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INTRODUCTION 

A lo t o f li p servic e ha s bee n pai d t o th e valu e o f sola r energy . Rathe r les s effor t 
has bee n devote d t o th e factua l assessmen t o f th e actua l valu e o f sola r energ y i n 
different territories , especiall y i n th e tropica l world . Th e proble m i s o f cours e 
difficult becaus e o f th e sparsenes s o f supportin g scientifi c dat a i n tropica l 
countries. Th e valu e o f sola r energ y ca n onl y b e establishe d i f thre e piece s o f 
information ca n b e assemble d an d interrelated : 

1. th e amoun t o f sola r energ y availabl e pe r uni t are a o n th e differentl y 
orientated surface s use d t o captur e tha t energy ; 

2. th e efficienc y wit h whic h tha t energ y ca n b e harnesse d i n th e differen t 
collection system s tha t ca n b e used ; 

3. th e capita l cost s o f th e collectio n syste m amortise d o n a n annua l basi s 
together wit h th e annua l runnin g an d maintenanc e cost s o f th e system . 

The firs t facto r i s o f cours e a  variabl e quantity , s o i t i s essentia l t o explor e th e 
variability o f th e resourc e fro m mont h t o mont h an d fro m yea r t o year . B y 
dividing th e annua l cost s b y th e annua l yield , on e ca n establis h th e averag e uni t 
price o f th e energ y produced . Thi s pric e ma y the n b e compare d wit h th e pric e o f 
the variou s fuel s sola r energ y migh t displace . Th e valu e o f th e fuel s tha t migh t 
be displace d varie s considerabl y fro m plac e t o plac e i n a  territory , a s doe s th e 
availability o f th e sola r energy . 

The cost s o f energ y ar e ofte n greate r i n rura l area s becaus e o f th e hig h cost s o f 
transportation o f fuels , especiall y i n region s wit h poo r transportatio n 
infrastructures. A  ke y proble m i n man y part s o f Afric a arise s fro m th e overus e 
of th e limite d fuelwoo d resource s t o provid e loca l energ y fo r cookin g an d 
heating, whic h doe s s o muc h t o destro y th e rura l ecosyste m (1) . A s energ y i s a 
centrally manage d resource , ther e i s a  grea t tendenc y fo r government s t o 
assume tha t energ y system s ar e simpl y urba n systems , s o a  systematic neglec t o f 
rural solution s develops . Rura l electricit y i s ver y expensive , becaus e th e hig h 
distribution cost s ove r bi g distance s rul e ou t gri d systems , an d diese l generator s 
are use d instead , producin g hig h uni t charges . I f th e advers e environmenta l 
impacts o f excessiv e fuelwoo d consumptio n ca n b e partiall y countere d b y sola r 
energy systems , the n th e valu e o f th e associate d environmenta l benefit s mus t b e 
thrown int o th e economi c assessmen t o n th e positiv e sid e o f th e balanc e sheet . 

Figure 1  attempts t o illustrat e th e relativ e balanc e o f thes e economi c factor s i n 
areas o f hig h insolatio n an d lo w insolatio n competin g i n situation s wit h differen t 
basic fue l costs . Th e competitivenes s o f sola r energ y system s clearl y varie s 
widely. Afric a o f cours e ha s man y area s o f hig h insolatio n combine d wit h man y 
areas o f hig h fue l cost . Th e basi c proble m i s t o identif y thos e are s showin g th e 
greatest potential , an d t o procee d t o practica l politic s fo r achievin g significan t 
development o n a  soun d economi c basis . 
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The purpos e o f thi s pape r i s t o discus s onl y th e firs t o f th e abov e factors , namel y 
quantifying th e sola r energ y resource . 

DATA REQUIREMENT S FO R SOLAR RADIATIO N APPLICATION S 

The dat a requirement s fo r assessin g th e performanc e o f sola r system s obviousl y 
depend o n th e application . Quit e sophisticate d dat a requirement s exis t fo r 
complex installation s lik e sola r therma l powe r stations . Muc h simple r dat a wil l 
suffice fo r simpl e practica l applications , lik e su n dryin g o f crop s an d fish , wate r 
heating, an d passiv e sola r heatin g o f buildings . 

