

-1G=

The vacuum between the outer tubes of glass helps
attenuate conductive and convective heat loss, but
can do nothing for radiation heat loas, This
latter lone can be decreassed by applying a
"selective surfuace® intericr coating to the

outer tube,

RARARQRIC COLLECTONS (fig.5)

The parabolodal collector concentrates large
anounte of solar energy on a small sarea, This
concentretion allowe high temperstures to be
atteined. For effective collection, the parebolie
concentrator must treck the sun go the sun'e reys
are perpendicular to the frontal plane of the
pereboleoid, In the eltazimeth system, the unit
moves vertlically to meteh the sun'e attituvde, and
$recks horisontally to follow the seoler asimuths
during the day., Yince the cun is in different
poeitions everyday, the tracking mechanism mwst

be very semneltive and exact,

Another system to concentrate the solar
radiation has & parebolic through oriented along
an cast-west axis, The angle of the trough with
respect to the horiguntal is adjusted weekly to
accomodate Ghanges in solar aXiitude, The
reflective trough concentrates energy on an
absorber tube through which a heat absorbing fluid
is circulated.
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PHOTOVOL TAIC COLLECTOR.

\golar radiation

1 9 9 |
T ¥ ¥ L Hunction

\negative layer

FIG 6 photocall

FIG 6m) PHOTOWLTAIC SYSTEAA.
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The paraboloidal surface of the collector is
mirrored and reflective, Radiant Energy is reflected
onto an absorber area which is usually glass covered
to minimize heat loss by convection and radiation,
The absorber has a liquid cireculating inside it to
carry away the heat energy. It is essential to
keep reflective surfaces very clean to avoid
reflective loas,

1.8 RIDIOVOITAIC COLLECTOR SYSTEM: (Pig.6)

The photovoltaic collector system converts
radiant energy directly into electriecity (fig. 6a).
gilicon for photovoltaiec cells is "grown' in large
single arystals, then wafer thin stripe are carefully
8liced from the exyetal to form the basic unit of the
cell, The silicon wafer is then coated with another
material, such as baron, to produce a positive
electric layer which interacts with the negatively
charged silicon layer. The interface between the
two layers forms the p-n (positive-negative) junction,

vhen photons, the basic energy particles of
light, strike the silicon cell, they are converted
to electrons in the p-n junction. The possitive
layer accepts the negatively charged electrons, and
the negative layer rejects them, producing direct
current (D.C.) electricity.
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The power of the sun} Close=-up of a

solar reflector cooker, The pot 15 placed at the
focus of the reflector, A najor disadvantage bel
that the position has to be changed regularly to

follow the sun's path, On a sunny day, this

device can boll water in the thirty minutes, 1if

reflector is properly placed,

e
il =






The D«Ce. electricity generated by the
photoveltaie cells can be stored in batteries.
Wet cell batteries store electricity as chemical
potential energy by charging particles and plates
in a solution; they can be recharged many times.
The electricity used in homes is A.C. alternating
current, The generated D.C. may produce AC.
power through batteries using inverters (fig. 6b)
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(a)
(b)

Ternitaries
Man

243 BUILDING DESIGN FOR BNERGY OPTIMIGATION,

(a)
(v)
(e)
(d)
(e)

Site and Climate

Sntrances

yalls and Roofs

vindows and Other Openings
Ventilation.

Solar architecture sceks a superior sense

of use and a finer sense of comfort expressed in
solar simplicity.



2.1 HISTORICAL REVIEW
The main aim of building design is the creation of

an artificial microclimate which satisfies
contemporary definitions of thermal comfort: air
speed and temperature, radiation, humidity, Other
factors of building design are: defensive,
non-climatic, environmental, historical, etc.

It can indeed be maintained that the idea of
solar architecture' is redundant - throughout the
world there are no animal habitats which neglect
those thermal parameters directly related to loecal
insolation levels.

Jolar energy can be reduced schematically to
four elemente;

i. Insulation (a) Radiation reflection; albedo,
surface conditions,colour,
surface properties.

(b) Distribution of heat flows
for example double partitinoning, air circulation,
external heat rejection.
ii. Exothermic reactions to solar radiation:
elevation of the temperature of a
body exposed to solar radiation.
iii., BEndothermic reactions to solar radiation:
(a) Evaporation
(b) noctural re-radiation of solar heat:

iv. Storage: required principally to compensate for the
effects of nocturnal heat loss.



242 USES
(2) ZERMITARIES
The most complex application of solar
energy appear in termite nests, and all the most
desirable techniques have been brought into use.
Termitaries do not use other energy sources to
control humidity, ventilation or temperature.
Termites (Hemitermes Meridionalis) build
a vertical nest of laminar form (exceeding
5 metres in height in which the major axis of
the horizontal section is invariably in a north-
south orientation, thus offering a maximum
surface area to the low harmattan sun and a
reduced surface to the strong hot season sun.
The cellular structure of the termitary
poseesses insulation properties. These properties
allow the inhabited areas of the nest to remain
at 30 ¢ whether the autside temperature is at
70% 1n sunlight or 10% at night.
(b) MAl
One of the firet recorded uses of solar
energy was made by the Greek mathematiclan and
engineer Archimedes. vhen the Roman fleet was
attacking syracuse harbor in 212 B.Cs, he
allegedly set the ships on fire by focusing the
sun onto thelr eaile using approximtely 4,000
gold and bronze shields,



It is reported that the sails were black, which
helped to make this amazing feat possible.

A twelfth-century writer has reported that a
gimilar solar display was mounted at constantinople
in 600 £.D. when a mirror focusing system designed
by Froclus was used to ignite ships in the fleet of
Yitellius. Other pyrogenic military operations have
been reported through history.

One of the first machines which could harmess the
sun's energy and convert it to mechanical work was
invented by a Frenchman, Solomon de caux in 1615. In
his machine, air was expanded by the sun's heat. This
expansion caused an increase in internal pressure which
wae then used to pump water.

Another Frenchman, Antoine Lavoisier (1743-1794)
used & 128cm diameter lens to concentrate the sun's
rays and develop temperatures of up to 1775°¢ which
wvere sufficient to melt metals, [{is lens was filled
with white wine because it had better optical properties
than the glass that was evailable t0 him. ZThis was the
predecessor of today's solar furnaces,

An American inventor, John Ericsson designed and
built solar powered hot-air engines which adapted to
conventional steam power for cloudly day operation.



FIG 7
ERICSSON SOLAR POWER PLANT.

FIG &

CFIG ©  wiND GENERATOR, GRANDEAS KOS
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In 1908 Frank Shuman built a demonstration plant
of more than 900 square metres in collector area, The
system which was installed in Meadi, Egypt powered
a 100 hp steam engine (fig.8).

In the early 1940's a large scale driven
electrical generator was installed at Crandpa‘'s Knob,
Vermont, The machine wae conceived by Palmer C. Putman,
an engineer, vho coordinated the denign and construction
of the 1,250 Filo watt machine (fig.9). It had a useful
1life of only 18 montha, eventually losing a rotor blade
which was never repalired because cost calculations
indicated that it could not compete economically with
generators powered by fossil fuels.
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BULLRING DESIGN FOR SNERGY OPIIMISATION

In order for the manmade environment to use
the natural energy available to it most efficiently,
it muet be planned with consideration given to
paterials selection, site and building
orientation, micro climatic conditions,
Landscaping, otc. The environmentally responsive
building should have minimal negative impact on
its site, maximige efficicnt use of all energy,
maxinmize human comfort and effort, and promote
hunan talente by providing & pleasing atmosphere
in which to live or work. The solar architecture
oeeks a superior sense of use anxl a finer sense
of comfort, expressed in sclar eimplicity.

Areas in vhich energy conserving practises
can be employed have beon divided into five
categories and are:

(a) eite ard climate

(b) Entrances

(e) walle and Roofs

(d) wvindows and Other Openings
(e) Ventilation

SITE AND CLIMATE, (fig.10)

To properly consider the placement and
orientation of any building on a site, its macro-

and mioro-climatic conditions must be evaluated.
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The micro-climate is peculiar to each individual site
and results from the influences of surrounding buildings
and Landscaping, topography, soil structure, and ground
gover, as well as regional geographie influences.

For improved comfort and energy conservation, the
following landsceping tips and site modifications are

mﬂtd .

fe Plant decidious trees end vines on the south side
of the building to decrease summer heat gains, yet allow
t“he harmattan sun to enter. dConifers planted on the noth
side will act as an effective wind break, decreasing
harmattan heat loss.

2. Pences of the proper deelgn will provide privacgy,
security, sound contrel, and wind control,

5« patios, oifering outdoor areas to comfortably
spend lelsure time, may also be used to temper indoor
tenperatures, Patios with white gravel on the south

can be used in cold climetes to reflsct heat to interior
spaces or occupantes. Deep trenches around patios filled
with gravel and moistened with water will reduce
temperatures through evaporation.

2.3.2 CES: (fig. 11)
Controlling heat lose ond gein through entrances is
a major concern, All edges around entrances leask aily
and correspondingly lose of gain heat, 7To minimize
these heat transfers door must seal as tightly as possible
at the sides and at the bottom thresheld,



FIG 11
ENTRANCE TREATAMENT.
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Phe edges must set square with a weatherstrip to prevent
air movement, Veatherstripping cean usually provide
adequate protection in this area., Wvinds will carry away
heat at a greater rate than still air outside a door.
To keep air as still as possible, wingwalls and landscaping
Enn provide windbreaks. One of the greatest and
immutable problems with an entrance is that each time
it is opened a great quantity of cold or warm air
enters the ad joining room. It is possible for the entire
volume of air in a room to be exchenged when the
ad Joining door is opened. This problem can be intensified
if the entrance is oriented to intercept the prevailing
harmattan winds, (Northeeast Trade winds).

To prevent large heat gains due to infiltration
when a door is opened, airlocks can be provided, An
airlock has two doors and an airspace between them; one
opens to the exterior and another to the interior.

when the exterior door is opened, only the air in
the airlock caun escape; therefore only a small quantity
of heat can come in, The exterlor door is then closed
before the interior door is opened, allowing only a small
increase in the interior heat. This prevents the entire
room from being infiltrated with hot or cold air.
In absence of the airlock, porch can effectively act
in an average weather condition like lNigeria's, in which
case there will be adequate planting to decrease
infiltration.
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some hints for improving the energy efficiency
of entrances are presented below,
1. weatherstrip around all doors to decrease
infiltretion. Continuity is important, especially

at corners,

2. Storm doors can serve as additional insulation
panels, Be certain these fit tighthly enough to
create a dead air space.

3. Avoid using entrance doors against which the cold
harmattan wind directly blows.

4. A porch can be added to & house to serve as an
airlock entry.

Se wingwalls can be added to shelter entrances fron
prevailing winds.

