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PREFACE

_ 'This report Is e condensation of A Feasibility Study for Alternate Fuels Produetion:
Fluidiged-Bed Gasificatior of Rice Hulls, a study condueted by Ameriean Riee, Inc.,
Houston, Texas with Energy Resources Co., Ine. of Cambridge, Massachusetts under U.S.
Department of Energy Contract No, DE-FGO7-80RA50378. o

PROJECT SUMMARY

Tlus study examires the feasibility of constructing an alternate fuel production
faelhty using a riee hull fuel currently being generated st the Americen Rice, Ine. {ARI)
processing faecility in Houston, Texas. The demands for energy at the emstmg plant closely
mateh the potential energy outputs which ean be produced from the quantities of alternate
fuels available.

It was found that fluidized-bed gesification of the rice hulls which produces alow

h BTU gaseous fuel and & char by-pro_dixct has the greatest potential for meeting the epergy

' demands of ARL. The char by-produet produced is potentia]ly & marketable item, alth&ugh
no market has been developed to date. The low BTU gaseous fuel can be used to produce
various forms of usenhle energy.

The proposed plant, to be located within the ARI facility, would consume 340 tons a
- day of rice hulls, the projeeted average daily output of the existing faecility. It would
produce 5.17 megawatts of electric power; 30,000 pounds per hour of process steam and
and 84 tons a day of cher. This cutput would completely fulfiil ARI's steam and eleatricity
demands with an additional 1.9 megawaits of electricity nvnilable for sale to the loeal
power company.

The estimated total installed eost of the proposed plant is $8,787,000.. The estimated
return on investment is 36.8%, assuming natural gas costs and char marketmg revenue
predictions hold true.




BACKGROUND

ARI iz an agricultural processing and marketing cooperative owned by and serving
1,800 farm families located in the rice produung areas of Lomsiana and Texas.

ARI produces two primary products: .regular white rnilled rice and parboiled_ riea.
By-products of the milling process inelude rice hulls, bran, broken kernels and brewers'
rice.; '

Rice hulls represent twenty percent of the weight of paddy (unmilled) rice: Use of or
disposal of this low=value by-product has frequently proved difficult because of the tough,
woody, sbrasive nature of the. ulls, their low nutritive properues, resnsta.nce te
weathering, great bulk and high ash eontent.

' The AR! processing fecility is located in the c:ty of Houston, Texas and has annual
- sales of $200 million.

Joining ARI as & sub~contraetor in the study was Energy Resources, Ine. (ERCO) of
Cambridge, Massachysetts. ERCO has extensive experience in the development, design and
construction of sitePnitive fuel production facilities. Through ils combined in-house
capabilities, meluding a pilot plant ‘est facility and snalytical services laboratory, ERCO
was able to pmvidrfz technicel assistence to ARI.

] .

In recent yem-s with improving teshnologies and processes, the milling and treating
of rice has grown ‘!n both sopiﬁsueatlon and scele, Today's millmg process reguires more
energy than in the| past. This is especlally true in the parboiling process where paddy rice
" is-steepeid in hot water and exposed to steam to completely gelatinize the starch, then .
deied te A Storable’ moisture content end milled. This increased energy requirement piaces
rice processors in' the position of becoming larger energy users al a time wher industry
fiiids politieal and_""econu_mic presawres to decrease their use of ur netion's energy.

!

Paced with the prospects of continually escalatimg natural gari prices or, worse,
possible mvaﬂabﬂity of this primery fuel at wny price, ARI began’ 113 investigation by
comparing the value of rice hulls a3 a fuel o number two of humber six e oil, nalural gas
and coal. Satisfied that the ealorie value was adequate and the cost of the fuel mueh less
than the compared fossil fuels, the objectives of this study were set:



{1) Determine that the use of rice hul‘ls as fuel would prov:de the highest rate of
- return on this by-product.

{2) Select the most efficient technology available in the conversion of rice hulls to

- ener

- 3 Establish the impact of the resuliing char product on the projeet.

= (4) " Evonomie feasibility of the system.

THE STUDY |

At one time, most of the hulls produced by rice processors were used as fuel in steam
plants which provided mechanieal power for rice mills, but: cost factors, eleanliness, lack of
technology to meet regulatory compliance and the ready availability of naturasl gas end
eleetricity have led to the diseontinuation of this practice. Currently, a small percentage
of riece hulls is used in the production of furfural. Some hulls are pulverized and sold as
stack feed filler and lesser amounts are used for poultry litter and livestock bedding.