There i s a n importan t distinctio n t o b e mad e betwee n focusin g system s an d no n 
focusing systems . Focusin g system s ca n onl y mak e us e o f th e direc t beam , whil e 
non focusin g system s ca n als o us e th e diffus e energ y a s well . Th e proportio n o f 
the sola r energ y whic h i s diffus e wil l var y fro m climat e t o climate . However , i n 
general, th e proportio n o f diffus e radiatio n i s highe r tha n mos t peopl e realise , 
especially i n equatoria l an d othe r climates , wher e ther e i s a  lo t o f cloud . 

There i s anothe r reaso n wh y knowledg e o f diffus e radiatio n i s important . I t i s 
very difficul t t o estimat e slop e irradiatio n i f th e proportio n o f diffus e radiatio n 
in th e horizonta l surfac e radiatio n i s no t accuratel y known . 

The variabilit y o f th e energ y suppl y als o need s study . Assessment s hav e t o b e 
made o f th e degre e t o whic h fir m powe r ca n b e supplied . Th e da y t o da y 
variability o f th e suppl y ca n b e compensate d t o som e degre e b y appropriat e 
storage policie s fo r alternativ e energy . Howeve r t o mak e suc h assessment s a 
statistical foundatio n i s essential . I t i s no t enoug h t o provid e simpl y mea n 
values. 

The ke y proble m i s ho w t o acquir e suc h da t i n practic e a t a n economi c cost . A 
review o f th e whol e rang e o f problem s encountere d wa s give n b y th e autho r t o 
the Worl d Sola r Congres s i n Pert h (2) . Figur e 2  extracte d fro m tha t pape r set s 
out th e ful l rang e o f studie s tha t ma y b e carrie d out . An y progra m howeve r ha s 
to emerg e b y stages . I n Afric a i t woul d appea r tha t th e immediat e nee d i s t o 
make progres s i n th e to p hal f o f th e diagram , becaus e wor k o n slop e irradiation , 
important fo r practica l applications , ca n onl y procee d wit h ful l effectivenes s 
from prope r knowledg e o f th e horizonta l surfac e radiatio n climate . 

SPECIAL PROBLEM S OF AFRIC A 

There ar e obviousl y a  lo t o f specia l difficultie s t o b e face d i n th e Africa n region . 
For a  star t ther e i s th e shea r scal e o f Africa , which , give n th e level s o f wealt h 
available, make s i t difficul t t o achiev e adequat e instrumentatio n ove r th e spatia l 
areas involved . Furthe r difficultie s ofte n aris e du e t o th e inadequat e an d ofte n 
unreliable electricit y supplie s whic h ma y mak e i t difficul t t o achiev e continuou s 
records usin g dat a loggin g equipment . Ther e ar e adde d problem s associate d wit h 
high humidities , and , i n th e maritim e areas , sal t spray , whic h ca n seriousl y 
damage instruments . Instrument s suitabl e fo r develope d countrie s ma y prov e 
unsatisfactory i n remot e areas . I t woul d see m tha t a  greate r collaborativ e 
effort ough t t o b e devote d t o achievin g inor e appropriat e instrumentatio n fo r 
remote tropica l areas . Suc h instrumentatio n migh t usefull y b e powere d b y sola r 
cell system s t o improv e syste m reliabilit y i n remot e area s bese t wit h electricit y 
supply problems . 
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Another importan t practica l difficult y i s achievin g adequat e standard s o f 
calibration. Radiatio n measurin g instrument s ar e expose d throughou t th e yea r t o 
strong sunlight , an d often , a t leas t i n som e seasons , t o heav y rainfal l wit h 
associated hig h humiditie s a s well . I n drie r area s problem s ma y als o occu r du e t o 
dust abrasion . Th e presen t standar d techniqu e o f calibratio n b y inte r compariso n 
against standar d referenc e instrument s produce s acut e difficultie s i n remot e 
areas, an d i t i s difficul t an d expensiv e t o carr y ou t suc h intercomparison s du e t o 
the larg e amount s o f tim e require d an d th e hig h cos t o f travel . Mor e scientifi c 
effort need s t o b e give n t o technique s o f calibratio n tha t ar e mor e sel f containe d 
within specifi c site , bu t a t th e sam e tim e scientificall y accurate . Unfortunately , 
because o f thes e difficulties , man y sola r radiatio n record s ar e relativel y 
unreliable, thoug h som e rehabilitatio n o f unreliabl y calibrate d dat a ca n 
sometimes b e achieve d b y studyin g noon  irradiatio n value s fo r day s whe n 
cloudless condition s existe d (3) . 

