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ABSTRACT 

The applicatio n o f dynami c system s analysi s t o th e selectio n o f renewabl e energ y 
technologies an d thei r mod e o f integratio n withi n a  villag e syste m ar e described . 
The concep t an d methodolog y fo r adoptin g system s analysi s fo r thi s purpos e ar e 
explained b y referenc e t o a  technocrati c simulatio n model , MERD A (Mode l fo r 
Energy an d Resourc e Developmen t Analysis) . Thi s feedbac k mode l wa s initiall y 
used t o monito r th e effect s o f variou s technocrati c scenario s o n a  rura l 
community i n souther n India . Howeve r i t ca n b e utilise d fo r othe r location s 
including villages , towns , district s an d island s i n Afric a fo r instance , wit h th e 
minimum o f modification . Als o describe d i s a  preliminar y economi c feedbac k 
model, ECONOMERDA , designe d t o investigat e whethe r biomass-base d 
technologies, notabl y th e bioga s plant , ca n develo p withi n th e villag e syste m 
purely unde r economi c forces , an d a  syste m dynamic s model , ECC O 
(Enhancement o f Carryin g Capacit y Options ) whic h operate s a t th e nationa l leve l 
and ha s bee n use d t o asses s th e carryin g capacit y potentia l o f Kenya . Particula r 
emphasis i s placed upo n th e fores t biomas s secto r o f th e model . 

INTRODUCTION 

Through a  lac k o f adequat e financia l an d energ y investment , an d despit e th e 
acquisition o f foreig n ai d ostensibl y earmarke d fo r th e purpose , progres s i n 
agricultural an d rura l developmen t i n man y developin g countrie s i n genera l 
remains disappointingl y slow . Clearl y th e presen t s tat e o f affair s canno t b e 
allowed t o continue . Th e U N estimate s Africa' s populatio n growin g b y 206 % 
from 198 4 t o 202 5 (Pearc e 1984 ) whil e FAO , th e Foo d an d Agricultur e 
Organisation o f th e Unite d Nations , contend s tha t eve n wit h onl y moderat e 
population growt h ther e wil l b e 6 5 countries , largel y African , unabl e t o fee d 
themselves a t presen t level s o f agricultura l input s withou t externa l assistanc e b y 
the en d o f th e centur y (Marshal l 1984) . 

What ca n b e achieve d b y suc h countrie s throug h mor e effectiv e deploymen t o f 
their natural , mainl y biomass , resource s vi a th e implementatio n o f integrate d 
technological systems , i n tur n capturin g an d conservin g device s an d 
contemporary advance s mad e i n th e biologica l sciences ? Thi s raise s question s o f 
social acceptabilit y whic h i n tur n require s th e educatio n o f th e recipient s o f 
these technologies . T o wha t exten t ar e th e propose d integrate d system s trul y 
synergistic? Ar e ther e likel y t o b e an y deleteriou s side-effects ? I s outpu t 
necessarily alway s improved ? Wha t ar e th e dynamic s o f th e syste m -doe s i t 
required on e agricultura l seaso n t o becom e effectivel y established , o r several ? 

One rigorou s mean s o f establishin g th e outcom e o f a  certai n se t o f intervention s 
is t o tes t th e proposa l b y it s introductio n withi n a  dynami c simulatio n mode l o f a 
rural community . Thi s pape r explain s ho w thi s ma y b e don e an d present s a s it s 
principal example , a  highl y detaile d stud y mad e o f a  smal l villag e i n Tami l Nad u 
State, souther n India , calle d Injambakka m fo r whic h a  comprehensiv e dat a bas e 
had bee n acquire d (MCR C 1980) . Th e methodolog y i s equall y applicabl e t o 
communities i n Africa . 
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SYSTEMS ANALYSI S 

Systems analysi s is , i n essence , th e scientifi c analysi s o f rea l lif e interactions . 
The produc t o f thi s analysi s i s a  reductio n o f th e comple x entitie s an d 
interactions o f th e rea l syste m t o a  se t o f caus e an d effec t observation s tha t 
adequately describ e th e syste m unde r study , bu t whic h i s nevertheles s 
sufficiently simpl e t o b e understandabl e t o th e observe r o r decisionmaker . 

This mode l shoul d ideall y answe r onl y on e question . I n th e wor k carrie d ou t o n 
Injambakkam villag e thi s questio n wa s judge d t o b e "Ho w muc h sola r energ y ca n 
be capture d i n photosyntheti c activit y (tha t is , a s bioma s resources ) an d pu t t o 
use withi n th e villag e system? " I n practic e however , b y th e inclusio n o f som e 
subsidiary relationships , model s ca n answe r man y questions . 

The proces s o f mode l formulatio n i s know n a s simulation . Continuou s simulation , 
applied her e i s concerne d wit h flow s an d level s i n whic h eac h individua l entit y i n 
the flo w i s no t differentiate d fro m th e others , bu t al l ar e aggravate d together ; 
for exampl e th e villag e ric e stock , th e harves t an d dail y consumption . A n 
aggregated model , whil e les s informativ e tha n a  disaggregated , i s mor e robus t 
and reliable . 

Systems analysi s consider s al l facet s o f a  situatio n simultaneously ; th e 
interrelationships betwee n componen t part s o f a  syste m rathe r tha n th e part s 
themselves. I t i s therefor e a n idea l too l fo r evaluatin g th e merit s an d demerit s 
of implantin g a  particula r se t o f biomas s oriente d technologie s aime d a t 
improving th e outpu t o f a  Thir d Worl d village , district , islan d o r country . 

Four crucia l issue s nee d t o b e resolved : Wha t i s th e bes t use d o f bio - an d 
agricultural technologie s t o rais e output ? Wha t ar e th e dynamic s o f change ? 
What leve l o f productivit y ma y b e ultimatel y attainable ? Wha t socia l o r 
economical change s ma y b e neede d t o mak e suc h a  self-relian t developmen t 
possible? T o answe r thes e questions , system s modellin g ha s th e tw o merit s o f 
versatility an d speed . I t allow s fo r th e examinatio n o f a  larg e numbe r o f 
scenarios, eac h wit h a  differen t se t o f initia l and/o r ensuin g conditions . 