6. puring celd or hot weathexr avoid having doore
open for extended lengths of time,

7. Use insulated exterior doors,

23 e unt Fuots §ora barriers vhich separate the
inside of a building from the outside environment.
Ideally, the shells walls and roofs - are designed and
constructed to minimize harmattan heat lose and summer
heat gain, while maximizing harmattan heat gain and
sunmey heat loss from interior spaces, Two important
properties which regulate heat flow are the thermal
resistence (insulation) and thermal mass (thermal
inertia) of walls and roofs,
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The thermal mass of building materials is a very
important property which must be considered in the total
design proceses,

Certein materials such as brick, block, stone and
adobe can store large amounts of heat, In their
traditional position on the exterior of a building, these
materials in summer will absorb heat for long periodsof
time before allowing it to flow to the interior

This produces the "time lag" effect and completely
alters the heat flow value.

French

A house designed by the ;’“ engineer Felix Trombe
integrates the thermal storage capacity of concrete
into a flat plate collector. Components include a thick
concrete wall facing south and painted black, plus a
sheet of glaess covering the wall to decrease convective
heat losses and to form an alr chanmber between the wall
and the glass. Vents at the top and bottom of the wall
connect the air chamber to the ad jacent room. As the
sun varms the wall, the air next to it heats up and
rises, passes through the top vent into the room, and
allows cold room air to enter the bottom vont by
displacement. The cold room is warmed as it passes next
to the wall and exits the collector at the top. The
concrete wall also absorbs heat which is conducted
directly into the room.

By opening a vent between the glass and the outside,
the collector works as a ventilator in summer. Alir warmed
by the sun flows up the collector and out the vent,

Cool air enters the room by displacement through vents



located on the north side of the dbuilding.

Roofs can also be designed to retain or reflect
heat energy. Harold Hay has successfully tested & systenm
which uses sealed clear plastic bagse filled with water,
backed with black plastie, and located on a roof to store
heat (fig.13). The bags are supported by a structural
corrugated metal roof through which heat can be trensmitted.
During winter days the sun heats the bags. MNost of the
heat is stored in the water and a portion is conducted
through the roof and radiated to the room below.

During winter nights the bags are covered with a
movable insulated panel and the heat stored during the
day radiates dowaward into the space.

During a summer day the ineulation reflects the
heat of the sun, and at night any heat stored in the
water is radiated upward to the sky.

The presence of water on a roof can help moderate
solar heat gains into a building by actiang as an
evaporative coolant. Simple ponding on the roof can also
cool ite surface and may extract heat from the interior.
In the harmattan, however, a roof pond may lose more
heat by evaporation in 24 hours than it gains during
8 hours of day light.

A mase of water may be incorporeted into a building
design as an open pool, swimming pool, or closed tank to
act as either a stabilizer of internal temperatures or

as 8 reservoir of thermel energy.
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There are a number of mauiosuomfx?é’ors which
improve energy conservation. Some of these are
presented below.

1« Increase the insulation in the ceiling.

A heat resistance value of 30 (R-30) should
be a minimum standard for the insulation
in the ceiling.

2« If possible, increase the mass of outer
walls, An application of burnt brick
facing slips would increase the thermal
inertia and time lag of the wall,

2.3.4 MNINDOWS (2ig.14)

A great deal of heat is gained from a building
through windows and other openings. The location of
windows on a building will have an influence on their
sige, shape, and type, On the vyest and South sides
of a building it may be advantageous to use glass
with 2 reflective surface to shield out the intense

sunmer suvn,

A txue dead alr space is a goed insulator but
lonces its effectiveness when convection currents
propagate in it. One interesting system which uses
a material other than air was patented by Steve Baer
of some vorks and ie called "Beadwall®", Thies system
has two panes of glass spaced ceveral centimeters
apart.



FIG 14
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During the day the space or chamber between the glass
contains air only (fig.14a). At night, expanded
polystyrene pellets are blown into the chamber,
displacing the air and forming a heat barrier.

vhile determining the sige and placement of
windows, many things should be considered. One of the
more important variables is the position of the sun,
which is continually changing, not only throughout
each day but geasonal as well. Two angles are
therefore needed to specify the position of the sun in
the sky: one, the azimmth angle which is a measurement
in degrees of the sun's position in plan view; the other
ie the attitude, which is a measurement in degrees of
the sun's elevation above the horizon (fig. 14b). it 2
given date and time, both the attitude and asimuth
differ according to earth latitude.
Direct solar rediation can be intercepted and stored
by the interior flcors and walls of 2 room, then
re-radiated to the room., Windows which extend to the
floor line ellow the floor to be heated by direct
rediation (fig.140)e 7Tho heat will be absorbed and
stored in floors of mssive construction (concrete,
masonyy, rock, etc,) and relecased when room terperetures
start to fall,



Another device which will allow light to enter a
space, yet decrease internal direct solar gains during
all seasons that might overheat the interior, is the
skylight. Normally, a great deal of heat is lost
through skylights, because the hottest air will be at
the highest point in a room, which is generally the
location of a skylight (fig.15)

"gkyshafts", as developed by H.L. Crowther, are composed
of several sealed air charbers which are lined with
vhite reflective pildes and clear lenses 2t the top or
horigzontal positions., These provide an interior space
with diffuse lighting.

In hot climates, conventicnal skylights should be
ueed sparingly, a2z suwumer heat gains through them can
be disastrous. A north-facing monitor windows, would

be 2 more protected light source in such regions.

Another feature which will provide natural
illumination to rooms not adjacent to the exterior of
a bullding is an atrium (an open  gpept ow hole extending
vertically the full height of the building, forming an
interior courtyard at the bottomes The walls of the
gourtyard mey be surfaced with relatively large window
areas to a2llow as much light ae possible to enter
adjoining spaces which, without the courtyard would be
closed to daylight,
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SOME SUGGESTIONS FOR IMPROVING WINDOW AREAS
FOR ENBRGY CONBERVATION ARE PRESENTED BELOW:
!« Open windows on warm but not/days to allow
natural ventilation, before resorting to solar
air-conditioning.
2+ Attach external shading devices such &s overhangs,
sidewalls, recesses; awnings, or lowered sun screens
to reduce solar heat gain,

Je Coat weet facing windows with reflective
films, and/or install minoy cromed venetian blinds
inside.

2,3.5 YANTILATION (fig.16)

A8 air moves or circulates it gains heat from
objects warner than itself and loses heat to colder
ones, Whereever two air masses of differing
temperature ncct however, the larger will prevail
in its effecte. During cold weather it is therefore
important to prevent air from carrying heat out of a
building, while during the summer maximum ventilation
is encouraged, unless solar air condition is used,

Ventilation should be minimized during harmattan
months and encouraged during warm nmonths, However,
minimum ventilation standards should always be met to
provide adequate air supply. (A little but well
established fact is that with all windows and doore
closed, a typically constructed building is provided
all necessary air changes purely by infiltration).
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Naturel ventilation of a building will initiate
paseive cooling during summer., The exhaust of excess
wvarm ailyr and the intake of cool air help to lower
interior temperatures., To facilitate the emit of
wvarm aiy, dampered vents should be located at high
pointe in a building.

The motion of outside air can often be used to
induce interior air movement without the aid of fans,
wind can be directed in such a way tnat pressure
changes result which move inside air,

The heat of the sun can be used to induce naturel
air movement in a building. If not properly ventilated,
swmer time heat will eventually build uwp in any space.
The natural rising of warm air can be used to
ventilate an area and exhaust the accumulated heat,
Solar heated plenums are effective passive systems
for ventilating a building. The sun heats the plenum
and ralses the temperature of alr behind a cover.
varm alr rises up and out of the plenum, allowing

cooler air to enter the building by displacement,

The plenum can be equipped to induce air movement even
after the sun has set, This is accomplished by
incorporeting gravel or some other heat storage
material ianto the plenun volume, for day time heat
absorption and retention, and dispersal of heat the
following night.
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Solar plenums are most effective on west exposures,
followed by south, In these locations they make use of
the day's highest ambient tempereture, maximum solar
angle of incidence, and latest radiation period before
nightfall,
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So far, the centralized supply of power in
Nigeria was regaxded as a sign of progress. The
construction of huge power stations that are
bused on gas, coal, fuel oil and water was the
congequence of this conviction. This belief in
progress should now be abandoned. Iarge-scale
power station technology is depicted as hampering
rather than promoting econcmic growth of the
developing, nations, Nigeria inclusive. It is
high time the nation enbarked on wore effective
vays of supplying cnergy and, for example, to
start building swall decentralized pover stationsi'
in Nigeria, the supply of clectyric power is
baslecally the responsivilitiy of the autonomous,
foderally~owned Naticasl Llectric Power Authority
(NEPA)e lese than 5% of the country's electric
utility supplies are provided by small, independent,

state-owned eystens,

1« Vorld vwatch Institute, vashington. U«SeA.
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3,2 NEPA'S GROWTH

The National Eleotrie Power authority'as
syatem hos growm rapidly in recent years, at an
average annual rote of 1596.2 RiPA'S aystem is
reagonably balunced at this time, consisting of
one majdr hydroplant at Keinji with a nominal
capacity of T6Q MW, a gas~rired steam plant et
sapele with 636Mw, a 30MW coul~fired cteam plant
at Cj1 River, and various gas turbine imstallations
| with & total capaclty of 9z2MW. One small 40MW gao
turbine plant at Ijora near Iagos uses zas o0il as
main fusl, Also, thers are meveral small dlesel
stations with & total of 9,7¥wes The total installed
gapaecity by March {983, was 2,800MV.

NEPA'S tranamission network consists of ambout
3,440 circult-Km of 30CKv trans.uission linee, eight
msin step-down sub-stations of 330/132 Kv and about
3,800 cireuit«Km of 132 XV lines und 60 substations
vhich feed the subtrensmission and p:r ary distribution
syetem at 3.3 and {1 KV, .

About 46% of toial ﬂalea(3) in 1920 (4916 Gwh)
were made to tha residential segtor, 354 to induatry

and 164 to the commeracinl sector.

2, Guidelines for & comp, & nit,
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gales to municipalities and exports accounted for
the rest. Overall, compered to the total po.ulation of
about 100 million the system ies still very small.

There is a considerabdble difference between the
installed capacity and the actual avallable peak
power, In March, 1983, the latter's value was as
low as 1200MW. This wide reduction in the actual
available power is due to frequent bregkdowns, lack of
spare parte, slow repairs,and unreliable esupply of
some of the needed fuels,

Table =1 shows the estimated cost per kwh
electric generation at 1982 Naira value, using various
plants, Given the low economic costs of natural pas,
gas turbines, combined cycle plants ond heavy govern-
ment subsidy "Total energy coste in countries
of the Third vorld amount to 50 billion dcollars a year.
That is about one quarter of all public expenditure.

These are due to interest payments on plant

investment which exceed earninge from the production
of enargy".“) ———  Ghow the lowest average generating
cost of k2.35 per kwh, gas-fired steam plante are

neat, with k3,08kwh followed by coal-fired steam units
with k3,22 = k4.25 per kwh respectively. Hydro plants,
because of their high initial capital costs and long
construction period, are k4.69 per kwh., The cost of
nev transmission and distribution network has been
estimated at k.2.27 per kwh.
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Overell costs of electricity represent a relatively
modest percentage of total production costs.

