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ABSTRACT 
Ener, From Rice Pesidues 
This report provides information on commercially available systems that are 
producing energy from rice residues in the United States, Europe, and various 
developing countries. 

The report reviews the production of several types of energy including industrial 
process heat in the rice milling industry and other industries, mechanical and
electrical power for rice milling, and electric power for the grid. The rice residue 
systems reviewed in the report inchlde furnaces producing direct heat, boiler 
systems, steam engine systems, steam turbine/generator systems, gasifier/engine 
systems, and agas turbine system. 

Most of these systems burn rice husks, but tile outlook for producing energy
from rice straw is also assessed. In addition, the prospects for the use of energy
from husks or straw in the processing of rice bran are reviewed. 
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Energy From Rice Residues
 

1 
INTRODUCTION 

Developing countries produce millions of tons of 
rice hu,sks and straw as a byproduct of harvesting rice. 
Although some of these rice residues are used for fuel 
or for other purposes, most of the iesidues are burned 
for disposal or just dumped. In most rice-growing 
countries, rice residues represent one of the largest 
potential fuel supplies for biomass energy projects.

Since the mid-10~0's, new ric: residue plants have 
been installed in several countrie,: and a number of 
others have been planned. Firms in the United States, 
Europe, and Japan are currenliy offering major 
components or complete systems for rice residue 
utilization, using several types and sizes of combustion 
or gasification units, boilers, engines, engine/generator 
sets, and other components. 

Information on components and systems and the 
present use of these systems in rice residue projects has 
not been widely available. The primary objective of 
this report is to provide basic ilformation on tile 
present and prospective commercial availability of 
various types of systems and on present operational 
projects, along with sources (o more detailed 
information. 

The great majority of the present systems and 
planned projects have been desigr., ' to use rice husks, 
although two large power plants in California are 
beginning to burn some rice straw along with husks 
and a plant fired exclusively with straw is planned in 
India. The use of rice straw as an industrial fuel has 
been limited by the logistical problems associated with 
the collection of tile straw and by a lower ash melting 
temperature which can create slagging problems il 
furnaces. Prospects and problems associated with the 
indust ial use of rice straw are described in secticin 6. 

The r'eport focuses ol firms providing complete 
husk power systems or major husk combustion 

systems. An effort has been made to include all such 
firms which are actively involved at present with 
international projects or sales. No attempt has been 
made to provide information on firms providing husk 
combustion systems or equipment exclusively within 
their own Countries. 

Tile inclusion of a system or project in this report is 
not intended to imply a judgement by tile editor or by 
the I.S. Agency for International Development on the 
operational capabilities, cost effectiveness, or 
suitabi!itv of the system for ally specific application in 
a developing countr'. 

Descriptions of systems and plants of specific 
companies are based on inftoralion provided by the 
firms andreviewedbythem 

2 
CHARACTERISTICS, 

AVAILABILITY, AND USES OF 
RICE HUSKS 

Characteristics of Rice Husks 

The husk surrotrndirg the kernel of rice accounts 
for about 20, by weight of the harvested grain 
(paddy). In modern two-stage mills, the husk and the 
bran layer inside the husk are removed in separate 
stages; these mills generate about 200 kg of husk for 
each tonne of paddy. 

In most of the very nuLmerous small mills in 
developing couniitries, some or all of the bran is 
removed withIlie husk i a single-stage milling 
opeat Te re re oft n 
r"presents 25% or more of the paddy by weight. 

Since opportunities for hursk combustion and 
,asification systems at present are principally at larger 

two-stage mills, a husk/paddy ratio of 20% is assumed
in tile discussion of such opportunities in this report. 
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The energy content or caloric value of the husks 
varies somewhat with the rice variety, the am(ount of 
bran mixed with the husks, and the moisture content 
of the husks (usually 8 to 10%). Most of the 
approximate fuel values cited in the literature on rice 
husks are close to 6,00(0 BTL/I/lb, 3,1)0) kcal/kg, or 15 
MJ/kg. The energy in 3 kg ot hrsk approxi mately 
equals 'hat in 1 kg of fuel oil or 1.5 kg of coal. 
Som ewhat higher fiel \Nalues have been indicated in 
tests of husks from small mills in dev'eloping countries; 
tile if':lusion Of some bran wilh the husks tends to 
increase the percentage of carbon ind dilute the ash in 
the mixture. 

Most rice husks contain between I5';, and 20',, ash, 
although even higher ash contents hive been recordedill Smle case's. The ash is 0" ( 7 ,sli',' Ieh 

isoeae.Tahito silica. ]hehigh 

ash content nlid the chlaractcritic. , the ash impose 
several se\'ere rcluireinenlts Mi the design 1of 
combustion or gasification ,stcmun I r use with rice 
I1Isks. 

Availability and Use of lRice II usks 

Ill Inost (t the major rice pr(dilitug countries, the 
total annual outptll I husks is ver' Lirge, bit Mnost 01 
the husks are availible in rCltiCl lall quantities ,At 
tens oif thousands ot small mills. 

The patterns (i rice inil1i, husk i'ailabilil\, mn 
hlvsk tilization subtai.I l'in tovary frlom coiiir 
coanlry. Although a rcvicw ot the vil,ihilitNflid hmses 

Oif husks in all A.l.l).-assistcd colitries is nit teasible, 
ilfomalion is presented in the lIlMVin; sections in 

the availability and uise of husks in three niiis 

with quite diferent patterns. lndouevsia, Thailand, andIndia.Thailand 
India. 

Indonesia 

In 1987 a leam funded by the A.I.D. Iioenergy 
Systems and Technology Project sItliied the p(tclliiil 
for private investinent in rice resitliC piwer genera iil 
in Indonesia. Tile reptirt ot theItcaln p'ovided ,i 

cornprehensive picre of the a\'il.bilil mnd is ( 

rice husks in thati mitr,. 


31iltlitom ml' 
1986, as well as Ill eCLuul tolniin ;,, (d rice strav md 
aboult 7 mill(io ons of husks. N (it il wa. 

Indonesia pi'duiced o),ver.l ims ol in 

he paddy 
milled in 60,162 stati(imar mills which pIo(IdhCd 25.7 
million tons of milled rice. I Itl ot f,1icse mills liud 

Rice Residues 

capacities of atbout I ton per hour; only 1% of the mills 
were larger, and 4,9% of the mills were smaller. The 
statistical average output of Indonesian mills was only 
425 tons per mill per year. About 8.7 million tons of 
paddy were milled in transient mills or by hand in 
villages. 'bis small-scale, decentralized rice milling has 
been encouraged by tile Government of Indlnlesla as a 
nealls of increasing riral employment and ensuring 
tood supplie.- in remote rral areas. 

Since the production of parboiled rice is not 
common in Indonesia, rice hisks are not needed as a 
boiler luel in Indonesian rice mills. Neither the report 
of the BST team nor a paper on husk utilization from 
the Institilte ot "echniology in Bandung (IT13) made 
any reference to tile use (of husks as a boiler fuel in thend'~ l
rice milling indri.trl'y or any other in(IlStry in 
Indonesia. 

The BST team estimalcd that (only about 1 f%the 
a\'ailable husks aire ised for economically, proIctive 
pirposeS sIch Is flie'] fr brick kilns, tiller maltrial for 
bricks, animal lilter, growing medium tor mushroons, 
and others. Other industrial uses cited iin the IT13 paper 
included toIbacco ciuring, sin,1 scale paddy drying, and 

the product lion (if sybcan cake. 
Sline husk is gi\'eil aw\i to any'oe who will 

iei(ive it from the milling sites. Very low income 
people Who cInnot0 ator'd Mr obtlin tLeilwoIod burn rice 
husks in simple rtical coul!,iners for dolestic 
cooking. In some areas, husks re used Io a)bsorb 

man wasts and the iture is then used in the 
fields as fertilizer. Mch ot the huSk remniis unused 
an1d is buirneld oil open groulnl near the mills. 

Thailland produced 13.8) million tois of milled rice 

in 1988-89 and general(d over 3.165 million tons oif rice 
husks. 

An over\iew of rice milling and of rice husk 
availability and ulilizatlion in Thailand was provided 
by stutie, in the eIly l 1 ,80s by tI lhailanlt Insitute 

t0 (d Sciititic and ciuohical e.u 

Ciimlihoiigkori I uiv rsit\,. 
In thI period tlhre were ailbout .l )1100rice mills in 

[hlaila nd . lesui l 23i,ol these weic sma ll mills 
r less th, 20ithiis of paddy pe'r (la. These 

-niall mills processed only about one-lioirtlh of the rice 
crop in Thaliland. Most smaller mills vere operated 
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with small diesel engines, although some mills in areas 
served by tile grid had electric motors, 

Three.-quarters of the Thai rice is processed in larger 
mills. The Chuilalongkorn University study identified 
1,450 mills producing from 20 to .10 tons of rice per day 
and 9.18 mills producing more than ,10 tons/day. 

Parboiled rice is not included in the Thai diet, 
although a few mills in Thailand produce parboiled 
rice for export. Sir ce steam is not required tor 
parboiling, the larger Thai mills have traditionally used 
steam from h csk-fired boilers in steam engines or 
turbines to produce mechanical power. All but one of 
16 larger mills surveyed by ChuIhlongkorn University 
tus( rice husks as the primary smirce of power. The 
Chrlalongkorn study conclded thaI about 80', of the 
medium-sized and large mills in 1 powerThailand used 

Irom rice that about of the
husks and 30%}" all Isks 
generated in the conlnltry ,re usedt IS fuel in tile rice 
milling industry. 

The Isks are typically bccried ii traditional 
turices which are custom-built at the mills with tire 
brick and insulating brick bv expetienced 1ccal frnace 
builders working wit;:wlit engineering drawings. Most 
boilers cised ill these mills are built by local 
boilermakers. 

The TISTR survey indicated that abmict 20'. of the 
iedium and larger mills were cpcrited with electric 

power, and this percentage has increasecd as new mills 
have been built and soiiie ci the olh iiills hIcve )eenI 
mldernized. 

Die t ) thie eXistce ci rIumLTIS largeC' mills which 
need electric power burt do nit nced steam tcor 
parboiling, Thailand provides ineresting oppcrttinities 
for the use oitrelatively large Iitcsk gasilier/ecngine 
systems. At present it is apparecitly the Only A.I.D.-
assisted develop;ng country in which a private ftIl 
(Charting Engineering) has sold a number cit 
gasifier/engine systems fieled with rice husks for 
power generation in rice mills. 

hlsks are all.' used as frrel in ai Iml1ber of Other 
industries iin "lhailand. utxamples listed in the 

h'lilalongkorn study inclcuded (cccl hcr brick makiicg 

and charccal pr'odlctiomn and bcil.T Icccl tr ,I distillery 
and for plants producing rice bran, kralt pacper, aid 
jute fibr. 

Non-energy rises of husks ill Thailand include filler 
for brick, poultry food sripplemcnt, poultlry bedding, 
soil additive toc reduce salinity, fertilizer, and domestic 

fuel. Thle use of husk as a domestic fuel is relatively 
limited due to the availability of more convenient fuels, 
the lack of suitable stoves, and, in many cases, tile 
availability of husks only at mills some distance from 
tile village. 

India 
India is tile world's second largest rice producer 

(after China). The annuai output is over 90 million tons 
of rice, about the same quantity of straw, and over 20 
million tons of husks. 

There are over 110,1)0)) rice mills in India, tile largest 
number in any single country. Aboait 90,0(( of these 
are small hllers or shellers with capacities below 500 
kg/our. A 1.S. Department of Agriculture report in 
1981 indicated that oi-!v about 151 of the paddy in 
India was milled in two-stage mills which remove 
husks and bran separately. In I985 there were 17,826 
"nmodern or modernized" rice mills ilc India with 
capacities from I to3 tols per hotr. 

Despite the very lcrge supplv of rice husks, tile 
exten ot the utilization ci husks is mccch higher il 
India than in any other develcping country. Nearly 
half Of tihe Indian rice is parb)oiled, and cbciLt .10% Of 
the husks generated iin India are used as a boiler fuel in 
parboiling mills. As il Thailacd, someCOf the older non­
parboiling mills in India produce mechanical power 

with rice husks; tie typical husk power S\stem 
incluCdes a rather iheciciecit slep- ,rate ticrnace, a old 
l.Lancaster-typC bciler, acid ;111 Ocldl stei1 Cll iie. 

Rice mills ic Indiac which do not use tlhcir Ihrusks for 
parbuiiling or for rnecliacicfl per llsllyv sell the 
hcrsks to Other indurstries tcr urse ill fcrl,Iccs (c"boilers. 
)ue !o the severe energy and fcrel shortage ill India, a 

wide range o Indian ildustries Ise rice litsks as fucel. 
Competitiol amIoig bryers ics driven 1p the price 

o rice lircsks in Indhi. A stud\ All)tccr indicated liusk 
prices arocunrid Rs. 300 ($18) p".r cine ;n I lrycaia ill 
1987,'88. An Ildia a 1cgecIlcv repir't ed prices iii 1988 in 
Ilryari aid lrnjab ralgicigtcfrm R.S. 300 to.100 ($18 to 
$23) per ton e. Ill inid-1980 the lIr iici Icistitucte Of1 
Teclincilcgy in New l'clhi indicated that hrsk ices 

some pails OflIirtli'l'c India had reacchecd Rs. 50)) ($30) 
per toclcic. 

Allhcugh rice Iitcsks live been widely used as a 
domICestic fuel ill Inrdia, t lie increased rise O the biusk by 
industries appears to be restricting the rcst, of the hrsks 
for domestic purposes. 

i 
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3 

INDUSTRIAL PROCESS HEAT 

At present the most common industrial use of rice 

husk is for process heat, including both the direct use 

of heat from husk-fired furnaces and the generation oflolowhresureatpressure steamhusk-fired te gfrom i urnas at rtiin hu~sk-fired boilers. Most of thlis 

use of husks is in the rice milling industry, but husks
 

are also burned as a boiler fuel
numbrri odusties inor forvurldirectdeheatelo iningaoth s 

number of other industries i several developing 


In the rice milling industry, husks ,re widely used 
as a boiler ful in mills produicing parboiled rice. Inye 

asi bolemllsproucngful arbild rce.In
such mills the rice is soaked, cooked, and dried while 
still in the husk and is then milled to produce white or 
polisned rice. Parboiled rice is less gtrmmy alld more
 
stable when cooked than other rice. ,\botil 2)',", of the
 

world's rice crop is parboiled, but the percentage is 

Asian and African coumntries.
much higher in some 

Nearly half of tile India[) r-iCe is parOiludJ.N h t d e 

In many of the older parboiling mills in India and
elsewhere thle husks are burned in very inefficient 

siep-grate furnaces which leave a black ash With a high 
percentage of unburned carbon. These mills usual ly 
have rather inefficient boilers. Even a relativeh,
efficient 

efitI kg of Iiisks (80 
to )0, of the husks produced from each tonne ot 
paddy) to poduce the 600 kg of steam needed to 
parboil a tonne of paddv. At best, the remaining husks 
may provide enough heat for dirving the parboiledpadonl 

paddy srice 
This use of husks in rat her i net ticienl tIrnaces andlt 

boilers to provide steam for parboiling alil] drying has 

precluded the use of husks in these mills to provide 
mechanical or electrical power. -ltdon Beagle's survey
of rice husk utilization for" FA) In', [le mid-190sof rce uskutiizaionforFAOin he ni-I 70s 
revealed no mill in which rice husks were being used 

generate electricity; low-pressure exhaust steam from 

the turbine or engine is used for process heat. 
Until recently, cogeneration has been rare in the ricemilling industry in developing countries. Parboiling 

mills typically use steam produced with husks for 

parboiling and drying, rather than for electricity 

generation. Mills in which rice is not parboiled do not 
have a major demand for process heat, although someof t e lr r pa oii g m ls h v ti d se m fr 

paddy drying. In many
parbofiling, low pressure 
mechanical power via 

of the older mills without 
steam from husks provides 

steam engines or turbines 

withotL the production of electricity. 
xen is in other industries has 

clearly demonstrated the economic benefits ofceat sysmstat in il li w eeis aCogeneration systemIs at mills in which there is a 
substantial demand for botI electric poer and process 

used bor process heat in several rice inillIs in developing
cotres 

In some developing cootntries (notably' India andThailand). furnaces and boilers to be fireJ wxith :_"Is 

are built at the site by local firms. Several firms in de­
veloping countries man ufactore Iiusk-fi red co)Lbustionunits pro'iding direct heat for paddy' drying. This re­

port ocises primarily on firms which provide
packaged" (factor-built) con:tion/gasiicai sys­tems that have been specially designed for use with 

rice husks. 
The high ash content of rice husks and 

S characteristics of the ash inmPose severe reutirements 
tile design Of comlbuIstion sy'stem~s to be fired With 
husks: (a) Ash removal devices imust be able to 

rmwe tihe high volumeli of ash without interfering 
reoe thle tigh otol ot aito ewith lhow comubtstion air. (b)in Furnace 
temperatures must be careultll conlrolled to avoid 

slagging problems which arise if tihe temperatureexceeds the p in t at which the ash begins to melt 
(aboii t oint at (c Syse ist bein ed 

forbot rie an ti prduc Oi Otprbolin 

mechanical or electrical power. I lowvcr, research t r o 
this report has identified several hisk-tired powver 

plants at rice mills which are o(perIting as cogeinerat iun 
plants., 

plats.The 

A cogeneration plant produces hotI electricity and 

process heat. Steam at relatively high pressures is used 
­

in a turbogei'uerator or a steam engine/generator set to 

for both rice parboiling and the prodiiclion of1esms(bu .- 0C 221l) c edsgeto minimize thle entrainment of asha in the gas stream 
n inimize erin ot cn ts by 

entrained ash as it passes t. ro.gh itecboilc r timbes and 

e a exchanges.t 

heat exchanges. 

jive firms listed below produnce comlbustion 

and/or gasi ticat ion units which halve beemi used in 
a 
developing countries with rice Iiuisks to provide direct 
process heat and/or low pressure steam. 
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Gariboldi Engineering Company 

Gariboldi Engineering was associated until recently 
with a large, ceitLry-old rice milling company in 
Milan, Gariboldi S.N.C. The engineering firm provides 
several types of power systems lor rice mills including 
burners, boilers, heaters, and ci mplele povwer plants. 