The archivin g o f th e dat a withi n suitabl e computationa l structures , wit h 
adequate qualit y contro l als o need s attention , i f effectiv e us e i s t o b e mad e o f 
the dat a i n practica l applications . Th e rapidl y fallin g cost s o f computationa l 
systems wil l offe r importan t benefit s t o al l developin g countrie s i n makin g 
proper dat a processin g s o muc h mor e effective . 

The basi c fac t i s the bes t us e ha s t o b e mad e o f wha t i s actuall y available , an d i t 
would b e wron g t o hol d bac k program s o f application s unti l suc h time , a s a 
reliable dat a bas e i s available . Attentio n i s particularl y draw n t o th e ke y 
W.M.O. publication s i n thi s are a (4 ) (5). 

THE ATMOSPHERIC CLARIT Y I N AFRIC A 

Assessing th e clarit y o f th e atmospher e i s ver y importan t i n applie d sola r 
radiation studies . Th e atmospher e o f man y part s o f Afric a ofte n contain s larg e 
amounts o f dust , especiall y i n th e dr y season , an d particularl y s o i n th e area s 
fringing o n th e vas t deserts . Th e problem s o f rura l developmen t i n thes e area s 
have tende d t o worse n th e situatio n b y remova l o f vegetatio n b y overgrazin g an d 
fuel woo d removal , s o on e mus t no t mak e th e assumptio n th e ai r o f Afric a i s 
necessarily ver y clear , simpl y becaus e ther e i s a  lo t o f sunshine . Hig h humiditie s 
also ten d t o produc e skie s i n whic h a  lo t o f scatterin g take s place . Thes e effect s 
can b e assesse d t o som e exten t b y lookin g carefull y a t th e colou r o f th e sky , an d 
also examinin g th e natur e o f th e extinctio n o f th e sun' s bea m toward s sunset . I f 
there i s a  heav y dus t burden , th e sun' s bea m ma y b e extinguishe d whe n th e su n i s 
still severa l degree s abov e th e horizon , fadin g graduall y throug h re d unti l th e 
image o f th e dis c eventuall y disappear s i n th e dust y sky . Th e colou r o f th e sk y 
lacks a  ful l bluenes s throughou t th e day . 

A ver y widel y use d measur e o f atmospheri c clarit y i s th e Link e Turbidit y 
Factory T L . Th e bea m irradianc e norma l t o th e bea m i s determine d b y th e 
following expression : 

I c =  Io*K d*exp(-Dr*m*TL) 

where I c =  irradianc e norma l t o th e beam , watt s pe r squar e metr e 
I0 =  th e sola r constant , 136 7 W/m 3 

Kd =  th e correctio n t o mea n sola r distanc e 
Dr =  th e Rayleig h optica l dept h 
m = th e ai r mas s correcte d t o statio n height . 
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The highe r th e valu e o f T L , the greate r th e attentuation . Th e lowe r th e sun , th e 
greater th e ai r mass , s o th e lo w su n i s considerabl y attenuate d i f th e valu e o f T L 
is high . 

The ke y W.M.O . publicatio n o n sola r radiatio n application s (4)  i n fac t suggest s a 
very usefu l wa y fo r estimatin g th e clarit y o f th e atmospher e fro m subjectiv e 
assessments o f sk y colour . I n th e absenc e o f measurements , thi s provide s a  ver y 
useful methodolog y fo r peopl e closel y associate d wit h a  specifi c area . I t i s les s 
suitable fo r outsiders , a s knowledg e o f typica l sk y colou r i s establishe d b y 
residence an d b y observation . 

