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FREFAE

In the past, climatologists work in isolation from the snd-users
of their results, Very often, collected data are difficult to
interprets leading to wrong applications and adsunpptiona, This
has been the case when some olimatio data used for tuilding dasign
produce poop results,

This leoture will introduoce meteorologimts to the application of
olimatic data for building deaign.IIt is hoped that some of the
information provided ip these lecture notes will equip climatologists
adequately towards sffective interaction with milding design

taama, Some previous works of the author, and those of J, Page,

O. Ayoni, and A, Loudon will be used to illustrate the techniques
involved in the application of climatic data to uilding design,
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A PIELD STUDY OF THERMAL BEHAVIOUR OF
SELECTED NIGERTIAN TRADITIONAL BUILDINGS

Prof, Nelson I, Ngoka -
Anasbra State University of Tecimology,

Enugri, Nigeria,

ABSTRACT

This paper presents the results obtained from field wock carried mit
in three climatic regions of Nigeria on thermal behaviowr of traditionnl.

bllild.lngl.

There 1s & good correlstion between measured and celculated remilts.
As sxpected; the thick walled structure of the seml-aridnocthwas mora
effective in controlling sclar heat guin than the lighter structure umed in
the wvarm-mmid region. On the other hand, the wall ventilated Hghbweight
mumofmwmmmwmmummle
., toom air temperature. ] '

INTRODUCTION

The problem of building design in the tropics to control the harsh
" sxternal climate has been highlightad by various suthors (1,2,3,4)e Sae
of these have led to prediction techniques using data for the Wnited
Kingdom (5,6) and other parts of the world, Bome work have aleo been
carried out on models of buildings &nd specially constructed buildings
(7,8}s There 11, however, 1imited quantitative data which give the actual
situation in existing traditional buildings,.

Itmunufond.ddedbomryout fleld studies on thermat
behaviour in a number of traditional bulldings located in the three main
Climstic zones of Migeria. R

This hlnnt.‘l.qat.tcp involved the following:

(1) Measurement of air temperature outside, and internal room il
temperature,

{11) Messurement of external and intarnal wall surface tesparaturys,
and roof surface tempecatures.

(111) Measurement of ventilation rates.
(iv) Measurement of solar radistion.

s

Ill.tthl

. osling -

'This ¢
HM.gure
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cli.nt:l.:h classificationg of ¥igeria ha

its own merit and demerits, i P verious

I lpﬂnmnll.nthold-uurog:m. (Zone ),

| ESTDUTION OF TO®IATURE RESPONSE

: mmbulmhtc.ngm
| following factors must be considered; stures in & building, the

) Heat guin from the builaing farcic, -
1 (1) Heat relessed within the butlding,

i (11) Heat stored in the bullding structure,

I ) Heat gatn/lose due to ventilation,

|ﬂnlhuyquhmuenfetﬂblbmhgimbyl
Qe 40w '(ti-to)-—-—(‘l)
Whece Q = heat input rate (w)
A -mofwﬂudctuzi
u " therml trenmdttance of facade (W% -
Cv = heat loss Gue to vantilgtion tw/°c)
Yy = indoor air tesparature (%)
t, = outdoor air tespacature (%)

neqligible compared

with the swamation of the heat flow. This situation may apply to

I b)) If the difference in temperature ( ¢) indoor
betwesn :
| | Sutdoar air 4s large when compared td.tl: tesperature fll-t.l:lﬂm-



As both umum'ummum.ﬂumm. tha steady
t ofs .

-state equation is Usually modified to take aceoun:

(1} wvariation in molar heat gain on all sxposed facades.

{11) Long wave Fadiation from other internal building surfaces,
&nd air convection,

{111) Varistion in solar gain due hmmuo

v} Sundry heat guins from electric lighting, eccupants, and
Povar dissipation from slectrical SQuipments, motors, and
Process wuk,

{v) vantilation hoat loss,

Various methods for dealings with these additional heat qains have
been propoged (11, 12, 13, 14, 15), Some of thess involve intricate and
elaborate processes fog ebtaining indoor temperatures, The work of Dantar
(11), and Loundan (12) however Produced simplified Spproach which could De
Conveniently applied. This method assumes that the energy input to the

bullding over a 24-hour pariod is sirusoidal. Danter's wock resulted in the

admittance is the reciprocal of the ﬂuu:m-tumuf-nﬂ-mtbtm
€yclic flow of hest. This 1s given as .

Y = g/t ‘-2‘-1 esesene (2)
Whate 9 = heat guin par unit area

-_%_'. ‘
t a mhmmﬂ-
Inthcrcfnnhmn.

t =
nuaunghb-p.umunumuummu.mtum
mmmwa-mmuzymumbmttm.

Tharna)l diffusivity ana thickness of Any matarial will affect thair
admittance capabilities, Meffusivity 14 ususlly found by dividing tharsa)

I.I‘.I...... ‘3)

conductivity by the Yolume specific heat, Dense material nocrmally have

darger adaittance values than lighter structures,
nvironsenta] tempacature Sing can be found {12) an followss

M - OCQ-.-oc-oo (‘)
i AY + Cv) ‘

Heat faput through glased windows are given as follows:
'Q' = S Iw Ag W, *sevsscans (%)

here Qg = ummmmmumum

.

this sy
It isn

H-93
o« Aternating sorer g9ain factor

I = lternating global irradance on vntical
M‘m. ‘-2

. ispartent the
transfer study of buildings, This is because the absorbed
solar radistion

Sol-air tqnnhncnnln calculated ag followsy
ta =t ¢ Mo @id - g11)

62 & 00l-atr temperatiry
™ . axtenel smuface resistance, nipy~1
“ o asaption confficient
T = intenity of direct Plus di¢iused gotar
outer
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DATA COLLECTION

The following instruments were used for data collection during this
field study, ! .

Sclar Radiation:

A bimetallic actinograph was used to collect daily solar radistion on
sach of the locations,

Surface m;&g Temperaturées.
) Hourly readings of external and internal wall temperatures were takon
with an electronic temperature probe from 8,00 hr to 1800 hre External iroqt
temperatures were also | at hourly internal during the same period
of

External and Internal Te ature and Relative Mamddl
——-—_..___K__tx

A whirling hygrometer was used fottlld.nglwurlyrtldinqlofht’th
tesperature and relative humidity., A thermohygrograph was also instalied i
each east facing room for con recording ozhoi_-.hpurl-tcn.

Alr Valocity '

mmumwnlmwmmmmmmummmn
tharmometer, Lo

Assumed Data

Due to the nuuuqn o instruments availahle for this field study,
scme of the data used in ‘the calculation of temperatures ware obtainsd

from CIBS Guide {13) and 'from proposals made by Petherbridge (5). s s
peesanted in Table 3, |

m' ntal Results

Three distinct types of climatic conditions axistad in the regions
where sach of the bullding was located., As expected, the greatest datly
swing in tesperstures werp observed in the semi-arid location, RMelativy

h-uuuumeu-ommxnu-mdngimmmmmmm.

Discussion of Results
—— DL _Results

The results show that the S0leair temparature i generally highee then.
the external air temperatures, especially during peak solar radiation when
these di:::rm Sre wore pronounced, Por example, in the semi-arid

’ Sverage difference betvsm Sol-air temperature and external ulr

temperature at 1500 reg 1g sbout 10°Ca These values are lower for the tws
other regions where lower kolar radistion are axperienced,

ty
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Fige 9 show that ther( 1s a wide difference (upto 14°%¢ ¢ pea
1 room air
tamperature, The thermal whags of the roof structure contributes towards
the control of heat transmivtance into the building, This 14 an impoctani:
factor for thernal controlm There ia cloge rd.atimhip betwean: the
ard computed interfia) room air temperatures, .

region where high ventilatich rates Verg experienced, the lightwaight
structures used for construction of the bulldings affected the level of
thermal storage, _AS & resuld of this, temperatures measured in 1and | arourd
ﬂnbuilduagsm;nryuom-inm .

. Conclusions

. m-muxu‘obtuma fr m this fiqld -hﬂy-i?mﬂutﬂuﬁhnu !
performance of the heavyweight: bullding in the semi-arid zone g
Supervisor to tbq: of the 1lig edght structures, However, in the humid
region, where solar inshlation Prevall, the combination of ihigh
ventilation rates And lightwe ght structures Bests with the thermat
control I-'Oqui.mnu xpectedn
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PIG. 3 BUTLDING In THE DRY SUB-HID REGION (zowx B ) ‘ ’

P10, 4, WOILDING IN ThE SEUI-ARID REOION (ZONE c)
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Opening lecture
Geographical varlations in the climatic factors
influencing solar building design

J.K. Page,
Department of Building Science,
Unr:eraity of Sheffield, Sheffield, U.K,

Abstract

This paper discusses geographical variationa in the
¢limatological factors to be considered in the systemetic
design of solaer houses. Special attention ig given tc the
short wave radiation climatology of vertical and inelimed
surfacee in different Paris of the world under different
conditione of cloudiness and atmospheric turbidity, £s -
diffuge rediation jis dominant in high latitudes and in
Equatorial regions the need to estimate diffuse radiat=on
exchanges accurately is etressed. The various
meteorslogical factors affecting heat losses are also
considered, ineluding the effects of wind, long wave
radiation exchanges and temperature, The neeg to give
greater attention to micrometeorological appecte of mite
assessment ia alec stressed, 1Ip addition to drawing f-om
published meteorological data, extensive use has been -ade
of the Department of Building Science's new range of
radiation computer programs to Prepare diagrams for avarage
days for vertical alopes as well as clear day conditioms to
illustrate the pracise effecte of latitude an solar energy
availability,

Introduction .
The meteorclogical influences that need to be considered in
the systematic design of solar houses are extremely ccrplex.
It is difficult at our current stage of knowledge to produce
simple global climatological claasificationa to agaigt
architects in solar houge design. Weather not only affects
the day to day supply of sclar energy, but alsc the
magnitude and the temporal patterns of the different demands
for the use of that energy, say for space heating or for
cooling, Weather in many parts of the world ig highly
variable from day to Gay, and in all parts of the world,
outside the equatoria] regions, the climate also varies
strongly from season to Beason, The need to matoh the
Bupply of the s0lar energy with diurnally varying energy

supplies, Figure 1 taken from the =ISES Report (1)
attempte to describe the complex interurelationahipu thet
exiet between component design for solar houses and tre
multi-dimenei onal external meteorological environment,
Figure 1t distinguishes between the paseive collection of
aolar energy through windows, etc. and the active exterrm]
collection of eolar Energy using external asoler collectors
on the roof, ete. It indicatee the problem of aolar
controla and energy dumping. It alsp distinguishes between
energy storage in the building fabric itself and energy

other types of energy supply system, ambiently based,
fossil fuel based, and where appropriate nuclear based.

L

4
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Geographioal variations: Pege

The systematic design of solar by
interactions between the shargy
supply systems, no less than thrwe

of which are yused in & typical solar

building, Ths soler oystems interast with the wider SIOTgY supply

wystem. Many of the faoctors are we
shown in double boxes,
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The numeroua‘meteorologically sensitive aspects of system

deaigp are all ringed in doub

le boxes, The ‘large number

of climatic interactions is the clearest feature of tre

diagram. It ig clear that go

The deeign of 8olar houses ne
by the precise 8eogrephical 1
groject and ite aesociated el
hie paper attenpts to briefr]
variations found acroms the w
variables relevant to Bolar h
particular areas must be seen

lar system design ias difficult,

eds to pe strongly conditioned
ocation of the Proposed

imate analysed in detail,

¥ outline some of the

orld in the climatological
ouse design. Schemes for

to rest within a particular

climatologiecal context, and theiy Buccess must be judged

ext., Wa must seek an

appropriat® solap technology for each geographical location,
?ﬁe IoglcaI form of molar bui [] aEroneg conditioned
by latitude ang tloudiness characteri

stice. Architects

must put aside any belief there can be any universs]

internationa] eclar style.

the French Pyrenees with that
wept of London, England. The
Juat over 10 degrees, but the

measured at Bracknell, just
difference of latitude is
®nergy availability in winter
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Mig:e 3 : Anrmal nean ‘:3“1 irradiance on o horigont,
-AVeTaged over 24 hours),

Measured monthly mean plnllj irradiation on vertioal south walls:at -

Odeillo and Kew. Note large winter differsnces, r . the earth (W Al plane at the surfase of
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is vastly different. Odeillo has a clear sunny winte:: : . ssured mean sonthly global and Aif s
tlimate with an average in January of about five and i kel ! surface for 6 stations of widely urr.r:ér;::i‘ht,:m,_ ;:t: horizontal

hours of bright sunehine. Bracknell has a typical UK
winter climate with a monthly mean bright sunshine:lewul (it
only about one and s half houre a day. The high lave..
mountain climate of Odeillo is mleo zmich clearer than:the
‘low level winter climate of the UK and it was for a very
good reason that Felix Trombe took the French CRNS:Seler
Energy Laboratory to Odeilloc., The Trombe passive wmolay: wefll
Bystem may have proved itself successful in Odeillel (2}, it
Figure 2 shows that one must not assume that 1t would

" necessarily be Buccaseful in mid-winter in the UK, however
attractive the concept might seem et & superficial glence,
¥We need, therefore, to glarify the climatological design
principles right at the start of thie conference,

| roporti -
| ;q uz:o r.on of diffune irradiation at h.tch latitudes sang olose to

I'-M—.’;'i:q .
| 2 ’- vorLz so®saew ] LiwIeK, ur oo x

- il

RUBTT 29% 4

Ul ey
3

.
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Olobal patterns of molar irradiation

Figure 3 maps the anwnusl mean global irradiance on ™
horizontal plane. The range acrosg the main inhabited
parts of the world jie from 100 W/m2 in high latituds
climates to 300 W/m% in the Red Sea area, The eat deger:
areas of the world typically located between 50 and 3JOVN

and 20 - 25°3 have meéan irradiances of 250 W/me, over 2} :
times as great as countriee like the UK. The low mean il ; . ) .
irrediance values at the Equator are also evident, | The - - Hy . : M
Congo Basin and Paris have very similar mean annual 10 n
irradiances, " "

btyrose
SRATIHLAN
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NEAT PATLY [NRAmAfTON
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LT - TEPRPL PP WEEDAMT 11%)geg
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1
Pigure 4 shows recorded monthly mean daily totals of } - ' J-‘ i
irradiation Hy for six etation® of widely differing ; . . LLiTeIvEE F
latitude, some north_of the Equator and some scuth,'| ny . :
diffuse irradiation Hen ie aleo shown, - The variation, in {
L]

mean daily global 1:-‘-radiation with season increases|iwiily

latitude. The even Bupply of mclar energy in the
equatorial region from month to month i8; very obviousl &
Kinshasa. ' The diffuse irradiation forms a big proportion

ke 4

P ————
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short wave irradiation at Kinshaga in the :Congo
fﬁsﬂ:? Lug‘u.m 8hi a few degrees in latitude further to the
south from thé Equator has a two Beason climate, regmetimen
wet and humid 'and cloudy, sometimes dry and sunny agcordimy
to the positicn of the inter~tropical convergenze zone,
The proportien of 4iffuse varies accordingly. Wuwait, a
deeert type area, has a high insolation throughout the year,
but, being situated 29°N of the Bquator, the harizontal
monthly mean irradiation levels during the winter half of
the year fall back am the pun moves to itae aoutimwar‘r_i
position. Melbourne, Australia at 3725 has the minimum
global irradiation level in June. The diffuse proportion
at Melbourna im relatively high during the souttern
hemiaphere winter, but this proportion decremses; in the
Bummer period. Uecle outmide Brussele in Belgiwm ehows a
big range from summer to winter with a large pruportion of
diffuse radiation through the year. The annual range iz
éven greater at Lerwick in the Shatlg.nda to the morth o7
the Scottish mainland at latitude 60°N, The wintep |501|:;r
energy availability is very low indeed. The prixgpects for
solar houses c]:.oaa to the Arctic circle ara poor,

It is useful to start by looking at the monthly changes

of horizontal surface irradiance Gy, Figure 5 pregente
variations in the measured mean monthly irradiance with time
of day at Lubumbashi in Centrai Africa, for four igelected
months together with information about the associated
percentage possible sunshine, In January with the

. .
Foostale J"
B LA

TTETR T
Varistions in mean €lobal, direst, and diffuse irradiance o s
horirontal surface In s %ou ht.lsudc olimate with a clear il oloudy
Sesson - Lunbumbashf, 11°3915 27 28R, 1298n 195560

i

| A3
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Percentage possible Bunehine as low ap 34%, the diffuge
irragiation exceeds the direct. In July the Percentage
possible sunshine is about 87, ang every day is virtually
cloudiess, The direct horizonta) Burface irradiance
dominates, and the proportion of diffuse ip very small, In
Ottober the Bun ia overhead, mo the mean global irradiance
reaches ite peak, but thers is elightly more cloud and the
diffuse has risen compared with July, .

Solar building design involves understanding sych radiation
patterns in order to make beat use of them, The Imowledge
of irradiation of sloping ang vertical surfaces ie critical
for Proper design, and it i espential to have methods for

design purposes,

The absorption and acattering Processee in the
atmosphere (3), {4)

The‘ principal extra~terrestrial variationa in the 80lar
energy gupply arise from the variations in the distance
between the earth and sun that are the conaequence of the
earth’s elliptica) orbit, The extraterrestrial solar
irradiance normal to the beam at mean solar d%sta.nce Gy
known as the 8clar conatant ig about 1353 w/m2, Tr.e exgra-
terrestrial intensity varies by £ 3,3% being greatest on

January tet and least on July 5th,” The direct beam ifAtensity
im subatantially reduced as it Fasses through the atmosphere,

e lower the sun the greater the Path length apd the

&reater the reduction due to abaorption and scattering. Some

radiation ipa absorbed by gases in the atmoaphere mainly
bzone, oxygen and carbon dioxide, aome by water zvapour and
cloud droplets)} ang some by aerosol, mun-made and natural,
In terme of absorption/unit air mass ozone absorbs about %
of the Bolar conetant Ggcr Oxygen and CO> abeorb less than
and water ‘vapour 20me 10~-15 depending on jta

concentration., Variations in the surface irradiance due to
absorption_depend mainly on the water vapour distribution,

Bannon (5) has marped global dats on the amount of precipitable !

water vapour in the atmospheres, The pPrecipitable water held
gaseously in the atmosphere varies considerably from area to
area and is greatest in the equatoriai regione where it
reach 100 mm, 1In high latitudes ip winter about 5 mm ig
typical, The water vapour absorption removas energy mainly
frem the infra red part of the spectrum, Air molecules
scatter the blue light prererentially. Seattering ky cloud
droplets and aeroscls depends Btrongly on particle 8ize and
on wavelength, Scsttering by aeroscl removes from £% to 404
of Gge in unit eir mass, but a tignificant part of the
scattered radiation &8till reaches the earth's surface an
Figure 6 shows the main spectral
features of the direct aolar beam, The theoretical direet
Bolar irradiance @ expected at the gurface depends on
Palnt Gacy (i1) the sun-earth radius
vector, (iii) the total water vapour-content of the
atmoaphere éxpressed as precipitible water vapour, and (iv)
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Geoggaﬁhical variations in atmospheric turbiditx

There are very large geographical variations in mean annual
1 atmospheric turbidity. Large seasonal differences are found
. as well, The clearest region is Antarctiec., The Arctic ie
- also very clear, and air masecs originating from these polar
regione having & low precipitable moisture content and alao

Spectral irradisnce ourves for divect sunlight extraterrestrislly and
st sea level; shaded areas indicats absorption due to atmospherie
constituents, mainly H,0, CO, and O,. Wavelangths potentiamlly utilised
in different solar ens apﬁlioltiam are indicated at the top,

WAVE HIND IVAC ALY GSADLE FOR Dorr REMT LODLICA 1N
H ¢ AL L/ gy £ f’Lﬂ'O

[ 7277727 7T W00 LS THER)AL USES

I 8 'ow duet burden have low turbidities. The molar beam
z:::::a::mnymwusnw i intensity in auch high latitude regions may be surprisingly
R F"’Hﬂﬂ’fuw . high in spite of the low pelar altitude, In the great

desert areas of the world, a considerable amount of dust
enters the atmosphere, and the turbidity may be relatively
high throughout the year. The high midday solar altitudes
associated with lower latitudes mean the midday air maee is
low, ao that the energy that penetrates is still ve
considerable. In the humid equatorial regions the turbidity
ie often lower then in the desert regions on either Bide,

h substantially

’ Solar tpeciral kyndians- entzide
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& clear season, the rain% aeason typically
. Teveals lower atmospheric turbidities. he high rainfall
tends to wash the duet particles out of the eky. Purther
the famt growing vegetation and the moist ground eurfaces
Buppress surface duet generetion due to turbylence, In

oot
oo
i
2%
<
o
Do
Ea
< B
™
= q
h
38
o -
v
b
S0
28
f]
o+
»
1
-
=
®
o+
5
o
(=3
o
=y
ot
«
[y
@
a
1
F’
0
9
]

e middle of winter and increases
. to a maximum around July.  The etmospheric water vapour

contents also increase from winter to summer sc the
abeorption in the infra red absorption bands increanee go
reducing summer direet besm irradiance.

WAYELENGIH (nwn)

+

the air maes 1 which is related to solar elevation o by the
formula m = t/sin a for o >10° for etatione at or close .to
sea level, For lower alt{tudes the Smithasonian Tables (8)
Provided suitable values. The major variations of Gppare
due to water vapour and air mass. In practice the .
meagured beam irradiance Gy, ie almost alwaya less than Gf,
and the additional attenvation is ascribed to aerosol and
described by a turbidity ceefficient.

Figure 7 shows typicel month to month variations in the mean
monthly maximum pseude turbidities for meveral N, Buropean
sites. The pseudo turbidity wams derived from the daily

- totals of direct and diffuss radiation using our computer
solar radiation model, by dividing the observed mean monthly
deily direct radiation on a horizontal surface by the
Dercentage poasible aunshine for the month in question,

. Tixing the daylengthe as the length of téne during which the
‘direct sclar irradiance im above 200 W/m< (which is the
intensity at which burning of the sunshine recorder first
i#tarts) essuming & Monteith and Unsworth turbidity of
“Ta = 0.2. Figure 7 showm the highest turbidities are
‘associeted with urban Bituations, Kew ang Hamburg. The
;remote esashore mites have substantially lower turbidities
.than the urban mites, The cleareet conditicne at sea level
‘being found at Valentim in the fer west of Ireland, which im

4 distence from the main continental sources of pollution.
Purther the air masses come mainly off the clean Atlantic

A variety of turbidity coefficients have been proposed, many .
of them depending on radiation measurements in s narrow
maveband (for discuseion refer Robinson {4))., For eolar
energy applications there are advantages in using the
Monteith and Uneworth turbidity coefficient Ty which is based
on measurements of Gpp over the whole solar apectrum 0.3 -
BHM.

