
SECTIO~ THREE 

DELIVER~nT.RR REQUIRED BY DOE 

3.1 Preliminar~Faqility Design 

3.1.1 Assessment of Technoloqical State of All Processes .~ , 

Beln~ Considered 

Task A & B.- ~dentifv, Characterize Needs and Available 
Technologies 

C~LTrently, in'the Parboil Pro¢ess ARI usem"ap~roximately 

35,000 MCFnatural gas per month to produce process steam 

and to ~ry ~rocessed rice. Electrical power is required 

throughout the plant in the milling operations, as well as 

in the white rice and parboil processes. The energy demands 

of the existing facility are as fcl!ows: 

• I. Procesc steam - 30,000 ibs/hr at i00 psi. 

2. Hot Air - 32 ~Btu/hr at 300 ° to 700 ° F. 

3.  E l e c t r i c  P o w e r  - 3264  'KW. 

The process steam will he used in the parboiling opera- 

tion and no condensate returned, The hot air will b9 used 

in a number of direct~ contact rotary dryers. The existing 

boilers and dryers are presently designed for natural gas 

firing only. The'el~6tric. power is used throughout the 

plant for the operation of processing equipment. No plans 

for future expanmion or increased enerqY demands ar~ being 

considered, 

ARI =urren~lyi'F-aces both Federal and State pressure to 

curtail their use of natural-gas l~ke other industries, and 

even if gas is available ffor inaustry use, the cost" to ARI 

I' 
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may be p~bitive. The need to find an alternative energy 

source is paramount. ' 

.:~ 

The most economical and" obvious pot4u%tial, source of 

future energy for ARZ lies. with rice hulls -a" byproduct of 

current ARI milling operations. Rice hulls constitute about 

20 percent of the weight of rough rice that is processed and 

the~refore represent a significant amount of material. AR! 

regularly generates 340 tons p~r day of rice hulls which 

corresponds to a heating value of 151 MMBtu/hr. The 

efficient use of the heating value of this byproduct can 
result in ARI becoming a self-sufficient energy user. 

The value of this byproduct, is cyclioal a~ best. At 

times a market can be found and some value recovered, but 

often rice processors are faced with a difficult waste 

disposal problem in getting rid. of the rice hulls. The 

solution is usually landfill or direct b~r~.,ing - solutions 

that "are becoming emvironmentally unacceptable. Table 3.i.I-i 

outl';~nes the potential uses of rice hulls and what the future 

might hold for each. 

The exhibit outlines so many uses for rice hulls that 

it seems disposal would no~ be a problem. In most instances, 

technology is not the governing factor; rather, it is a 

combination of economics, sooial and .political considera- 

tions, and marketing "information and techniques which govern 

. the. pot entiai f0~ ea.uh ...... 

.... ";L 

For instance, where Brban settlements grow in close 

proximity to rice-mills, 'the m ollution-caused by open 
burning of hulls becomes socially unacceptable, and political 

and legal ~es~icticns prevent continuation of the ori.~inal 

process of disposal. Economics of suitable pollution-free 

burning may be too costly, as is ~he .tre_-.-,F~rt..of~he- bu~y ': 

hulls to remo. '.~e locations. Thus a new process with. new 

technology ma~y. become necessary. 2 

i|i . . . .  

2Houston, ed.; RZCE: Chemistry and Technolp~Y, p. 339. 
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TABLE 3.1.1-1 

Pa~ H~L US=S 

As feedstoak to produce 
furfural. 

-- . J, 

Mixed with bran and sold as 
feedstock Eor livestock. 

~ adj~ct ~o prevent 
caking in fertilizers. 

As a polishing abrasive. 

I As landfall. 

• i l i .  

L 

8 

As loose insulation material. 

w . 

Puel ~- dir.ec.t•b,urn~ng : •  •• 
""" ],'" ', ' .: , '.. : . . . .  __ " 

Fuel - PyrOlysis (gasifica- 
tion). 

OUTLOOK 

Size of this market is small 
as substitutes are, available. 

Mixing of hulls with bran 
is done to "get rid" of hulls 

hulls lower the nutritive 
and commercial value of feed - 
therefore, a more desirable 
use of hulls is ~ustified. 

Pert£1izer valueis smell. 

Some applications represent 
potential markets, substitutes 
available, and transportation, 
storage costs linuiting. 

¢. 

Environmentally unacceptable. 
Regulations currently being ~ 
pr0mulgated. 

. . . .  , . . . . . .  • R ". . . . .  

Appliaations are limited and 
s1~hstitutes available. Would 
need to be .treated to meet .~ 
building code• requirements. 

• - --'o... • .... 

" Environmental ly unacceptable. 

Realistic approach to utilize 
"waste .~roduct" to generate a 

--~aseons fuel in an environmen- 
tally acoep~abl~ manner•. 

i __ :.---- .~- 
...'" 
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~n the not-too-distant future, rice processors will be 

~aaed with the pro'mlems of where to get their energy and 

how ~o get rid of their =ice hulls, Processors, to just 

disuse Of the hulls, will be forced to find or create a 

market for their waste product. However, their increasing 

energy demand has created for them a potential market singly 

efficient, economical and advantageous - themselves - 

a chance to meet their energy" needs with their own waste 

prcdu=~. 

: The p=o~ect ~amhas concluded that the most feasible 

~use of the rice h~ll byproduct is as.a fuel for the reasons 

described above and summarized in Table 3,1.1-1. 

T~e process Options (technologies) available which use 

rice hulls=s a£uel so~rce are divided into two basic groups, 

direct ~ombustion and gasification (pyrolysis). Various 

.process options ate availnble within each basicgroup, for 

exan~le, direct ~ombustion prQcesses include suspension 

burners, fluidized-bed combustors, muAtiple-=hamber combus- 

tors, and single-chamber combustors. Gas$.fica~ion technolo- 

gies available inuiude gravity and mechanical agitation 

moving beds, grate or multih~arth, fluidized suspension bed 

end fluidized-bed. These var£ous technologies are discussed 

in detail in Task C. 

Task C - Develop Preliminary Technical, Economic Screen 

The process team has performed a comprehensive review 

on ~he available energy technologies a~d has concluded that 

fluidized-bed gasifiGation combined wit/~ ~he appropriate 

boiler, furnace or electric power generation cycle and the 

associatedemissions controls strategies offers the most 

capable, efficient and demonstrated system. 
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The: u s e  of t h e  fluidized-bed gasificatior, process 

produces a low Btu fuel which offers a wide variety of energy 

produ=~-Ion schemes. The f ue.~ can be used dire=fly in 

conventional boiler for s~7,~am generation, combuste~ in a 

furnace t~ produce hot ai~ ~' for process drying, a n d  = a n  b e  

used as a fuel in an electnical power generation cycle in 

which the waste heat can be naptured for u~e in process 

drying. The versatility helps to make the use of a fluidized- 

bed gasification process the optL~um process for the conver- 

sion of the rice hull fuel fzom beth technical and economic 

standpoints. A technical and economic comparison of ~he 

pro-essing options is discussed below. 

.-. 

,. 
! 
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Direct C o m b u s t i o n  

The d J . r e ~ :  ~ m b u s ~ i o n  Of agricu1~uEal residues can be 

div ided  i n t o  four  processing categories: 

o suspens ion  b u y e r s  

!" 

o flulaized-bed combustors 

o multiple-=hambe~abustors 

o s ingle-chamber combustors 

The direct combustion systems..are in ~ueral inexpensive 

syste~ ~red tO the gasification systems, al~ough ~el' 

presen~ serious technical difficulnies 'in the combustion of 

rice hulls. The d~fficulties co,non, to all four types of 

d i r e c t  combustors a r e  summarized below. 

/. 

Oirecn combustion systems ~ypi ~lly operate at tempera- 

tures abOVe ~he high silica ash fusion ~oint resul~ing in 

~he agglomeration or slagging of ~e ash. Due to ~he high 

• ~h content of the rice hulls, 22%, this slagging can result 

in serious operational difficulties in trying to remove the 

agglomerated ~sh from the combusnion chamber. The combustion 
.temperature can be kept below the ash fusion temperature of 

1700°F using large amounEs of excess air and resulting in 

large~ more expensive combustion chambers and boilers. In 

addition, high pressure steam cannot be generated which 

coula be used for the production of electricity in a steam 

turbine- Erosion of the walls of the combustor and ~iler 

at accelerated ~ates will also be a common problem in direct 

~mbustlon systems in which the highly erosive silica ash 

is An direct contact with the boiler walls. 0~her conm~n 

problems of direct combustion system include unacceptably 
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high particulate content in the flue gas, and o~her a$soclated 

fugitive emmissions problems associated with the ash handling 

O~.he~ 8psclf~= advantages and disadvantages of ~.he direGt 

combustion systems are described below. 

Suspension burners can either be operated with an 

independent fire box separate from a b~ilar or retrofitted 

directly onto a boiler £ire box. Sus~nsion burners are 

similar to pulverized coal boilers in that they require 
relatively fine pa~=les which are mixed with air and burn 

in suspension o Sus~nsion burners are re~at/vely inex~nsive 

but require a dry, finely div~ed fuel. Tn order to make 

the rice hull fuel acceptable to these burners the hulls will 

have Uo be ground, thus adding an additional processing step 

and expense to the preparation of the feedstock. Alt~ough 

~his burner could be fitted directly to a boiler £or steam 

generation, for the reasons sited in the preceeding paragraph 

this was not fouled to be the technologi~ally best suited for the 

converslon of rice hulls. 

In fluid~Lzed--bed combustion, sand or another me=erie! 

is used to provide a heat reservoir and a well-mixed zone for 

combustion. So.we form of feed preparation is required in 

order to produce a feed particle size that is compatible 

wi'~h fluidization, or else fe~ ~t~/ial will not he 

evenly distributed. ASh from ¢0mbustion can be removed 

directly from the bed or from the ga.~ stream once it has 

left t h e  b e d .  T h e  m o s =  serious constraint of flu£dlzed.-bed 

combustion is the large e x c e s s  air Eequiremen=. Because of 

ash-sof~ning t~ratures Ln the range of 170C°F for some 

agricultural residues, enough ~wcess air mus'~ be added to 

keep the combustion zone temperature below the ash-softening 

point. If the bed temperature is allowed to r~se above the 

ash-softening point the bed will agglomerate and clinker, 

destroy~.ng its capability of producing a well-mixed com- 

bustion zone. The amount of excess air required will 
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increase the mass glow to the boiler and drop the gas 

temperature that the boiler "sees," derat~ng the boiler. 

Single and multlple-chamber combustion use essentially 

identical principles. The fuel is initially p~rtially 

combusted under starved-air conditions, producing a combus- 

tible gaG. In a single-chan~eE =ombustor, this gas is 

b~ned above the grate or pile with over-fire air. ~n 

a multiple-chamber combus tor the combustible gas is ducted 

to a second chamber in which comp!~te combustion occurs. 

Thepurpose of the'seaond chamber is to separate~he 

gasifying and main combustion functions in order to minimize 

ash carryover and allow good control of combustion tempera- • 

tures. These types of combustors canoperate at ten~er~ ~ 

tures below the ash-softening or fusion points of agricul- 

tural residues, but this is a~hieved by using a low :~nitial 

air flow per unit of feed. Therefore, a large~rga=e area 

iS required in the initial combustion or gasification zone. 

This l~w alr-to-fuel ratio limits the maximum, size of the 

unit tha~ can be shop-fabzica~ed to about 25 tons per day 

of feed~ Therefore, a large installation will require several 

units each with their own feeding systems, ash removal system, 

and particulate control. While multiple trains allow for 

good turndown ratio by removing single units from service, 

the eeonomiesof scale are limited. 

c,a~i~i~ation ~roce~ses 

Steam can be produced by direct ~iring of low Btu gas 

in a conventional water wall boiler~ A low Btu burner c&n" 

be fitted to the boiler which will sustain continuous 

combustion without the aid of a natural gas pilot. 

3-8 
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""The major types of gasification systems that oan 
p=oduce a low Btu gas that can be used firing a boil~r, 

produc'ing a hot gas for prouees drying, or using for 

electrical power generation are~ 

o moving bed, gravity 

o moving bed, mechanical agitation 

O grate, traveling gr-~te, 'ur multihearth 

o fluidized-suspension bed, feed materials as 

carrler 

'o fluidized bed, Inert'carrier 

/ 

The type of gasificati0h reactor will affect feed 

moisture content, feedstock variety, ash removal, 

particlesizeof feed, and turnd~,~ ratio and response; ::~'~ 
Each Gf the gasifier types will be disuussed'below in 

light of syStem requ£rements. 

A simple moving-bed gasifier ut~liz~ gravity3 to move 

th~material through the reactor system. Feed material to 

begasified is introduced at the top of the reactor. Air 

is blown through .the reaotor. Typiu~lly, a uo~ust~on 2one 

exists, near the bottom of the bed. The heat release in 

the combustion zone is caEried upward toward the incoming 

feed, de~l~tilizing and gasifying it. _-~ne gasification 

products'are carried off by the ine=t components of the air 
stream, the o~gen having been consd~ned in the =onlbustion 

zone. The ungasified portion of the feed falls into the 

combustionzone where it is burned to provide the heat.for 

resulting ash is usually the gasification reactiuns. The " 

removed through the bottom of the bed. =. 

3--9 
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In general, movlng-hed gasifiers a r e  llmlted to dry 
• ,o ' 

feedsto~ks~ Bu~face moisture in the feed may cause plugging 
or bridging of the reactor. Feedstocks such as straws, 

which tend to =lump and bridge without constant agitation, 

are also difficult feedstocks for moving-bed gaslflers to 

handle. Since the gas ~ust be produced at ~uff~.cient back 

pressure for use in the exi.~tinq boilers, Introduction of 

feedstock into the moving bed must be accomplished through 

a pressure seal in orde~ to avoid leakage of noxious gas and 

pa~iculates. In order to effectively utilize the entire 

reactor volume, care. mu-~t then be taken to ensure" that the 

feed is evenly distributed over the ~ntire bed cross section; 

this may become difficult depending on the size and arrange- 

ment of the feed ports in a large-scale reactor. 

Since low air velocities are used in a moving-bed 

reactor, particle carryover from the bed is usually not 

si~Ificant~ and indeed may meet regulatory restriction on 

particulates• d0wnstream of ~he boiler. •A mechanical partic- 
ulate collector upstream of the boiler and/or a fiitering 

device downstream of the boiler c~n provide adequate partic- 

nlate removal, if necessary. However, particulate loading 

in the raw gas is unacceptabl~ high if t/~e gas is to be. used 

in a gas turbine. 

Perhaps the most serious drawback.of a moving-bed. 

gasifier is ~he unit's slow response tsme to demand. 

~le a' moving-bed system can achi'eve ~ 6:1 turndown ratio 
• if enough, parallel units are provided, the response of an. 

individual unit to chanqes in demand is a function of the 

reactor vo~umeo: A large quantity of feedstock is in the 

m¢~ing-hed reactor at any time. Without changing gas 

co~ositionv i.e., changing the air-to-fuel ratio in the 

react.or, there will he a lag time in the response of the 

reactor to demand change for gas that is proportional to the 

ratio of the mass feed rate divided by the mass of feed 

residing in the reactor. 
3-10 
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For large units the response of thereactor may become increas- 

ingly poor as the reactor is turned down, since the amount 

of feed being introduced to the reactor is much less than the 

quantity of feed contained in the reactor- 

ThQ same restriction and drawbacks that apply to ith~ •'~ 
o.. 

moving-bed gasifier also apply to any moving-bed gasifica- 

tion systemin which the flow of materials is enhanced by 

mechanical devices such as'~evibrating grate or screw. 

The use of mechanical agitation of the reactor space may 

allow introduction of feedstocks that would not be permissible 

in a g~'avity-flowr~oving bed because of solids handling 

problems. However, the use of mechanical agitation does not 

significantly improve the moisture limitations or increase 

~he types of feedstocks which m~ybe processed. 

I.'. 

: Since mechanical, moving parts are being ex~0Sed to 

h~gh temp_eratures in reducing conditions in the bed with 

this type of reaotor, the expected lifetime of the agitating 

components may be quite short. This is probably not'due 

to the materia!s of uonstru=tion used, slnce nickel alloys 

are probably adequate for the type of Service involved, but 

rather the problem will occur in the shaft seals because of 

the introduction of abrasive particulates at high temperature. 
:L. 

Gasification systems that utiliz~ a grate fall into two 

different categories: 

o starved-air oombustion, on a fixed or traveling- 

grate; and . 

O grate and rabble arm combinations for moving 

material, such as a multihearth. 
:. 

4. 

t" 

• r;'. 

1'f~ , 
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Starved-air combustion is very. similar to comPlete 

combustion in a stoker-fired furnaceo The major dlfferen=e 

is thai'the amount of air is controlled so that only a small 

portion of the feed material is consumed by combustion. 

This releases enough heat to allow the gasification of the 

=emainder of the feed. The uombined ~ombustion/gasification 

=an 0~cur at one or multiple zones. 

A multihearth gasifier uses a series of stacked grates 

which are swept by mechanical arms. Air is introduced at 

the bottom of the uni~ and gas flows.upward~ feedstock Is 

introduced at ~hetop. The operation of the unit is very 

similar to a moving-bed gasifier except that a solid mass 

of feed material does not exist in the reactor. Instead, the 

reactor consists of a series Of trays. The feedstock is 

introduced at the top, is heated to the point at Which it 

Starts to d~v01atilize and gasify, and the ungasified 

portion of the feedstock is combusted in 5he bottom•zones. 

Since mechanical agitation, is used to move the feed- 

stocks most moisture contents a~e acceptable. However, 
feed material which is below a minimum size will fall through 

the grating; therefo=e, only pelletized or large pieces of 

feed material can be porcessed successfully. Fines will 

rapidly fall through the system and not be completely 

gasified. 