The proces s o f chang e ove r decade s ca n b e monitore d b y th e system s modelle r i n 
a matte r o f seconds . T o achieve th e sam e sprea d usin g solel y experimenta l wor k 
in th e fiel d woul d require d th e settin g u p an d monitorin g o f a  ver y larg e numbe r 
of rura l communities , eac h implante d wit h a  differen t technologica l mix . Dat a 
collation migh t tak e a s lon g a s 2 0 year s an d th e degre e o f organisatio n an d 
cooperation sough t woul d b e difficul t t o obtai n i n th e extreme . 

DYNAMIC SYSTEMS ANALYSIS METHODOLOG Y 

To gai n som e insigh t int o th e techniqu e o f modellin g conside r a  hypothetica l 
Third Worl d villag e communit y (Figur e 1) . Crop s ar e cultivate d o n fertil e soil . 
There i s woodland , grassland , fallo w land , an d wastelan d plu s roads , house s an d 
ponds etc . Som e o f thi s wast e lan d ha s potentia l fo r upgrading . I n Figur e 2  th e 
village layou t i s stylised , withou t referenc e t o spatia l factors , wit h al l area s o f 
land o f th e sam e typ e bein g aggregated . 

Since th e objec t o f th e stud y i s t o fin d ho w a  rura l communit y na y prospe r 
within a  large r system , w e hav e t o decid e o n th e boundar y betwee n th e two . 
This i s calle d th e syste m boundary , an d w e ca n choose , i f w e wish , : o aggregat e 
within o r withou t o f tha t boundary . Withi n th e boundary , flow s ca n b e recorde d 
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as money , a s mas s an d energ y (kilogram s o f protein , gigajoule s o f fue l energy , 
kilocalories o f foo d energ y an d s o on) , an d a s huma n labou r an d anima l hour s o f 
work. I n a  rura l communit y wher e muc h i s don e withou t mone y changin g hand s i t 
is mor e usefu l t o ignor e mone y flows . However , i f a  materia l goo d o r a n activit y 
passes throug h th e syste m boundar y t o th e outsid e worl d i t i s usefu l t o conver t i t 
into mone y values , an d conside r th e revenu e t o b e spen t o n purchases . Fo r 
example, exporte d ric e generate s mone y t o bu y fertilisers , kitche n utensils , 
transistor radios , etc . 

To projec t int o th e futur e w e nee d t o emplo y a  dynami c mode l i n whic h stock s 
and flow s ar e linke d b y a  syste m o f differentia l equation s solvabl e b y numerica l 
analysis. Solutio n o f th e differentia l equation s i s mad e accessibl e b y th e 
development o f specialise d compute r language s suc h a s DYNAM O an d N D TRA N 
2 and i s given a  mor e mathematica l treatmen t i n a  subsequen t section . 

The firs t ste p i n a n analysi s i s t o identif y th e relevan t part s o f th e syste m an d 
how the y interact . Th e directio n o f th e arro w indicate s th e directio n o f th e 
causation. Th e sig n adjacen t t o th e arrowhea d show s whethe r thi s i s a  positiv e 
or negativ e effect . Thu s 

demonstrates tha t increasin g fertilise r applicatio n increase s cro p yields . Thi s i s 
simple statemen t presuppose s a  hig h leve l o f knowledge , whic h i f no t availabl e 
must b e researched . 

Frequently, th e relationshi p i s non-linear . A n increasin g deat h rat e decrease s 
population. Sinc e a  chang e i n populatio n mus t affec t subsequen t deat h rate , w e 
can represen t th e latte r b y a  causa l loo p diagra m (Figur e 3) . Causa l loop s ma y 
be positiv e (+ ) or negativ e (-) . I n Figur e 3  th e effec t o f increasin g deat h rat e o n 
population i s negative . Increasin g birt h rat e resultin g i n increasin g populatio n 
size leadin g t o increasin g birt h rat e i s a  positiv e causa l loop . 

The nex t analytica l ste p i s t o decid e whic h element s ar e flows  (calle d "rates " i n 
system dynamic s terminology ) an d whic h ar e stat e variable s (know n a s "levels") . 
Levels ca n b e likened t o a  tan k containin g a  quantit y (stock ) o f water , a s oppose d 
to a  flow  o f wate r throug h a  pip e tha t enter s th e tank , whic h i s a  rate . Rate s 
have th e dimensio n o f units/tim e wherea s level s ar e measure d withou t referenc e 
to time . Th e flow  o f wate r int o a  tan k i s illustrate d i n syste m dynamic s symbol s 
in Figur e 4 . 

It i s mos t importan t t o not e th e differenc e betwee n th e direction s o f th e arro w 
in th e causa l loo p diagra m an d th e syste m dynamic s diagram . I n th e forme r i t 
shows th e directio n o f th e causation , i n th e lat te r th e directio n o f flow  o f 
material (o r information) . 