However, the costs of electricity not supplied due to
outages ie likely to have rmised the total imputable
costas of electricity by a substantial margin.
Unfortunately, no data is available to give an
indication of the actual losses suffered by users
from both outages and voltage fluctuations,

The growth in NEPA'S electricity production
and demand is estimated to be 12.4% between 1985-90,
10.9%¢ between 1990~95 and 9.1% to the end of century.
A numbeyr of hydro, gas turbine, gas-fired steam, and
combined cycle plants are under-conetruction and
plamning to meet these power production and demand,
A total of 12.749MW generating capacity with 57,700GWh
required generation has been forecasted by the year
2,000, NEVA needs more than 12 billion Naira to meet
the cost of generation, transmicsion, and distribution
of the additional facilities, apart from the funds
needed to bring its present systems to normal level,
With all these implemented, it is still believed that
only 20-2%’ of the population will have access to
electricity by the turn of the centwy. Majority of
rural and remote areas will still be left out of the
national grid.
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Witk the increasing const of electricity
generaticn, transmission and distribution, and the
present inflation rate, the cost per kwh will rise
conpiderably in the next 15 years,

3¢3  BACK=UE GEAIALION

The electricity service supplied by the
national grid is proving to ebe grossly inmadequate,
Forced outages, service curtailments, and dameging
voltage fluctuations are daily occurences they are
the results of insufficient generating capacity and
frequent failures of transmission and distribution
facilities, Most users of electricity are quite
awvare of the high costs of supply interruptions, and
thoee who are financially able to do se have
protected themselves by installing stand by generating
equipments, Use of such standby generators is
widespread in all sectors of the economy, Allowing
for diversity between consumers and a margin of
capacity, the present installed standy capacity is
likely to be 1200-~1500M¥. The additional costs of
owning and operating these equipmente have been
estimeted at ¥124 per KV per year, The use of such
standy generetéors is likely to continue for
industrial and commerciel operotion, as well as in the

residential areas,



Further, the capital, operation, and maintenance
cost of these:tandly generat®@W 1is rising sharply
due to the general economic trends and the advent
of the second tier foreign Exchange Market (SFEM)
in the country.

Many large industrial undertakings are planning
to install their own generating equipment in-house,
making them wholly or partially independent of
NEPA supplies. About {1,000 KV of self-generating
equipments are likely to bhave been inatalled from
1985 to date. This would have a serious effeect on
HWPA'S eystem loalfactor, increasing the utility's
averuze production coete per Kwh,

PHOTOVOLL A P S AUUD THETX FE ES
There are few multi-national companies in this
country which market imported photovoltaie modules
and systems. Stuiiea so far curried/;h;vutthat
photovoltaic systems presently have considerable
potential in water Pumping, 1.V. viewing centres,
commnication systems and railway signalling, street
lighting, and remote home power systems, particularly
for rural and remote arecas of the country., Such
photovoltaic power systoms moy never come true

until one ean jJustify, apart from cther parameters,
their coat effectivenssa,



To estimate the cost of eleetriecity per Kwh for
photovoltaiec planta by the year 2000, four possible
options have been considered.

OPTION A. The photovoltaic modules and systems are
imported, just as is the case at present, without
Governmont'® control and backing, Figure bolov(s)
represents the coct projection for modules and systems
in the Puropean market at 198 E.C.U. level,

o8t Frciection for M #8
gysteze in Furopeon Verled
The ratio of Nigerian amd Euwropean cost per peak

vatt instolled is about 2.66 es at 19895, Using the same
ratio for the year 2000, the coet per poak watt installed
in Nigerda would be NE,78. The speciiic operating coet
has been estimeted 2t NO.15 per pook wott dne to inflation,
cte, while the improved scler cells by that time might
be able to give an ammual sverage coversion efficlency
of 10f, Taking other parameters as in appendix A, the
aost per Kwk would be ¥0.36,

QPTION B, The photoveltaic modules and eyastems are
imported with Government'e full control and backing.
Giving 407 increase due to cost of transportation,
profit margin, ete., from the Buropean market, the
coat per peek watt installed “n Nlgeria would be

#2,6% at the 1985 value of the Naira, The oost.per Kvwh
in this cace would be §0.19°



QPTION C.
For this option, it is assumed that the components

of photovoltaic modules and systems will be imported with
Government's control and backing and they will be
assemvled here. #for thie purpose, a 5Myp capacity
assembly plent has been thought 2pproprizte for NHigeria
by the yoerz2,000, for such = caee, the installed cost per
peak watt has been estimated at ¥5.00 which i3 high due
to ihe capital investment in the asgembly plant.
Operating cost has been put at KO.13 per peak watt
because it is believed that with local zcesembling unit,
maintenance of photovoltaic modules and systems could be
cheaper. Unit coect in this case would beo ¥0.27/Ewh

ORTION D

The last option considered is the complete local
manufacturing of the photo ecells modules end systems
locally by the year 2000, Again, due to heavy capital
investment, for such an option the cost per ¥p installed
has been taken at ¥6.00. Operating cost per peak watt has
been further reduced to ¥0.11. It is beliaved that due to
the new nature of industry in Nigeria, the annual average
conversion efficiency of modules may be less than the
imported ones, say 9.5's 30, the cost per Kwh in this
cagse would be NO.32,
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CONCLUSIONS
From the above results of projected unit

cost, photovoltaic modules and systems will not

be cost compepitive with present natlonal
generating systems if the latter will provide
regular and stable supply and if the huge
governrent subsidies are not taken away., According
to the vorld wadeh Institute, Vashington, total
energy ocosts in the developing countries amount

to 50 billion dolluys a ysar, That is a quarter
of all public expenditure. lowever one can aay
that by the turn of centwry, the cost per Kwh from
omell gusline aond diesel generators may be as
hish ag that firom photovelteic plants. So, one
could soy that stand-elone photovoltaic systems
and modules would be cost effective for locations
vhere heavier inveatments (heavier than NEFA'S
subnidies) would be neoded to extend tranmission
lines of KIPA.

Farther, anwong Lhe options above, option B
seens 4o be the o3t ecoaomical. It must, however,
be pointed out that all projections above are
subject to consliderabls fluctunations. What will
actually transpire will strongly depend upons
= The loesl taechniceal prosrerss in the field of
photovoltalics
- The local industrial bullding for meterials,
cells, modules and complete systems,
= The local marketl development of photovoltaic
technology .
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4.1 Introduction

4.2 HAY HOUSE

4.3 HAYES ARBORETUM SOLAR GREBNHOUSE
4.4  FREESH HOUGE

4.5 UTA D1SCOVERY 76 HOUSE

4.6 CHERRY CREEZK REUSIDENCES = 419
4.7 CHERRY CR&HK RESIDENCE - 500
4.8 SUBURBAN SOLAR HOMES,

Solar Architecture ie man'e great sense
of himself embodied in a world of hie own
making. 1t may rise as high as the sun -« the

source. Great architecture is great life.



4.1

Hundreds of millions of people in the world
today live in poor housing under adverse climatie
conditions that etress their undernourished bodies
towards the limits of humen endurance and
occassionally beyond., The poverty of these people
severely rectrains thelr ablility to procure the
energy required to provide healthful climetie
conditions within their homes, Yet their
ancestors survived, »nd often lived comfortably,
for centuries under the same climntic conditions in
dwellings of traditional design. They were able
to do so because they made use of energy available
locally in the environment., People living in
hot arid climates were faced with problems of high
daytime and cool night time temperatures with very
little humidity. ©Solution to these problems relied
on energy from the sun, wind, biomass and the
innovative, architectural structures and forms
that were developed to make use of this natural
energy.

Solarchitecture represents the hest
thinking of architects, engineers, and inventors,
and Judgement on the solar houses should be based
on the following criteria;



o « Ia the solar system effective?
+ Does 1t provide the needed ensrgy of the
house?
e I8 it easy to operate?
« I8 1t durable?

« Ie it cheap? More exactly, it 1%
likely to be truly cost=effective?

(i.e. congidering the first cost, operating
cost, and maintenanoe cost)

» 18 1%t aesthetically attractive? 18 it generally
coupatible with the accepted style of building
design? _ _

« Is 1t of an unusual and techniecally interenting

type that may now or goon shov great promisa?

Though the case gtudles chozen are from temperste
reglons, wuch care has been taken t0 include systems
with very innovative summer cooling systems which can be

aprlied in this country,.

ERIN

4.2 HOREL SO -
(HAY. FGUSE) (Figa17)

L
|

4.2.8 BUILDIIs Thism 18 a one-storsy, split-level house,
11.5m x 9.,6m located at Atnscadexo (miduway between
Lo® Angeles end San Francisco), latitude 35&°N.

There are seven roomd, bul noe hbasemeat or attig,
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At the north c<nd thepe is a patio and carport. The
outer walls and partitions are of concrete blocks;
the blocks of the partition walls are sand-filled,
and many bleocks of the north wall are vermiculite-
filled., The solar heating system employe a combined
collector and storage system on the horizontal roofy
the roof serves also as heat dissipation system.

4.2.v EASSIVE S0LAR COOLING SYSTEM

During the daytime in summer, solay radiation
strikes a set of covered side-by-side, water-filled
bags covering practically the entire rocof of the
house. (but not the carport roof). There are four
bags, each 12.5 x 2.5m, with the long axis running
northesouth. They 1ie in the four alleys, or bays,
between five spaced north-south trecks, Rach bag is of
transparent 0,20 mm polyvinyl chloride (pve) sheet.
The depth of water im each bag is 25cm and the total
quantity of water is 25,200 litres (26 tons). Beneath
each bag there is a non-selective=black sheet of
polyvinyl-chloride or polyethylene which rests on the
metalllc geiling of the roome below. The celling
consists of 3.,6m spens of ribbed sheet steel.

The water-filled bags are covered by the
insulating panele and gain very little energy.



At night, the covers are moved aside and stacked above
the carport so that the bage are exposed to the sky and
to the cool night air and lose energy by convection and
radiation.

There i no insulating airfilm above the bags
and this results in a high rate of energy loss, The
bags remain cool throughout the swumer; they cool the
metallic roof which in turn cools the rooms, The
extent of passive cooling is 100%,

4.2.c ZASSIVE QLA HEATING JXSIEMN

On sunny day® in winter the insulnting panels are
uncovered, solar radiation then strilkes the hegs,
Above each bag there ie a transparent sheet of ultra-
violet-resigtant PVC that is sealed along the edges of
the bags and is held-by gentle air pressure from below-
about 5 cm above the bage, thus providing some thermal
insulation.