The Gariboldi line of hisk brln:rs caln be lscd with 
air heaters for paddy dr~ing or"wilh tirtllbe boilers for 
steam generation. The design Co ibines :eattores ot 
grate burners and souspeinsion brirners. Co blust ioin 
begins on a grate and is C( pletCd i, atterurn slIspensioli 
tile partially burned husks are ot railned in tlne air. gas 
stream. The ash is also entrained and is remnowed in)one 
or more cyclones alter tile gas t.ivcs the boiler or air 
heater. Gari oldi olers these huk burners in live sizes 
with capacities ot 5(0(0 h 25(1() kg (1,11 )i 5,5(17 Ib) ft 
husks per hour. Vhen tucd with an air heater tor 
driving, the smallest burner rses Ihe hourly h1t,s1l, 
otutput ot a 2.5 ton.']lomr mill. 

Gariboldi produces two types of heater/dryer 
systems. In systems to be used for drying grain or other 
foodstufts, clean air is heated in a heat exchanger (fig. 
1). Seven of these models produce from 120,000 to 1.4 
million kcal/hour (.176,0(() to 5.55 million 13TU/otr). 
For other indtstrial drying applications, tile title gas is 
mixed with ambilent air and used directly for drying. 
Six o Ithese models prodICe tr'omn .500,000)to 3 million 
kcal'lioor (2 to 1l.) million llT,li)otir). 

Gariboldi provides hrith firetlube and watertube 
boilers Ior use in hzusk-fired systems. In tie more 
widely used Iiietlbe boilers, tile tubes pass through 
tile water three times before the gas stream leaves the 
boiler. 

The smallest tirtlibe boiler svstem requires 392 kg 
of husks per houllr, the equivalentl ot the llt-k (Ltplt of 
a 2-tonne/hOur mill. Itprtltriccs 1(0 kg'hour (3671 
lb/lour) of steam at 15 bar (213 psi). The larges model 
re(lilires 2.3 trunnes othusks per hour, the ltsk outtput 

Fig. 1. Gariboldi husk buruner with gas/air heat exchanger, Italy (Source: Gariioldi Engineering, Milan). 



12 Elers.1fron Rice Residucs 

of a 12-tonne/hour mill. It produces 10,000 kg/hour 
(22,026 lb/hour) of steam at the same pressure. 

Gariboldi's firetube boilers have been used in rice 
mils in Italy and in various developing countries 
including Egypt, Mali, Burma, and the Philippines. 

PRM Energy Systems 

PRM Energy Systems (PRME) offers a 
combustion/gasification system which was developed 
for use with rice husks at the large Producers Rice Mill 
in Stuttgart, Arkansas. 'Fhe units have been used for 
rice drying,process steam, and power generation. They 
will also be used soon in h.,k-fired power plants in 
India and Malaysia. 

Husks are burned in a reactor which resembles an 
updraft gasifier. The vertical steel cylinder is lined with 
castable refractory. II isks are led to a proprietary 
burner by a manual or compu terized flow/weigh scale 
which admits a measuirv'd weight ot Ihusks and avoids 
variations in the BTU level of the fuel which can occur 
with voltimetric fuel metering 

A mechanical fllidizer moves ite h11Is adl ash 
through the reactor. The systems operate with a 
relatively low primary air velocilv so that 
very little ash is entrained in the gas 
stream. At the top o 
gasifier, secondary air is 
crack hydrocarbons and 
temperature to 1801 to 
1093()C). 

the narrowed 
introduced to 
raise [lie gas 

20(100o1 (Q82 to 

Ash is removed through ash discharge 
screws at the bottom of the reactor. A 
water cooling jacket arounnd the screws 
permits safe handling o tlie ash byh 
pneumatic conveyors which carry it to an , 

a.dh packaging station. 

Two of the PRME systems have been 
used since 1982 inl the produictionl of 
parboiled rice at the Producers Rice Mill 
in Arkansas. A 12-foot (3.0m) diameter 
reactor burns 5,0)1)lb (2268 kg) (of husk 
per hotur and prodtces hlot gas at 18( 011E 
(985°)C) which is used for the (IireCl firing 
of a rotary dehydratio system and \ ig0 limp 
gravity driers in the final drying o, t ,, 
parboiled rice. This system isshown ill 

produces 24 million BTUA/our; it is coupled to a 
firetube boiler which produces 17,000 IbAour (7711 
kg/hour) of steam at 125 psig (8.5 bar). 

The husk combustion/gasification system provides 
all the heat, steam, and hot water requirements for tile 
parboiling process at tile PRM mill. Exhaust steam is 
used in a backpressure turbine (ogenerate 160 kW of 
electric power for use in the mill. The PRME reactors 
replaced blrners fired with natural gas and resulted in 
savings in fuel costs of approximately $1.3 million per 
year. File payback period on the initial investment was 
only about 6 months. 

In tile summer of 1088 PRMIE Energy Systems 
installed units at three 5-tonh,,(ur rice mills in Malaysia 
operated by the National Paddy and Rice Authority at 
Si inpang Lima in Perak, Sekinchan in Selingor, and 
Parit Pu tch in Kelantan. 

At present the 8 foot (2.1mIn) diameter reactors are 
used to provide hot gas f ):-paddy dryers which 
previously operated with fuel oil. The gas temperature, 
which is 1800F (982()C) wIien it leaves the reactor, is 
reduced to 675('F (357(C) by mixing with ambient air in 
a blending chamber and is reduced toI150olF (65 1C) by 

, ,,,,p,,.,,,,,
 

A,,H 

',,hiiiM, 

I 
I ii ,I I(I , 

'... . 
Figure 2. Another 12-foot reactor burns Fig. 2. Rotary drying system for parboiled rice with PRMI reactor, 
,1500 lb (2410 kg) of husk per hour and U.S.A. (Somirce: PRM Energy Systems, Stuttgart AR USA) 



13 Bioeergy Systems Report 

further blending with ambient air in tile dryers. Each 
unit is capable of drying up to 15 tons of paddy per 
hour, using about I ton of husks and replacing about 
80 gal of fuel oil. 

Plans are being developed to add a bh iler and 
generator to the unit at the SkInchan mill. The new 
system will produce 225 kW, and exhatist stein from 
the turbine will be used ill the paddy dryers. 

Universal Energy International 

A rotary kiln combustor/gasi tier developed by
Universal Energy International (UlI) of Little Rock, 
Arkansas, operates aboutt 0 montlis a ycar onl rice husks 
at the Li.atrite Products ('Oinpan y's lacility at Plak 
Chong in Thailand. About 01) toins Ot husks per day' are 
purchased from local rice mills durinlg he rice milling 
season when husk prices are Ihwcst; the hiisks are 
blrledIto pr,, ,ide direct heal to a lirge vertical lime 
kiln. The UEI unit replaces an oil hmrnr. 

The large refractory-lined horizontl co bustor is 7 
ft (2.1m) in diametcr and 17 It (5.2m) lmg. A controlled 

quaintity of primary colbustion air is distributed in the
kiln throLgh a1nair tube with a proprietary tIel design. 
'h hiisks are dried, pvrolzed, and builrnled as thev 
tumble inside the rtotating Comlbliistolr. The energy-rich 
gases pass into a vertical secOtd'vy combllsliosn 
chamber and are mixed with secondr" ,it t complete 
combustion. The hot gases pass froml the top of the 
chamber directly into the vertical lime kiln. 

The secondary chamber has a conicil bottom)l anId
 
acts like a cyclone; ash drops to the bttllom Of the cone
 
and is continiousiv removed bv 
 ,I screw c)nvevor 

through a rotary airlock. The ash, wvhich is ), silica, is 

used by the firm as aboutI ) t the ingredient mix for 
the manui factLre of coincrete blhcks. 

Rice hltsks will also be burned during a part of the 
year in a larger UEl combustor which is being inslal lefd 
at tile Colnstnji lumber mill in ZambmligaI (Milidalai) 
in tile Philippines. The 8-foot (2.1min) diameter rotary
kiln will fire a boiler producing 20,0 1)10b/hotr ( )()72
kg/hr) Of process steam at .1(001to .15(0psi (27 to 31) bar) 
which will be used in the lumber mill. 

Another 8-foot [JEI kiln is being Ise(] for electric 

power generation in Malay.sia. It blurl'ns 10)) tIls per
day of ,.rbaln wastes, priOdicing sleciii at (0) psig (.11 
bar) an'l 65()0F (31) 1C) which is used in a cuindeiisi ng 
turbin, to generate aboult 11 MW of P wer for sale to 
the local grid, 

F.II. Schule GmblI 
Schule, a large German manufacturer of rice milling 

machinery, provides large furnace/boiler systems for 
firing with rice husks. 

The husks are burned on1 an inclined step grate 
furnace which is built under or above the floor of the 
plant; husks canl be fed mantally or automatically. The 
three-pass firettibe billers have capacities ranging from 
100) to 17,000 kg/lhour (22(5 to 27,,185 lb/hour),
pressures up to 2.1 bar ('3-Mpsi), and temperalures to 
.0(o>C (752OF). 

The units h,,ve large combustion chambers and large 
diameter Iirtelubes t miniinize ash deposits Oil the 
bOiler surfaces. These Schiile systems produce about 2.5 
kg of steam h r each kg of husk. They are lsed ill a 
number 1OfSchufle-bulilt rice mills to provide process 
sleam for parb iling. 

Cha ring Engineering Company Ltd.
 
The Iwo largest models of rice husk 
 gasifiers 

produced by (iharung Engineering of Thailand, 
described in section .1,have also been used to produce
direct heat for paddy drying. The gas is cleaned in a 
dry filter behfre use in the dIvers. 

Charting's 2.3m diametermo117del burns .1() kg of 
husks per hour and replaces 8o liters of tuel oil. The 
3.01m diameter model burns 00) kgr/llour f hulsks and 
replaces 12) liters of 1L1eI oil per hour. 

4 
MECHANICAL AND ELECTRICAL
 

POWER FOR RICE MILLING
 

Overiw of Power Use and Husk Power 

Systems at Rice Mills 
P 

Power re atu ients illsmiren f rice 
The great ma lrify of the rice mills in developing 

conlntiies ale small mills processing I ton of paddy per 
hou,r or less. TIle power reOfieiels (If these mills are 
lute modest. 

A suri"vey ill Thailand indicated that 3),(01)0 'ice mills 
had engines with 30 hp (o less. A Philippine agency 
stated that a gasi fieilengine system producing 2A1hp 
would be suitale for 16,(10()0 rice mills in the 
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Philippines. A recent Indian report indicated that 
about 80,0(X) simple huller mills in India require only 
from 5 to 10 hp, while about 12,000 sheller mills need 
from 10 to 30 hp. Modern or modernized I-tonlour 
mills in India need 40 to 60 hp. 

In rural areas not served by the electric power grid, 
the small mill is typically powered by a diesel engine. It 
the mill is on the grid, mechanical power is usually 
provided by electric motors. Many rice mills in India 
have elctric motors which are powered by diesel 
engine/generator sets during the substantial periods in 
which power is not available from the grid. 

Data from several developing ciurntries indicates 
that the average power requirement for a small mill 
operated wilh electric motors is IS to 2(0 k\V h per tonne 

of paddy. 
The poe,,r requirements of mediuim-sized and large 

rice mills per ton of paddy are usually substantially 
higher, although power needs vary widely from mill to 
mill. Some of the older mills have rather inefficient 
power systems, machinery, and/or lire drive hooku ps. 
The modern mills require power for i larger noumnber of 
machines for cleaning, huisking, separting, grading, 
polishing, etc. 

A mill in Mali uses Only 8( kM (around 301 
kWh/tonne) to process 2.25 to 2.75 tOis ot paddy per 
hour. A 5-ton/hour mill in the Philippines with orily 

two electric motors requires only 15(0 kM (3(1 k.Wh/toi), 
while a new state-ol-the-art mill ot the samie size in 
Brazil requires 350 kW k7(( kWhittn). 

The total power req liremertr ( ( the largest rice 
mills often ilude powCr ftor offices, horisinrg, water 
putmping, aid other infrastrictire. A paper ftmm 
Vwernte tiiversi ty in the Netlierlarids indictes that 

large rice mills processing from 12 to 2.1 tons Of piddy 
per hour need from 5(1(1 kM to I MW of installed 

power. 

Availability of husk power systems 

At present, most ot the commercially available 
equiplent and systems for tile production Of 
me.clanical and electrical po,'er wilh rice hisks ;s only 
suitable for rise in larger rice mills. 

Research for this report his iot idt i any 
commercial firm which offers systems whlij I pi,1ear. to 
be both technically anld ecomTnlicllvy teasible or the 
most con liioii type of rice Mill in developing conitries, 
the mill processing about I tori of paddy per hour. The 

only identified manufacturer of traditional steam 
engines, Mernak of Brasil, produces a steam 
engine/generator system which could be operated with 
tile husk output of a -ton/hour mill, but it is doubtful 
that stch a large system would be cost effective for a 
mill of that size. 

The smallest rice mills with husk power systems 
which were identified during research for this report 
were a 2-ton/hour mill in India with a Grain Processing 
Industries gasifier/engine system, a 3-ton/lour mill in 
Malawi with a Spilling steam motor system, and 
several 3-ton/lour mills in Thailand with Chartlng 
gasitier/engine systems. 

The smallest mills in which hisks have provided 
steam t(or ttirbhrie/gerierat( tr systems were 5-tonihour 

mills inl Malaysia. The sm.allest corrihbustor/gasifier 
olfered bv PRM lnergy Systems eIr itlires the outptlt of 
a 5-ton or 6-ton/hour mill. Satake's smallest husk power 
syster is designed for a 7-to 8-toi/hour mill. 

Electricity generation at rice niills 
Experience at rice mills with the use of steam roim 

Iirisks to generate eleCctric power is still rather limited. 
Appropriate systems have rot been available which 
matched the fliel slipply anid pover requirenents of 
the small mills. Il mariv of the larger mills, all of the 
lusks are burned to prO(ide Ilow pressulre steallml for the 
parboiling and dryii ot rice. 

The power Output of a husk-lired steam power plant 
per t(l of hisks depeids prinarily on the efficiency of 
the boilcr syslcili and On tle stearn pressire. Most 
present or plan ned sy'stelms at rice mills ill developinig 
countries have been designed to operate at pressure 
between 15(0 psi (10{bir) id 25) psi (17 bar). NMost of 
tliese IOw pressure sy'stems pr duce between 275 and 
35( kWh iof net electric power per toil of Iirisks (3((1 to 

375 KWh/toine), but some sinallcr plaints have lower 
outptit rates. 

In general, a mill that rises most or all of its husk 

onltplt ill a low pressiire power Iplait p'o dtrces abort 
tihe amoriit of net p(,wer which is needed to operate 
the mill, leaving little Or any stilplis p(}'e|r for e\pOrt. 
Net power otlpti Ot 275 t0 35(0 k\\h pL of husks istori 

equivaleit 1o55 to 7(1kWh per t(oifpaddy. This level 
of output may be close to, ari1d caii ie less than, the 
pover cOrIsurnptthmi Ot the large mill er toll (d paddy'. 

Fo r example, a husk p wer plant built at a 15­
ton/hour mill iii Surimine inl 197-1 was rated a 1.2 MW 
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but met only about two-thirds of the maximum 
requirement of the large mill complex which exceeded 
100 kWh per ton of paddy. 

Research for this report has identified only two 
cases in developing countries iii which substantial 
power has been exported for a con;iderable period by a 
husk-fired power plant at a rice mill. A I.9 MW plant at 
a 25-tonlhonr mill at Tacurong (MI indana() in the 
Philippines sold about 500 kW ot power to a local 
cooperative for about 15 years beginning in 1970. 
Surplus power from a 2.8 MWIi hisk-tired plant at the 
large Mail Boon krong mill in Thail.nd is exported to 
an adjacent narble-cutting facility. In addition, about 
30,(, 1().5 MW plant inof the power generated by a new 
the Ptinjab in India will be exported to [he adjacenl 
cornmmu ni ty. 

Several husk-tired power philas illdeveloping 
coutntries have tailed to operate satisLactorily because 
the severe repuireienS tor the combustion of rice 
htsks were not full', met iinthe design ot the svstLm,. 
These included a 315 kW,' plant at a large rice millingl; 
lacilily at Cabantuan in the l'hilippines, two 3F(0 kW 
plants ot difterent designs it 1-h 5-ton. hour mills at 
lerlun and Telok Kechai in Nalaysia, and a 2.1 MW 

plant at a large mill at Iloilo Cit\' in the l'hil!ppines. 
Since the firms which built these plants aie 

apparently no longer otfering power plants tor rice 
inmills, detailed ill tormat lio on these plants has not been 
iiclutided ill this report. Typic,ally, a hiom ass 
cormbustion sy'stei that had operated well wil)I low 
ash fuels was installed at a rice mill without sutficient 
con cern for the problems arising Irm tie use Of rice 
husks. The failure ot t ihese plamits has clearly 
demonstrated the importance of tile very caretlI 
design of tile combustion air syst cmi, teiperatire 
controls, ash removal equiipmenl, aiid boiler surfaces to 
meet the special re(luirements of rice husk c(mbustion. 