Power consumption of a grate-type gasifier may be 

significant. The rabble arms of a multihearth require a 

substantial amount of powers, n~ainly due to the size and 

weight of the arms themselve~. The pelletizing operation 
~hat would be required ~o= geLsifylng agricultural residues 

on a grate may be considerable, especially if the material 

needs to h~ dried before pelletizing. This will depend 

• greatly on the residue being processed. 
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While reliability of a pelletizing operation and 

gasification on a horizontal grate arrangement is probably 
quite good, multihearth furnaces and gasifiersare notor- 
ious for mm=hanical problems due to the exposure of the 
rabble arms to high temperatures. Neither system will be 

compact. Multihearth furnaces are relatively large compared 

tO other gasification systems. ~ile a traveling grate 

gasifier would be relatively compact, space will berequired 

fo~ the pelletizing (and perhaps drying) operation, as well 

as storage capacity for the pelletized feed. 

The final category of gasification reactions is the 
fluidized bed. F1uidization desoribes the phenomena which 

occur in which a gas is passed upward through a bed of granular 

material. Initially, air simply percolates through th e bed, 
| 

but as the air velocity and ~olume increase, a point is 

reached at which the granular ma~erlal is lifted and the 

entire mass takes on the boiling appearance of afluid. 

Ultimately, as velocity of the air increases further, the 

solid material is entrained in the air. ?luidized-bed 

gasification units can be divided into two distihct cate- 

gories, depending on the granular material used. Granular 
material used for the bed can be composed of the feedstock 

itself, i.e., residual char and ash, or an inert material 

such as a sand may be used. The fluidized-bed gasification 

system recommended hsrein uses sand as the fluidlzing 

medium. The use of sand has the following advantages over 

a fluidized bed in whiuh the feed is merely suspended in 

fluidization, or in which feedstock ash is used as the 

fluidizingmedium~ 

o higher fluidization velocities and throughputs can 
be utilized ~ 

o larger feed particles can be fluidized; 

o fine-partioula~e emissions from ~he bed are much 
less of a problem; since they are not allowed to 
form t O - a n  appreciable ex~ent~ and 
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o changeover or mixtures of feedstocks can be more 
readily handled Without having to worry about 
changes in bed uomposition. 

The advantages of fluidized-bed gasification over 

combustion and fixed-bed gasification are outlined below: 

Gasification ove r ComSustion 

o Environmental 

- Particulates more controllable 
- Trace metals remain in ash/char 

: ° • 

o Operational 

- Bed temperature below sZagging ~emperatuze 
- .Better load following characteristics 
- Produces transportable and storable energy 
- Power generation possible at reduced cost 
- C.an utilize existing gas or oil boilers 
- Lower excess air requirements / 

! 

°0 

Fluidi.zed-Bed Gasification over F.i.~ed-bed Gasification 

o Accepts higher and more variable moisture in 
feedstocks. 

o Better load following 

o For a given s~ze: 

- smaller physical spaue required 
- larger ~hroughput. 

o More precise control of= 

o 

0 

o 

- energy output 
- operating conditions 

No moving parts in reactor 
. .L • ° .:. 

More even feed distribution 

Wider range of feedstock ac~eptabi!ity 

°. 
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Task D - Select Process Most Suitable• 

For the reasons presented in Task C, fluidiaed-bed 
gasification (FBG) was found to be the process mos~,suitable 

for this applicaTion. The gasification or pyrolysis of rice 

hulls to produce a useable energy form to replace thecurrent 

use of natural gas or Q~I promises increased operating flexi- 

bility, environmental advantages, and reduced operating risks 

at a comparable or even lower life cycle cost nhan direct 

firing, Theadvantages of the FBG process over the other 

process options discussed in TaskC are :further explained 

below: 

i. TO direct fire rice hulls efficiently, large 
amounts of excess'air are required leading to 

• localized hot spots or overheating at tempera-. 
tures exceeding the slagging temperature of rice 
hulls. Localized hot spots exceeding the slagging 
temperature of the rice hull feedstock will cause 
the formation of eutectics, which over time will 
destroy the furnace or heatexchanger zone. The 
lower excessair requirements of the gasification 
process reduce the size of the blower and, thereb_v, 
the capital andoperating cost of the system." 

2. By operating.at alower and constant temperature 
throughout the reaction zone, gasification will 
prolong the life of the reactor vessel andallow 
for continuous, troTAblefree operation. 

3. The gasification reaction can occur equally as well 
utilizing either ground or unground hu~Is, t~ereby 
allowing for significant savings in utility and 
maintenance costs of the grinding facilities. 
Direct combustion, however, requires gr'cund hulls to 
~perate most efficiently. 

4. The use of fluidJ.zed bed gasification permits a 
smaller physical sized plant ~d thereby easier and 
cheaper installation. 
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5. The gasification option permits a variable m~x 
and composition of ener.~p2 products: gas, oil, 
and char =an be produced in varying quantities 
and at desired physical and =hemlcal properties 
t o  match %he needs Of the user. For instance, 
the;.char product produced %/~=ough gasification 
reaction can be very well controlled as tc carbon 
content- a predominant determinant of its market : 
value~ Whereas, in a combustion system, the char 
produced is mssentially the same chemically and 
physically across operating conditions. 

6. '~e fluidized bed gasification •system can accept 
the broad r~ge of feedstocks, different from 
rice hulls, without appreciably affecting the perfor- 
mance of the system. 

7. There are no boiler tubes or constrictions in 
the gasification r~actor which-rice hulls can 
~plnge upon or ~rode. 

8. The gasification reaction can provide a clean 
gas for use in dryers, a~d/oE gas engines at varying 
temperaturms, thereby replacing other expensive 
and vital energy needs =~rrently met through the 
purchase of natural gas or electricity from outside 

sources. - ~" 

9. ~The fluidized bed gasification system provides for 
~etter load following with a quicker response time 
to ohanges in energy demand and unmanned, automatic 
control. 

I0. Existing ga~ or oil-fired boilers can be used by '" 
• retrofitting the burners for low Btu gas. 

." 

ii. Gasification systems commercially built to provide 
gas for steam production 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 retrofitting can be performed in 
stages as power needs gro~ and change over time. 

12. Partic~ate emissions ~rom the gasification system 
are much more acceptable, i.e.: lower than the 

• comparitive direct fired system. This is particu- 
larly important in a non-attainment area, where 
'o~fsets may be difficult or expensive to obtain. 

13. Trace metals exis~_ing in the feedstocks will stay 
in the ash or @hat product in the gasification 
reaction whereas they will vaporize in the combus- 

tion reaction thereby crea~ing possible additional 
environmental and siting problems. 
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14, Under existing synthetic or alternative fu~l 
programs, more financial assistance in the formlof 
loan guarantees, purchase agreements or price . ~ 
guarantees will be available for gasification 
systems. This will provide two direct advantages for 

'. the'g=sificationsystem. The project economics will 
be enhanced and secondlyF and even more important, ~ 
it will provide for the sharing of some technoAGgiqal 
and operating uncertainties of the gasification 
systemo . . ~ ,  

The selection of the processes downstream from the 

gasifier will be largely an evaluation based On the AR/' 

plant energy demand profile and economic considerations. 

Th? steam requirements can .be met by combusting the IdW 

Btu gas in a conventional typ e of boiler. Since the existing 

boilers currently in use are old and their expected useful 

life is sho;t, retrofitting these units for low Btu gas 

combustion is not recommended- A new low Btu'gas direct fired 

bo~.ler is the most economical and eff$~ient process for steam 

generation. 

The hot gas required for process drying must be clean 

and transmit no odor 6~ color to the rice being dried. The 

process currently in use ~s d~ot drying in which natural 
"'... 

gas ks fired directly into~/~he drye~ and the hot products of 

combustion come in direct contact with the rice. Due to the 

particulate loading of the low Btu gas stream it was felt 

that this would not he a good fuel for faring directly in 

the dryers. Pilot plant studies were conducted to determine 

if ~his direct firing was~actually a problem, and the results 

will he discussed in Task For this section. If the low 

Btu go5 cannot be fired dir~utly it is feasible to combust.the 

fuel in a furnaue and use:a heat exchanger section to heat iup 
ambient air to the requ~re~°dryer temperatures. It is also 

possible to use hot exhausts from other processes, i.e. gas 
: ,.: .. " ".~ 

engines, for process drying. .~ 

.,.: 
....,, 
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Electric power =an be generated using the low Btu gas 

as a fuel. The two most common generation cycles are gas 

engine s and gas turbines. The gas engine Droduces 9Teater 

amounts of electric power with less waste heat available 9er 

Btu input. Gas turbines produce less elect~icpower per Btu 

in~ut with more heat available in the exhaust s~--eam. 

The gas engine and gas turbine electric power generation 

processes were evaluated.on an economic and technical basis 

as they would be appl~ed to meet the ~RIenergy demands. 

Flow diagrsms and capital and operating costs we=e developed 

for both pr0=esses and used in the economic evaluation- The 

results will be discussed in later sections. 
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?:sk E - Confir~ Technical =orfornnncc in Lab or Pilot Plant 
Tests 

The objectives of the pilot pl~nt testing were as f~ilows: 

. 

. 

Confi~-m the technical feasibility and advanuages 

of fluidized bed gasification of rice hulls. 

Study the effects of variations in operating 

conditions on product yields and quality. 

"' 

.:3. Generane char under various operating conditions 

for use in the marketing study. 

4. Test the feasibility of using hot flue gases directly 

in the rotary drying of whole rice. 

5~>~ Confirm the environmental feasibility of the 

process. 

6. Generate all necessary 'd~ta for a complete plant 

• design. • :,-, 

Th~ pilot plant tests were:: conducted at the ERC0 Pilot 

Plant ~ Cambridge, Massachusetts. The unground ~ic.e hull 

feedstock u:~ed in ~%e testing was supplied by ARI a~ was 

a part of the actual material being generated in =he ric~ 

p~}cessing. Approximately seven tons of the rice hull 

fee.dst0:ck was used in th= first round of pilot plant testing 

~,nductea in December 1980, to generate char and generate 
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plant design data. Another three tons of ma~er~al was used 

in March 1981 ~ gather additional environmental data and 

run direct drying studies. " 

The equipment arrangement remained unchanged throughout 

.the American Rice tests conducted to date~ As shown in 

Figure 3.1.1-1, a positive displacement blower supplied fluidi- 

zing air to the plenum of the reactor through a startup 

burner which is used only to preheat ~%e bed before commence- 

meat of solids feedidg. The burner is fired by methane 

which has been boosted in pressure over that available from 

• the utility. After startup, the fluidi~ing air continues 

to flow through the burner assembly a~ a zero firing rate. 

The bed material within the reactor is an aluminum oxide 

refractory sand having a particle size chosen to allow well- 

defined fluidization. The fluidizing air passes from the 

plenum through the fluidizing grid, or distributor~ into the 

bed to react with the fuel solids which have been introduced 

into the bed via the solids feed system. The reactant and 

product gases cause fluldizatlon of the bed, and the resulting 

excellen~ thermal and chemical homogeneities° 

The feed system'beg~ns with a one c u b i c  yard feed hopper 

which emptie~ through an adjustable sc-~w fee~er onto an 

inclined conveyor belt. The solids feed rate is manually 

controlled by this varispe~d screw feeder. The conveyor 

lifts the solids to a chute through which the solids fall, 

antering a rot=ry valve which prevents back leakage of The 

pyrolysis gases from the reactor. An exhaust i~ood was in- 

stalled over t.~is feed station to prevent, fugitive emissions 

from escaping into the plant. After the solids pass through 

the rotary valve, ~ey enter a s~rew .conveyor, or ~Eew 

feeder, which introduces the solids into the lowex eztremeties 

of the reactor's fluidized bed. 
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upon entering the 20-in. diameter r.eactor, sufficient 

amounts of solids burn, or oxidize to bring the temperature 

of "the ¢om~nents entering ~h~ reactor up to the bed tempera- 

tuze and to provide the energy of pyrolysis necessary to 

convert the remainder of the unburned solids into the 

desirable products of pyrolysis (char, oil, and low-Btu gas). 

The velocity of the gas through the bed causes an elutriation 

of the char/ash product so that the gas, solids, and vapor 

phases all pass from the reactor into the cyclone bank. 

The cyclone system consists of a primary, low efficiency 

cyclone in series with a secondary, high efficiency cyclone, 

and has the purpose of separating the char/ash product frum 

the gas-vapo r stream. The solids exit the cyclone diplegs,. 

passing into the char collection drums where they are removed 

from the process in batch and stored. 

The gas-vapor exiting the cyclones are ducted to a mix- 

ing sectionwhere combustion air is added to the low-B~U 

fuel gas by means of a centrlf~gal blower. The mixture then 

enters .,n afterburner vessel where combus~_ion takes place. 

Theproducts of combustion exit the afterburner, which, is 

itself an adiabatic device, and are immediately Sprayed 

With a water injection nozzle to reduce their temperature to 
o 

a value which can be tolerated by the" stack. Finally, the 

~o61ed.products of combustion exit the building through a 

carbon s~eel s~ack. 

A small "slip "stream of the afterburner flue g a s e s  &re 

drawn off and cooled to-approximately 600 ° with ambient ai~ 

for use in a dire=t contact dryer. The dryer was designed 

and made by ARI to simulate the actual drying operation.s in 

their plant. Small batahes, of. wet rice are loaded into the 

dzyer and ~.he hot gas~s are passed from the rotating drum 

directly contacting the wet rice. 

3 - 2 2  
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Task F - Analyzed Test Results/Needs 

-%•, 

The pilot plant testing results confim.edthe technical 

advantages of the fluidized-bed gasification system discussed 

in Section 3.1. Excellent bed temperature control, no ash 

slagging problems, quick load response times, low emission 

levels, and theproductionof a transportable and co~bustiD!e 

form ofener~ are among the process advantages confirmed in 

the tssting, ~In addition, the feedstock was easily trans- 

ported using conventional hardware, and the gaseous products 

displayed excellent combustion characteristics. 

Four test runs were completed for a range of gasifier 

temperatures from I083°P to 1604°F' Durinq these runs, 

the necessary operational variables were recorded to generate 

heat and material balances and other necessary process 

design data. Thechar produced under each condition was 

saved for use in the marketing study. A summary of the 

operating conditions is given in Table 3.1.1-2. 

The raw data collected was reduced to a common, coherent 

form that allows uorrelation of variables and observation 

of relationships. Mass and energy balanceswere then 

developed using ~he first and second laws of thermodynamics, 

Which s~ate tha~ in any given prouess, mass and energy are 

conserved. 

The closure of mass balances for the pilot plant tests 

averaged better than 95 percent which is Well withi~ the 

limits of experimental error and indicates good data measure- 

ment. The small discrepancies are attributed to inacauracies 

in bulk mass measuremen:~s, and mass flows of ~/%egas, oll and 

water vapox which are most diffiuult to measure. Elemental 

3 - 2 3  .." 
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mass bal~ces were performed in order to look for any trends 

which may have consistently caused any errors in the mass 

flows, but none were found. This analysi~ confirms that 

the errors were random experimental errors. The mass 

flows were then adjusted to £ully close the mass balances. 

This manipulation is necessary to allow for a consistent 

analysis of the energy balances. 

Energy balances were developed from t h e  experimental 

measurements and applying the princ~ie of conservation of 

energy. The latent and sensible heats and the heat of com- 

bustion of the inputs and products of the gasifier, plus the 

system heat losses, were cataloged for data run. The closure 

of the energy balances averaged better than 90 percent, 

again within the limits of experimental error. The heat 

balances were then closed by normalizing the latentheat 

values of the products, which were determined experimentally 

and are the most likely sourceof experimental error. Refer 

to Section3.1.2 for a typical mass and energy balance developed 

by these procedures. 

The product mass and energy yields were plotted as a 

function of reactor temperature, and are discussed below. 

Using these trends, it will become possible to predict 

product heat and energy splits at a given temperature, and 

will allow us to determine the optimum design rea~tor tempera- 

ture for the proposed plant. 

The mass and energy yields of the char product, given 

in Figures ~.1.1-2, 3 & 4 show sharply decreasing yields with 

increasing bed temperatures. By plotting the ash-free char 

yield (Figure 3.1.I-3) it becomes apparent that at the higher 

3 - 2 5  
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temperatures, ~arbon or organic component of the char is 

almost completely removed. Reactor temperatures higher 

than 1600°F were not run to prevent any possible ash or silica 

slagging problems within the bed. This yield data willbe 

important in evaluating all of the marketing possibilities 

for the char by-product. 

The pyrolytic oil mass and energy yields, Figures 

3.1.1-5 &6, also displayed decreasing trends with increasing 

reactor temperatures. This oil exits the reactor and r~mains 

in the gaseous state unless it is removed by scrubbing. 

These yields are important design criteria in the design of 

a scrubber, if it is required, or in adding to the heating 

value of the gaseous product stream. 

The mass and energy yields of ~ne gaseous product amount, 

Figures 3.1.1-7,8 show increasing trends with increasing bed 

~emperature. The energy yield of the gas, which includes 

latent and sensible heats, appears to be tapering off at the 

elevated temperatures, indicating that the heating value of 

the pyrolytic gas is decreasing. This trend is shown in Figure 

3.1.1-9 which plots the heating value of the pyrolytic 
gas in Btu/SCF as a function of bed temperature. The heating 

value of the combined pyrolytic gas and oil is also given, 

and will be an important design parameter. 

Figure 3.1.1-10plots the combined energy yield of the 

gas, oil and Vapor stream as a function of bed temperature. 