During lulls in the market for hulls, they are often dumped in saﬁit&ry landfills.

The value of this by-produet is eyolieal at best, During those periods when a market
carmot be found, processors are faced with e difficult waste disposal problem in getting rid
of the ricé hulls. Lendfilting and open bﬁrning are becoming environmentally unaceeptable
and the economies of hauling the bulky hulls to remote locations or incmeeratmg them
purely to reduce volume are becoming inereasingly burdensome.

Various markets for rice hulls were studies. Those included:

As feedstock to produce furfural.

Mixing with rice bran and sold as feedstoe’ for livestock.
As an adjunet to prevent eaking in fertilizers.

As a polishing abrasive.

As landfill.

As loose insulation material.

As fuel.
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In view'of the limited potential of the marketability of rice hulls for the other uses
and their ezzellent fuel values, the study team concluded that the most feasible use of the
by-produet is as a fuel to produes energy.

TECHNOLOGIES CONSIDERED

The process options {technolcgies) available which use rice hulls as a fuel
source are divided into two basic groups: direct combustion and gasification



{pyrolysis). Various process options are available withm eaeh basie group; ior example,
direct combustion processes include suspension burnm's, fulidized-bed eombustors,
multiple-chamber combustors and single~chamber combustors. Gasification tech-
nologies availeble inelude graviiy and meechanical agitation moving beds, grate or
multihearth, ﬂuxdmed suspension bed and fluidized-bed. '

The direct eombustion systems are m general irexpensive systems
compared to the gasification systemn hut present serious teahnical pmhlems in the
eombustion of rice hulls.

Direct combustion systems typieally operate at temperatures above the
high silica ash fusion point, resulting in the agglomeration or slagging of the ash. The
combustion temperature ean be kept below the ash fusion temperature by using large
amounts of extcess air which results in larger, more expensive combustion chambers
and boilers. Erosion of the walls of the combustor and boiler at accelerated rates are
a common problem in direct combustion systems in which the highly erosive silics ash
is in. direet conteet with the boiler walls. Other common problems of dirset
combustion systems include uneceeptably high partlculate content in the flue gas and
other associated fugitive emissions preblems with the ash handling.

In order to make the rice hulls aéeeptable to suspension burners they have
to be pulverized, thus adding an additional, expensive processing step to the prepira-
tion of the feedstock. ' |

The most serious constraint of fividized-bed direct combustion is the large
exeess gir requirement: enough excess ajr must be added to keep the eombustion zone
temperature beluw the ash-softening point or the bed will aggiomerate and clinker,
destroying its capablhty of producing a well-mixed combustion Zone, ‘

Single and multiple-chamber combustors use essentially the same
principles. The fuel is initially partially eombusted under air starved conditions,
producing combustible grsses. These gasses ave burned in the same chamber in the
case of the single-chamber system or ducted to a second chamber in the multiple-
ehamber system in which complete combustion oecurs. A low initial air flow is used
but this requires a Iarge' surface area in the initial gasification zone, resulting in the
meximum shop-fabricated wnit being able to use enly twenty-five tons of fuel a day.



While multiple trains allow for good turndown ratio by removing single units’ from
service, the economies of seale are limited.

i - BYSTEM SELECTION ‘

The mejor types of gasification systems that ean produce a low BTU gas that can be |

used to fire a boiler, pfoduei_ng 8 hot ygas for process drying, or for electrical power
genérﬁtionl were studied and the fluidizéid-bed gasification system was found to be the
process most suitable. The gasification of rice hulls to produce a useeble energy form
promises increased opera’cmg' t‘lexxbmty, enviornmental advantages and reduced opemtmg N
risks at a comparable or =ven lower life cycle cost than direct firing. -

Fluidization describes the phenvmena which oesur in which a gas (air) is passed
upward through a bed of granular materisl. This granular material can be the feed stock _
itself, i.e., residusl char and ash, or an fmert material such as sand. The bed material
recommended as a result of this study is an slwmimwm oxide sand. Initielly, air simply
percolates through the bed, but es the velocity and volume of air incresses, a point is
reached at which the granular material is lifted and the entire mass takes on the boiling

appearance of a fiuid. Ultimately, as the velocity of air increases further, the sand is
entrained in the ajr. = '