Steam Engine Systems for Rice Mills 
During the last decades of the l9th century aiid the 

first decades ot tile 20t1h centrtiv, most of the rice mills 
around tle world were operated witi steami engines 

ind engine/generator sets). By the mid-1970s, when 
increased oil prices created renewed interest in many 
biomass energy sstems, there were only a few 
remaining manufacturers of steam engines. 

Research for this report has identified three 
commercial manufacturers of steam engines suitable for 
use in rice mills. These include traditional heavy steam 
engines by NIernak of Brazil, modular "steai motor" 
systems by Spilling of Germany, and new compact 
multi-cylinder steam engines being developed by 
Skinner in the United States. 

Mlernak S. A. 
Mernak, located illBrazil's rice growing region, has 

provided husk pover systems with steam engines to 
Brazilian rice mills for over 1t)years. 

The firm produceS seven models of boiler/engine 
systels wilh notpu ts ranging from .10 to 2.10 Ilp and 33 
to 200 kVA; larger ollplts call be obtained by using 
two or three units. The two smallcst systems operate at 

-1Wkg/icm (1-12 psi), but itost of the other models use 
steam at 12 kg/cm (170 psi). 

I lusks are fed to tle boiler manually, by a gravity 
teed, or by an autolatic aulger. 'lhey are burned oii a 

fixed inclined grate with minimal underfire air to 
reduce ash entrainient in the gas stream. Ash is 
removed from a pit uIn der tile grate. 

The large steam engines are similar to models that 
were widely used for industrial purposes early iii the 
20th century. The generator is powered by a belt drive 
from one of the engine's two large tlywhleels. The 
smallest toiler/eiigine/generat( r system weighs 
toniies, while tlie largest system weighs 27.2 toines. 

The largest Mernak models operating at about 200 
psi (13.6 bar) and 550OF (287OC) repiuire only 6 lb (2.72 
kg) of Iitusks per kilowalt-hour which is e(llivalein tto 
333 kWh per ton of husks (367 KkVi/tonne). 

Mernak is represented iii several Asian countries by 
Osage Steam Power Systems, Columbia, Missouri. 
Osage provides turnkey installation ofnsteam power 
systems aid other power plaits up to 2) MW. 

using steam froni husk-Iired bilers. The use of steaimiSpillingwerk Iliamburg Gmbleiigiiies iii rice niills and other intd tstries declillied Sinice Il95(1 SpillIinig has pr(),luiced a "steaii motor"steadily after about I925 due to the inicreaseI wlhich
availaility of 

combines claracleristics of a piston-type steamtwo niore c w.nieiit fornis otiprver, engine with somie characteristicselectricity from of a diesel engine.toe grid and diesel systems (egiies Spilling manufactures three sizes of one-cylinder motornmodules. The steaii motor required for a specified 
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550 kg/h rice husks stoting current 
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Fig. 3.Eighty-kilowatt husk power plant with Spilling steam motor, Malawi. (Source: Spillingwerke, Hamburg) 

power output may consist of a single module or up to 
six modules linked to a common driveshaft. By using 
the appropriate size and number of modules, a steam 
motor system can be tailored to fit the fuel supply and 
power requirements (4 a specific mill. 

Compared to traditional steam engines, the Spillin g 
systems are relatively compact and lightweight. The 
smallest motor module weighs 500 kg; the largest 
module weighs 2 tons. 

Spilling offers installation on a turnkey basis of a 
complete power plant designed for a specific rice mill 

including furnace, boiler, a properly-sized Spilling 
steam motor (or motors), generator, controls, and other 
necessary equipment. Spilling power plants have been 
installed in 1970 at a large mill in the Philippines and in 
the mid-1980s at three rice mills in East Africa (Malawi, 
Madagascar, and Somalia). 

The smallest Spilling plant is at a 2.75-ton/hour mill 
in Malawi (Fig. 3). About 0.55 tons of husks per hour 
are burned in a step grate furnace. The small boiler 
produces 1.8 tons/hour (3600 Ib/hour) of steam at 11 bar 
(161 psi). The steam is used in a single Spilling motor 
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module with only one cylinder. Net output is 80 kW 
(about 1,15 kWh rer ton of husks or 159 KWh/tonne). 
Exhaust steam at 1 bar '14.5 psi) is used for parboiling 
and drying. A larger Spilling sy;teni is installed at a 4-
ton/hour mill in Somalia. At this plant 0.8 tons ot husks 
per hour are burned on an inclined step grate to 
produce 2.8 tons per hour ,of steam at 25 bar (302 psi) 
and 30011C (572OE). The steam is used ill two of 
Spilling's mediunm-sized mottor 1odiles to pl'odtCCe 27) 
kW of gross power; net output is 235 kW (293 kWh per 
ton of husks or 322 KWh/tomne). Exlatst steam at (.5 
bar (7.25 psi) is used lor paddy dryin. 

About 1.5 tons of husk per hur are burned ill 
another Spilling plant at a 7.5-t1mnour mill in 
Madagascar. The huisks are bit'ned Oil a mtoing step 
grate. The boiler prodtices 5.. tos per hour (t steam at 
25 bar (362 psi) and 330A' (02O(T1). It is used ill fir ot 
Spilling's largest motor modules to drive 1 generator 

producing 58(0 LV t r, s pmverwe. Net iitptit is 501) 
kM (333 k\Vh per tor Ot htrsks mr 3o, KWh tonic). 
E-xhaust stean at (.25 bar (.( pI) is tucd il tile mill. 

), I 'gest Spillitig hisk-lired pl,11 Opcratcd for 
al : 15 years in a large rice mill in tile Philippines. 
The 25-tonhorr mill and a 2.(0 MW puw'er plant were 
built ill I99'7( at l'acitroig (Mirdtmao). 

Up to 5 tlons per hiur r it hu,ss were hurned in two 
Lambion inclined grate toIiacC, ITedillig two 9-
ton/hoirnr Sillers arid Jarrat b ilI crs. Thicy prodtlCed a 
total of 18,010(0 kg,/hour (.10,1(1(1 Iih or) o steari at 26 
bar (382 psi) alrd 36O(jC ((8(O)[:. 

The steam was used inr three Spilling steam motors, 
each consisting of lour motor rlnO~hLc, ind each linked 
to a 606 kW genertmor. The net p(ower Output was 
ar¢ound 1725 LW (.15 kWh pe Ii of liusks or 37) 
KWh/tonne). 

A larger Spilling system is installed at a -l-tonllour 
mill in Somalia. At this plant 0.8 tois of husks per hour 
are burned on anl inclined step grate t produce 2.8 
tons per hour of steam at 25 bar (302 psi) and 3(0) t iC 
(57201 F). Tlie steam is used i itwo ot Spilling's medium-
sized rmtor nlodules to pr(ucc 271 6v of gross 

power; net output is 235 IW (293 kWh per ton of husks 
oir 322 KWh/torne). Exhatust steamu at 15 bar (7.25 psi) is 
used for paddy drying. 

About 1.5 tons of husk per hour are burined inr 
another Spilling plant at a 7.5-ton/hour mill in 
Madagascar. The husks are burned oit a mving step 
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grate. The boiler prodt,ces 5.A tons per hour of steam at 
25 bar (362 psi) and 33001C (6260F). It is used in four of 
Spilling's largest motor modules to drive a generator 
producing 580 W of gross power. Net output is 500 
kW (333 kWh per ton of husks or 366 KWh/tonne). 
Exhaust steam at 0.25 bar (3.6 psi) is Used ill tile mill. 

The largest Spilling husk-fired plant operated for 
about 15 years ill a large rice mill in the Philippines. 
The 25-lon/hour mill and two 2.0 MW power plant 
were built in ]P69/7(0 at Tacurong (Mindanao). 

Up to 5 tons per hor of husks were burned in two 
Lam bion inclined grate furnaces feeding two 9­
ton,'lour Sillers and Jarmat boilers. They' produced a 
total ot 18,)0(1 kg/liour (10,00)0 Ib/hour) of steam at 26 
bar (382 psi) and 3601 (680OF).(C 

The steam was used in three Spilling steam motors, 
each consisting of Itor moltor mnidiles aid each linked 
to a t0i kW 'enerator. The let p vr Ollput was 

ariOrllid 1725 W (315 k\'h per tori Of husks or 371 
KWlh/tonne). 

The installation of a steam condensing system was 
avoided by using the exhaust steam from tile motors in 
ejector systems which provided conbLstio- air to tile 
furnace without the need for electrically-driven 
inrdirced dralt 1ans. Soriie if tile exhaust steam was also 
used for paddy dryirng. 

Rice production ill tile area aroind tie Tacurong 
Mill did not reach tie level that had been expected at 
the time tile nill and power plant were built. The mill 
operated lor a decade aiid a Iial f, usually at 
substantially less than full capacity. When the mill was 
in full operation it recjuired about 80( LV or aboun 32 
LW h per ton of paddy. Up to 5(0 LWMof power was 
sold to a power cooperative for use in the adjacent 
communitv. Ecorom ic problems forced tile closing of 
the mill arournd lQ)85. 

Skinner Engine Company 
File Skinner Company, which has built stean 

engines for niore than 12(0 years, is currently 
d eveloping a new generatit n of compact rn uIti­

cylinder steam engines which tntilize designs and many 
standard parfs from internal con butslion engines. The 
new Delta engines will be available in hoIth in-line 
block aid V-block designs and will operate at steam 
pressures ranging from 15) to 35(1 psi (I0 to 23 bar). 



18 Encrwyfrom Rice Residues 

Depending on the steam pressure, the smallest firm has installed husk-fired plants in Burma, Malaysia, 
engine will produce 60 to 70 hp or ,t0 to .15 kW of Thailand, and the Philippines.
 
electric power. Dimensions are -150 x 1070 x 760 mm (18 In earlier Satake plants unground husks were
 
x 42 x 30 inches); the engine weighs 180 kg (4(X) burned on a grate in a factory-built three-pass boiler 
pounds). with both a horizontal fire tube and waterwall tubes. 

Six larger models will provide 100 to 52(1 hp at 150 Satake now provides watertube boilers with all plants. 
psi, 150 to 800 lip at 250 psi. If used for power Ash is removed from under tile grate as well as from 
generation, these models will generate from 60 to 5) the cyclone dust collector. The two smaller models 
kW. produce steam at 16 kg/cm 2 (227 psi, 15 bar); in the two 

Skinner expects the costs of the new steam engines larger models the steam pressure is 22 kg/cm 2 (312 psi, 
will be roughly comparable to those for heavy duty' 21 bar). Turbine exhaust steam is cooled in a condenser, 
diesel engines with tile same power ratings. using cooling water from a pond or river or recycled 
Advantages cited by Skinner of the Delta steam water from a cooling tower. 
engines over steam turbines include lower initial cost, At startup, combustion of the husks is initiated by 
lower life cycle costs, less demanding maintenance burning heavy fuel oil. If the plant is not connected to 
skills, and sharply reduced risk of catastrophic failure, the grid, an auxiliary diesel generator is needed as a 

power supply for start-up. About 20'.1, of the gross 
Steam Turbine/Generator Systems for power is needed to operate the plant. 
Rice Mills The smallest Satake plant requi res 1.3 tonnes of 

The three Iirms listed in this section provide husk husks per hour, and is suitable for a mill processing 7 
power systems for rice in developing ;.08 ton nes of paddV pel-r outlput of thisiills countries ho'.The netusing generators driven by steam turbines, plant is 288 kW (221 kwh per tonne of husks or 200KWh/ton). The largest Satake plant requiires 3) tonnes 
Satake Engineering Company Ltd. of husks per hour and is suitable for a mill with a 

Satake provides four m(dels of complete husk-tired capacity of 15 to 20 tonnes of paddy per hour; the net 
power plants with net outputs ranging from 288 to output is 1200 kWV (308 kWh per tnne of husks or 279 
1200 kW. The plants are designed for rice mills KWI/ton). 

processing from 7 to 20 tons of paddy per hour. The The smallest plant produces about .11)kwh of net 
power per tonne of paddy processed, while the largest 

/f 

i I -v-

Fig. 4. Lambion inclined grate furnace similar to furnaces in Standard Kessel 10.5 MW husk- fired steam power 
plant, India (Source: Maschinenfabrik A. Lambion, Arolsen- Wetterburg, Germany) 
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plant produces about 60 kWh per tonne of paddy. 
These power output figures are about equal to the 
typical total power requirements of rice mills 
producing sufficient husk fuel for these power plants. 

Standard Kessel 

Standard Kessel has recently completed the largest 
husk-fired power plant to be built in any developing 
country. The 10.5 MW plant has been installed at a new 
200-ton~hour rice milling tacility, which may be the 
largest rice mill in India and perhaps the largest in tile 
world. hFilemill was built by Buhler-MIAG of Germany 
for Oswall Argo Furane Ltd. near LIudhiana in the 
Indian state of Punjab. 

Only one furnace and boiler was operated in the 
l988i89 milling season (October-Nav), but the second 
furnace;boiler tunit was scheduled lor operation in the 
19i89,/)() season. In Iull operation with both boilers tile 
power plant will burn nearly 10 tonnes (989.l Kg) ot 
husks per hour. The two inclined-grate furnaces, 
sh(own in Figure -1, were built by Nlaschilnlfabrik A. 
Lambion of Germany. 

The new plant is the first husk-fired steall plant in a 
developing country t( produce high pressure steam. 
Each ot the Standard Kessel boilers proiduces 30 
tonnes'bour of steam at 72 bir (1(-1.1. psi) and 13(iC 
(266(T-), w hich is superheated to )5i 11 F). Power(15()1.
is generated in a two-stage AEG-Karies extraction 
turbine generator rated at 10.5 M\W. The gross power 
output will be about 1000 kWh per honne of husks (961 
kWh/ton). 

From 60';1 to 70'% of the power will be used in the 
operation of the rice mill; tile remaining 3()% to -1',, 
will be exported to the adjacent coimuluity. Exhaust 
steam from the turbine at 15 bar (225 psi) will be used 
for process heat in an associated furfural plant. The 
power plant will operate only during the October/May 
milling season. 

PRM Energy Systems 

Although the husk combustion/gasitication units 
developed by PRM Energy Systems (PRME) have been 
used primarily to produce process heat, they are also 
appropriate combustion units for use in tur-
bine/generator systems including both low-pressure 
and medium-pressure systenis. 

Low pressure steam from one of the units installed 
at the Producers Rice Mill in Arkansas has been used ill 

a back pressure turbine to produce 160 kW for the mill. 
Plans are being made to generate 225 kW using a 
PRME unit already installed at a rice mill in Malaysia. 
Potential power output in low pressure steam systems 
has been calculated by PRMIE for each of its models. 

A power plant using PRME's smallest reactor with a 
diameter of () ft (1.8 il) would consume 1513 lb. (700 kg) 
of husks per hour, produce 600) Ib/hour (2700 kg/hour) 
of steam at 150 psi (10 bar), and generate 230 kW of net 
power (295 kWh per ton of husks or 325 kWh per 
tonne). The hourly consumption of husk by this plant 
woUIldeCqIual tile husk otutput of a mill processing about 
3.8 tons of paddy per hou1r. 

A plant with a lI0-folot (3 m) diameter PRME reactor 
would consume .1100( lb (2)0)( kg) of husks per hon r and 
produce 17,00t) lb'hihour (7711 kg.hou r) of steami at 150 
psi (1t) bar). The net cEctrnc pow'er (outputwould be 650 
k\V (295 kW\h per ton of husks or 325 kWh/tonne). The 
hourly husk consumption would match the hourly 
husk output of a 1-ton,.hourminill. 

Two large PRNlF reactors will be used in a 3.0 MW 
mcdiuvll-pressu're rice residtlC power pla1t to be built 
soon in India. The plant will be located at a new 60­
tonlimour rice milling complex at lKhanna in the Punjab 
operated by a large parastatal organization, tile Punjab 
Agro Industries C( rp()rali n (IPAIC). The power plant 
will be built and operated by a joint venture 
corporation including PRM Energy Systems, PAIC, and 
ICB, a local engineering anid conslructlion company 
which will provide local fabricalion and erection. 

Financing of tile $0million project has not yet been 
finalized. Up to .10,;;, of the cost will be flunded by tile 
U.S. Agency for International Development's mission 
in New Delhi tinder a "Pacer" project which supports 
scienltiic and technological innovation in the private 
sector in India. 

The project combines comnmercially proven 
combustion technology with an experimental fuel 
collection and processing system. The plant at Khanna 
will be the world's first electric power plant to be 

fueled primarily with rice straw. Rice strawv will be 
purchased from local farmers within a 7-mile radius; 
the baled or unbaled straw will be brought directly to 
the power plant without passing through intermediate 
processing stations. Fuel costs for tile plant are 
estimated at around $78)),000 per year or approximately 
$15 per tonne. 
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The power plant will include two of PRME's largest 
reactors, each with a diameter of 16 ft (4.9m). Tile plant 
will consume about 6.5 tons of straw per hour or a total 
of 52,000 tons per year. Tile facility and power plant 
will operate 24 hours per day for 330 days per year. 

Hot gas from the two reactors will flow into a 
medium-pressure watertube boiler built in India which 
will produce 17,760 Ib/hour (21,700 kgiour) of steam at 
(AO0 psi (.13 bar) and 750)F (.00OC). File imported 2.5 
MW turbogenerator will use .1-1,00) lb/hour (I,9)00 
kg/iour) of the steam. About half of the turbine 
exhaust steam at 150 psi (10 bar) will be used for 
soaking and cooling in the parboiling process. The 
remaining steam will be condensed in a cooling tower. 

The power plant will produce about 1.3 tonnes of 
ash per hour or abouLt 10,50) tonnes per year. Ain ash 
conveyor and elevator will Carr'y'\'tie ash Irom boti 
reactors to a large vertical a1sh bini withl an ash bagging 
apparats. ,'\nni1al iliCome from ash sales la: been 
estimated at over $0,50,000. 