No antifreeze is used; the water remains warm
all winter, Heat flows downwarde through the thin
metallic ceilings into the rooms, Much of the heating
is by radiation, The heating is sufficiently uniform
throughout the house that no fans are required. The
bathroom is heated by conduction through the walls and
convection of air through the doorway., The thermal
capacity or the massiwe walls and partitions
supplements that of the 26 tons of water.
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Throughout the winter nights and summer days
the bags cre covered by a set of mine large,
rectangular, horizontal panels of S5-cm~thick
polyurethene foam., Panels 1 through 8 inclusive
are 4m by 2.5m and panel 9 is 1im by 4m, BEach panel
ie supported by a set of 1-cm diameter, nylon-rimmed,
ball-bearing-type wheels which run on horizontal,
north-south, positive-guide rails of extruded
elundniuw, The extrusions are specially designed to
provide three levels of wheel ruwway, to facilitate

stacking,

During sumny days the pancls are stacked, three
deep, Just above the carport at the north emd of the
building, The panels are moved automatiecally by means
of a 4=-hp motor and sprockets and chains; these propel
panel 9 (the large, south most panel) which in tumrm
propels panels 5,6,7 & 8: and these is turn propel the
northmost panels 1,2,5 and 4, Alternatively, the
panels may easily be moved manually, since they are
lightveight., sSeals prevent cold air from bloving
between the panels and the bags.

In winter the penels are closed automatically
wvhenever the energy-collection conditicns (intensity
of radiation and outdoor temperature) become
unfavourable, as determined by a small model collector-
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dissipator consisting of an air-insulated horizontal
black plate,

In summary, the water-filled bags collect eolar
radiation on sunny days, avoid losing cnergy to the
outdoors at night,(thanks to the insulating covers),
and continuously distribute heat downward, through the
thin metallic ceilings, into the rooms,

4.2.4 PROBLEMS _ARD MODIFICATIONS

4.3

Initislly, there were some small leaks in the
wvater-beg-and-roof system. Theae were corrected and

there have been no leake subgequantly., OSeverel mincr
problems arose in conneection with the large horizontal
insulating penels; problems concerning edge seals,
thernsl losses through frame members, drive aystems,
and controls. These have been correccted., New designs
of panel systems have been proposed recently.

| 7] WTT T b |
In thie solar Greenhouse the black absorbing surface
is close to the north wall; that is, the useful space is

been the glazing and the b¥ack absorbing surface, Heat
is picked up from this surface by a spray of water,
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4.5.b

BULLDING

A pteel~framed, 16.5 x 6.5m greenhouse,
which facea exmctly south (fig.18). The south
face, which slopes 53° 18 16.5m long end om high.
It consiste of Beadwall. During the day, sclar
radlation peeses through the shoeta of
Tedlar-coated Se-grms reinforced flber glass and
$hrough the HSw-cm space between them. At night
this space is filed with 2rm- dlameter beads of
polyatyrene foam, The concrete~block
foundation walls and the north wall are
insulnted with zonolite and 2 or S-om of
setyrofoam., There is no attic, basement or

garage.

OLLGCTION

Much of the radiastion eﬁtering the buiiding
strikes a vertical 0.06mm sheet of black nylon-
reinforced polyethylene that is suspended 50onm
from the northwall. vater (with no enti-freeze)
is sprayed southward onlo this sheet by ninetesn
nozzles affixed to the northwall. A #-hp
centrifugel pump 1s used, and the flowrate is
variable the water that trickles from the lower
edge of the ahegt is discharged into the storeaga
tank., |



Some solar radiation strikes the growing plants
and some strikes the floor, vhich consists of a
{0cm slab of poured concrete resting on 1 meter
of gravel.

4.3.0 SLORAGE

The 22,8001 of water is in a rectangular
poured-goncrete tank, 16m x 1.2m x 1.2m high,
situated beneath the absorber sheet., The tank
walls are 30cm thick, 7The north side of the
tank is insulated with 5cm of styrofoam, and the
bottom is similarly insulated, On the south side
there 18 no insulationm; heat can escape into the
concrete floor and into the gravel beneath the
floor. The safety cover of the tank is made of
wooden boards and has no added insulation. Heat
from the tank is distributed to the environs of
the potting benches by 60m of finned tube ruming
under the benches, The water is circulated through
the tube by a small centrifugal pump,

4.3.4  QOOLING 1IN SUMMER
Alternate pairs of peadwall panels are kept
filled with beads at all times to provide partial
shade,

4.5.0 REQBLENG AND MORIFICATIOND
Initially, the beadwall panels failed to
perform properly. The difficulty wae soon corrected.



4.4

4.4.a

440

74

EBEESE HOVSE
Water-filled plastic bags in attic

receive solar radiation via sloping beadwall
roof. (fig.1y)

BULILDLLG
The building, which is 11m x 6.5m wide,

has two floors, an attie, and a crawl space,
but no basement., The cooled area is 125 B8q.
metres, The ground floor contains the living
room, kitchen, and laundry, and the first floor
has one bedroom, a large study, and a bathroom,
The walls are insulated with 15cm of fibreglass
and the roof contains 30cem. The foundation
walls, of granite, are insulated on the inner
faces with S5cm of urethane foam, The windows
are double-glazed.

SOLAR HEATING SYSTEM.(fig.19b)
The solar heating system is largely paseive,

Solar radiation enters the attic via the south
face of the roof, which slopes 60 degrees and is
doubleglaged with Kalwdd sun-lite. The glazed
area (23 eq metres) is 1im long by 3m high., The
two glazing sheets are 10cm apart and are part of
a Beadwall system, On sunny days in winter
there is only air between the two sheets, and
radiation passes through freely and strikes a
large horizontal array of thirteen water-filled
black vinyl bags resting on the attic floor.
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4.4.c

=T 6=

The total amount of water is 80001, weighing
9 tons. Each of the bags is approximately
restangular and is 2.,6m x 2m by 18cm high.
wairm air from the space above the bags is
sent, by a blower, downward into the crawl
space beneath the ground floor and thence
upward into the ground floor rooms via five
vents. The return air flows up the circular
stairvell and into the attic. Some attic air
is sent downward directly to the first floor
study and, indirectly, th the bathroom. At
the end of a sunny day 2 small blower blows a
large gquantity of 2mm diameter polystyrene
foam into the space between the two sun-lite
sheeta, to provide insulation equivalent to
10cn of fiberglass., The above~described solar
heating system, which is mainly pacsive but

partly active, 1s supplemented by purely
passive solar heating provided by the large
veriical window areas on the south face of
the building.
CORLING 1N SUMMER

Operating of the leadwall roof and the
attic storage system io reversed, to provide
cooling. The Beadwall remains filled with
beads, to exclnde soler radiation, and during



FIG 19y

FREESE HOUSE (IDETAILS )
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the nicht, cool outdoor air is circﬁlateiH
through the attic by reans of & blower in -
order to0 cool the water-filled baga, (ool
atr adjacent to the bags in circulated, via

the corawl space.

4.5 UTA DISCOVERY 76 HOUSE, (£4:.20) )
T%% solar heating and 607 solar cooling

provided by 42 Northrup tracking, conecentrating

collector boxes,

4.5.8 BUIL.yI N

A 3«bedroom housa, with & breezeway and two-car
garage at the northwest cornerand no attic or
basement. 1n construcilng the house, much use was
made of a new kind of material called Teaotum {1,
whan provides structural strength, thermal
insulation, and absorption of sound. It ie
composed of wood Libers und also incorporated
3.5cm of urethane foams The aggragafe area of
windovwes i the ceuntral paxts of the msouth and
northwall is 18.56m° while the ares of cast and
wvest windows 1s pegligidble. All windows are
2.,5em-thick asoemblies of twc sheets of 1om
glaps with a hermetically sealed airspace
betwesn them, | -



. FIG 20

UTA DISCOVERY 7 HOULSE.
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4.5.b

=30 -

QOLLECTION:

The 39m° of collector is distributed in
two linear aryays, one J.5m north of the other.
These are mounted on the horizontal roof of
the central part of the building. Each array
is 16m in east-west dimension and 3.5m in
north-south dimension. &ach array includes
twenty-one Northrup collector boxes, each of
which is 3,5m long, 30cm wide and 30cm deep.
The boxee are 7Ccem apart on centres, and each
4s Y¥ilted with its north end higher than the
south end, the typical slope being 27°. The top
of each box is a j.5m long, J0cn-wide cylindirical
plastic fresnel lens with 350em focal ~
length. About 30cm below the lens is the absorber:
a JeSm=long, Scm-wide flattened copper tube
with selective black coating. Coolant (water)
enters the tube at ore end and leaves by the
other. IThe bhoxes are slowly turned to treck
the sun; they rotate ahout ithe longitudinal axie
and are linked itogether mechanically so that one
tracking motor can control many boxes,.
The total angular range of tracking is 1400.



4.5.0 SEORAGE:
The 12,000 litres of water is stored in
three 5,000 litre tanks situated in the garage,
Bach tank is a vertical cylindrical tank of
fiberglass and plastic and 1s insulated. The
group of three tanks is enclosed in an insulated
housing, Heat is delivered to the rooms by a

forced-air syetem.

4.5.4 QQOLING AN _C Ui
Use ies made of & j-ton Arkla-servel
lithiun=-bromide absorption cooling system,
powered by 90°c water from the solar heating
system, The solar heating system is expected to

provide about 404 of the power needed for cooling.

Initially the soler-powered cooling system
vas inopsrative becauvae of faults associated
with the vacuum pump used. Repairs have been
made. Some of the first collector boxes were
not fully waterproofed; the difficulty was soon
corrocted. An inswlated housing was provided
for the three storagze tanks because the insulation
on those tanks was not adequate.



4.6

4.6,a

CHERRY CREEK RESIDENCE =419 (fig.21)

The '419 A' building is & 390 m° residence
on 2 9 x 9m foundation, It is intended as a
pxototype for either on-eite or modular
congtruction for townhouses, cluster housing,
or single famlly use, Arrangement has a plan
with bedrooms end greenhouse on the lower lebvel;
living, dining and kitchen on the main levelj;
and studio et the third level, #ull bathrooms,
inedvding oshover, 2re located on the lower anmd

main levels,

1he primaxy entry faces east away from north
and north west winter winds and is an airlock,
doubled éoo0r, unheated vestibule, Glass area is
limited, yet provided visual openness, attractive
cutdoor vistes, and noturel illumination. wallse
and ceilings are shaped und painted to function
es light fixtures without glare, All windows
are fabriczted from clear plate, double glazed,
inevlating gless, The window position and eigze
iz eslculated to receive direct winter solar

gaine but erclude ther in the summer,
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The hood over the kitchen range recirculated the
air through a charcoal filter for cleening and
deodorization. The bathrooms have recirculative
fans with citrue base filters that deodorize the air
and v kill the bacterie., These systems prevent direct
internal heat losses that occur through externally

vented fan systews.

During spring, sumner and fall, ventilation is
provided by means of e roef %turbine. Cooling is provided
on hot day= by 2 5400 cfm evaporative cooler, combined
with the roof turbine fan exhaust system. 90% of all
cooling requirements were met with this system.

Fresh air is provided in winter by the solar heated
greenhouse and {rom return air thet passes throusch an
electrontatic and charooal filier system.