THE IMPORTANCE O F DIFFUSE RADIATIO N MEASUREMENT S 

The estimatio n o f slop e irradiatio n ca n onl y b e carrie d ou t i f diffus e radiatio n 
data ca n b e obtained , eithe r b y measuremen t o r b y estimation . Th e 
measurement o f diffus e radiatio n ma y b e don e eithe r b y usin g a  shadin g dis c 
which i s drive n t o follo w th e sun' s path . Th e alternative , whic h eliminate s th e 
need fo r continuou s mechanica l movemen t i s the shadin g band . Th e shadin g ban d 
position ha s t o b e adjuste d periodicall y t o allo w fo r seasona l change s i n th e sun' s 
position relativ e t o th e equator . Th e shadin g ban d howeve r obscure s som e o f th e 
sky an d correction s hav e t o b e applied . Th e simples t assumptio n t o adop t i n 
making thi s correctio n i s tha t th e brightnes s o f th e sk y i s uniform . Thi s 
assumption produce s relativel y larg e errors . Considerabl e effor t ha d t o b e give n 
in th e Europea n Communit y progra m t o findin g bette r method s o f correction . 
The correctio n depend s o n th e relativ e clarit y o f th e sky . I t als o depend s o n th e 
type o f instrument . A  summary o f th e CE C wor k ma y b e foun d i n a  recen t CE C 
publication (6) . I t i s desirabl e tha t scientifi c studie s o f suc h correctoin s shoul d 
be carrie d ou t a t suitabl e scientifi c centre s i n Afric a t o chec k whethe r th e sam e 
corrections ar e applicabl e a s i n Europe . 

SIMPLE METHOD S FOR ESTIMATIN G DIFFUS E RADIATIO N 

It i s possibl e t o estimat e diffus e radiatio n fro m bot h globa l radiatio n o r fro m 
sunshine. Th e dimensionles s equation s tak e eithe r th e form : 

D/G =  c+d*(G/Go ) 
or D/ G =  c'+d'(S/So ) 

where D/ G i s th e rati o dail y diffuse/dail y globa l horizonta l surfac e radiatio n 
G/Go i s th e rati o o f th e dail y globa l horizonta l surfac e irradiation/globa l 
irradiation outsid e th e atmospher e 
S/So i s th e relativ e dail y duratio n o f brigh t sunshin e 
c, c' , d  an d d ' ar e linea r regressio n coefficients . 

The autho r studie d th e dat a fro m severa l Africa n station s i n 196 0 (7) . Th e value s 
of th e constant s c  an d d  wer e foun d t o var y wit h site , Tabl e 1 . Thi s pape r ha s 
just bee n independentl y reappraise d agains t result s o f man y othe r mor e recen t 
formula an d appear s stil l t o b e a  ver y reliabl e metho d a t th e monthl y mea n dail y 
level (8 ) (9). 

ADDITIONAL SOURCES O F DATA RELATIN G T O SOLAR RADIATIO N 

While ver y limite d record s ma y be  availabl e o f actua l radiatio n measurements , 
much mor e informatio n exist s o n othe r relevan t variable s lik e sunshin e an d 
cloudiness. Toda y sophisticate d informatio n abou t cloudines s i s availabl e fro m 
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satellites. Considerabl e wor k ha s alread y bee n carrie d ou t o n thi s i n man y 
countries, fo r exampl e i n th e Commissio n o f th e Europea n Communities ' progra m 
on Sola r Radiatio n Data , Projec t F , Actio n 4.3 . A  boo k dealin g wit h Europea n 
work i n thi s fiel d i s abou t t o b e publishe d (10) . Europea n wor k i s continuin g i n 
this are a wit h a n emphasi s o n th e Norther n hal f o f Africa . Th e fe w groun d 
stations ar e ver y importan t i n providin g referenc e point s o f calibratio n t o 
improve th e reliabilit y o f a  difficul t technique . Difficultie s i n inadequat e spatia l 
coverage exis t i n Europ e a s well , an d considerabl e expertis e ha s bee n buil t u p i n 
developing th e tw o Europea n Sola r Radiatio n Atlases , on e fo r horizonta l 
surfaces, th e othe r fo r incline d surface s (11) , (12) . A  summar y o f th e 
achievements o f th e firs t tw o four-yea r CE C program s ma y b e foun d i n 
reference (13) . Th e experienc e buil t u p i n thi s progra m i n Europ e i s clearl y 
applicable t o othe r area s o f th e world , an d step s hav e alread y bee n take n throug h 
the initiative s o f th e Commonwealt h Scienc e Counci l t o organis e program s 
evolving fro m thi s Europea n experienc e i n tw o majo r regions , Afric a an d th e 
Caribbean. 