File plant is expected to generale a(bout 18 million 
kWh per year. Dependinig on the timing of tie 
com pletion ot tile power plaIn,tile power will b -ed 
in tile rice mill and/or sold to the grid. 

Following tile completion ot the Khina plant, the 
joint venture plans to build a number of additional 
straw-fired power plants in tie Punjab. The total 
surplus oh rice straw inthe state has been estima ted as 
sufficienit to fuel plants gener,!ting a tot)al of 1000 NIM\V. 
The Electricity Board ot tile slates of Pulnjab and 
Haryana have indicated strong interest in tile purchiase 
of power fron such plants. 

Gasifier/Engine Systems for Rice Mills 
Ina gasifier/engine system, aii energy rich gas called 

producer gas is generated by tile p.crtial combustion of 
biomass withIi limi amlount oxygen. Thi'a ted 
producer gas contains hydrogen, carbon monoide, 
and methane as w'ell as inert gases. After most o the 
particulates, tars, and moisture have been removed 
from the gas, it is used as fuel illani intriiil 
combustion engine. A spark ignition engine can 
operate oil I(00';( producer gas; a diesel engine needs 
some diesel fuel for ignition of tie gas. 

Iii the first half of this century, between 75 and 1)0 
large husk gasifier power systems were built by Italian 
and British firms and installed inrice mills in Italy and 

Rice Residues 

in several countries in Asia and Africa. These were 
updraft gasifiers that produced gas with a large 
fraction of uncracked hydrocarbons. Although the gas 
cleaning equipment did not remove all of the tars, the 
heavy industrial engines illuse in that era had a 
greater Jolerance for tar than most modern engines. 

In the later 1970s several research institutions 
attempted to use rice husks in the narrow-throat 
downdraft gasifiers similar to those which had been 
widely used with wood and charcoal in Eilrope during 
World War II. Due to the high ash content of tile 
husks, sivere ash fouling and slagging problems were 
encounted. 

Al effective modern design for a husk gasifier 
svstlem has emerged as a result of dCvelopmnent work
 
over the past two decades inCliina, tie United States,
 
the Netherlands, Indonesia, and Thailand. The
 
evolution and cha.racterislics of this design have been
 
described illdetail in "Rice 
Iusk Energy Systems"
 
(Bi CIenergv
Systems Reporl, April l )8).
 

The modern d esign (Fig. 5) uses a cyliidrical gasifier
 
with an open top but no narrmv throlt or aiir intake
 
nozzles. Air enters 
 hrougliHlie top Of tile gasifier and 
is pulled down through the hlusks by stction from tile 
system's engine. Ash falls through a slowly rotating 
grate and is removed bv an ash auger. The gas exits
 
from tlie bo ltom tle gasitier and is cleaned ill atrain
 
lypically consisting ol a cyclone, a wet scrubber, and 
a 
dry filter. 

Despite tile large potential market tlie use of husk 
gasifier systems iii rice mills is limited at present to 
about 100 units at mills iii Cliiia, at least 3.1units in 
Thailand,a few of tile Chiiiese and Thai units iii other 
countries, and oie unit of a scmewhal difterent design 
in a small imill ii Indi. 

The limited commerci,lization of these gasifier 
systems has beeii due oiacombination of technical and 
economic faclors. Tlie remaining major technical 
problenis are fLirlher oplimization of Ilie design of gas 
cleaning trains and matching tie gasifier, engine, and 
generator to the specitic poiwer needs of Ihe rice mill. 
Commercialization is also iiilibited by uncertainties 
Coicerning capital costs, the operatioual liIe of the 
gasifiers, Ile power rout witi pr' dicer gas, arid 
(when gasitiers are used wi th diesel engines) the 
perceitage ot lie liquid fuel which is replaced with gas 
fuel. 
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An economic analysis of the cornmercialization of a of tile c,.ginc's normal r'CLui r,,Cmn r for diesel flci 
20 to 25 kW husk gasifier power system has been which is rplaccd with prod icr gas, 111 annual 
prepared for A.I.D. by International Dc\lOPmnt and nimbcr of oprlming hours of th, gasificr, and tihe 
Energy Associates Inc. The 11)13 situdy -uari nd thc difference [,twcn wthprice ot diesel floc and thc 
cost and benefits of thc use Of husk gasitlicr s stins ot ptrice (or opporlinitv cost) of husk. 
tih dcsign discusscd IhOT,, as plcrCctCdul a th,. A scosi livitY anal vsis slh cwcd tha til nct present 
InstitutC Of Tcchnolhogy in liadiiuci, In ,ia. valiUC Of gdsiticr iivff tuitlrd Thc til W,',ihk icr,.cas, (or dc­

stud' assIImcd that til ga'i irLS W Ild JrMide gas crcs',e) y 0,0(';, 10 c c,kh I';, incrcaw (fr dLccrcasc) in 
fucl to \isling diescl criginc gcicrctr sts which til pCrccnlagC cI i,s,,l tl ul sclcc,.d or in th Cost of 
wcrc widLLV LisCd at ricV mills in India. diesel lucl. The NIWV variek-d hv abiit 3+ wilh ,,ch I% 

IDE-A's analysis indicatCd that tl'riticcl rrIMlt'l,Crs churgc ill Cc Op rating hcccirs Or in th cOst ol [lew 
aflfcting th financial aid.,Or econoicmu i,c ilitv (,I th1, husks. W ithin tli rangc (d valcicS r l Icis-,in til 
investment in a husk gasiticr systcn artcirtl pcrccntagc stid,, thw clapitll cos"t Of th, gasiticr was ccmnuprtivly 

less impccrtalnt than til p'rimc,.,­
tcrs jus t listid. 

Siruilarl\y, an ,aalysis [cy 

li\'cruil\''wI nIct i r (Ntlicrlands) 

alrd tilu]n lst u !t l k n h'cl yI o 
Ofl Band criig IcicilSia) Icicidl ich 

that a h ik cj, iti',,.,r I, Ouild 

2( hot ,cccicciClt rhk itccr[c ch 

ci ru lJCud . 1 ( W ' lItII 011lY ()()';, (,tkfis'the. die.sel 

fle I. dI c1 lccIci m cucni 1icii i 

-..! -i[ ) /._' 4 J' ..! mi~~~ecllitl c r ,. ,.,lk-it\uc s c c bstch,inhlitii cl i c cTa-rtus i ii 

I ~1I l Jirs, .l l l 1 lu IJVICLu', Md.d r 

rcldlcdl L:Ik.yh, utr 

ITO (1,1C IIluIC C. 1cc [%Ti cVIA a11il 
,cv' ,\ ,ir IcIV,,n ,ilt snill husk 

gailirs i sicc1ll ricC iills, Jimd 

I lt_' ccl tOu iv' I I lceic 

cccIMLrC ,.in lit th11 its byi cIt 

(Of thc liimIdilnIi , 4 g1 sili.,Crht sk 
.," . ,..... .. ,, p', cr syst , wit i ,.,10,c'cith,Of, 

. 35 1h -i) Ik.\ (t) cl n.-chp, w ,.r, is 

"'" I lc l li Ilc CVi,11ii in Java; 
(lICuidui int riiitici Oil tile 

Operaitioi Ol this iiiit is not yct 
Fig. 5. Rice husk gasifier, 140 kW gasifier power system, Mali. (Sourcc: avail'Iblc. 
Gern Agency lchirnical Ccotperation (GTZ), lFsclhOrn) 
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The IDEA study recoiemended a project for the pilot 
scale production and tield testig of small husk gasitier 
systems in India, in order to provide nImore reliable data 
on manufacturing costs and operating performance of 
the gasifiers. 

A major experi inci I with a larger husk gasilier 
systemI will begin soon at a -l-tolrvhotir rice mil! at 
Sonepat, 5(0 km from New Delhi. The project has been 
developed by the Indian Institurte of lechiologv at 
New Dellhi with 1i rding fr( In the I -tian 
Government's Department ot Non-('irnventiinal 
Sources of Energy. An indirectly heated rotary gisitier 
will use 250) kg of rice hrsks per li;ur. Lairs will be 
cracked with Srilper'he eILd1 caim at 30("0 C il I ceraiic 
packed bed inside the fll'race. Ash will be renIiv'.Cd il 
a train o)t cyclones. [he gas Will be usLed in I diesel 
generating set originaly rat'ed ,it 1510 KV'A (12(00%'); 
expected otitpuit with pilrrcei +gs wrrornid 1()11.\V. 

Chinese husk gasifier systems 

A\ lrge husk gisitier engine gerero svstem 
producing troli 10(0 to 1.10 L\' (t Clctric power was 

0deCvehlped in Chiir iln the e.rr 1 11Y s, although 
intoria'ill,li~l (oIn thcse systIll wAs iot widly vlilrb1e 
outside of Clhirm inil 10182. 'lIe ,gisitier is a thi'oatless 
cvlinder surrrInTldld by I rckti (ot co04i r,t wier; it has' 
a powered rotatiIIg grAe aid i. ash pit. llwtei-cooled 
the or'iginll m(odels the gIs w.rs cleAiid ill two wet 
scrubbers packed with plastic bulls, llhoirmh soe 
modifications in tihe gas cle.rriir traii, have pireritly 
been imade. 

The gas is lsed inlI very Ii'ge hiw-specd i'i\-
cylinder diesel erigii[re whic his beein c nveri td,tllo 
spark ignition by adding sprrk plgs and reducinglit ie 
coipression ratio to 8.5; the shaltt pmiver ririig of Itic 
engine wil iLesel tridC was 21.1 lip. lie lise I this 
engine seems Io be the key to the suIccess ofd the 

Chinese gasitier syst'ills. Its toleriince tor trr is i iticr 
high. The unicovered valves rT,'eeaily accCssible. FIclr 
SIIIday, the is ew l uill nut i i prriiin, nM set t 
valves is remlved Ir clernin, rrid is replaced with i 
clean set bor rise unitii the iillfowi riltg Sriul,iV. 

Approlimately 1(0 ot IIu1!se ,iIitierpuwcr systenils 

are repirtied to be iIIrise ii rice mills ili Clii na. Two( A 
the sxvstenis were installed at mills iii Mali iil tie I97(Is 
and a third lnit was added in Mrli iii tile errly I ),s 
under a project of tihe German Agency for Teclhical 

Cooperation (G-1Z). In 1987 another Chinese gasifier 
was installed in Burma. 

In 1986 F.1 I. Sc]irile Gmbh in Ilamburg announced 
an agreement with Chinese authorities under which 
Schule wold undertake the marketing andL installation 
of the Chinese husk gasitier systems in other cotin1tries. 
The gasitiers, gas cleaning trains, and engines would 
be built in China; Sch Ile would design ItIiel feeding 
eLlilpilenIt aid ash reiMovA'al systems to lit the situation 
al each site. As ot September 1989, there had been no 
installations of Chinese gasitiers by Sclitrle under this 
agreement. 

'The husk gasifier prover systems are described in 
Chinese papers as sii Itable hbr use in Imills produrcing 25 
to 75 tons of p0iishCd rice per day. Assuming that they 
operate 21 hotirs a day, ,such Millk process approxi­
nitely I to3 ton:, () paddy per hour. While a 1­
toliotir mill 1Mght pr(duce enoug$h hisl.s to friel the 
stlndard Chine~e ysitier, the powt'r (outplt of tile ss­
tern is chIser hithe pi wer irer'ents 1 a 3-ton.'1rotir 

mill id it is probble hit llost of the systcms have 
been instilled in lalrger imills. 

An internalilonil group orgmnized bv FAO visited a 
gasitier instllilon at the 13iachai rice mill nCar Strzhoti 
inl 1982. The mill was processing 3.5 torls of' paddy per 
hour, 2.1 hlolrs per dry, arid prolducing 75 tons of 
polished rice per day. The power requiirenleiits of tlhe 
mill were about 80 kW (about 21) kWh per tol (if 

paddy). 
Prior to the installatiol o the gasilier system in 

101801, 0i liters of diesel oil were used at Bachai toabout 

generate power tor the milling of each ton of paddy. A 
Cliirese paper indicates that tile use of t he gasifier 
svslei ii a mill pricessi ib roit 2.5 tois of paddy per 
hour, 2.1 hours a driy, would save froi 330( toI 4180 
barrels ( diesel ilrelper year. 

The alllixirrllim pI-wer iIItpit Iot he original Model 
02501 gasilier systemIn developed in the 19 701s vas stated 
as Ill) kW for periods rip to 12 htirirs, although the 
mairorirni ourtpuitin contlrllroilS operition for longer 
perioids was ibiiit 125 kW. An imuproved Model 
o25(iMI was developed iin th eirlv 19 81s, arid tlhe 
iia\illllnl ntllptllot this model has been described as 

1501 kW or 1til kV. There hirve beeLnI reports of one(or 

more 21)(1 kW husk gasifier systels at large mills in 
China; tlese nay consist ot two of tile original models, 
each priducing 11)0 kW, since there is no other 

http:renIiv'.Cd
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indication that larger gasitiers have been buill in 
China. 

The Chine.se papers oi the sVstells usuallv list tile 
husk consumption as beween 2.) and 2.5 kl Wlk\. 
lowever, the tiel coni+lniptiol rite is coiiitl,eril-
higher in a Chines, husk gasili ntir atn.,tlled in I7 ai 
3.) tonn,'hr mill near Nono, Mali. Ihe plant 

tile extraction of oil tron lice bran. Details Ot tile unit 
were provided in IQSt) in Rural F'r,, a pillication of 
the FA\ Regional ()llice inllangkok. 

Ixperime+nts with 100, 1 ), aid 120 cm diametiter 
gasili-r. shitwcd that a I11) cm dialcter Imlodel 
prtid.d a tinbii.tin temprtur which was high 
enough to.Itminimize, tir in the gas biltl I i totilOI] 


studied in 1 t)8 1) 1byv,,IwntcI ,uritv t theif plpIehe t intil (t the a .l. 
Netherlands under i g isilier monitoring proljct 
Itinded bv the World Bank and the U'nited Nil imn, 
Development Pro)grame. IhC Ivinitc(tntiml I)(I t t 

32( k g Ot lhutsks per houir meet ai, ltdtt tilt' , net 

otf kW. The tliel Coniinp., itia-Y7a.it .l- 1.
t ir k, 

pe'r net kil I- -1 1 i( 1l1 % ,, .-'.'(I It'
,,,tt-Ihotir . ' ,,,t- l~ 


2(io kW h p tt i ot iu1114, (221 211It kWh1I)Iii). 

Tile higi tlell .tt-isiiiu titii rit, it ik Nit ijil 


,aslt to ificimt,plt. iti (m)it li l
ct tililt- t, rl ii lc 

husks; .12 kg itt stli r-'iir %+.
d w 'u'11i.utel t it 

,
burningl, tttch lg it hil.,i..titld11" ()I the re<sid tic ,lie 

IiIibilild car oll. Ihe hiw etiiciicn \ (td 111 yiiir 


(32'; ) is apparCntly du tt the rather h hat, which s
1)nin 


about h,11l ilt iier s s t ilct til)I IiN1 ,he t I I t 

kWV. 

'hI Il cttnsiiiiutiiin I 'w t .1ittin. Iiiu ,u 

galii r pIlant ill<,talllc 


rite i iI l th 
t illtile n I 'lll tilthrice' m ill 

it M olltidut, M aili, , p ,jL'ti by 1CtinteIrT , 1t1 itltetl ihc 

(.C'riinll .'\g iCn erltitii ((I/). I .li.
y litr I ecliiiicil (ttt 

unit burii 25)) to 35) ti pritvitle
k,, t hu ks pr lituir I 

uip tit 122 kW of net pitiver. IliC Iitl ctitultiptitniti it 

niainiun tiiltput 0 Q; husks per kiltatw it-is,bitit 2,1i 
tAt 

hour, and the li) iitilul i, ,ia lt i -1,8 kVh perl ttilti t)t 

husk (315 kWi.toil). 

..\lthlugh the' are .are ,ureitll' ,i<etH tidwell toitv\'ic,il 
Clinese rice millS, thte ,hitlitI (hiiii'. , tiie 
systemns ire t0 lar'r 0t' t i,l millk ii tli i *\sianii 
counlrics inltern1i11 h1111,l, 	 anditoflboth ko>l<l11111plitll 

pmver tutltptl. \ 'mcn reilitig .3kg tt husks pci, 

hour needs the e'iui\'iealeit ft thfe cnire husk sippl\ 
generated by a 1.75 ttultir mill. Mills ot this size tir 
larger rTpreSt' lt Itiitu,m ll IOf the' titil , ill,nh a itt 4 

in mnost d ve'eliipin Cunti'riestit,. 

In l 87 FAL) tunittlt the t heeltimenti in (lin , t a 

sc,iled-dttwn oerthe s gisiier syeutIlllttfitut hiti 

whi~~clwa" dc iglet t ito pit)lttice ilit)l i)I . \ . A\ 

Pratotype w i, di'gi inl built t\ a tcichlnicil ta',in 
ot the Provincial F ttid ltureiui itt Pirigsinc ild 
has been operWatd withtllit majior prtlis tori r )tIt 


hti1rs at an tillmill, api ,rCntlvl prtvihingg pi wer ttIt" 


1he gas . leining traill (i ,. o)consists 01 (a)a1n"ash 
llti.hil tb c".'cittyl-,,.,wet sC-rubr) which is 32)) 
cm high and 2) cm in) diameter, (I two '"tillittit tHow 
t t ," ,m.pcked bed we't s.rutlers,) w rhichte 2 ,2 cm 
hih antl 21 in rt'te" tiep cke.)oini thti itl with cok, 
,oln (L ) ,1 I I , il ,li I a',)'.t I ' ' , l (+,t 1.111, w il11a1 

.\,lt iiic iltritr t' i v,'hi.h ,lt .JV,Ji 
txu iliu ul tr s \,VJt,.,r hriu.,lh etch Oft,1 urottr. IIn\. 


lilt iree-, tltet,.. t Il iih, . ,t2 tt2.5 in l; the
r i ri 

pues'litj i- I,,ttt 2)1 kQ t-,. 
gus ltt - tim li\it tige tii' it ,iga, .ii" 

,i finiechnu l .',(V'll 

the tltw tt u1\\ tth the tie bill nltlintiini istable 

aiir i. I1h gIs i, ilt') in i -c\liniler, 75 rpln 
,tioe l il c l hii. t,''m lT spark 

minkr Iilik t 	 e which conlrols 

ctlglllcw i, ten . tt 

iyii It i 1 1.,i 1 11 stite , l it, It-1, '\ iclitulsl 
ll'' N't,li\inlltllil ow pvr(u t o 12l ltrsill~ ('11ll l I111)~l ] h 

i NI	) V. 