The energy yield begins to taper off at higher temperatures 

as you would expect due to the decrease in the heating value 

of this stream shown in Figure 3.1.1-9. This combined s~ream 

will be used in fi~ing the boiler for steam generation and 

combusted for use in process drying. 
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Two days of testing wi~h the direct contact rotary 

dryer were conducted and the results indicated that the 

high ash loading of this stream may presen~ a problem in the 

uontamlnation of the whole rice. The samples dried in the 

pilot plant dryer were returned to the ARI laboratory for 

odor, taste and color analysis. Although no odor or taste 

proble~ were found, it was felt that the ash may impart 

undesirable color to the rice. Although the evidenue was not 

conclusive against the use of this flue gas stream in process 

drying, it would be best to take the conservativ~ approac h in 

the plant design and implement the necessary process charLges 

such that hot air, not floe gas, would be delivered to th~ dryers. 

The pilot plant testing further confirmed the environ- 

mental advantages of the FBG process. The afterburner flue 

gas was monitored during the tests and the potential sources 

of fugitive emissions identified. The results of these 

studies are given and discussed in the environmental section, 

3.6. 

%. 
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Task G - Finalize Selection of Process 

The pilot plant tests have further confirmed the 

feasibility and advantages of the FBG process combined with 

the appropriate steam, hot air or electric power generation: 

options. The selected processes are shown functionally in 

Figure 3.1.1-11 and described in the ensuing paragraphs. 

The unground rice hulls are fed to the fluidized bed 

gasifier which partially oxidizes the feed producing a char, 

oil and gaseous product° The char is thenseparated ~rom 

the other products and stored before being transported off- 

site. The combined gaseous products, including the oil 

fract£on are then ~sed in the energy generation processes. 

In option 1 the combined low Btu gas and oil stream is 

split with a part being fed to a holler in which it is fired 

to generate process s~eam. The remaining gaseous product is 

combusted in a furnace to produce hot air for use in the 

process drying operations. 

In Option 2 part Gf the combined gas and oil product are 

combusted in a boiler for steam produution, and the remainder 

used for electrical power generation. The oil is removed from 

the low Btu gas before the gas is fired An an engine which is 

used to generate electric power. The hot exhaust gases are 

available for process d~]ing operations. The use of a gas 

turbine for power generation would be functionally similar to 

the gas engine with different electrica! output and capital 

cost. 

. . .  ~" 

. . . .  . .  
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3.1.2 Detailed Information on Process Sel~cted 

!' 
t 

Task A - Define Scale, Operating Specifications, etc. 

The scale of the plant is based on the ARI rice hull 

production rates and energy demands as described in Section 

3.1.1 Task A. Basic flow schemes were developed based on 

the pilot plant data and expected efficienaies of the various 

downstream processes, as previously shown in Ficmre 3.~.i-iI. 

This basic flow scheme was used as a basis for the detailed 

engineering analysis carried out in Tasks B-D of this section. 

Tasks B & C - Develop and Analyze Engineering Information 
Based on Tests and System Needs. 

The primary function of the plant design is to reduce 

the natural 9as dependency and hence operating or energy 

costs of the ricemanufacturing process, This can best be 

accomplished by maximizing the combined gaseous product 

energy yields in the r~ce hull fluidized-bed gasifier. 

Reviewing the pilot plant energy, yield data from Figure3.1.1-10 

we can see that the combined gaseous product energy yield 

is maximized at the higher bed temperatures around 1600°F. 

A more careful examination of this Figure shows that the 

energy in the gaseous product produced at a 1600°F bed 

temperature is 40 peroent higher than that produced in a 

ll00°F bed. 

The only constraint to operation at higher bed tempera- 

tures is that we continue to produce a gaseous product which 

can be r~liably combusted in a conventional pilot-less low 

Btu gas burner. This means that the gas quality must remain 

above 120Btu/Scf, say 130 Bt~/Scf to he conservative- 

3 - 3 9  
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Using the data in Fig~e 3.1.1-9 and realizing that the 

contribution of the oil to the gaseous product heating value 

is smaller athigher temperatures, we can conclude that the 

productgas produced at a.bed temperature of !700°F will no 

longer have the required heatlngvalue. In our design if we 

allow for i a deviation of I0 percent from the normal feed 

rate and ~the feed rate at 1700°F is chosen as maximum 

deviation on the low side, using the feed rates found in the 

pilot plant tests, we conclude that the safe design reactor 

bed temperature is approximately 153Q°F. 

The heating value of the gasproduced at this reactor 

temperature is 150 Btu/Scf, and should prove to be a fuel 

which can be easily combusted in a boiler, furnace or gas 
m o 

engine. 

This analysis assumes that the quality of char produced 

at the various temperatures will not have a significant 

impact in its marketability. The char produced at !530°F has 

an ash value of approximately 85%, and the mass of char to 

be handled is minimized at this higher temperature- 

using the results from the pilot plant tests discussed 

in Section 3.1.1, a heat and material balance was developed 

for the 1530°F gasifier. The balances are given in Table 

3.1.2-'2,based on a I00 ib per hour rice hull ~eed rate. 
• ° 

The inputs and products for the three most feasible 

processes are sun~arized in Table 3ol.2-2. In both cases 

all of the rice hulls are gasified at 1530°F in the FBG. In 

option 1 the low Btu gaseous fuel is burned in a boiler to 

produce the 30,000 pph of steam required, and the remainder 

of the gas is burned in a furnace and passed through a heat 

exchange section to produce hot air for process drying. 
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TABLE 3. i. 2-2 
2'. 

GASIF~ER MATERIAL AND ENERGY BALANCE 

Reactqr Bed Temperature 1530°F 
Reactor Heat Value 7809 Btu/Ib Dry r Ash Free 

Feedstock Moisture = 9.4"%, As~ = 22.1% 

IN 

~ASS BALANCE - GASIFIER [ib/hr) 

Feed (with moisture and ash) i00.0 

Air 112.9 

OUT 

Char (85% ash) 

N.C. Gas 

Oil 

Water 

Particulate 

24.9 

161.6 

5.9 

20.i 

0.4 

Total 212.9 212.9 

ENERGY BALANCE - GASIFIER 

Feed HV 

Water Latent 

Water Sensible 

Losses 

Char Sensible 

Char HV 

Oil Sensible 

0il HV ~ 

N.C. Gas Sensible 

N.C. Gas:HV (150 Btu/SCF) 

Total 
.-.. 

(Btu/hr) 

53.49 x 104 

53.49 X 104 

0'91 x 104 

0.90 x 104 

1.07 x 104 

0.71 x 104 

6.15 x 104 

0.26 x 104 

7.07 X 104 

3.93 X 104 

32.49 X 104 

53.49 x 104 
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In Case 2 the low Btu gas produced in the FBG is used 

to fire a boiler to produce steam, and the remainder of the 

fuel used for electric power generation via a gas turbine. 

The oil scrt%bbed from the gas stream can be returned to the 

~asifier andburned, thus increasing the gasifier output and 

eliminating the need for storage and transporting the oil. 

The scrubbed gas is then compressed ,~nd umed as a fuel in the 

gas turbine which produces ele=tric power, and the hot flue 

gases are then used for heating an air stream which is used 

in the drying operatiuns. 

The feasibility of using all of the gas produced by the 

gasifier in the gas turbine and then "cogenera~ing" steam 

and hot air from the flue gases was considered. It was found 

that the waste heatavailable was not sufficient to both 

produce the necessary'steam and hot air, thus this option was 

not given further consideration. 

in option 3 the gasifier products aze used to fire a 

boiler to produce the required steam and the remainder o~ 

the gas fed to a gas engine for electric power generation. 

The oil is scrubbed from the gas stream being fed to the 

engine and is burned to produce hot air which will supplement 

the hot engine flltegases in meeting the dryer requirements. 

The electric power generated by the eng~%e is in excess of 

that used by the plant, and the excess will be sold back 

to the power company. 

Task D - Finalize Preliminary Facility Engineering Information 

This section describes the processes and equipment in 

detail for each of the thEee process options. Refer to the 

Process Flow Diagrams~ Figures 3.1.2-1, 2 & 3, and Equipment 

Lists in Appendix A far detailed engineering design documents. 
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A. Fluidized Bed Gasifier System - The gasification 

process is common to all three options being considered. 

Unground rice hulls are delivered by ARI from their bulk 

storage silos to a gasifier feed silo. This silo, at 1450 

ft 3, provides a surge capacity/of 25 minutes and includes a 

closed top with internald~ct control unit to prevent 

fugitive emissions. Additional features include bridge 

breakers, a load cell for level indication, d~scharge slide 

gate, and carbon steel construction. The f~d flows by 

gravity onto a weigh belt which controls~the feed rate to 

the gasifiers. The weigh belt is designed to cover a wide 

range of feed variations from 35 to 120 percent of the 

design flow. The feed is then split into two equal streams, 

one for each gasifier, and transported by bucket elevator 

to a second flow splitter which results in a total of four 

equal feQd streaI~s. The bucket elevator is designed tc 

deliver up to 20 percent above the design feed rates, and is 

totally enclosed to prevent any fugitive emissions. The 

feed, now split into four equal streams, flows by gravity 

into rotary •air locks, four required, which discharge into 

four screw feeders which feed the gasifiers. The rotary air 

locks and screw feeders are designed to handle a maximum 

flow of 200 percent of the design va~ue. This will allow 

the continuous Operation of a gasifier at the design level 

in the event that one feeder is off line. The rotary air 

locks are designed to prevent any back leakage of hot gases 

from the gasifier. The screw feeder delivers feed directly 

into the gasifier and is designed to withstand a maximum 

temperature of 1600°F. : 

Each fluidized bed gasifier is a 55 sq. ft. by 27 feet 

high,vessel lined with a high temperature abrasion resistant 

re~ractory. A specially designed distributor plate is 

provided near the bottom of each vessel for even distribution 

of fluidizing air. The bed material within'each reactor is 

a refractory sand having a particle size chosen to allow 

well-defined fiuidization. 
3-47 

. b. 



The reactors include above bed start-up burners which pre-heat 

the reactor ~uring start-up. 

°, 

Air required for fiui~izing the gasifier bed is provided 

by positive displacement blower. One blower is supplied 

with each gasifier and each includes inlet andoutlet 

silencers, inlet filter, relief valve, a bypass loop to 

contorl the output, and TEFC motor. Each blower is rated 

at 8650 SCPM at 10. psi. 
t 

.: The pEoduots of the gasifier flow into a cyclone separa- 

tor whiuh separates the solidchar from the low Btu gas. 

Onue again two cyclone systems are provided, one for each 

gasifier. Each cyclone system consists of high performance 

304 ss cyclones manifo!ded in a quad arrangement. The 

cyclones are lined with an abrasion resistant refractorY. 

The char discharge of each cyclone system flows through a 

high temperature, east ss rotary air look and discharges 

into a cooling screw conveyor. 

The hot char is cooled to 3~0°F by means of a water spray, 

which removes i. 7 M~tu' s/hr. The cooled char is th~n 

transported by a bucket elevator into a 25,000 cu. ft. 

storage "silo. The char storage silo provides s~orage for 

approximately 1% days and includes a dust colle~tcr to 

eliminate fugitive dusting, bridge breakers and an unloading 

screw conveyor. This silo will be located outside of the 

building in an. area which will have easy a=uess to the existing 

ground transportation loading facilities. 
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Each gasifier can operate at the design temperature 

with variations of plus or minus 25 percent of the design 

feed flow. Wider variations of the feed flow can be 

accommodated by operating the gasifier at different tempera- 

tures, with higher feed rates resulting in lower bed tempera- 

tures and a different product split. The product sDlits have 

.been developed in the ERC0 pilot plant over a range of bed 

temperat~es from i000 to 1600°F. 

• .:.. 

B. Boiler SYstem - A spe~ially designed packageboiler 

is used for combusting the lowBtu gaseous fuel and producing 

30,000 pph of 100 psig steam. The burner is designed for 

combustion of the low Btu fuelwithout the use o~ a continuous 

pilot flame. This burner can also burn natural gas for 

start-up or other upset situations. The package boiler is 

designed to ~' accommodate the lower flame temperatures and 

longer flame lengths produced by the combustion of this fuel. 

The boiler package includesan economizer to maximize the 

overall efficiency (85 percent is expected), a burner manage- 

ment control package, and combustion air blower. 

The.boiler feed water treatment consists of a water 

softener designed for i00 percent make-up, 70 gpm, with a 

standby unit to a11ow continuous operation during the regenera- 

tion cycle. The treated water is then preheated in a heat 

exchanger using waste heat from the flue gas cooler or 

boiler blo~ down. 
¢' 

7' "" 
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The preheated feed water is then decorated in a jet-tray 

decorator 9sing process steam. The decorator has a capacity 

of 150 cu. ft. allowing for a 15 minute residence time. 

The boiler'feed water enters the feed pumps which pressurize 

the fee~ water before entering the bQiler. A piped in back- 

Up: pump is supplled to insure continuous operation. 

The boiler flue gas contains particulate (TSP) and 

low levels of S02, NO x, and CO. The use of a fabric filter 

dust collector is required to remove the particulate before 

the flue gas is discharged. The dust collector is designed 

~for 17,000 ACFM and wall' reducethe particulate level to 

approximately .006 grains/ACF before the flue gas is 

discharged to the stack. A detailed discussion of the air 

control requiremsnts is presented in a separate report. 

C. Furnace Syste~ - Option 1 - The remainder of the 

low Btu gaseous fuel, "85MMBtu/hr, is available to meet the 

9rocess drying requirements. This is accomplished by firing 

the low Btu gas in two 45 MMBtu/hr refr&ctory lined furnaces. 

Low Btu burners designed for operation without a continuous 

pilot fire the fuel and combustion plus dilution air into 

the furnaces. The furnace is designed to allow for the 

high mass flow rates and provides enough residence time ~or 

~oraplete combustion of fuel. This package also includes the 

combustion/dilution air blower,.designed for a ~urnace exit 

temperatuxe of 1500°F. The hot flue gases then enter the 

heat exchange section of the furnace in which ambient air 

• is heated to 70Q°F, for use in the direct drying operation. 

Each.air to air heat exchanger includes a bypass loop with 

controls to maintain a fi~ed air outlet temperature under 

varying ambient air conditions and demands. The Systen! 

includes ambient air blowers, each rated at 25;500 ACFM, 

oomplete with inlet silencers an~ filters, which pressurize 

the air before it is heated and delivered to the dryers. 

The hot air distribution system is not included with this 

package. . 
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The",hot flue gases are further cooled in a cooler/ 
preheatGr An which the excess heat can be used for preheating 

t h e  b o i l e r  f e e d  w a t e r .  T h e  f l u e  g a s e s  a r e  t h e n  p a - ~ . s e d  

through a pulse jet type fabri~ filter dust collectorbefore 

being exhausted ~.~ ~he stack. The dust collector is rated--- :. . ".. ... 

at 75,000,~fter and reduces the particulate level to .003 

grains/ACF, 

D. Option 1 Special Systems - The gasifier, boiler and 

furnace systems wilt be housed in a commonsteel sided 

b~ilding, to be designed and constructed specifically for 

this application. The building will be complete with 

foundation, RVAC system, control room and access ways. The 

only equipment not included within the building will be the 

char storage silo, boiler and furnace fabric filters and the 

stack. 

::~.. Electric Power Generation- Option 2 - In Option 2 

the remaining low Btu gas is used to fuel a gas turbine which 

produces 2,.82 P~ of electric power, as sh6wn in Pigure 3.1.2-2, 

th'a '~O~ess flow d!:-~am, The gaseous product is first sent 

to::ani't.il.scrubber in which the gas is cooled and the pyroly- 

sis 6il..:a~d".~:~h blow-by are removed. The gas is fed to a 

venttlri scrubber which sprays a fine mist of scrubbing fluid 

(water) through the gas. After the scrubber the gas is 

accelerated through a cyclonic :separator where the denser 

mists and particulates are separated from the gas. "The 

liquid mists flow to a settling .~ank where the oil and water 

separate. T'~e~water is cooled in a heat exhcanger and pumped 

back to the ven;~uri spray system. The heat, 6.5 MMBtu/hr, 

is used for preheating the boiler feed water or combustion 

air. The collected oil, 13.5 MMBtu/hr heating value, is 

then pumped baok into ~he gasifier where it is burned, 

increasing the output of the gasifier. 
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Other possible uses. for the pyrolysis oil are being explored, 

although it is felt that the oil should be ~d on site since 

it presents storage and transportation problems due to its 

hig h visuosity. 
°~ -.. 

The cooled low Btu gas is then compressed in a screw 

type compressor to 60 psi before it is fed to the gas turblhe. 

In the gas turbine the compressed gas is burned in the combus- 

tion cha~er and the hot flue gases are expanded in the 

turbine and exhausted to the heat exchange se=tion which 

heats ambient air to 710°F for pro'oess d~-yin9. The work : 

produced by the turbine is used to power the air compressor 

mounted on the same shaft and to generate electric power. 

The gas turbine is complete with the generator, switchgear 

and transformer. 

F. Electric Power Generation - Option 3 - In option 3 

the remainder of the 10w Btu gas, 85 MMBtu/hr, is sent to a 

g~s engine/generator for electric power generation. Refer 

to Figure 3.1.2-3. The gaseous product is first sent to an 

oll scrubber as described in option 2 above. The@il 

collected in the scrubber, 13.5 MMBtu/hr heating val~.e, is 

then burned in a small furnace to generate hot air for use 

in the process dryers. 