Outer wells of the house are 20cm wood studs with
19em of rock wool insulation, an outer 2cm thick
insulating sheating board, 1.5¢m of plywood sheathing,
and savdust to trap air, Internal 4mil pliofilm acts
as a continuous vapour barrier on the entire interior
and is covered with 1.3cm interior drywall, The 'U'
factor of this wall is less than 0,025, and due to its
thickness provides a higher therwal mass, for retention
of interior emergy, than conventional frame construction,
The roof comstruction ie similar to that of the walls,
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The 52 sq. metres solar collecior, is a flat plate
water type south fucing roof collector set at a 53° angle.
Bach double glass cover plate is 3mm thick, %“he interior
coating is flet black. A reinforced gutter and top
member are provided teo support = movnble ladder for
collaector access and 4o act as a onow trap. Heated water
is piped from the roof top seolar collector to a 4000 litre
vertioscl fihregsless inenlated stornge tank, At night
and vhen freoozing conditions exist, the water is
automatiocally drained from the collector into the
ingvlated ¢$nnk, This prevents damaze Yo the ceollector
resulting from the expanzisn of watar upon freezing.

The solar collection system 1s used to heat
domeatic water, COver 95 of all hot water is provided
in this way, I{ is projected that 965 of all heating
requirements will be saticfied by Lhe oolar collection
systen in conjunetion with the energy optimized design.

THE '419 £' bullding i® the result of extensive
remodelling of an older (02 n> rosidence, It also
has an 83.6 n® basement « +0 imgrove the total thermal
characterisiice of the house, the basement is utilized
as a thermal reservoir, Lo acderxrute the heating and
cooling needs of the house by means of direct transferxr
grilled floor openings.
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The old coal bin is re-~used for solar thermal storage.

is Pilltered with a layer of open concrete block

covered with wire mesh to serve as a lower manifold, and
filled with 20 cubic yards of large gravel, A new
insulated north wall was constructed the length of the
house that shields the north from winter storms and winds,
as well as converting the old uninsulated 20cm brick wall
to an interior thermal inertia wall. The new north wall
extends out from the old wall approximately 1m, allowing for
moderate day and cool nocturnal temperatures to be drawn in
through recessed, insulated air vents. The south roof
angle was altered to 53° for effective use of an air

type solar flat plate collector. 15cm of insulation was
added to the roof to supplement the 10cm of existing loose
£ill insulation.

The main entry faces east and is an airlock double
door unheated vestibule. A floor grille to the basement
near the entry picks up cold air intrusion, The old front
entry door is replaced with & new weather stripped door,
and the old porch converted to a solar patio., Small, old
northside windows are replaced with insulated weathersripped
solid panels which can be opened for natural ventilation.
On the south side of the living room, a new 8lim shade
double glazed window has been provided and is protected by
a roof overhang,
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Two east windows with sun control, heat absorbing
gray double glazed windows extend to the floor and
replace the old double hung windows, The west window
in the bathroom was replaced with double glazed
reflective glass, to eliminate outeide aiy infiltration
and decrease west solar radiation approximately 78%.

Bathroom and kitchen fans are the recirculating
type to decrease heat losses. The exterior of the
house was completely refinished wiih cedar wood shakes
on the roof and sidewalls, adding extra insulation to
them. Other sidewalls are finished with new stucco.

The 368q metre solar collector, is a flat plate
alr type collector, Zach double glass cover plate is mm
thick., the interior coating is flat black, A reinforced
gutter end top member is provided to support a movable
ladder for collector access and to act as a snow trap.
Solar heated air is forced through a duet system to the
thermal gravel storage bin in the basement,

During daytime periods of full or diffuse sunlight,
solar heated air through the gravel storage bin and
the existing furnace before being delivered to the
house. During overcast periods or at night, the forced
air system will draw sclar heated air from the gravel
storage bin.



-88«

Natural gas is the back-up fuel source. During seasons
when the house needs cooling, cool daytime and
nocturnal eir will cool the gravel bin, and cool air
will be delivered as needed through the house by means
of the existing forced zir system.

It is projected that 85% of all heating
requirements will be provided by the solar collection
system in conjunction with energy optimized features,
Cooling is provided by natural ventilation.
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RESIDENCE - (£ig.22)

This is & 242 m° redidence with a 116 u°
apartment, designed to optimize energy
conservation and utilize passive solar collection,
The sntire building is designed to function as a
solar collectér ‘n the winter and prevent solar
gains in the summer., Heat storage 18 provided
by the thermal inertia of floor and walls,

The principal entry for each unit is
recessed to protect it from prevailing winter
winds, All windows are double glazed, fixed glass.
Vindow areas are kept to a minimun, yet their
shape and location maximige interior daylight,
Fatural illumination is also provided by double
plastic, heat absorbing skydemes and special
skyshafts with near zero thermal losse,

Solar gain through southern exposure is
maximised during winter and minized during summer,
by calculated window recess depths and outdoor
deciduous vegetation combinations, The souther
windows of the dining room function as two-stage
winter solar collectors, with the lower unit
active from September 1 until April 1 and the
upper unit from October 15 to February 15.
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5.4 IHE 811K - Climate

To properly consider the integration and
oriensation of the Habitat on the site, the
following macru=climatvic conditions were evaluated,

fe The monthly average dry bulb and
vet bulb temperatures.

2« The average monthly relative humidisy
(the percent of weter vapour in the air relative
t0 the maximum amount it can hold).

3. The monthly &averege windapeed.

8. The rainfall amount.

5¢ The incident solar radiation (insolation)
on a horizontal surfgace.

6. The sunahine hours per day (will help
to predict monthly beating bads and storage

capacities needed).

LD SPuiD
Average Windepeed = 6.34 Km/h
Wind machines produce useful power betwaen 12-16Km/h
vind speed to generate electricity or pump watery,
Top utilisation speed is €65 Kun/h.

This implies that wind meachines are not
viable at the solar habitat, dut roof turbines
could be very effective.



The exterior wall colour was selected to balance
radiant heat gains nnd lossee on a 12 month basis, The
rough extericr wall texture deepens the stationmary air
film, ag a thermal buffer zone, The 'U' factor of the
walls, roof, and floor is 0.05.

Garege and storage area locations provide thermal
buffering of internal living speces, Moduleted celling
heights are used to direct the hottest air to the highest
point in the building, allowing interior air temperatures
to be salvaged by high level air returns in winter and
low level air returns in summeyr, For summer ‘cooling,
roof plenums heated by the sun, induce upward air motion
which allows outside air to enter by dieplacement through

north vents,

The passive systems and energy optimized
features of this home provide 657 of the heating and
60% of the cooling. The house is also equipped with
conventional heating snd airconditioning urnits. These
eystems contein electrostatic, charcoal, and fiber filters
which allow interior air to be recirculated without the
intrusion of exterior air wvhich may be at a different
temperature, thercby salvaging thermal equilibrium,

Jarge interior plante provide oxygen to the air and
absord carbon dioxide, winter dehumidification of interior
air is produced by a water fountain, which raises the
perceived temperature,
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CHERRY CREEK RESIDENCE 500.
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4.2

SUBURBAN SOLAR HOMES (fig.23)

These two suburban homes designed as solar
prototypes for a housing development, feature a
cne-storey, 195 @l home and a 93 m2 bungalow,.
both have air type solar collectors and gravel
heat storage, The one-storey unit has 32,6 n of
collector area and 8 tomnes of gravel storaoge,
while the other unit has 22u® of collsctor area
and stonnes of gravel storage,

Architectural featuree of the storey-building
are minimal northside windows to decrease heat
loss, wingwalls to protect west side windows from
wind and sun, and a recessed south entry., ZAxcess
greonhouse heat is ventilated through a roof
stack in the summer, and used for space heating
during the winter.

The bungalow has no west windowe and minimal
northside glazing, 4t has a south facing entry
and patio, protected from direct afterncon sun
by & wingwall, The heat storage area is located
directly behind the solar ¢0llector,



Both houses hawve S5em wood stud wvalls, insulated with
moisture barrier bett type insulation. Dnark coloured
wood siding increases heat gAins when the sun angle is
low (winter) and the light colour of roof reflects heat
when the gun angle is high (summer). Double glazed,
wood freme windows are used throughout,

These houses were designed to be economically
competitive with other development homes. The solar
heating systems are expected to provide 75¢ of all space
heating., Solar heating of domestic water is being

considered.
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FIG 23
SUBURBATT SOLAR HORES.

L Mo:}

¥ oor Ares

Collactor Ares

Soler Collector

Solar Collisctor Supnl ier

T e foe
@ ey e

Ao type

Solarew Corpore: oo

-t Stocmom t tirw o grave!
Cormaletead LI g
Aretect Hicrarg i, Crowtres

€ e bpr / S0I0* Gmoa

air lype

Scier Lojlemoe

Soler Lo'leetor Sugni iee
e S0 moe

Corpletme

Arehiact

wood
siding
wingwalis 10 N
pebbie bed
from wind and sun south entr
greenhouse Y “01"59'! :""
ventilated through ST e :
roof stach sl 1 snae

R

ALty

Sularon Corporat on

B ora of grave!

iIn Buoeing prase

Ecmeo L, Crowtrer 4L
Croetrerfnier Grow



1.

2

e

4,

Se

REPERENCES

PROSPECTS OF AMBIENT ENERGY UTILIZATION IN
BUILDINGS IN TROPICAL CLIMATES. S.C. BAIPAI,

Paper for presentation at an Intere
Institutional Semimar on Technological Challenges
for Non-Conventional Energy Utilization, organised
by the Sokoto Energy Research Centre, on the
oceasgion of the vieit of two visiting fellows from
the Institute of Physics, warsaw Technical
Univereity, Poland,

SUNEBARTH, An Application of sclar and climatie
Bnegies., R.L. Crowther. Charles Scribner's Sons, 1977.

AN ACTIVE AND PASSIVE SCLAR HOUSE", An article
Published in the International Journal of Ambient
Bnergy, Volume 6, Number 1. January 1985 by

S¢C. Bajpai,

SOLAR ENERGY AND BUILDING. 8.V. ozokolay. The
Architectural Preses, London; 'plsteé Press Division;
John Wiley end Sons, New York, 1975.

SOLAR HEATED BUILDING3 OF NORTH AMERICA.

120 Quvtstanding Examples. W.A. Shurcliff,
Brick House Publishing Co. 1978.



S5e1 SITE SELECTION CRITERIA
5.2 SITE LOCATION
543 SITE ANALYSIS
54 SITE CLIMATE,

The character of the site is the
beginning of a house with character - Man
is part of nature~ let us build homes that
keep him in wholesome balance with the natural
world, that give him contact with the life-
enhacing elerments,

FLW
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In order for the solar Habitat to use the natural
enerzy available to it most efficently, it must be
planned with consideration given to microclimate
conditions, site and building orientation, landscape
features ete.

The solar Habitat should have minimal negative
impact on its eite, (li.e. it should be of the site and
not on the site); maximisze efficlent use of all energy,
maxiunize human effort and comfort, and promote human
talents by proviaing & pleasing atmcsphere in which to
live and wvork according to personal inclinations,

SLIE SHLECIION CRITLRIA
Plans for using solar energy sources require that
foresizht be used in sight selection, Therefore
diligence was exercised in examining the cholce of site.
In thie regard, emphasis was laid cn the following site
selection criteria;
1« ACCEGBIBILITY.
2¢ FROXIMITY OF SITS TO WLPLOYJENT QFPORTUNITIES
Je LISTANCE FROM LXISTING INSRASTRUCTURE
4, OSUITABLE UITS AKD CLIMATEC CONDITIONS,
SUCH AS KeELISF, INSOTATION, TOPOGRAPHY,
NATURAL DRAINAGE, AND SOIL TYPE.