To begin gasification, the bed is preheated with natural gas pridr to the commence~-
ment of fuel solids (rice hulls) feedlng.' Upon entering the reaetor, a sufficient amount of
hulls burn to bring the temperature of the hulls entering the reactor up to the bed
temperature and to provide the energy of pyrolysis néeessary to convert the remainder of
the unburned hulls into the desired products (char, oil and low BTU gas). At this point, the
reactor is self-sustmmng and the start-up fuel supply is shut off, The velocity of the air
through the bed causes a separation of the char/ash product so that the g8s, solids and
vapor phases ali pass from the reactor into the cyclone bank.

Char is collected in the eyclone bank and the low BTU gas and ofl vapor exiting the
eyelones are ready for transmission to the boiler combustor.

The advantages of the fluidized-bed gasifier process over the cther process options
eve further explained below: :

o
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To ditect fire rice hulls efficiently, large amounts of excess air are required
leading to loealized hot spots or overheating at temperatures exceeding the
slagging temperature of riee hulls. This condition will eause the formation of
eutecties, which over time will destroy the furnace or heat exchanger zone,
The lower excess air requirements of the gasification process reduce the size of
the. blower and, therehy, the capital and operating cost of the system.

By operatmg at a lower and eonstant 'temperature throughout the reaetion zone,
gasifieation will prolong the life of the reaector vessel and allow for continuous,
trouble-free operation.

The gasifieation reaction can oceur equally as well ulilizing either ground or
. .unground hulls, thereby allowing for significant savings in utility and

maintenance costs of the grinding faecilities. Direct.. combustion, hewever,
requires ground hulls to opaEate most efficiently. ‘

The use of fluxdized bed gnsnfwatmn permits a smaller physical s:zed plant and
thereby eamer and eheauer mstailatlon.

The gasxﬁeatmn option perrmts g vanable mix and eomposxtlmﬁ of energy
produets: gas, 6il; and char can be producad in virying quantities andat desired
physical and chemicel properties to mateh the needs of the user. Po¢ instance, .
the char product produced through gmasifiestion repction can be very well
controlled as to carbon content - a predominant determinant of jts market
value, Whereas, in & combustion system, the char produeed is exentxally the
same chemically: nnd physieally aceross operating eonditions.

The fluidized bed gasifieation system can accept a broad range of feedstocks,
different from rice hulis, without appresiably at’!eeting the performance of the
system,

There are no boiler tubes or constrictions m the gasification reactor which rice
hulls can impinge uponh or erode.

The gasification reaction can provide a elean gas for use in dryers, and/or gas
engines at varying temperatures, thereby replacing other expensive snd vital
energy needs currently met through the purchese of natural gas or eleetﬂelty
from outside sources,

The fluidized bed gasification system provides for better load following with =
quicker response time to changes in energy demand and unmanned, sutomatic
control.

Existing ges or oil-fired boilers can be used by retrofitting the burners ‘Eor low
BTU gas. _

Gasification systems commereially built to provide ges for steam prodm..tiun
and/or drying can readily be retrofitted at much less expense and in a lot less
time for the production of electrical power. Furthermore, such retvoﬁtting

_can be performed in stages as power needs grow and change over time. N

Particulate emissions from the gnsificatnon system sare much more aeeeptable,
i.e., lower than the comparitive direet fired system. This is especlajly
Jmportant in & nor-attainment area, where offsets may be difficult or expensive
to obtain.



13. Trace metsls existing in the feedstocks will stay in the ash or char product in
the gasifieation reaction whereas they will vaporize in the eombustion reaction,
creating possible additional environmental and siting problems,

PILOT TESTING

The pilot plant tests were conducted at the ERCO Pilot Plant in Cambridge,
Massachusetts. Ten tons of rice hulls were supplied by ARI which were a pert of the actual
materinl being generated in the rice processing.

The pilot plent testing results confirmed the technical advantages of the fluidized-
bed gasifieation System. . Exeellent bed temperature control, no ash slagging probizms,
quick load response times, low emission levels, and the ‘produc;ion of a transportable and
combustible form of energy are among the process advantages confirmed in the testing.