Ta is definéd by the relationship

‘ G- : ilcean, One high level French mountain station, Odeilio, is
rt -l 10 bn (1) B included. The low turbidities amsociated with this
a o L il ‘ particular site are evident. At Odeills some turbidity
' bn

increase from winter to Bummer is present, but ie more
@ubdued than at Kew., Published data for the USA {7} bears
put very much the same annhual pattern. The global computer
B218r radiation models which we have developed in the
Miversity of Sheffield allow these turbidity variatione
and the monthly variations in precipitable water vapour to
be properly taken aceount of by ths user. -

We have used thie turbidity coefficient in Sheffield

extensively in the development of our copputer models for
the study of solar radiation, .
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Fig. 7 . Anmugl varistions in sazimm pasudo urbidity - Northern Burope
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Table 1

sxceeding 100,000)

Glosrlphj.cp.l variations: Fage 1.10

Urban influences on turbidit
—=———==_==hces on turbidity

above, one haa alao to consider urban pollution influe.'.cea,
which may exteng OvVer very wide areas, Figure 8 gives data
/ﬁoh 8round Lexdon .

legislation, the emoke po} ution burden of the UK
atmosphere hag been falling, ac over the last decade tre
turbidities in many of the inrgc tomns have decreased,

AiT mapas
type Ta
Northerly islana eite, minimum polar C.05
pollution from land sources ‘ average C.20

continental C.35

Rural or coastal site expoged polar 0.10
to natural aerosel pollution and average C.25
small emounts of smoke continental 0.40

Urban site withip or clome to a : polar 0.25
large tomn ( Bay population " average C.40
continental ¢,55

‘ Typical values of Ty for different types of ajr maps from

Unsworih (3) with corrertions for urban ang other polluting
influences in high lati™.des are &iven in Table 1. Figure 9

- 8hows the effect of turiidity on vertical and horizonta-

Burface irradiance on g Bouth facing vertical swrface g+
latitude 50°N for Marcp 218t for cloudless days. The rapge
of values of Ty selected wera thosen to match the actual
range found.across the UK from the clearest conditions in
the far west to the inland urban Polluted situations foung
in towns with Poor control of amoke emiasions, fortu.nately
NOw a minority in the UK. The halving of available energy

demonstrate the influence of inereesing the ground albeda
from 0.25 t¢ 0.70. Aa the turbidity increases 80 the

an
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given turbidity value.

turbidity values

are tabulated for
Unsworth's values

The mean Monteith ana Unsworth

for Blackwell's cloudlese days betweean
1947-52 at Kew were found to be 0,15 in Jeptember, 0.13 4n
December, 0,23 in June ang 0.24 in March, Velues of Gapn/Gy,

various values of T, ip Tatle 2,

for air mass 1.15-2.0 in summer are aleo given in Pable 2.
. They correspona reasonably i 3

Parmelee, Thie r
golar altitude, a

however as the alo
is small,  Thigs ig

Parmelee (8) has

irradiance both o

Ohio, on days which, although clouglesa differed in

atmospheric clarity.,

horizontal surface sho
@, & linear relationsh
horizental irradiance

The relationship

where Gq) is the
(wn=2), %8

Equation 2 has be

for a particular
values given in T

h is the 4
surface, ?WM*2) and &
-particular solar

we' that, for a fixed solar altitude,
ip existe between the diffuse .
and the direct horizontal irradiance.

takes the following form:

Gan = 8, - 8,6, (W™2) (2)

diffuse irradiance on & horizontsl surface,

irect irrediance on a horizontal
and 8y are constants for a

altitude a and are given in Table 3,

en incorporated in our Sheffield clear sky
comput er programs, the conetants a, and 8y being determined

solar altitude by interpolation on the

able 3.

Thus knowing the solar altitude

one can derive the direct irradiance on the horizontal

The figures in parentheses in Table 3 were obtained by
on, -

extrapolati
Sol(ad:; S;Jé?:)uda L a,

0 (0) (0.290)
10 1 (63.1) | (0.205)
20 114.9 -0.314
3o 222.1 0.360
40 284.13 0.362
50 i83.0 0.424
60 484.6 0.492
70 (552.1) | (0.520)
80 (604.3) | (0.545)
Qo (624.7) | (0.560)

Fig. 10
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Diffuse. radiation on vertical and inclined murfaces on_clear
st Arlaces on clear

days ’

.There ie not epace to discuss in detail the relationships

between vertical surface diffuse irradiation, and horizontal
surface irradiation under clear eky conditions, Figure 10
which ig derived from Parmelee's observations shows the
importance of the Precise orientation of the surface

Figure 10 as & function of the cosine of the angle of
incidence of the direct sun on the surface for different
angles of the sun. The large variations are immediately
apparent., This figure demonstrates forcibly that the
isotropic approximation is very inaccurate for the estimation
of incident diffuse cloudless sky radiation on vertical
Burfaces. Fuller discussion may be found in Page (12),

, However, these non ieotropic features of the clear sicy are

modelled in our Sheffield clear sky computer programs.

This diagran based on Parmeles's work demonstrates the lerge errors
vwhich nay result from using the isctropic approximation for diffuse
radistion . . .
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COSIET OF ABOLE OF TRTISENCE OF WS MATS

Figure 11 shows the effects of change of latitude on the ‘
cloudless irradiation of a horizontal aurfage and a vertical
south surface calculated for g fixed turbidity of T, and

ehowa in December the most favoured -latitudes for passive
solar houses lie between 30 mnd 459N. Purther north s lot
of the low sun's energy is lest in the atmosphere., The
clear sky south vertical amplification factor however
becomer quite large at high latitudés due to the favoureble
angle of incidence of the sun on the mouth wall, bufqthe
energy available close to the Arctic Circle on Dec Z7st must
hecessarily be very low due to the long path length,
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Variations in the irrsdistion on & horizontal surface and on 4 wartisal
tu.:l'aco feoing wouth with chinge of lntltmh't'. = 0,150, Precipitiable
ll20 = 5.0ma, ground albeds = 0,25
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The climatology of diffuse irradiation under average
gonditione .

In ecloudy climates diffuse irradiation dominates. The ntudy
of the climatology of diffuse radiation is therefore very
important in molar building applications, especially at high
latitudes and in the equatorial region where there is glgo
a lot of cloud. Well over half the short wave energy
inceme may be diffuse in such areas &nd it is important to
have réasonably accurate methods for estimating the diffuse
radiation available on building surfaces.

ITt'ia well known that the maximum amounts of diffuse
radiation are received on days with partially clouded skies,
Broken cumulus, in particular, can give very high values of
diffupe radiation, and when the sun is shining through
scattered broken cloud instantaneous values of global
radiation can bs recorded that are higher than the solar
constant,

The basic problepm is how, in the abeence of local -
measurementg, to separate the diffuse horizontal lurface‘
radiation, Hyn, from the global radiation, M. Page (13]
found it was fortunately poseible,using data from statiane
where both diffuse and direct irradiation are observed to
et up reasonably reliasble regreesion equationa of the
form: .

ﬁdhﬂih = ¢ 4+ d(ﬁh/HOhj . (3)

Geographical variationss Fage 1.10

where Hdh = Meéan monthly valuee of @aily diffyge
irradistion on g horizontal Plane,

Hh = mean monthly value of daily global irradiation
on a horizontal rlane,

it

oh ™ Bean monthly daily irradiation on g horizental
Plane in the absencs of any atmosphere,

c&dare climatically determined r'egrension constantgt-

which vary sig:niricantly from area to aren in
~the worla,

Liu and Jordan ( 14) in contrast Put forward a single formula
based on Blue Hil) Observatory,

Typical valueg of ¢ and 4 for K. Europe and the US are
given in Table 4, while Table 5 gives some values for

the African continent calculated by the author,
Corresponding data js available for Canada from Tuller (15)

The mean regression equation for the ten atations Bcattered
across the world studied by the author in 1961 wapg found to

ba;
Hdh/ﬂh = 1,00 - 1,13 Hh/ﬁoh

An important feature of tnis formuls for estimating diffuse
radiation is that it mthematically Predicte the occurrence

of a high leve) diffuse irradiation with relatively modest
amownte of sunehine,

Rearmngmg squation 3, we get: ]
Hdh = cﬁh + d‘ih/ﬁoh)?

This is a parabolic Curve, and we may find the maAximum |
value by miuple differentfatiqn, thus it is eagy to show that:

2=
Hdh(mx) =-e Hoh/“_
and that this value occurs when HnAlop = —c/24

Equator in Afrieas are given in Figure 12. Both global and
diffuse daily irradiation on & horizc¥tal murface are
pPlotted against Percentage possible sunshine. In the
equatorial climate of Rinehasga the maxigum diffuse occurs
with £ possible sunshine im aroung 30%. Lubumbaghi has a
very eunny climete for part of the year. During thia period

* the diffuse radiation is Yery low compared with Kinshaga at
. the pame Percentage poessible sunshine where humid conditions

preveil throughout the year. In the wet sesaon at Lubumbaghi
the characteristice are mimilar to Kinphaga, Figure 12 shows
that the diffuse radiation cennot be obtained by linear

between 4 ang 6 oktas when the diffuse irradiance ¥}
typically about 40 greater than the diffuse irradiancs
for cloudleas eky conditione.

|
|

|
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Table 4

Table 5
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Pig, 12 Relationship between percentage possible sunshine ang global and diffyuse
irradiance on & horisontal surfscs for two low latitude stations
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Tables 4 and 5 imply the relative amount of diffuse energy
for a given velye of the monthly mean atmospheric trensrission
coefficient h/ﬁoh varies from climate to climate, Some
measure of the proportional variation from place to tlace
may be obtained from values of ~c2/4d, which as I have Bhown
defing the maximum valuea of Ran 28 a ratio to Roh. Values
of ~c2/4d are included in Tables 4 and 5. These values sre
algso expressed ae & ratio to the corresponding value of
=c2/4d for Kew, England. We use this figure in our everage
day programe in Sheffield am & diffuse multiplier to correct
our mean diffuse irradiance figures on the computer tased on
Kew to match ectual observations at other stationa more
accurately, The multiplier may be greater than one, for
exemple in ¢lean high latitude relatively overcast climates,
like Valentia, Ireland, or less than one for example in
clear sunny climates like those found in the inland parte of
Southern Africa, Thepe eorrections appear to hold over
quite larger regions mrovided proper account is taken of
local wrban influences. The urban influence appears to
depress the diffuge multiplier within a epecific region by
some 5 - 10%. Our experience in the UK 18 that the
reduction in pollution which we are &chieving in our citien
has had s bigger impact on diffuse ‘energy availability

than on direct energy availability. -
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Hourly relationahigs for diffuse irradiance

We have additionally studied climatologically for peveral
north western Eurcpean stations the obeerved relationships
betwe_en monthly mean hourly diffuse horizgntal surface

middle of each observational hour recorded. We have found,
provided long term means are taken, there is a very high
correlation between monthly mear hourly diffuse horizontal
surface irradience and solar altitude for a number of
stations in Western Europe. The relationship function 1s
remarkably simple:

Gdh =a' + b'a (4)

where Gaph is the monthly mean hourly diffume irradiance for
8 particular hour when the altitude of the mun.at the mid-
point of that hour is a, This is the function we uee¢ in our
average day computer model to predict diffuse radiation
under average sky conditions in the first stage of the
computation. Table 6 sets out some of the valuee of a' and
b' we have recently determined. If the daily irrediation
data are studied on a monthly annual basis for a

particular station for a run of individual years, it is
Tound that, as the average monthly global irradiation
increases, the average diffuse irradiation alsc
Bimultaneously increases in low sunshine climates. If
however one ig dealing with a Very sunny climate the
opposite is true. This ebeervational result ie, of course,
implied by the perabolic nature of the relationship
function already dimcussed;

Fan = o, + AL, )

(Thiu'relationship is, of course, derived from the study of
whole day date rather than from hourly values.) The rising
or falling characteristic eimply depends on whether ﬂh/ﬂoh

ie above or below the Peak value of —c/24,

study the monthly mean hourly diffuss relationehip functions’
for the Southern Hemisphere in detnil, The relationehip
discussed certainly holds a Proximately for thy Australian
data reported by Paltridge ?17) and ie more accurate than
Paltridge's method of estimation in opite of its far greater
simplicity. Nevertheless the relationship appears to hold
gomewhat less accurately than in the Northern Hemisphere and
it ia possihle that the remarkabiy simple result found for
temperate sreas of the Northern Hemi ephere depende on the
fact that the influence of the Bummer increase in turbidity
on diffuse irradiation coincides with and Precisely

balances the gummer decrease due to changes in the mean
solar distance, while just the opposite situation will

exist in the Southern Hemisphere. Pending further studies
equation 4 should bs used with caution in the Southern
Hemisphere.

Having explored the diffuse radiation problem in considerable
detail, we can now consider the problem of predicting the
actual irradiation op 8lopes under average conditions.

Geographical variations: Page 1.10

CONSTANTS IN MONTHLY MEAN HOURLY DIFFUSE HORI ZONTAL
SURFACE IRRADIANCE FORMULA

Gih=a' + bt mvai:ta/m2

WHERE o 18 THE SOLAR ALTITUDE IN THE MIDDLE OF THE
HOURLY PERIOD CONSIDERED :

DATA _DERIVED FROM HOURLY OBSERVATIONS
o= ] UHSERVATIONS

Station ' Correlation -
Comment & bt Coefficient
Kew Suburban 2 4.532 0.996
1959-68 London 3 99
Eskdalemuir  Inland site in 2 4.798 0.997
1959-68 hille - ?
: PoBEEibly some

pollution

influence from

Glasgow )
Lerwick Northern 2 5.068 0.997
1959-68 exposed coastal

position
Aberporth Corstal mite 2 5.176 0,994
1959-68 ©  West Wales
Hamburg Airport site 2 5,36 Fitted by eye.
1964=73 Preliminary

figure based on
four months -

. Jan, Mar, June,
’ Sept,
Valentia Extreme 2 5.60 Fitted by eye,
1964-74 westerly of Preliminary
coast Ireland figure based on
Pollution four months -
levels v. low Jan, Mar, June,
Sept,
DATA _DERIV DAT B 7]
ERIVED FROM LY OBSERVATIONS OF & ﬂdh
Kew Suburban 2 +804 Used com uter
1965=75 London with 4 ra:iiatiozxiJ model
reduced to determine
pollution correction to
195968 period
Bracknell New town in 2  5.068 Useq computer
196575 - countryside ©  radiation model
outgide to determine
London correction to

1959-68 period




1.10

Table 7

- unfavourable anglege of incidence. Fortunately the adlar
- energy density falling on a collector may be subslantiiallr

Geographical variations: Page

Climatological varimtions in the mean irrediation of Hal opukin
surfaces . . ‘

At high latitudes the levels of irradiation on horizontal

surfaces even on cloudless days are very low in the wWinburs
half of the year. In eummer the longer day compeneatsa i)
a considerable extent for the lower mid-day sunm, "The : low

winter horizontal surface values are due partly to ithe

increased by tilting the collector at an aprroprinte engll
towards the Equator, Table 7 presents date on) obwerved
valueg of the mean irradiation incident on verticil
surfaces at different etations ae a ratio to the nean
irradiation sirultaneously incident on a horizontnl, smrfme,

appropriate offset towards the easterly direction Wil glmn
higher incident energy, and vice versa, if the afternoons
are clearer. Pigure 13 for Kinshasa shows in somg climadmn

| Mg 13

very strong asymmetiry may occur, The high humiditiea in
the equatorial’ zone produce heavy cloud obstmcticnldm*ir.@
the morning which 1ifts to some extent as the day 'progreuses,
Providing one can estimate the direct beam irradimpce, 1 whipch
one can do if the hourly variations of turbidity and
OBSERVED RATIOS OF MEAN MONTHLY VERTICAL SURFACE
TRRADIATION T0 ¥ MONTHLY HORIZONTAL SURFACE IRHADI ATTOF
MONTH VERT VERT VERT VERT || ‘mER%
S0UTH SOUTH SOUTH SOUTH | 1 smum
KINSHASA  BLUE HILL ODEILLO BRACKNELLY  |[HanEUR:
492213 420 13%  42029'F T 54059s5 L 50Pae
1954-60 195256 197173 1967-73 | Ygey
J 0.46 1,80 1.76 1.38 R Y L]
r 0.37 1.38 1.33 1.26 141
| 0.27 .93 0.90 -1.00 115
A 0.26\ 0.61 0.67 0.73 -~ 0480
M 0.30 0.44 0.49 0,60 . 0462
J 0,29 0.39 0.43 C.52 0.9
3 0.31 0.42 0,44 0.55 .00
A 0,31 0.54 0.59 0.66 . 0,7% ’
3 0.44 0.79 0.8s5 0.07 v 100
0 0.39 1.23 1.24 1.20 , 0486
N 0.44 1.60 1.69 - 1.59 180
D 0.49 1.94 2.09 . 1.65 1.4%0

Observations excl
adjusted to a gro

ude ground reflec
und albedo of 0,2

O A

tiona, observations.

Geograpuivul valabbivie ¥ gt e

1ntl in mesn global, direct and diffuse irradisnce on & horizontal
:u‘:f:neoi:\ a cloudy nquah;rh:l olinste. olloh 'Y lsmtzy of direct
irradianse adout solar noon, Einshasa 4722'5, 15°15'8, 436m, 1954-1960,

/a2 ' , K3/t
oy 0.7
o6 . Pee
3 i 4.5
oc lo.s
los H0.3

02 0.2
o1 0.t
0

-‘O
0.7 0,7
0.6 0.6
&5 0.3
0.4 D.4
0.3 0.3
0.2 0.2
0. 0.1
0 0

"

;0531 oLE
SWNSIVE
195159

ot Tl

Tcunq::al!hl

te the tilt
shine are imown, it im fairly easy to calcula

:L}:?ch will collect’ the greatest amount of direct soi.ardard
energy on cledr and partially clouded days, using stan
trignometrical methods,

er the estimation of the mean diffuse irradiation on
‘::?:;:ari: more difficult because it is not uotro%f.h :1;:
must aleo consider the effecte of ground albedo{ cound
greatest for ‘he pteepest elopens, Furthermore ‘_he gdence
albedomay va.y etrongly with the actual angle o-t;.lnm
of the dire:t beam on that surface {18). The author
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Presentad a fairly simple approach for estimating the
available energy on slopes to the Rome conference (13) ana
an updated version has been recently issued (12),

In Sheffield we now prefer to handle this problem in more
detail on the digital computer and our average day solar

any inclination and any orientation from mean- monthly
values of the Bunshine recorded., At preaent the accuracy
ie fully tested for the UK, but the program appears religble
between latitudes 400 apg dooy at this stage. Purther
checks are in Progress. If appropriate values of the
turbidity are available, it ip certainly possible to
estimate the mean slope irradiation ithin 108, Our

by Rodgers et al-(19), The radiance of diffuse overcast eky
rart is assumed to follow the Moon and Spencer distribution
adopted by the CIE (20), The radisnce of the overcast sky
Lo at an angle @ from the horizontal plane ie related to the
zenith radiance Lz by the relationship function:

Lg = I‘z('}" % sin §) (5)

Thie formula indicates the radiance at the zenith of the
overcast sky is three times the radiance at the horizon,
The Qiffupe gky irradia.nga on a vertical syrface under

days using a steeper tilt, he anawer to such complex
questiona however can only be accurately determined by
detailed simulation,

We have used our average day program to carry out a
preliminary syetematic study of the effects of sunshins
amount, and diffupe mltiplier on the irradiance

multiplier for vertical south facing surfaces, Our
preliminary results for Dec 15th are presented in Figure

14 for latitudes bhetween 309N and 60°N. It will be meen
that as the sunshine and atmoepheric transmission decrease,
80 the energy multiplier falle, and the benefite of
southerly steep tilte are very emall in situationa where
there is little sunlight. December, of course, is the most
extreme month in radiation terms, figure 14 brings out the
enormous differences between sunny and cloudy climates and

I must strees the dangers about being too optimistic about
the actual amounts of asolar energy availsble. Clear day
analyeis can lead to eéxceanively optimiatic estimates of
solar energy mrospecte. Even in low latitudes considerable
problems may .be experienced in climatesn where there ig a

lot of cloud. Figure 15 compares the, pean monthly variations
in the vertical surface irradiation for the two low latitude

I W

R T —— .

e e e L

Fig. 14
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African sites alresady diecusged, The lower the latitude the
lees the advantages of ueing steeply tilted surfaces, as g
comparison between Figure 15§ apna gure 4 shows. '

The broaa climatological implicatione of t11t are clear,
Tilting towa

the Equator reduces the winter—summer energy
density_ range i
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Fig. 15
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Mean mwonthly irradiation falling on vertioal surfaces faoing o
cardinal points at Lubumbashi{ and Kinshaesa. Note roughly equal
irradiation of all surfmces in the humid squatorial climate uf Kipswhusa,
and the marked differences whioh appsar in the sunny seascn wt
Lubumbash! with the aun standing north of the elevation
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Climatological factors affecti heat_logses from flat alhau‘ln_e.'

solar collection eystems

The overall thermal efficiency of eollection of molarriencryy
depends on the balance between the energy gains and the
thermal energy losses., If the collection syetem is properly
insulated, moat of the heat losm will oceur from the fromt
face. The long wave radiative loeses will depend on:the
equivalent radiative temperature of the By, which im
strongly influenced by the amount of cloud cover,

Unsworth and Monteith (22) have shown that measurements uf
t, the long wave flux denmity on a horizontal surfare umnder
cloudless conditionm in the Sudan and also at Sutton
Bonington, UK is -wel’ represented by the straight line:

F, =ocf+ar T: {63

vhere Ta is the pereesn air temperature in degrees Kelvin
" im Stefan Boltzman constant,

The constants ¢! and q° were found to have valuves of .-

= 115 2 16 Wn=2 and 1.06 * 0.04 reppectively., Vhen the

noreen air temperature is expressed in 9C the cloudless ky
relationship reduced to:

ﬁt = 213 + 5-5 ta w/m2

| 22

. BWOFE ANOLE
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‘ The downwerd radiation ie increased by the Iresence of cloud,

! and the flux of downward radiation below different types of

‘ cloud can be eetimated from Kondratyev (23). The difference

! between the outgoing long wave radiation and the incoming
8hort wave radintion ie kmown as the net long wave radiation,
It normally hag g negative value. When the radiation
temperature of the &round is equal to the screen air

cloudy skies to the corresponding net fiux under clear skies
i8 equal to 1 - 0.84c, where ¢ is the fraction of ek
' covered by ploud, Thus the net long wave radiation exchange
uwnder overcast conditions typically falls to 16% of the
clear sky value. The long wave radiance of the sky is not
uniform and Unsworth {24) has dealt

. in clear weather, and more account neede to be taken of thias
i climatological fector in sasessing collector rerformance,

The convection losmes are influenced by external wind speeds
and air temperatures, The wind speed, of course, incresses
substantially with height. The aerodynamic factors that

" influence the detailed flow over the collection surface are

engineering calculations, Wind is, of course, particularly
. important in the case of unglazed collectors, Low mounting
. positiona on aites well Bheltered by low trees are likely to
be best for solar collection when using unglazed collectars
for swimming pools, Expcsed sites on the tops of poles are
favourable for the efficient operation of solar cells whome

40 0 0 YERr ¢ .20 B vERe

40 60
SLOFE ANGLE

Effect of wlope angle and aky clarity on {1) total inceming long wave
'radistion (aky + ground + growd reflectancs) (B) net long wave
'radiation loss from surfage to sky and ground with air temp at 17°c,
eollactor surface temp 30°C, collactor surfans m%teum 0.95, ground
‘mttanno 0.90, and ground surfece temperature 20°C,

63
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" microclimatic considerations in the solar house design field,

very high latitudes, the opposite eituation will often
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Effeot of height wnd insolation on aly tempersture regimes on sunny
days and on overcast days - S,E, England sumper, .