At i11 tui it ' s tiist thIlgt,ijii' t'lii ct .e 

,ibit 123 t t h tsk r. li ti (2.,8 K. k\'i), ti iboit 
twt, thirds tf h sit i Mill p(cs)ing tinetilt' iutitilt Of 

ttn itt paddy per hlt ii. [lie p w.r ttiltpitl i,LtLtial it 

.180IkWh per tttiiie Id hils (135 k-I.\'litol), which is 
iltitit twicc titUt itt 

luring hu . 
.\ pnrttgraii I(I' the 

i tisitt it tlli', 111 
d('VChoI)(A Wt,il l thL' 

hiw-presu,Itlp t.im sstems 

iir lhr 

,,.itici 
-lt~,t 

dcnuittiitraiiil and 

techiitth \'is being 
'A:'L+\ iIn regionalJA 

netwttork til rice hillk giiicfitin. 

('harung Lginleriig Company lt.L 

hII,irl, I nin ugiIierii)g t1 llailand is 

Lilitrciil tlii idh ltili e d tltriI' resealrch 

rq u'i thil ) i,,sit.t,t.li,iIc peci ieLic, 

the 

till 

withI 

only 

this 

hle 
pttltictitnl iitl iflii-.L'tini tt rice hsk gaitieleligine 

t 1,tus. 

lie tirIi t)c'r, lhret ellis pit(dtieiiiu, I)) k\'\ (72 
.\V), I,8) k \'A (11.1 I.V), ail 27) I.\ (21 1,\\'). ll 

" ,ii'ge'r
aiel "tli, tie lier ,silic and tito nitirc 

engineIs. liirtv-ti llurtiniltS hive been sildt)iI Ihailand, 

http:Chine.se
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10Nhotirs. (C)
A tinal chil filler tr'lps , il needed by the mill, with the remaining power 
rem1ailnilg t,lrS. (t) IZr'lJ[,ilil; I sI(itr' iS i VO 'vdin a1 pit'has'tl from the grid. 
clldeniser. The asilier hr tie 181 kVA (1.l k\V) system is 

All of 
 tile arung systlms use diesel en'lgines, 2.33m (7.0 I) indianecter and 3.0m (11.8 11)tall antd 
originally r.ited it280 Ilp, wh cich bcn C(ltic(I'ettl conllstlnies .1(00kg I li sks per limir.Gaisis fet] to two11\'. 
to spark ignition in the (Tihuunt; s.hops t(permit thmil enllginle/genCIaLtor sets. In the 270 kVA (216 kV) system 
to operate only ol husk gas. The com1prCssionI ratio is the gasilier is 3.0min (9.8 It) in diameter and .1.5in (1.1.7 It)
lowered from 21 to I1.The recomnenned eiiiie tall and tile] constinplioi is 60( kg'lotir; this system 

Ash flushing tube Water 

STurbulent tower Iurburent tower 

T 
Rice husk­

and in late 1981) Charting was filing orders for live 
units in India and another unit in Cambodia. 

The gasifier design is similar to that of the Chinese 
systems. The units have a water jacket around the 
gasifier (to control internal temperatures and avoid 
slagging problems), a slw-moving rotating grate, and 
a water-sealed ash pit. 

The gas cleaning train consists of the tolloiwing six 
components: (a) A cascade-type wet scrubber cOlOIs the 
gas and removes large particulates and some of the 
tars; the water isfiltered and recycled. (b)A bhwer 

avoids a pressure drop through the gas cleaning tra1in. 

(c)Additional particul,ates are removed inacychme. (d) 

A packed-bed dry filter ililed with ,hairrcd rice hutsks 

removes Iore particulatcs and1I tar1'; ha
He Cli ischangI' 
at intervils t 

Gmt rifier 

maintenance program includes oil change every 160 
hours, replacement of the rings every 2000 hou1rs, 
periodic replacement of spark plugs, and an annual 
engine overhaul. 

Charting's smallest (90 kVA) system includes a 
gasifier vhich is 1.9)7m in diameter and 3.Om tall. It tIses 
20) kg of rice husks per hour, vhich is about the husk 
output Of a 1-toniohoir mill although most Or all of the 
Charting systems has been installed in larger mills. The 
single engine/generator set produces about 72 kW or 
abotit 3(1 kwh per tonne of itisks (326 kWl/ton). 
A typical installation of he 90 kVA system isila 

rice mill processing 50 tomes of paddy per day or 
ibout 3 tons/iour during 16 hours of daily operaton. 
lihe gasifier systell provides abolt 801% lOfthe power
 

Fig. 6. Gas clcarting train, 61) kV husk gasifier powver system, China (Source: Rural Eneutrgyi, FAQ Bangkok) 
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has three engine/generator sets. 
The largest Charung installation is at the 1I(9) 

torv'day Rien Tong rice mill in Chachoergsao pro vince. 
A traditional Itisk mlbstion system was replaced by 

two ot the largest gnsitliers Opterating six enl-
gine/gener.tor sets. Total net otput is 288 kW. 

The capital cost ot tie complete 72 kW system 

including gasitier, gas cllinint lriii, cligine, and 
in.C×pen.SivC irduictioln generator is about $3000)) o" 
abouitt '-I 16 per kV. 

An iniiductio il.erator Cin oInlI' Ist in Is,.steil.ll e 
which i, ',nnected to the grid, nlid stihbstantiil pocr 
froni the gru is ruCtlircd for a biet piid to initiate 
tihe optVIatii n Oi the asitier pi ver sv'stcll. 

Uilil ibout 1987 the rite structure in Thail,ind 
allowed rice mills to aciVe silbtntial sivirIS in 
prwAer costs, with the (lir'inig,, i'iters. 'fhe miller 
coild cih(iCse either I low r-,ite per- kilVwtt-hlItr plis d 
noerate dcninduch)ir , or al owwhlirt hiCer IIat 

rate per kilowatt-hlotr. Urnder this,, structure, a (hiri,
ga.itier sle'c, could sa% enih i ciir.' costs It 

pay' tor itselt within abol t I year. cu'e\,llelk, tht' S0 
ton, dav (3.3 tolni ilr) ],11,ingw long I iivahirt rice. mnill 

in c igsI f0,000provinc pint ( lits ($3200) 

per rlirntih 10r electricitii p r o intalling , 72 k\\' 

(Thairig systemi in l183. Ili l')Smn the mull's rrilrl\ 

pl>rwcr bill was only l),0l)00 1t 12,000) kalits ($1I)() to 
.-I8)). 

Under the current'rteC St riictrI IIV in [ Ihailiind, 
' hIowever, aliy factorv rising ovcr 25 kM r u ,istay 


much higher deriiaJnuh chargC. DIre h the initial powe,r 

drnaril )d, the pott iil siviisng I r)ItI liel' ( 'hiillaui 

gasifier syst(rils wilh inluictitn ierCnitoirs haveI .Ce iri 

griCliy rTceticd. ClIIrtrn rj nISw seeking tinialrcil florM 

the development if a ncw gasitier syvSteI wilh a1 

Symuvci rOrIi .t igneC'ator which WvOiild rlot rcncliiire 

pOwr tri'Il the riid, aind iliarwihile, is ctpo rt iri; 
prese l s slcll.s toOiluntrie s with rite Structures which 

allow more substail i\ir,s in p iwer corsts. 

Grain Processing Industries (India) P'rivate ltd. 

raill Processing Indilrics, in Intnirrn rorifutillrcr 
01 rice milling mlchinerCy, 1i.1' veh d a large, 

updraft husk gasifier svltrii which is currently 
producing mechanical power for i rice mill aind clilld 

be ised in cogenera t Syst ems in zero energy'' rice 
niits. 

The updralt design is similar to husk gasifiers built 
bv British andl Italial titms earlier in this centirll IIriskr. 

is ted from a small surge biln bv a screw coive'or ard 
elevator to the air-sealed top of the gasiftier. The 

present tLnit is tld at the rate of .12) kg of husk per 
hmIoti, which is tihe liisk output of a mill prtcessing 2 
lons of paddy per houtir. Air- enters below tile grate of 

the c onical g lsiticr; th l as C\its iitar the t(p.Ash falls 
into a large water bed below the gasilier and is 
reinioved 1iinitlv. 

The gas is cle'rlc inttliil]I ' ilia wet scruI-bbelr with a 
tlow rate 0t 15,0)00)) liters (39)6 gl) pe'r h ur; the water 
ps"C, through a cowling and clain over a1nd is 
recycled to the scriibber. A walcr-jicketcd co ndeinser 
circulating 30)0 liters of cootling waeL'r per hoIr 
co'lldenses 30 to 35 kig (IttLrs tfo(. the peir hour. 

Most Of the remaining pirlicuillcs and inir aresttnire 
i.lnioved ill Idry tilter. 

'lie initial model t Ithe (;I ,lailiCrisinstalled at 

the Biioy I.l.lrri rice mill itBalichi., Mlidn~lore 
l)istrict, W"t lenial. lIhe pi1-bOili i ill prcesses. 

alibot 2 tons iipaddy per hotir. All t Hit mill's hisk 
iulptt (about .120 k;, lorr) ", s'd in li ,aiier. The 
s,is Iued in two( sinil-c-vlirnlr diesecl eng,,ile!s to 

produce rcnluinicri power Inir the roil); a 35)) rpl 
hlorizorntal em'riie p(' idticcs 5)) lp while a 72) rpn 

vertical engine produces 2) Ilp. hiaist gis ol [th 
eine isditllul with mlliCnlt air aid) ule dir tily in 
a ricchainical piddy dry'er. 

(.rai r lPrOCLc.,Sii,; IIlist riS hf(');rSeTS two t)'Cs Of 

'zCro Cln'" rice 1n1llS using, he hui k a iti. In a iiiill 

whid )e ntI paCr nilric, ,ill Of tle 's could beu1SLd 

i alarge engine, g atorr set to geneatr,c ihmit 221 
' k of InCt poweCr. \ 2-toni]horir iill woild nee'd onlv 

150 Ofabout nl I.V, so loirll V o power oilld be sold 

to the grid Or toanlthetr indtltry it suich .Sales Were 

priittd by ridilicd Iidiall rCgrtillois. Fl\aiist gas 
trotilehe lar e CriCi at 5 0 0"(: wrMild be Used for 

padd' drvirt;,. 
lila pirboilinlg inill, filet .11!Ill' of gis fro i tilehr ii llir 

lusk uiiSilier cLihl he d ivihd iri three stIariiIs: (a) 

200) i irriir irl mun engine 122J10 be is'ltI ill Mnl;ircg 
lip of shl Itpoweor t 82 kW (t electrical power,or the 

nlll; (b) 3-W IlltI Ihor Oftgas would be IrriCdIS aboile.r 

fue Ilfo PrldIcC 801) kglih r Of steam for iuiiling. (c) 
3litinu/otr ir of gIS lw Id be bi rned to pro' idte 511(1 

m11/hour itf aIi at I110(1( for a mechanical r-ice dryer, 
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supplemented by exhaust heat from the engine and 
stack gas from the boiler, 

Gariboldi Engineering Company 

A husk gasifier system which could be used to 
produce about 80 kW ot electric power was built in 
1987 by Gariboldi Engineering of Milan under a 
collaborative project with ENEA, the Italian 
government's energy research agency. The gasifier was 
designed to consume 165 kg of husks per hour, which 
is less than the husk output of a -ton.,hour mill. 

In contrast to the open-to(p models built in Chlina 
and Thailand, tile Gariboldi d(owndraft gasilier has a 
sealed top. Air is admittCI through dacenatrl air tube 
leadiig iinto the center ot the bed and through nozzles 
aroul rd the circumierence of the gasifier. The most 
tiinustral featLre is tile use ot a husk Itiel hopper above 
the gasifier as a dry filter h ir the final cleaning of the 
gas after it passes throigh a cyclone an11d wet scrubbers; 
the husks then pass down into tihe gasilier, elimiinatig 
problems of disposal of conltarlillatLd hulsks ils;,,,Ior 
filtering. 

In initial tests ini I987,/88, the tar level iin tile gas w,,s 
too high to permit the Lise of th., gis in an engine, 
Several moditications have been recommended 
including the addition Of a tar condenser or centrifugal 
tar separator, a water-sealed ash removal system, an 
agitator in the fuel bed, and an improved control 
device for grate rotation. 

Economic Evaluation of Husk Power 

Systems For Rice Mills 


An economic evaluation ot a proposed husk power 

plant iii a rice 
 mill requires caretul consideration of 
capital costs, husk suplply, husk costs (it any), annual 
period of operation, potential savings il power Costs, 
savings (it any) from tile use ot exhaust steam for 

process licat, and income from ash sales. (See Secti(n 5 
for a detailed treatment of such considerations in 
Indonesia) 

][usk supply and costs 

A low pressure steam power plant at a rice mill iises 
about all of the husks generated by the mill each day to 
provide about the amouant of electric power needed to 
operate the mill. Since the annual husk consumption of 
the power plant increases or decreases as the annual 

rice output of the mill increases or decreases, the fuel 
supply roughly matches fuel consumption. However, a 
reduction ill the anticipated annual output of the mill 
(due to reduced rice production or economic factors) 
increases the cost of power per kilowatt-hour and can 
threateti or eliminate the economic viability of the 
power plant investment. 

If there is no significant market in the area for the 
husks generated by the mill, it is not necessary to 
consider fuel costs in evaluating a husk power project 
at a rice mill. The use of the husks in the power plant 
may even result in savings in husk disposal costs. 

In areas in which the husks have a market value, the 
economic ailysis shold ilclude the "Opportunity 
cost" oft husks (i.e., tlie income that would hav been 
received Irom tihe sale of husks if they were inoit used in 
the husk power plant). As noted earlier, IDEA's 
analysis showed that tile net present valLie of all 
investment iii a husk gasifier system decreased by over 
"'. with each I'4 increase ill the opportunity cost of 

husks. PRM Energy S'stems calclatLed that the unit 
cost of power from a .1-NIW husk power plant would be 
twice as high with husk costs at $20/ton ($0.16/kWh) 
than with no opportunity cost ot husks ($0.028/kWh). 

Annual period of operation 
Husk power projects in rice mills with rather long 

milling seasons and high anrnual outpuls tend to be 
more tinancially attractive than projects in mills with 
shorter seasons and,"or lowcr am rial Ittputs. The cost 
of power per kilowatt-hour trorii a husk power plant 
operating for only 6 montlIs a year is considerably
 
higher than trom a comparable plant operat ing nearly
 
alt year, since the annual capital cost cariiit be spread
 
over as large a total annual power output.
 

The possibility that hus-fired plants at rice mills 
cILd provide year-roui nd power by burig icestraw 
(Or other residues during the non-milling season was 
raised in the report ot a colvocalio in Batori Rourge 
sponsored by A.I.D. in JanuL o' 1988 tor the U.S. rice 
residue uLtilizalion ind(lustry. The use of stlraw would 
"eLui'e a sLubstaritial inveslment in equipment for the 
Co0llection, baling, shorag',e, aid preparat ion of the fuel. 
N 

Net savings in power costs 
The primary reason for the inrstallation of husk 

power plant in a rice mill is to reduce the energy costs 
of rice milling. The extentlof tile net savings ir power 
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costs depends on the level of present power costs and 
on the cost per kilowatt-hour (including capital costs) 

of power from the new system. 

Although some new husk power systems may 

replace obsolete steam engine systems or diesel-driven 
line drive systems, most new power plants will be 
installed in electritied mills which use power from the 

grid or from diesel-driven generators. 

A 5-tonhour mill operating 12 hours a day, ()days a 
week, and requiring I) kwh per ton ot paddy uses 
about (2,()0 kWh per month. It power from the grid 
costs the equrivalent of $(.0c1.Wli (as in Indonesiad in 
lQ87), the montlykv power bill is$371.1. 

A 0-ton!lour mill in Tlailand paid about O(X) 

bahts ($2932) per mon th Itor grid power betfore 

installing a husk gailier power svstem. II ).A Inc. 
surveved a 5-tonrhotir mill in India in l 98087 which 
used about 21,0tW) kWh per month ot grid iver toi 

provide about halt ot the nLeded L rgy; ,,ev With 

India's subsidized powecr rate (about I rpee or $0.0o 

per kWh), tile grid Iwr cost Rs. 22,00)() ($I,131t,,r 

month. The other hailt o the mill's pi wer was proidd 
by a diesel geerruing set at a cost ot al'oult Rs. 

($1737) per month. The total monthly Power cost at this 

mill was thus about $3,000. The bill wtiuld have been 

much hiigher hal the mill i criled it a rite niare'cr tto 

its naximun capacil. 

Energy costs are even higher itmills that rely onlly 
on diesel Itel t provide mnechanical or electrical 

power.The German Agency tor Technicil iCI perCatioin( 
(GTZ) estimated that a3.5-torliour miillinM li wild 

require 198,00) lite..rs Ot diesel tle] i oper,te a dicsekl 
power plant tor 1) months a \'eir, Iea stl)ieel tlki- the 


of power depends primarily on tile annualized capital 
cost of the system (which is deiermined by the level of 

tile initial investment, interest rates, and the payoff 

period) and by the annual period of operation, 

although labor costs and husk costs must also be 

considered. 