5. COMFORMITY OF SITE T0 DESIGHATED
MASTER=-FLAN LAND USE,

5.2 ZIHE JIT0 = L0CLLI0N
NAME OF TCWN -«  KADUNA
STRTUS OF TOWK « KADUNA STATE CAPITAL
GHOGRAFEICAL LOCATION - ¥aduna town lies on
1atitude 10°41 N3 LONGITUDZ 07° 19'E
CHOSEN SITE - Malall Residential Area,
5¢2 (a) ACCEUSIBILITYs
Bounding the site are two road propesals which
run South~West « Northe nast, nnd Northwest -
South east, These roads will connect the site to the
other parts of the town, the central iusiness District,
and to existing cuttural facilities within Kaduna
and its rural hinter lande,

5.2 (b) EBRQXIMILY OF SOTE 0 LN LT FACLLITIES
Being a part of the Greater Malali irea, the

site, though not serviced by the Kaduna Transport

Cabs, due to ite proximity to the Malali village:

and Malali low cost, cuon casily be accessible to
transport cabs,.
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5.2 (e¢) DISTANCE FEOM EXISTING [NrRASTRUCTURE

Not to negate the Government's drive for
provision of infrastructure, a siie was chosen
which has no infrastructure of any kinde

5¢2 (d) The eite falls within a designated urban expansion
prograume for housing. It has not been committed
by Covernnent to any lease, and therefore not
liable to legal probleme of acquisition.

5¢3 THE SITE - Analysis
T'he Habitat site is located in one of the

Covernment Reservation Areas in ¥aduna- the Malali
Residential Area (fig.24). The site which is zoned
for middle to high cost housing is to the Rast of ialall
Village and South of the Malali Low Cost Housing
Area, and is bounded to the west by Kaduna River
which flowve due Southwest of the site.

The site, whioch is relatively flat, is
gently elopinz towards the Kaduna River, A well-
defined flood plain gives an assurance against any
future flooding of site from the site.

The eite ie about 0.9 hectares,.
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TABLE 2 WEATHER REPCRT 1985 KADUNA

Longe O7° 19* E

Liean Temperature °c Sunshine Rainfall
Wind Spead R.H.%
i Max Min . 1982 (mm)
09 GMT EQUTS

Jan,|186.31 31.9 15.1 22 9.0 0.0
FEbo 168.23 36.0 19.0 19 7.6 0.0
@hrﬁﬁuu 35,9 21,1 L6 743 73
Apr.|15C, b0 6,6 235 61 8.8 22.5
Jun.] 169,72 30,6 20-’-[- 711- 6.9 1175
Jul,| 152,52 28,0 20,2 8L 6o 2137
Aug.] 122477 28,8 | 20,0 8l a7 306,1
Sept| 122,77 29,2 19.7 81 5.9 319.0
Octs] 98406 32,2 1941 6l £.5 18,4
Nov. ‘”.L.B"}i.!.tv 32.6 16'3 36 7.0 0.0
Dec. 216.1.'2 2901 11]..1 21 806 c.0
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ZEMPERATURE
Average minimum temperature = 19.29%.
Average maximum temperature = 32.09%
Comfort Zone in Nigeria = 22 -~ 30°C.

This implies that for optimum comfort, there should
be the use of solar cooling and heating with the active or
passive systems to ameliorate the gomditionms eof ambient
temperature.

RARIATION AND SUNSHINE HOURS
Average solar Radiation = 16.997kcal /day
= 17 Kcal /day
Average daily sun hours = 7.3 hrs,

This implies that 17Kcal /b_f “4un shines for 7 «3hours
every day. “his shows that the solar habitat is going to
be viable at the. Solar Habitat using photocells, solar

plenums eto.

SELATIVE HUMIDITY
Average relative humidity = 54.7%

ihis means that the atmosphere holds an average of
54.75% of the water vapour it can hold, therefore it
still has capaclity for 45.25%. This could be used to
achieve evaporative cooling at the solar Habitat using
such devices as fountains, roof ponds, and water trombe

valls,
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INEROLUCTION

THE £NERGY NEEDS AND THE WASTE PROUUCTION
OF THE SOLAR HABITAT.

TH: USE OF SOLAR ENERGY AT EACH
INDIVIDUAL BUILUING. =

SEASONAL CTORAGET OF CODLAR ENERGY.
UIILIZATION OF WASTES

There should be as many types of houses

a8 there are types of people, and as many

differentintions of the types as there are

differcnt people. -

EE

"oy

MOSHE § AFDIE
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CHAPTER 6
CONCKPTUAL DEVELOPMENT QOF THE DOLAR

6ot Introduction; Solar energy, wind, sky radiation,

daily itemperature renge, residentiul organic wastes
and waste water may be employed to nmeet all the
enerey needs of the solay Habitat., The energy needs
of the solsr Habltet are estimuled, o mrjor change
in proplestsn lifewstyle, exccrt ey the lovw
temperature cooking by water wvapour, that is
introduced, Several mebthods of solar energy
utilization are considered: |

1« Central generation of élécfrioity, hot
or ohilled water and water wvapour (for low
temperature cooking), &nd distribution to each
building. o o

2. ILocal generntion of dectrlicity, hot or
chilled water and water vapour, and central
utilization of residentizl wastes to produce
mathane gas for high temperature cooking.

| 3« Central utilization of city westes

and growth of 2 plant for its energy values.,

4. Suiteble design of the bulldinge to be
heated or cooled pessively through solax energy
and other natural sources, local genevation of
hot water for washing and water vepaur for low
tenrperature cooking, local generatlon of vlecbricity
and central utllization 0f residentlial wastes



FIG 24 :

GEMNERAL REQUREAMENTS — SOLAR HABITAT.
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TEMPERATURE OF 45°

with an average hot water consumption of 400
liters/d, per family the energy required in harmattan
is estimated at 50,230 KJ/d, in hot season at 41,860 KJ/d.

3 CO0LLNG

The preeent uses of energy are estimated ot
41,860 RJ/d for cooking at low temperatures (1< 100°90)
and 2t 4310 KJ/d for cooking at high temperctures
(2> 100%).

The cooking practices using natural gas or kerosdne
are assogiated with great deal of losses, Using solar
cooking device(show in fig.25) for low tempereture
cooking, it is estimated that about 60% of the value
given above will Ve necessary., This corresponds to low
temperature cooking needs of 25,115 EKJ/d for each family.

4. slectrical inergy

The average electrical energy nceds of a family
including that for lighting, electricel appliances, ete
ie estinmated at 18,000 KJ/d in harmetten and 18,400 KJ/d
in hot season.

As3ume 20% of electricity used in residences for
gtreet lighting = 6,48077/4,
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COMMERCIAL NEEDS

b

Assume a tetal electrical energy need of about
25% of that of the residences and thermal energy needs
of about 205 of that of the residences for stores,
including restaurents, bakeries, and office buildings.

The high temperature baking needs of bread is estimated

at 9500 KJ/d for each family and the cooking needs of

regtaurants are estimated 4o be

Table 3.

needs in the solzr town.

155

that of the families.

In the above estimates, no

industrial, or agricultural activitien, but a normal

residential town.

Summarizes the estimated per family energy

Thernal bnergy

Electrical) Energy

K/ (.
Harmattan| Rainny (Harmattan | Rainny
Sezason Seascn
Size of Residence, 100m°
Heating or cecolirg Load 188,370 314,000 |
Hot water fér woshing,
0.4m3/d 50,250 41,260
Cooking at loy temperature 25,115 25,115
at high temperature 4,310 45310
Electrical energy 18,000 14,400
Street lighting 3,600 2,880
Commercial: Llectrical
Energy Heatirpg/cooling 75,350 62,800
Cooliing at low tempe. 2,770 54 T70
Baking & cookine at
high tempercture 10, 145 10,145
Hot Water for washing 10,045 £,375 |
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Table... 4 Summary of the Total Energy requiremsnts

Tor the Solar Habitat of 315 families.

THERMAL ENURGY LLECTRICAL 0y T gagseous
. ENERGY Vapour Tuel
Harmattan Rainy |Harmal Rainy | x10°KI/d =107 1J/d
Jeason Seas. |[ttan | Seas.
Seas,
Hot water for wfhing 18.93 15.82
House warming 71.19 -
House cooling - 118.69
Cooking, at low temp. ' 9,09
at high temp. 4.55
Electrical Inergy 8.22] 6.57
Rejected heat wnich
can be utilized - n | 32.17 61.97
= 20% '
PTotal Thermal
Energy required. 129.22 | 151.63

6.2.2 WASTE PROLUCTION

The per family production of wastes ars

estimated as follows:

- 1. SEUAGE
Solid content
Yater
2. SCLID VASIES

Glass, metals
Wakter content

burnabls

, dirt

solids

0.4Kg/d

800 litres/d

D
ot
Q

0040Kg/d

O. 40 1]



6.3 IHE USE OF SOLAR BENERGY AT EACH INDIVIDUAL BUILUING

There are meny possible metheds, the ones
feasible are:

1« 2or Hesidential cooling and Heating.

flat plate collectors will he employed in an
active solar heating system and the hot water
will be used for summer absorption- refrigeration
cooling. The collector eize wlth an efilciency
of 30% and with daily energy storage and
transmission losses ¢f 207 ie estimated to be

75-;2 for each bullding of 100m2 floor area.

2« The buildings are denigned so as to employ
solar enorgy in a pussive or natural way in
harmettan, and wind, the sky vediation, and
daily temperature range for hot season cooling.

J« For uomestic Hot Yater leeds, Flat plate

collectors are used., The size of the collectors
to produse O.4m? of hot water at 45%¢ and with an
average efficiency of 40% is estimated to be sz

for each residence.

4, For Low Temperature Cookinz. Flat plate
colliectors are used to produce vapour at atmospherie
pressure, this veapour is transvorted to the

kitchen for ocooking, similay to that shown in
Fig«25.
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The condensates are cumilated in the cooking chamber and
Juter used in the collectere. For low temperature solar
cooking with a 307 collector efficiency and 10% locnses
the estimeted collecctor area is 4.4m°,

5s For Meotricnl Inergy. Colar sells along with

storage batteries are ueced, Inverter ~omverte the d.c.
power to a.c. 2nd conventional fixtures and appliances

are used, Ascuming a conversion efficiency of 105 for the
sclar cells and an energy loss of 2% in the inverter,
batteries, etc., tho aroa of solar cells is estimated to
be 10.75m° for ench residence.