'c.....w..
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Durnal varistions in shade air tenperature at Kew for thres olasses of
daily irruuation. 20oth curve - days of high radiation, dotted curve
= &verage days, and smooth curve with oirgles - days of low irradiaty
for the montha of March, June, Septesber and December, Heom
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performance inm adversely affected by uig;ificm:lt rimes of
temperaturse. Increasinf nttentign ie being paid to micro~- .
climatic factore in bui ding design (for example for genaral
review refer Page (25)). but o far little systematic
attention seems to have been given to the importance of

Por example Figure 17 shows typical relationships found
betwsen air temperature and height in the UK for clear amd
overcast weather. :

Climatological factors gffecting space heating and space

tooling demands

Finally in aggessing the climatic feasibility of using sclar
energy for epace heating and space cooling, it is obviously
important to simultaneoualy study the impact of climate om
the actual energy demands in buildings. In epace cooling,
especially in situations where the radiant heat load through
the windowe and/or the reet of the structure dominates over
the latent heat load, the solar radiatjon supply will be
closely linked to the énergy demand patterne, and the
problems of solar énergy storage will be minimal. A few
hours storage may suffice. In space heating, eepecially in

'“1 DECEMBER
80

I S T |
uimum.muuuumn& 'ozuosntton

F N T |
Osullouuuuanna
[ L}

L I |
K w8 n

oMY

oMT

Prevail, and the solar Bupply will be six montha out of
phase w{th the heating energy demand,

Statietically overcast days in winter are :mnner throughout
the twenty-.-rour houra than clear daya. In the UK it is
normally windier on overcast days than on clear daya, In

8tir up the dayti
convection. In the humia tropics the wing Bpeeds are often

respect & desigy logic that needa the simultaneous assessment
&3ins and collection heat losses, Guidance
is alec needed on the effects of height and of shelter,

In high latitudes economic sclar energy utilieation may only
become femsible when and if we can develop cheap long term
Bolar energy stores to store summer energy. In mid-latitudes
between 250 ang 400, there ig usually a far better balence
betwean winter energy supplies on south facing durfaces, and
space heating demande, In such arsasg successful spece

65
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Fig. 19
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heating solutions can be tuilt in less stringent energy .
storage criteria. Some meapure of the relative scale of the'
problems to be solved can be coiipiled by comparing the

winter degree days (to some suitable base) with the svailable

radiation on e favourably inclined surface (say tilt equal to -’

the latitude, or the latitude + 10%). The centre of the US
located around lastitude 35° - 40PN ie for example much coldsr
in winter than the south west of the UK warmed by the Gulf
Stream at latitude 51°N, but has a much better solar
radiation climate. The length of the heating season in
Rorth Western Europe ie very long and solar space heating
can play an slternative role to full space heating by
helping to keep buildinge comfortable in 8pring, summer, anl
autunn, while the mid-winter load is met from fosesil fuels,
or poesibly,in Tuture,frém wind and wave power which are in
very plenti}ul supply at that time of year. UK experience
indicatea that with only short term Bterage available it ile
difficult to meet as much as 40% of the domestic space

ndividual days

4 day running mesn
T oay o« -
Heay . -

*h

QILCWAIN
.
”—
-
Ll o m—a Indivldwat Sy
Smase—t & 8ty renning mesn
. s tday . -
. ey LSy - -
G-
o /
- T '/I/ X i i
' ] ’ + y

i o tany

Cumulative frequency distribution of sverage valuse of total anily
global solar irradistion bamed on means over different periods
for a) June and b) December st Kew, 1951=1970.

- one day storage, If really long term storage is available,

‘ a:pp:roach in Sheffield enables appropriate design aids
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Measured mean Sonthly daily frrafistion o vertical surfacss f

' mouth, north, east and west st Bracknsll Soing
© Ground reflections are ezoluded, Period 1'925%;“‘!' latisute 5211w,

. | .

-
-

i
Q
T

NEAZISE TRHADATION 1)/ finy

| heating 1oad from the sun in our latituden, and this

contributi ¥ .
| Someribu on comes painly in the peried Earch to May, &and in

The pattern of day to da wéathor i
& also impo:
:]il'fagts storage peeda, ghere i8 no space topdﬁgﬂ:aa:e:-:
€ best ways of deseribing the temporal patt
Purposes. Simple etatistical radiation data for the US may

ldaya. Deta ‘Presented T

: . rom the UK-ISES Repo

fig'u;-e 19 demonetrates the very large varfaﬁl:{:; i!: the
: rr:. iation for eingle days, especially in December. The
lﬁ”c:?iiéﬁiei' pubstantially reduced if a .

: ’ ere ig 1ittle further chan e for
:::;tiaen ay running means, If short term 'atorgga ie :2ebe
ue ci‘!tl Wich a climta{tha benefits of fourteen day storage
cepacity will be modes compared with four day storage over

then v 1
term running means over monihs can be conaidere;:?angnfhe

rinei
Jgnture?hs Qf ntornge dﬂesim are f‘undnmentany changed in

Lonclugion

Purther collaboration bet '
! waen meteorologietm, buil
:ciegtiuta and architects will he needegito farodtizcgigg
mr.;un er climatological Toundation for solar house design.
de:ef::gg::: ::ntﬂay an :I.gportant role in assisting

8 Area because many of the cal
are relatively long and tedioue to perform. gi;ﬁifﬁ;
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- excellent Atlas €
‘provides & fund of good information on how to present
" radiation and other meteorological data for a whole territory
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be rapidly produced for different centres but considerable
further detailed meteorological study im etill needed to
make design forecasts more reliable in various perts of ihe
world, More study for example is needed of the 1inks
between meteorological factors influencing the demands for
energy, with the factors that influence the supply of solar.

.energy, The microclimatological considerationn need greater

attention. As solar house design is a very difficult systems
engineering problen, collaboration in systems analysis will
be vital to Buccess, and the will to achieve effective
interdisciplinary communication essential, ¥We must take
Pride in what we achieve as a team rather than simply in.

the professional activities through which we make our
Perscnal contribution to the wider human good.

Acknowl edgements

The computer based research project on solar radiation
estipation reported in this paper ie partly finanned by the
Science Research Council. The help of my collaborators in
this project, G.G. Rodgers and C.G, Souster, has seen
invaluable in the task of preparing the tables and diagrams.
Figures 1,3,6, 18 and 19 have teen drawn from the UK
Section of ‘;he International Solar Energy Society's
comprehensive report, “Solar Energy - & UK Assemsment”, and
I am grateful to the Society for letting me reproduce them.
Figuree 5, 12, 13, and 15 have been taken from the
iimatique du Bassin Congolais which

(28). Time unfortunately did not allow me to seek their
formal permission, but I hope they will accept the need for
the more experienced to help the less experienced in this
vital field. At present few tropical countries can provide
such sxcellent data. .

Réferences

1. UK-ISES, Solar Energy: A UK Assessment, UR-ISES,
c/o The Royal Institution, 21 Albemarle Street,
Lendon, W1X 4BS, pp. 375, {1976). -

2. Trombe, F., Maisons 8olaires, Techniques de 1'ingénisur,
€ 777, 3, 1-5, (1974).

3. Robinson, W. sm.), Solar radiation, Elsevier,
FE: 345, (1966),
This is a standard reference that explains taese
factors in great detail,)

4. Unsworth, M.H., Variations in the short wave

radigtion climate of the UK, Proc. Conf. UK
Meteorological data and solar energy applications,
Peb. 1975. UK~ISES o/o0 The Royal Institution,

21 Albemarle Street, London, WiX 4BS, 18-36.

5. Bannon, J.H. & Stesle, L.P,, Average water vapour
content of the air, IeteoroiOgical Office,
ﬁ(}?gggaphioal Memoir 13, No. 1 2; H.M.8.0,, London,

Geographical variations: Page 1.10

6' i 'tl H'J “p (Ed' ) &ﬂi th.miian IetGOI 01081031 lelﬂs.
&ni thﬂonj.aﬂ .1'ce 1 e0us COIIBCt & 6t . Ed
8n 10]1‘, 11 ’ L vy

Te Bilton, T Plowers, E.0,, N
. +Coy MeCormick, R.4,
Kurfia, K.ﬁ., Atmospheric turbidity \'v.ithﬂtht dual-
:::;iheggthngp?g;gne;e:i Report Solar Energy Deta
k . »_Natlonal Oceanie ang :
Admin,, hwiromnental Research Lnborat:?-iegtm:::heric
 Resources laboratoriss, NSP-RA-F-74-062, US’ Govt
Printing Office, Washifgton, 61-67 (1974).  (Ses"
alwmo J, Appi, Meteor., 8, 955.9¢2 (1969),

8. Parmelee, g.v,, 1 '
Ve, lrradiation of vertical ang
horizontal surfaces by diffuse molar radiation from

¢loudlens akies Heating, Piping ang a
Auguet 1954, l2§-135, (@54)? [ ir Conditioning,

9.  Uneworth M.H. & Monteith J.L.
radiatiox'i in Britain, Quax'-t. .Irl.ﬁ.‘;:::wéog?d sglnr
776~797, (1972). (Errata to key table, _22,'53'8}.

10.  Page, J.K., Supplementary note on values of T
cloudless days for solar altitudes below _';C)‘:’DAEE&-ogI.l
Conf. UK Reteorological data and asolar enarey
epplications, 1975, 37-39, UK-ISks c/0 The Royel
ﬂx;;;;:ntion, 21 Albemarie Street, f-ondon, WiX 4ps,

1. Blackwell, W.J,, i
wdey Ve years continuous recordi
:o:alna.nd diffuse solar radiation at Kew Obsersstgrf'y
et. Hes, Pub. 985, Net, Office, Londgn, (1954), '

12 Page, J.K The eatimatiogn of mo
g oK. nthly mean valu
daily ehorl wave irradintion o vertical ens fnerieig
4353&::;: pfro::fagﬂl;?e r;:ordn for latitudes 600N to
» . n iene - i
Tnternal Wote No. 3z, pp. 33 ( 47e)."" Of Sheffield,

13+ Page, J.K., The satimation of monthl
of daily total short wave radiation gnm::?t{:sln:ea
and inclined surfaces from eunshine records for
éatitudea 40°F - 40°8, Proc. of U.R. Conf. on New
ourcee of Energy, Rome, 1961, Conf. Paper No. 35/5/98

14+ Liu, B.Y.K, & Jordan, R,C., The inte
o Ce T-relat
characteristic dintri’.buﬂoﬁ of direct,rdi;fi:zsgzilg aad

total solay radiation, Solay Bhergy, 4, 1-19, {1960).

15.  Tuller, S,E,, The relationahip |
+E, P between diffuge total
and bxtra terrestria) goj /
36 255-264 {1576 ar radiation, Solar Energy,

16. Kasten, F., Der einfluss der bewdlkun
- auf di
wnd langwelligen etrahlungafllisse g goden, A:n:..il::.

?:;7¥t}ateorologie, Neue Folge, 12, 65-68, Offenbach,

1 i.' Ialtlidg’! G‘ " & IIOCtori n" l:nthl} mean solar B
mdiation .tﬂti.tic. for Mlltl aIi Sola mel 1
:, a, r g' —

e e et e e



70

Geographical variations; Page

18. Tomps, R.C. & Couleon, K.L., Solar radiation Ancident
upon slopes of different orientations, Solar Energy,

19, 179-184, (1977},
19. Page, J.K,, Rodgere, G.0. & So

interactive jcomputer deaign me
design of solar housee, Proc.

ueter, C.G., Jn
thodology for the
NELF/UNESCO Conf,,

Solar Build%ng Technology, July 1977, Paper 4.2, (19771,

.20, Hopkinaen, ¥.G., Petherbridge,

Daylighting, Chapter 2, 29-58,

P. & Longmore, J,,
Heinemann, (4966l.

2t.

22,

23.

24.

25.

26.

27.

28,

Walsh, J.W,T., The science of daylight, McDanald,

London, 128-129, {1961).

Unsworth, M.H, & Monteith, J.L., Long wave radistinsm at
the ground, Angular distribution of incoming radiaiion,
Quart. J.R. Met, Soc., 101, 13-29, (1975).

Kondratyev, K.¥Ya, Radiation in the atmosphere,

Academic Press, London, (1

Uneworth, M.H., long wave radiation at the ground,
(ii) Geometry of interception by slopes, eolids ant
obatructed rlenes, Quart., J,R. Met,. Joc.y 100, 25-3,

(1975).

Page, J.K., Application of building climatology to the
probleme of housing and building for human tietilements,
WMO Tech. Note No. 150, WMO, Geneva, PP. 64, (19761,

Jordan, R.C. & Liu, 1_3.Y.K.i Applications of wolar
i

energy for heating and coo

Few Yorkg)pp. 206 (1977).

ng buildings, ASHRAE,
(Refer especially! f:a

Esbensen, T.V, & Korsgaard, V., Dimensioning) of #the
8clar heating eystem in the Zero Energy Houss in

Denmark, Prop. Conf. Euro
UK~1SES, c/oiag'he Royal Institution, 21 Albemarle: Streed,

London WiX 4

Bultot, P., Atlam Climati
Inatitut National pour 1*

pean Solar Houses, Hprill 1976,

%1:9 du Basein Congolais,
ude Agronomique dut Conge
(['19%1\).

Democratic Republic of the Congo, (I.N.E.A.C.),




MAPPING IMPL

0.0. Ayeni

ICATIONS OF RuRAL ENERGY SYSTEMS IN NIGERIA
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Various snergy slternatives for the ural prea 50 as 1o reduce
| o hapvy dependence an hydro-chcnimm. This cally

Nigeria aiso has substantial reseryes of natural gas and conl, order to establish 8 sound rurg| *NOrgy. srategy. The nesd to

i Hydro-slectric Dam Project recantly accord g special place 10 #Nergy mapping will thenetors con.

tinue 10 stsume reat importance in oL iational napging
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45 Mapong kphcyiions of Rursl Enegy Sytteme i Nigers

dam projects in Nigeria, The Kainji Dam project constitutes
the major source {about BO per cent) of our electric power
supply, In the Third Nationat Devalopment Plan Parig
{1975-1980) NEPA's development Programimes, at an asti-
mated cost of N B37.5 x 10*, include short. and long-range
projects for the requirements of rural electrification
(Nigerian Handbook 1977, . 11g), ‘

Fossit firels

The oil and gas producing acess and oil refinerias ard
#hown in Figura 1. The country’s first refinery is located at
Alesa naar Pory Harcourt. A second refinery was rec‘emlv
opened in Warri and the third it currently being buift in
Kaduna. The major by-products of crude ail used in the
rural sress include gasoline, kerosene, paratfin, and tutane
on.

Cosl Fields
Coal is Nigeris's third main source of power. Figure 1 also
shows the major coai fislds in Nigeria. Five sconomically
important [1ub-bituminous) cosl seams ocour at Enugu and
E2imo in Anambra State, st Orukpa in Benue State and at
Okaba, and in the Ogbovbledotpom w43 in Kwarg State.
There are shout 344.8 x 10% metric tons of workable wh-
bituminous coal reserves (Swardt and Casay 194, pritace).
The high ash content of Nigerisn cod makes it primarily

|
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suitable 45 2 domestic fuet in the rural sreas or aqy boilir
tuel for industrist use and only of limised posentishvalu, a5
#30urce of hydrocarbons,

Since the Nigerian Railway Corporatiqn replecedimrem with
dissel iocomotives, local demand for ciral hakibeen sirasticiy.
ty cut down. Coal therafare could be avelustie sscn o'
rursl energy for heating snd cooking st fram LT ]
the excess to newly-discovered markets such b Ghang ang
Egypt. Lignite, with an estimated reserve of miwou) 1.1
10* metric toms, is found in Tartiary Sdirmens wiiih ¢x -
tend from the Oborukpa snd Ogwashi-f\saba ureaiiing Handsl
State to Orlu in Ima State.

Paim producs

The oil paie is indigenous to tropical clused formtim
Nigeria and its Praducts include palm ik, pitlm;oil weilongnt,
paim kernels, kerne| shatls, and the poursded arid stpavezed
dry pulp of paim nuts. These are 3l dependable, sounses. of
Tued in the rural araes of the Nigerian paim beltiwhih
stretches through the southern states (Figure 3).

Fosiwood and vogetable producey
These include farm wastes {corn stalks, weedls, yaminll:s,

ete.) and saw-mill wastes {sewdust, slabs,and affeutii s
well a3 fuslwood cut from the forest andssvannsh. Trinpsrn 2
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| shaas the diwilhmlinn of fuelwood consumption in the

1 nosthern vates (witiere rafisbie data sre availatie), the locs

1 tiom of saw-miills, knd the extent of the forest zones where
1 ety of thelired soecies referred 1o by Afolabi Ojo (1978,

11 o HAY) o% copebie p;)l producing good quality charcosl sre
Il foutd. The furssi ures slso has oreat potential for the de-,
‘1l nwlcrnent cnafucuu::.unmiom.

11 Arimrgd duny

111 Attteytion hary ey, dvawn to the importance of snimal dung

11 8 & e al enengp m'uwm 10jo 1978, p, 175) aspecislly in

1 the:mortharn par m,I" the country which has & large populs

| tionlod livestopiy \[FFilwru 3). 1t has st Deen suggested that

L the supply &1 eiimvat dung can sustain the establishment of
11 biog a5 plents nsmilkscate basis in the rural sreas” (Djo

| 1874, p. 175}

1 [ Potwiavind Emw!lhlllumm

INigen igihag mﬁid‘rl:ﬂl potentisl anergy rasources, such
|1a% srialt-scaleiyidrorrectric powsr damy, tidal power,

 |gwottermal SRy, nivind power, snd solar energy.

| Hevtew sower

IAGEOiCing to tiecrms. No. 25 and 37 of 1976, the whole
wountryt is dividek! inte 11 River Basin Authorities which

Operate under the Federal Ministry of Water Retources;
they are the Sokoto-Rima, Hadejia-tama, Chad, Niger,
Upper Benue, Lawer Benue, Cross River, Ananbrs- Imo,
Ogun-Oshun, Benin, and the Niger Deita Development Au-
thorities [see Figure 4). One of the main tunctions of thess
tuthorities should be to develop # rural electrification
strategy in collaboration with NEPA by comtructing multh -
Purpose dams for the generation of electricity.

Another important rurel energy strategy in Nigeria is the
conversion of numerous reservoirs for irrigation and “pips-
borne water” into dust-purpose schemes 1o include the
generation of electricity, since these small-scala sources of
water (Figure 4), in sddition 10 serving their primary lung-
tion, could alio be used to operate low horse-power hy-
draulic turbines for the provision of electricity tor small
communities. There are 8 few examples of dual-purpose
Teservoirs in the country, including those on the Qijl tiver
t Siroko and at Jos. This type of strategy will not only
ensure a wider provision of rural slectricity but slso & much
more stable and reliable suppty.

Tids? power

Tidel power iz obtained from the "“tilling and emptying of
adam” [Hubbert 1971, p. 86}, which are synchronized
with the atternation of high and low tides so 1 to genergte
83 much power as possible. A number of Promising sites

A Estuaring or
Tigal Fowsr

. Beciher mal Power

Fig. 4. Nigeria : W,
ig, igaria : Water Power Resources " Fig.6. WNigerin : Isoline Showing Percentage Occurrance of Calm Wind
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for tidal power exist along the coastal arda of Nigeria
{Figura B).

Geothermel power

G‘oﬂmmlmmhupmdfromﬂuhut stored in
the earth, for sxample by driving a wall theaugh the sscape
tissura of & hot spring, The only known area in the country
which has 8 potential for such POwer s at Ikogosi {Figure
5), where steam walls could be dug to tap oeothermal
vy lormningmwicity te sarve the needs of the
naighbouring communities,

Wind power
w&unlwmalmhnmdmmiqwd-

wentages: (il it does not impose an extra heat burden on the
wvironmant, and {ii ) it is ubigu; us. Wind is, b,

Percentage occurrence of calm wind ot 18 waathar stations
in Nigetia (e Figurs E). The sres wound Port Harcourt
#nd Banin City seemn to be unlikaly places for the develop
ment of wind power as an anergy resource, and Figure &
shows that the northern states have the greater fpotential

Solar power

Peshaps the greatest patentist for ryrg) Snergy supply in
Nigeria lies in solar power, Soly -generated gy thares

large-scale Horage davice must be provided 10 imooth oyt
the daily variation if itis t0 be used a5 & ZONEANE sergy
sowrce. Figures 6-8, showing the distribusion of mean
howrs of bright sunshing and the mean annuat daylight
distribution of net radiation, indicats that most of the
northern states would be more suiled 10 “he use of soler
Sergy than their southern countarparts.

Dthnmntidlmmmmmliuhwrumw
somic energy.

mmuﬂmmhmhhm-w
Mattens

Photogrammetry is the technology hat desls with the Pro-
biem of ing relisble inf; trom ah kinds of
nholoym—-urmtrinl. swrial, and from sapcs, colour,
black and white, infrared, and 30 on. Two basic processes

e involved et and e .,
o, N, of quantilative photogr V. usuplly in-

& anslogus photogrammatry for the derivation snd Produc-

Fig 6. Migaria : Mean Oaily Houry of Bright Sunshine { February)

eliorin

1bedon

100 mdes
8 W 200km
Fig. 7. Nigaria : Mean Daily Hours of Bright Sunshine {Avgust)

° 00 F00km

Fig. B.  Nigeris : Mean Annual Oaylight Net Radiation {keal/em?)



49 Mmmmhdswsmﬂmm

tion of topographic maps, snd

b. analytical photogrammatry for the determination of the
pace ca-ordinates { X, Y, Z} of ground surrey stations in
a trianguiation problam. !

Ao sk 3
Anatogue pt

‘etry may be regarded sk continuous

mapping white analytical photogrammetry may be seen as
discrete mapping. '

b

oretation ists of the evak ot phbtographic
imagery, which may ba acquired with special fensors or
conventional camaras. Remate sensing mey be' correlated
with quantitative photogrammetry for the praduction of
conventional maps, thematic maps, and resource surveys
{American Socisty of Photogrammetry 1877, . 1483). The
role of these two branches will now be discusséd with parti-
cular reference to the exploration, svalustion, hnd explai

have reported & computer-oriented multispectral sonsivg dor

Sutomatic recognition of torest tres speciotiwith an SO 90y

of 85 per cent, though better ACCUraCy cannot beattaing 1,
Also the witsbility of Nigeria‘s etusriss fon tidal power
might be determined by “a repetitive remotrly sanced e
coupled with g well-equipped concurrent suface duts oo
tion programme for providing extremely usalfui infewrmirson
for tha complexity of estusring How'' (Mairn sod (Yark
1973}. Remote semsing combined with computer rechnolipgy
might also be used to explore the scope of the potentisl xr
geothermal energy in the vicinity of Ikogosi and lswwhun, ),

Rurel energy resource eveivation

Quantitative photogrammetry it aiso an indispensaihle
tool for the quantification snd avaluation of anergyire-

tion of energy rasources a5 & contribution towsrds devalop-
ing » rurat energy strategy. !

1
Rursl energy resource exploration !

I
The application of photogrammetry to ganersl feconnais.
tance study of surface geology is extremely valusble for

ible or densely papulated sreas where fitld-work is
difficult or ir ible, and ph ically compiled
topagraphic maps sre invalushi; for planning rek x-
ploration, !