The clean non-condensible gas is then fed to the gas 

engine where it is combusted'with ambient air. The gas 

engine is a four cycle, spark ignited, water cooled recip- 

rocating engine soecially designed for burning low Btu 

gaseous fuel. The gas engine comes ~mplete with generator, 

switchgear and transformer. The hot engine exhaust gases are 

then available for use'in the.process drying. 
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The complete system, with the exception of the char 

storage silo, boiler fabric filter and stack, will be 
housed in a ~n~non building as previously des=ribed in 

Se=tioh D. 

Instrumentation and Process Control 
- - , _ _ _  _ _ u ,  ,,n ~ . . . . . . .  

Appropriate instrumentation and process controls are 

identified based on the perfo~nance criteria of the proposed 

plant, the conceptual design, and the equipment specifica- 

tions. The proposed instrumentation and 6ontrol lo~Jpe 

are illustrate~ in Figure 3.1.2-4, Option I. 

The major control loops control the followin~ opel'ating 

variables: 
i 

o 

o 

o rate of feedstock delivered tothe feed Bilo 
from storage bins. 

o feed rate to gasifiers 

o volume of fluidization air delivered to gasifiers 

o rate of cooling water delivered to chai cooling 
screw 

o flow rate of low Btu gas to the boiler 

o flow rate of low Btu gas to the furnace 

product steam flow/pressure 

product hot air temperature and flow 

The rate at which rice hull feedstock is delivered 

from the storage bins is controlled by the level o~ the 

feedstock in the gasifier feed silo. 
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The feedrate of rice hulls to the gasifier is adjusted 

to maintain the desired gasifier reaction temperature. 

An in~rease in feedrate results in a decreased air-to-fuel 

ratio which decreases the temperature in the bed. 
t 

The flow rate of fluidizatio~ air to the gasifier 

is adjusted to maintain a constant gasifierexit pressure. 

The last two control loops described are interactive in 

the sense that the product of each loop affects the input 

variable of the other. The amount of rice hulls fed to a 

gasifier will, in part, determine the amount of gas produced 

and the pressure at the gasifier exit. The volume of 

fluidization air delivered to the gasifier will, inpart, 

determine the air-to-fuel ratio and the temperature of the 

bed. i 

:•..., 

",.,, 

The amount of water sprayed into the char coolin~ 

screw is controlled in order to keep the temperat~Te of the 

char !eaving the screw at less than 300°F. 

The boiler outputis controlled by the 0utlet pressure 

which varies with steam demand. The outlet pressure is 

maintained at i00 nsi by changing the firing rate of low Btu 

gas into the boiler. 

The product hot air flo~ rate is maintained at a 

constant value by controlling the bypass air flow around 

the blower. The temperature of the hot air is maintained 

at a constant value by controlling the heat exchanger~air 

bygass flow rate. 

:j ,-- 
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The control "logic associated with option B is identical 

in the :~a~ifier and boiler sections. In the electric power 

generation process, there arecontrolson the scrubber water 

makeup flow and on the~£z-fi'J.egas heat exchanger. The 

scrubber makeup water is controlled by maintaining a constant 

level in the sett!inq tan~ using a level control device. 
The air-flue gas hea~ exchanger controls are the same as 

those asso=iated wlth the furnace, in which t~e air flow 

rate and hot air temperatures are controlled. 

3.1.3 Alternative Fuel Production S=hedule and Displaceme~t 

Tasks A-C --Develop Fuel Production and Oil and Gas Displace- 
ment Schedule 

The fuel p=oduc%ion schedule fe~ ~,e proposed plant was 

developed based on the pilot plant yield data previously 

pre£~nted. At, un line factor of 90% was used, and is the 

goal of the proposed plant. The F~G process produces both 

a low B~u gaseous fuel and a char fuel. The gaseous fuel 

latent and sensible 1~ea~ Values ~ere ~sed in determining 

the magnitude of ~e enerqy output shown in Table 3.1.3-1. 

The heating valu~ of the combined ash/char, 2500 Btu/ib at 

85% ash, was used in determlning the char energy output. 

It is possible that the char will not be used as a fuel, 

dependin~ on the a~tualmarket, and will not be considered 

as an energy source- 

The amounts of oil and gas displaced by the fuels produced 

are also given in TahJle 3.1.~-I. The displacement figures 

assume that the low Btu fuel can be used as efficiently as 

either oil or natural gas and that all of the gas produued 

will be used. 
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TABLE 3.1.3- 1 
• ~.....: ; 

Pro~ecte d Displacement.of Oil and Gas 

Based On Alternative Fuel Production Schedule 

~or Rige Hull Pyrolysis (i) 

Alternative 
Fuels Produced 

Combined Gaseous 
Product 

Char Product 

Energy 
Output 

(~MBtu/h~) 

z26.sz 

19.43 

Equivalent 
Oil (2) 
(BBLS/yr) 

1 7 2 , 0 8 8  

26,430 

Equivalent 
Natural Gas (3) 

(MCF/yr) 

949,910 

145,890 

[i) Based on an on-line factor of 90% and 340 TPD feed rate. 

[2) For ~uel oil, 35°A.P.I., 132,000 Btu/BBL. 

(3) For natural gas at 1050 Btu/SCFo 

t '  
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3.1.4 Raw Material Support Requirements 

Tasks A-D - Determine Support Material Requirements and 
Identify Needs 

The major material inputs, to our process are (i) 

unground rice hull feedstock, and (2) city water for steam 

generation and other miscellaneous uses. Note that there 

will not be a significant increase in the plant water demand 

since we are replacing existing steam generators. Electri- 

city is required for operation of motors and controls and a 

small amount of compressed air is needed for instruments and 

other miscellaneous uses. 

All of the oroducts from the proposed plant except the 

char will be used on site and require only plant distribution. 

Access to ground transportation is required for transporting 

the char to its final market. 

The rice hulls will be required at a rate of 340 TPD 

and storage for approximately a one day supply is desired. 

These storage silos are already in existence at the facility 

with a storage capacity in excess of one day. 

The projected city water and electric power demands are 

summarized in Table 3.1.2-2. The existing water mains and 

drains can be tied into and will accommodate the new facility. 

The comp_ressed air, with a projected usage of 35 CFM at 150 

psi, will be generated on site by a small electrical com- 

pressor. 

In option 1 power lilies to accommodate the 720 Kw 

demand will have to be tied into the new plant. In options 

2 and 3 power will be generated at the new plant and 

distributed within remainder of the existing facility. In 

addition some excess power may be sold back to the utility 

company. 
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3.1.5 Assessment of Sale/Distributionp~ Use of Production 

Task A - Characterize Fuel Output 

A. Gas Product '~ 

The low Btu gas produced in the FBG process is a 

valuable fuel byproduct. The Btu value of the fuel varies 

~ith reactor temperature as previously shown in Figure 3.1.1-9, 

and the gas composition is at the various temperatures as 

given in Table 3.1.5-1. The primary consideration in evalua- 

ting the gaseous product is the heating value o ~- the gas 

since this gas will be used as a fuel. 

Due to the on site energy_ demand, the low Btu gas will 

be consumed in its entirety at the existing plant site. 

Since the energy is being consumed in the proqess which is 

generating the rice hull fuel, as long as the fuel is being 

produced on site there will also be an on site energy_ demand 

and market for the low Btu gas. 

".., 

B. Char Product 

The primary byproduct from the proposed alternative 

fuels production which will not he consumed on site is the 

rice hull char. Extensive testing was Performed on the char 

produced in the pilot plant in conjunction with the marketing 

study. The composition of the char produced varies with 

reactor temperature as shown in Table 3.1.5-2. ~ith increasing 

reactor temperature the ash content of the char also increases, 

and the fi~ed carbon aor~ent decreases. The heating value Of 

the char on an ash and moisture-free basis ~as found t~ be 

constant for the char produced. 
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• One char sample was se].mcted for additional analysis, 

since the results: from this sample can be ap~lled to the 

other samples. The char produced at the 160"4°F bed tempera- 

ture was used in the analysis since it was closest to the 

actual design temperature of 1530 °F- The additional analysis 

was quite exten@ive such 'that a complete marksting study 

could be conducted. A ~escription of the detailed testing : 

and resu!ts is discussed in the following paragraphs. 
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TABLE 3.1.5-I 

NON-CONDENSIBLE PYROLYSIS GAS COHPOSITION (VOLUME ,%) 

BED 
TFJ, IP ERATURE 

C°F) • Co21 H2 

1083 o 

1260 ° 

1431 ° 

16(}4 Q 

15.90 2.63 

12.96 

14.00 

13.69 6.8Z 

C2 

0.26 

14,9z 0.35 

!?.92 0.39 

0;09 

I . 

| i mini 

GASEOUS COMPONENT 

02 

o.B9 

0,87 

1.12 

0.78 55.51 4.90 0,34 

N 2 CH 4 C 3 CO 

56.43 3.53 0.59 

54.87 4.52 0.11 

49,23 5.86 0.45 

lg .77 

21.39 

21.03 

17.87 
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"table 3.1.5-2 

RICE HULL CHAR COMPOSITIONS AT V,AR!.OUS BED TEMPERATURES 

Bed Ash Volatllesl Fixed Heating 
Temperature Carbon Value 
(OF) . (%) (%) (%) ( B t u / l b )  2 

1083 67.4 6.7 26.0 14304 

1260 71.3 5.1 23.6 15842 

1431 73.3 6.5 20.2 12165 

1604 93.4 3.3 3.3 13349 

1. V o l a t i l e s  def ined as those components d r i v e n  off up to 1800°F. 

Z. Ash and moisture Free bas is .  
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RCRAAnalysis 

The dominant federal legislation affecting the storage, 

handling, transportation, and disposal of solid byproducts 

from pyrolysis and combustion processes is the Resources 

Conservation and Recovery A~t of 1976 [RCRA). The RCRA 

legis!ation, once implemented, will establish a relatively 

uniform set of requirements for the nation because few 

states will have regulations more stringent than those 

proposed by EPA. For now, the RCRA program is embodied in 

Proposed Rules published in the Federal Register, May 14, 1980. 

Under the Proposed Rules, solid wastes or byp_roducts are 

grouped into three categories: (1) hazardous wastes; (2) non- 

hazardous wastes; and (3) special wastes. Wastes may be 

classified as hazardous for any of the following reasons: 

o The waste or byproduct is "listed" as hazardous due to 
known environmental hazards. 

The waste or byproduct fails EPA-proposed tests in the 
following areas: 

o 

i. Toxicity 
ii. Ignitability 

iii. Reactivity 
iv. Corrosivity 

The rice hull ohar leachate was well under the established 

toxicity limits tested for under this legislation, as shown 

in Table 3.1.5-3.RCRA toxicity tests were not conducted for 

pestiuides and herbicides since these compounds would have 

been destroyed in the FBG reactor. No test procedures have 

been established for ignitability, reactivity and corrosivity 

of solid materials, hence none were conducted. Based on the 

pilot plant experience in handling, storing and transporting 

the char no reactivity, corrosivity or ignitability has been 

observed. It is our experience that the char is essentially 

chemically inert. In conclusion, the chaz produced from FBG 

Of rice hulls was found to:.be a non-hazardous waste as 

defined by.the present RCRA!egislation. 3-63 
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Toxicological Effects of Solid Wastes or Byproducts 

Toxicological effects of solid wastes were evaluated by 

the use of a battery of EPA Level-I health and ecological 

effects tests. The health effects tests used for toxicolog- 

ical evaluations were the Salmonella/Microsome Mutagenesis 

Assay (Ames Test), Rabbit Alveolar Macrophage (RAM) Test, CHO 

Clonal Assay, and Acute In Vivo Test in rodents. The 

eco!ogical effects tests conducted were the Freshwater Algal 

Bottle Assay with Selenastrum Capricornatum, Acute Static 

Bioassays with the fathead~minnow and water flea, and the 

Soil Microcosm Test. The results of these tests are summar- 

ized in Table 3.1.5-4 and discussed below. Refer to Appendix 

B for the complete test reports. 

The Ames Test is used to identify substances which as 

mutagens or carcinogens pose a serious health risk to those 

exposed to the substance. This test measures the a~ility 

of a substance to induce mutations in the Histidine 

Biosynthetic Pathway of Salmonella Typhamurium. The rice 

char was found to be non-mutagenic in all strains at a!l 

concentrations tested, and hence presents no mutagenic health 

threat to those who come in contact with the material. 

3 - 6 5  



! 
tt~ 

4~ 

0 

0 

0 

u~ 

o~ 

0 

0 

t~  
0 

O] 

U] 
-r l  ~>~ 

-~-I 
OJ ~J 

0 

• 

F! 0 

o 

m 

o 
o 

to 

O 
~.~ 

0 

U 
. ,~ 

X 

0 

I-I 

q 3  

t~  

u~ 

o o  

01 
O1 

r,-:. 

0 

0 

o0 

I11 

4-1 

0 

~o 

tlJ 

I1) 

a) 
gl 
0 

N 
0 

0 
°~ 

, 0  

0 

3 - 6 6  



The R~M Test provides a method for analyzing the poten- 

tial toxicity of inhaledsubstances. A low level of toxicity 

was found for the char sample, indicating that no serious 

health threat is posed by the inhalation of this substance. 

The CHO Clonal Assay is used for evaluating the potential 

toxicity of a substance to mammalian cells in a culture. The 

test resulhs alsoshowed a low level of toxicity, indicating 

that the char has a Iow~level of toxicity to mammals. The 

acute Xn Vivo Rodent Assay is used in eva!umtinq the 

toxicities due to pure chemicals as well as complex mixtures. 

This test, since it is conducted on whole living animals, 

allows a reliable interpretation of test results and the 

possibility of drawing conclusions about the potential 

hazard of the char to human health. Again a low level o~ 

toxicity was observed, indicating that human exposure to the 

char is only mildly toxic. 

The ecological effects tests are used in evaluating the 

toxic effects caused by the discharge of pollutants in the 

water supply of the plant and animal life. TheAlgal Bottle 

Assay is used to assess the toxic effects of the effluent 

discharge from the rice hull char on freshwater green alga. 

The char had a moderate level of h0xicity on the alga, 

with a mean lethal concentration of 56% using an aqueous 

extract as described in Appendix B. The char had a low 

level toxic effect on the animal life as indicated by the 

fathead minnow and water flea tests. 

The soil microcosm test was conducted in order to 

evaluate the possible detrimental effects which land filling 

or open storage of the char would have on the microcosms 

in the soil. The char did not have any disruptive effect on 

the dynamic equilibrium state established by the soil 

microcosms, and furthermore no evidence of degradation of the 

char was observed. These results indicate that the char is 

inert with respect to the soil microcosms. 
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Zn conal~i~n, the toxi=ological tests conducted in the 

char were Qn=ourag!ng° Xn almost every test the =bar was 

fou~id to display a low level of toxicity, confirming its 

inert nature and increasing the marketing potential of the 

char • 
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Organi= Analysis 

EPA Level 1 organic analy~i~ was conducted on the char 

in order to identify ~he organic =ompounds contained in the 

char, and thereby better identify any possible detrimental 

characteristics of the ~har. The total organic levels found 

were quite low. 0.04%~ as shown in Table 3.1.5-5. The compounds 

found, also listed in Table 3°1.5-5, are those expected from 

incomplete combustion andare typical of those found in 

non-harmful substances like charcoal. This analysis helps 

to confirm the low level of toxicity found ~n these tests. 

Inorganlc~nalysis 

A complete inorganic analysis was conducted using spark 

source mass spec as defined in the EPA Level 1 inorganic 

analysis. The complete results are given in Agpendix B, 

which also gives the levels of the unburned rice hulls. No 

high levels of toxic metals were found, confirming the RCRA 

analysis. 
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TABLE 3.1.5--5 

o e m m z c  oF cwa. . .  

I. GC/MS Data 

. . . . . .  ' ~  , ,  u 

Estimated 
concentration 

Compound Lug/g) 

Benzoic acid 5.2 

Pluorenone 3.4 

Phenan~rene 9.5 

Anthraq~inGne I. 3 

P!uoranthene 9.5 

Pyrene 8.2 

Chrysene/ I. 3 
benzo (a) anthracene 

If. Gravimetric and TCO Data 

r m 

TCO i. 8 mg 

Gray. 0.1 mg 

Total TCO + GraY.. 1.9 mg 

Conc. 0.4 mg/g 

To~al organics/. . 16.4 mg/g 
entire sample 

~organics in 0.04 
entire sample 

(I) Taken f-~:om Level I Organic Analysis Repor t, 
6/19/81, prepared by Energy Resources Co., 
Environmental Sciences Division. 
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Task B - H - ~dentify Potential Oses, Identify ~rocessing 
Needs, Quantities Needed and Produced, Compile 
Assessment 

These tasks will be discussed in detail in Section 2.2.3, 

the m~rket/use analysi~ section, in which potential maEket 

uses will be analyzed in detail. 

P 
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3.1.6 Procurement of Equipment Sch~dul~ 

Task A - Identify In-Place Syste~Components and Specify 
Equipment Needed 

The equipment lists previously developed and given in 

Appendix A listthe major equipment spe¢J, fications forthe 

equipment which will be purchased for the Proposed plant. 

Detailed equipmentspecifi=ations were made for all ~ajor 

equipment and vendors conta=ted. Prices, delivery dates and 

other specific requirementswere obtained for each Diece of 

equipment. 

Task B - Compile Information and Develo~ Schedule 

Deliveries for the specified equipment ranged up to 

24 weeks for the longest lead items, with most items having 

deliveries of 14-16 weeks. The deliveries for each item 

are given in Appendix A. 
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3.1.7 Management P!an for Project Leadin~ to commercialization 

Task A - Outline Scope of Work 

The work breakdown leading to the completion of .nhe 

proposed facility consists of engineering, equipment procure- 

merit, site and building erection, equipment installation and 

start-up phases. Subcontractors wall be required in the 

following areas: (i) site preparation, (2) building 

erection, (3) equipment installation, (4) miscellaneous 

installation including electrical, utility connections and 

instrumentation~ In-housework will include the detailed 

design engineering, project management and start-u p 

engineering. 