Four test runs were completed for & range of gasifier temperatures from 1983° F to
1604° F. The optimum safe design reactor bed temperature was found to be approximately
1530° F. The gas produced at this temperature has a heating value of about 150 BTU/SCF,
a fuel which can easily be combusted in-a boiler, furnace or gas engine. The char brddﬁé’é“ '
at 1530° F. hes an ash value of approximately 85%, and the mass of cher to be handled is’
minimized at this temperature. )

Variations in char composition were obtained st different reactor bed temperét!mes
with fixed carbon percantages ranging from 26.0% at 1083° ¥ to 3.3% at 1604° F.

.

A& complete Resources Conservation and Recovery Act {RCRA) analysis was run on
the char which showed that the by-product is essentislly inert and non-hazardous.
Toxicologicsal, ecclogical, organie and inorganic tests comfirmed the RCRA analysis.

PLANT DESIGN OPTIONS

_ The versatility of the fluidized-bed gasification provides a number of options in
satisfying the energy requirements of ARL: steam for. processing, hot air for drying and
electrical power. For the purposes of the study, three options were selected as models and
camplete economic anelyses were made of each. Subssgeent to the completion of the
study other options were considered &nd:gg-iii"'l':e diseussed in\.prilog.

.
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The gasification"pi‘geess is common to all three options considered. Two fluidized- l
bed gasifiers, each being 55 square feet by 27 feet high vessels lined with a high
temperature abrasion resistant refractory, receive the rice hulls at a rate of 340 tons a day
and deliver 31,906 ACFM of low BTU pyrolysis gas to the system, Char is generated at the
rate of 84 tons a day.

In Option 1 the combined low BTU ges and oil stream is split with a part being fed
into a boiler in which it is fired to generate process steam.. The remgaining Faseous product
- is combusted in a furnace to produce hot air for use in the process drying operation. .

In Option 2 part of the the combined gas and oii product is combusted in a boiler for
process steam generation, The oil is removed from the balance of the gaseous product and
the gas is used to fuel a gas turbine which, in turn, ie used to power an electriesal gem!rator.
The hot turbine exhaust gasses are nvaﬂable for process drying operations and the oil is
retumed to the gasifier.

Optidn § differs from Option 2 in that a pas engine replaces the gas turbine as the
electrieal generator power source. The electrieity produced as an excess can be sold back
to the local powsr company.

THE CHAR PRODUCT

A survey of potentisl users of riee hull char was undertaken. Potential users snd
markets have been identified and ere being studied to determine interest and the liklihood
of developing an economieslly viable market. At this time, most of the potential users
contacted are still bvaluating the ehar; however, there have been'no formal commitments
made by anyone to purchase the cher or take the char until it iz demonstrated that a
constant ecomposition produet can be produced in reliable quantities.

It appears likely that there will be a market established for the char preduct.
However, for the initizl operating period of the plant, the planning will have to reflect the
disposal of the char as a waste material until sueh time as eertain marketing arrgnyements
ean be made.

' BCONOMIC FEASIBILITY

In the study, the following areas were analyzed and reported in detail for the three
optiohs considered:



Capitel Requirements and Operating Costs
Investment Analysis

Otiher Project - Related Costs/Benefits .
Risk Analysis : '
Sensitivity Analysis

Qption 3 was found to display the ;most positive econcmic results. Therefcre, this
report will focus on the analysis of that option. -

" BASIS FOR ANALYSIS

Number of Years in Project: 11
Debt Equity Ratio: .00/1.00
Insurance Rate: 2.0%
Investment Tax Credit: 18.0%
Tox Rate: 0.0%

Capital cost: $8,787,000

Gperating Life: 10 Years

Tax Life: 10 Years -

Construction Period: i Year (CY 1982)

Depreciation Methed: Double Declining = ‘
Balance to Straight Line :
Plent Load Factor: 80%

RESULTS OF ECONOMIC ANALYSIS

Rate of Return on investment: 36.88
Rate of Return on Equity: 36.94
Payback Year: 1885 :

"Other Project-Related CostslBené':fits" refer to environmentsl, heslth, safety:and
socioeconomie eonsiderations. These costs and benefits are of an intangible nature and
would not be significantly different for any of the.three options.

groups:
1 .

3.