1
An example of the application of remate sensing to resource
exploration might be found in the detection of 1ree species
which are suitable for charcoal, Rohde and Olsoh {1972)
t

#fter the expl phase is pieied. Phouy
Fammatrically comgpiled topographic maps, énd Orophe
Maps. are suitable for the computation of ekt and Foiuvmp
associsted with energy resources and their paveritist reseryy;
(Richardus 1976}, For axample, digital photogrammetry
could be used to determine the srea and volure of wate
bodies contsined in small-scale reservoirs which,.as i
been suggested earlier, could be used 10 operais 8 sl
hydraulic turbine for the supply of electricity for smill
communities. Quantitative remots wnsing coujd slsobe
usad to avaluate the quality of fuslwood which gould be
derived from a tustwood plantation. Another neny dilferert
but important spplication of QuUIntitative photogrammetny:
might be the precise calibration of the geometiy of seiar
collectors, since impert, in the 1 ¢ of doler
coitectors affect tha level of their sfficiency. Thus, rvinem |

TABLE ).  Perventage Occurrence of Calm Wind

Station Jan,  Feb, - Apr. May  June duly  Aug.  Sept.  Oet Now. I_C_llu—

1. Sokewe 14 09 o 03 a8 as o8 09 18 a2 ?;“-1_0—.;
2. Kino 210 184 181 as %1 33 50 113 170 111 210 (23
1 Kaduna 29 34 LX) 8.4 53 LR} 90 108 137 taa 87 i a4
4 Minns 101 108 12.3 12.3 124 1.7 180 158 188 213 109 118
B lorin 49 [ X a7 85 91 104 50 [} 120 98 85 .t
6. Othogbo 123 [ X} 103 L £} e? 18 88 118 183 1814 1147
1. ibeden 201 185 143 181 173 18 27 8.0 157 252 s 1248
B lkejn 23 M8 M1 773 29 B3 N7 N7 M ns N2 |x0
% Bmin City B3 W07 44 |E 308 N2z M M2 223 M9 WE 1418
10 Enugu 1.9 18 58 74 139 148 01 828 22 100 150 (114
1. Port Harcour 827 4521 M8 a2 48% 489 454 413 455 473 838 M@
12 Crisbar 127 14 e 122 ‘2.7 124 150 132 128 13 132 s
13 Mskundi 58 %5 154 177 ™E 0 177 203 s 388 18, Qr
4 o 4.1 aB 83' 83 59 62 50 4.0 100 139 "1 aas
15, Maiduguri a9 74 18 B3 12 68 98 138 5.1 149 4  pe
18. Yl_)l, ‘1 0,_5 _ 80 . 1.2 6.3 8.2 12:9 _14.9 ulb.b 188 233 %7 120

Dota Source : The Ne ionel Atiss of Nigoria, 1!!1'5 i

wikiko e axpenienzed irustration in the template method of

ioskibration becapsa of gross inacouracies have made use of

Ihiotogs i An ple of such g precise
rewlibration has beers Nﬁiﬂ'“d by Ghosh [1968) who par-
Ifwrmed the calitwatiorn ™ » 44-toot perabolic solsr

I ehkiectorn,

L Bmagh ez
MELriC thohnig

I
1 Rorat epergy mmmfwb(mim
|
| Pantogrammetri mmoning i very important for the ex.
| whoiitation of mrulwrmnlr resources. Large-scate topographic
| T AT oummlvnmn‘llul for the excavation of minersl
I gy, irwf suchy mac are ahio valusble for planning the

| wansporation of rumd I:mrgv resources from their source
1) Hive conpuming nmtuls. Another spplication of photo-
| premmetry: pertinan 1|)|‘Ilhn development of rural energy s
! the:monvitoring of thnmlﬁwmuiom and displacaments of

1 wuilacale damsil Suchidems may be subject to local dis.

| Plaxement or defprmition due to landslides snd eosion,

1 izl peopie living)in o sress sre very constious of their

| shtaty, Indeed, safety gy wall be one of the most crucial

| fodtors te be comidmradiin fatmulating rural energy devalop-
1 menis of this kind, I ig Ilhmion necessary to perform

' peiindic mavey nmwmlmnn on such dams as a check on
! tivitl $tabbility. The intarnel monitoring of stability exists in
I tiw;Hhorm ofithe uye wiligphisticated instruments such s

| S YNSOMeTary, SWaill guuges, indinometers, and rock noise
ilishoriing clevices. Animxternal check on stebility usually

' ZONE A Wino Power

' Solor Energy

] Arwnol Dung
Frewood
Smalli-acoir HE @

Wind Power
Sotor Erergy

Polm Products
Chorcoal

On gna pos
' Coot one Charcoo
' Geothermol Power
Paim Producty

Tidal Pawar
HE®

18- 00 rmes

N ==

Q 1900 300 km

Fig. 8. Nigeria : Rursi

Firewood Plontgree (Chareool
¥ usiwood Praducty
Smoli-scole HE P Dom

Frewood Plantation

takes the torm of conventions! fisld ulvey messurements.
Analytical photogrammetry offers meny scvantages over
conventional methods, since the photography used in ans-
Iyticel photogrammetry is an instar andd pinte
record of the entire dam site st the time of axposure, All
megsuraments of the dam site ars therafore done simul.
taneowsly, 8 merit which is werioutty lacking in ground
wirvey methods, which can occupy several days during which
poasible deformation or displ be deteciad,
Apart from their value for sress of tha dam which se insc.
cessible phatogrammetric methods have been found o be
mats sconomical than comventionsl field mathods in which
larger number of points are involved in the t
[Brandenberger 1974). Furthermora, the photographs used
for the photogrammetric work can also be used for other
studies of the dam sites such as irrigation, sgriculiue,
scology. transportation, and settlement.

Conclusions snd Recommendations

Firt, the emphais in the formal of a rural energy
strategy has been on diversification of ENergy resources,
and, based on current and potential resources, Nigeria may
be divided into threa rural anergy zones, A, B, and C {Figure
Bl Each rone is characterized by the predominant snergy
resources derivable from it, and the zones are created from
the paint of view of the suitahility of the rural enetgy re-
sources indicated; they sre not mutuslly exclusive,

Do o

.
[

Energy Strategy 2onms



Bl Mepging impkications of Pural Enargy Sysiomy I Nipwig

Second, photogrammetry is gn invalusble 1004 1 the
axplosation, valuation, snd exploitation of rural snergy
resources, !

Fourth, the importence of digital terrein dats for :morgy "
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computer handling for the Mtomatic production f bage

maps such as slops, land use, 9eclogy, topography, and of
orthophotos, all of which will expedite the mecmll'ul im
Plementation of a rural SNarQY strategy in Nigerin. |

Referances !

Amwrican Socimty of H-ompmmq. 1977. “Yhar Jo A tagram.

Pohle, W.G., s C.E. ivam, ir. 1973, “Mttigectyol Somaingrod
Speci " P sgrammmtcie Wginveriy), | 2y
12080212 -
Sevardt, AMJ, gy, 00 O.F, Cosey. 1981. T Cos/ Rowsuey of
Nigaria. Geological lsm-,ol'ﬂiwil.llﬂnm Nt 0. o puipny,

34



SUMMERTIME TEMPERJETURES IN BUILDINGS WITHOUT AIR-CONDINIOMING

A, G, Loudon

1, INTRODUCTION

Before the war the chiel thprmal problem In buildings was underheating la winter,
Most buildings were 'heav ! - 1 e, constructed of dense concrete or brickwodi - and
windows were fairly small, Thers was little trouble from overheatyng in wurzer i
thia type of building. A 8u ‘vey conducted In pre-war office buildingh {a L948tL}
Indicated that only about 9‘.__", of the occupants were concerned about averhesting.
However summer overheat is now a much more widespread problem than mrinter
underhesting, at least in n,n-domestie buildings such as offices, schools, hanpitals
and factories. This haa be_n streased in various publications, A House of Commonn
Eatimates Committee on S‘Rnool Buildings{2) referred to excesaive use of glani ieading
to cases of 'heat exhaustiol! in school children. Manningld. 4, 5) repotted oversating
in factories, offices and scoola. He referred to cases where factory weriploysn
refused to work because of summer overheating, arlsing from solam:gaina thpeugh
roofs. Langdon(®, Tlshowec_ that as many as 40% of a sample of 200(hworlaraiin
modern London offices wer,! sometimea too warm in summer. By otntrast th
proportion sometimes too ol In winter was only 23%. Stewart and: Kibbiewhioh(%)
showed that alr temperatur s in July-September 1964 in a group of maturaly

ventilated offices tacing mowth of east- west were above 24°C (759F} tor soirie [43- 3%
of the time,

The chief resson for the re. ent increase in overheating Is the changs in wiylen.df
building and constructional “nethods. It 1s common to use large areas of glnztyk wiriel
can admit large solar heat l*aim, and also to use lightweight construistional; i erfiod »
which warm up quickly unde r the influence of solar gains. In some nrens, wisitiows
have to be kept closed to ex ‘lude traffic noise, and bulldings cannot be hreaoly

ventilated. This means tha( buildings which are warmer than oulsideicanniet biwebaled
80 effectively by ventilation

Until recently there was no Jimple relisble means of predicting interisd tempermiune §
in hot weather am a function’™f bullding construction, glazing and eun-icontrols, \Woirk
at the Bullding Research Sti lon has now provided a method, It ia simpie enousl to
use along with available meMods of computing daylighting and other buiiging raguodre .
ments to achieve Integrated 'mﬂdiug designs,

This paper sets out the mett od in some detail, shows how computed pask tempirratumen
relate to user response, anc applies the work to design. The ssacntinl trature laf ke
method are outlined in the n'ain body of the paper, and Appendices give 's fulley Rrent.
ment as taught at recent Bui"ding Rewsearch Station

post. graduate 0.1 (The wch
of calculation forms the basfs of & book now in preparation,
2. BABIS OF THE DESIGN METHOD
Maximum temperatures are :alculsted using:
(1) Data on externa} tempers_ ures, and radiation Intensities on verticul mnd indkined

building surfaces, on days o
other sources must slsg be

full sunshine. Loads due to occupancy, lighting sl
‘termined.

(2} Dats on the transmission absorption and reflection of aolar radistion by glune,
sun-controls and other l>|.|il¢ﬂm g surfaces.

(2) The method of caleulati

g, the thermal response of the bullding to wolar Leat g ainy
#nd any other heat inputa, 9)

de"eloped by Dunter at BRS.

The first two stages have bee 1 described elnewhere(10. 11} and are here briofly

recapitulated. The culculatlc'.1 of resulting internal temperatures is ast ot in mrre
detail.

sl
0
i

[l '}

>',~.—'

12.1}. Soker heni gains to butldings

'Ninximum Internal lemperatures in buildlngs oceur during ‘heat-woves' with a
success:on of wirm ¢loudless sunny daya. Such days are rarc in Britain, averaging
oty about: ten yeur.! but the Intensitles on cloudlesa duys sre needed for design
cakealatious. Figure | shows how the internal temperature bullds up on succesnive
sursiry: drye. : The' exa ple is for a poorly ventilated room in a lightweight building
with ieouth facing win@own occupying 80% of the external wall, where temperatures
are werydvigh, uu]ld [lymatrales how buildings warm up. The radiation data end outside
teryperaires apply to Bunny August days. The mean Internal temperature slowly
bullids upy Lo an equllit'-lum velue and thore 18 & diurnai swing about the mean. The
meadimuniltemprratun: occurs during ‘stesdy cyclic' conditions when o regular

reg lme oflinte rma) tenv':pernture hag become established.

| BFEN research on radiytion intensities on horizontal

1 showrnithet it ia chnvef lent to Include with direct radiation some of the 'circumaolar'
difuse nadiation from' near the gun, §lving ‘augmented direct’ radistion, (10) The

! rervaining !'blcl:gn-ounﬂ diffuse’ radlation can be assumed to be uniform over the sky

!t vali, ‘anilita valie wis determined. For most parts of Britain in the summesr months
it v foand that ‘augmmented direct’ intensities vary with solar aititude as proposed

: by PliMoo#{12) jor dirjct intensities. Dats in Table 6.4 of the 1965 IHVE Guide“:ﬁ

! sreullitie higher thay Moon's values, but Are accurste enough for practical purposes.
Pemfsr-brlqﬁe 1) has Frepared sunpath diagrams ang overlays for cloudless skies

1 basew) onithe BRS data; they enable direct and diffuse intensities to be found for sur-
i faces withwny orientat.on and Inclination,

and vertical surfaces(!0) has

| Derlgn delijy amounts ¢f radiation on horizontal und vertical surface

! grownd:refiectance, arp Plotted In Figure 2. The maximum dajly amounts of radiation

| areaeen woebe slmilar on all vertical surfaces oriented zouth of east-west,viz. about
17 000 kT m? (1560 Bru/ne2) of surface, although orientation affecte the time of year

| at wliich tan maxitmam joccurs; it in June on east and west faces, February and

v Ocioder muuonthrﬁce-.'. In August, when outside air temperatures are highest, all

! veriteal awrfacen pouth'of eagt- west recelve fairly large amounts of radiation.

« Horf:tonta) rurfaces repelve more - ag much an 28 000 kJ/m2 (2500 Btu/ftz) in June,

I Bulktinjzs such ag tactorles with large areas of unshaded roollights, or poorly

! lmuluﬂ roofu, nre thévefore Particularly prone to overheating.

8, assuming 20%

! Pe!liimtenmiu, |letq<ll In Figure 3, are also similar in magnitude for ail vertical
| surfwees erientec routh'of east-west - shaut 700 W/m? (220 Btu/1t2h) of gurface.

: Orfewintion, :however, pitects both the time of year and the time of day at which the
| maxiEmum: epcurs. ‘The‘ ak occurs In the morning on east-facing surfaces, at noon
on south-feding anrface and in the evening on west-facing surfaces. The times of

| year mtharn oiaxima GCCUr are the same ag for daily amounta of radiation,

i The irmmemission of rad.ation depends on the angie of th?l sun, and dats for glass and
| lovvmr sysberns wnre sel out in a CIE Conference paper. {11) e sunpath diagrams

: et owirlayoiassembled by Petherbridge, (14) give the fractions of the Incident
‘radiatiion sesbrbed B tn-]!nsmitted at different times of year and different times of

1day. Another BRS paper35) brlefly describes different typez of sun-controls and
their properiien, | !

3. TAIIRMAAL RESPOMSE OF BUILDINGS TO SOLAR HEAT GAINS

'The smplifsed method for calculating the thermat response of buildings to solar and
wther poriocko hea) gaing I8} applies to steady

‘ | cyclic conditiona. Referring back to
Figure 1, the probis i8'to calculate both the mean internal temperature | and the
wwing about the menn {1y . §)), here denoted t.»

For winter beating caleulstions, the riae In internal temparature above outside,
g = ), e oormaliy calcaisted from the rate of heat input q using the conventional
nteady+ ntatil heat balance’equation:

I q-{IAU+Cv}(li-t°)

w; Symbwle awelisted in Ajcpendix 5

m

e i h--m--- .



where A's and 'y are Areas and thermal transmittances of &xposed punels |walls
and windows, roofs and rooflights)

Cy ls the ventilation heat lona per degree
iy and t; are Inside and cuteide air tempersures.
This equation will not serve for calculating Summaertime temperasures:

{1) Becauas it ig not strictly valid unless internal air and mean radlant temperatures
are equal. Heat is tranaferred to the surfaces of exposed panels by longwave radiation
Irom other room surfaces as well aa by convection from air, The mean rediant
temperature {MRT) is aa Important as the alr temperature 1n delermmiug heat losses:

(2) Because solar gnins are frequently generated part-way through the structure. Thig
applias, for instance, to the heat absorbed by gluss, or by a blind between two sheets
of glasa. The fraction of the absorbed heat entering the bullding depends on where the
heat (s ahsorbed;

face. Another factor causing internal temperature fluctuations ia t-at in sunmer the
outside alr temperature varies diurnally by § - to deg C (10 - 15 d2g F) about the
mean. The diurnal variations in internal temperature 1] con be as Arge ow tise rine in
the mean above outside (i, - fahluee Figure 1),

These points are now discussed in turn,

3.1 Internal environmental temperature

Equation (1) bas to be modified to take account of the effect of the MRT on heat lowscy,
Appendix 1 shows that this can be done by taking the Internal temperature 1., not as
the air temperature tal but as the environmental temperature tei- Ehisisma weighted
Mean between MRT and air temperature, given Approximately by:

ter * 3/t + 13 tag (2}
where tyi I8 the mean radiam temperature.

The environmental tempersture iy a convenient temperature for caloulating rateg of
heat flow, boty for the steady state and for diurnal temperature swings. In addition to
this, however, it is a better measure of the warmth of the environment than the aiy
temperature since jt is pproximately equal to the 'equivalent temperaturs’ used as an
index of thermal comfort, At an mir tempersture of, say 2I°C, & room with radiant
heatlng and warm walle {or warm blinds heated by solar radiation) feela warme; than
4 room at 219C with aip heating and eool walls. If the environmenta] temperature s
219¢, however, both rooms will (1o a close approximation) tes] equally warm,
Whether heated by aly or radiation, Appendix | showa that for al] imternal anviron.
ments, we can write:

& " (AU + (tg - Ty {1s)

Other terme can be added when Pecesasry to sllow for heat tranamiseisn through

Internal panels, Whem ventilation rates are bj , €y h
i Appe 5 gh, C,, has to be corracted as desciribed

3.2 Heat Sonerated part-way through the structure :

Heat sbaorbed by a sheet of glass or a blind 15 partly retransmitied inwards and prtly
outwards. The ‘equivalent heat Input! to the room Qe due to solar M0 ja required

for calculstion, The mean valus of gy, G, ie equal in magnitude to the ‘cooling

load' due to solar radiation, which {s required to keep the mean internm temperature
Ta1 ®qual to the mean outside temperature t;. Appendix 2 shows that e may be
obtained by mult, plying the hest absorbed by the glasa or blind by a fractionf, the
retransmission factor, given by:
' ¢ = thermal reslstance from outside air to sheet ()
total thermal rewlstance of system

Values of t for various combinations of glass and blind are lsted in Table I,

Table I, Fractions of absorbed beat retransmitted to bullding

Component Retransmission factor

Bingle glastng, no solar control 0.3
Double shest

outer glass 0.15

inner glses, or internal bling separated 0.88

by an unventilatad airspace

Singie glazing, internal venetian blind

glass 0.3

venetian blind 0.8
Single glasing, external louver system

glasn 0.3

louver sysiem 0.03
Double glas:mg, blind behind both panes

outer glass 0.1

inner glaas 0.8

internal bliad 1.0
Double Slesing, blind betwesn panes

ocuter glass 0.1

blind 0.4

inner glass 0.7
Double glazing, blind outside both panes

external blind 0

outer giass 0.2

inner glass 01

Figure 4 {llustrates 1he calculation of equivalent heat input dus to solar gain for a
window system conslsting of two sheets, o.g. double glazing or single glazing with an
internal blind encloaing an unventilated ajr apace. Taking the Incident radistion
intensity as I, the rroportions absorbed at outer and inner sheets ay o o and ar
(allowing for Toter- refiections} and the proportion directly tranamitted ap T + W& have:

W "I (0.!5-0 + n.os«l +7T)
since the values of f for outer and inner sheets are 0, 15 and 0,88;
and in general:

G * Sxf. (8}

Equation (3) deflnea the ‘solar gain factor! 8§ for the window system, or for s wall
or roof,

Solar gain factors, Mie radiation transmitisnces and sbhsorptances, depend on the
angle of the incident radiation. Moreover, allowance has to be made for inter-
reflections betwesn d:iferent surfaces in the window system. Average values for
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August for orientations gouth of east-west have been calculated for number of
typical window Bystems, and are ligted in Table 2, They can be applied without
serious error throughout the simmer montha,

The term *gglar gain factor' wag chosen ag appropriate for both glase and blinds;
theae factors are equivalent to the 'shade factors' in the IHVE Guide, :

There in alao ap effective heat input from solar heat absorbed st the outside surface
of wally or roofs. It can be seen by refersnce to equation (4)that the 'retrangmisslon
factor' f « Reo x U aince U 1u the reciprocal of the total thermal resistance,
Etlective heat inputs from golar §ains through different windows, rocflights, walls or
roofs, and heat inputa from occupants, lights or other Bources have to be mdded to
obtain Et. The mean temperature i',l 1s then found from equation (1a),

3.3 Thermal response to periodic varistions in heat

Danter'y Procedure enables the swings in interna) temperature to be calculated from
the swings (n effective heat input to the room and the Properties of the bullding
structure. The method {g & very simple one and, although approximate, |x

+ Briefly, the actusl heat exchanges
in a room by convection between air ang suriaces and by radiation between surtaces
(Figure 5a) are replaced by exchanges between the point X (Figure 5b} and surfaces,
The circujte are equivalent, and the temperature at X te the ‘environmental

temperatyre’ tei- Heat exchanges between the X- point and the Surroundings are
calculated.

For a steady-atate hest flow we consider only the heat flow rates by ventilatjon and by
transmission through the exposed wall 1,

For perlodic heat flow, however, we also congider the rates of hest flow into and owy
of the thermal capacity of internal walls, floors and ceilings, The heat flow paths to
internal panels (walls, floors, or foofs) are through the surface resistances and
rellstlm:e-capacily networks representing the half-thickness of the panels, {Only the

half-thickness ia conaldered when roome Sre surrounded by similar rooma since the
hest flow rates at the centres are zero, )}

The heat flow rates to the partitions tre determined by their areas and 'sdmittances’
Per unit area, Y, The 'admittance’ of & building o p % i am
abllity to smooth out diurnal temperature swings in the bullding. Heat flow rateg by
ventilation and tranemisgion through windows are determined by the'ventilation

TABLE 2. Solar gain factors

System Solar gain Alternating solar
. factor § guin factor §,
heavy light
bullding  bullding
:Bingle glezing
Clear sheet glasa {24 o2 or 22 oz} 0.77 0.43 0.54
Clear plate (} in,) 0. 74 0.41 0.51
Heat sbsorbing (} in. Antisun) 0.51 0.38 0.41
Heat absorbing {} In. Calorex) 0.38 0.34 0,38
*Lacquer conted glaas (Grey) 0.58 0.37 0.42
Pouble glazing (outer + tnner panes)
Flear sheet glass (Mox+2Mosor
¥ 320 + SZ‘O:) 0.67 0.40 0.49
Clear plate (} in. + {in.) _ 0.81 0,39 .47
Heat absorbing (} tn; Artisun) +
| clear (32 ox) 0.%0 0.3
Heat abmorbing (} in. Antisun) +
1 elear {§ in, plate) 0.37 0.27 0.30
Heat sbaorbing (} tn, Calorerx) +
i clear (} in, plate) 0.2 0,19 0.20
at reflecting (} in. Stopray) +
H:‘ clear (} in, plate) 0,15 0.14 0.17
Itarnal sun controls + 32 or. glags
*Dark green woven plastics blind 0.84 0.587 0.82
*White venetian blind 0.48 0.43 0.48
*White cotton curtain 0.41 0,25 0.3
*Cream holland linen blind 0.28 0,28 0.29
Blinds between double glasing
*White venetian blinds between two
| panes of clear glass (32 oz) 0.28 0,23 0.25
Exiternat suncontrots + 32 oz glasa
*Dark green woven plastica blind 0.20 0.1y 0.13
*White louvered sun-breakers with
blades at 459 (horizontal or
vertical blades) 0.12 0,08 0.09
*Casivas roller blind 0.11 0.07 .09
*Miriature louvered blind 0.10 0.08 0.08

* Typical value,
Data refers to Britigh glass unless otherwise atated




TABLE 3. Adrn ittancea of building elemanta

Admittanes Y

Surduce. Yactor

Ellding slement W/mé dep C
3 . {Btu/n2h dug F) F
Walls and windc-'!::
. same ax | Bamir 1an
Glass or bll.nd: U-valuo | u‘a}:;:s:;:l;:llon
Perfectly light rei, structures, Internal 0 {0) 1.0
v lahrelght same ay
. External Uvalue | 3allik Ry
"
Walls of the ¢ lowing densities,
more than ¢ 073 m thick
650 Kg/md 3.0 (0.5) LI
= 1100 4.0 (0.1} 0.85
= 1750 5.0 to.n) [V IR
- 2250 8.0 {1.%) 04
Heavy partitior with lning of resistance .
0.18 n? deg C/W (1.0 fi? b deg F/Biu) 3.0 (0.1 . "
Two 0.013 m £ sreboard sheetd separated
by airspace 2.0 {0.3) Q.11
Flooras:
Concrete g.0 {1.11) | ¥
Concrete and c. rpet or wood blocks,
furniture 3.0 {0.8) 0.1
Suspended timb r 2.0 {0.018) .8
Suspended timb_r and carpet LS {0.155) | B
Cemg‘s:
Plastered eonclflo 8.0 {1.0 [N
Cavity-plasterb ard 3.0 {0. 40 10
Lath and plutciilnd timber 2.0 0.3 Y]

When temperatures and rates of heat input are changing slowly,
introduced by direcrly adding heat flow rates by ventiiation and
windows to the heai flow rates into and out of {nter
in fact lag behind tfnperature changes by one hour or o, ‘

g %;;hunnlnglnw«muhnnm&.:

% (zar ey 7,

equation relating t.hza temperature swing

N grieast azvIr b
‘conduction thmough
nal panels, alikhqugh the latierida

This leads to|the ilmpdy

i[5)

Though developed £ r sinusoldal heat Inputs, studles with an electiicd} antlague
hava shown that sqution (6) can be used without sericus error when the heu: inpat i

hon- sinusaidal. errfre are greater when the heat tnput in 'peaky {;

small part of the da®) than when It is more nearly sinusoidal.
Effactive alternatin; heat Inputs T, have o be dotermined separsiely for the wnrious

heat sources, and tFen added to obtain g,.