Turning t o a  hypothetica l Thir d Worl d villag e communit y w e ca n develo p a  mode l 
for th e us e o f a  communit y bioga s generato r operatin g o n cattl e dung . Nitroge n 
rich soi l conditioner , i n th e for m o f th e bioga s plan t effluen t wil l increas e ric e 
production. Th e extr a ric e stra w ca n b e fe d t o catt le , thu s raisin g dun g yield s 
which i n tur n mean s mor e soi l conditione r (an d o f cours e mor e biogas ) fro m th e 
biogas generator . Th e circl e i s completed . Thu s ric e productivit y i s furthe r 
enhanced. W e hav e therefor e identifie d a  positiv e feedbac k loo p a s depicte d i n 
Figure 5 . 
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Output doe s no t g o o n risin g forever . Eac h additio n o f nitroge n yield s les s an d 
less increas e i n outpu t an d eventually , afte r severa l cycle s (seasons ) a  ne w leve l 
of outpu t i s stabilised . I t i s a  simpl e ste p fro m th e causa l loo p diagra m t o th e 
system dynamic s diagra m onc e th e leve l variabl e ha s bee n identified . Th e 
digester i s th e onl y leve l variable , t o whic h i s associate d tw o rate s -  th e rat e o f 
loading dun g (IN ) an d th e rat e o f remova l o f soi l conditione r (OUT) . Thi s i s 
illustrated i n Figur e 6 . Her e ther e ar e som e ne w symbols : 

represents a  constan t 

represents a n auxilliar y variabl e -  a n 
identifiable variabl e tha t i s used i n 
the calculatio n o f rat e equation s 

The ric e i s onl y harveste d onc e a  yea r s o thi s i s represente d b y a  sampl e 
procedure illustrate d thus : 

SAMPLE 
1 y r 

An importan t par t o f th e syste m dynamic s diagra m i s th e relationshi p betwee n 
nitrogen i n soi l conditione r an d ric e yield . Thi s mode l wa s translate d int o a 
DYNAMO progra m an d th e result s o f th e simulatio n ar e show n i n Figur e 7 . 

The bioga s plan t i s brough t int o productio n i n yea r 1 . Initiall y th e dun g i s pu t 
into th e bioga s generato r instea d o f bein g sprea d o n th e fields . Thi s ha s a n 
adverse effec t o n th e nex t ric e crop . I n th e thir d yea r th e soi l conditione r 
output, whic h ha s approximatel y twic e th e usabl e nitroge n conten t o f directl y 
spread dung , produce s a n increase d ric e yield . Th e positiv e feedbac k loo p 
previously describe d boost s th e ric e yiel d i n subsequen t year s unti l a  ne w 
equilibrium leve l i s reache d (aroun d yea r 7) . Th e ric e yiel d ha s increase d b y a 
factor o f 42% . On e shoul d not e tha t a  calculatio n whic h di d no t tak e accoun t o f 
the feedbac k woul d hav e show n onl y a  12 % increase ! 

One interestin g conclusio n i s tha t importe d fertilise r woul d hav e a  greate r effec t 
than migh t b e imagined . Importin g 1.8k g N/h a pe r yea r woul d initiall y increas e 
the yiel d b y 7 % bu t again , th e positiv e feed-bac k loo p come s int o effec t an d thi s 
extra yiel d produce d mor e soi l conditione r fo r th e nex t year' s crop , unti l a  ne w 
equilibrium i s attained . W e ca n no w conside r wit h th e ai d o f a  mode l ho w on e 
could improv e o n th e performanc e o f th e villag e agriculture . 

THE ACQUISITION OF A  DATABASE 

A simulatio n mode l o f a  rea l syste m suc h a s a  Thir d Worl d rura l communit y an d 
its biomas s resource s ca n accuratel y reflec t tha t syste m onl y whe n sufficien t 
relevant dat a hav e bee n acquired . Befor e projectin g int o th e futur e vi a th e 
dynamic system s analysi s methodolog y describe d above , detail s o f th e majo r 
parameters o f th e syste m (village ) mus t b e obtaine d s o tha t th e steady-stat e 
village ca n b e modelle d a t tim e zero . 

These dat a wil l includ e physical , economi c an d socia l characteristic s o f th e 
village an d als o lan d are a us e an d distributio n pattern , climati c information , 
demographic details , agricultura l practice , cro p productivities , livestoc k 
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ownership, foo d consumption , energ y productivities , livestoc k ownership , foo d 
consumption, energ y productio n an d level s an d distribution , villag e import s (suc h 
as fertilisers , kerosen e an d consume r durables ) an d export s (fo r example , foo d 
surpluses, woo d an d handicrafts) . Ancillar y dat a migh t consis t o f occupationa l 
patterns, medica l information , socia l organisatio n an d s o forth . 

The acquisitio n o f suc h dat a i s ofte n a  laboriou s task , generall y entailin g 
personal contac t wit h a  larg e cross-sectio n o f individual s fro m th e community , 
though a  villag e "accountant " ma y hav e som e o f th e demographi c data . A  villag e 
survey i s mos t easil y accomplishe d b y interviewer s wh o ar e alread y know n i n th e 
village an d wh o hav e obtaine d th e people' s confidence . I t i s therefor e importan t 
that th e system s modelle r make s know n hi s precis e requirement s t o thos e 
carrying ou t th e surve y i n th e village . Th e fac t mus t als o b e take n int o accoun t 
that som e villager s ar e ofte n unwillin g o r unabl e t o suppl y accurat e data . Thu s 
the importanc e o f conducting , a t leas t initially , a  comprehensiv e surve y i s 
reinforced s o tha t an y misleadin g informatio n whic h canno t obviousl y b e 
detected a s suc h i s outweighed b y th e response s neare r t o th e truth . 

Once a  mode l ha s bee n constructe d fo r a  particula r villag e an d an y problem s i n 
the simulatio n hav e bee n irone d out , the n th e leve l o f dat a requirement s fo r 
similar wor k o n othe r village s i s reduced . Thi s wa s born e ou t b y th e system s 
modelling experienc e o f th e Energ y Studie s Unit , Universit y o f Strathclyde . 
Initially a  highl y detaile d surve y o f th e India n villag e o f Injambakka m wa s 
conducted b y th e Murugapp a Chettia r Researc h Centr e (MCRC) , Madras . Th e 
survey consiste d o f genera l dat a o n th e 21 1 constituen t household s o f th e villag e 
to provid e a  broa d perspectiv e followe d b y a  mor e detaile d questionin g o f 7 0 
selected household s (MCR C 1980) . Usin g thes e dat a a  technocrati c mode l wa s 
utilised t o simulat e th e activitie s o f Injambakka m an d the n use d succesfull y fo r 
the simulatio n o f tw o Nepales e hil l villages , Salm e an d Tarevir , wher e th e dat a 
bases provide d wer e considerabl y les s detailed . 

