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PRODUCTION O F ELECTRICITY FRO M BAGASSE IN MAURITIU S 
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Mauritius Suga r Industr y Researc h Industry , Redui t 

ABSTRACT 

The proble m an d potentia l o f electricit y productio n fro m bagass e i s reviewe d i n 
the ligh t o f th e wor k don e b y th e Suga r Technolog y Divisio n o f th e MSIR I o n 
energy balance s o f suga r factorie s an d o n th e storag e o f bagasse . Presen t energ y 
requirements o f suga r factorie s ar e analyse d an d improvement s toward s energ y 
savings suggested . Boile r performance s an d bagass e storag e problem s ar e als o 
discussed. Example s o f exces s bagass e potential s ar e worke d ou t fro m result s 
obtained an d th e productio n o f electricit y i s outline d i n connectio n wit h exces s 
bagasse handlin g an d storag e constraints . 

INTRODUCTION 

Bagasse potentia l a s a  sourc e o f renewabl e energ y ha s bee n discusse d an d 
analysed a t variou s level s sinc e th e firs t semina r o n Energ y hel d a t th e 
University o f Mauritiu s i n 1977 . 

There wa s a  Nationa l Energ y Conferenc e i n 1980 , a  Feasibilit y Stud y b y Tran s 
Energ i n 1982 , a  Maste r Pla n fo r th e suga r industr y i n 198 4 an d mos t recentl y a 
plan o f actio n wa s announce d b y th e Government . O n th e productio n side , powe r 
plants a t Medine , Mo n Deser t Mo n Treso r an d FUE L an d a  bagass e pelletisatio n 
plant a t Bea u Cham p hav e bee n installed . 

The Mauritiu s Suga r industr y Researc h Institut e (MSIRI ) ha s directe d it s effort s 
to producin g accurat e dat a o n th e energ y utilisatio n o f ou r suga r factorie s wit h 
the objec t o f proposin g energ y savin g measure s throug h plan t an d operatin g 
procedure modifications . I t ha s als o studie d bagass e conservatio n problems . 

SUGAR MANUFACTUR E 

For man y year s no w suga r ha s bee n manufacture d i n Mauritiu s unde r condition s 
which d o no t requir e energ y savin g measure s a s a  surplu s o f bagass e result s i n 
increased expenditur e fo r it s disposal . 

Boilers an d prim e mover s whic h hav e bee n installe d hav e i n man y case s 
relatively lo w efficiencies , th e forme r consum e larg e amount s o f bagass e an d th e 
latter larg e quantitie s o f hig h pressur e stea m whic h ar e exhauste d t o mee t 
process hous e demands . Furthermore , operatin g procedure s ar e geare d t o 
conditions o f generou s fue l supply , fo r exampl e th e tim e take n fo r startin g up , 
shutting dow n o r boilin g of f ar e governe d mor e b y labou r cost s tha n b y energ y 
costs. 

Measurements o f energ y flow s i n a  factor y hav e rarel y bee n made . A s a  resul t 
studies o n th e potentia l o f exces s bagass e hav e ha d t o mak e severa l assumptions , 
or bas e thei r calculatio n o n manufacturer' s specification s no t verifie d i n 
practice. 
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ENERGY BALANCE SURVEYS 

In 1981 , th e Suga r Technolog y Divisio n o f th e MSIR I ordere d equipmen t fo r th e 
continuous monitorin g o f flow  rates , pressure s an d temperature s o f stea m a t th e 
various stage s o f suga r manufacture . Fro m 1982 , factorie s wer e surveye d i n tur n 
on a  round-the-cloc k basi s fo r period s varyin g fro m tw o t o thre e weeks . 
Problems wer e encountere d a t th e beginnin g an d i t too k som e tim e t o asses s an d 
implement th e technique s o f continuou s monitorin g an d loggin g wit h electroni c 
equipment. 

Energy consumptio n ca n no w b e measure d unde r variou s factor y operatin g 
conditions suc h a s start-ups , shut-downs , breakdown s an d liquidation . I t i s als o 
possible t o measur e fluctuation s i n deman d whic h ar e inheren t t o millin g system s 
and t o th e process . 