These effective heat inputs are equal in magnitude
8t which heat would ave 10 be abatracted or put In
conatant. Alternltiﬂ heat gaina due to solar heat

itransmission factors f Just as in steady-

cohcentraked I 4

stute icalculations.

Hwaver_ntqrnnungmu Inputs due to radistion absorbed &t the wurfaces of pubels
(walls or floors) hav ! to be treated differently from mean heat Inputs, Thiec
bacause thewe pumu;hnvo & finite impedance to lltermtlng heat imputs, as oppoaml

te an infinite impedance to steady heat inputs. They thersfore have to be multiplied by
'surface factors’ F tg obtain effective ﬂhl‘!llﬂl’l‘ heat Inputs 'a'.:

Le g, = F (g - §,)

Thus the slternating heat input at the surface of a concrete fNloor has to be multiplied
by the factor F v 0.5 1o obtain the effective heat input. Surface factors for some
dilterent bullding elements are listed in Table 3,

The effective AMernating heat input due to solar #ain can be written: .
Lrsal, ()]

where 3, in the ‘alternating solar §ain factor’ for the window system or wall or roof.
£, differs between ‘heavy' and 'lght’ buildings because of differences in the surface
factor F, In this context theavy’ buildings have solid tnternal walls and partitions,
and 'light' buildings have lightweight demountable partitioning with fuspendsd ceilings;
both are assumned to have concrete floors. Valuss of F of 0.5 and 0,8 have been
amsumed in the two cages. Average alternating solar gain factors for orientations
south of easl-west are listed {n Table 2 for ‘heavy' and ‘Hght* bulldings; these are naot
found in existing reference Mmanuals. One point revealed by the Table 1s that internal
b.inds, particularly dark coloyred blinds, are no better than unprotected glass in
reducing temperature owings, although thay can reduce the mean tamperature rige.

34, Guine through walls and roofs

theough windows, but solar gaing through poorly insulated roofs can cause ovtrhtltin‘
in fuctories and other single-storey buildings. A method developed by Danter!1€)

8l ows the resulting heat flow through the wall or roof to be calculated. This method
¢ also be used to calculate the effect of temperature owings in one room on ap
adacent room of dissimilar characteriatics; in goneral, however, the diurnal swing
dus {0 transmigeion from an sdjacent room is amall.

3§ [Bffect of outeide air temperature variationa

Ths eifect of outasde air temperature variations on jnternal temperature variations is
allowed for as in other cases by calculating the heat which would have to be put into or
extracted from the x;pnlm to hold the internal temperature constant. This heat

Input {s:

G r{IAU )T, (8)

Mmalioh be regarded as being generated at the X-point, i.e. the factor F for these
heu inputs can be taken as unity.

The various components §, have ta be added to find the total heat Input swing §;, and
the xwing in internal lemperature tey in found from equation (&),

The method can be extended to conditions which are not atesdy-cyclic ones by com-
biniag the 'Q/U' method of caleulating the responae of o room to changes in heat Input
or ewternal temperature with the admittance procedure fur cllculnlng temperature
swings. The diurpat awing t,; 1a thea calculated In relation to a slowly varying quasi-
meas temperature Te1- Temperatures have baen Auccessfully predicted during variable
weatwr conditions using this technique, (19)

4 COMPARISONS WITH FIELD MEASUREMENTS

The procedure described has been used to caleulate temperatures In & varjety of
bulldings in which measurements have been made. An an example,Figure 6 gives
comemiinons of calcoylated and measured temperatures in a number of unoccupled snd
romislly unventilated offices during a Whitsun holiday period. Agreement is fairly
g00d: Iy in difficult to get very close agreement in field studies because basic data,
particularly on air inflltration rates, are not known accurately. It has not been
PosSLolp to make such comparisons In occupled and naturally ventilated offices, because
of the irregular use of blinds and ventilation openings.
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Buildings in use have been investigated In a different way. Becuuse of the diffievlvy

of obtaining temperatures and ventilation records In occupled buildings dyring ihe rare
periods when heut-wavea oceur, calculated peak temperatures have been rompans t
directly with complaints of overheating obtained in user surveys. Dataldromi thewt e
survey mentioned in the Introduction{, 7) were divided into aul-samples withi difisecnt
window ospecis and window sizes, and offices in notay and quiet arcas were Tong e rdd
acparately. Thia latter distinctioh was made because it was expected that thwre would
be more overheating complaints in noisy than in quiet areas:; this is becsuse prod
could not open windows to ventilate butldings freely. Overheating complaintu » ¢y
related to calculated peak temperatures in officen of the type illuatrated in Figuyr '3,
where room dimensions are averages for the offtces in the survey, These resiuhs
have been reported elsewhere. (17, 18 :

Calculated inside temperstures sre based on the radiation intenalties on sunmyl d.nn,
and on the corresponding dally- mean outside temperatures and temperature wings
in Table 4. They are a few degrees higher than monthly-mean values. II§ course
there are occasions on which outgide temperatures on sunny days are higher thar

but it is very unusual to have a apell of sunny days durlng whick
both radiation intensities and outside afr temperatures are simultaneously rialntsibied
at their highest values. Preliminary results suggest that the design datia in bl |
yield internal 'peak’ temperatures which are exceeded on only about 10% of aeenupiid
hours.

TABLE 4 Daily-mean outside temperatures for sunny days {Garston, Hirts)
Temperature

Month Dally-mean Mean diurnal qwing

Oh sunny days * on sunny dayi '
°c °F deg C degl F

March 7 (8} 44 (43) 12 {9) 22 {18}
April 8 (8) 47 (47) 12 {10) 22 {18
May 12 (12) 54 (53) 13 (11) 24 (19!
June 18 {15) 80 (59} 15 (11) 27{19)
July 19 {17) 68 (62} 14 {9) 25 (17)
August 18 {186} 64 (81) 13 (10) 23 (18)
September 14 {14) 58 {57) 12 (9) 21 (1B}

* Mean values for all days are given in brackets
Data are tairly typical for most of the populous areas in Britain

Figure 8 shows how calculated peak temperatures vary with window size nitheavy'
and 'light' bulldings with low and high ventllation rates, {2 and 10 air chargen/h).

{As before, 'heavy' buildings have solid partitions, ‘light* bulldings have demountabie
pertitions and suspended ceilings; both have concrete floars.) Figure 9 shows how
peak temperatures calculsted from outside temperature on sunny days relate to coun .
plaints of overheating in different categories of office. [A similar graph in parijcr
papera{17, 18) wau baged on 'sunny day' outslde temperatures durlng the:year
preceding the survey.) Those 'sometimes too warm' and those 'definitely:umcorn-
fortable’ are shown separately on the graph. A ventilation rate of 2 ach wam agsumm |
in noisy areas.and 10 ach in quiet areas. There is a clear relationship beiween naur
comments and calculated peak temperatures.

This technique han been repeated in & survey of school buildings, and thix: will e
reported later. Although the data have not yet been fully analysed,
reaults are interesting. As with offices, a considerable proportion
(teachers) were sometimes too hot in summer, Agaln, more diacomfort was
experienced in nolsy than in quiet areas. Moreover, other things belng eqbal, there
was inore discomfort when clagsrooms could be ventilated from only one wide than
when they had openings on more than one wall and could have cross-ventilution.
Within each of these categories, discomfort was related to window size am
orlentation In the manhner suggested by calculations of maximum temperature,

of the: pecupanty

i

¢
I
I
il
!
il
I

Uiiigure i igives a prelimimary comparison of ov
tempenniures, based on the outslde temperatures in Table 4 and the assumed ventita.

1
| tionrats wet out 1 Tible 3. Theae rates were selected to bring the data on to the
| #ame qunve, :

I

“TABLE! i | Assumec| ventSirtion rates for heat-wave conditions

| 'Paij.tion of Whether quiet "‘"“:‘““"
. apering windowa or nolsy ares oir c"":n:" /h
v QMices H um:! side onty quiet 10
. | noisy 2
! B¢ weoln |om;: side only qulet 10
noisy 5
rmare the
ot gide quiet 30
noigy 10

In the wariler nurvey,| the dlice workers were simply asked whether they were
'sldightly " qp I'deflinitel)" unogmfortable becauge of overheating, and were not offered
thoichedan i ‘ocoaslanally’ dr 'often’ in their reaponse, In the schools study a wider
rapge ol.alernatives wers ‘qWered. For the purposes of this paper, the scale, which
rupsed iinor comlort to:definlte discomfort, has been divided to produce two plote
which riepergent these 'extre/nes, The upper points (filled aymnbola in Figure 10) show
theprapartions reporting any degree of dj fort except lonally slightly
Uncpmiontysle', The fowe |p'olnu (open symbols) show the proportions 'definitely
fontaolet Plithome *occasionally definitely uncomfortable'.

Theypraportions reporting tuxrmal discomfort
Elgure 13, jure clearly telates to the calculated peak temperatures, Moreover,
there weme mﬂarenceznflmlthe'ulumpuonu made in the calculations and in the forms of
tive wuestingm relating (2.6f¢ives and schools, the Amounts of thermal discomfort at
diffuremt pibculuted petk) tem>eratures were similar,

shown in Figure 10, like those in

Thelimportint point isihat,
havebesniset out, reritrria
The setting of
Mdgement on what s acceptable, but the graphs provide
AN vasenti| tink betwern sudll & Judgement and computed temperatures.
wdipding | tiwy i riterion tiat nai' more than 10% of the occupants would

uniom forrtiuy le) woujd leu?d ta wq:ﬂelign requirement of about 270C (80°F} for both offices
atl yehoioiy,

5 | DESIONI M PLICATIONS:

At aliflrag poling, heavy Luildings acreened from solar radistion do not rise more than
u Yevndegreos nbove the 'mearn, mutside temperature unless there nre apprecisble heat
guim.rmmll,in;htlng,- occhpantqfor other heat sources. It Ia primarily the daily,mean
tempe ruku e that haa tolibelcmuldered, rather than the maximum; diurnal tempera-
e varlutiors canbe atopthde by the thermal capacity of the bullding. In heavy
buililings: it putslde teinperature varlations of 10 - 15 deg C that oceur during the
day cause inberngl variefionn yfonly 1 . 2 degrees. [n this connection, Table § shows

huw|fw:-t|uetal,]!y\r.lully- main temperaturen of 20°C to 24°C are exceeded at Garston,
Hertslandl in Comdor, E '




TABLE 8 Frequency with which given datly-mensn tsmperatures are exceeded

Average number of days per annum exceeding:
Location 20°C 219 329%¢  230¢ 400
Garston 3.2 1.8 0.8 0.4 0.2
London Weather Centra [ ) 4.4 2.2 0.8 0.7

These data show that even {n central London, which is warmer than the surreunding
country, daily-mean external temperatures seldom exceed 229C, Very few parts of
Britaln are much warmer than central London. Imernal temperatures in heuwvy

It is clewr, therefore, that the British climate does not in ltself make alr-comditioning
essential, if buildings are heavy, screened from salar radiation and do not have
appreciable internal heat gains. As an {llustration of this point, Flgure 11a shows that
the measured temperature in an east-lacing oilice of lve conmruction, shaded by
trees, remained at 20,59 (899F) throughout a sunny spell when the outside
temperature varied from 10 - 27°C (50 - 80°F). By contrast, the temperature in a
neighbouring room with large south-facing windows reached 26°9¢ {789F) during the
same period, and the occupants complained of overheating (Figure 11b). This room
had a smaller admittance than the first, as it was carpeted and hud a lightweight roof
structure,

On the basis of this work, recommendations have been nudo"“ about maximum
artas of unshaded clear glans that can be used in naturally ventilated offices without
exceeding a calculated peak temperature of 24°C{715°F), The corresponding maximum
window sizes were calculated for 'heavy' and *light’ buildings, defined as sbove, and
for nolsy and quiet areas, assuming ventilation rates of 2 and 10 ach. It would be
reasonable to use the same criteria of discomfort when making similar ealculations
for different office types, and for bulldings shaded by sun-controls, Appendix 4 asis
out the recommended procedure for calculating peak temperatures in more detai],

and gives an Wustrative txample.

Mean temperatures during the summer months vary by & few degreens over Britain,
and local dats could be used when additional sceuracy is sought. As the variationa are
only a few degrees, howaver, the data In Table 4 may be sdequats for design cal-
culations in most of Britain,

Alr-conditioning may provide the preferred solution for lightweight bulldings, or deep
bulldings with large Internal heat gaine. It may be worth while In some cases $o
compare the cost of & heavy, shallow bullding which is naturally ventilated, with the
cost of a lightweight or deep building with atr- conditioning,

8. CONCLUSIONS

A technigue for calculsting peak interna) temperatures is presented which agrees
with experimental medsucaments and ia related to user complaints of overheating in
offices and schools. The method can be applisd generally to ditfersnt typan of
building but It 1 difficult to make accurate estimates of ventilation rates in naterally
ventilated buildings. and further cross-checks with user experience may be needed,
Data sre given on properties of bullding componente (s.g. surface factors and
sdmittances) to use In calculstions,

It s shown that single ‘shading factor' ia not sufficient to specify the effect of a
sun-control on internal temperatures, and both 'solar gain factors’ and 'siternailng
solar gain factors' are listed for difivrent types of sun-control. These can be
applied directly to calculate the rise in the mean internal temperature and the awing
about the mean.

This technique of calculation should be helpful in designing comforiable buildings.

' Meuk temperaturea can be calculated and if excessive, the desaigner hay the choice of
I reducing the window size, Increasing the mass of structure, fitting wun-controls or
|inatailing alr-conditioning. The final cholce will depend on cost, amenity and other
considerations, but the methods outlined should provide useful guidance on alter-
inative methods of controlling peak temperatures. Application of thig work to alp-
conditloning design is also being studied, and Preliminary reaults are reported in
ancther contribution to this symposivm,

This work was made possible by research on the thermal responss of buildings b
Mr.E, Danter, who kindly made his results avallable. The author is also l.ndn:bte: to
dther colleaguea, particularly Mr. P, Petherbridge and Migs P, ). Arnold, who made
important contributions to other agpacts of the work,
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. Appeniixii, Inside anvironmentel temperature

Thetcammentionnl steasy-stule hest balance equation glving the average rate of heat
| fiow cf Uirrough an exp)eed bullding element of area A and thermal transmittsnce Uis:

. giA v Ul -t (A1}
with 1 U = IRy +Ry+Ryp+ ... * Rgo) (A2)
! asd 1 Eg = 1/(Eh, ¢ hg) {A3)

| where the R's are thel-nal ‘resistances of the components of the structure, Ryy and
Ryd {aglde and cutalde sutiace renistances, E the longwave emiasivity factor for the
1 wdriace, and hy and L8 the radistion and convection coefficients.

The temperatures Lpynd t, ace normally taken as inside .nd outside Lir temperaturos.
| kioweser,a difflculty erises when the internal air and mean radiant temperatures
difter, lnecaune heat ¥ transferred to the surface of the exposed panel {(wall window
| poat ¢r rboflight) by hongyave radiation from other surfaces, as well ns by ;omectlo-n
| {romevom eir.: Equa Uon|(1) ie not therefore universally valid if t; ia taken to
:;eﬁrasmnt the inside Air temperature. However,a valid equation can be developed &s
o E.

The gquation for the: -ate:of hest flow to the Inside surface is:

ufA = Ehp {t'yy- gt holtyy - tgy) (A4}

"""“’".’ ‘wﬁo is l:ve mesn surface temperature seen by the inside surface of the exposed
. \pane., whose temperature ia ty. At the inside surface of a w %, sl val

:Jh, nnid b, are 3. liund 2.8 Wrt‘nz deg C. s, typlost velues of

|Thistecquation involw;s t'y, Lhe mean radiant temperature seen by the exposed wall.
Howewer, it is more (tonvenient to express heat losses in terms of the area-welghted

. mew lemperature © alliroom surfaces, including that of the exposed panel, tyi. This

jgithe maeon roliami:iemperature at the cantre of 8 cubical room; it can be imagined

| nd the fempereture of a pmall aphere at the centre of an air-free room, The

| temnperature they 1o vhe area-weighted mean temperature of surfuces other than that of

| the sxposcd pancl, at least tor o cubical room, This is becsuss for a cubical room

| the nomm [actor (l.ek the fraction of the radiation from one surfsce which falls on

. nhother) 1s 0,2 for nachisurface, ty ould thus be calculuted by adding contributions

+ i the hemperzturan) of the surfaces, ’55 for each. The ares-welghted mean
wrmprature i

o Yeup+ Veay (AS)
! Hemie tei " 815 tyy - VS tgy: Substituting in equation (Ad)
CRUE T -
afA * 95 Ehplteg - teg) + heltas - ta)

| 1 emicbitnin the ieonvintional form of equation (A1), we write:

afA = (85 Eng * ho) (teg - tap) (A®)

| whp e

tey = (85 Ehptyy + hetyt)/ (85 Ehp + he) (AT)

ol eimperaturetfs 18 here called the inaide environmental ternperature and is an

i apprspriate In Iden temperature for calculating heat logses. An an roximation, it
| s MIT 4 173 Adr temp. Kquation {A8) can be written: " ™

qfa * (4 Ig) (teg - tat)

Rat * 15 Eng + b

{ABa)

* ek (A8)

Rgy " 0.11 i Ehp = S.Lhe = 2.8

IQ: ir il



Danter has shown that heat losses can be calculated within an accuracy of X 5% for a
wide range of buildings using this environmentnl temperature tgi, but that erroem of
up to 40% are obtalned if heat losses are calculated in terma of the aj temperature
taj. Moreover,ty I3 a convenient temperature when considering the effoct of a
periodically varying heat input, as discussed in Appendix 3. The cotwentional values
for inside surface resistance {0.13 for walls, 0.11 for ceilings with upward heat
Ilow, 0.14 for MNoore with downward hest flow) can be retained without acrious lage of

accuracy, in apite of the difference between equation (A3) and equation (A3),

Appendix 1. Effect of heat Inpute generated part-way through tha strecture
Equations {A1) to {A3} apply when no heat s generated within the structure, e.y. by
absorption of solar radiation, taking tj as the inside environmental tempersture .|,
and Rgj as defined by equation (A8). Equation (A7) can be combined w_th other
equations representing heat fow through thermal resistances. Ths mean rate of hoat
flow through s wall or roof of thermal resistance R is given by:

WA = e - tgg) [ R 1AD)

The thermal resistance of the material is of course negligible for single glating, but
for double glazing R * 0.18 m2 deg C/W, the resistance of the sirapace.

I the outaide air temperature and the external surroundings ars at the same
temperaturs 1;, and no solar radiation falls on the surface:

A v (gg - ) [ Reg jA10)
where r\R.g * 3/{Ehy + hg)

Combining equations {ASa), {A6) and (A10), wa have the conventional meady- stale
equation (Al).

When considering double glazing, or glass in combination with a blind, however, It is
necessary to take account of solar radiation sbsorbed at the inner face. If solar
radiation of intensity I, in transmitted through an outer sheet and absorbed by sn
inner shest, wquation (A8) becomen:

YA te 1w {1y - Ly )/R {Ada}

where ory is the fraction of the incidentradiation absorbed by the inner sheet. If
solar radiation of lntensity I, falls on the outside surface of a wall, window, rocf or
roollight of solar absorptivity ocg, the rate of heat input to the surface from this
source is ar,l,. Thare is heat loss by convection equal to heltgg - tu), where tg, is
the outside surface temparature, tg, the outaide alr temperature.

There 18 also heat transfer by longwave ratiation to the external surroundings, sky
and ground. On cloudless days the sky temperature seen by s horizontal surface is
some 20 deg C below air temperature, The mean of aky and ground termperatures
seen by a vertical surface is, however, roughly equal to air temperature. This is
because the ground Is warmer than air during sunny spella and thus coripensates {or
the cool aky.

The equation for the rate of heat flow at the outside surface la:

QIA - Ehr“” ~ tpg) - “OII *+ heltag - tan) (Al0a)
where t.,, is the mean radiant temperature of the extarnal surroundings. At the
outsids surfacs of a wall, a typlcal valus of Eb, I8 4.1 W/m? deg C for an outside
air temperature of 5°C (0.7 Biu/ft?h deg F st 40°F), and for normal exzosuce o
wind a typical value of h; is 15.2 W/m2 deg C (1.8 Btu/nZh deg F).

If we write:

El, = Ehglty, - tyeg) (a11)

esquation (A10a) becomas:

A+ {orgly - El}) = (Ehp + hal (tgg - tao)
"1/ Ryg) (tyg - teg) {A100)

El;, Is the longwave radiation loss from unit area of a

suyroundings. For a horizontal surface, I}, may be lak.eu: ‘::.9;‘ W.;:;l;.:::' ;t- tu;'az y
for| & cloudless aky, 15 {5) for an overcast sky, and Intermediate values ool
to the cloud amount for partially clouded skiey, The outaide surface re ipll-oportlom.l
Ryq (* 1/(Ehe + e)) is about 0,05 for walle and 0.04 m2 deg C/W tor ro.o::?:'s and

0.25 tt?h deg F/Bu) for no
Fiiseldiol "{.: / Btu) roial exposure to wind, If heat is sbsorbed at the Inner

afA + (oeply ~ EIL) toyly s l’n.ox “.O = tao) (A14)

By combining squations (A8s), (A9} and {A10b) we obtain:

t .-t t. -t to-t
4 = el ‘sl st “so . _BO a0
v Ry * R Reo - - (‘oll - EIL)

l.e.
A = el - Y, R,
R et =
or YA ¢ foegl, - EL) sy (tgg - tag) {A12)
wherd [ = R.ol "‘st + R+ R.ol {A13)
= R“ xU (Al3a)
’l:' t:-n;;r'-trmmulio- factor' giving the Iraction of absorbed heat retransmitied

'l\uaﬂnhluinpmlw Ig - Efy }
ole L! generated at the outside surface of a
:m;l;a: 'i:l itlt effsct on Internal temperature to s heat lnput flac 1 -‘:Erlu?‘;:.h::ued
G Tl e e, o g Wl il
| ), = 0.3, 8 #quivalent to a heat | t ¢
:j.:to(bl. POT Unit ares of glass. The valusof £ » 0.3 l,ppll'lp:. :h::.n . :‘ "y
5.7(0.9, 1.0in Britiah units). e .

obiain the equivalent heat Input within the structure, If Rgo'= 0.05, R = 0.18,

In genera), therefore, heat |
N npuls generated part. Toug|
multiplied by a retranamission factor £, givi'l’:by:." t h & structure have to be

f « thermal resistance from outside to point where heat 1a generated
total thermal resistance of structure

Appendix 3. Comments on treatment of periodic variations

The heai interchanges in a room b;
‘ Y longwave radiation betwaen au;
vection with the alr are illustrated dugrlmmntlc-uy In Figure 5a ':l:f:h. r.::rf:e:::- a

temperature difference, we can re
, gard the surfaces and air ag bel
thermal resistances, Theb'd‘ln network’ of Figure 5a can this be ::;::::c::;dt:z

Analyais shows that fot a cubtcal
Foom the ‘star poim’ X §s at the ¢
o - environmental
'i“:e;;i:;:lﬂ:%, (ﬂ;rn:i::uu:;l::‘mﬂhm the inside surface resistances Ry, are
. 8 analysis is strictly valid onl for ubi
room, experiments with An 2lectrical analogue h s equations
Feasonably sccurate for & wide range of roo'r:: .l::: ::l: \::-l::: thess equations are
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The effect of heat put {n or abatracted (e, g by ventilation) at the airtempenatune ted
(see Figure 5a) can be allowed for by introducing a hypothetical comtuttance by,
between the alr-polnt and the star-point X {Figure 5d). The heut trarsfor 1o theiwdlls
of area A is given by:

@ = S tA15)

a haMtel Y

and also q = hAR -t} S fA1B)

Subatituting tei = WS 'ri + V3 "nl in equation (A15) we have

a - % Anjfe -t )

Hence from equation lAlG)h‘ - ¥2 hc.
In S1 units with hy = 2.8,h, = 4.2 W/m2deg C, (in British units hy =108, hy = 6750

The ventilation conductancs C, can be found by combining In serics tme cominctuncms
Ahy and sV (ventilatlon heat loss per degree}; it in given by:

1 1

Lo

]
= M5
v
When the ventilation rate is low, Cy 1% mpproximately equal to aV| Forr & pomn af
30 - 80 m3 (1000 ~ 2000 cu ft) Cy ie only about 5 or 10% less than s\ ~whe:n e

ventilation rate is 2 air changes/h, but it can be as low as 50% of 8V swhen ithe
ventliation rate im 20 - 30 air changes/h.