THE EUROPEAN SOLA R RADIATIO N ATLASE S 

The productio n o f thes e Atlase s too k considerabl e time . Th e broa d decisio n t o 
process essentiall y dail y dat a wa s th e basi s o f th e horizonta l surfac e Atlas . Th e 
raw dat a ha d t o b e reduce d t o a  commo n pyrheliometri c scale . Al l dat a wa s firs t 
converted t o th e Worl d Radatio n Referenc e scal e (WRR) . Nex t a  qualit y contro l 
process wa s applie d t o eliminat e obviousl y unsuitabl e data . Problem s o f a 
systematic natur e wer e foun d wit h som e o f th e dat a fo r example , th e Italia n 
data measure d wit h Robitzsc h pyranograph s wer e no t i n lin e wit h dat a fro m 
adjacent countrie s usin g mor e reliabl e instruments . Adjustment s whic h varie d 
from seaso n t o seaso n ha d t o b e applied . Thi s instrument , whic h i s robus t an d 
independent o f powe r supplies , i s know n t o overrecor d unde r condition s o f hig h 
irradiation. 

Tables wer e the n prepared , o n a  mont h b y mont h basis , o f globa l mea n 
irradiation, monthl y mea n maximu m globa l irradiation , th e extraterrestria l dail y 
radiation average d ove r th e month , monthl y mea n dail y sunshine , monthl y mea n 
astronomical daylength . Tw o dimensionles s ratio s wer e als o included , G/G o an d 
S/So. 

The nex t stag e wa s t o systematicall y stud y th e relationshi p o n mont h b y mont h 
basis o f dail y value s o f G/G o an d S/S o usin g th e standar d Angstro m linea r 
regression formula : 

G/Go =  a+b(S/So ) 

where a  an d b  are regressio n coefficients , whic h depen d o n atmospheri c clarity . 

This proces s provided , fo r eac h sit e wher e observe d dat a wa s available , value s o f 
a an d b . Thes e value s wer e foun d t o lin k fairl y closel y wit h th e clarit y o f th e 
atmosphere a t differen t sites . Importan t ne w method s fo r estimatin g th e clarit y 
of th e atmospher e fro m th e su m o f th e Angstro m regressio n coefficient s ( a an d 
b) hav e bee n evolve d (14) . Th e value s wer e subsequentl y use d a s a n importan t 
part o f th e methodolog y fo r developin g th e incline d surfac e Atlas . 

The nex t stag e i n th e mappin g proces s wa s t o us e th e value s o f a  an d b  i n 
conjunction wit h sunshin e dat a fo r a  numbe r o f additiona l site s t o estimate , fro m 
the sunshin e data , value s o f th e globa l irradiatio n agai n o n a  mont h b y mont h 
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basis. Value s fo r severa l hundre d site s wer e produced , an d use d t o supplemen t 
the observe d radiatio n dat a i n th e productio n o f th e horizonta l surfac e 
irradiation maps . 

Diagrams showin g th e annua l mea n cours e o f globa l radiatio n fo r 12 4 stations fo r 
which observe d dat a existe d wer e extracted . Finall y frequenc y distribution s o f 
global radiatio n fo r 4 9 station s wer e compiled . Thes e giv e th e mea n monthl y 
cumulative frequenc y distributio n o f dail y irradiatio n abov e give n thresholds , an d 
also th e mea n monthl y maximu m numbe r o f consecutiv e day s wit h dail y 
irradiation abov e give n thresholds . 

This Atla s provide s a  mode l whic h shoul d b e o f considerabl e valu e t o other s 
attempting t o achiev e simila r goal s i n othe r part s o f th e world , lik e Africa . 
Inter countr y collaboratio n prove d ver y important , a s radiatio n pattern s ar e no t 
related t o geographi c boundaries . Th e CE C Atla s contain s dat a fo r a  numbe r o f 
countries i n th e Sovie t block , an d successfull y crosse s th e barrier s to o easil y se t 
by accepte d contemporar y politics . Th e sam e crossin g o f barrier s wil l b e 
necessary t o produc e appropriat e map s o f sola r radiatio n i n Africa . 

DEVELOPING A  METHODOLOG Y FO R INCLINE D SURFAC E RADIATIO N 
PREDICTIONS 

A substantia l researc h effor t ha d t o g o int o th e developmen t o f th e Europea n 
Solar Radiatio n Atla s fo r Incline d Surfaces . Ther e ar e fe w centre s wher e 
measured incline d surfac e radiatio n dat a ar e available . Furthermore , i f suc h 
measurements ar e made , th e result s ar e limite d t o surface s o f specifi c til t an d 
orientation. Sola r designer s requir e dat a fo r an y slop e an d orientatio n the y ma y 
wish t o specify . Considerabl e difficultie s therefor e stoo d i n th e wa y o f th e 
development o f a n incline d surfac e radiatio n Atla s fo r Europe . 