THE MERDA MODE L 

The basi c mode l describe d previousl y wa s expande d an d implemente d usin g th e 
database fo r Injambakka m village , Tami l Nadu , India . Th e mode l wa s name d 
MERDA (a n acrony m fo r Mode l fo r Energ y an d Resourc e Developmen t Analysis ) 
and i s no w a  generi c dynami c feedbac k simulatio n mode l realise d fo r th e 
computer i n N D TRA N 2  language . Th e N D TRA N 2  packag e wa s obtaine d fro m 
Notre Dam e University , Indiana , US A an d i s simila r thoug h no t identica l t o 
DYNAMO software . N D TRA N 2  ca n b e implemente d o n an y compute r wit h a n 
ANSI standar d FORTRA N compile r an d a t leas t 2 8 k  byte s o f store . Henc e 
MERDA coul d b e ru n o n virtuall y an y machin e equa l t o o r bigge r tha n a  PDP11 . 
In fac t MERD A run s o n th e IC L compute r an d take s u p approximatel y 1 5 second s 
of compute r tim e a t a  cos t o f US$ 2 eac h run . 

It consist s o f 11 1 equation s plu s 6 3 dat a constant s an d table s an d i s divide d int o 
six majo r sectors : ric e production , legum e production , fertilisers , bioga s 
production, financia l an d th e energ y sector , t o whic h other s ca n b e adde d i f 
required. Th e causa l loo p diagram , Figur e 8 , illustrate s th e interaction s betwee n 
the variou s parameters , includin g introduce d technologies , an d Figur e 9  th e 
system dynamic s diagrams . Th e number s an d othe r scenari o detail s ar e no t 
spelled ou t here ; instea d th e option s availabl e t o th e mode l use r ar e given . 

Within th e ric e productio n sector , tw o crop s o f ric e ar e grow n eac h year . I t i s 
convenient t o loo k a t thes e separatel y an d the n su m th e relevan t quantities . A 
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stock o f ric e fo r eac h harves t i s maintaine d bu t deplete d b y consumption . Eac h 
year a t th e appropriat e time s eac h stoc k i s update d b y th e amoun t o f th e harves t 
according t o th e yield . Consumptio n i s the n calculate d t o deplet e th e stoc k i n 
one year . Th e yiel d pe r hectar e i s a  functio n o f th e fertilise r applie d b y hectar e 
and th e tota l yiel d i s obtaine d b y multiplyin g thi s b y th e ric e growin g area , 
taking int o accoun t tha t th e whol e are a nee d no t b e used . Th e tota l consumptio n 
is obtaine d b y summation an d accountin g fo r post-harves t losses . 

The legum e productio n secto r i s almos t identica l t o tha t o f ric e productio n 
except tha t ther e i s onl y on e cro p pe r year . Th e productio n o f legume s i s 
initially zer o an d th e modelle r provide s th e startin g year . 

The stoc k o f fertiliser s i s provide d b y dun g o r digeste r sludg e output ; legum e 
leaves; Casuarin a leaves ; algae ; an d imports . Fertilise r i s counte d a s it s nitroge n 
content; th e othe r nutrient s ar e assume d t o b e availabl e i n non-limite d 
quantities. 

Dung i s calculate d a s a  functio n o f th e cattl e fodde r availabl e (cro p waste s an d 
grazing). Initiall y a  proportio n o f thi s i s collecte d an d sprea d o n th e fields . 
When th e bioga s plan t start s operatio n th e dun g instea d i s pu t i n th e digester ; 
provision ha s bee n mad e fo r a  differen t collectio n efficienc y t o b e used . Th e 
digested sludg e i s the n sprea d o n th e fields . 

Leaves containin g nitroge n fro m th e foo d legume s an d Casuarin a tree s ar e use d 
as fertilise r whe n the y ar e brough t int o production . Alga e ar e starte d i n smal l 
ponds an d the n ove r a  perio d o f tim e establishe d o n th e fields , wher e the y fi x 
nitrogen fro m th e atmosphere . 

Import level s ca n b e switche d o n o r of f a t time s chose n b y th e modeller . I n th e 
financial sector , th e differenc e betwee n villag e earning s an d expenditur e i s pu t 
in a  ban k accoun t wher e i t earn s a  rea l 2 % pe r annu m interes t whe n th e balanc e 
is positive . Whe n the y ar e i n deb t th e villager s pa y a  2 % rea l annua l interes t 
rate. Villag e expenditur e fo r import s includes : fertiliser ; woo d (ca n b e earning s 
if ther e i s a n export) ; wor k energy ; bioga s plan t capital ; clothing ; extr a food , e g 
fish, milk , eggs , etc . Pumps , bot h capita l an d runnin g costs ; windmills ; Tote m 
(Total energ y modul e fo r electricit y generatio n an d hea t reclamation) . 

The energ y sector , a s distinc t fro m th e bioga s productio n sector , i s mor e closel y 
concerned wit h hea t energy , furnishe d b y fuelwood . Th e deman d fo r primar y 
energy i n th e for m o f hea t i s calculate d a s a  functio n o f population , wit h 
provision fo r a  highe r end-us e efficienc y t o b e incorporate d ove r a  tim e perio d 
chosen b y th e modeller . Woo d harves t i s give n b y th e foreste d are a multiplie d b y 
the yiel d pe r uni t area . A  chang e ma y b e mad e t o a n energ y cro p plantatio n a t 
any tim e i n th e simulation . An y defici t i n th e suppl y an d deman d equatio n i s 
imported an d an y surplu s i s exported . I f a  bioga s plan t i s operatin g an y surplu s 
gas ca n b e use d a s hea t energ y (e g fo r cooking) . A  limited amoun t o f wast e hea t 
from th e Tote m plan t ca n b e utilise d here , fo r heatin g wate r only . Thes e las t 
two supplies , i f implemente d b y th e modeller , woul d forc e a n increas e i n th e 
wood export . 