Appendix 4. Procedurs for calculating maximum temperastures

On the basis of this work, the following procedure may be used for caleuluting roex)-
mum Internal temperatures. It s fllugtrated by an example In Figur: 12 which 1 tor
& south-facing school classroom of heavy construction with 50% of the extermal wall
glazed, occupled by 30 children for 4 hours. For slmplicity,it in assamed that theme
is no heat exchange with adjoining rooma. Calculations are made forwuly, the hotteit
month during term-time.

(1) Select an appropriate temperature 1o for design calculations, It du wuggeeted That
the mean temperature for sunny days should be used; the highest external tampernstiore
(Table 8) are very seldom obtained during a succession of days of fuls sunihine.
Monthly mean temperatures are published tor different arean; thone:inr. suunyidars
are sbout 2 deg C higher during July and August. Data for Garston, |Eerta, nre

shown in Table 4. In the example 1y was taken as 19°C, the mean for:munny iy in
July,

The highest internal temperatures generally occur in August, but the e are
exceptions - e. g. schools which are on holiday in August, and roomm with month.
facing windows protected by projecting screens. Such rooms may be reasomily :eonl
In August, but too warm in October when the sun enters the building b«low!the
projecting screen.

{2) Find daily-mean solar gnins through windows by multiplying the ddily-owean
radistion (ntensity (160 wlmz for the south-facing surfuce in the exarmple in) Tigewn 12)
by the appropriate solar gain factors and window areas. Some data are|glven in
Table 2; where values are not,given, they can be calculated by the meshode set o in
the text. Find mean heat gains from Hghting from known wattage of Mehting Ttting,
mean heat gaing from occupants {data are given in IHVE Guide), meamzolar|gainy
through walls or roofs exposed to radiation, and any other heat inputa 'Add the
various heat inputa to find the resultant daily-mean heat input to the reom . lin
Figure 12 the mean heat inputs are shown on the lefthand side of tha diggram. Itis
often convenient to relate the heat Input to unit area of externat wall, ier, asin
Figure 12, to unit ares of floor. .

(3] Determine the U-values and areas of exposed panels, and ventiiatien heal Loas:
per degree (C,). If the ventilation rate is low, Cy can be taken an equ.lito 8%, j.e.
the product of the volumetric specif{ic heat of air » {1.2 x 109 JIrn* cle gl Thunclithe
ventilation rate V (rn3]lecl. If the ventilation rate 1s high, Cy should be correcteld an

discussed in Appendix 3. -
wo. 46’7

f
AT a R e b | e ]

Wihen buildingn are naturally ventilated It (s difficult to obtain & reallstic estimate of .
| the ventilatiom vate, This ix determined by the occupants’ use of window and door
' apenings an wéll as by wind and stack pressures. Comparisons of computed tem-
| peratures with survey findings indicate that the average values In Table 5 may be
| mppropriate for desjgn calculations, Where bulldings are mechanically ventilated,
: the ventliatloninate can be established with much greater certainty. If heat inputs sre
' refiated to unltures of exposed wall or floor, it {s of courss necessary to do the same
“tor heat louses,

-{#) 'Calculate tw daily-mean internal tempersture i.l from the stasdy-siste heat
ibilance equatton:

i iﬁ' .-
"This 2quation spplien where there is no heat exchange with adjoining rooms t.s. where
eudh rooni is surrounded by similar rooms at the same temperature. Additional
tarms have to:bx added when necessary to allow for heat transfer to adjucent roomn;
'if moams on opposite sides of a building are considered, it {s necessary to put in a
teinm for heat transfer between rooms and calculate the mesn temperature on both
sidos of the bulbding by solving two simultaneous equations,

(ZAU + C) i, - E) (A18)

(5]} 'Wherelthe entire curve of daily variation of internat temperature is required,

Pint out-hourly walues of the various eftective heat inputs, relating to the basic area
corsldetec. Dully swings of radiation Intensities should first be calculated relative to
the daily-meanvalue. In o detailed calculation, swings sbout the menn should be
‘culculated sepanately for absorbed and tr Iited p s, and multiplied by
Bpgropriate retransmission or surface factors, For a more approximate calculation
ag in the illustnative example (Flgure 12), awings in radiation intensity may be
'multiptied by the alternating solar galn factor (54} in Table 2. This will give a good
iestimate of ped temperatures, but temperstures at say 5 a.m, may be overestimated.
‘The swings in #ffective heat inputs should be added and the total swing g found.

11 orily the ‘maximurn value of tyq 18 required, it Is only necessary to determine the
waripus ‘eflective- hesl inputs for a few hours near the time when the maximum
Kemperature is expetted,

I8} Determine the aress and admittances of both external and internal room panels
[Takle 3), relste to:basic area, and calcuiate the tempersture sawing from the e
wquation:

a, m (LAY + Cv, tel {A18)

' The temperatur: swing Tyy should then be added to Ty to obtain the computed fnternal

femperature. The lliustrative example shows & meximum temperature of 28°C; this

¢ roam wauld be wypected to be excesslvely warm In summer, and some form of

rxitrnal shading would be needed to provide comfortable conditions.
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Appendiz 5. Bymbola

.""'J"H‘Ob

=
n

o
-

-
=

T L L 8 -

[ ]
-]

area
ventilation conductance {ventilation heat loss per degres)
longwave emissivily factor

retransmission factor for components of solar control
surface factor for building element

hypothetical conductance between the air point n & delta network and the
-point in a star network of thermal resistances

convection tranafer coefficlent

radiation transfer coefficient

longwave radistion loss of surface at air temperature to surroundings
incident total solar radiation intensaity

rate of heat input; q, equivalent heat input;

total equivaient hest input; q, rate of heat iranafer from alr to surfaces
total thermal capacity of the structure

thermal reslstance; Ry  inslde surface resistsnce;

cutside surface resistancs; Rl. Ry therma)l resistance of componenis of
siructure

thermal resistance of ventilating air
volumetric apecific heat of air

solar gain {actor of window system or bullding element; 5, alternating solar
£ain lactor

outside temperature; tag oOutside air;

mean of external surrcundings; tgo Of outside of bullding elemest;
tay lnside air;

inside 'snvironmental’ temperature;

ares weighted mean temperature of all room aurfaces;

internal temperature;

mean radiant temperature ssen by inside surface of exposed pansl;
temperature of ineide of d bullding «} nt
thermal transmittance

ventilation rate

admittance per unit ares

sbhaorptivity to solar radistion; &qo Outer shaet of window system
inner sheet of window aystem

tranamittance of solar radiation by window system

Note: The symbols = and ™ indicate the mean, and the devistion from the mean.
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‘SECTION A8 SUMMERTIME TEMPERATURES IN BUILDINGS o | ,

Table Abl. Total solar Intensities on vertical surfaces (Wimn),

e fon ] o . == ‘
m,m'mlmlm %0 :m'uou,sm 130 |m,:m’;m‘.m‘|ml.m'm
Intreduction Any casual heat gains, constant or intcrmittent, from el 04 1m0 e oy g 0 ns s s
L e B ' . 10 115 340 spp 3 1106 » ps g g0 45
During warm sunny periods, buildings with windows ;&MA!;S}‘ 8. occupants or other murces. (See El|e 0 30 @ & X I8 B B sy s w4
facing in a southerly direction—any sspect from East on A7) . [ a2t 3{ i l; Ho ’ﬁ 4;; i: s :;; m .‘2 gg B e ‘;g ;; 3 33 3
to West through South—are subjected 1o daily cyclic ; . . s LT 3} XN 3 3 e e 135 9 L R TR S 1
beat ginafrom solar radiatin: i addiion, urther guiny  Detals of the ﬁf‘m'&ﬁ:&“:ﬂﬁ“ﬁ CAR- TR A A N A i @ W 188
arise from artificial lighting, occupants and other sources, - buildin l.he‘em irical values listed 1o Tabho A 8.4 pe 505 s s i 30 g 0 30 3 s
In designing & building it is important to ensure that it be used 1o the sy  conten: Y
winnmbecomeumomfauﬂyhotduﬁngm;yple;iod& F ) - - N: 13 4 :g .2 4?:' ;ﬁ 120 1% 15 0.3 w45 s o
l.e. that the maximum pe temperature should not : B El o Po 10 131 0 120 103 59 N 48 2
frequently exceed, say, 27°C. This Section describes a Bﬁid“x‘},;;'ﬂn"?"“: ot et e i o fhe , My sE [ I oK N e omm o im i o® B8R
'“h"i““""i""“‘b'“f““"“"”'i”m“' context, the values listed i Table AS.2 whih sre R 2 w |5 2 & %ﬁ}gfggmm@wg » 4 B
- A . w 40 3
ﬁ;‘:&.‘fﬁu‘ﬁ;’m":““o?'pﬂ’uim ling tyical of sunny days (Le. 3% days of ighest soa O 23R mm e 80 ew é.;s
window size for a simple design of multi-storey building, radiation) ) 0 '
luhouldbeno(edﬂmuudluginndomtindudemy : i N| » 8N a5 g
allowance for the effect of sunshine fulling directly on Masn Heat Gaing : NE | o TTIREY- S B ”3 HH e HHEE I S S TS
occupants whose discomfort would be further increased Mean solar heat gain Avpet 4 st | 1] . h m “w o - e = e % 73 % 8
|l Grmaame e birttmesy [ (418 TEREEREERUG LG d
is shown excess mean incident radiation intensity as resd irom Tabic . 150 8 X 3 B s oy in 120 10 #3 g .
m‘&“ﬁ“ef,“ﬁ’?mm&“;mﬁﬂ&ﬂ AB.1 (for the United Kingdom), or from Tabies A6.24 10 ; il B PP Ersmm B R eE D i
tion of the building design, the need for mechapical  A6.36 for other latitudes, the appropriate solar pain .
ventilation of, more probably, sir-copditioning is self-  factor for the type of glass and solar protecton as read N1 % 35 s o o oy
olas 5 v fromleleAS.Zlndtlnlunlitlreloﬂheﬂlin‘.Thul: ; a NE ‘ﬁ 213 g,;; :3 4;; g i 33 30X g g
Soptassber HO 95 33 % 33 3
Co=5ray .. .. .. . . anl v e g L] o i W oo oo o N 5%
ROUTINE CALCULATIONS - where: . o e AN IR RN F N
Application of the technique roquires that the follawing Qs =memnsolargan .. ., .. w . e 8% b 50N
be calculated in turn: I = mean solar intensity ., . .« W/m* y
L. Mean beat gains from alf sources. § == solar gain factoc - » o3 S 8 28 % 6 8 un ,
2. Mean internal environmental tempersture., _ Ar = eunlit ares of glaing .. o Comtbezy | | % Zomeomoae 5 N E 2B
3. Swing (deviation), from meas-to-peak, ia Beatgains *  For fnstances where the solar protection may vary | |Foen [ ] 0 ol i e N M o2 B 9
from all sources. mronghomlheuboun.bympuhﬁonolblindaby. : ’ w| '3 ° i 2 " 5 o ] A
tSwin;(devhﬁon),frmmuo-puk,inlnmn! oowpuu.wmeullowunelhouldbcmlde:ybhsof -' - NW | 2 O B % &8 xn »n 0 & 42 {2 lz;
environmental temperature, the solar gain t.-:to;. Any such allowancs zunnot be
S. Heuce, from (2) and (4), the peak internal avirop.  O4ber than eclectic. ] & S8 % o omom oo s
mental temperature. . Mean casual keat gatn .' Noveubur 21 'g ;; ;g n’i lz 12 ﬂ g 2 g ;
Deta required The mean heat gain from casual sovroes artificial J Ty 21 o3 1% R L P B .
lighting, occupants etc. is found by multiplying the indi- W ] 018 o 95 e x5 “©
Inorderthtlhcxﬂepnmybel‘ollond,lhfollowia' ; ” : : ; : u ] B o w5 w1 3 %
Informﬁonlsneededabouttheroommned: ;:'dhu:l“:'te::ﬁ:hwdwmonu?damgn[ aver the i N e ML I - 1 8B 0
Amuormmaurﬂelemuonhemlmnie.mh. (@1 X 1) + (geg X 1) et : Nl e
Boor.roo!‘el.c.mddeuilsoftheireonmuqion.!?mm Qe ==t v - AR 4 "E :{‘,' 155 5 4“6 : z 3’3 H
these particulary, admittance values may be deter- . b 55| w 10 45 & 3 g3
! . . : e Dacamber 22 mwmmmmn
mined Table AB.7. (See also Section AS, iy 3 109
using ( ) o, = mean casual gain .. - w ’ ‘w ;,’ lg 'l‘: :;lsl fﬁ :g SI’“; ;g
Amlndupautof;llwindonlnddeuilsorblinda q.,lndq..-inumumoumlulpim w E r' L T HH B b 2 ’z ’g b
" andfor shading. From these particulars, mean and hands, w duration of individusl casual | [orn
alteroating solar pains may be determined using ghins .. .. .. - & ". Basls for tabulssed valums: T Dirsct Radiation facror (sky clarity), ks = 093
'&m A8.1, A8.2 and A& for the United Kingdom. : L 3 G el ot 1, — 02
also Section AS for solar intensities at Intitudes Toial mean gain ‘ . 3. Alitude = 010 300 m (ses Fig. At for
. ' Note: Boid figurse val | X Sorraction factors).
other than 51-7°N.) The total mean beat gain is the sum of the mean solar and : 0 P s for the ovienstion s sch Snso.
mean casual gains determined by equations A8.1 and “

Ares, aspect and construction of external structural AB2 as: .

clements. From these particulars U values may be o

tlel.cmmed.(SeeSeu.ionAl) Cr =0+ 0, .. - . - AB3 : &5
. L I
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Mean internal eavironsmental temperature
The mean internal environmental temperature may be
determined from the equation: -

't == (ZA Uy + Ot i —1 wo)+-ZA U (1 w—'sy) ABA
where:

LAU = sum of products of areas of exposed
surfaces and the appropriste U values  W/*C
The subscripts g and f refer 10 glass
and opaque labric respectively,

Cy == ventilation loss . V. .. WrC
fu = meaninternal environments]
temperature . e s *C
Y'as = mean sol-air temperature (Tables A6.1$
. to 21). . .. e .
faa = mean outdoor sir temperature . *C

(Table A8.3 for the United Kingdom).

For low rates of ventilation, equivalent to a vemtilation
loss of say 0-6 W/m® *C (2 air changes per hour) or less,

Corm0BNy . . . ABS
where: '

N = Rate of ait interchange .. . h-t

v = room volume | | .. .- . m?

For higher rates of ventilation however it is necessary ta
make use of the conductance concept discussed in
Section A5 where:

i i 1 )
E - m + z:m . 4 .4 A.-6
where:

IA = total area of surfaces bounding the
enclosure, whether internal or external et

The cmpirical values for ventilation rates listed in Table
AB.4 may be used for naturally ventijated buildings in
the United Kingdom,

correct world wi

Table AR2, Solar giin factors (ﬂ for various types of glazing and shading (strictly sccurate for U'.K. onlnwoal-qu (,'
o).

Swing (‘Hlllhu)..m-puk. In hest gain

The variations in heat input due to isolr Itadintion, ”I)

outside air temperature and casual giiing have o be
found and added to give the total swing in heat inpun,
Solar heat gaing arc usually predominant; and an ex-
smination of the solar radistion intensities in' Tuble

AB.1 (for the United Kingdom), or Tables, A&.M4 10 -

A6.36 for other Iatitudes, together with the ontside jir
temperatures, will usually indicate when the:peak inihoot
temperature will cocur unless there are furge casualibeat
pgains within the room. For rooms witl south or west
facing external walls, the peak termperskune will aocur
duting early or late afiernoon when thigh | radiason
intensities coincide with high outside air trmiperamres

In north-facing rooms with litde solar ridiation {wiich .

seldom suffer from overheating) the peakiindoor tempern-
ture can be expected in the afternoon dut:ts the warmih
of the ventilating air. In cast-facing rooms, ithe prak
indoor temperatures can occur in the mrning on afoere
noon, dependent on size of window, amaunt o natural
ventilation and presence of casua) gains.

Iu order to determine the swing (mearsta-peak) it s
necessary to decide on the time of day wihen the peali im-
door temperature is likely to oceur, ang compute the
mean-lo-peak effective heat inputs for thiy ipeakihour”.|If
there is a doubt about the.choice of the pesk hour, the
kame procedure must be followed for severalitimes ol dmy
to ensure that the peak indoor temperature is found.

Swing In effective solar heat pain

From the solar radiation intensitics listed in Teble A2t
(for the United Kingdom), or from Tables X6.24 g
A6.36 for other Watitudes, the difference: between [tk
intensity at the peak hour and the mean inlbersity may by
found, In order to give the effective hentiiaput due: to
solar radiation. A time lag of | hour ishould b
assumed in heavyweight rooms to aliow forr the rEspons:
of the room surfacesto the solar sadiation, e, fon s reom

Botu g oiw docsm s *

Poslten of dhading ol sen presmralas

ety ot o fov the iolviilng indew tyum

Maniing Troe of om protecsion Saghe 'I Diwnaldly:

Mone .. . . - . . &% g
Lightty hest absorbing than . ve : &

None Densely m'l:db:l"m. glasg P, .. 335 1 g-ﬂ
Lacquer coe am, gre .- “ .. 0-36 L —
Heat reflecting gisss, pokl'(lnhd uei when doubie) . 026 02
Dark green opes weave Plastic bind '

Internal White venetian blind . . ' 3-2 : (.;4,:1‘
White cotton curinin .. 041 [
Cream holland linen blind . o3 I 31

Midpine | White vevetinn blind - | fe2n
Dark green ve blind - . -

ot | ST e o
White louvred cunbreaker, bindes ai 45 . 014 R
Dark green ministure louvred blind - oH T

Notes *All glazing clear except where statod otherwise. Factors.are typical valuss mwmmmmuuMaﬁMI

| )

SUMMERTIME TEMPERATURES

Typical sverage outdoor air temperstures for 59 of days of highest solar cadistion. (51-7*N iatitude).

Trpicnl tumpurniares. bvur by bove

Dady s
'—
Fan

mlmlwlmIh'nw'tmllmllullmIm-,n-l 1900

]
1¢ | 20 490 5 74 4 100 12 129 1o 124 122
0| 4t 60 T4 90 WE Mo 142 148 130 14g 143
130 | Y] 3 112 NY Me 16 19 199 M0 198 194
165 | 1112 129 14 163 14 203 V0 1Nt 0 34 D9
B0 M4 157 1M 190 207 2129 ME 233 153 289 244
170 | 21 140 134 110 186 o 22 04 B0 ns 13
5] 96 107 129 138 149 jg3 3 192 o 14 183

Wates: Peaks occur st 1501, means at 0900 and 2100,
Populous areay in the United Kingdom. See

: Ly

ritions are 4. Tem soted Lo
Figures A2.13 and A2.14 for records at London (H:lllvw.)'.‘ fully 1of

\ :(. Tably ARA Ventilation rates for naturally ventifsted
: buildings on sunny days. .

Table A%4. Building chssification by weight,

. Thuge of wiadene vl
| aqwaiog windews g i-uuuL Canvrutiog
D [ Mg h allwwancy
' D | B s
and
Comd Closed 1 03 tziliu:‘!.
Oy Closed 3 14
Oen Open 10 33
. ight demaaniable
] tions with suspe; um‘
Clomd  Closed b 06 Lightweight | Floors eitker solid with arpet
Mort than one side | Opes Closed 10 13 or wood Bnsh o 3.
. Opex Open » 10 pended type.

Alcernating olar gain factors (Sa) for varlous types of glazing and shading snd for huavyweight and light-
weaight bul‘d { (lt.rlctfy accurats for UK on?: spproximately correct world wide), *
. . Alnrsting -:: .l ot
MIII*Iﬂlhd-“ for the hallowiag building and sinfve grps
| T Staghe l Dowite - l Deskr
e i | o
Densely heat amorbing glass .. .. o 032 021 037
hcquumml'ﬁ::. .. . .. . - 050
Heat reflecting m {vealed vkt when dontble) 2 014 023
Dark green opim weave plastic bllnd ., o 033 053
Whllewmtiin.'hl'md ph” o . . . D42 [ ] 043
White cotion cantain .. . . . . 0-27 [-a]] 035
Cream holland linen bling .. ‘. . . oM [ 1) o7
‘Whits venetian'blind . - [T —_ 024 -
Dark green ope; le blind v 018 1 o
Canvai Ml:ﬂ;:ﬂ'ﬂ\ﬂ M . as 10 0-08 on
White louvred t-anbreaker, bindes at 45° o408 008 01
Dark green mio sture houvred blind . 008 006 o110

| teave, reflectivity and clranliness of

M.chrnumwhenmummrmmmmm-uhmmumwﬂlmdmmeydW
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of heavyweight construction, the radistion intensity inci-
dent on the surfaces at | hour carlier than the peak hour
should be used. For a very lightweight construction, no
allowance for time iag is . This mean-to- .

difference must then be multiplied by the appropriate
alternating solar gain factor, as yead from Table AR.S,

aud by the arca of the glazing, thus:

Go=Sdyty-n.. .. .. ALT

where: :

@) = swing in effective heat gain due to solar
mdistion .. .. ., ., ,,. W

" Ss = alternating solar gain factor

Iy = pesk intensity of solar radiation v+ Wimt

It will be noted that the magnitude of the alternating
solar gain factor varies with the weight of the structure:
the descriptions quoted in Table AB.6 give some guidance

in this respect.

Swing in structurol heat gain

The periodic heat flow through wally and roofs is dis-
cussed at length io Section A6, and the time lag data
illustrated in Figs. A8.1 and A8.2 will give some indica-
tion as to whether this heat flow will contribute sig-

- nificantly 1o the peak load, In most instances in the

CLB.S. Guing

hour Jess time la,
£os = mean sol-air temperature

lee = sol-air temperaturs st timo of peak
g5 .. L .