The main sourees of "risk” inherent in the project can be categorized into Tive main

Uncertainty of the Maggituﬁa of Plant Investment. This could.be caused by
price ehanges in the equipment or by delays in construetion.

Fuel Costs, This refers to the rice hulls and identifies two risks: one related to
availability, the other to price changes. Fual supply presents a relatively minor

risk. Even though the cost (value) of riee hulls may escalate, it is unlikely that
any of the present uses places a higher value then gasifieation does.

Oﬁgating Cost. The primary risk here is the maintenance cost which could be.

ected by the technology, i.e., it's failure to funetion to desipn load faetors.
A secondary risk could be lrek of experience of the operations personnel.

-0 . E



" 4. - Char Velue., Char has the potential to influence the attractiveress of this
project signifieantly. Risk is limited on the downside because of the rather
conservative seenario adopted for this cost end, it enuld conceivably become a
valuable product as markets are developed.

5. - Energy Produets (Steam. Hot Air and Electrie Power). Any hikes in natural gas

and electricity costs beyond the expected anhu tion rate of 15 percent
will impreve the cconomics of the project, wherens lower increases will
diminish it. .

The risks outlined are considered normel for new, alternative energy technologies.
'Th;.vse ‘risks are stressed beeause fluidized-bed energy systems are relatively capital-
intensive and & substantial financial commitment is required. A payback period of four to
fwe year=leaves the invested capital to the caprices of an uncertam future for rather a
. mng time.

The "sensitivity analysis" examined how changes in the input variables (risks) ean
influence the return on investment. The following taeble summarizes the sensitivity
analysis. In each case the degree of sensitivity refers to the Impact caused by the

parameter while the degree of uncertainty refers to the probability of chanpe actually
occurring.

SE:’WS]TIVITY ANALYSIS SUMMARY

DEGREE OF DEGREE OF
PARAMETER SENSITIVITY UNCERTAINTY
Capital Cost | High | Low
Riece Hull:Cost Moderate Low
- Maintenanee Cost Low Moderate
Cher Value : Low High
Power Value - Moderate High
Power Yield High Low
Energy Inflation High Moderate

At face velue, the expected return on investment of 36.9% appears to be a
fair return. However, the preject.is attractive to ARI oniy if the risk-adjusted rate of
return is higher than that which could be esrned by investing the capital in alternative
opportunities. From tne sensitivity analysis it can be elicited that under a bad case
seenerio, the rate could drop to as Iow &S 10%. Ever though this esse is unlikely to
oceur, ‘it illustrates that there is a substantiai downside to this project. From a purely
eeonomie perspective AR1 should meke the investment only if (a) the return Is higher
than the corporation's cost of eapital, and (b) there are no pro;ects with h:gher risk~
adjustea rates of return

-10-
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Following the completion of the study, ARI assessed its priorities and came to some
new conclusions. A closer look at the Public Utility Reguwlatory Policies Act (PURPA)
indicated that the best return on investment ean be gained by converting as much energy as
possible to electricel power- Concern was felt about the efficiency of available scrubbers
in cleaning the low BTU gasses sufficiently for use in eigher a gas turbine or gas engine.
ARI was slso eoncerned about the char disposal probiem; both the time required to
establish markets and the large volume of product to be handled.

Economic analyses were completed on two new options. 6ne included a scaled down
system using only 100 tons per day of rice hull fuel to produce only the 30,000 pounds per
hour steam required at the processing plant. The second system would use 300 tons a day
of rice huils to produce steam. The required 30,000 pounds per hour would be extraeted for
processing and the balance would be used in a steam turbine which would drive a gemerafor
to produce electricity. An excess of 3.5 megawatts would be available for sale to the local
power company. : '

Pinsally, these two options were combined and the prajent struetured into two pheses
with the understanding that while the objective was the full secale plant, construction of
Phase I would allow for proving the technology and developing the char market at a
reduced eapital outlay. : '

The ecoriomies of Phase I show a before tex return on iﬁvmtment of 36.6% based on &
capital outlay of $3,200,000, annual operating costs of $400,000 and a net zero value of the
char.

.To add the equipment necessary to complete Phase I, an additional $7,000,000
capital outlay is required, plus an additional operating cost of $231,000. Again using a zero
char value, the before tax return on investment is projected to be 37.7%.