Savings or income from the use of exhaust steam 

A steam pow'er !ant burning husks tends to be 
more economically attractive it Ihere is a denald for 
process heat in the rice mill or in an associated 
processing facility. 'Ihis permits tile use of exhaust 

steam from the Iturbinc (or steam engine) and 
eliminates the need tor a cooling tower or condenser. 

In etffect, tile genlatilg plant beco-,,lc. .,c igeeration 

plant. 
In p'rboiling mills, exhaust steamlr., turbine 

can ie used hr parlboiliig andFl drviie o the rice. 

01thr mills otCn use steam olrpaddy drying. Another 

possible. use o in rice.' steam mills is hit the stabilization 

it rice brafn, ,r e,,-n itI step btIir the' etract in f 

edible tilfrorm the bran (see sect i(,n 7). Sioime rice mills 

11V0 oca.t'd larl,;. ,tgri nstl'Ariul lacilitis whichare in 


include tlhr op'rat1ions that rejutire prc'Vss heat.
 

Income from ash sales
 

Ilusk power plants int lit United States derive 

s-ubstantial income, front th:e sale ot ash. Actual and 

potential! inroi-.kcs tor rice tusk ash are reviewed in 

section 5. 

Ash 1r0 the 21-MW hlisk-tired power plant at 

Nh1,11 Bool Krong in T,1iland is sold to tecl industries 
in ITurope.iei Syteis estilnaItelClInrgy v that ash
 

equivalent o $0.02 per Iiltr in I980 in Led Mandil<..ltli, fion 2 plmikicd 2.5-MW strxi\-1rd plant in India 

and the ionthly liitl bill tor the diccl plkit was woUld be sold to the Indi,ln Steel industry or other 

estimated at about $.1,00t0 per minth. buyers tor moire than $(0)per ton and would generate 

I risk power systlems tend to be CspCcially altrictivC proliits trom &1aisles inexcess oif $6501,10(0 per year. 

it thev replace diesel syst'Iis in areis witlh high dieel 

fuel price. . II tA's cost lICretilt ,nalVis inlldicald thI 
the difference between tihe price Oft hrldsks ,im the price 5 

of diesel fuel critically a11ectCd thel in inciail Ald 

,i'm OWER FOR TI-IHE GRID FROM RI CEeconomic viAbility O agasi tier syt ii'i adii.s I' 
system. The sensilivitv a1nlsiv sliiwT that 1ih. ilI RESIUI ES 
present value of the invnst1ent ill the , i',,(olr 

dropped) by nearly 7';. with cI I; increa,' (i,,r Grid Power from Husks in the United States 
decrease) in the Cost per liler o dIliesel iLel. In the past tew v'eais severl large porwer plants 

File cost of power rom tile proptiscd hlik poiwer have been built in the IJnitcd States which use rice 

system m11ust also be carelurlly estimated. fle urri cost residues ht the generation of p for the grid.twr 
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These include an 11 MW plant which has operated 
with rice husks in Louisiana since 1981, a new 29 MW 
plant starting up in California which will burn husks 
and straw, and another new plant of the same size in 
California which will burn up to 60% husks and straw 
mixed with chipped wood wastes. Descriptions of 
these plants are provided below, 

All three of these plants use high pressure steam 
systems which enable them to produce three to four 
tires the quantity ot power per ton ot hisks that is 
generated by low pressure plants. The lo(unisianla plant 
operates at 651 psig (..1 bar) and generales ,i it 9)0 to 
100)) kWh per ton of husks ()105( to 11)0 kWh. Itn ne).
The first of the Calilornia plants will operate .it 1525 
psig (103 bar) and is expected to produce between 115) 
and 1,1)) kWh per ton (12(,5 to 15101 kWhitonne). 

Agrilectric Power Partners Ltd. (louisiana) 

Agrilectric is the builder 
 and oper',tor ot the lirst 

husk-fired power plant in the tU.S. pr'd1 in g power 
for tile grid. The I.5 NIW plant began operation in 
198-1 at a site adjacent to the Farmers Rice Nill oI Lake 
Charles, Lounisiana, one 0I the ten large'st rice mills in 
the world. 

Tihe plant burns 288 to 31){) Ions of huil pr dahy. 
Thev are ground at tile rice mill and Mciiuibclly 

conveyed 
 to tile pover pllnt. The plint' c'lonic 

stispension burners 
were developed by Aril.cric nd 

the Mclirrnev (orporation (At h,inti, G(;o' ,i) which 

had previously built 
 two .11,10(0 Ibliour husl-tired 

boilers for Uncle Ben's Inc. (I loorston, Texas). 


Ilie watertube boiler was n riLtacturred1bv ILeltak 

Corporation (Minneapolis, linuesot,i). Lii n 
 rom 

entrained ash in tile Comrlustion gases is 1inimnied by 

the str'aight-through 
 design 41 the tubes, siprh'',rT, 

evapo'ator, ald economizer'. lTre boiler prmllees iboirt 
112,b)( lbour() [ (5),00CtkgCi) r) stem m o,!) i(.1 
bar) ,and75(0°F (01peak


The steam 
 is used ill a Generil Ilec.ric 
turbogenerator rited at 12.5 MVA. lhaut steam Irm il
the turbine is condensed in a 22,))0))) galloni'miiule 

(83,00) liter/minutc) condenser. (Coolin', wAter isobta'ed trorn all ,rtiticial lake supplied by dec, wells. 
About 16% of the gross power olltpllt is LcisuInIedI 

ill tie operation ot the power plant amid t1 rice mill, 
All of the net power is sold to tle r'egim electric 
utility, Gulf States Power. The gross otlpurt is tirm 96) 

to 1I00 kWlVton of husks; the net OutpLt is 806 to 840 
kWh/ton (886 to 924 kWh/tonne). 

Ash is removed from hoppers Under the furnace, the 
boiler, and two large flue gas bag filters and is 
conveyed to a bagging station. The bagged ash is sold 
to the stoel indlstry, lor use as all insulating material, 
to manutacturers of refractor,' inaterials, and to firms 
using the ash to absorb toxic wastes. 

The plant's reliability exceeded (3% iin the first 3 
years of operation and the exceptional level of 97% 
reliability was achieved in 1986. 

Oxford Lnergy Company
 
Oxtord 
 Fn ergy has buill tile world's largest power 

plant tIeled enti rely with rice residtics. The 28.7 MW 
tacility at Willia is, Callifornia, was in the startup phase 
in the fall of 1989); some modifications are anticipated
before the plalnt goes inllo Itill oVper'ati i iill 1990. 

The power plant is not locaited at a rice mill; husks 
will be p rclased fron rice mills under long-term 
contracts. The Sacramento Valley prodlces over L.-15 
million tons of rice per year and the Valleys mills 
generate aboutl 21)0,00( tons of husks annually. 
Although some husks are used for poultry bedding, 
roost Of the husks have been lalndtilled. Iach dayv the 
plant at Williams will burn between 5)0 ald 600)1 tols of 
rice husks mixed with som1e rice straw; the total 
constumption of :Ce residues will be aroutmnd 185,)))) 
tols per y'Car. Trticks delven ring h us-,s will rini. lad 
directly al tile power planit or at all outido plastic­
covered luel pile. A .- mon!h fuel inventory will be 
stored at the site. 

The husks are ground belore combuslion using four
 
l0-tor'ni/ r ho nnrer'ill-type grinders from Crescent
 
industries. Grindin, doilbles the density 
ot the husks
 
to around 2(0 bitt (320 
 kgi"'r ). The grinders will
 
oper'ate at night to utilize stirplus power diiring off­

periods. A .'-day supply ot grouind tuills will be
 
maintained in a silo with a capacity f 2.1),000 it3 (6796 

3). 
The ground husks are btirned ill eight suspension 

brti'ners which Utilize IM-Olrielar technology
pturchased from Agi'ilectric Power l,rtle,.s. The single 
dr'urmn boiler by Zuii'n/NEIC(O (Redmnd, Washington) 
is rated al 193,))) Ibliour (87,5.1.1 kgliotr), 1525 psig 
(1(03 bar), aid 955")F (512oC). 'he two-pass, welded­
wall boiler his a relaivly large volune. Tribe erosion 

problems are reduced by niininiiziing gas velocities. 
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Temperatures are carelully controlled to prevent 
slagging problems. 

The high pressure steam feeds a 12,00) rpm Asea 
Brown Boverie turbine. Slaftpolwer from tihe turbine is 
geared down to drive a 36(g) rpm synchronou s-type 
generator at rated 2 MW, supplied by Brush Electrical 
Machines Ltd. (England). Exhaust steam Irim the 
turbine at 160 psig (I I bar) goes to the boiler reheater; 
reheated steam drives a 3600 rpm low pressure t iLrbinle. 

The plant uses 365 gal/minlute (1.38 [l enute)of 
water from on-site wells; 9t.5% ot the inceming water 
is rec'cled and reused in a complex three-stage 
condensing sl'Stei. 

Screw coinveyor-s reollve the ash 11"i11 hoppers 
in1der the turnace and superleat.rs. Ash ik also 
reloved froml hlppers IIndcr the labric lKlikr 
baglliusC, the air h1Catei'S, econom11iZtr, and reltcaltr. 

Specitic humk consumption and pover ulpul data 
on the plant ire not yet avilale. 1 the plnl pi Mluccd 
29 MW with 50)) tons ot husks per day (21 tonslir;, the 
iloss olllpui would be lbollt 140) kWh per ton otf 
hlisks (151(1 kWhtonne). It o01)0 tis Ot hlsks per day 
(25 toislir) were needed, the gross ultpult wuild be 
about I150 kWh per to If husks (1L'o k,\V'ltounne). 
Eilthr way, the plant A Willials will be thC world's 
most productive husk-tired power plant in teins Ol 
both total otitplt and oiltpl per Ill ot husks. The 
outiput per tol of husks will be about Ifour lites that 
witih low pressure stean systeins. 

The total cost of tIle projcct is ,Ipprioxilately $5.1 
million or about $1880 Power will be soldper kW. to 
the area utility cornpanv, Pacitic Gas and Electric, 
tnder a 15-year contract. Incomet-, IrOmIn power sales ill 
illitial years be $I millionWill abutll 1i per year. 
Additional income will be provided by ash sales. 

Thermo Electron Corporation 

A new 28 MW power plllt at Woodland, Calilolrnia, 
will burn a fuel mixture consisting of 30% to 50(% 
uingrotilld rice ltisks, lip to I !oo%311% grolilnd ric 
straw, and .10% to 60% chipped wood wastes. The 
planl is loLated inthe rice-growillg Sacramento Valley 
will purchase humsks from local rice iills. The plant was 
il tIhe startup phase in tile tall Of 19)89. 

Tile power plant was built by Theriml Electron 
Corporation of Waltham, Massachuisetts, which will 
also operate tile plant. The circulating fluidized bed 
(CFB) boiler was provided by Gotaverken Energy 

Systems (Charlotte, North Carolina). CFI3 boiler 
technolo gy was developed in Sweden to burn solid 
fuels with large variations inamoisture content and 
heating value. Although extensive tests with rice husks 
have been carried out in a CFB unit in Sweden, the 
Wooidland plail will be the first cormmercial power 
plant to use rice hi sks on a continuing basis in a 
fIluidized bed boiler. 

Combustion gases rise through the water wall of the 
boiler at the top of the combustor and pass into two 
relractory-li ned cloeCs. Particles of i nbL med fuel 
arld ash fall 10 the bott(,Im of the cyclones, and are 
recycled into tile botllom of the conbtistor where 
combsllstilon ot the ill bioed flel is completed. Some 
ash is removed front tihe botiom 1)1the conillstor. Flue 
gases pass through convective bindles which include a 
steam generating bank ,is well as sipciheater ald( 

economizer. Additional ash is removed fr'oll I bag
house dlst separator. 

The Cl:13 units operale in a narrow temperature 
range ot about 1.150) to 165) 0OF (787 to 898OC) which is 
well below the ash ml'lting tClperature tor rice husks 
(262 l t F, l.l.ll)'C). Although no slagging problems are 
expected with the husks, the use of rice straw is 
considred e\pCrillental. The ash romll tile straw 
begins to melt at about 151301 F (823"C), which is not far 
above the minillil temperature of the CFB boilers. 

The CFB unils are designed to wvithstand the 
passage of some sand frol tile fluidized bed which 
becomues entrained in the ilue gas, so serious erosion of 
boiler surlaces by the rice husk ash is lot anticipated. 

When tising 50% rice huskis in the ftiel mixture, the 
plant at Woodland will burn about H tons ofl husks per 
hour. The boiler will produce ip to 250,011)) Ib/lour 
(113,00 kg/hlotur) of steam al 9l)) psig (61 bar) and 
900F (18201 C). The turbine will p iroduce uip to 28 MW 
of gross power ald 23 MW (of net power. 

Cogeneration and Grid Power from 
Husks in Italy 

A "sta nd-alone cogenerat ion plant has prodiced 
6100 to 700 kW ofelectric power and process stean frol 
rice husks since l183 at the Seda distillery at SaltizzO ill 

ortlhern Italy. The planlt was built by two Milan firms, 
Gariboldi Engineering and S. Stefano Ticino. The 

http:superleat.rs
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Husks are purchased from nearby rice mills in the 
upper Po Valley and brought to the power plant by 
trailer truck. In 1985 tile husks cost about $40 per 
tonne. The maximum load is 10 tonnes of husks in a I(X) 
m3 (3531 ft 3 ) trailer. A large truck dumer raises the 
trailer and dumps the husks into a 100 m' hcopper. The 
husks are carried by a chain conveyor to a 2000 m3 

(70,620 ft3 ) storage silo. A screw conveyor and elevator 
bring the unground husks to the furnace, 

In the Gariboldi suspension-type furna,-e, a rotary 
wheel distributes the husks over a stationary grate at 
the rate of 1700 to 2000 kg of husks per hour. 

The boiler produces 10 tones/hour (22,000 Ib/hour) 
of medium-pressure steam at 18 bar (705 psi) and 1310(C 
(800F~). The steam is used in a Siemens turbo-
alternator which is rated at 1050 kVA (850 k%). Exhaust 
steam at 3 bar (4-4 psi) is tused for process heat in the 

distilerv.sponsoreddistiller,,. 
There is no ash extraction in the furiace; all 0f the 

ashi is entrained inlthe :,as stream anld remnoved inltheat 

cyclone after it has passed through the boiler. The ash 
is transported by a screw conveyor to a storage silo. 

Thud urru¥ 

HP 

After cooling, the ash is bagged for sale to the steel 
industry for use as an insulating material. 

In a typical period in 1985,86, the olant burned 1700 
kg of husks per hour; net output was about 600 kW. In 
twelve months il 1985/86, the plant burned 10,665 
tonnes pf husks. Net output was 3,828 MWh or 312 
kWh per tonne of husk (282 kWh/ton); 83% of the 
power was used in the distillery, and surplus power 
was sold to the grid. 

Grid Power From Rice Residues in 
Developing Countries 

At present no power plant fueled with rice residues 
is providing power for the grid il any dveloping 
country. The potential for private investment in such 
plants in Indonesia was examined in 1987/88 by a team 

by thle A.I.]). Biocnergy Systems and 
Tech ncology Project (l3ST). Issues related to the 
development of rice power projects in developing 
countries were discussed in a convocation at Louisiana 
State University in 1)88 on market prospects for U.S. 

MESH All 
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Fig. 7. Seven hundred kilowatt husk-fired steam turbine power plant, Italy. (Source: National Committee for 
Energy Research (ENEA), Rome) 
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6system would be financially attractive 
but that a 1.5 MW high pressure 

6 600kW system woold not produce positive
411 	 ........ returns. This difference, illustrated in 

Not Present 3 .. 1.5 MW Figure 8, was due to the substantially 
v-,ue 2 .... C s ........ lower capital cost of the low pressure 

system. 
177717 	 I.,Inthe base case the capital cost of 

o '-'the 	 1.5 MW high pressure plant was 
-1 assumed to be $1.2 million 

-2 	 ($2800/kW), while the estimated cost 
of the 600 kW system was only 
$800,000 ($1333/kW). However, in an 

-4 ECON ASE NO ASH WORST economic case" which assumed 
higher future values for husk and ash 

Fig. 8. Net present values, 600 kW low pressure system and 1.5 MW as well as power prices equal to the 
high-pressure system, Indonesia. (Source: Report of BST Team, full generating costs avoided by the 
Indonesia, 1987) 

rice residue utilization technology, 
The reports on these two BST activities examined a 

number of interrelated variables in a grid power 
project with rice residues including tile choice of low 
pressure or high pressure steam systems, capital costs, 
annual operating period, husk consumption, husk 
availability, and income from the sale of power, ash, 
and (in some cases) steam. Conclusions and 
generalizations from these reports and some other 
sources are summarized in the following sections. 

Low or high pressure system 

The most basic choice facing the planners of a grid 
power project using rice residues is between a 
relatively small low pressure system or a much larger 
high pressure system. With a low pressure system, the 
power output per ton of husks or straw is relatively 
low but capital costs and fuel demands are also 
relatively modest. High pressure systems are much 
more efficient and produce two or three times as much 
power for each ton of fuel as the low pressure systems. 
However, these high pressure systems are very 
expensive and appear to be cost effective only in rather 
large units which require a very large supply of rice 
residues. 

Using current or expected marl,et prices in 
Indonesia for the costs and benefits of the rice power 
systems in a "base case" analysis, the BST team in 
Indonesia concluded that a 600 kW low pressure 

utility, both the 600 kW and 1.5 MW 

plants wouhi produce substantial 
returns. 