Swing in carual heat gain

<0

A

From the examination of casual heat gains made to
deurmincthemun.ﬂnevn!uanlhepukhowwill

hnv:heenmuled.Themuu-to-pukwi may theoce
be determined from: . R
G=0-0... . . A8S
where:

Qo =gy +goa +otc .. w

Swing in hear gain alr-to-air

The difference between the outdoor air temperature at the
k hour and the mean outdoor air temperature must be
ound in order to give the variation in beat input due to

the outside temperature ewing. This

ference must be wmultiplied by the produc
U-value of the exposed
ventilation heat loss value, thus;

tore dif- gn

the area and

glass and by :he sppropriate

. AB.lo

United Kingdom this aspect may be neglected but the A = (L AgUy + Cy) Lue .
felevant equation is: here:
- - 3 | )
'hde?::_ SAU(m~ta) .. .. .. AR O = ewing i cective heatinpu: dus to .
- gwi eflective 10 swing in outside temperatire ..
& mui:ﬂt:m " mmﬂ“ w J.'J,U,-tum_ofpmdumofmof_upoud
¢ = time lag (sec Fig. AB.1) - b ﬂms and the appropsiate U wpe
= decrement factor dependent on the . " . o
4 thickness of the wall or roof structure loe -Nmsiﬂwhiduirhmpult!m *C
{see Fig. AL2) (Table A8.3 for the United Kingdom)
» T T Ty
rex I
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SUMMERTINE TEMPERATURES

( Toral rwing in heat gain
From the components fisted, the totsl swing in effective
heat input may be determined ag:

Qa-g-+a:+§-+an . . +« ARl
{
s-umwhmm

The magnitude of the mean-to-peak swing in internal
environmental ternperature may be determined by use of
the admittance values fisted in Table AB.7 and the
following expression : :

a' -(}.'AY-I-C')fu .. .. v Mlz
where:
ZAY = sum of products of all room surface
areas, internal and external and their
Sppropriate admittance values Wi
e o ewing in internal environmeg
tempersture ., . e °c
( Mwmw
The peak internal environmental tem tore is de-

m!ermud_by adding the mean-to-peak « g to the mean,

Va4 Iy . A1}
where:
"w = peak interna] en
lemperature . . . . ‘c
HEGHT = 3m
mumu-t-’*}n“c
: WIHDOW U = §-7WimP¢
! WINDOW CIMENSIONS
| hmx im

The routine of such cakulations s best illustrated by the
following two examples. *

Table A0S, &m'“z, of offices in Examples |
Doy Deinll
Window mmumwm
Floor lh&-umnurm
Pertitions Plasternd Brickwork
( Occupancy 4p for & hours (830 W each)
Y
Lighting |mwlmarnnm.mpmu.:m

AB-7
Table ALY, Admittances and surface Factory,
Admivagey Rariney
Sorncomel st
ey | g
Windows (typical) )
Single, unshaded ., . 36
Single, lnternal blind || ° 54 o
Double, unmhaded |, i . 32 065
Double, mid-pass bilad |- .. .32 [ 2]
Walls than 0-07. )
rulls more han 0073 m thick
”6£ :5::: .- 30 L)
1750 kg/ro® | e o8
. (4] L ]
With Uning of reslstance
o et i s | 2 W
wo m
thick with sir space 10 o3
Floors '
Concrete | . .. v &0 04
Concrese, t‘fmll of woodblock . . gg g':
Supended timber andcarpet . | 15 ok
Ceilingy
dﬂmmwm . . . :fo 04
'R . 0 07
Lath and plasterjtimber .. .- 3] L s
Example No. |

An estimate is required of the pesk internal eoviron-
toental temperature likely to accur during a sunny period
in August for office No. 1ip Fig. A8.3. The external wall
faces a busy traffic route and the 100m is on an inter.
mediate floor. Table A8.§ lists other particulars relating
to the room and its occupancy ete,

Step a. Mean heat guins
Solar gain (equation AS.1, Tables AS.| and AB2)
O's = 0-76 % 18535 x 2 - Oj4 W
Casual gain (equstion A8.2)
2. {8 X580 X 8) +(4 x5 x 30 x4
. b7

- 2T W

Thus Qg = 984 4 207 - W

Step b. Mean Internal environmental temperoture
Veatilation foss (equation AR.5, Table AB.4 assum-
ing the window I:L cloted day and night):
Cm033(5x4x3) = 2G6WrC
Fabric Joss through window (Fig. AL3)
CUpdy = 57035 x 2 - WSrC
Fabric loss through outside wall (Fig. Ab3)
Updy = 1-1(12=7) = 3W/rC
Thus {equation AB.4 snd Table A620)
19w (40 + 20) (P — 17 + Hru—25-6)
And £y = 35-5°C,

Step c. Swing {mean-to-peak) in Aeat gain

Solar gain (equation A3.7, Tables AS.1 and AB.%)
Peak hour is 1300 but aliow for | hour time lag and
take intensity at 1200. :

0i=04238 % 2)(640 — 185 w I3EW

- —
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Structural gain (equation A8.8, Fig. A.1 a0d A8.2):
Time Iag is 7 hours and decrement factor 0-4: sol-air
temperatures are listed in Table A6.20,

O = 04 3 1- (12— 7139 ~256) - —40W

{i.e. this component could have been neglected)
Casual gain (equation AR9).

0 = (4 x 50) — 207 - 1w
Ghain air-to-sir (equation A%.10 and Table AB.3).

Oi=[35%x2x5n +20] Q221 =3N2W
Thus: :

O = 1338 — 40 + 113 + 312 - ITBW

Step d. Swing (mean-to-peak) In tniernal envirom-
mental temperature

Using Table A8.7
Fioor AY =20 X6 = 120W/C
Ceiling AV =20 X6 w |20 W/°C

Window  AY = 7x56m= 33 WpC

Outside Wall AY o § % § = 25 W/°C

Partitions  AY = 42 x 3w 126 W/'C

Thus (equation AB.12):

1723 == (430 + 20) 7, and Iy = 3-8°C
Step ¢. Peak internal environmental temperature
From equation A$.13

Py = 355 4 38 = 393°C

Example No. 2
Taking the same room agein, as for Example I byt
assuming the window to be open day and night (Ventia.
tion loss of 3-3 W/m**C, from Table AB.4) the calculation
may be reworked as: ]
Step a '
C'r (s before)
Step b '
From equation A8.6

1 ! 1
Tt Irom = 00onTw
and C, = ]38 W/°C

- 9w

Fabric loss through window (as before) w 0 W/C

Fabricloss through outside wall(as before) m8 W/C 0 ( E

Thus (equation A8.4 and Table A6.20):
1191 = (40 + 138w —17) + 8 (t'n— 25-6) .
lnd I"‘ - 23-8'(2

Step ¢

Gain air-to-air {equation AS.10 and Table A.3)
Oa=[(33 x2 x57) +138) Q22— 1N =926 W
Thus:

Oy = 1338 — 40 + 113 + 926

Step d :
From equation A8.12
2337 = (430 + 138) Iy

Step e
From equation AB.I3
Fam=238 4+ 41 = 27.9C

= NITW

and iy = 4:1°C

GENERALIZED SOLUTIONS

The method can easily be extended to cover the case where
two sets of rooms on eittier side of & corridor receive
different amounts of heat from sclar radiation, so that
there is transfer of heat across the corridor, Fig. A3+
shows peak temperatures in rooms facing south of
east-west, backed by similar rooms: there is very little
difference in the calculated peak temperatures for
different otientations within this range, although peaks
occur at different times of day. The curves were cal-
culated for two rates of ventilstion loss, 0-6 and 3-3
W/m® °C (2 and 10 air changes per hour) and for dif-
ferent sun-protection devices, heat absorbing glasses and
blinds: it is clear that external blinds are the most
effective. The curves, howevet, are theoretica] in thit they
are based oa the assutnption that the blinds are drawm
all day in sunny westher, whereas in practice it is
questionable whethier blinds are drawn watil rooas are
already too warm,

User studies sugpest that internsl venetian bliods hnvco

little effect on the thermal comfort in parts of the room
which are not sunlit, although they are very effective in
combaling sun glare and overheating from direct sun-
shine falling on the occupants. The curves may therefore
fo some extent overcstimate the practical cffects of
blinds in reducing internal temperatures.

! JLovwo, A. O, Summertiane teapersturas in buildings’, L ¥ V.E.
BRS. Symporlem, Feb. 1968, (B RS Corns Poper 47i68.) £l
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Feasibility of solar energy utilisation and research
for buildings in developing countries

N.I1. Ngoka MSc(Eng), Dip BidgSe, MIOB, AMBIM, AlWSe
Environmenial and Tropical Design Conwliant,

Towning Hill and Partners,

18 Great Gecrge Strest, Bristol | United Kingdom

Absiract

The ropid increcse In oil price hos hightighted the world's energy crisis. As we
heed energy in order o mainkain ond improve our standard of tiving, there b o
need 1o axplore alternative sources of sneigy. An attempt has been mode In this
Poper fo axomine the world's energy problems and iis effect on the developing
counirles.

Without neglecting the fundomental thermal design problems of buildings In the
develaping countries, most of which die within fropicol climate, their pomible
utilisation of solor energy ks dixcussad. Thers is g need for further research and
co-oparation between the developed and daveloping counliries.

Iniroduction

The ropld increass in oil price has hod a great effect on the world's energy crisis.
According to Norton Belknap, vice president of planning for Exocon Corporotion,
the worlds biggest oil company, "The Asabion peninsular is the dumping ground of
the worlds envcgy problems. After 1990 all the wrowth in OPEC output will come
fram the peninsulor countries, yet the policies of these countries with regard o
their oil reserves is impousible to predict. How the conflict between the world’s
demand for more oil and the Arob's possible reluciancs ro exhoust their supplies of
the rate demanded by the West i resolved is one of the cosmic impondorables of
the world today®. OFEC - the COrganisation of Petroleum Exporting Countries - an
onachronism which remalined mainly unknown to the warld in general for the First
13 yoors of the orgonisations life, is now a household word, The rue potential of
this organisation a5 a politico-sconomic power and il strong Influence on the
world's energy neads became apporent in October 1973, After 1 years during
which the price of a barrel of oil had changed from $1.80 (Jan. 1960) 1o only
$2.90 (June 1973), the price was Guadrupled to $11.45 a borrel In Jarary 1974,
Tha cothartic oftermath of this quadrupling has hod o great impact on the Wast.
Fig. | illusirates the magnitude of cil revenue for the main producing countries.
As most of these @ developing countries, their oil revenue are now being used 1o
fund mauive industriclisation plans aimed ot Producing a sophisicated economy no
longer dependant on oif by the time the reserve of crude oil runs out. For axample,
froq hos a five-year development plan costing an estimated $30 billion and
Nigeria has committed ire!f to o $20 billioms five-yeor plan, Dus to the need for
Improved fiving conditions in thase couniries, wistontiol funds are usually
allocated for howsing and buitdings.

Although at present we rely heavily on oil for our primary snergy, Tt Is evident
that wa con only do 50 for @ few more decades (1) Aport from oil, other useful fomil
fuehs are coal ond natural gas. At presnt over 98% of our energy comes from fomi!
fuels, but however large, ity stock i finite. There ore however other sources of
energy available to mankind. As this Poper relates to the developing couniries, It
is essential to mention that muscle power represent an imporfant source of

in most developing parts of the warld. Muclear energy hos been developed, but Is
not universally welcomed as the construction of the plant is enargy-intensive and
the disposal of it long=lived active wastes still posos problems. Geothermal,
solor, tidal, ond wove enargy are also significant where conditions are suiloble.
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Solar energy utilisation and’ ressarch; Ngoks 6.4

011 revenus of the main produs t Source Boonomis:
Intelligence Untt Ltd) 12 sountrtes ( ? The ¢

Thousand Miion  WLS.¢
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It is a common praciice 1o highlight coplsal sources when discussing future anergy
wepliss. In ossensing a posibie energy source, it Is euential ko asceriain thot It
is of wificient magnitude b watisfy our needs and that the means of il sxploiation
Sxists or con be developed. The economics of the exploliation and application of
the system should be compared with other existing systems.

2.0 World Energy Domand.

It s a genenolly accepted view that the omount of energy used throughout the
world is increasing quite rapidly. When comparad with the rest of the warld, o
high per coplia conmmption hos always baan a woy of life in Amarica,

lnordcrlumﬂnofﬂchncyofw consumption, let us consider the
American sination.  About thres huncked years agor 1t vt sord be each American
family required half an ocre of woodiand % ¢4 10 obkin wificient wood for Fuel.
Ye! its per capitg <omumption of fuels hos increcsed by only a focter of 2.3 i the
last 150 years. This small Sncrease in tion in a canlury and a half can be
ottrituted fo the afficlent conversion of fuel into usable snergy. An sxomple of
this improved efficiency is found in generating eleciricity. in 1840 the thermal
sfficiency of power station wos 4%, at present mos? power station can atialn an
efficlency of 40%. By using oil Inghead of wood for home heating it is poxible fo
obtain an improvement In sfficiency from 8% to over 50%, towever, it may not
be possible lo increass efficiencies infinitely oz they are at present very close to
theoratically established limity, if is thersfore carrect to assume that future
improvements in the standard of living will depend on Increosed energy

" conmumption. Examinatign of energy problem in the universe wx carried out

Dyson (2). In his findings, he emphasized the preponderonce of pravitational
snergy on a cosmological scols, As the second law of thermodynamics gives s a
quantitative measure of disorder through the enirapy, Dyson classified the forme of
smergy in accordance with their niropy per unit energy. This s illusivated in
Fig. 2. Low values in this figure dencle o high degres of order which will allow
entensive obstraction of energy, wherens o high valus for the aniropy per unit
energy signifios a skate of disorder with comparatively low potentiol for usaful
snergy conversion,
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3.0 Fundomental climatie butlding deslgn for the developing counirfes,
=0 climati¢ tullding design for X

climate, it Iy likely that the temperature would be stable and no energ
required for space conditioning. On the other hand, if we are 1o live in o cave

within a temperate climote, we may require heating all the ¥yoor round os the
ground temperature is uwolly about 13°C,

¥ we llve above ground we are faced with divrnal and yeorly temperature
voriations. Hegt Input from solar rediation, heot loses to the ground ond Jo the
atmosphers, as well os ajr movement will affect the thermol environment of
buildings. Fig. 4 Hlusrates some Internal and external environmental fociory
which influences thermal comfart In o building,

Internal and external influences on haat balance of building.

Generally spetking, almost oll developing couniries have tropical climates. (3)
The design of wopleal buildings differ in noture with those in temparate climates,
In order tor intain wultable environmental comfort ievais, a building envelope
should a¢t o8 o suitgble modifier or filter of the external climate, Orlentation,

+ form, materials, sconomic and socia! conditions ore some of the Importont
parameters (4) to be considered by anyone designing for the tropics. An

difficult problem. This is due to the dearth of unco-ordinated research daks and
the complexity of the problem, Van Stragten {5} has thown that the main factors
which determine the thermal response of o building under conditions of lorge
diwnal voriations ore the thermal resistance and the heot staring patential of ity
vorious components, For heavy-weight ond light-weight siructures axposed to
variaions of external temperatures and solor radiation, the fundamental differance

weight components, a good amaount of heat con be absorbed without a significant
rise to Ik temperature, However, lightweight materials will transmit heat almost
divectly to the interior of the building. The degree of heat gain or loss through
light-weight components is therefore mainly dependant on thelr thermal
resistances, but for heavy-weight components, it is dependant on both the

545
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influence of heat, storing copacity and tharmal resistonce. Flg. 5 shows o schematic
represeniation of the differences In thermal responsa for both siruchures. From this

it will be seen that for hot=humid climates, a light-weight construction has great
odvoniages over heavy—weight one. The convense applies for hot-arid climates.

"Howevar for hot-humid areas, a combination of lightvweight and heavy-weight

comstruction may prove sotisfactory In cerloln cases. For instonce, hoavy-weight
waterials may be used in the east ond west wolls of a house when these walls
cannat be shaded, while the shoded north and south walls could be of light-weight
comsiruction with sufficient opanings for thraugh ventilation. (6)

Schematic representation of the variation of indoor air temperature for
lightweight and heavyweight structures

Inieer uir teapernture,
hervyws 101 balleiag.

s ~1
S —— N
= ‘\\

R —

Indosr alr tasprruturs,
Tagktasichs suileing,

Tompwrctue | micive )

Tmlml

0 2 ‘A

It is practicable fo abain o reasonoble degree of conirol of internal room
temperakares and air velocities by adjusting the deoils of design and materialy o
the prevailing climatic conditions. A summory of possible voriations In indoar
climate due 1o the influence of the axternal environment s given (7) in Fig. &,
The alimination of solor radiotion from the Interior of o building is the most
impostant design factor. Various types of shading devices ore now availoble for
controlling heat transmimion through window openings. Toachievea
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The climatic varishle Rongs of vrigtian
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satisfaclory design of these devicas, accurate solar angle prediction techniques
shouid bo used. The arlenintion and shaping of a bullding also provides a meons of
reducing solar heat gains,

In designing butidings for wopical climates it is essential o obiain adequate
Information on aspects of external climatic conditions which may offect the
phyzical performance of the building and humon comfort, Information such as sky
condition, the diurnal ond annual temporature ranges, humidity, annual rainfall,
radiation heat [oes or galn, airfiow characheristics, averages and sxireme
conditions and finally the microclimate of the location of the proposed building,
will sarve os essential dedign guide.

4.0 Solar Energy ond Collectors,

Befora considering the possible use of solar snurgy for buildings In devetoping

to attempt o brief description of this natural energy
source and its collection techniques, Although the sun I on SncTmous energy
source, Ifs enargy density at the surface of the earth i relatively small. At the
highest purfznl' the atmosphers, the energy flux of the sokar radiation §s about
1.35 kW/m*, with a speciral disirlbution resambling that of o black-body
rodiator ot approximately 5800°K. Due lo o variely of scattering and obsorbing
Processes in the otmosphere, the maximum fux is reduced fo about 1 kW/m2 at the
surface of the earth, A majority of the ulira violet radiation is taken away by
absorption proceses which is involved in the oxygen-ozone bolonce above 25 Km,
Thace are also considerable fissures in the energy specirum in the infro red
radiation dwe 1o H20 ond CO9 absorption, Although there is some scotter by
omospheric constituents and pollutonis in clear conditions, the principal agencies
for scattezing are droplets of water in the clouds. Most of the scattered rodiation
reaches the ground, even in cloudy environments, Radiation is penerally received
at the surface of the earth in sither direct or diffused form. Diffused radiation
cabnol be crought 1o a focus on a reflector.,
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Some aspects of energy flows (exprecsed as squd
inputs) to and from the earth are shown, Th solar el  pover

to be far greater than the tidal oy geothermal po“.., ¥ dnpar g el

~n L
AR LAy 9T

*-—| |

—w.hu-n,um L

e ot corki- aaret et 11adhag

The wavelength of rediation determineg i

norgy content, with shorter wavl) thy
representing higher groie ensrgy. The intersity of solar rodiation ix Iamvhcm.l;l?a
sun is at low altinde angle. Bacousa of the inclination of the eorit's nxlc o e
plane of Ity orbit, the thaximum ol Htude of the sun ond the length of the bay wir
substantially with latitide and season. Fig. 7 shows the disiibution 8) ofi thay

solor i
polon .ﬂ#ﬂﬁ“ ved by owr planet, ghving dekils of some anergy flow haandl

For building design, it Iy vswally possible to obiain .

x ’ solor radiati
meteorological s!ut'lm.’ However in the obsenca of this dah:: I:nhc\:::mrﬂrf:m
estimate (9) the daily !olrol radiation if the duration of sunshine s recordod, vixr

Q=Q 0.29xCas @ + 0.52 ;‘) .

where Q1 = daily tomal radlation on her I " )
= solar comstant per day. ontel plon (o )
€' = geographicol latirude,
M = poible sunshine houry/day.
" * achual swnshine houry/day., '
the volus of Q¢ con be taken o3 9830 Why/m? day,

Devices for eoilecllng. solor energy usuall i
i ¥ consisls of glays window and
obsorbing surfoce with Fluid underneath to fransfer the 'eollo:fad heat,| T?i:‘wn

surfaces could either be plane or conceniric cyclinder. The cholce alfi shupe

i
depends on whether direc! solar radiation or radiation from o ing dexiige
) ! sol . concenlvafi ;
tuch o1 a circulor or pum?:o.llc cylinderical reflector, is to be collected, n%lﬂo Mm-'-
plu'la type shown In Fig. 1 is usually the simplest active col lector. In this svitem
radiation goes through o transporent cover plate and §s then atnorbed by Hie ’

collector panel. From Ihil‘s ponel, heot Is communicated 10 o fluid Flowirg Fn s

odon Y I

2

W
— &
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¥
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Hg. 8

Flat plate
gollector and
water-heat{ing
systenm
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cold
H o

ciredaling  pump

enclosure In contact with the panel thareby energy is extracted from the system
through the fluld for use elsewhera. Severat factors will affect the efficiency of
any device used, It is tharafore essential to consider the efficiencies fo be
expeciad from solor collactors before chosing a system. Collectar sificlency may
be computed by the following fermula:

E=0.71 - 00054 ATC

whare E I3 the daily collection sfficlency and AT
is the temperature rise above ambient,

5.0 Solaor energy in buildlm' for developing couniries.

The fundamental design requiremants for bulldings in the tropics which covers most
of the developing couniries have been dascribed In section 3 of this poper. We
shall now examine the fecibility of using solar energy for improving the living
conditions of people In thess couniries.

The design of bulldings for the troples calls for odequate protection from solar
radiation. So if we have to make use of this ‘unwanted® natural anergy itls
estential that adequate precoution should be fuken In order not to defeat our
objectives. If we are to harness the sun's energy, effective insulation devices
should be Incorporated in the basic building design methodology. For exomple, Iif
0 system Is to be adopted for room airconditioning, It will have o negative
effectiveness If the system gives rise to increased heat goin into the building, with
higher initial construction and running cost. Toking this cose further, Fry and
Drew (10) give examples of how reasonable comfort con be obtained in roplcol
buildings without having recourse to expensiva air~conditioning planks. One of
these examples iiustrates the use of sunbreskers, With this in mind, it
euentiol to carry out a thorough cost affectivensss of any solar system lu be odopted
for tropicol buildings. A rwitabla formula for computing this cost effectivenes is
given in Appendix i,
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Assuming that cost effectiveness is sctisfied, solor energy could be of proctios
vulue in tropicol buitdings for the following: '

= Alr conditioning ond cooling.

.= Water pumping.

= Water haoting.

= Cooking.

= Woter distiliation,

= Electriclty production.

MMrm&mnhthMMmcmfhl. A solor
lner_gymybclimlhdbylhwuoﬂhohildingmdhIh!mandity. the

requirement for
distillation is in the form of low orade heat, a system of this nature will be very
suitable for application in developing countries In areos where
Is difficult to obloin. On the other hand, due ko a high anergy demand for
air-conditioning, a reom air-conditoned with solor energy nesds o collectar surfoce
squal in area to the floar space of the room Ielf. Simiiarly, a bot of energy will
be required to produce aleckiciy,

For communal bulldings in the rural areas of devetoping couniries where powesr supply
and other essential services are non-oxistent, solar energy could be adapled lo mest

with the villoger's basic needs. A good exaomple Is the use of solar enorgy For water

Pumping in o remote desert school in Mourltonia. (11) This project which was based

on the work of Professor Manson of the University of Dakar consists of solor

trough system as collector. The system diagrom of this instollation Js shown n
Fig. 9. This system has o pumping height of 20m with o pumping rame of
8-10 m3/h and operotes 5-6 h/day. ’

Colleotor shape and syatew diegram for a loluunchm.tcll-y-pin‘
1nstallation in Mauritanis,

R - Mo A% A b £ L o sl A
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6.0 Solor energy ressarch and building design.

Generally spacking, the fundomentol design principles for bulldings in the
developing countries are well known by now, The thermal performonce of
buildings of given design ond consiruction con be predicted with some dccuracy by
using sither mathematical o physical models. Difficulties may howsver arise in
the design and prediction of thermol performance of solar energy buildings in the
tropics. This is mainly due ko the fact that we now nesd fo attract more solar
rodiation on buildings of this nature instead of aiming at offering protection
ogairst the sun. Further reseorch Is therefore needed in the following areas:

= lmproving design methads and stondards of nor-solar
energy buildings.