The bioga s productio n secto r i s mor e closel y relate d t o wor k energy . Th e 
demand fo r wor k energ y fo r irrigatio n i s adde d t o tha t fo r lighting . Befor e th e 
biogas plan t come s o n stream al l o f thi s energ y mus t b e imported . Thes e import s 
are reduce d b y ga s productio n bu t ca n neve r g o negative , i n whic h cas e th e 
excess ga s i s use d i n th e hea t energ y secto r t o substitut e fo r wood . Whe n bioga s 
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becomes availabl e th e fractio n o f ric e growin g are a i s increase d b y extr a 
irrigation unti l 100 % i s utilised . Th e numbe r o f ne w pum p set s require d fo r thi s 
is calculate d i n thi s sector . 

If windmill s ar e require d i n a  scenari o th e energ y save d b y usin g thi s metho d fo r 
irrigation i s subtracte d fro m th e demand . A  Tote m system , i f selecte d b y th e 
modeller, reduce s th e suppl y o f ga s bu t produce s som e electricit y whic h i s the n 
added t o th e supply . Som e wast e hea t i s transferre d t o th e hea t energ y sector . 

Other sector s ca n als o b e included , fo r instance , populatio n growt h ca n b e 
catered fo r i n scenario s i f require d -  th e modelle r provide s th e ne t annua l rat e o f 
increase i n population . Th e spatia l layou t o f th e villag e i s handle d separatel y 
here fo r convenience . Al l th e area s ca n b e altere d b y th e modeller . Indicator s 
of villag e wellbein g (e g protei n intake , sola r capture , etc ) ar e calculate d fo r th e 
model output . 

The scenarios , sensitivit y testin g o f th e model , an d result s o f mode l simulation s 
have bee n publishe d elsewher e (Lewi s 1984 ; Slesse r e t a l 1982) . Briefl y th e 
results indicat e tha t Injambakka m ha s th e potentia l t o utilis e it s biomas s 
resources t o becom e self-relian t i n foo d an d fue l withi n 5- 7 years . 

AN ECONOMI C ASSESSMEN T O F BIOMAS S BASE D DEVELOPMEN T I N 
INJAMBAKKAM VILLAG E 

Having establishe d th e technica l feasibilit y o f self-relian t developmen t fo r th e 
village, a  mor e rigorou s economi c analysi s wa s mad e tha n tha t performe d b y 
MERDA, usin g a  feedbac k mode l calle d ECONOMERDA . It s purpos e wa s t o 
investigate whethe r biotechnologie s suc h a s th e bioga s plan t coul d develo p withi n 
Injambakkam an d village s lik e i t purel y unde r economi c forces , wit h th e rat e o f 
introduction controlle d b y th e mechanis m o f price . 

ECONOMERDA i s essentiall y a n extensio n o f th e MERD A mode l i n whic h th e 
economic drivin g forc e i s th e desir e t o hav e a n economi c retur n o n capita l 
investment (Figur e 10) . Th e opportunit y fo r productio n an d distributio n o f bioga s 
is veste d i n a n entrepreneu r wh o develop s th e syste m onl y wher e i t i s 
advantageous t o him , an d i f i t i s viabl e fo r hi m t o d o s o the n i t shoul d b e viabl e 
to a  villag e cooperativ e also . 

Essentially livestoc k dun g i s bough t fro m th e villager s an d th e post-digestio n ga s 
and sludg e fertilise r ar e sol d bac k t o them , wit h th e capita l require d fo r 
construction o f plan t borrowe d fro m a  ban k a t commercia l interes t rates . Th e 
digester ha s a n annua l dun g throughpu t o f 17.5t . I t i s assume d tha t th e highe r 
the pric e pai d fo r dun g (bas e pric e o f R s 0.1/k g dr y wt ) the n th e greate r th e 
proportion o f availabl e dun g wil l b e sol d (Figur e 11 ) an d whe n th e amoun t 
available fo r digestio n exceed s th e curren t throughpu t capacit y anothe r plan t i s 
built. Th e pric e offere d t o th e villager s fo r dun g i s determine d b y th e 
profitability o f th e whol e operatio n (Figur e 12) , whil e th e pric e a t whic h bioga s 
is sold i s notionall y 80 % of th e pric e o f importe d diese l fuel . Similarl y th e pric e 
of sludg e fertilise r i s se t a t 80 % o f th e pric e o f nitroge n equivalen t o f importe d 
chemical fertiliser . Profitabilit y i s monitore d b y maintainin g a  financia l balanc e 
for incoming s an d outgoings . Thu s th e mone y accruin g fro m th e sal e o f ga s an d 
sludge fertilise r increase s th e balanc e whil e th e cos t o f dun g purchase , labou r 
and maintenance , interes t an d repayment s o f capita l decrease s th e balance . 
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The bioga s i s use d initiall y fo r irrigatio n unti l tw o ric e crop s pe r yea r ca n b e 
grown o n al l th e availabl e padd y area . Som e o f th e resultin g increas e i n ric e 
production i s exporte d s o tha t th e farmer s ma y bu y ne w biogas-operabl e pum p 
sets withou t th e communit y goin g int o debt . Whe n th e t echnocra t i c scenari o 
used fo r MERD A i s incorporate d int o ECQNOMERDA , equilibriu m level s fo r th e 
parameters monitore d ar e reache d b y yea r 15 . 

Over 1 5 years ric e productio n increase s b y 240 % t o improv e nutritiona l standard s 
and expor t potential . Bioga s production , a t ove r IT J pe r annum , i s sufficien t t o 
irrigate biannua l ric e crops , wit h 32 0 GJ/ y surplu s fo r othe r uses . Sola r energ y 
capture mor e tha n doubles , th e entrepreneur' s profi t i s Rsl2,G0 0 (U S $1500 ) pe r 
annum, an d hi s retur n o n investmen t i s 40% . However , whil e thi s approac h t o 
assessing economi c viabilit y i s clearl y a  usefu l one , furthe r har d cos t dat a ar e 
needed t o improv e it s credibility . 