Any metho d evolve d ha d t o accep t th e limitation s o f th e inpu t dat a base . Thi s 
input dat a bas e wa s th e dat a i n th e CE C Europea n Sola r Radiatio n Atla s Vo l I . 

The inpu t dat a use d t o develo p b y numerica l modellin g th e incline d surfac e Atla s 
were: 

1. Monthl y mea n dail y globa l radiatio n o n a  horizonta l surfac e 

2. Monthl y mea n value s o f th e dail y duratio n o f brigh t sunshin e 

3. Monthl y mea n value s o f th e monthl y maximu m value s o f dail y globa l 
radiation o n th e horizonta l surfac e 

4. Monthl y mea n maximu m duratio n o f brigh t sunshin e 

5. Value s o f th e monthl y Angstro m regressio n coefficient s a  an d b , take n ou t 
at th e dail y level . 

Observed monthl y mea n dail y dat a wer e availabl e fo r 10 2 site s i n Europe . I n 
order t o perfor m th e slop e calculations , a  metho d ha d firs t t o b e evolve d t o 
convert th e dail y horizonta l surfac e dat a t o th e hourl y level , an d th e diffus e 
radiation ha d t o b e separate d fro m th e beam , als o a t th e hourl y level . The n a 
model ha d t o b e develope d t o estimat e slop e irradiance s fro m horizonta l surfac e 
values. Th e limite d numbe r o f observe d incline d dat a set s dat a availabl e wer e 
used t o chec k th e accurac y o f th e modellin g process . 
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The proble m o f th e no n uniformit y o f th e radianc e o f th e sk y ha d t o be  addresse d 
in th e slop e modellin g process . A  clea r sk y mode l wa s develope d firs t an d the n 
an overcas t sk y model . Th e monthl y mea n slop e mode l wa s derive d fro m them , 
using th e relativ e duratio n o f brigh t sunshin e a s th e basi s fo r splittin g th e sk y 
irradiation contributio n int o a  clea r sk y an d gre y sk y componen t i n th e 
computational process . Th e actua l relationship s ar e quit e complex , bu t th e step s 
involved ar e describe d i n full  detai l i n th e speciall y publishe d CE C boo k (15) . 

CLEAR SKY RADIANC E MODE L 

A turbidit y sensitiv e radianc e mode l wa s evolved , whic h describe d th e mai n 
features o f th e brightnes s patter n o f th e clea r sky , th e aureol e aroun d th e sun , 
the rin g brightenin g effec t aroun d th e horizon , th e poin t o f lo w radianc e a t 90 ° 
to th e sola r positio n o n th e sola r azimuth . Onc e a  radianc e mode l ha s bee n 
established, b y numerica l integratio n i t i s possibl e t o determin e th e relationship s 
between slop e diffus e irradianc e an d horizonta l surfac e diffus e irradianc e fo r 
any slop e an d orientatio n (16) . 

OVERCAST DAY RADIANC E AN D RADIATIO N MODE L 

The wor k o n thi s par t o f th e projec t wa s carrie d ou t b y Professo r Krochman n an d 
his colleague s i n Berli n (17) . Th e Moo n an d Spence r formulation , lon g standard i n 
daylighting studie s fo r estimatin g mea n overcas t sk y luminanc e distributions , 
was verifie d a s als o appropriat e fo r overcas t sk y radianc e distributio n prediction . 
Statistical relationship s betwee n horizonta l surfac e overcas t da y irradiatio n an d 
solar altitud e wer e established . Onc e again , makin g suitabl e allowance s fo r 
ground reflecte d energy , a  complet e solutio n coul d b e obtained . Ther e appear s 
to b e n o reaso n wh y th e Moo n an d Spence r overcas t da y formul a shoul d no t hol d 
in th e Africa n continent . However , i t i s likely , becaus e o f th e differen t type s o f 
cloud associate d wit h overcas t day s i n Africa , especiall y i n th e Equatoria l 
region, tha t th e Europea n overcas t da y radiatio n formul a ma y nee d modification . 