There ar e limitation s t o wha t ca n b e achieve d fo r lac k o f equipment . I t i s no t 
possible fo r exampl e t o asses s boile r performanc e o n a  continuou s basi s a s a 
system fo r th e continuou s weighin g o f bagass e fe d t o th e boiler s ar e no t easil y 
available. However , boile r efficienc y test s ca n b e carrie d ou t fo r shor t period s 
of on e t o tw o hour s whe n bagass e weight s ca n b e indirectl y estimated . 

As measurement s o f flows , pressure s an d temperature s ar e take n ever y 0. 5 t o 2 
minutes, a  mas s o f informatio n i s logge d an d analyse d fro m whic h a  fairl y 
accurate pictur e o f th e energ y balanc e o f a  factor y ca n b e drawn . 

OVERALL ENERGY REQUIREMEN T FOR SUGAR MANUFACTUR E 

From th e 1 2 factorie s surveye d s o far , a  usefu l comparativ e assessmen t o f 
energy require d fo r suga r manufactur e ha s bee n obtaine d (Tabl e 1) . A s boile r 
and factor y performanc e ar e no t necessaril y interdependent , th e energ y outpu t 
from th e boile r ha s bee n relate d t o th e factor y requiremen t an d expresse d i n 
terms o f Gig a joules/tonn e fibre . 

Factories i n Mauritiu s operat e i n tw o modes : 

a. Generatio n o f surplu s electricit y fo r expor t an d proces s stea m 
make-up. 

b. Liv e stea m throttlin g fo r proces s stea m make-up . 

In th e firs t mode , i t i s possibl e t o generat e mor e electricit y tha n i s require d fo r 
process stea m i f bagass e i s availabl e an d surplu s exhaus t i s blown-of f t o th e 
atmosphere. Th e energ y use d u p i n producin g thi s surplu s electricit y i s no t 
considered a s a  requiremen t fo r suga r production . O n th e othe r hand , proces s 
make-up requirement s ar e dependen t o n prim e move r efficiency , proces s 
requirements an d th e exhaus t stea m regim e an d varie s fro m factor y t o factory . 
Throttling stea m throug h a  turb o alternato r ca n produc e electrica l energ y 
varying fro m 2 5 t o 5 5 Kwh/tonn e fibre . 

Energy saving measure s 

Major an d expensiv e modification s wil l reduc e overal l energ y requirements . I n 
the meantim e step s t o improv e contro l an d balanc e ca n an d shoul d b e take n t o 
reduce unnecessar y losse s including : 
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a. Meterin g o f boile r stea m outpu t an d condensat e return . 

b. Installatio n o f a  clarifie d juic e buffe r tan k t o reduc e fluctuations 
in process stea m requirements . 

c. I n th e absenc e o f condensin g turb o alternators , expor t o f 
electricity shoul d b e limite d t o balanc e proces s exhaus t stea m 
requirements. 

BOILER PERFORMANC E 

Tests o f shor t duratio n hav e indicate d a  rang e o f boile r efficiencie s varyin g fro m 
50 t o 80 % o f ne t calorifi c value . Inadequat e exces s ai r control , excessiv e level s 
of boile r fee d wate r make-u p (u p t o 40%) , incomplet e bagass e consumptio n 
resulting i n hig h level s o f unburn t bagass e i n bot h furnac e as h an d flu e ga s ar e 
problems tha t nee d t o b e solved . Improvemen t i n thi s fiel d wil l requir e 
expensive modification s an d sophisticate d contro l systems . 

BAGASSE STORAGE 

Bacterial degradatio n o f bagass e i n storag e lead s t o los s o f dr y matter . Th e hea t 
released cause s los s o f moistur e an d sometime s spontaneou s combustion . 

Studies o n th e evolutio n o f thes e parameter s hav e show n tha t climati c condition s 
can lea d t o losse s o f u p t o 25 % of dr y matte r i n bale d bagass e ove r 3. 5 months , 
while moistur e level s ca n dro p t o 20% . Th e rat e o f dr y matte r los s i s 
considerably reduce d i n bagass e a t 25 % moisture an d below . 