6. Tor cooking at High lemperatures, blogas generated
at & centrel plent is employed,

SEASONAJ, STORAGS OF sOLAR ENFROY

vhile the daily storage of energy is relatively
simple to meet, it is the seasonal storage of ecnergy
which can result in more economieal cyetem, A look at
figure 26 snows that an area of 46,500r'12 of collectors
vithout a seasonal storage can not meet Lhe thermal energy
needs ir harsmattan, There ic excess cuexgy avallable
daring the hot dry season and shortoge of energy during
harmatten.
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A 70,000m° collector, on the other hand, can meet
the thermal energy needs both in het and cold
seasons but should collect no enexrgy in other

Seasonal storages of thermal energy in the
fo'loving are poanihle. Extensive reseerch and
development are nceded in some of t{hese areas before

thay can become economically feasitle.

e VProduce excess cliectrical energy in the
dry ascason (betwean Februvary & April), electrolyse
water to H2 snd 02 and uze the hydrogon during the
neaded seasona, Or, store tles excess eloctirical

enerzy in suitable lightweight batteries.

2. tore thermal energy in phase-changing
saberials .

3« Make use of excesr heat to help grow
special energy-rich plante for fuel procuction and
use the fuel in peak peaaons,

4« Yroduce eleoctricel energy and displace

vater to a2 higher elevation for a Iater use,

5« FProduce compressed air end atore it in
aquifere,

4% the solar dabitas, Kaduna the second option
will be mede use of, See Appendix E.
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In addition to utilizing the water contained in the
city wastes for agriculture, energy may be produced and
waste disposal problems may also be solved.

(a) SEWAGE  The solar habitat sewage will be
proceased to produce methane gas by anaerobic digestion,
with a sludge gas production rate of 0.36 to 0.5-2/I¢
of the solid content, The gas is about 55 to T0%
methane and the rest is primarily carbon dioxide, ZThis
corresponds with an energy production of 8870 to
12,560KJ /kg of the solids (see appendix C). Figure 29
schematically shows a simplified arrangement for such an

anaerobic procees,

(b) GARBAGE: Solar habitat garbage will be used
for their energy content by composting. In this process
the nutrients in the waste are retained and the sludge can
then be used as fertilizer. (£ig.30)

The methane production rate depends on the digester
temperature and the retention time, A methane production
rate of 0.33m°/kg of the solid with an energy values of
1260 KJ/kg, is assumed for the digester. This corresponds
with a digester methame production efficiency of about
50% (Fig.30).

The total methane gas which may be produced through
the sewage and garbage treatment plants amount to
0.93m°/Kg with an energy value of 3560KJ/kg which can meet
about 90.5% of the cooking needs at higher temperatures.
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The architectural trinity: Firet,
nature of the materials; second, the
characteristic architectural element, the
3rd dimension; third, the integrel ornanent.

FLv.
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CHAPTER 7

e

Je

4.

DESIGN REPORT

Layouz

RESIDENTIAL UNITS

(a) Arehitectural Design Principles.
(b) Passive Solar Houses

(e) A otive Solar Houses

IKFRASTRUCTURE

(a) water Supply

(b) Sewage and Storm Disposal
(¢) Gas supply
(d) Prower Supply

RECREAZIONAL AREAS,
(a) sporte Pields
(b) Parks and Gardens,



124

7.4 agour | |
The solar Habitét is designéd primarily 4o promote
energy coasoiousness and awareness of the resources of the

climatic energy farms,

Despite the constraimts of fixed orlentation of
the buildings, stipulated by the sun path diagram, an
attempt has beon mede to maximise the comforts of the
cocupante of the asoler Habitat by the following spatial
~allocation, | L | |

1. gpatial allocation:

The purely residential setilement of 375 housing
- unite has the followlng ratios
| 60% of Bite -~ Housing = 48,6 e
10% of pite ~ Amenities = S.1ha
10% of mite ~ Recreation~ B.1ha
204 of site - Circulation = 16,2 hee
Total Area of the site = 8iha, .

This proposal, which 15 intended as & low-density
- housing development with a limit of 62.5 pers/hos has the
following house-iype distributions |
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10% of housing site - {<bedroom = 31 unite
244 of housing site « 2«bedroom = 78 unita
40% of houning site = SBw=bedroom = 125 unitn
20% of housing ailte = 4ebedroom = 62 unlts
60% of housing site - Gwbedroon = 19 units
| Total = 315 units.

Proposed Net demsity =515 = 6.42. unltg/ha
4846 .
Grose density = 3.86 units/hae
Popuwlation density = 49 yers/ha,

ii. Qrientation

_ Althoueh true south ia thé moét freciuent choice

for the collector orientution, elightly west of south

way be & better cholcs. Because of early morning

haze which reduces the inaclation and because of highex
outdoor alr temperatures in the afternoon, such an
orientation can give slightly higher collector
efficiencies, Optimum orientation = 10°~15% west of South.

idi, Qlustexe

The firet principle of awrchitecture is for
architectiure to recognize its own mature, to rsalize
the fact that it ie out of life itself; a humane and

therefore an intensely human expreassionsg the most human

of all the expressions of human nature.
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The sun is not etatic, neither does it run
along 2 major or a minor axis, In like manner,
solarchitecture seeks dynamism, and rejects the major
axis and minor axis of 'rationalist' architects.

golarchitecture favours the reflex, the natural, easy
attitude, the symmetyy of grace and rythm by involving
the sun, affirming the ease, grace, and naturalness

of natural life,

This 15 architecture of nature, for nature.

To achieve enexgy efficiency and a required
density of houses and at the same time meintaining
a humane deelgn, it wae decided to create a clustered
pattern of streets, By having six dwelling units, it
was poesible to have tot-lots which broke the patern
into a natural and definable system of spaces that
are conalstent wilh the obhjJective of oreating an
ageeptable residentisl commmnity,

All the dwellings face 15° west of south with
porches to the esouth,

Vehicular access to the houses are Ifrom the
cluster drivewny.

Pedestrian spines link dwellings and clusters
interlinking the development with the neighbourhood
gardens and other facilities,
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7.2 RESIDENTIAL UNIT
There ie a elearly defined style growing ocut of

copditions, One may not like it, but, if one has
studied architecture as a technology, not as an art,
and not merely nccepted 1t as a reecipe for cooking then,
the =olar noture of the vhole will thrill and please
and edify.

generally, the users of the habitat require a
gelf~testing habitat where their efforts and their
couforts will be complimented by an environment which
ic the lesson iteelf, Ths solar Habitat design is a
deaign for better living, a better design for a richer ,
falrer way of life instead of being & shallow hang-éwver
from political times to please the massos,

Generally, the requirements of the solar habitat
can be sub-divided into two: i. the passive solar housess-
couprising the one~, two=-, and three-bedrocom houses, and
ii. the active solar housee, comprising the four-and
five~hedroom hounes,



7.2.b., PASSIVE SOLAR HOU
A passive solar approach t¢c building design

involves more than maximising solar gains, It 1s a
total design approach and thus demands the interaction
of many factors including best use of the phyeciocal site
conditions, control of the compleie therwmal envelope
of the building, cost consideretions, thermal ond visual
comfort, and the life-style of the ocoupanis.

The passive solar home makes use of the materials
from which the dwelling is constructed to caphure,
etore and dlstribute the solar heat to its ocoupants or
store and re-radinte the heat outwards,

Pasgive desierns require consideration of solar
and heat flow in every detail and component., Ffloor
plan layout, cirenlation patterne, window location and
the selection of wall and floor materials, all affect how
vell a passive deeign will work,

The solar habitat 12 a solar energy system with meny
of the components how having dual functions: both the
traditional function of providing an enclosure, and the
solar function of collecting, storing and distributing
heat. walls which subdivide end enclose space can also
store and radiate heat.
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Componente whose functions were primarily structural,
special or zesthetic may double as solar heating
and cocking mechanisms,

The plan form was used in order to balance the
requiremente of maximum heat loss through the extarmal
wall and minimum heat gain through the glazed area
which has been kept to a minimum,

aulue.
Ae 39 SINGLE BEDROOM UNITS
SRR REQULIKENENL SEACH RECUIREMENT |
A Living Roonm 20m?
A Kitchenette 1 2m?
A Dedroon 14m°
A Bathroom 4m®
Total ives =  50m°
Gross Area = 1550-=2

Be 78 TW0-BLDROCM HOUSES (2-4 PERSONS/FAMILY)

A Living/pining Room 20m?
A  Kitchen/Store 12m°
A Bathroom 4n2
2 Bedrooms 150° each
A car port
72!5

Groase Area = 561‘.2
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G. 125 3-BEDROOM HOUSES (4=6 PEROIu/FAMILY)

A Living/Dining Room 'ﬂna

A Kitchen/Store 150

3 Bedrooms 15n2 each

2 Pathroone 4z? each
Bouipment Store sz
Garage 18:!2

Total Area = 119!2

Groes Avec = 1487‘.5&2

fhe Boutlhiern focade is mede of water troube
walil which is shaped £o0 &€ t0 provide moximum heat
geia in homwttan send to be shaded in the hot season.

pxternal walls are used oo:trol the temperature
within the hovse by a2llowing +he werm air to, flow
through the well in haymattan and assisting in crose-
ventilation in the hot season.

The paseive solar residential wnits vary in siges

from & one=bedrocm unit to five bedroom houses
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ACTIVE SOLAR SYSTEM

There are two acltive solar house designs
at the colar hebitat: the four- and Five-bedroom
houses, these are based on the wvaler-iype collectlion
systen,

vater heating 12 based on the thermceiphon
principle of selar water heating. The glaged areas
have been organised in oxder that the inswlation
%11l be of manegeable proportionz and that all
elomonts would be within the norwal domwestic scales

Home cooling and heating is based on an
integruted system with an oxtermal and intermal

watervall to transcmit and cool the roomse.
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SRIEEL.

Ae 62 FOURBEDROOM HOUSES (6-8 PERSONS PER FAKILY)
USEL REQUINANERT ~S2ACH REQUIRSMENT
A Living Room 240°
A Dining Reom 10»2
A Kitchen and Store 2()112
4 Bedrooms 200° each
24 Bathroom gn? x 1,0m°
RBauipment Store 602
sarasce 18m°

2

Total Area = 167Tm
Grose Ares = 10354m°

Be 19 PLVE-ELDROOM HOUES ($=~10 PERUOKS/PFAMILY)

A Living Room 3ome

A Dining Roocm 1652

A Fanlly Reon mlz

A Kitchen and Store 20:::2

2} Bathrooms en® & 10m2

MAUTER BEDROOM 35m°

4 BEDIOOMS 20n” each

A 2=Car Garege 36n2

Equipment Store 6m?
Total Area 247n°

Gross Area = 4693-2
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7.3  INERASPRUCTURE
(a) WATER SUPPLY

The sources of water supply at the solar habitat
will be rein water and by underground water by the
use of a bore-hole.

The water supply system will consist of two
principal levels of distribution scheme., First is the
main pipe line loop, and second is the internal
distribution network. The internal distribution
network is further divided into primary and secondary
network. The primery intermal distribution network is
designed and incorporated in the tot-lot for ease of
maintenance and should serve a cluster, it is tapped
to the secondary distribution network to supply water
to the residential houses and other facilities,

(b) SEWAGE DISPOSAL$-

Average domestic water consumption agssumed to be
2501/day. Average sewage production = 0,90 x 250 =
2301/day. % a maximum of 2301/day of sewage
production is adopted.