MONTHLY MEA N HOURLY SLOPE IRRADIATION MODE L 

The hourl y slop e irradiatio n mode l ha s thre e components , th e beam , th e sk y 
diffuse an d th e groun d reflecte d diffuse . Th e firs t componen t i s easil y 
determined b y simpl e trigonometr y fro m th e horizonta l surfac e bea m values . 
Estimation o f th e groun d reflecte d componen t i s base d o n th e globa l horizonta l 
surface irradiation . Th e ke y decisio n i s th e choic e o f groun d albedo . I n Europ e a 
value o f 0.2 0 wa s adopte d a s standard . However , i n Africa , th e stron g 
seasonality o f rainfal l ha s t o b e considered , an d th e groun d albed o i n drie r area s 
could b e substantiall y highe r fo r a  significan t par t o f th e year . 

The modellin g difficultie s ar e centre d o n th e diffus e radiatio n estimate s fo r 
slopes. I n preparin g th e CE C Incline d Surfac e Radiatio n Atlas , i t wa s assume d 
that th e diffus e sk y contributio n coul d b e spli t int o tw o parts , b y usin g th e 
relative sunshin e duration . Th e blu e par t wa s assume d t o b e proportiona l t o th e 
product o f th e 4 ° relativ e sunshin e duratio n an d th e clea r sk y value . Thi s par t 
was converte d t o th e slop e value s usin g th e clea r sk y model . Th e clea r sk y 
horizontal blu e componen t wa s subtracte d fro m th e hourl y horizonta l diffus e t o 
give th e overcast/partiall y cloud y sk y gre y component . Thi s wa s converte d t o 
the slop e valu e usin g th e Moo n an d Spence r radianc e formula . Th e su m o f th e 
two component s i s th e mea n sk y componen t o n th e slope . I t wa s assume d ther e 
were n o directiona l effect s fo r th e overcas t sk y contribution , bu t furthe r studie s 
are showin g tha t thi s assumptio n i s no t entirel y satisfactor y (18 ) (19) . 
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THE EUROPEAN SOLA R RADIATIO N ATLA S VOL. II INCLINED SURFACE S 

The fina l productio n o f th e Atla s itsel f wa s a  tea m effort . Incline d surfac e 
radiation table s wer e firs t prepare d i n th e Departmen t o f Buildn g Science , 
University o f Sheffiel d fo r 10 2 site s i n Europe . Thes e table s giv e monthl y mea n 
values o f dail y globa l radiatio n an d diffus e radiatio n o n a  rang e o f incline d 
planes. Th e tables , whic h ar e publishe d i n th e Atlas , als o giv e th e estimate d 
clear da y dail y globa l an d diffus e radiatio n o n th e sam e slopes . Th e inpu t dat a i s 
included i n th e Table s an d als o th e normalisatio n factor s use d t o matc h th e 
theoretical horizonta l value s t o th e observe d values . Thes e Table s wer e the n 
used b y R  DOgniau x an d G  Preuveneer s (Institu t Roya l Meteorologiqu e d e 
Belgique), togethe r wit h associate d information , lik e th e Horizonta l Surfac e 
maps i n Volum e 1 , to dra w monthl y map s fo r th e Europea n regio n covere d b y th e 
tables drawin g isoline s o f incline d surfac e irradation . Th e Atla s als o provide s 
information abou t th e radiatio n transmitte d throug h singl e an d doubl e vertica l 
clear glazin g fo r th e 10 2 sites . Dat a o n sola r radiatio n o n overcas t day s i s als o 
provided fo r a  rang e o f slopes . Thi s wa s assume d t o b e independen t o f 
orientation. A  brie f explanator y tex t i s provide d a t th e beginning . Th e detaile d 
computational methodolog y howeve r i s no t provide d i n th e Atla s itself , whic h i s 
primarily a  sourc e o f data . 

ASSOCIATED BOO K AN D SCIENTIFIC COMPUTING PROGRAM S 

The ful l scientifi c studie s togethe r wit h al l th e detaile d computationa l 
procedures ar e bein g publishe d i n boo k for m b y th e CEC . Th e boo k als o contain s 
additional predictio n procedure s fo r daylightin g studies . I t als o enable s radianc e 
studies o f th e overcast , clea r an d monthl y mea n skie s t o b e carrie d out . A 
manual metho d fo r computin g hourl y sola r radiatio n usin g th e CE C Atla s 
procedure i s provided . Th e Departmen t o f Buildin g Scienc e i n th e Universit y o f 
Sheffield ha s develope d a  serie s o f colloquia l program s fo r systematicall y 
carrying ou t th e computations . Thi s contain s a n inpu t bas e fo r 10 1 Europea n 
sites. Thi s make s i t a  simpl e proces s t o carr y ou t prediction s fo r an y sit e i n th e 
data bas e fo r an y slop e an d orientation . Facilitie s fo r interposin g on e o r tw o 
sheets o f glas s o f an y require d norma l incidenc e transmittanc e ar e included . 
These allo w al l th e directiona l characteristic s o f glas s o n sola r radiatio n 
transmission t o b e assessed . 