In additio n t o th e abov e approac h a  mor e conventiona l cos t benefi t analysi s 
(CBA) wa s use d t o investigat e th e feasibilit y o f introducin g bioga s plant s int o a 
rural communit y suc h a s Injambakka m (Armstron g 1983) . Essentiall y CB A i s a 
method o f assessin g th e desirabilit y o f publi c project s wher e future , a s wel l a s 
current, return s ar e considered , a s ar e potentia l side-effect s o n society . I t i s 
based o n th e notio n tha t a n allocatio n o f resource s t o a n investmen t projec t 
should increas e socia l welfar e an d involve s th e enumeratio n an d evaluatio n o f al l 
relevant cost s an d benefit s t o asses s th e effec t o f carryin g ou t project s (i n thi s 
case th e introductio n o f bioga s plants ) o n th e welfar e o f societ y a s a  whole . A 
favourable verdic t i s returned wher e tota l benefit s excee d tota l costs . 

However, man y o f th e assumption s mad e abou t socia l cost s an d benefit s withi n a 
CBA ar e necessaril y subjectiv e (valu e judgements) , an d ar e difficul t t o quantify . 
Financial analyse s o f a  projec t aime d a t introducin g bioga s plant s t o th e villag e 
indicate tha t a n entrepreneur , o r indee d villag e cooperative , woul d benefi t fro m 
such a  ventur e o n strictl y marke t pric e terms . However , a  fina l appraisa l usin g 
such value s doe s no t adequatel y indicat e change s i n th e villagers ' economi c 
welfare. Thi s require s th e estimatio n an d us e o f shado w price s whereb y input s 
and output s ar e value d accordin g t o thei r tru e resourc e cost s an d value s t o th e 
village, whic h i s th e essenc e o f a  CBA . Furthermore , CBA s includ e externalitie s 
such a s th e reductio n i n pollutio n cause d b y burnin g bioga s rathe r tha n woo d an d 
the reductio n i n tim e spen t lookin g fo r woodfuel , wherea s financia l analyse s tak e 
no accoun t o f suc h factors . 

In general , th e result s o f th e variou s CBA s wer e favourabl e i n tha t th e 
installation o f bioga s plant s i n Injambakka m woul d indee d increas e socia l 
welfare. Nevertheles s thes e result s ar e highl y sensitiv e t o parameter s suc h a s 
the ric e yiel d (sinc e th e post-digeste d sludg e act s a s a  fertilise r i n th e padd y 
fields), t o bioga s yield s an d t o labou r cost s an d s o th e value s place d o n thes e 
parameters ar e criticall y importan t t o th e outcom e o f th e CB A undertaken . A s 
in th e approac h t o economi c feasibilit y adopte d b y utilisin g th e ECONOMERD A 
model, furthe r har d cos t dat a ar e als o require d t o increas e th e credibilit y o f cos t 
benefit analyses . 

THE ECCO MODE L - BIOMAS S SECTOR 

ECCO (Enhancemen t o f Carryin g Capacit y Options ) i s a  feedbac k syste m 
dynamics mode l operatin g a t th e nationa l leve l an d i n suc h a  wa y tha t accountin g 
is mad e i n energ y rathe r tha n mone y terms . I t maintain s a t al l time s th e 
essential resourc e element s o f th e economy , o f whic h th e biomass/woodfue l 
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sector i s one . ECC O ca n b e use d t o explor e man y polic y option s amongs t whic h 
are trad e off s betwee n lan d fo r biomas s energ y o r food , o r betwee n foo d an d 
cash crops , an d ha s bee n applie d t o th e cas e o f Kenya . 

Carrying capacit y i s define d a s tha t population , a t an y momen t i n time , whic h 
can b e indefinitel y sustaine d a t a  give n standar d o f living , i t i s no t a  threshold , 
and ca n b e enhance d b y appropriat e nationa l developmen t usin g physica l an d 
human resources . Th e mode l assesse s th e overal l scal e an d tren d o f th e 
economy, secto r b y secto r (e g water , no n biomas s energy , agriculture , biomass , 
industry etc ) i n suc h a  wa y tha t eac h secto r grow s s o a s t o satisf y th e overal l 
resource need s o f al l th e othe r sectors . Thu s i f th e domesti c deman d fo r energ y 
cannot b e me t b y fuelwoo d fro m th e biomas s sector , an y shortfal l mus t b e mad e 
good b y th e non-biomas s energ y sector , i f i t canno t d o so the n materia l standar d 
of livin g falls . Onc e th e long-ter m physical , profil e i s know n conventiona l 
economic method s ma y b e use d t o pla n th e implementatio n o f eac h sector . 

Figure 1 3 present s a n influenc e (causa l loop ) diagra m o f th e model' s biomas s 
sector, whil e Figur e 1 4 i s th e syste m dynamic s diagram . Dat a ar e provide d fo r 
Kenya b y Mweng e Internationa l Associate s Lt d (MIA L 1984) : 

Average natura l fores t yiel d 1.05t/ha.y ; 7 0 y  growing perio d 

Average plantatio n yiel d 9.2t/ha.y ; 7 y rotatio n 

Woodfuel deman d 25.5GJ/ha. y 

In a  countr y lik e Keny a th e harvestin g o f biomas s b y collectin g firewoo d fro m 
the forest s an d woodlan d i s a  ver y importan t sourc e o f fue l t o th e population . 
Eighty pe r cen t o f Kenya' s energ y accrue s fro m biomass . I n thi s sector , th e 
harvesting o f th e natura l fores t i s graduall y augmente d b y th e introductio n o f 
fast growin g energ y cro p plantations . 