Task B -Deveiop Constraints and Project Ti~ing 

Each major activity identified in Task A will require 

certain constraints in order to prevent delays in the 

project schedule. The engineering requirements a-re such that 

two to three engineers and a designer must be avail~le 

during the first three months of the project to provide the 

necessary detailed engineering design to proceed with the 

remaining phases of theproject. The major constraint to 

the equipment procurement schedule is that payment terms 

be worked out, the project budget adhered to, and the 

equipmn.st specifications be released on time by the engineering. 

group. Possible constraints to the site preparation and. 

building erection will include subcontractor selection and 

payment.terms, labor relations, weather conditions, and 

timely release of e~ginee=ing documents. Problems 

associated with equipment installation will he minimized if 

the delivery and site preparation s=hedules are maintained. 
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~n all cases del~ys in the completion of previous tasks 

will d.%rsctly effect the schedule of all subsequent tasks, 

Hence emphasis will be olaced on maintaining the initial 
• ° . ... 

schedules such that delays will not be t=ansferred into the 

remainder of the project schedule. 

Tasks C & D - Identify Resources Available, Develop CPM 
Chart and ~inalize Scope of Work 

Using the equipment delivery schedules, projected 

manpower Eequirements and subcontractor tame estimates a 

preliminary CPM chart was developed foe the pEoposed 

p~oJect, as shown in Figure 3.1.7-1, The critical items 

are identified and their relation to the overall project 

timing shown, 
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Task E - Develop Manpower Needs and Budget 

Cost estimates were developed for all three of the 

process options beingconsidered for more detailed economic 

analysis. In-house manpower requirements, travel require- 

ments, consultants, subcontractors and other diEect costs 

were estimated and usedwith the equipment cost estimates 

given by the vendors in developing budgetary cost figures. 

These estimates are based on previous experiences on jobs 

similar to the proposed project. The ~otal costs for the 

three process options are given in Section 3.2.1 which gives 

capital and operating cost estimates. 

Task F & G -Identifyand Contact Potential Subcontractors 
for Project 

The subcontractors required for this proje@t fall into 

the following basic areas: (i) site preparation and founda- 

tions, (2) building ~rection, (3) equipment installation and 

(4) intezconnecting piping, ducts, and wiring. Eachof 

these areas will require one or more subcontractors, depen- 

ding on the specific task. 

Local contractors were contacted 4_n the Houston area 

related to the above tasks. In addition subcontracted 

services supplied by major equipment vendors were also 

considered. For example, the supplier of the furnace can 

also provide complete installation services for the furnace 

and all as@ociated equipment such as the blower, heat 

exchanger and interconnecting duct work. It was found that 

in ma_~y cases allowing the major equipment suppliers to 

provide subcontracted services was more economical and 

effective. ~or the smaller items like the electrical and 

i n s t rumen t  i n s t a l l a t i o n  l o c a l  subcon t rac ted  s e r v i c e s  p r e s e n t l y  

being employed by the  e x i s t i n g  p l a n t  may be employed. 
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Task H - Finalize Management Plan 

A proposed project schedule was developed using the 

information gathered in the previous tasks. Pigure 3.1.7-2 

shows the proposed project schedule, and projects a 

mechanical completion time of 12 months from award of 

contract. 
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3.1.8 Assessment of Uncertainty of Commercial Apolications 

and ~%at Needs To Be Done 

Task A-C - Identify and Quantify Risks, and Identify Options 

~tl.e techmical rlsks of the Droposed plant have been kept 

to a minimum by taking advantage of the prevlous exnerienae 

in design and operation of PBGplants. In addition the pur- 

chased systems will ~e carefully evaluated to minimize possible 

technical risks and tO insure expected lifetimes ofat least 
ten yeses. . ., 

The process control instrumentation has also been care- 

fully selected to minimize upset cohditions which could result 

in component failure. These controls will give advanced 

warning and automatically shutdow~ ~ process in proper 

sequence before damage cam occur. Some of the additional 

risks which have been considered and the solutions to the 

problems are discussed below. 

P 

The gasif~:er front end system consists of the solids feed 

systems todeliver the feed to the reactor. It is Dossibl 9 

that plugs could develop in this system which could resul~ An 

loss of feed and/or the overloading'of drive motors. The 

easiest solution, to prevent the interr~9, tion of normal opera- 

tion is to employ a dual feed syste~ to each gasifier with 

each rated, to handle .I00% of .the qasifier ~eed rate. This 

arrangement will allow for continuous o~.oerat~on while.correc- 

tive action is being taken. . ~  

The gasifier vessel is designed for continuous tr0uble- 

free operation, with generous access openings to allow for 

any possible maintenance. Some~ossibiepToblems which may 

be encounte~e~ in the aasifier are the .fusing of bed material 

refractory erosion and d~s~ributor plate b!0cka~e~. The bed 

fusion problem is the'result o£ ~isoDeration an~ corrective" 

a~tion can be employed in the process operations. " ' : 
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The vessel shall b e  designed to allow for the ~hanging of bed 

material during operation by providing the necessary drains, 

Premature failure of t h e ~  lin~:Ig "" c a n  be avoided by 

allowing for the hlghly erosive conditions encountered in 

fluid~zed bed a~plications. ~n~he evenerS.at the refractory 

falls prematurely, the vessel shall be designed to allowfor 

• easy access and ~e~airs. Risks associated with the failure 

of the distributor plate c~ be m~imi~ed by proper design 

~methods. In summary manv of the potential risks associated 

with the gasifier vessel =an be minimized by emp. loying a good 

vessel design. The previous experiences gained byERCO in 

these areas will insure this end. 

The downstream ducting and cyclones Will not pose any 

risks beyond possible refractory erosion, and blockages. These 

problems will be kePt'~o a minimum by employlng good design 

practices and careful, monitorlng of the operations. 

The down stream boiler and furnace or electrical power 

g~eration equipment will bepurchased from reliable sources 

which hav~ h~d experience in the combustion of low Btu gas. 

The boiler 0peration should be highly reliable since similar 

installations have had good operating histories. In addition 

major risks are avoided since ~hese package boilers are 

designed to code and i~c!ude all of the necessary saEety 

features. A high erosion rate due to the high silica ash in 

the gas ~Id gla~ing"0f the refractory linings can be poten- 

tial risks associated with the operation. The boiler linings 

e r o s i o n  shall be. designed to allow the high ~ . rates, and the 

glazing shall be eliminated by keeping the combustion temoera- 

tures below the glaring point of the s~li=a, it is also 

possible that an upstream upset could cause the interruption 

of the supply of low Btu gas and hence oa~se~he loss o~ 

steam generation capability. This risk can beavoide~ |)y using 

a boiler which c a n  also fire on natural gas and 9ipe in 

natural gas for emergency use. 
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The furnace is also a highly reliable system, similar 

to one which ERCO has had in operation. The potential risks 

associated with erosion ar~ glazing can be handled in a manner 

similar to those associated with the boiler. 

The electrical power generation equi.pment, both gas 

engine and gas turbine, are proven technologies and have a 

high level of reliability. Low Btu gas has been used to 

fire these system~ and no problems have been found for this 

application, although it is still a relatively ne~-application. 
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3.1.9 Contingency Plan Formulation 

Tasks A-C Formulate .Monitoring, Develop Budget and imple- 

mentation Plan 

The possible risks identified in the operation of the 

proposed plant have been discussed in the previous section~ 

The ~ will manifest themselves in ~he form of complete 

or partial equipment failure or production of o~f spec 

pEoducts. The ~lant will be continuously monitored by keeping 

process log data sheets which will indicate tre~s in opera- 

tion a~dall brsakdowns. These log Eheetswillmonitor 

key parameters for each co_mpon~nt at intervals such that a 

potential failure can be predicted and a contingency plan can 

be implemented on a timely basis. 

Contingency plans have been formulated for various events 

and included in the operation manual for the system. In 

general small fail%~es and ~rocess problems can be corrected 

by following the d~rections in this manual. .Major ~rocess or 

equipment problems which may develop wil!require additional 

analysis by qualified encineers. It as ~elt that with the 

Droper engineering assistance and implementation of the proper 

corrective procedures complete component failure can be 

avoided. 

In mmst cases the costs associated with insuring a 

minimum of risks have been inco~-~9orated in the original design 

and equipment costs of the system. For example, the ~asifier 

front end fee,~ system will include a back-up since each f~ed 

line can handle the complete feed rate. This conservative 

design ~hilosomhy is coum~n to all areas of the process in 

which potentlal risks have been identified. 
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To allow for unexpected problems 3~ of the ca.Dital cost 

has been included in the annual budget for the proposed 

plant under• -maintenance" costs. This amount will he enough 

to cover all contingencies associat~ with the operation, 

including replacing of motors, repair to refractory and other 

equipment failures whi=h may occur. ." 
"4 
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3.2 Scol,~mlc and Pinancial &nalys.ls 

3.2.1 Capital Requirements and Operatinq. Cos~ 

Task A: Peoject Specification 

Capital requirements and operating costs are presented 

for the three options discussed previously in this report. 

In Option i, rice hulls are gasified in an FBG and the 

iow-Btu gaseous fuelis combusted in a boiler for steam 

generation and also a furnace for making hot air for process 

drying. In Option 2, the low-Btu gas is fed to both a 

boiler and a gas turbine for electrical power generation. 

Option 3 is identical to Option 2 except a gas engine is 

used for electrical power generation. Refer to Figures 

3.1.2-1, -2, and -3 in Section 3.1.2 for detailed PID's of 

the process options. 

Tasks B and C: .Outline Other Considerations and Facilit~ 
Costin~ 

Environmental, site, product demands, and fuel avail- 

ability issues have all been addressed for the proposed 

processes. These issues are discussed in detail in o~her 

sections. In summary, no offsets need ~o be purchased to 

comply with the environmental regulations, and the costs for 

the Best Available Control Technology (BACT) are included in 

the capital costs. The optimum site for the proposed plant 

was found to be within the exlsnlng ARI facility in Houston: 

Texas and the costs reflect this selection. Costing for the 

products was ba~ed on current on-slte fuel costs, and the 

by-product values are discussed in a later section. 

, ' . . ' . .  

I. 

• ° .  

.~- , 
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Table 3.2.1-1 presents the capital requirements for 

each option. Included are equi1~nent purchased and Ins~alla- 

tlon costs as well as ~ndlreot Qosts Incurred during con- 

struction° 

This estimate do~s not include, however, administrative 

charges, corporate oveEheadallowances and working capital 

requirements. 

The investment amounts for each option were established 

by call£ng on vendors for equipment cost assessments. 

, m  

CAPITAL COSTS 
T i 

Equlpm@nt 

Instal lation 

Indlreot 

Total Plant 

TABLE 3.2o1-1 

CAPZTA L COSTS 
(In Thousands o f  1981 Dolla~s) 

OPTION 1 OPTZON 2 OPTION 3 

6,672.7 • 7,690.1 

405°4 405°0 

691.9 691'9 

4,884°0 

390.0 

69~.7 

5t967.7 7. ~770.0  s ,  787 o o. 

. . . .  ~.. 
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TABLR 3 . 2 . 1 - 2  

FIXED OPERATING EXPENSES 
(In Thousa~s o£ 1981 DoIIaEs} 

Lair a 
Su-----~rvisor 
Maintenance and 

O p e r a t o r  

Total LaboE 

Maintenance Material 
O~ilities (stand-by) 
Miscellaneous 

OPTION 1 OPTIOH 2 
• L s  . . . . .  

OPTION 3 

Total Fix~ Operating 
Costs 

$ 40,000 $ 40,000 $ 40,000 
$261,630 $261,630 .."$261,630 

/ 

.... - 

$ 3 0 1 , 6 3 0  $301  ~630  ' $ 3 0 1 , 6 3 0  

$ 2 6 4 , 0 0 0  $ 2 6 4 , 0 0 0 -  ": $ 2 6 4 , 0 0 0  
---- 1 0 0 , 0 0 0 : .  l O O e O O 0  

50,000 50,000: / 50.000 
.'_.\. 

$615,630 $715,630 $715,G30 
li| ,mira 

asupervisorz  $40,000 p . a .  
Naintonance and OpeEator labor: 

5 flrst--class stationary engineers @ $32,000 p.a. 
4 third-class stationary eng£neers @ $25,400 p.a. 

Overtime is flgur~ into annual salaries. 
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TABLE 3.2,I-3 

VARIABLE OPE~TZNG EXPENSES a 
(In Tllousands of 1981 Dollars) 

OPTION I-3 b 

Rice Hulls 

Feed Rate 
Unit Costs 
Operating Time 
Total Costs poa° 

340 ton/day 
$5/to- 
292 days 

$496.4 

Char Disposal 

PrOduction Rate 
Disposal Costs 
Operating Time 
Total Costs p0a° 

84.6 tou/day 
$ 5/ton 
292 days 

$123.5 

Total Variable Operating 
Costs 

$619.9 

i a ' 
Annuallzed cost data are based on an 80% load 

factor (292 days of 365 days). 
bThe variable operatin9 costs are the same for 

ea=h option. 

• .. °.. 
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Operating costs are subdivided into a flied and a 

variable portion. Fixed operating costs "comprise those 

expenses that are IncurEe~ regardless of short-term chanmes 
in operations. In thls =ase, they are labor, malntenance 

materials, utilities' s~anO-by eharqes and an allowance for 

miscellaneous expenses. Table 3.2.1-2 shows est/~ateO fixed 

operatlng costs for each option base~ on onrrent labor e~ 

utility costs in the F.ouston, Texas area. 

Variable operatino costs are Incurred only when the 

plant is operating. They include feed costs for rice hulls 

and the expenses for disposing of the produced char for 

-option I~ where electricity Is not generated by the plant, 

expenditures for power needs a~e also a variable cost. 

Table 3.2.1-3 itemizes the variable cost estimates for the 

ARI facil~ty. Underly2ng 16 a capacit~ of 365 days and a 

1ca@ factor of 80 percent. Under each option the variable 

operatln.~ costs are the sa~e because fe~d'r~tes and unit 
.~r 

costs ere expected to be euuiva!ent. 

Operating costs were arrive~ at by reviewing the 

literature, client discussions and enaineerina judament. 

The numbers have adeauate contlnaencles figured in. 

Projec~ revenues are eenerated by the production of 

steam, hot air and electricity. Pevenues are different 

under each option depending on the de,ree to which power 

needs are covered inter~a!ly. .. 

The unit prices were determined by takina the current 

marke~ value for each energy categ6ry in'the Houston;" Texas 
area as a pr.cxy. Table 3.2.1-4 exhibits estimated revenues 

for each option. The calculations assume an 80 percent load 

factor or 7000 hours of operation per annum. 
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TABLE 3.2.1-4 

REg"ENUES 
(In Thousands o£ ~81 Dollars) 

OUTPUT PER UNIT REVENUEa 
0P. HOUR PRICE (per annum) 

Optio. 

Steam 
Hot Air 

Total Revenues 

30,000 pph 
34.TMMBtu/hr 

$4.87/p 
.4.SO/MMBtu 

$1,023.9 
972.7 

$ 1 , 9 9 6 . 6  

Option 

Steam 
sot Air 
Power 

Total Revenues 

30,000 pph 
34.7 MMBtu/hr 
1,202 kW/hr 

$4.87/p 
4.00/MMBtu 
o. o4~w 

$1,023.9 
972.9 
335.9 

$2,332,5 
i 

Option 3 

Steam 
H o t  A l E  
Power 

Total Revenues 

30,000 pph 
34.7 MMBtu/hr 
5,170 kW/hr 

00/MMBt u 
0.04/kW 

$1,023.9 ~' ' 
972°7 

lr449.3 

$3,445.9 

aAssumes 7008 houzsof operation, i.e., 80% of 
capacity. 

• : ' - .  
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To carry out a meaningful analysis, a number of 9ener~l 

economic parameters a s  wall a s  project-specific variables 
need to be defined. Table 3.2.1-5 =ontslns a list of these 

factors. Those needing further explanation are discusse~ 

below. 

American Rice, Inc. is an aaricultural cooperative and 

~S such is not subject to income taxes. Thus, the inc~r,e 

tax rate eauals zero for this project, too. 

The investment tax credit rate amounts to 20 percent of 

that part of the total plant investment which is not structure 

related. To account for this, an 18 percent rate has been 

applied to the total plant investment as shown in Table 

3.2.1-1. 

The Double Declining Balance metho~ for depreciatinu 

the plant has been chosen as the most appropriate one, 

assuming no terminal value at the end of the est.,steal 

operating llfe of 10 years. General inflation is expecte4 

to run at I0 percent per annum. For energy-related items, 

such as opportunity costs foe utilities' products, a rate of 

15 percent per annum was determined. Ristorically, prices 

for energy-related goods and services rise approximately 

50 percent faster than prices of the overall market basket. 

Construction of the plant is planne~ to start in 

January !982 and to last for 1 year/ Short-term interest 

on construction loans is estimate~ et 14 percent per annum. 

• • 

All computations are based on an 80 percent effective 

prc~uction rate (292 days of 365 days). The initial invest- 

ment, the operating costs, the project revenues, and the 

parameters outlined above form the basic inputs for the 

investment analysis that follows in Section 3.2.2. 
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TABLE 3.2.1--5 

_I4ACROZCONOMIC PARAMETERS~ TAX AND FINAI~CIAL ASSUMPTIONS 

I n f l a t i o n  

Ope~at!ng Expenses 

Revenue 

Interest 

Tax 

- Fixed !0~ p.a. 
- Variable 15~ p.a. 

15% p.a. 