Agrilectric Power Partners and A,'kel International 
have developed plans for a "modular' 2 MW husk 
power plant which reduces capital costs by minimizing 
on-site construction costs in the developing country. 
Thirteen completed modules would be shipped from 
the port of New Orleans and fitted together in a short 
time at the site in the developing country. Agrilectric 
and Arkel estimated in 1987 that the modules would 
cost about $3.5 million; transportation and erection 

would cost up to $750,000, depending on the country
and site, bringing the total cost to about $4.25 million 
or about $2125/kW. 

Annual operating period 
As in all power plant investments, high load factors 

and long annual operating periods are critically 
important to the financial and economic viability of 
any investment in a husk-fired power plant. 

The base case used by the BST team in Indonesia 
assumed that the husk power plants would operate for 
290 days a year. A sensitivity analysis indicated that the 
unit cost of power from plants operating only 1,10 days 
a year would be two to three times that from plants 
operating 290 days. The cost of power from the 600 kW 
low pressure plant operating for 290 days ranged from 
$0.02 to $0.05 per kilowatt-hour, depending on capital 
costs and discount rates; if the plant operated for only 
140 days per year, the range would be from $0.05 to 
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$0.12. The unit cost range for the 1.5 MW high pressure 
plant was $0.075 to $0.11 per kilowatt-hour when 
operating for 290 days and $0.09 to $0.23 when 
operating only 140 days per year. 

These figures clearly indicate that a high pressure 
power plant cannot be economically viable unless it 
operates for the entire year minus tile necessary annual 
maintenance and repair period. Moreover, power 
available throughout tile year can be sold to the utility 
at a more favorable price than power available for only 
a part of the year, since the purchase of y'ear-round 
power may reduce the utility's need for additional 
generating capacity. 

The principal disadvantage of a plant operating all 
year is that it requires a much larger annual fuel 
supply, much of which Iimust be stockpiled during the 
milling season for use in the non-milling season, 

Availability and cost of husks 

The fuel requirements of a proposed rice power 
plant should not exceed tile quantity which can be 
economically and reliably obtained in the area around 
the proposed plant site. 

'he BST team in Indonesia estimated that, operating 
for 290 days a year, a 600 kW low pressure plant would 
use 13,920 tons of husks per year and a 1.5 MW high 
pressure plant would require 16,356 tons annually. The 
relatively narrow gap between these two figures is due 
to tile much higher output per ton of husks of tile more 
efficient high pressure plant. The Agrilectric/Arkel 2 
MW modular plant, operating for 3-15 days per year, 
would need about 26,000 toils of husks. 

These plants would require either the entire husk 
output of a single very large mill or the output of two 
or more smaller mills. The 600 kW plant would require 
the equivalent of the entire husk output of a mill 
processing 15 tons of paddy per hour, 2-fhours a day, 6 
days a week, during a milling season of 32 weeks. Tile 
1.5 MW plant would need the equivalent of the annual 
output of a mill operating at the 18 ton/hour level for 
the same period. The Agrilc,:tric/Arkel 2.0 MW plant 
would require a supply equal to the output of three 10 
ton/lour mills in a 32-week season. 

Since only a few large mills in Indonesia could 
provide all of the husks required by power plants of 
this size, the BST team concluded that the first husk 
power plant built in that country would probably be a 

"stand-alone" plant which purchased husks from 
several mills. 

In areas in which tile husks have no market value, it 
may be possible to obtain husks with minimum cost 
other than the transport cost. It has even been 
suggeste'd that in such areas the government could 
require millers to transport their husks to a designated 
disposal site (at which a power plant would be built) to 
prevent undesirable dumping of husks in other areas. 
On the other hand, the construction of a new husk­
fired power plant tends to establish a price for husks 
even in areas where the husks previously had no 
market value. 

There have not yet been major studies of the cost of 
transporting husks or of the maximum radius around 
the power plant from which husks could be 
economically transported. Both costs and maximum 
distances are very site specific, since they depend on 
topography, available types of vehicles, and the local 

road network. 
Despite expectations that transporting husks for 

substantial distances would be prohibitively expensive, 
IDEA Inc.'s report on husk gasifier systems indicated 
that the transporting of husks for distances up to 100 
miles is fairly common in northern India duc to the 
severe energy crisis faced by Indian industrics. Bogor
 
Agricultural University in Indonesia estimated that
 
hauling husks for a few miles on primary roads would
 
cost about $0.20 per ton per mile, but much of the husk
 
supply is at mills which are not located on primary
 
roads.
 

Transport costs could be reduced by grinding tile 
husks at tile Mills and doubling thei r bulk density. At 
the Saluzzo plant in Italy, only 10 tonnes of unground 
husks can be transported in a 100 m3 trailer which 
usually carries loads of 27 tonnes. Grinding tile husks 
is necessary for some combustion systems, notably the 
suspension-type burners used in two large plants in 
the United States. Another possibility for reducing 
transport costs is to use inexpensive light weight 
vehicles suitable for loads of unground husks with a 
large volume but low weight. 

The "base case" assumptions of tile BST te,,jn in 
Indonesia included a husk price of Rp. 4,00 ($2.40) per 
ton. Tile team concluded that although the price of 
husk was one of the five key factors in determining the 
economic and financial feasibility of a proposed husk 
power system, tile husk price is somewhat less 
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important than the other four factors (ash sales, annual 
operating days, electricity sale price, and( capital costs 
including interest rates). 

The rice residue convocation in Baton Rouge 
identified inadequate or interrupted Iu el supply as a 
major risk associated with invest ments in stand-alone 
husk power projects. Plants whicl mtst buy husks are 
vuinerable to weather and other external tactrs which 
can influence the pattern of rice milling and the 
availability of husks, 

The Baton Rouge group suggested that large stand-
alone power plants coutld minimize hitI,'scipply.' 

problems by maintaining a minimum of 15-dy stu plY 

of husks at the plant site, and by sizing the plit toI use 
only 1(% ti 15';. ct the husk 01l1ict ill the 
surroinliig area from which husks Ccilhl bc (HiAined 
without e\cessive Ir',llsport os. I.ong-teun cctrts 
for the purchase o11husks were' ils( rcMIIenlecd. 

Income from the sale of electricity 

Aside from capital costs, the most important tactor in 
determinilg the econmic allractivenIess of a plLnt 

producing power tor thilegrid from rice residues is tie 
price paid for the powver by the electric utility ccr 
cooperative. 

In most developing ccciintries, tllis pr'ic canlnot be 
estimated in advancV with ltucll cOniidece,,'. Il tihe 
typical country there is very little legislatil, proce-
dure, or experience relevant to tlie purchase ct power 

returns if electricity prices were low and capital costs 
and/or discount rates were high. 

Income from the sale of ash 
There are a ntimber of present aid potential 

industrial uses of rice husk ash, and income from the 
sale ot ash is a signiticnt contribtitor to the economic 
viability ot Iitisk-lired power plants. 

At present tile most important market lor rice husk 
ash is in the steel industry, which uses the ash as an 
insulating material tor ladles and other units 
containing molten steel. Both the Agrilectric plant in 
Iloulisiana and the Nlah Boon Krong plant inThailand 
export ash to the steel industry in Flirope. The 
PrcdUCIers Rice Mill inAk1,isis has sold rice husk ash 
in the United State,, tmr Ibl $21} per tol, making 
,ibouit $10(1 t'1"Iist'tllioii costs.protil on evach toll ,tter 

PRIM Liicrgy Sste'ms esimied in l 19 thaI its l­
ton.'bour reactor opcrating 350 divs I year would 
gVner'ate ash sales of (,tolls per dLV ad anllannial net 

income trom these sales ot $120,0)10. A 2-toiiliour PRM 
reactor would produce Q.0 tons o ash per day and the 

net incoIme wo(uld bc $2011,c))0. These prjcctics were 
based on apparcltly conservative estimates that the net 
prolit trom ash sales would be $u00 per tol.PRM 
cturrently exp\,ects that net income ot this le2.v'l or higher 
will be obt,iiled through the sale ot ash from tile 

planned 2.5 M\V straw-fired plant inl
India. 

The "base case" assu I pt iols used by tile BST team ill 
from private lirms by goverinicelt-owned electric litili-Indonesia illevaliatinig rice pccwer p),rcjects included 
ties. 


At the mininuni, the price paid cr"pccwer sliould be 

eqCial to the fuel costs avoided by the ultility as aresult 
of the purchase dcf power. Ittlie licsk-tired plant cai 

reliably produce baseload or peaklad powcr, tle 
utility may be able to avoid investilnemts illadditicnal 
generating capacity and the pturchase price shcild 
reflcl tlese avoided ca1pacity cCosts. Inthe absenieIh C a 
tirm government prcogran c eto tirage priv\ate power 

generali(, the electric titility may tend tcresist power 
purchases and/or keep tile purchase price at a 

minimum level vlich red cices tle financial 
attractiveness of the proposed rice power system. 

lle BST team in Indonesia fouIid that a 60( kkV Iow 
pressure system with a relatively low range of capital 
costs would provide positive returns with all expected 
levels of electricity purchase prices. Hocwever, a 1.5 
MW high pressure system would not produce positive 

the sale of ash at $15 per toii.
l-limination of these sales 
in,1"no ash case" stubstaiitially lowered the iiet present 

value of the investment in a 6(1 k\V plant and 

scubstatiitally inicreased lie Ie';atlive rettln ii tile 

investment iiia 1.5 Ni\VW planit (see Fig irie 8). lhe teaiii 
concluded that i1 assured market for the ash was 
essential lor an economically viable rice pwer project. 
Itthe hausks are burned at tenlperaILTIres bet ween 

55(11C adi 70 ()C (1(122 to 12d2clF), the ash will be 

amnirphous (uncry'stallized). Am(orplicus husk ash is a 
possolanic materil which reacts with liime and 

accelerates tilie cement.The ash is used illlardeiing ofl 

cement in India and in soce other countries. li 1984 
IiLusk ash cement was reported to iesellilng iiiIndia for 
about 70% of the cost of a quantity of ordinary 
Portland cement with equivalent strengh. 

The Laterite Products Company in Bangkok uses 
rice husk ash from a 60-ton/day Universal Energy 
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International rotary kiln combustor as one of tile 
ingredients inthe manufacture of concrete blocks, 

Other potential markets for the ash include its use as 
(a) a source of silica for the production of glass, 
fiberglass, and even silicon cells for solar photovoltaic 
power systems, (b) a filtering medium for the removal 
of algae, bacteria, and dissolved organic carbons from 
beverages and from community water supplies, and (c) 
an absorbent for hazardous liltiid wastes (including 
small oil spills on land) which permits the wastes to be 
landfilled with minimal leaching into the groundwater. 

Some uses of the ash require a minimal fraction of 
carbon. One manufacturer of a combustion system is 
currently conducting tests to determine ifthe firm's

produ86, ahtsk ashwgi
units canlproduce husk ash with less than Icarbon 
and less than 1% crystallization to meet the special 
requIiremn ts Of a potentil bu 'er it) the e tl( )Iiii 
nd istry. oo)high a fraction of carbon red trees tlie 

value of the ash as an insulator, but does not impair its 
sitabil ityfor some other tises. 

Income or savings from the use of steam 

Some "stand-alone" rice residue power plants 
in 


developing countries may be able to derive important 
income from the sale of steam or important savings 
from the use of steam ill associeL.,d pr('cessing 
industries. Obtaining this additional source of income 
will require innovative planning arid siting of tile 
plant. 

Somcof these power plan ts prodicinrig power for the 
grid may be located inor very near a large rice mill in 
order to utilize husks from that mill as well as husks 
purchased from other mills. In such cases, the power 
plant could sell exhaust steam to the rice mill for 
parboiling, rice drying, and/or bran stabilization. 

Alternatively, the power plant 
could be located iinr 
adjacent to another type of agroindustrial or indusrial 
facility which has a substantial requirnient for process 
heat. 'File husk-fired power plant ai a distillery in 
Saluzzo, Italy is an example of this type or plant, 

6 
ENERGY FROM RICE STRAW 


The potential energy in the world's annual 
production of rice straw is about five times as large as 

in tile annual output of rice husks, but the use of this 
potential fuel has been minimal due to the 
decentralized availability of the straw and problems in 
the collection and combustion of this fuel. 

Availability and Present Utilization
 
of Rice Straw
 

The quantity of rice straw produced in a given area 
is slightly larger than tile quantity of rough rice 
(paddy) harvested from that area and is about five 
times larger than the quantity of rice husks generated 
in tile milling of tile rice. 

In villages in India surveyed by Punjab Agricultural 
University in 1)85/86, the straw/grain ratio ranged fromUnivrsit ian ratio range( from%1.02 to 1.203, with a mean of 1.113. Straw production 
ranged from 3.1 Ito 1.6 tonnes per hectare. A task force 
on rice straw utilization at the University of California 
at Davis (LJC Davis) reported that over 3 tons of straw 

tonsper acre (7.-I per hectare) was being prodiced i1981 ill California, although the volume of straw could 

be reduced by 15% by the use of new short-staturedr
 
The percentage of tile straw which is removed 
 from 

the fields depends on the harvesting methods and the 
local uses for le straw. In tie Punjab survey, 60% of 
tlie straw was harvested by hand. of lhe grainMost .
was carried to)threshing sites near thle fields, whereweeiit 
was manually t Iiled; ost of tle Straw was left at 
these sites. If tile rice is harvested by hand, it iseasy to
 
remove he entire stalk; ifconmbinIes are used, up to
 
-1•
017 of tile straw remains in the field atsstubble.
 
Insome countries with acute slhortages of domestic
 

fuel, notably China and India, rice straw has been
 
widely used for cooki ing. For centuries Chinese villages 
burned a mixtutire of rice straw and husks in open-top 
burners. The black char from these burners was used to 
aborb hnman wastes and the resrItirg iixtrre was 
used as fertilizer intile fields. InIndonesia, Thailand, 
and other countries in which more convenient 
domestic fuels are available, rice residues are rarely 

used tor cooking. 

Compared to a good fodder for aninials such as 
alfalfa, rice straw has low percentages of digestible 
energy and crude protein and high fractions of crudefiber and ash. The UC Davis study showed that 

untreated rice straw has limited value as an energy 
source for livestock. Nonetheless, the straw is widely 
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used for livestock feed in areas where other sources ot At the time of harvest, rice straw contins 55'.,, to 

fodder are limited. In some Indian states most of the 70% moisture. As with cane tield residues, the Iresh 
rice straw is fed to cattle, and there is no substntial straw must be windrmved and left in tile sil for a few 

surplus of unused straw. InI other states, notably days until it is dry elloih to bale. 

Punjab a:nd Iaryana, better lotder is avil1able and If the terrain and soil conditions permit, the sun­
most of the rice straw is !.ntused. dried stt',raw Cal be bal'd ill the tVi,.hs risinrg 

Relatively small tiaritities t rice straw 1rV used tor cormlrciII-av,rilbt reCttlarngttlar or rolndll balers. 
a number of other purposes including packing The LIC Davis stitlY ritedt tIht ti large rolld bales 
materials, roof thattohing, fuel t( r briclLils,. gr'owing are Iess dit"se, mle c\ pesive to It'rni,potlt, alld 

medium for and teCdsttock Ir()" requrire more spce t"or st( r,lget,, tile rctatngtlarnushroorms, the th 

productio( of tiberboard, paper, and chemicls. bales. On the other hand, e.Cper fiets with cae ield 
In most rice-groving areas, only a small Ir,ct in ,t residtues showed that the I'Irllid bal's tl'sswc subject 

the rice straw is utilized for rll,purpose. Alth nigh the thrln ile rcctillgrl' bales to roistrre ,nbs1orptior and 

Indonesian agricultural e\tension strviCe rco.rIm rllCds tltCri*'ratio ,Iurili storagte'. 
that tan ers return tile stradw to tile soil i prI,'ye A te' ,Iat rilab,,;t ura yto) ,.ricurltr[riv rsitin India 

tilthI and the level ot (irgarlic iitter, rlost ot tie Straw ,1rI eriivehCIl/, P)85 Itr the I'urrjabmnlL Coll StrtL\I Ill t') 

is burned at thlCshing sites in id(tesir. Most ot the i letClricity' Boar'd (It iipti(rts IM the clleti'O, otstraw 
,straw isIls( tburne,'d ill .	 tet' \clrtli u t ' . rt ' poWthe lt'tnija	 .is rel r ,',.Il 1M M,,er;+J-()I 


Ill Califor'nia the cr(titlltiorl (I pL- b(rning t , I lie strud; e IieC , 1
ot plrit. r\,llllil'id collecting 

rice st raw ISdeened1L is tnnr , ecestl' M,tilt. ,ppro\irtlV IS.,(ii)-n t 'rret0st1iw ,inrrall\.r, rc 

control ot stem rot (Slrtium i/Z,'), I trr.;,I li,,er, Lnder tile r pr1p1osed 1v the terI, loose straw 

affecting tile ie plants.he "Davis st h iri11c,t worild be ,ollcttd h\' ttrners ad trurnspirted b\' (A 
that, while open-tield brning ot the the Ilost cirts, trailTrs puIlled by ttors, ,nLd trLcks tois,raw 	 tive 

effective means ot rhirrirmIzing loss die to stein rd collction, baling, ,1od staI' centers. lAcI center 

disease, tlhe coMiplete reiMOV,1 ot tiltstraw fI'(,1tilt' would hiv three 12.5-to1lirir blehrs; ti.cy would 

fields wou1ld also minimize the sltrn i t. lI stdeI ,rit operaTte 1(0h0iwll"dryt\Imt'n in, 'ths 'I vcii ilorder to 
noted that buirring ot ric straw cootIrttibUts L, to) arid slo'e Itoiii 37,(0l( to 1t,00i0 ts 'it baledbailt 

of tile p llhtlits ii air Ittie ric- x vrnr. ,recas ill straw 'tticked tolilt it eaI cciinltr. Baled straw w'ulIl bet 
Calitornia. tile powcT phi1i a1 elt''.e,ortdet to lInOrrnitJs iIll tile 

Olp-,eratim of ilthe pI,1 tn d r-,,3(0) Ilys-i . 