Capital formatio n i n thi s secto r i s no t allowe d unti l afte r 1985 . Th e desire d 
capital stoc k i s calculate d eithe r a s tha t require d t o mee t th e househol d secto r 
energy demand , o r t o plan t th e entir e fores t area , whicheve r i s smaller . A  chec k 
is mad e t o ensur e tha t th e are a cleare d fo r ne w plantation s doe s no t provid e 
more tha n th e deman d fo r woodfuel . Capita l ha s t o b e replace d afte r th e 
plantation i s harvested , s o th e lifetim e o f capita l stoc k i s se t equa l t o th e 
plantation growin g time . Capita l i s allocate d t o th e harvestin g secto r sufficien t 
to alway s maintai n th e necessar y stoc k t o mee t th e ful l harvestin g leve l 
anticipated. 

The are a t o b e plante d i s decide d accordin g t o th e actua l capita l stoc k availabl e 
for planting . Thi s i s calculate d b y dividin g thi s b y th e capita l necessar y t o plan t 
one hectare . Throug h a  seve n yea r delay , correspondin g t o th e tim e fo r th e 
forest t o mature , one-sevent h o f th e plante d are a i s harvested . 

The biomas s stoc k o f th e plantatio n i s calculate d a s th e tim e integra l o f th e 
growth rat e minu s harvesting . Th e growt h rat e i n mas s term s i s simpl y a 
function o f th e are a planted . Th e harvestin g rat e i s give n b y th e are a harveste d 
times th e mas s pe r hectar e o f th e matur e tree s obtained . 

All o f th e fores t are a currentl y allocate d t o energ y suppl y tha t i s no t plante d i s 
allocated t o natura l forest . Th e biomas s o f thi s fores t i s calculate d i n th e sam e 
way a s fo r th e plantation . Th e rat e o f harvesting , though , i s determine d b y th e 
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demand fo r energ y i n th e domesti c secto r tha t i s no t me t b y th e plantatio n an d 
clearing operations . Ther e i s a  chec k mad e t o ensur e tha t i f ther e i s n o biomas s 
left non e i s harvested . Th e yiel d o f biomas s fro m th e outsid e fores t area , tha t i s 
from tree s grow n o n agricultura l land , i s accounted . 

The dat a fo r yield s an d energ y input s wil l depen d o n th e tre e specie s chosen . I f 
the domesti c deman d fo r energ y canno t b e me t fro m th e biomas s secto r an y 
shortfall mus t b e mad e goo d b y the (non-biomass ) energ y sector . Th e energ y an d 
water demand s fo r forestr y ar e calculate d unde r th e appropriat e sector s o f 
energy an d water . 

What ha s bee n presente d her e i s a  methodolog y fo r dealin g wit h th e biomas s 
(specifically fuelwood ) resourc e o f a  country , i n thi s cas e Kenya , i t coul d b e 
applied wit h equa l facilit y t o an y Africa n countr y wit h a  sufficien t databas e 
upon whic h t o draw . Th e result s ar e dependen t o n th e dat a input s an d 
assumptions mad e i n al l othe r sector s o f th e ECC O mode l a s wel l a s th e biomas s 
sector, an d s o fo r thi s purpos e ar e les s importan t tha n th e methodolog y used . 

DISCUSSION 

While thi s pape r ha s trie d t o focu s o n methodologie s fo r th e modellin g o f biomas s 
resources an d technologie s fo r thei r use , th e MERDA , ECONOMERD A an d ECC O 
models ar e polic y makin g tool s fo r developmen t i n al l aspect s o f economi c 
activity, whethe r a t th e rura l communit y o r nationa l level . Indee d t o mode l 
biomass i n isolatio n fro m othe r sector s woul d b e o f littl e us e sinc e the y ar e al l 
interconnected i n th e system s methodolog y adopted . I t woul d no t b e profitabl e 
for exampl e t o attemp t t o measur e biomas s energ y productio n t o th e exclusio n 
of everythin g els e sinc e the n ther e woul d b e n o lan d fo r foo d crop s no r 
investment fo r othe r activities , an d n o opportunit y fo r a  balance d developmen t 
strategy. [A n explorator y biomas s productio n system s model , BIOME T ha s 
recently bee n develope d a t th e Universit y o f Florid a wit h th e boundar y o f th e 
production proces s take n a s th e syste m boundar y (Misho e e t al . 1984) ] 

Clearly, i n th e Africa n situation , continuou s deforestatio n an d fallin g foo d 
production pe r capit a ar e trend s whic h nee d t o b e arreste d an d reversed . 
However, investmen t her e ma y tak e investmen t awa y fro m th e urban/industria l 
sector o f a n econom y whic h i s wh y th e overal l syste m ha s t o b e researched , no t 
merely th e agricultura l an d biomas s sectors . I t i s the n lef t t o th e politician s an d 
policymakers t o decid e th e prioritie s fo r thei r particula r country , suc h a s 
whether t o attemp t mor e foo d an d self-relianc e o r export-le d growt h o f 
manufactured good s rathe r tha n adoptin g impor t substitutio n strategies . 

The model s describe d i n thi s pape r ca n ai d th e decisio n process , bu t the y 
themselves requir e har d data , dat a whic h i n man y countrie s ar e no t ye t 
obtainable. Nowher e i s har d dat a mor e unobtainabl e tha n i n th e productio n an d 
consumption o f th e biomas s resource s s o crucia l t o th e economie s o f developin g 
countries. Modellin g i s a  ver y usefu l tool , bu t a s a  prerequisit e dat a collectio n i s 
absolutely vital . 