As was the case with the original study, the projected rates of return must be risk-
adjusted to establish the true economic feasibility of the projeet. This study is now in
progress.
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y The astimated total installed cost af the proposed

: plant is '$8,787,000. The estimated return on investment is
. 36.8 percent. However, Aue to: the relatively high financial
rlsks associated with alternative fuel -production plants it

is recommended that price guarantees for the char byproduct
&nd loan guarantees be made available. With such'assistance
the commercial realization of the alternative- energry plant
is highly likely. |
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SECTION TWO
INTRODUCTION

2.1 Background

American Rice, Inc. (ARI) is an agricultural processing
and marketing ccope:ative,dwned by and serving 1800 farm
families lccatec ihvfhe rice—producing areas of Louisiana
and Texas. The ARIL p:hces31ng facility is canvenzently
located in the city of Bouston, Texas and has an annual
sales of §200 million.

Joining ARY as. a subcontractor in this study is Energy
Resources Co. Inc., (ERCO), & leader in fluidized-bed
gasification technology. ERCO has the combined in-housé
capabilities including a pilot plant test faciliey, process/
design engineering staff and analytical services labora-
tories, and will be providing technical assistance tec ARI.
ERCC has extensive experience in the development, design ‘and

construction of alternative fuel production facilities.

The work to be conducted in this study was described
in the Technical Proposal submitted by ART on April 25, 1980.
The study followed the tasks deseribed in this proposal and

is reported in a similar task type fashion. Some of the
proposed tasks resulted in more extensive study and analy51s
bheyond the original scope of the proposal was conducted,
whereas other tasks wers found to be less important and
given less emphasis as the project team felt warranted. In
all cases the study was conducted within the overall goals
and objectives proposed in the Technical Proposal.

2.2 The Feasibility Study Objectives

The purpose of this study is to evaluate the technical,
economic and environmental feasibility of the construction
of an alternative Ffuel production facility at the ARI plantu_ﬁx
Included in this study the questions concerning the magketing
of all byproducts generated by the facility were addresssd.

2«1




To complete these ocbjectives pilot plant testing was
conducted to assist in the technical evaluation ©f the -
process options available. Varicous aperating'vqgiablau were

. gtudied and the results of the pilot plant testing used in

developing more specific engineering design information where
required. The byproducts generated during testing were used

to assist in conducting the marketing survey.

~ Using the information developed above, process designs
were developed for the options having the greatest feasibility.
Based on these dasign concépts. equipment lists and specifi-
catione were generated and capiltal and operating costs for the
processes developed. - ‘

The;capital and'bperating.costs were combined with the
results of the marketing studiez and used to determine the
ovarall system economics and financial viability of the

pracesses.

Marketing guestions concerning the handling, transport
and sale of the char product were investigated. Potential
markets were explored by screening potential users and

sending samples of the char byproduct to the interested
parties.

The purpose of the environmental portion of the study

was to assess the potential environmental impacts of the
propcsed processes and to identify all of the environmental
regulatory and permit reguirements. In doing so any

. constraints to the plant's_desfgn,and oparaticn were taken
into account. |

The results of the feasibility study will be reviewed.
by the management of ARI. The commezrcial viability of the
proposed. plant wil@ then be determined. A favorable evalua-
tion would allow full-scale design and construction to begin,

2-2. _ '



2.3 Rice ant the M;ll;ng Process

Rice has long been one of the major foods of the world.
In racent yaa:s, with improving technolog;es and processes,
the milling and treating of rice has grown beth in sophis-
tication and scale. Taday's milling process requires more

energy than in the.past. = Together with the increasing cost
and the decreasing availability of energy to industrial
hgers, today's rice processcr must be more efficient and
constantly seek ways to save energy, not only to hecome
more competitive, but in orxder two survive.

Figure 2,3-l1 cutlihes a modern rice procesaing plant’
with parboil facilities. Parbeiling is a process which -
advantageously affects the physical properties of the rice

grain.

The demand for parboiied rice is growing rapidly and
mills are expanding their parboil capacity. However,

parboiling necessitates a much greater enérgy usage for
cookexrs, steepers, and driers. Therefore, rice processors
find themselves becoming larger energy.users at a time when
industrvy £inds political and economic pressures to decrease
their use of our nation's eneroy.