The design of sewers, including the determination
of the required sewer diameter and slope is based on an
anticipated maximum and minimum flows,
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The magnitude of these extremes 1s a function of
meny factors, significant among which is the size
of the population contributing to a given sewage
flow and the corresponding ratio of the maximum
and minimum discharges to the treatment plant,

The sewage scheme for the Solar Habitat is
mainly based on gravity. The sewage 1s taken to
the Bioconverter where it i1s separated and
decomposed to methane gas, carbon dioxide and water.

(e¢) GAS SUPPLY,

Hethane gas will be produced at a central
bio=converter and distributed te the various
clusters and thence to the residential units. The
gas distribution is by high pressure network system
to all clusters of the habitat,

Gas pipes must be protected against
condensation, damp, and corrosion.

(4) POWER SUPPLY,

The design of the electricel distribution
system will be based on the capacity of collectors
and solar intensity at the solar habitat.
Eleotricity supply will be provided by photo-
voltaic solar collectors placed on the roofs of

the houses at a slope of 15° to the horizontal
and oriented 15° due west of south.
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Bach house has a room reserved for storage of
batteries which store electrical energy in chemical
form until required. For seasonal storage, mass of
wvater to act as collector will be used, each house
having ite own etorage system, frou which hest will
be tapped and converted during periods of extensive
cloudiness.,

Power supply for street lighting will be collected
by photocells at & central point and distridbuted via
underground cables to the lightling points,

The lighting of the roads(access, distributor
and artenial) will include high pressure sodiun
lamps which provide optimal relation of lighting and
colour quality versus efficiency. %Lhe lightin of
gardens and pedestrian paths in the open park will be
mede hy high pressure mercury vapour lamps,

The automatic "on-off" activation will be
executed by photo electric relay eystems.

T7+«3 RECREATIONAL AREAS.

(a) SPORTS FIELDS;= Two national prioritles are
football and basketball. Other gawes of interest are:
badminton, lawn temnis, and volleytall.



135

To serve the population of about 2,000, a
football field, a basket ball cowrt, volley-ball,
badminton, lawntennis courts and open spaces are
provided and could be used for social gathering
such as festiwals,

(b) PARKS AND GARPENS.

The solar Habitat »roposal hss for every
household an inner courtyaxd inderendent of the
porch,

From the courtyard the next open epace i1s the
tot=lot and then the neighbouriicod park, The solar
habitat garden, which is the largest of them all is
8ituated by the Kaduna River and comprises both active
and passive recreations) facilities, such ms foot
pathe, lawns, park benches, =» leisure pool,
artificial beach and an artificial waterfall, All
these are meant to improve the awvareness of the
natural feelings of solarchitecture and thus
bringing man closer to nature.
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when we endeavour to make for ourselves an
atmosphere In which to live and work according to
our own faith and feeling for nature, we are
performing a genuine service not only to our time,
but eepecially to the future....
FLV.

Solar Architecture ias the scientific art
of making the sun express ideas,

KEO »



CHAPTER 8

CONCLUSION

Tt's the plans we draw,

The schemes we dare,

Our contributions along the way,

that bring into life .

Arohitecture that is bright and falr,

Though the solar habltat design proposal is
gited in an urban ares - Kaduna - 1t is not intended
ad an end in iteelf, It is intended as a means to an
end. As u pilot scheme, situsted in a town, 1t will
arford decision makers the opportunity to experience
solar housing. See iis advantages and disadventages -
and explore ways through which it c¢an be used in our

rural areas for the vast majority of our population.

Little is known of what procedure 18 going to
evolva out of this convolute progress to ensbhle the
men of ldeas, technigue, trained and ndequete, to
&et thesve solar ideas into the form of practical,
beautiful buildings for the human joy and use of
tomorrovw, what ls known is that there is a future

for our rural arees in the solar systen.
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APPENDIX A

To comput the coet per Kwh of electricity
generated by photovoltaic plants, the most basic
procedure would be followodw). Assuming the full
anmual electrical output of the system is used, the
unit energy cost is given by:

Total energy output.

Neglecting inflations, tax credits, etc, a simplified
approach gives the relationship;

= P = TeCo + Malip
nave pi

where p = cost per Kwh; r = interest plus agportization
factor; ¢ = total capital cost of system; m = specific
operating cost, expressed as cost per peak watt
installed; Wp = peak power of photovoltaic array; ave =
averege coversfon of system amd p = total amual eolar
enexrgy incident on the array,

As an example, let us consider a 10Kwp photovoltaic
plant for Kaduna town, The present cost of photovoltaie
modules per peak watt is ¥11.70. Taking the installed cost
as 2.5 times of the modules cost including battery
storage, 5§292,500,.00 would be the capital cost to install
a 10Kwp phot_ovoltaio plant,
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Assuning a 20 years amortization period and 5¢ rate of
return, the factor would be 0.0202,(3) and thus the
annual capital cost would be ¥23,458.50. The annual
operating cost including maintenance has been
estimated to be of the order of ¥0.12/"p, and so the
total annual operating cost would be ¥1,200.00. Area
required for 10 Kwp array would be 106.6112. s0 pi
would be 193,815Ewh. Some efficiencies like 4-T7% for
harmattan cloud cover period, and 10=-11% for average
clear sky conditions have been found. These figures
give an annual aversge efficiency of 8.8% so, the
total annual emergy output would be 17,065,72 Kwh,

The unit energy cost would thus be, P = W1.45/Kwh,
This unit electricity cost presently has ho
match whatsoever to other available alternatives,
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alternative energy sources.
1. ENERGY/LIFR SCIENCE LIBRARY = Mitchell wilson.
Time~Life Books, 1968. 198 pages.

(General energy book covering principles and
applications of various energy sources).

2+ LENBERGY PRIMER., Solar, water, wind and Biofuels.
Portola Institute, Fricke-~Parks Press, 1974. 200 pages,

(A collection of articles on solar, wind, water,
architecture, and integrated energy systems with a
"whole Barth" style of catalog for energy related
hardware and informa-



3. ENERGY BOOK No.i Natural sources and
backyard Applications, PEdited by John Previs,

112 pages.
(collection of articles and information on
wind, solar, and biosystems snergy generation).

4. NATURAL ENERGY WORK BOCK. Peter Clerk.
Visual purple, 1974. 98 poges.

(presents basic concepte related to solar,
wind, and other alternative energy source systems,

5. SURVIVAL 2001, seenerid from the future,
Henry Voegeli and John J. Tarrant . Van Nostrand
Reinhold Company, 1975. 115 pages,

(A book which presents the alternative energy
sources; wind, solar, wvater, vave, and ocean power,
using & futuristic standpoint,

ENERGY CONSERVATION,
1+ ENERGY CONSERVATION IN ARCHITECTURE,
Part 11 ADAPTING DESIGN 10 CLIMATE.

Donald Watson in Qonnecticut Architect, March/april
1974.



2, ENBRGY CONSERVATION IN ARCHITECTURE.

Part 2: ALTERNATIVE BNERGY SOURCES.

Donald watson snd Everett Barber, Jr., in

Connegtiout Architect, May/June 1974. 13 pages.
(Lists measures to be taken for energy

conservation in the design of buildings. Briefly

covers aslternative energy sources).

. R BNERGY CONSERVATION IN BUILDING DESIGN,
Averican Institute of Architects, AIA Research
Corporation, 1974. 156 rages,

(ineluded in this book are design methods for
maximising energy efficiency in bullding design.
Also included are analyses of energy uses in
existing buildings,

4, BNERGY ARD FORM. An Eeological Approach to
urban Growth, Ralph Knowlee MIT Press, 1974.

(A worthwhile book on the historieal analyeis
of primitive architecture and design concepts. The
study includes the developument of forms which respond
to natural and climatic stimuli.)
5 OTHER HOMES AND GARDAGE, Designs for self-
sufficient Living., Leckie, Masters, Whitehouse and
Young. Sierra Club Books, 1975.

(Presentes the basic concepts related to solar,
wind, bioconversion, and other alternative energy
systems).



RS

6. TiE AUTONOMOUS HOUSE, Design and Plenning for
solf-aufficicnecy. Brenda asnd Robert Vale. Thames and

HuﬁBOn, Lomon’ 1975.

ARCHIT500URE

4. DESIGN WILH CLIMATE, Biclimatio Approach to
"Arciitectural. Reglonclism, Viector Ulgyay. Princeton
University Prese, 1963. {90 pages,

{The design of bulldinms to respond o the
naturel forces of the alimate and the sun. Bxamples of
many different project nizes and applications).

2. MASTER BUILDERS OF THE ANIMAL WORLD.
David Hancocks. Harper and Row, 1973,

{This book exmmines the design habits and
dwellings developed by animels in response to their
individual climst#s and needs,) |

3. PALSIVE SOLAR ARCHITECTURE IN EURCPE.

The resvlits of the 'Firat buropean rassive Solﬁr
Competiiion - 1980'., ndited by Ralph M. Lebens. _
Architectuyanl Press Ltd: London, Jlalsted Press Division,
John Wilsy and gons, New York, 1981.



4, SOLAR ENERGY IN BUILDINGS.
Translated by Joan McMullan. John Wiley and
gSons, 1977.

5, YOUR SOLAR ENERGY HOME, Including Wind and
Methame Applications. Derek Howell, Pergamon
Press, 1979.

6., SOLAR ENERGY AND BUILDING. s.v. Szokolay,
The Architectural Press, London; Halsted Press
Division; Jobn wiley and Sons, New York, 1975.

Te SULAR HEATED BUILDINGS OF NOIXH AMERICA.
120 Qutstanding Examples, Wwilliam A. Schurcliff,
Brick House Publishing Co. 1978,

8. SOLAR ARCHITECTURE. Proceedings of the Aspen
Energy Forum 1977. Editors: CGregory E. Franta;
Kenneth Re. Olson. Ann Arbor Science Publishers, 1978,



SOLAR.

{. EHEE COMES THE 9UN 1984« Joint Veniure and
Friends. AIA Research Coxporatien, 1475. 97 pages.
(Book covering the principles of solar
gollection ond its design implications in Multle

 Panily housing).

Cu INYOVATION IN 30LAR THAERMAL HOUSE DESIGH,
Donald wWatson, AIA Research Corvoration, 1975.
Approximately 50 pages,

(Covers the development of concepts for solar

thermel design in a climatic responcive house)

%o SOLAR ORIENTSD ARCHITHECIURE. College of
Architeocture, Arizona State University. AIA Research
Corporation, 1975. 142 pages. o .

(A survey of solar Heated/Cooled bulldings
in the United gtates. Included are basic
principles of Solar energy.)
4, SUN EARIH. How t0 uzse solar and climatie
Energiess Rele. Crowther., Charles Soribner's
gons, 1977. i o



Plate 5

51 aba E
Plate 5
South=Eastern view of the =ite, Note the
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