- Short Term 

- Income Tax Rate 
--Investment Tax 

Credit Rate 

14% p.a. 

0.0% p,a. 
18% 

Insurance - Based on Plant 
Znvestment 

2~ 

D e p r e c i a t i o n  - Methodz Double 
D e c l i n i n g B a l a n c e  

- Opera t ing  L i f e  

Salvage Value 

ConStruction Period 

Construction StartingDate 

Plant Startup Date 

Plant Effect~v? Capacity 

L 

10 y e a r s  

0 

1 year 

i/i/82 

11/83 

7,008 hours 
292 days 

i J 

p . a .  

/ .° 
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3.2.2 i_nvestment Analysls 

Tasks A .and.B: ModellngAna!ysls and Assessment of Facility 

This section assesses the economic impact of recycling 

rice hulls to produce readily usable energy s0u~ces. The 

analysis is divided into two partsz the first passage 

defines a common unit of measurement based on which the 

economic impact of the three options can be examined and 

compared. Only the option with the most positive economic 

results will be further analyzed in a second part where the 

sensitivity of the project's economic viability is tested 

towards varying key assumptions. 

Various methods exist to compare alternative investment 

opportunities. In this analysis, the criterion used. is an 

internal rate of return computation, titled return on 

investment. Discounting the project cash flows at the 

internal rate of return will yield a net present value of 

• :: zero. Thus, the higher the rate, the more attractive the 

project from an economic vlewlco~nt. 

• .-.. 

The cash flows are calculate~ before compensation of 

capital supplies, thus not making them subject to change 

owing tO the financing arrangement chosen. 

For the'base case analysis the most llkely point of a 

range of uncertain events is selected for the calculations. 

Sensihivity analysis explores the degree of. uncertainty 

intrinsic to the calculated rate of return. The assumptions 

of each key parameter are varied across a predetermined 

range and the impact on the rate of retu£n measured. 
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The cost, financial, tax, and economic assumptions 

described above comprise the base case. &ppendix 
contains detailed InEormatlon on each option, includ- 

ing sources and uses of funds statement, a balance sheet, an 

income statement, all projected over the expected llfe of 

the pro~ect. Table 3.2.2-1 finally'displays a ,summary of 

the base case for each option. 

T h e s e d a t a ,  and particularly t h e  summary i n  

Table 3.2.2-1, clearly indicate that Option 3 yields a 

significantly higher return than Options l~and 2. The 

return on investment amounts to 36~8 percent for case 3 as 

opposed to only 21.4 percent~and 23ol percent for cakes 1 

and 2 .  

Thus, on economic grouuds, option 3 is superior over 

the other ~wo facility alternatives. They should be excluded 

in favor of option 3 which yields the most benefits to the 

interested parties. I 

The. following sections ofthe Economic and Financial 

Analysis include only option 3 since they wuuld not change 

the attractiveness of optlon I vis-a-vis the two other' 

alternatives. 
o, 

i 

3.2.3 Other P~oject-Related Costs/Be]~efits 

Tasks A and B: Identify Other Costs and Hodelin.q As3essment 

The s o c i o e c o n o m i c  c o s t s  and b e n e f i t s  c r e a ~ e d  by t h i s  
alternative source of energy are discussed in Section 3.6~ 

Environmental, Health, Safety and Socioeconomic Consideration. 

These costs and benefits are of an intangible nature and a 

concrete value has not been assigned to them. This is the 
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reason why they have not been directly entered Into t h e  

investment analysis. It is clear, however, that option 3 

remains the most desirable one even when including these 

imponderables, because they are not significantly different 

for any of the three alternatives. 

3.2.4 Risk Anal~ysis 

The return on investment calculated in Section 3 . 2 . 2  

only applies if the assumptions outlined in Section 3.2.1 

for the various parameters occur as stated. However, 

because each variable is uncertain and calculated only for 

the most probable case, deviations can be expected. 

The following section identifiesand discusses the main 

sources of risk inherent in the American Rice, Inc. energy 

generating facility. Section 3.2.5 in turn will include a 

sensitivity analysis which is a quantification of the risks 

outlinedand qualitatively analyzed below. 

Tasks A-E: System Supply and Market Reliability, Environmental 
_ ~ ii ° 

Constralnts and Hisk Measurement an~ Adjustment 
• ,~ ~ - --- . , 

Although ~he~e ate risks linked to almost eve~" input 

variable, they can be categorized into ~ive main groups: 

uncertainty in the magnitude of plant investment; uncertainty 

in fuel costs; uncertainty in operating costs; uncertainty 

in the economics for char d~sposal; and uncertainty in the 

market prices (including in|~la~ion} of &roduced energy. 

Capital Co s~ - A careful analysis of the equip~en~ 

required to build ~he system within the planned timeframe 

resulted in an estimate of an initial capital investment of 

$8.787 million. Even though equilxnent costs were assessed by 
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=all¢-n~ on poEen~al suppliers, there is a chanoe ~ha~ the 
market s~tuatlon w111 change between now ane the time when 

~he a~tual purchases are ma~e an~ prices for such items 

~ncrea~e/~ec:ease. This ~ul~ result in a change i~ 

~sp~al c0st6 an~ thus ~n the overall pr0£1t~b~l~ty o£ ~h~ 
.  oject:. 

Another factor thst could potenhlally impact the 

magnitude of the initlal investment Is construction ~elays. 
The t/me schedule presented in this study has been estab- 

llshed using best engineering Judgment. Nevertheless, 

unforeseeable events such as strikes, natural catastrophest 

etc. could disrupt:the construction timetable and result in 

delays. The e~uing L~pact on plant expenditures coul~ 

significantly disrupt the economics of the project. 

Fuel Costs - There are two main sources of risk associated 

with fuel costs: one related to availability, the other to 
price changes. 

~ice hulls are the main source of fuel supply for the 

facility in oue~t~n. Because rice hulls are produce~ by 

ARI during the process of upgrading roua. h rice, hulls should 

be readily avail~ble as Ions as ~I operations kee.~ up 

planned rice pr~uction~ Fuel supply, therefore, is exposed 

to little uncereainty and presents a relatively ~inor risk. 

In contrast, price changes for rice hulls largely 

~epen~ on the demand situation for this commodity. Sec- 

tion 3.1.i an~ Table 3.1.1-1 discuss the potential uses of 

r~ce hulls. The past changes in the value of rice hulls 

show it to be rather voiatil~. ~owever, even though 

opportunity costs can be expect~ to fluctuate, it is 

unlikely that any of the present uses places --- his her value 
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on rice hulls than gasification does. 

risk L~om this source is rather low. 

Thus the downside 

Operating Costs - This cost category comprises mainten- 

ance, labor, utilities stand-by, and miscellaneous expenses. 

The last three expense items (labor, sta,d-by and miscel- 

laneous) are fairly predictable in nature and thus hear 

llmlted' rlsk. Maintenance costs are to a large extent a 

function of system reliability. If the plant runs as 

expected, maintenance costs will be within close proximity 

of the base case assumptions. There are, however, a number 

of reasons why the system could not operate ~s smoothly as 

predicted. There are two specific areas that contribute to 

this uncertainty. One is the system technology per se, the 

other is lack of inexperience in operating the pla, t in 

question. While the latter should only be: a temporaz7 

.phenomenon and would disappear as the operating staff slides 

down the experience curve, the former is: potentially more 

serious in nature. 

• .. :.. 

Even though variou.s' in-(-lepth pilot and feasibility ..: 

studies have been ~nd.ucte~ for the case under consiaera't~on, 

an increase in mainte~ance:cos~s due to either inexper~"ence 

in the• system's opera tlons•.and/or system unreliabil~ty 
' . - : • . . : ". :~" . . 

cannot b~"entirely el~i~a~e~. Particularly aur£na the .::. 
",.:'," . 

initial phases of operation, unfavorable deviations from the • . '.. 

base ease assumptions are not abno-~mal. The base ease 

assumes an inflation rate o f  I0 .percent per annum for 

operating costs, whleh is the expectt~ averaae inflation 
rate for the Houston area over the life of the project. 

Since inflation has a large corresponding impact on any cash 

flow stream, a relatively minor deviation o~ the general 

inflation rate can have a very far de effect on the maonitude 

of operating costs. At present, it is vet-] difficult to 
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evaluate a Bate of iinflation beyond a relatively short 
period of time, which adds £ur.ther to the uncertaln~.y of 
this exDense item.• 

I. 

I 

Char value - Uncertainty regarding the char market 

is very limited on the d0wnside because the base case 

assumes a rather conservative scenario for this expense. 

Because of the characteristics of char, as described in 

Section 3.3.2, it could conceivably become a product for 

which a buyer is prepared to pay a substantial amount of 

money. Thus, char has the 1:otential to influence the 
ecorlomic attractiveness of this pro~ect significantly. 

Energy Prpd¢zcts - The items included here are steam, 

hot air, and power. There are two possible sources of 

uncertainty associated with these products, namely market- 

ability and price changes. 

Marketability and prioe of a product are closel~ 

interlinked since usually the former can be expressed as a 

function of the latter, i.e., the lower the price the higher 

the marketability of the product. In this case, however, 

ARI constitutes a captive market for the energy output of 

the system and, hence, the fundamental marketing risk is 

somewhat limited. 

The base case takes the market price in the Houston 

area as a proxy for steam, hot air, and power prices and 

adds an annual expected inflation of 15 percent. Any hikes 

in energy prices beyond this mark will improve the economics 

of the proje=t, whereas lower increases will diminish 

it. Should alternative public power, steam, and hot air 

supply become less expensive than marginal production costs 
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at the plant, then, from the pers~ctive of American 

Rice, In=., a switch is advisable an~ a shut~Swn of the ~ 

facility economical. The overall financial viability of: 

this .project is greatly dependent on the market price of the 

sources of energy produced. Uncertain market prices, of 

course, materially enhance the riskiness of the project. 

.Summary 

The abo~e is an inventory of putential power o£ risk 

affecting this project. Not included are" risks that fall 

under the force maJeuTe category. The most notable are 

changes in the environment, such as a modification of the 

regulatory setting. Concluding, the risks outline~ are. 

considerable as. is normal for new, alternative energy 

technologies. These risks are further stressed because 

fluidized-bed energy systems are relatively capital-innensive 

and a substantial financial commitment is requirea. A 

payback period/.of 4-5 years leaves the invested capital to 

the caprices of an uncertain future for rather a long 

time. .' 

o . .  
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3 . 3 , 5  Sens i t iv i ty  Anal~sis 

Tasks Aand B: MM~lin~ Assessment, Analyze agd Compile 
Results 

In the previous section various souraes of risk have 

been identified and discussed. This section now examines 

how the return oninvestment is infiuence4when the input 

variables are changed. To make such a comparison possible, 

an extensive a~alysiswas conducted, a synopsis of which is 

displayed in Figur0s3.2.5-1 and -2. (Guidelines for 

using the graphs are:~-&~en further on in this section.) 

Table 3o2oS-lpresen~s a summary of the resulus of the 

sensitivity an~=is k analysis. The degree of sensitivity on 

its own does not s~ffiqa to evaluate the calculated return. 

Rather, each parameter needed to beexamined as to the 

probability of a change in base case assumptions actually 

occurring. As an example, even though a change in the 

capital costs has a high impact on the return on investment, 

such a change has alow probability o~ occurring, downgrading 

the overall risk from that source. 

Prom this aggregate perspective, the most significant 

changes in'base case assumptions are expected to originate 

from the Ix)weE value parameter and the energy inflation 

parameter. - -  

As exhibited in Table 3.2.2-1, the expected, return on 

investment from this project is 36.9 percent. At faco 

value, this appears to be a fair return. However, the 

project is attractive to ARI only if the risk-adjusted rate 

of return is higher than what could be earned by Snvesting 

the capital in alternative opportunities. From the sensi- 

tivity graphs, it can be elicited that under a bad case . 
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scenario, the rate could drop to as low as I0 percent. 

Even though this case is unlikely to occur, it illustrates 

that there is a substantial downsi~e to this project. 

From a purely economic perspective A~I should make the 

investment only if (a) the return is hiuher than the corpora- 

tion's cost of capital, and (b) there are no projects with 

higher risk adjusted rates of return. 

TABLE 3.2.5-1 

SENSITIVITY ANALYSIS SUMMARY 

PARAMETER 
DEGREE OF 
SENSITIVITY a 

DEGREE OF • 
UNCEPTAINTY b 

Capital cost High Low 

Rice hull cost Moderate Low 

Char value Low ~igh 

Maintenance cost Low Moderate 

Power value Moderate ~iqh 

Power yield High Low 

Energy Infiation Nigh Mederate 

aMeasures the relative sensitivity of return on 
investment to change in parameters base case assumptions. 

blndicates the probability of a change in parameter 
base case assumptions. 
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The graphs serve as tools which permit one to measure 

the returnon investment under different case scenarlos. 

They can be used in two ways= 

I. The return on Investment is determined.by attachlng 
values to each parameter. 

2. The ~eturn: on investment is held fixed at a given 
level and the values of the different input 
variables necessary to achieve the desired return 
on investment are compute. 

Both the. slngular and cumulative effect that these 

changes in base case assumptions have on the return on 

investment may be obtained in this manner. 

The following is an example to illustrate the use of 

the figures~ 

Change fro~ 

~. Situation (from Figure 3.2.5-I) Base Case 

Char value = $20/ton 
Rice hull costs = $10/hr 

Capital base = 125% 

Maintenance costs = 20% of base case 

+ S25/to. 

+ $5/ton 

+ 25% 

- 8 0 %  

To determine the return o n  investment: 
• o 

1. Start With point 20 on the char value scale. 

2. Move over to corresponding r~ce hull cost scale 
and stop at point i0;. 

3. Trace pe~gendicula~ to the llne capital = Base 
+25%. 

4. H e a f l  pe'zl0endlcular to the le£t t o  the scale for 
return on investment, titled "Base - 80%" at the 
bot tom. 

• ..,. :- ' 

5. Read return on inves~ent: approximately 35:% in 
this case. 
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3.3 Market/UseAnalysis 

0; , °° 

3.3.1 G&s Product 

The low Btu gas produced bv the gasification of rice 

hulls represents a valuable fuel source. The most important 

property of the gas is itsheating Va~e, as ~reviously 

discussed in Section 3.1.5. The FBG is designed to maximize 

the total heat output of the gaseous fuel by operating at 153~o~ 

and producing a gas with a heating value ofapproximateiy 

150 Btu/SCF. The low Btu gas composition was monitored 
during the pilot plant testing and is known ore= a rang~ of 

reactor temperatures from 100~F to 1600°F. 

Althot,gh the market potential for this fuel maybe l~rge, 

it was found that all of the fuel can be used on site to 

replace natural gas currently being consumed. The direct use 

of the fuel at the existing site offers many economic advan- 

tages over selling the fuel on themarket s~6h as: (i) elimi- 

nates t~ansportation costs which will be relatively high due 

to the large volume per Btu of gas (2) eliminates, the need to 
olean, cool and oompress the gas before storage and trans- 

porting. This can.Be an e~ensive operation dueto the large 

volumes of the gas. (3) Adiustments to existingboilers would 

have to be made to accommodate the 10w BtU gas which again 

is an additional expense and may result in derating the 

existing boiler or power genera~0r. 

The potential uses of the gas at the existing site are 

for use as fuel for steam generation, process drying, au~d 

electric power generation. These options were discussed in 

detail in the design section. ~t was found that the use of 

this low Btu gas directly as a fuel source for process drying 

:was not feasible based on tests conducted at the ~ilot plant. 

These tests incl0ded the actual drying of wet rice in a rotary 

dryer using hot flue gases produced bY the combustion of the 

low Btu gas. 
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In conclusion the current demand for ener~! at the exis- 

ting plant has created the ideal market for the law Btu gas 

produced bY the ricehull gasification. As long as the plant 

is operatingand generating the alternative fuel source 

there will be a demand for the low Btu gaseous f~el in the 

production of steam, hot air, and electricity. 

P 

, I 
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3.3.2 Char Product ;: 

A s~rvey o~ potential users of rice hull char generated 

at the American Rice facility in Houston, Texas, is currently 

underway. ERCO's fluidized-bed system would be used to gasify 

the 340 tons of rice hulls generated daily at American Rice. 

This system would produce usable energy in the form of a low 

Btu gas that would satisfy ARI's energy needs for steam,and 

hot air or electricity. As:,a result of this process, the bl~- 

product char would be formed. Unlike the low Btu gas, ARI 

would have no use for the char product. 

Potential users and markets of the char.product have 

been identified and are being surveyed to determine interest 

and the likelihood of developing an economically viable market. 

The char is Storable and transportable; therefore, the locus 

of feasib~?, users of char depends on the transportation methods 

and costs avail, able. The higher the market price that could 

be expecte~ frbm the char, the farther it could be transported 

profitably. 

The char product has been tested and analyzed for poten- 

tial marke~s. Samples of the rice hull char and summaries 

of theanalytical tests performed on the char have been sent 

out to potential users. 

At this time, most of the notential users contacted are 
.... ,-- - 

still evaluating the char. ~here has been a lot of interest 

shown, in the char~ however, 3there have been no formal commit- 

ments made by anyone to purchase the char or take the char 

until it is demonstrated that a constant composition char can 

be produced:in reliable quantities. 

.'. ° ~ .~: : . 
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Task A - Identify ~roduct 

The char byproduct was generated at the pilot plant at 

various 9asifier ten~i.eratures and detailed analysis performed 

on the char. The results of the analytical tests were a~ven 

in Section 3° 1.5. These results were sunu~rized and sent to 

potential users to aid in the marketing study. 