ARI prdduces ewo primary products: regular white
pillad rice and.parbolled rice.- Byproducts of the milling -
process include rice hulls, bran, .broken kernels, and
brewer's rice.

.

WHITE RICE - Rough rice),- alse called paddy, is cleaned
through a series of machines to remove straw, dust, foreign
sceds and other impurities. Next, the hulle are xemoved and
separated from the kernels. The resulting product, brown '
rzce. consists of the rice kernel, the germ and a coating oF
rice bran. %ha bran and germ are removed, leaving only white

milled rice.
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During the .transition from harvest to willed rxice, some
of the kernels are broken. Since the primary market is for
whols karnel rice, the "brokens" and the bremers' xice (tlnv
chits of braken rice) are gseparated and storad forx funure use
as described below.

PARBOILED RICE - The cleaning and milling of parboiled
rice are similar to the white milling process with the
following exgeptioni

Following cleaning, nraddy rice is soaked in hot water,
drained and exposed ko steam to completely gelatinize the
starch. "The rice is then dried in rotary dryers and milled
in the conventional manner. Refer to F;gure 2.2-1.

To summarize, the key advantages of parboiled rice are:

1. e elevated cooklng temperatures destroy insects
and eggs in the grain, creatinq a relatively
sterile product.

[

2. Moisture content i= controlled, making the grain
less susceptible to relative humidity changes during
storage.

3. The kernel is harder, creating a resistance to :
penetration of insects into the kernels. B

. 4, Fewer grains are broken during milling.

5; Cocking guality is more uniform, fewer solids ar
lost into the water, and the cooked rice is not so
sticky and gelatinous.

Parboliling before milling alsc allows some of the
vitamins and minerals from the bran and hull to permeate the
--kgrnel,-thus enhancing the putritional value of the finished
product. '



SECTION ONE
SUMMARY
This study examines the feasibility of constructia% an
alternative fuel production facility using & rice hull fuel

currently being generated at the American Rice, Inc. {ARI) .

processing facility in Houston, Texas. The demands for
eriergy at the existing plant closely matched the potential
energy outputs which could be produced f£rom the guantities
of altermate fuel available.

It was found that fluidized bed gasification of the
rice hulls which produces a low Btu gaseous fusl an

]
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byuroduct has the greatest potential for mesting the. ener

demancés of ARI. The char byproduct produced is potentially
a marketable item, alﬁhough no market has been develcoped

to date. The low Btu gaseous fuel will be used to produce
various forms of useable energyv.

The vroposed plant, to be located within the existing
ARI facility, would consume 340 tons per day of riee hulls,
the projected average daily output of the existing facility:
It ﬁould produce 5_.17 MW of electric power; 30,000 1lb/hr of
process steam and 89 ton/day of char. This output will
completely fulfill ARI's steam and electricity demands with
an additional 1.9 MW/hr of electricity available for sale
to the leocal power company. The proposed plant will comform
to all local, state and federal enviroamental, health and
safety standards épolicable for this type of plant at the
proposed . locatien.



BY-PRODUCTS - Rice bran is high in protein, fat and
arude fiber and is commonly used as a supplement in live—
stock feeds. . Cooking oil can be extracted from rice bran
but this is not done at ARI. Currently, only one mill in

the U.S. has oil extraction capability.

Broken kernels are gemerally remixed with whole kernels
£0 meet market guality criteria. ' -

Brewers' rice is generally sold to breweries whexe it
is used as a component in making beer.

Rice hullé'represént twenty pexcent of the weight of
paddy rice. Use or disposal of this low=value byproduct has
freguently proved difficult because of the tough, woody,
abrasive nature of the hulls, their low nutritive properiies,
resistance to weathering, great bulk, and high ash contght.

At one time most of the hulls were used as fuel in the
steam plants which provided mechanical powéi for rice mills,
but cost factors, cleanliness, lack of technology to neet
regulatory compliance and ready availability of natural gas

and electricity have led to the discontinuation of this
practice. Concurrently, a small percentage of rice hulls is
_used in the production of furfural. Some hulls are pulver-
{zed and sold as stock feed filler and lesser amounts are used

fer poultry litter and livestock bedding... During-lulls.in
the market for hulls, they are often dumped in sanitary land-
£ills. ‘
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