Bagasse pellet s a t 8 % moistur e kee p ver y wel l bu t ar e expensiv e t o produce . 
Present researc h i s aime d a t dryin g an d densifyin g bagass e a t 25 % moistur e t o 
achieve a  los s o f dr y matte r no t exceedin g 8 % ove r si x month s storage . 

EXCESS BAGASSE POTENTIA L 

Excess bagass e fro m al l factorie s excludin g FUEL , Medin e an d Mo n Tresor whic h 
are equippe d t o us e thei r bagass e fo r th e productio n o f modulate d electrica l 
energy, i s calculate d i n Table 2  from th e averag e o f result s obtaine d t o date . 

From th e performanc e o f th e mos t efficien t uni t an d afte r improvemen t o f 
control an d operatin g procedure s th e expecte d potentia l ha s bee n estimate d 
(Table 3) . 

Electricity productio n 

The productio n o f unmodulate d energ y wil l continu e an d b e probabl y increas e i f 
adequate remuneratio n i s obtaine d fo r exces s bagasse ; thi s productio n ca n b e 
estimated t o b e abou t 1 6 GW h wit h maximu m bagass e saving s increasin g t o 3 5 
GWh wit h mor e efficien t prim e movers . Fro m th e estimatio n o f presen t an d 
future exces s bagass e availability , th e locatio n an d sizin g o f futur e bagasse-fire d 
power plant s ca n b e mad e wit h mor e accuracy . Takin g int o accoun t th e cos t o f 
drying an d densificatio n o n on e hand , an d th e hig h losse s o f gree n bagass e i n 
storage, th e immediat e us e o f a  maximu m amoun t o f loos e gree n bagass e 
becomes a n attractiv e proposition . 
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CONCLUSION 

The feasibilit y stud y o n electricity productio n fro m bagass e carrie d ou t by Trans 
Energ ha s show n a n annua l potentia l o f som e 39 5 GWh . Thi s ca n no w b e 
reviewed an d mor e accurat e estimate s obtaine d t o determin e th e number , size s 
and location of futur e bagasse-fire d powe r plants. 

The installatio n o f additiona l measurin g an d contro l equipmen t i s o f immediat e 
importance a s wel l as the modificatio n o f certai n operatin g procedure s i n suga r 
manufacturing. Studie s o n bagass e dryin g an d densificatio n system s mus t b e 
accelerated t o achieve mor e economical targets . 
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TABLE 1: Energ y required at boile r outlet fo r sugar manufactur e 

Factory Nomina l Capacit y 
(Tonnes Cane/Hour ) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

115 
110 
175 
115 
90 

100 
145 

70 
110 
130 
90 

140 

Energy Requiremen t 
Giga Joules/tonne fibr e 

9.34 
9.62 

10.49 
10.00 
9.82 

10.7-11.5 
9.70 

10.22 
9.6 
9.0 

11.08 
11.2 

TABLE 2: Calculatio n of excess bagasse 

Cane crushe d (Tonnes ) 
By FUEL, Medin e & MDMT 24 % 
Balance 
Actual x  S bagasse potentia l 
calculated on:-
Boiler efficienc y 
Energy require d fo r sugar Manuf . 
Bagasse consumptio n othe r tha n 
for actua l suga r manufactur e 
At Fibr e %  cane 
Excess bagass e availabl e 
(tonnes) 

13 

291,104 

6,250,000 
1,500,000 
4,750,000 

70% 
10.25 GJ/t f 

9% 
16 

358,282 

TABLE 3: Exces s bagasse potential afte r 
process control and operation modification s 

Boiler efficienc y 
Energy fo r sugar manufactur e 
Bagasse consumptio n fo r 
weekends etc. 
At Fibr e %  cane 13 
Excess bagass e 
potential (tonnes ) 465,00 0 

70% NCV 
9.0 GJ/t f 

5.0% 
16 

572,319 
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