= Improving component Insulation In areas of the bullding
whare collector surfaces are mounted,

= Cost effectivenas of solar Tyshons,
= System efficiencies.
= Suitable solar energy systems for the developing counkies.

7.0 Co~operation batween the devaloped and the developing couniries.

Thers Is a need fo increcse the energy demand in the devaloping countries if the
people in these counirles are to achieve improved living conditions. The grecter
energy use by the developing world have o long term implication; such ag
increased drain on energy resources, In arder fo mainfain the world's energy
resources It has been suggested {12) that the developad couniries should reduce
their energy consumption per copita. These could be achieved in the following

ways;
(1} Improvements In energy we efficlency.
(2) Energy conservalion.

(9 Systematic replanning of our life siyle.

We also nec. to develop renewabile snergy sources, such as solar, wave ond
mwlhmlhwldwm&. ) )
So, apart from ing the developed werld, such as the United Swtes, 1o
roduupqlhoir mp.?x:gy consumption, the developed world could assist ond
co-operate with the developing countries in research and development work In the
snergy fiald. The United Notiors, UNESCO and other International bodies could
sstablish joint research projects between institstions ond research centres in both
developed and developing countries. Muumwduwarl:sbouldbam-rlogoulln
the developing counfries. Although it may be passible ho monitor the conditions
in the developing countries from tha developed couniries, differing cultural,
social, climatic and economic conditions may comstitule fundomenial problems,
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Appeandix 1: Formulos for Computing Cost Effactivenass

The formula for computing cost #ffectiveness of & solar system for bulldings Is
given below,

If an item is purchased ond

the initial copital cost per unit area Is, o
the expected lifetime is L (years),
the interest rate is » (expressed o1 a fraction),

the pryment per year for equal yearly payments over the lifetime Lwill be

P e s[l'i-l Yere

{rel) ’1'

if £ represents the Initial fuel savings/unit area, and the expected avarage fuel

Inflation rote is o , then the average fuel wavings/)
lifatime L will ba

5L
{lsea)”-1
;- +La. f'

o § o over the

For the copital improvement to be cost affactive the average savings per year must

exceed the average poyment, °

fre,

{1+ }L‘l N (l‘rl}i'l'c
L ftre1-1)
Alternatively, this can be reexpressad such that the ratio of the inftial

savings/unit area, £,, to the Initial capial costs/unit orea must be greater than

{r:l }Lu.rt.
> T T
¢ [(Lew}™ -1] f{iemr™ 1]
As an example, like L =20 yeary, £ = 10%, «=6%; then the ratic of the

Initial expected fual savings to the initial copital costs must be grecter than
0.064 1o be coxt effective,

Solar energy utilisation and research: Hgoka 6.4

References

6.

7,

9.

.1,

King, Hubbert M; Werld energy resources. Proceedings of the 10t Min. ond
Met. Congrem., Canada, 1974,

Dyson, F.J; Enargy In the Universe, Sclentiflc Amorica U, 1.5, 1971,

Ngoka, N.J; Guidelines on integrated buitding design for the troplcs;
Proceedings of the Third Infernationol Symposium on Information System for
Designers, University of Southampton, March 1977,

Ngoka, N.1; The funclonal cspects of butlding design In MNigerla with
special referance 1o thermal and ventiiaton considerations; Procesdings of
the International CIB Symposium on Energy Comsarvation in the Bullt
Environment, Construction Press/CIB, 1975,

Von Saaten, J.F; The thermal performonce characteristics of curtain woll
construction In warm climates; Poper presented at the First Ausiralion
Building Research Congress, Malbourne, 1961,

Ngoka, N.I; A Fleld siudy of natural ventllation of bulldings; MSc(Eng}.
thesis, Department of Architecture, University of Bristol, 1974,

Givonl, 8; Man, Climate and Architecturs, Applied Science Publishers,
London, 1949,

Penner, 5.5, and lcermon L Energy, Vol, 1, Addison-Wesley Ine.,
Mapachusatis, 1974, .

Glover, J. and McCulloch, J.5.G; The empirical relation between solor
rodiotion ond hours of swnshire; Quarterly Journal. Royal Meteorological
Soclety, B4, 1956,

Fry, M. and Drew J; Teopical Architeciurs in the humid zone, Banford,
London, 1956,

Alexandeoff, Guennec ond Givardiev; The ume of solar snargy for water
pumping in arid orens; University of Dokar, 1973.

Dunn, P.D, Energy ond the developing countrles; Aspech of Energy
conversion, Pergomon Prem, Oxford, 1976,

553



INTERNATIONAL CONPERENCE O PASSIVE
AND LOW NERGY ARCHITECTURE
onal foes NIGERTA
Erepared bys Professor Nelsan T, Mgeka
. Address; :  anambre State Und '
Mdress og;' vecsity of
Enugu, Nigeria,

1. (a)

Ko, of People/sy. Xa

100
15
50

. )
2
1o
?

o

al'cuu

-
.m, - .

1-23

. ) lation projection for the ye 2000,
-] 0-14 Yoars | 15 - 44 Yoars | 45 Yours aad svove | Torel
- ! 1963+ | 23,926 26,959 4,785 55,670
1970 28,510 32,120 5,701 66,331
i 1971 29,220 32,940 5,843 68,003

1 ovn | 29,90 33,77 5992 9,732

. | 1973 30,720 34,620 6,144 71,484
: . 1974 31,510 35,500 . 6,298 73,308
. 1975 32,290 36,390 6,459 75,139
4 Y% | 33,12 37,410 6,622 77,152
1 ' 1977 33,960 38,260 T §,790 7,010
i 191 | 34,810 39,220 6,961 80,991
:, | 197 35,710 40,230 7,124 83,07
_2- 2000° - - - 139,523

that date,

ondted

 Table 1, Estinated Population of Migeris by age grou
Sources -htim!lqnhumlm.
. Notes 1%3 Estinates are decived from the census taken at

Subsequant years figures &re projections

- Snmwl growth rate,

by the Naticnal Population Bureau,
* Projection from 1979 figures by author using 2,5%
Flgwes for age groups ace

c mfuu-mjuuwmum his 15
139.523,0@ for the Year 2,000, .



(£) Description of Geographical ::gzom ‘
Nigeria with an area of about. 923,769 km ig

1-34

W¥hat quantity of climate data iz avallable: There is a good
amount of climatic data ccver g almost all geographical

regions of the country,

Mhat s the quality end form of this datas Most upto date
data are usually ﬁ crude form and generally reliable for
building climatology work.

Sources of climatic datas , The Nigeris Meteorological Secvicy,
mrtl. EImsIHes. ani research institutions provide
climate data for warious parts of the country.

" Climatic dats monitoring programs for Nigerim: Although
Climatic data are collected in various locations in Nigeria,
st of these are for specific use and often cover only the
aleroclimetic zone of the ¢ollector. The Nigerian Metsorclogionl
Service 1s however the only establishment which monitors

- climatic condition in most parts of the Federation. They

provide information on rainfall, humidity, sunshine hours,

various temperatures, and wind conditions, The instruments

used at each synoptic stations are: L

() Pive-inch (127w} dianeter snowdon rainguage with
Rpertures 18 inches (457am) above the ground.

-(u) Hmm.mnmm»wmmwhm
Max L /Mind mm thermoneters, screened in a large
!tcvquun Screan painted white, -

(111} Cup Avemometers at a husght of 7 foet (2.1 metars)

(iv) Campell = Stokes sunghine recocders,

Although data from all the Kigerian Meteorological Service stationg
&re standerdised, the case 1s not the sane with the data’ collected
from other establisgtinents, There Gre often wide variationg in the
types of equipments used and modes of calibration and ref

insolation. Moce sophisticated eniipments are used for
this project which aimz at producing solar l.mom maps of
Nigeria. The suthar has als; established A weather station st
the Department of Bulding, imiversity of Ife for monitoring

solar radiation, wind Speed und direction temperature
relative mumiatty, ' .

approximetel
four times the sige of the United Kingdom or theee tines Jmt of

Ghana and Sferra Leone Put tdgether, Although only about 15%

1-35

1,126 kilomstars, and from Nocth to South, sbou ’ .
kilometers. It hbumdodonthoSouthbytlquondmu,
mthhsthymmuc,mthﬂnrthbynigerm
cudmuu.lrdmﬂuﬁntbyﬂpmuclofm”ﬂ
lll.qu'. . - '

There are varied physicsl conditieons in the country. This i
mainly due to the f that the latitudinal length extends
from about 42 to 14°N. Reldief 1s like-wise varied with higher
land than other West African countries. The.South-Eastern
bumryutuucllmthehotdusofunmermmm
Highlands, most of which average 1200-1500 matres, -Majocity of
the land ares of Jos Plateau lies at 1200=1800 metres.

¥

Cli-tic Information
————n hlOcharLion

Several climatic clusifl.cat‘lm of Nigeria have besn provided
by several authors 293,44,5.
uguczlmm'clmucupofﬁgsuhndm

Extent of lishment of bicclimatic comfort analysis,

Some wirly work have been donas by some investigators on West
African region. The work of Peel(6), Ojtkutu(?), and Ladell(B)
ace based on effective tesperaturs index (ET),

Mrmtukmﬂﬂlcmnm“mhmmhhd
st the University of Ife(9), The results showed t thermal
enufort-ulduuwatlglobo temperature of 27.5°C when
Pecple were wearing light tropical clothing and doing sedentary
work ., mmmumfmﬂtobeugnificmtfwﬂn
tthlmmtofthcnlmﬁnrt!ﬂﬂhbthnidnqiwof
Migeria :

-

I8 this Inﬂqbl. to the 1ic apd ' ‘essions

-mu'koftheprniq_ul.muugntn—lmwuhbhm

research libcaries.

Results of the suthar's work(9) on thermal comfort will be mada
available to the public and the profession. It will be used
axtensively by the National Committee on *Thermal and Comfort
Otmdnrduinuiwumldingl'ﬂd:mhmntwbyﬂn
Migerian Standards Organigation under the Chairsanship of the
author, :

'g%ﬂl Mq:pnuumofm-l.l'wuumm

in
mw-ug:l.m(a)mmluz.ﬂgs.smd‘d.nmofﬂn
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Table 2 THE APPLICATION OF THE ET INDEX
e e P L Y

10 _SEVEN STATIONS IN NIGERIA
M

Location Month Effective Temperature
ugo. Jan. -‘" ‘Mﬂﬂ m warn
: Yarch Too warm at midday :
May L
July Approaching warm
Sept, Wara at midday
Nov, ~ Warm, Sppeoaching too warm
— Jane - Comfortable ‘
March Warn, sometimes too warm at midday
_ May Too warm for most of dgy
July 'Ihnfwmtofdny,hoomnt
Sapt. wddday
“Nov, Confortable
Jan, Comfortable .
* Mapch Warn, approaching too warm at
Moy middey
July Warw ot sidday
Nov, - Comfortable
Zaris Jan, Comfortable
March Confortable
May Warm just at midday .
July Approaching warm at middey
“Septe Comfortable
Nov, © Comfortable
Jos Jan, ° Comfortable
March ' Comfortable
Pay Approaching ware at midday
© July Comfortable
Sept. Comfortable
Nov, " Comfortable

P orars e mmm—
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Location Month Effective Temparature

Poct . Jan, Warm .

Harcourt March Oomfortable

(bush) May Comfortable
July Just wvarm at widday ‘
Sapt, dpproaching wara at midday
dov, Warm

Port Jan, Wara

Hearoourt March - Warw most of day too warm at my

(town) May Yara .
July Just spprosching warm at mildday
Sept. Just warm at wddday
Nov, Warw .

&) :

3 )y

Most t hea! £00

chtecmj.ms heeded forg

(1) Wban and rure applications: Mt.ln cooling
m'lﬁé—&m throughout the poac

(1) Commercial Applicationss As moat ccamercial bulldings are
ﬂneem;uhdlrmcfﬂndty.ltuoftn

+
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difficult to apply ‘mturni heating or cooling

ecotechniques. However, where this iz possible the
requirements listed in (1) mbove will prevail toc.

(141) Commercial applications: As in {11) awove
(iv) Agricultursl spplicationss Ecotechniques are needed for
crop drying, seasoning of timber, water pumping,
irrigation, and ventilation of animal buildings,.
(v) Educational facilities and school buildings .
applicationss 1In most educational b_x:{ld:l.ngs. the needs
‘ are for thermal comfort, and the uspe of solar

electricity for running television sets in rural
schools far educational programmes.

(v1) Tranﬁg' tation applicationst Solar powered vehicles could
troduced in some parts of the country. ’

(b} Estimate of the amount of various forms of energy now
&xpended (both traditional and hon-traditionai),
Hehavenotbemnblntocarrywtadetqned study of enerqy
consurption in the country. As a result of this, information
provided below are not as comprehensive as expected.
The index of primary commercial energy consumed increased from
1972 reference level of 100 t0°449.2 in 1981. Thias i shown in
Table 3 and Figure 7, Itu:lnbeumfmmxeathatlt
17,990,068 tonnes of coal equivalent (tce), aggregate primary
commercial enerqgy increased.by 13.4% between 1980 and 1981,
Coal, hydro-power, 9as and petroleum products contributed
Sbout 0.7, 6.4, 16.8 and 76.4 percent respectively in 1981
towards Nigeria's enerqgy consumption. The trend in thig
consumption from 1974 to 1981 tg shown in Mgure 8,
Electricity consumption have also increased rapidly (Table 4)
‘over the years due toexbmaivemt:flh‘cmdi
energy consumption devises {10},

TANIE 3

{Tornes of cosl equ)

1981

1980

Parcantage

thg
share
a7 -

Parcantage
share
0.8

(3
127,937
1,155, 558

12‘.529
1,37%,7%

{2)

share
1

248,703

1,568,132

(1)

Tyve
m L I1IITrY)

o1
11.4 8.7 6.4

Power (Hydro)

Gas sesevacee

1,848,754 -

Petroleum ..

10,155,704

-39
2 3
¢
g £
3 s
“oq
5 9
q ¢
g3
£.4
N
1 7
a &

Ll Tl

100.0

17,990,068

100,0

15,866,042

100,7

13,761,293

Total seeve
Ihtiu of snexygy

399.7 419.0

337.2

- ;]
(1972-100) souse

m«.rmmmamam luq-mmmhtm
mmumznmmm::y. Feporation
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TABLE 4
ELECTRICITY COMSUMPTION {ODOONKWH}

197 1980 1981 Percentage change b/w
n @ ) T1) aa (21| 2) w039
Industrial ... 1.‘0"205 1'1‘8.’“ 2.023.715 +24.6 +15,7 .
street ught 2] ' 582.508 “‘.“7 066.350 +20.8 + 5.1
Resldential ce.. 1.9‘3.5” 2,1.29.3‘12 2.”1'1“ + 9.6 +30,9
TOTAL "°3°|2,1 4.103.285 5.671.210 +16.7 +20,7
Source: MNational Flectric Power Authority,
{c) Areas where ssive systems and ecotechnigues would -

Se

durability and ease of maintenance.

have greateat ct on energy saving,

Plgure 9 shows that there were gains in electrical
energy consumption in the residential sector against
losses in both industrial and commercial sector, This is
mainly due to the changing pattern of lifestyle of

consumpti

television, and radio sets,

Pagsive systems and ecotechniques would therefore have
freatest lmpact on snargy conservation in residential
buildings. :

Bl 1 materials availsbility and use in ML a

Although local bullding materials wuch as mud, tisber, vaffia, and
clay are readily available in the contry, their use are aainly
restrictad to rural housing, 1In the rural areas mdwall construction
is common. Although thatch roof is still widely used, most rursl
dullulmprduuuummimmmtom
Figure 10 illustrates the use of

gatc.;:mfandmm'immumm-hnd“of
geria.

Bulldings in urban areas use building

axtenxively, Although most of these materials are now being
Sanufactured in the country, their high demands necessitates
importation. Por example, industrial and large commercial buildings
use imported matarials sxtensively for their construction,

late Construction meth- e 1 in Ni 8

Application of appropriate canstruction methods are di;:tlb.d by the
gecgraphical location of the bullding. As there are varied climatic

L L TR QT S

6o

7.

)

an

7

)

-of the country,
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conditions in Migeria, the choice of construction methods are also
varied, . .

ngtuusrnwsthemmumuuuuopmmth. WArm-
huedd area of Migeria, High ventilation rates which are needed in
ﬁm.ltngimareld'dwodhy the use of suspended thatch construction
which parmit free air movement around and inside the building.

Hqunizlhw:atypimmumumintmmdm
In this construction, ventilation 1s mainiy through
ﬂu\dndmwmmnmthcmmmh. -

" In the middle-belt reglon, a corbination of thickwall and thatch roof

construction are used, Window openings are generally small as high
ventilation rates are not requirad. A typical building in this -
location 1s given in Pig. 13, . . )

Further north, whers semi-arid type of climate axist, appropriate
buildings are constructed of - mis;l.luudfarbothmJ,landroof.
Flat roof construction is gonarally used (Fig. 14).

Wuhulﬂ:q;mm”hmnmﬂutt&yuemlcof
Bulldings f1lustrated in Figs 11 to 14
&re capable of providing required tharmal comfort for their ccoupants,

sive and low enerqy systems and

acot Y] ch could be advantageous X gplemented. but

ch are not now used or . deve]gmgs ) :
Ooonnghrequirodinmtpart.ofmqedlth:oughmtﬂnm.
Due to variation in the Mmatic conditions, from coastal husdd
to inland arid reas, different pagsive and low aMnergy systems
and ecotechniques are required to suit each particular location,
The following systems are suggeated:

#1)  Bvaporative cooling

on?

An overall cost benefit analysis will be carried out on the new
Components and systems,

On the basis of c:u.-ntolgg.tcull thernll luunmsl a_cﬂoua‘. vermin,
structural, economic or aesthetic criteria, how would .
avaluate new components and systems Iﬁtroduced in Your_reqgi,
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(c} whch ts and systems do recommend? : " : L variables, such as mean radiant temperature, air temperature,
For the hot-tumid areas of Nigeris, the following compunents and ' | relative lunidity, and air velocity.
systems are recommended: ’

1. Good thermal insulation of walls and roofs. There 1s & need for designers to acquire better knowledge of

11, Mequate ventilatién of the rooms overall performance of solar control devises, means of

provision of adequate ventilation, and relative hunidity,

. solar water heaters . Although various techniques are avajilable, their successful

iv. Solar atrconditioning. : application have so far been restricted to traditional buildings,
. : Modern designers shoyld integrate passive designs for new

The hot-arid zone of Nigeria should banefit froms . buildings and retrofits.

(£) Mass wall construction ' :

' ' | () pergy responsive commmity technigue.
(44)  Mequate thermal insulation of the building '

This iz & very important area. The author has carried cut some

i

f " d)  Energy responsive buil design techniques.
i

i

(111) evaparative cooling . o ‘ i ’ ) feasibility studies on ways and means of establishing an enecqy

1v) Solar water heating . C rl;mzln Planning for Abuja, the new Fedaral capital city of
‘d). Mich te and systems do fot a? o ' A number of energy-related inncvaticns can be introduced. PFor

Any system that would not be suftable for the social, eccnomic ' exapple, urban refuse can be used to Produce ugable energy;

and climatic conditions of Nigeria. T Fergy consecvation techniques applied to buildings will feduce

S ' . ’ . ‘peak load demands on power plants; small scale industcies and

{#) wWhich te_and systems would improve with adaptation, ' businesses could be established to provide the products and

Most of the systems 1isted in (c) above will improve with - } . lurv:lccs for energy efficlent construction.

Sdaptation. _ : . () Techniques for development of indicencus raw meterials for

(£) On the basis of anticipated user tance, based on ional . Lo __su_lm . '
custom, which of the abov'm € _compon, en!tEs and gyttems ar e"1!s.kLe1'x' to S . Strav is usually mixed with mud during the construction of the
be accepted by the public ‘or cormercial enterprisesy : ‘ i - kuilding. The ratio of straw/mw depends on the degree of

insulation required, Flg. 15 shows the straw which was used in
Solar induced cooling system, solar water heaters, eva ative )
coolers, and golar wémg.l ’ por Seiding-up the madwall construction in Fig. 16.

Identi fic material t or mnalytical dmpr t . .} te er _modelling of ts and systems,
WMOWWWf - © PEsdictions and performarce eviluation.
—m"’% b . Computer models of the proposed compments and systems are not

- . . ) Yet available in Nigeris. Work is however in progress under the
{n) Metearological data ' supervision of the author to produce suitable computer models for
: : the mnalysis and design of varicus passive systems.

:
E
2 ]
:
g
»
:
i
)
g
3
k|
2
;
;

(h} Other ecotechniques
) Systems and ecotechniques, . . Solar access is essential for systems to be tised in the urban
: : | drea where buildings are often very close to each other. Solar
(b} Solar date ‘ : fccess law is therefors an important facter to be taken into
Reliable hourly solar radiaticn (this should cover both direct . . | coansideration,

and diffused components) data for various parts of the country,
) There i3 also the need for solar maps drawm from actual fleld

data Snstead Of by mers Sppraximations from data collected
elsevhers, : '

{c) Boclimatic data analysis and tools : .
There are reasonable amount of data fop bloclimatic analysig but

]
very little is known about the combined effect of all the climatic

9-

v

9s Identify below an hand=held methods and er systems
: deve), Or avallable in region for cting, model
and performance evaluation ofy .

(a) passive Hea stemgs None in Nigeria at present.

—

——.ris e e eae
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11.

)

(f:)
@

(e)

(£)

{g)

{a)

m

{c)

Passive deluudificntim Bystems
None available, '

MActive hea 13
Hone available
Active coo stem

Hnuhonyknowlm

Sther scotechniques.

None,

What, if anv. encours ement is glven central ar local
ernmant Sive systems and ecota 8 _rescarch and
develgmt? In which form is 8 assistance rendared?

”‘“'N'Mbtm-nywv-rmmnmt.

Az but assistance frem
Nane so far, '

iic or vate ationg

this Instituee {The Nigaria Building and Road -

Research Institute) was set up in 1977 by the Pedaral Govarnment

ﬂ\erhavenotbem-hleto

’
Any meaningful resuits, This is

attribhuteg to lack of staff and adequaty aquipmentsy,

12,
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Describe and $llustrate to the extent possible, significant
experiences in buildings‘ corrmnntiesl and urban areas with

application of passive and low enerqgy ecotechniques.

Pasaive cooling systems include haturally ventilated traditional
hdldingsintrumamth.mdthld:nnlndmfm-ysmm
in the arid north, ’

The authar hag however developed & solar induced ventilation system

for use in southern Nigeria, -

uﬂnﬂqduSoherniluplbhofprovtdingmuvecoom:g-
tlm:ghmtthedny.
Efforti-uﬁmytngetﬂuwnmttohwcum
mt-tnthurmnmllnnungmup-mt schemss, -
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SEM-ARID EQUATORIAL
{Tropical }

Sinmthe
“'Smonthsnmd ﬂ"! -
moist to dry monsoon
HOT EGUATORIAL

> TERRA TEMPLADA
{ Frostiess hrghlmds}

Fig 2. The climates of Nigeria {atter  Pupadakis 1951)

M«ﬁp o J iand 5 comfort Rating (Bedford Scals)}
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FIO. 11, CONSTRUCTION METHOD IN SWANFY WARM-HUMID AREAS OF NIGERIA
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PIG. 12. wupmaALL WITH CH&VT PLASTER AND CORRUGATED IRoN
SHEET ROOPING. :
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PIG. 13. A PYPICAL WUT IN "THE MIDDLEBEL? RECION



-80

PIG. 14, USE OP NUD POR ROOP AND WALL CONSTRUCTION IN THE
SENI-ARID ZONE.
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FIG. 15, STRAW USED POR COMPOSITE NUDWALL CONSTRUCTION
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LG, HF‘Gm DEFATLYS OP COMPOSITE -WALL COMSTRUCTION,

a Lo