Finally, t o full y explai n th e syste m dynamic s methodolog y adopte d ha s no t bee n 
possible i n a  pape r suc h a s this , bu t intereste d reader s ar e referre d t o th e text s 
now availabl e o n th e subject , particularl y t o tha t b y Forreste r (1973) , fo r a  mor e 
complete treatment . Syste m dynamic s i s potentiall y a  ver y rewardin g approac h 
to th e proces s o f decision-makin g no t onl y concernin g biomas s resources , bu t i n 
attempting t o achiev e developmen t goal s i n al l area s o f a n economy . 
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Fig 2 . Th e Modelle d Villag e Syste m 

Fig 1 . Th e Rea l Villag e Syste m 
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Fig. 3 Causa l Loop Diagram of Simple Population Model 

Fig. 4 Syste m Dynamic s Diagram 
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Fig. 5  Ric e Productio n -  Causa l Loo p Diagram 
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Fig 6. Syste m Dynamics Diagram of Simple Village Model 
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Fig 7. Outpu t of Simple Village Model - Scenario 2: 
Biogas Plant and Imported Fertiliser 
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Fig. 8  Causal Loop Diagram of th e MERD A mode l 
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Fig 9. Syste m Dynamics Diagram of MERDA 
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EXPLANATION O F SYMBOLS (Fi g 9 ) 

ALGAE Alga e Productio n 
ANINT Annua l Rea l Rat e o f Interes t 
BGOUT Tota l Soi l Conditione r Outpu t 
BGRT Bioga s Plan t Retentio n tim e 
BG1IN Inpu t t o 1s t Bioga s Plan t 
BGIOUT Outpu t o f 1s t Bioga s Plan t 
BG2IN Inpu t t o 2n d Bioga s Plan t 
BG20UT Outpu t o f 2n d Bioga s Plan t 
BKBAL Ban k Balanc e 
CBGEN Cos t o f Bioga s Generato r 
CNP Cos t o f Ne w Pump s 
CTM Cos t o f TOTE M 
DUNG Co w Dun g 
EARN Villag e Earning s 
ETM Electricit y Productio n fro m TOTE M 
FERT Tota l Fertilise r Availabl e 
FERTI Fertilise r Import s 
FOODC Foo d fo r Cattl e 
FOODH Foo d fo r Human s 
FRIPH Fertilise r fo r Winte r Ric e Cro p pe r h a 
FR2PH Fertilise r fo r Summe r Ric e Cro p pe r h a 
GA Grazin g Are a 
GAS Tota l Ga s Productio n 
GC Gras s fo r Cattl e 
GTM Ga s t o TOTE M 
HEXC Huma n Excremen t 
INTIN Interes t o n Ban k Accoun t 
LBG1 Leve l i n Bioga s Plan t N o 1 
LBG2 Leve l i n Bioga s Plan t N o 2 
LEG Legum e Productio n 
LUF1 Lan d Utilisatio n Facto r Winte r cro p 
LUF2 Lan d Utilisatio n Facto r Summe r cro p 
NWM Numbe r o f Ne w Pump s 
POP Populatio n 
RC1 Ric e Consumptio n fro m Winte r Cro p 
RC2 Ric e Consumptio n fro m Summe r Cro p 
RHT1 Ric e Harves t Tim e Winte r Cro p (fractio n o f year ) 
RHT2 Ric e Harves t Tim e Summe r Cro p (fractio n o f year ) 
RICEA Ric e Growin g Are a (potential ) 
RICEC Tota l Ric e Consumptio n 
RMIN Mone y int o Ban k Accoun t 
RMOUT Mone y ou t o f Ban k Accoun t 
RWH Woo d Harves t 
RY1PH Ric e Yiel d pe r h a i n Winte r 
RY2PH Ric e Yiel d pe r h a i n Summe r 
WASTE Wast e fro m Ric e fo r Cattl e Fodde r 
WDDEM Woo d Deman d 
WDIM Woo d Impor t 
WKDEM Wor k Energ y Deman d 
WKIM Wor k Energ y Impor t 
WW Wate r Wee d Productio n 
WY Woo d Yiel d pe r h a 
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Fig 10 . Causa l Loo p Diagram o f ECONOMERD A 
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Fig 11 . ECONOMERD A :  Dung Price vs Dung Availabilit y 

Fig 12 . ECONMERD A :  Dung Price v s Profitabilit y 
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Fig 13 . Influenc e Diagra m o f ECC O Biomass Secto r 
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Fig 14 . Syste m Dynamic s Diagra m o f ECC O Biomass Secto r 
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EXPLANATION O F SYMBOLS - FIGUR E 1 4 

AN 
AP 
BCD 
BEP 
BNP 
CAPBH 
CPHA 
CVWOOD 
DCAPH 
DCAPP 
ENDD 
ENSB 
FAE 
HCAP 
LPC 
MTW 
NFB 
NGRT 
NHB 
NY 
PCAP 
PFB 
PGRT 
PGT 
PLGR 
RCFH 
RCFP 
RDCH 
RDCP 
RH 
RH1 
RHB 

Area o f natura l fores t fo r bioenerg y 
Actual are a plante d 
Desired capita l fo r biomas s 
Bioenergy productio n o f plantatio n 
Bioenergy fro m natura l fores t 
Capital require d fo r plantin g 
Capital require d fo r uni t are a plante d 
Calorific valu e o f woo d 
Desired capita l stoc k fo r harvestin g 
Desired capita l fo r plantin g 
Household energ y deman d 
Energy shortag e i n biomas s secto r 
Total fores t are a fo r bioenerg y 
Capital stoc k fo r harvestin g 
Lifetime o f plantatio n capita l 
Mature tre e mas s pe r uni t are a 
Natural fores t biomas s 
Natural fores t growt h rat e 
Rate o f harvestin g natura l fores t 
Natural fores t yiel d pe r uni t are a 
Planting capita l stoc k 
Proportion o f fores t are a fo r bioenerg y 
Plantation growt h rat e 
Plantation maturatio n tim e 
Plantation growt h rat e pe r uni t are a 
Rate o f capita l formatio n fo r harves t 
Rate o f capita l formatio n fo r plantin g 
Rate o f capita l depreciatio n 
Rate o f depreciatio n o f plantin g capita l 
Actual rat e o f harvestin g 
Future rat e o f harvestin g 
Rate o f harvestin g biomas s 
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