Task B - Develop Market Profile (Technical, GeograDhic 

Constraints) - 

As stated earlier, the char ca~ be ~tored and transported 

so the potential markets investigated were not !inited to the 

immediate vicinity of the American Rice facility. In fact, 

sever~l of the companles surveyed were not only outside the 

Houston area, but they were in many different parts of the 

country. 

At this time it is not possible to estimate the size of 

the potential market for the rice hull char since no previous 

market has been established. It is fel~ that once the char 

becomes available and is used th~ n~rke t .Dotent'ial will e~and 

greatly as will nhe price Of the char. iThe market may also 

be cyclical depending on the demand of ~he final product. 

The market potential and size will also depend greatly 

on actual end use. Thepotential ~kets are given.-in Task C 

and the approximate sizes of each r~rket can be estimated 

~rom Table 3.3-1. 

Task C - Identify Users and Substitutes or Competitive Products 

Through literatuce searches companies were identified that 

havo in the past o~: are presently involve~ in ~he marketing and 

sale of products si~lar to the char product. Some of ~he 

potential Uses for the char are' listed in Table 3.3-1. 

i 

3 - i 0 8  



:! 

The ~ ~igh carbon content char is oroduced at lower reactor 

temDerat;~es, while the low carbon char is produced ~t hi~her 

reactor !~emperatures. Chars of both high and low carbon 
I 

contents ~, were produced at the pilot plant and sent to ooten- 

tial use~rs for analysis. 

Task D - ~velop Product - Market Economics 

\ 
At th~s point, the--e has not been a price formulated 

for the char oroduct. As in the case of the low Btu gas o 

the price or ~,alue of the char cannot exceed the equivalent 
\ 

value of whatev~ the 'char would be re.lacing. Pricing 

strategy for the ¢,ar product zs being compiled and analyzed- 

Task E - Survey Potential Users and Arrange Field Tests 

Potential users olf: the rice hull char have been identi- 
.,,. 

lied and surveyed. The, proposed pr, oject plan and analytical 

background was presented and con~ents received. 

i 

Several comoanies were identified in literature searches 

~h~u had previously be~ in'~olved in the marketing and s~le 

=roduct called "O~al Black" which was aiso a pro~sed O~ a 

tatives of one of these con~anies, it was lea~ned~-~/~--"Opal 

B l a c k "  only o n  t h e  a sho t ti=e beca  /there was 

an in~-e~ruotion in their supply of rice hul~. They were 

~ellina the rice hull ash in truck load c~antities and believe 

the product is efficient, and that there is a viable market for 

i~. They have been looking for someone to build a plant that 

~uld generate the rice hull ash, because they believe t-hey 

have the necessary knowledge to market the char. The tech- 

nical ~rector for this company is walling to exchana.e t~ir 

information and knowledge and also mentioned the =ossibility 

of their receiving a "finder's fee" for marketing t.he char. 

Dependina. on the price, there a~e four major markets they 

kno~ o~_. 
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TABLE 3.3-1 

POTEII.I~.AL USES FOR RICE HULL CHARS 

I .  HI~-q-CARBOH CHAR 

A. Rubber f i l l e r  and anti-skid agent 
B. Asphalt or f loor surfacing addttive 
C. Carbon-paper ink extender 
O.' So~1 amendment 
E. :Water pur i f icat ion agent, i .e .  f i l t ra¢ ton ,  coagulation and 

: absorption agent 
F. ~ i l icon carbide and sl | fcon tetrachloride manufactur.e 

o, 

G. $~.eel manufacturing 

.q. Al~fnum alloying agent 

I I .  LOH-CARBON CHAR 

A." 

B. 

C. 
O. 

F, 

G. 
H. 
I .  
O. 

K. 

Refractories: porous s t l i ca ,  adobe and 11me-silica types 
Si l ica glasses 
Carriers for catalysts, Insecticides and fungicides 
Abrsstves: in tumble-cleaning; polishing agents, so f t -g r i t  

blasting materials, and in handsoaps or toothpastes 

Oil absorbents, sweeping c~apounds, o i l  sp i l l  combatants 

Sodium s i l icate manufacturing 

Antl-caktng component in f e r t i l i z e r s  

Suspension agent for porcelain enamels, paint 
Dehydrating or deodorizing agent 
Hydraulic cement 
Agricultural mulches 
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One of them is a replacement for medium thermal carbon black, 

as a semi-reinforcing filler by the rubber industry_. Due to 

ih~easing costs of natural oil and ~as, ~rom which carbon 

blacks are made, it is becoming increasingly important to find 

economic substituues for carbon blacks. 

Other companies surveyed are testing the char for possi- 

ble application as a concrete or asphalt filler. It is 

believed that the addition of a silica ash to concrete would 

produce a high acid-resistant concrete that could be used in 

food processing plants. 

Chemical companies contacted have e:~pressed a definite 

interest in purchasing the char product; one, in particular, 

has inquired about the price structure, shippin~ 9oint and 

freight classification ~or the rice hull char. Another 

chemical company stated that one possible use they are testing 

is that of a tacifier or extender, which would be used tO make 

rubber sticky. 

A company that is involved in the sale and disposal of fly 

ash was contacted. They have expressed interest in pur- 

chasing ~he ohar; however, they are still evaAuating the 

sample that was sent to them. 

One comp_any surveyed stated that they are actively 

pursuing a ch~,r source with a high carbon content to use 

as an alloy with aluminum. Because the flexibility of the 

fluidized-bed system allow5 most any carbon conten~t0he 

specified, it was possible to s~Dply them with a sample of 

char having a carbon conten~ of ~5%. They are also still 

evaluating and testing the char. 

• ,. -. 
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The possibility of using the char in agricultural 

mulches and compost is also being investigated, and potential 

users in this area were contacted and given samples of char. 

Onesuch person surveyed is presently composting rice hulls 

in a big settling pond to produce a soil conditioner which he 

bags at a bagging facility on his property and markets. 

However, he is concerned that he will not be able to continue 

and receive rice hulls from various facilities in Houston, in 

that he anticipated that all of thenlills would, in the future, 

turn to utilization of the hulls to produce energy for their 

process. As a result, he saw his future as not taking and 

disposing of the hulls but taking and disposing of the char 

produced from their utilization. He is willing to negotiate 

a contract to receive the char. He has indicated that his 

facility is capable of handling 40 truck loads a day, each 

truck carrying about 15 to 20 tons. 

Task F - Pilot Runs to Generate Raw Materials 

~nformation was gathered from potential users on the 

quantities ofchar required for testing purposes and the 

physical andchemical properties desired. 

The rice hull char contains high levels of silica. The 

flexibility of the fluidized-bed system allows most any 
...: 

carbon content or quality to be specified. Depending on the 

carbon content, the char can be either black or white. Char 

with different carbon contents has been requested for testing 

purposes and varying applications. 

i ~ i/ i ~ 
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Task G - Procure NecessaryFeedstocks and Perform Pi!ot 

Plant Char Generation 

Feedstocks similar t o  those used in the planned con~ercial 

' t scale production faoili y Were prgvided by American Rice to 

ERCO's pi~ot plant to be used to generate the specified char 

s~ples~ 

Samples o f  the rice hull char were then gathered, tested 

and analyzed chemically and physically. Sulfur content, 

particle size distribution, trace metal content, ash content, 

and toxleity were measured. 

The federal legislation affecting the storage, handling, 

transportation, and disposal of solid by-products from 

pyrolysis processes is the Resources Conservation and Recovery 

Act of 1976 (RCRA). Once this legislation is i~plemented it 

will establish a uniform set ~f requirements for classifying 

solid wastes or by-products. Under the propose~ rules a~ 

outlined in the December 18, 1978 Federal Register, the rice 

hull char samples t~sted canbe categorized as non-hazardous 

wastes. 

The other alternative to selling the char would be to 

dispose of it as a waste product in the most environmentally 

safe method and as economically as possible. 

Industrial waste dis_~sal companies in the Houston area 

were contacted to determine transportation and disposal methods 

available to handle the approximately 80 tons of rice hull 

char exp. ected to he generated daily ~t American Rice. One 

disposal co~any estimated that three or four truck loads 

would be re~red to haul off this amount of char allowing for 

25 tops o f  char ~er load. At this time they have a large, 

tentative site that would be used for waste disposal of 

various non-hazardousmaterlals such as fly ash, flue ~as 
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sludges and riue hull ash. They are presently in the prOCeSS 

of getting the necessary permits and locating parti=ipants 

f~r ~heir d£6posal pEoje=t. A sample of the rice hull char and 

the testing results showing the char isnon-hazardous were 

sent to them. It iS believed that this.disposalcompany could 

handle the expected output of char~ however, they were unable 

to give us any information on the cost Of their disposal 

methods at this rims. 

Other disposal companies in the Houston area were con- 

tacted and given info~ation about the rice~ull char along 

with char samples~ There appear to be no problems in looating 

a disposal firm to carry off the char if it becomes necessa~ 

to dispose of it as a wasteproduct, especially since the 

char has been proven to be non-hazardous. At this time we are 

still waiting for information from the disposal companies on 

theirdisposal prices. 

Task H - Collect and Prepare Char in Proper Quantities; Ship 

to Potential User,s 

Char samples were~ollected as required in containers 

for shipping to potential users. 

Inmost instances8 oz. samples were requested; however, 

certain =ompanies did request larger amount~. The samples 

were clearly labeled and delivered or mailed in a tL1ely 

manner. 

s 

Task I - Develop and Monitor Field Tests; Co~ile Field 

Reports 

F i e l d  t e s t s  were c o n d u c t e d  by each p o t e n t i a l  customer 
d e p e n d i n g  on the  s p e c i f i c  a p p l i c a t i o n  b e i n g  c o n s i d e r e d .  The 
field testing includedactual use of small quantities of 

the char in various pro~esses. The actual tests conducted 
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were pzeliminary in nature, with most potential customers 

Wanting large quantities from the actual plant before they 

could conduct complete tests and make a con~itment. In some 

cas~s the field tests indicated that the applicntion was not 

suitable, thus further defining the potential market. 

Task J-K - Perf0;.~m User Survey and Assess Marketability of 

Char B~sed on Potential Pricing Terms 

The potential market for the char has been defined 

based on the user survey and field testing. Due to the 

preliminary nature of the study, firm commitments have not 

been made by any users until the process is on line and 

the product is aatually available. The value of the 

byproduct can be estimated using the extremes for price 

definition, in the worst case we can assume that the char 

will be sent to a landifll for disposal. Based on existing 

costs for landfilling rice hul~s and preliminary estimates 

from disposal companies based on the char samples they have 

evaluated we can expec~ disposal costs to be approximately 

$5 to $i0 per ton F.O.B. the proposed plant. The highest 

price found to date for rice hull char being made in Italy 

and sold in Europe is $250/ton in small quantities. A 

conservative.est.imate of the value would be to take an 

initial value of minus $5/ton and increase the average value 

to $10/ton after the market has been developed. 

At the present time it is hard to predict the value of 

the char because no existing markets have been developed for 

this product. It is al6o expected that the value will vary 

depending on the actual usage, and ~he value will in general 

increase once the market has been developed. The sensiti~i -~'. 

ties of the syst~n economics on the char value are shown in 

the financial Section 3.2.5, where it was found that the 

ahar value has a low degree of sensitivity on the return 

on investment. However, It should also be noted that the 

3-115 . . . .  ..; 



low d e c r e e  of sensitivity is coupled with a high deg=ee 

of unoer~inty. 

Task L - Determine Market Breadth and Fo~nulate Marketing 

Plan 

In conclusion, from the survey it appears very likely 

that there will be a market established for the char product. 

However, for the initial operating period of the plant, the 

planning is going to have to reflect the disposal of the char 

as a waste material until such time as certain n~rketin~ 

arrangementscan be made. 

~ ~ ~ ~ ~i ~ ~ ~ ~ ~ ~ ; ~ ~ ~ 
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3.4 Siting C0nsid~rations 

Task A- Identify ConstEa~nts 

Many =ontraints were considered in the evaluation of 

proposed sates for the new plant. The issues of land owner- 

ship, right-of-way, environmental regulations, water availa- 

billty, ~ransportation of both feed stock and byproducts, dis- 

tribution of plant outputs, availability and permitting require- 

ments were all addressed in the site s~lection process. 

The issues of landownership and right-of-way, become 

largely economic considerations sinoe using land Currently 

owned by ARI would reduce or eliminate costs associated 

acquiring land and right-of-ways. Environmental regulations 

associated withthe proposed plant are discussed in Section 

3.6.1 and it was found that the only putential emmission 

problem is with particulates (TSP). Since some areas within 

the state of Texas and within Harris County are non-attain- 

ment for particulates, a site selected within ~neof these 

areas would most likely require thepurchase of an off-set to 

operate in one of these areas. The waterrequiEements for the 

proposed plant are given in Table 3.1.2-2 and range from 100 

to 200 gpm. A water supply adequate to meet thisdemand 

must be secured at the plant site. 

Transportation of bo~h" feedstock and char to and from 

the plant site is an important consideration. The site 

shall be seleQted to minimize the transportation costs. In 

addition the presence of a railroad line on the existing 

site would offer advantages. Proximity to the user of the 

steam, hot air, or electricity is also of key concern and the 

distribution costs of these commodities must be kept to a 

minimum. The costs associated with connecting the new plant 

to utilities such as electricity, water, sewers and natural 

gas should be considered, especially if a remote site is 

selected. 

3 -117  



The pemitt~ng requirements required for the construction 

of the proposed plant are: 

/ 
City of Houston Building Permit, or other city, 

if not in Houston 
Texas Air Controi Board (TACB) 

Permits required for operation are: 

Texas Air ControlBoard (TACB).. 
City of Houston Department of Public Works 
Fireand Safety ~nspection 
Texas Depar~nentof Labor and Standards - 

Boiler Division 
Houston Lighting and Power Co. - Purchased Power 

Service 

Another consideration in the selection of the site is 

the availability of land which meets all of the other con- 

straints. This is an importan t consideration sinc~ the 

existing plant is within the City of Houston and available 

land close to this site is at a premium. 

Finally the ~dvantages associated with locating the 

new plant close ~ or within the existing facility are a 

constraint in the site selection. The advantages include 

access to existing maintenance .and personnel facilities, 

good communications wi~ theexisting plant and othe= items 

associated with betterintegration with!the e~isting plant. 

Task B & C - Develop Feasibility Screen and Identify Sites 
to be Considered. Screen and Analyze 

Of the constraints identified in Task A the most impor- 

tant in the selection of the proposed site are those with the 

largest financial implications. The capital and right-of- 

way costs associated with purchasing new land can have a 

profound influence in the selection of the site, hence it 

would be best to use land already owned by ARI ~f it is 

available and satisfies the other constraints presented. 
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Another primary consideration in the selection of the 

new site is that the transportation and distribution costs be 

kept to a minimum. Lo=ating the fa=ilityclose to both the 

existing feedstock storage tanks and to the parboil plant 

where the steam and hot air are used shouldbe given careful 

consideration. 

The above critical siting constraints have reduced locus 

of possible sites to "those within ARI owned land and those 

close to the parboil and storage facilities. Reviewing the 

piot plan of the exis£ingARI facility available lands with 

adequate size, appr0ximately I0,000 sq. ft. were given further 

consideration. 

The available sates ~ere further s=reened for their 

proximity to the storage and parboil facilities. A site was 

found available adja=ent to the existing storage tanks and 

within approximately 500 ft.'.'~ the parboil plant. No other 

available sites were found within the existing plant which 

were closer to storage and parboil plant. 

More detailed information was obtained on this proposed 

site including access toground, transportation, applicable 

environmental regulations, permitting requirements and 

availability. The proposed siteis shown in Figure 3.4-1. 

The proposed site was an excellent fitwith £he identified 

constraints. The access to both truck and rail transporta- 

tion allows for easy transporting of the char byproduct 

away from the site to the market. The existing, loading .' 

facility can be easily integrated into the proposed plant. 

The new plant:will be within less than 50 ft, of the feed- 

stock storage,"thus minimizing the costs of feedstock delivery. 

The steam and hot air produced will be piped less than 500 ft. 

to the parboil plant where they will be used. 
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A review of the local reguTations for Harris County 

shows that the proposed site is not ~ a non-attainment area, 
°, 

and the plant shou.l.d not have any difficulties in meeting the 
i. 

other environmental regulations. Sufficient water is 

available for~the new site which-wilJ~ c~ause an increased 

demand of only 25 to i00 GPM. The proximity to existing 

utilities is excellent. Power, water and sewer lines can 

easily be tied into the new plant.' 

The pe~mlttlng requirements for the proposed facility - 

were discusser .with ~e ~roper authorities and no problems 

exist ~ the prompt acquisition of" these permits. 

Task D - Develop the Plan/Profile 

The site selected is located on 39°2 areas of land owned 

by American Rice about one mile from down~own Houston but 

within the city limits. Currently, the site is level with 

all utilities, roads, and other infrastructure in use or under 

construction. Ample room exists for the installation of new 

equipment and sufficient electrical power to operate the new 

equipment is located nearby. The system will be adjacent 

to the drylng and parboiling faciliti.es such that trans- 

portation of hot air and steam will be minimized. Refer 

to Figure 3.4-1. 

The exact "lodation of "the proposed plaht is shown in 

Fig~Ire 3.4-2, which shows the plant location related to the 

existing feed silos. Note that the layout .is for Case 1 

and for Case 2 and 3 the electric power generatbr equipment 

will be located in the area where the furnaces are shown. 

This layout indicates that the proposed site has adequate 

space ~o accomodate the proposed plant. 
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Other technical risks associated vith the performance 

of ~he qasifier have been quantified in the pilot plant. 
The pz~duc~ splits and quality b.ave been identified in the 

pilot tests. The composinion oft he gas and char products 

8re now we!l known func'tions o~ t~e bed temperature and the 

gasifier performance can ~ re!iably predicted. 