Collection, Transportation, and Around 5),()0)tl nnes oftt. b,rled M_ inballCd straw w,,ill 

Storage of Straw be brought dircctly to tilie 3.0)MW pIl inthe l'urijab 

The utilization ot straw as a major source of tirel tor plirilet+ Iw PI I'inrg Systems (sectitir I)tom tarI',s 

a large pover plant worlhl ,r'uthiire ,IcorplC\ lgistica within a 7-mile radits. lthi the mtlhuts and costs it 

tams to the t wt.er pilrlplan tor the collection, transportaitionl, rod storggt' I 	 tiranUspirtling straw Ir1n 

would depdCr onhcal ms incltrlirug thel c(irdit i'
the straw. 
The technical and lgistical 0I;theilctslige scale Ipt'.ICS IiCe pr'lutcti'n, avrilable vehicles, localtl 	 ot 


tuse (t rice Straw are rathcr simlilar to those ,ssi.'irteh'Iti'in-, rd networks, seatioritnl watere, arl ,iud tither 
with thie US ot tht! e'Csidues lett iii thetlihlds iftcr the variables. 

harvesting ot sirgurcae. CMV tCc rsCidles are, beilrgicl 
utilized fr power geCIeratio! It preserit illseveraI Industrial Combustion of Rice Straw 
developing countries, and the BST pr ect his Itinhed a Experience with th" induistrial combustin oif rice 
series of experiments with tile harvesting, baling, and straw is very limited. Techniques for the prep;ration 
storage of these residues. A comprehensive review ot arid(r teedinig of Ile st riw depend oin IiIe type tt 

the Ise of cane field residues for power generation is furnace. 
provided ii "Power for the Grid From Sugarcane AtI louisiaia State Universily baled rice straw was 

Residues" (Bioenergy Systems Report, August 198')). tested in a commercial Iturrnace designed to burn bales 

http:plants.he
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of agricultural residues to produce heat for grain 

drying. Ash tended to cling 
to unburned material in 
the bale and retarded combustion. Unless the bales 
were shaken periodically to remove ash, tie air 
temperature declined steadily and the complete 

combustion of the large rond bales reuired ip to 2-

Most combustion systems require pulverizing the 
straw. At the Oxford Energy plant in California, large 
bales of straw weighing 1,)0(9 Ib(-5.3 kg) will be opVned 
and chopped to 1 1/I to 2 inch (3to 5 cm) lengths ina 
tub grinder; the chopped st raw w illth n b Ih a mlmer mlilled bef ore co!-tiring with gr outnd rice h usksineplnts sefspesion e withrs undc 

ill spensin hrie lr Stiler il hl 
 bncookingThe energy content oA ice straw has been masr'd 
inCalifornia and tiindia at around 15 NII,'.g, which is 
about the iasthat ricesame of husks. The Punab 

Agricultural University stldV cited ablve lusedestimate by Can boldli l-Inincerin' that nit 

,n,tb 2.( 


tonncs ot straw would be IVeedLcd to i lt'tticC a 
Megawattlhouri powI'erin a low p TireCIpower plnl; 
this is equivalent to 38.1 kWh per tonle ()tstraiv (3S.1 
kWh/it(i). Garibodi s'r'sss, h( wever, that the 
potential p wer o tputI Si deperdeii t l tile 

The percentage (oash in tile strav isalso ibotl the
samiie as inthe isk (15% 211"),but ite Peen tateIi)


shgh.ue tothe presence o larger trac-
tions of sodium and potassiutim in the ash i lml straw, 
the ash begis to melt when tiiiace tcioperatire reach 
around 825'T" (1517o1 :). Ielormation of the ash from 
rice husks does net occur intil around I*l!0olF (2o2.11F)4
Dule toithe lower ash mliting telmpcr itul'r,veryV calreu'll 

control ot btirnace lemperat ltirewill be requtired whenthe straw is butrned to avoid slagging proiblems. 

7 

STRAW FOR RICE BRAN 
UTILIZATION 

third underutilized rice residue in developing 
countries, rice bran. 

Production and Use of Stabilized Bran 
Te white starch kernel of the grain of rice is 

surrounded by a tighlly adhering brown layer of bran,which in turn is enclosed by tile loose outer husk. The 
bran layer acconints tr from 8 to 10% ot the addy by
weight. Both thei htsks and lie bran are removed to 
produce white milled ice. 

The rice bran contains 12 to 16% protein and is rich 
" 
 ' a ,d . From 1 .5t 2 0' of the bran is ... .i . i s a iii r i s r m t o 2 % o h r n i 
oil; ifproperly extracled, itcan be used as salad or

oil as is oil from corn, peanitts, or cot tonseeds.Although the world production of rice bran is about 35 
million tons per year, only a small fraction of the bran 
is lsed asa Iodsltll.
 

About 7t)1 ot the world's rice is milled ilAbnl 1% o single­h ol' iei ild i 
ige
stage lills which remove the husks and bran insingle operation. lhe oil content of tie a
resulting
 

htisk bran nli\tlre is too low (below 10%) for the
 
economic extraction of the oil. The use of about 10 
million tois ofseparate bran which is prodiced by 
multi-slage rice mills has been limited by p iwerful 
enzyles in the bran. After milling, they begin to 
breakdown iet oil inmediately into glycerol andt btty acids; this process makes freethe bran unpalatable 
and prevents tle 
economic recovery of tile oil. 
I lwever, tie disintegrative enzymes in ilie bran can 
be destroyd by heat in a process known as bran 
stabilization.
 

About 15% to 211% 
of the stabilized bran call be 
extracted as oil using soivent extraction. The further 
retiniig ott lhe crude bran oil requires dewaxing,neutiralization, bleaching, and deodorization. 

Japan produces over 11)0,000 tiions oifbran oil 
annually. Over 1001)solv\,ent extraction plants were 
operating illIndia by the nliid-1 970s,producing over 1.5 
million tonis oifbran oil annually for use in thema tlitactutre of soaps and ot her nion-food products.

At present India is currently expanding production 
of bran oil in order to reduce its iimports of edible oils. 
Two U.S. coipanies are participating in joint venturesIn the near future there may be important with parastatal companies for tile production of bran

opportunities to use energy derived from rice husks (or products in India.possibly rice straw) inthe commercial processing of the California Rice Bran Inc., a subsidiary of Brady 
International, has a joint venture with Punjab State 
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Cooperative Supply and Marketing Federation Ltd. 
(MARK'rED) of Changigarh, India. Stabilized bran is 
produced by .12 Brady extruders located in several 
large mills and in collection centers which receive 
freshly milled bran from smaller t,'-t,ag, mills. 
Following stabilization, brain oil is e\tracted. 

lelix International Corporation is develping a 

joint venture with Pulab AgroinrislriCs ('rporafion 
(PAIC), also based in Chandigarh, toprodice stabilizcd 
bran, bran oil, and deIattCd bran. The bram prce..ssing 
facility will be located at IAl's new nill at Khatna. 
The facility will be built by Process Fabricit rs Inc. 
(Claremore, Oklahoma) and ,.ill tilixe Itclix 

from rice husks (or possibly rice straw) for bran 
stabilization. 
One option is to use steam from a Ilusk-fired 

furnace. In experimntcls in 1982 at the Tacurong rice 

mill in the Philippincs, abo t -10 kg of husks per hou1.1r 
were burned ina kettle-type boiler to produce steaml at 
5 kgicm 2 (71 psi). The s'team was used in a 2-ton 
capacity stabilizer. 

Il 1982 an inte-national group \iSitet a iice branl 
stabilization Ild oil e\traCtioll operation at tile 6­
toll,'llor Wuxialn countl ric. mill in China. Steam from 
Iursk-tired h;hilrs at 5 to o kgcm 2 (71 to85 psi) was 
used to cook lie bran for 15 to20 minutes ineach of 

International's new proplicar-v oil ext ractio; poc .sls,foir stirred corllartIlnIts. The bran was then formed
 
using isol;rop\-,I 'lcohl the
a, the sol\'crI rlthTr th.in 


he\ane lsed in previts e\traction pllts,

At present the dICiled br,n rert'iniit; after oil 

extra,:tioi is iisetl as a high ili,1lit v in hul'' ri ,relient 

livestock teed. ! I vever, the I!.S. A(ncy rfll 

International Devehopiment, tht 1 S. Ic mprtmeilt of 
Agriculture, and severi I'.S. firms havC bee.vn 
p'articipalting ill tlffrts to Ip'rmoeI thl itili,,thin Of Ick 
bran as a high-proteint tod for hiuiiil conslrmptimn. 
-ilther whole stabilized braln C,Ut1or" dceoiled bl',ln he 
milled intoIrice bran 1louir which can be us.ed in a 
variety of baked foo)d Iprlducts. Ilelix, Iternlrational is 
currertl' test-marketing anI mber if these()t,rticts in 
the United States. 


Interest in rice bran for human consumption has 
been heighiened receri tl\by research it tilie U.S. 
Department ot Agricu Ittre's Western Regional 
Research Center, Albanv, Califtornia. Experiments with 
hamsters suggested that rice bran ma be as I et ti\-e, as 
oat bran in reducing sertim CiMehilestt.el leCvels in the 
blood stream. Futrther tests of rice brin with htman 

volunteers at Inuisiana State University and tile 
University of Texas medical center illI]lsthi are 
being funded by several major rice milling and h(1d 
companies. Ifthese test demonstrate fire licalth benefits 
ot rice bran, a rapid gi-rwili inthe ,irket futr rice bran 
is anticipated. 

Energy for Bran Stabilization 
As indicated above, bran stabilization requires the 

application of heat to breakdown the enzymes in the 
bran. There are two najoir options for the use o energy 

into cakes alnd the Oil was e\traCted illhydraulic
 

pr',SLs ()prating ,it psi). Most of the
35.5 Lt ci1 2 (510.1

br-an oil pu'tIiuct'r in(Thiri+ is se.d in the inauiufacrlre 

()fs Iip with ,nly ,usiill ctiro.l1t lse.d t 11rhu111an 

,c Insll1,)Ml. 

Inl LIru,1r mills with hlsk-tired povt'er plants 
(pcratin;g at mleditir,1 prjsstlrrs, itw ild be possible to 
Ise e,.\hlasl staim trml th,e turbine_ hor rice bran 
stabilization. 

The most Irmisigl, imlethod (of bran stabilization at 
preswnt iswith clectrically driven ,xtrtidvr/cookers 
which are widely u,,ed t- . ir wide iringe of 
food products. A screw forces the branl throlgh a 
cy'lindrtinder
tpsuri'iSS until it ex\its thrI'gh a small 
e\trlsion lie. The friction and pressure crcated in this 
extrrstion prcess rapid li crea',s tHe IcIIIriertire 01 
tile bran and dCst ro,'s tile enzymes. Ret.seCAch at the 
US. l)epartment 0f Agrictlrc lalboratorv at Albany, 
California, indicated that the optimiim temperattre tr 

1extrusion of rice bran l asbout 13()'t)- (2 (Ij). 

All such exfrtisio processes are relutivtelvY energy 
intensive. The Brd lNext ruder used in the I.JSDA 

researchreqlired In vepil ,lrint ft 7() LWh per toil of 
bran to prodtce an rite 6, '; 111extrlsionll tenliperattl'' .3 
to 1", more eiecrgx was nee''Cded 1( increase the 
leriperattire to I-l)oC. Califi rnia Rice Bran's basic 
extruder model has a 75 hp motor. Iista-Pro 
Internalional proitltces fu-Icr Muodels of extruders witl, 

motors rated at 50 lip, 75 lip, and 125 lip. A sensilivity 

analysis included in a PSI)A stud' in 1981 irdicatz 
the changes in the cost of electric power wourld have-a 
significant impact on the return oi investments in ricebran stabilization eqtuiprnent. 

http:CiMehilestt.el
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The feasibility of providing additional electrical 
power for bran stabilization with a low-pressure husk-
fired power plant woItlid depend on the otitput of the 
plant per ton of husks and the power reqtuirements of 
the mill. It net power output is relativI el high (a round 
300 kWh per ton of l'.,:-s) and lie oL'ver demand ot 
the mill is relatively modes (around 3() kW\h per ton of 
paddy), there would he ample surplus power Ior bran 
stabilization with extruders. It the power ()utttpui t is 
only art tnd 225 kWh per ton ol itsks and tihe power 
demand is arnInd 1) kwi ton ot paddy, thereper 
would be little it any surplus pt-ver tor bran 
stabilization. 

This analysis suggests that proVidil, electriCal 
power frorn rice residies fw bran stalbilizatlim wmitld 
require (a) an efficient low pressure power plant iisinog 
husks which is carefulll designed to match tile ttal 
pOwer re(tiretents tot rice milling 'Ind br-a l 
stabilization, (b) a low pressitte plait (A grellr 
capacitv in which the pm.er oitpii I is increlsed bv 
using rice straw as a sulpplemental:li in addtiulim to 
husks, or (c) a husk power plaint operating at higher 
pressures anl(d produicing more power per toi (I husks. 

8 

NEW SYSTEMS FOR HUSK 


COMBUSTION 


The three firms included ini this section are currently 
conducting tests atid1,0r developitig inodilicatiois (;f 
combustion systems which were originally develope(d 
for use with other luels, to pnr it t heir 
commercialization for use with rice Iitsks. 

AEON International Corporation 

AEON Interiiationahl C(-poation, aii expt rading 
c(nipan,, is developing plans to export a p(iwer 
generation systetn tr use with rice husks based I1 a 
"Biomaster" tut-'Iace deveI)ped by tile Sitkup 
Manuifacturing Company, Shliefild, Iowa. The turtace 
which has beeni used for 15 years to btirn corn cols aid 

stalks and (tiher bioniass to provide heal tfor grain 
drying, effectively burned rice husks during a recent 
,I5-day test. 

The core of the l3ioniaster is a vertical stainless steel 
cylinder with a refractory lining. A feed auger conveys 
the biomass trom a fuel hopper to the bottom of the 
furnace. Ill the tests with rice husks, a stainless steel 
ash auger was installed in a trough ill the floor of tile 
I rnace. A water cooling jacket vill be added to 
prevent warping of the auiger. 

Il grain drying appl icat iois a 15 hp fan circulates 
clean air through tile space between the inner lining of 
the furnace and the nter steel shell. One option for 
steam generalion is tio replace tihis leat exchanger witlh 
boiler tubes. Another option is to use the flle gas from 
tile furimace in a heat recovery boiler to generate steam. 

Waste Conversion Systems 
Waste Coiversiotn Systems is lesting rice husks ini its 

Thermal BurIer which was designed to pet-mit the use 
o biomiss Ituels ii boilur systems which were 
origiiallv designeditlo oil or nattiral gas. 

Fuel is convey td oii a uIl, hopper to Ile burner in 
a variabl,.e-spued aitger drive or tllrtjgh a surge bin. It 
is burned m a rtaitirig -taiinless steel fire belt; ash 
dr)ps ott the belt aId is rem()ved by an a;hi auger. The 
hot gas passes through a nozzle into the retrofitted 
bo Ier. 

Initial tests with rice husks in tie WCS burner 
produed ash contaitning abio t 10 percent carbon. 
Wcs plans 1tttlier tests in I990 ,with a btrner modified 

to providea loger residence tin),oe, sonewhat lower 
tetiiperatures, and ash with only abolt 1% 
crystallization. The firi teels tile potetlial s-i. ')f Si.,Ii 

high-qualily ash tor use in the electronics industry 
would greally increase tile ecoiiom ic attractiveniess of
 
such a rice husk bii-ner.
 

linergeo, Inc. 
Tests iow under way ill California may demonstrate 

tile feasibility of produicing electric power from rice 
husks iii a "Brayton cycle" system using a fluidized bed 
cimLbtistlit atid a gas turbitie linked to a generator. 

A new tirm, -ne-geo, Inc., has been has been 
established to manuhacture and market Brayton cycle 
systems Ihliou h jo int ventlres ill Asia and perhaps 
(tlherarets. 

A small prototype was operated satisfactorily with 
rice husks. A larger prototype unit has been operated 
with chipped wood residues at a lumber mill ill 
Oregon to produce about 61) kW of net power. The 
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Fig. 9. Prototype Brayton-cycle power system. (Source: [nergeo, Inc., San Francisco) 

larger prototype is being tested wilh rice husks at the utilize gas turbine generator sets which are already in
 
California test facility of a major manufactturer ot gas use in Asian cotmlries.
 
turbine systems, Solar Turbines. Energeo plans to design a commercial-scale system,
 

The Energeo design is shown in Figure 9. Fluidizing producing between 100 and 200 kW of electric power. 
and overfire air are preheatLed by title gases. Fuel is fed Preliminary figures indicate tile system would burn 
by a screw conveyor. All ash is entrained in the gas about 560 lbs. (25.1 kg) of rice husks to produce 100 
stream and is ultimately removed in a cvclone. I leat kWh; the expected oultiput would be around 393 kWh 
from the flIe gas is radiated to the stainless steel tubes per tonne of husks. 
of a radiant heat exchanger at tile top of the combustor. 
Since the gas does not pass through the exchanger 
tubes, erosion of the tubes by rice husk ash should be 
minimal. 

The radiant heat exch mger transfers heat from the 
combustion gases to clean air which has been 
preheated in a recuperator by turbine exhausi air and 
in a convective exchanger by tihe flue gases from tihe 
combustor. In the prototype system tile hot gas is fed 
to a somewhar modified gas turbine generator set 
originally designed for use in a system burning 
kerosene or diesel fuel. The planned Energeo units will 
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