An alternativ e versio n o f th e progra m suitabl e fo r Africa n condition s ha s bee n 
developed. Thi s use s th e WM O techniqu e describe d i n referenc e 4  t o estimat e 
the turbidity . A  sample outpu t fo r Bulaway o i s attache d a s Tabl e 3  showing th e 
estimated slop e irradianc e o n a n equato r facin g surface . 

STATISTICAL STUDIE S O F THE DISTRIBUTIO N O F SOLA R RADIATIO N 

Another practica l requiremen t fo r sola r energ y applicatio n i s knowledg e o f th e 
statistical distribution s o f sola r energ y i n differen t month s o f th e year . Li u an d 
Jordan develope d a  simpl e bu t widel y adopte d metho d tha t enable s estimate s o f 
the statistica l distributio n o f dail y globa l radiatio n t o b e estimate d fro m th e 
monthly mea n value s o f th e atmospheri c transmittanc e (20) . Th e metho d i s 
however base d o n America n observations . Th e autho r ha s studie d th e validit y o f 
the U S metho d fo r th e U K an d foun d importan t difference s (21) . H e ha s bee n 
able t o sho w tha t bette r prediction s ca n resul t i f prope r attentio n i s pai d t o th e 
clarity o f th e atmospher e usin g th e su m o f th e Angstro m (a+b ) a s a  simpl e 
measure o f turbidity . H e ha s als o bee n abl e t o sho w ho w reasonabl y accurat e 
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statistical distribution s fo r slopin g surface s can  b e derive d ver y simply , usin g th e 
inclined surfac e Europea n Sola r Radiatio n Atla s table s a s inputs . Ther e i s n o 
space t o discus s thes e issue s furthe r here , bu t clearl y stud y o f th e statistica l 
distributions o f dail y radiatio n dat a i n differen t part s o f Afric a merit s 
considerable furthe r study . 

ADAPTING TH E METHODS TO AFRICA 

By extensiv e an d positiv e collaborativ e effor t involvin g man y differen t group s o f 
scientists fro m differen t countrie s i n th e Europea n Community , a n entirel y ne w 
type o f Atla s ha s bee n successfull y evolved . Th e scientifi c procedure s involve d 
have bee n full y document d an d a  star t ha s bee n mad e o n makin g mor e widel y 
available th e detaile d computationa l procedure s usin g th e technique s o f moder n 
information technology . 

The progra m o f th e Commonwealt h Scienc e Counci l fo r sola r radiatio n dat a 
studies i n Afric a i s essentiall y tryin g t o buil d o n th e experienc e o f th e Europea n 
project describe d i n outlin e above . I t i s clea r a  tw o stag e progra m i s required . 
The developmen t o f th e wor k o n horizonta l surface s ha s t o com e first , becaus e 
the estimatio n o f incline d surfac e radiatio n i s dependen t o n th e availabilit y o f 
horizontal surfac e dat a o n whic h t o bas e th e slop e estimates . Detaile d slop e 
studies a t appropriat e centre s ca n follow . Ther e shoul d b e man y benefit s fro m 
such a  progra m o f collaboration . Reachin g a n understandin g o f th e mos t 
appropriate physica l parameter s t o adop t fo r variable s lik e th e Link e Turbidit y 
Factor shoul d emerge . A  better understandin g shoul d b e reache d concernin g th e 
diffuse radiatio n climat e o f Africa . Ther e shoul d b e improve d knowledg e o f th e 
statistics o f sola r radiation , wit h improve d formula e fo r makin g estimate s i n th e 
absence o f detaile d measurements . Thi s shoul d la y th e foundatio n fo r mor e 
reliable assessment s o f th e economic s o f sola r energ y applications . I t shoul d als o 
provide designer s wit h th e informatio n the y reall y need . 
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