The economic uncertainties associated with the o~era- 

tion of the proposed plant h~ve been quantified using 

sensitivity analysis with re~ect to utility, raw material 

and byproduct cos~ variations. The results of uhis study 

are presented and discussed in Section 3.2. 

The environmental risks of ~he proposed plant have 

been minimized in the pl~t design. The results of the 

pilot plant testing have been used to establish nhe envir- 

onmental baseline, and uhp aDp!icable regulations used ~o 

establish ~he allowable emission limits. The only enission 

problem associated with the FBG process is the particulate 

level in t~he flue gases, in the proposed plant design a 

baghouse, knownfor re~%ability of operauion# was included 

Uo reduce emissions to ac~ep~ab!e levels, in addition a 

specially designed fugitive emission control system has 

been e.wp.!oyed in the proposed plant. The levels of ~he 

other priority ~llunants have been found so be within 

acceptable limits based on the pilot plant results, and 

hence little" environmental risk expected from the ~ro~osed 

plant. A de~iled discussion of the environmental control 

strategies is discussed in Section 3.6. 

• . - . .  
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3.5 Al~ernative Fuel P.eso~z~ce Assessment 

3 . 5 .  I R e s o u r c e  Availability A s s e s s m e n t  

Tasks A-B-Analyze Local Data and Assess Availability of 
Resource 

The ability for a~I to depend on a reliable a!~native 

fuel supply for the life of ~he proposed facility i~ essen- 

tial. ARI plans on using ~a~ce rice hulls generated f~0m 

their own processing facility in Houston. Due t o  t h e  

nature of ~-~e ARI cooperative, it also contro~JS the raw 

material su~ply, whole rice, from which the waste is gener- 

ated. The IOng-~erm availability of this resource seems 

very good. 

Task C - Assess Alternative or Substitute Availabil~Y 

There are many other sonrces of accec~able feeds~.ks 

available in the Houston area since it is one of the major 

rice processing areas in the country. Sinc~ the in-house 

availability is sufficient to meet the eDtir~ needs of the 

pro mosed facility, these othe= potential sources were not 

explored any further. 

~ask D - D e t e r m i n e  A ~ o u n t  of Prepar~-on Y~essary 

The alternative fuels rice hulls, is acceptable for 

use in the FBG system in ~heir "as received" condition and 

no additional preparation of the fuel is necessary. 

• : - . . . . .  
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3.5.2 Resource..Reliabil£t¥ Assessment 

Task A-B -.;U~a~yze Local Data and Available Teohni=al Properties 

The e~.isting alternative fuel supply produced .b~" Ak'~ is 

of consistent size and quality for use in the FBG process. 
The in-house supplies ~e constant throughout the year be- 

cause of their more than adequate storage capability. The 

te=hnical properties including moisture and ash content 

and B~u value have been identified for the feedstock and 

all h a v e  b e e n  f o u n d  t o  b e  acceptable t o  the FBG system. 

Task C-D - Determine Effect of Hand, ling, Etc., and Fuel 
Characteristics Variability 

The fuel is currently being produced and stored on 

site ~ requires no additlonal treatment effort when fed 

to ~he FBG. Hen=e, no adverse effe=t will be felt on the 

product =eliabiliuy. The ex/sting fuel source has been 

sampled and analyzed and found to be accep'table in its 

"as r~eived" ~-ndi~./on foe use in ~he ~BG process. 

t 
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3,6 Environmental, H@alth, Safety and Socioeconomic 

Assessment 

3.6.1 Environmental Assessment 

3.6.1.a Define Baseline Environmental ~alit~ Schedule 

Task A-D - Reviewr Compile and Report Baseline Data 

An environmental analysis was performed relevant to the 

proposed processes and site recommended for the alternative 

fuel production plant. Using the detailed engineering infor- 

mation generated in Seution 3.1.~, all of the potential 

environmental hazards were identified and quantified. The 

environmentalimpacts have been separated into two separate 

groups for this discussion: air and water discharges. 

The gasification plant and all associated syshems will 

9roducevarious stack and fugitive emissions into the air. 

The stack will vent emissions from three sources, the boiler 

flue gas, the char cooling screw, and the furnace flue gas or 

power generator flue gas. The pilot plant studies charac- 

terized emissions from the gasification unit and from the 

afterburner or combustor. These values will be used to 

determine the emissions from the boiler and furnace or gas 

engine/gas turbine. The experience of similar ERCO plants 

and the charcoal industry indicates that the emissions from 

the char cooling contain negligible amov-nts of hydrocarbons 

or other pollutants, and this stream does not require further 

characterfzation- 

The pilot plant work investigated the levels of sulfur 

dioxide (SO 2) , nitrogen oxides (NO x) , carbon monoxide (CO) , 

and total sumpended particulates (TSP) in ~he emissions from 

the afterburner. Table 3.6.1-1 indicates those" levels that 

were present in the flue gas. The low SO 2 emission is expected 

since the rice hull feed analvsis indicated low sulfur 
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concentrations, approximately 0.2%, and most of the sulfur 

remains in the char byproduct. The relatively high NOxvalue, 

which was hi~her than those resulting from the gasification of 

their solid fuels, may be a result of a high afterburner 

temperature which can cause the formation NO x. Temperatures in 

the afterburner were in excess of 2000°F, the upper limit of 

the readout device. 

TABLE 3.6.1-1 

AVEPAGE AFTERBURNER FLUE GAS STACK B~..ISSIONS 

IN FBG PILOT PLANT (!) 

Compound Flue Gas Concentration 

so 2 8 (p~} 
.No x zso (ppm) 

co 3B (ppm) 

0 2 8.s(%) 

(I) Based on data taken March 26, IgSl, I500°F FBG temperature. 

• he particulate content (TSP) of the low Btu gas was 

measured after the cyclone and found to be 0.8 graiz~s/AC_~:~ 

corresponding to approximately 350 ibs/hr for the full scale 

plant. This reading corresponds to a cyclone efficiency 

of only 95%, an efficiency which can be greatly imp. roved with 

new high effic£ency cycloneso 
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The proposed processes will have possible fugitive 

emissions from the gasifier feed rutary valves, feed surge 

hopper, and char loading facilities where the char is dis- 

charged from the storage silo to the rail car or truck. It 

is felt that these emissions can be completely controlled as 

described in Section 3.6.1.6. 

The proposed pl~t will present a number of demands on 

the water supplY. The demands associated with the boiler 

will be approximately 70 gpm, and will not differ from the 

current demand. The char cooling screw will require an 

additional 4 gpm of water spray for char cooling. In 

options 2 and 3 the scrubber will require a make up flow of 

approximately 50 gpm. The need for makeup is a function of 

gas entry and required exit temperature. This makeup 

includes any m~keup required in th~ cooling loop associated 

with this operation. The gas engine is water cooled using 

a closed 100p which requires only small amounts of makeup 

water. 

The wastewater discharges will be primarily associated 

withthe steam usage. These will ~onsist of discharges from 

the parboil process associated with the steam usage, feed 

wa~er treatment backwash discharge, and miscellaneous small 

cooling water discharges. The discharges will not differ 

from those currently being discharged and presently accep- 

table to the City of Houston. The discharges from the 

cooling screws will be in vapor formi Storm water, inclu- 

ding all land and facility runoffs from the proposed site, 

will be discharged through storm drains. These discharges 

will not come in contact with any of the byproducts or 

feedstock and hence will not be contaminated. 

~ ~ ~ ~ ; ~  ~ ~ ~ ~ . . . .  ~ ~ i ~  ~ 
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3.6.i,b E~aluation of Environmental Standards and Constraints 

Tasks A-C Determine and Assess Appropriate Regulations 

All new construction or modification to existing equip- 

ment that causes air pollutants to be emitted must obtain 

a permit from the Texas ~.r control Board (TACB). This 

permit is issued in accordance with State of Texas re~cula- 

tions as defined under Re uulation VI, best available control 

te=hnology (BACT), and federal regulations. 

A meeting was held with the local TACB officials in 

Rouston during which the expected emissions from the proposed 

plant were dis=ussed. The SO 2 and NO x emissions and water 

discharge were judged to he within the local, state and 

federal regulations. The total controlled emission f~om 

the new plant for TSP must be kept below 25 TPY to obtain an 

exemption from permlt~ng procedures ~d public notifica- 

tion. The entire facility is allowed exemptions totaling 

i00 TPY uncontrolled a:~d 50 TPY controlled emissions, and 

AR! has already used 14 TPY for a new conveyor system. In 

addition, the Stateof TeXas .requires that the TSP level 

in the stack be kept b~!ow 0.02 grains/ACF. T~C has already 

approved a rice hull burning facility in the City of Houston 

which uses a bag filter, to reduce the TSP levels. 

Based on this permit it is felt that our process will comply 

with regulation Vl, BACT, if a bag filter is include~ for 

cleanup. 

The federal regulations require that a!l new plants 

comply with the Prevention of Significant ~eterioration (PSD) 

program. New sources of pollution are care~ully ~eviewed and 

are givenpermits that delineate what increments o~ pollu- 

tants they can emit. The review, called a PSD review, can 

he required cf all major sources in attainment areas. 
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The pr0posad.facility is located in an attainnent area 

for all pollutants, except ozone which is not emitted by the 

plant, and hence the uroDosed plant could be subject to 

PSD regulations. The gasification plant falls under one of 

28 listed sources, a fuel conversion plant. 

A major modification is a physical change in a major 

stationary source that would result in a significant net 

emissions increase of any regulated pollutant. A significant 

net increase is determined hyfirst calculating the amount 

of the proposed increase. Then, it is necessary to quantify 

all of the source's emissions increases and decreases that 

occ~red in the previous 5 years, Next, all of the changes 

in emissions are totaled and if the resultant net emisslon 

is larger than a specified amount, the modification is 

subject to a PSD revlew. 

The specified amounts are called the de minimis values. 

Table 3.6.1-2 gives these amounts forsome pollutants. Modi- 

fications resulting in a net increase in emissions that is 

less than these values arenot subject to a PSD review. 

P 

t ,  

Because there are existing pollutant sources at the ARI 

facility, the proposed gasification plant becomes a modifi- 

cation of the existing facility, which means that there must 

be a significant net increase in emissions to warrant a PSD 

review. 

TABLE 3.6.1-2 

DE MIHIMIS VALUES 

IPOLCUTANT 

D E MINIHIS emissions rate 
(.tons/ ear) 

CO 100 

NOx 4o 
Sn Z 40 
Particulates 3-129 25 

@ 
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The ~ederal regulations also require that all new 

sour.=es be in ¢omoliance with ~he New Source Performance 

Standards (NSPS)o These standards areprimarily for larger 

source~ as indi¢a=e~ in Table 3.6.1-3 in which the size 

limitations and latest r~gulations are given. The only area 

in which the NSPS regulations may apply is for stationary 

gas turbines, the proposed boiler and gas engine will be 

below the established limits. For stationary gas turbine 

there exists limits for SO 2 and NO x as follows: 

SO 2 .c. 0.15% at 15% 02 

and fuel S<0.81 

NO x <_ .0075 x 14.4 "(Y&F) where Y = hea~ rate in KJ/WHR, 

a n d  F = f(Fuel Used) 

TABLE 3 .6 .1 -3  

f kl riD3 SOURCE PEP.F(DI:L~APCE STA~!D~RDS ,~.SPS) SIZE L£HITATIO~S 

Type o f  Process Minimum $~zeFor  Which lISPS Applies 

bo i 1 e r  

s tatlon~ry gas turbiree 

staC~onary gas engine 

1!50 r~,~(B tulhr • 

10.7 gega J lhr ~I0 ~HBtulhr) 

Greater than 3SO culn Icyl 

~ore than 8 cylinders," ~ 11¢0 cuin/cyl 

:~t. ..!" 

The water diacharge linSey, ions established hy the City 

of Houston apply ~o the proposed effluents sin¢e the efflu- 

ents will be discha=ga~ in ~_~e city sewer ,jystem. The City 

af Houston h~s esta~lishe~ ma~ximum allowance for 13 metals, 

pH, ~il a~Id temperature, 'and-~er:~odic~lly s~ples ARZ's 
o • " ' "  o. . ' .: . . 

discha--~'e. :: 
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3.6. l.c. Evaluation of Environmental Control Methods 

Task A-C Detern[ine System Needed, Develop Feasibility and 

Identify Control Technology_ 
• . .... 

Based' on a careful evaluation of the baseline data and 

ap.D1ioable environmental'regulations, additional control 

strategies will be required for the control of particulates 

(TSP_) emitted by the proposed plant. Particulate Can be 

removed from the flue gas using any of these four basic tech- 

nologies: [I) mechanical collectors, [2) wet scrubbers, 

(3) electrostatic precipitators," (4) fabric filters. 

The mechanical collector is a device which uses inertia 

to separate the particulate from the gas stream. In our 

process we are already using one such collector, the multi- 

cyclone, for removal of "the larger particles up stream of 

combustion equipment, and the use of an additional mechanical 

collector will not be effective in removing remaining smaller 

particulates before discharging the flue gas. 

Scrubbers are compact inertial collectors in which a 

water spray is used to separate the particulate from gas 

stream. The collection efficiency is proportional to the 

flue• gas oressure drop across the collector, with a high 

efficiency colleotor as required in this application requiring 

a high gas pressure drop, perhaps 25 in water gage. The" 

major disadvantage of this system is that the collected 

particulates leave the scrubber as a slurry or sludge and 

represent a large disposal problem.•. 

Electrostatic precigitators are highly efficient devices 

which electrically charge and remove the particulate from 

the gas stream. The major disadvantage of this device is the 

high capital cost as compared to the other control technolo- 

gies. In addition this device is highly sensitive to 

particle resistivity and careful evaluation of the ash will 

be needed before this system =an be employed. 



Fabric filters collect solid particles by passing the 

dirty gas through a cloth which the particles cannot pene- 

trate. Th~se devices are highly efficient, capturing 99% 

with particles down to submicron size, and able to operate 

at temperatures up to 500°F depending on the fabric used. 

The pressure drop is typically 2 to 4 in water gage. The 

ma~or advantages of this technology_ are the low capital and : 

o~,~rating costs and high dependability. In addition this 

technology, unlike the other three, can operate under wide 

variations in the flow rate without affecting the removal 

efficiency. 

In summary the fabric filter is the process ~est suited 

for this particulate control application. It offers a lower 

capital and operating cost while demonstrating high removal 

efficiency. Using this technology the TSP emission levels 

will comply with all state and federa~ environmental regula- 

tions. A PSD permit will not be required and the plant will 

Comply with the State uf Texas Regulation VI. in addition 

this is well proven technology which has already been 

approved by the Texas Air Control Board as the BACT for use 

in a rice hull burning facility in the Houston area. 

3.6.1.d Assessment of ~ross Quantities of Effluent 

Task A - Predict Impact of Each Effluent 

The f-=br~.c filter was.detez~ined to be the best control 

technology for the removal of TSP from the flue gas. This 

technology offers an efficiency of approximately 99% for 

the loading and size distribution expected in this applica- 

tion. The incoming flue gas to the fabric filter wili contain 
approximately 120 Ibs/hr of ash ass~amlng we use "high efficiency 

cyclones with 98% efficiency and that all of the residual 

carbon is burned off. 
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Data ~en!erated in' the D£1Qt ol~nt, was sen~ to: ~ c~clone manu-. 
- . .~ .. 

factnrer and he found that an eTficiency of 98% was. obtain- 

able w~th a I0 ~n. water ~age pressure. ! - drop. Using a 99% 

fabric f£1ter efEiciency the emission levels are 1.2 #/hr 

in the exiting flue gas which corresponds: to a loading e'f 

approxLmately .003 grain/ACP in the flue gases. The expected 

total mass flow rates of the pollutants emitte~ in the s~ack 

from the proposed facility are llsted below in Table 3.6.1-4. 

This table is based on the levels found in the pilot plant 

testing, an~ using th~ BACT for removal of TSP. 

TABLE. 3.6.1-4.. ~. 

TOTAL STACK EMISSTON$ FROM PROPOSED F, ACT:LI,'{'Y 

Total Annual 
Species Ass Flow 

(TP¥) 

SO z 4. 

NO X 1T8 
CO 17 

Part~cuTates (TSP) 5 

Approx. Conc. 

8 ppm 

ZSO ppm 

35 ppm 
=003 gra~n/ACF 

Based on these emission levels, the propused plant 

should have no problem gaining the approval of TACB, and 

this was confirmed in the meeting held with this agency. 

The plant will not be subject to a PSD review since the 

emissions will be below the aeminintis values including the 

"14 TPY af TSP which ace already being emitted by ARI. 

The NSPS regulations will also not •apply to the propose~ 

pl~ since its si~'e is below theminimum level. 
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3.6.'I.e. Modeling Predictions of Impacts 

The environmmntal impacts of the proposed plant 

will be kept to a mini mum using the BACT previously 

described. Employing these tedhnologies the predicted 

emissions levels will be within the local and federal regula- 

tions. The water discharges will not be different from the 

existing levels, and the increase in air emissions as listed 

in Table 3.6.1-4 is almost negligible by present standards. 

An assessment of the emission levels indicates that the 

environmental impacts will not be significant and will not 

cause a significant deterioration of the air, water or land 

in the area of the pr~oos~'d p~ant. 

3.6. l-f. S_Decial COnsiderations_. 

Fugitive emissions whicl% m~y be emitted from the proposed 

facility will be controlled using the appropriate control 

strategies described below. The fugitive gas emissions from 

the gasifier feed system will he controlled by venting all 
• . J. 

Of the enclosed solids handling equipment through a common~ 

ID fan which w.'~!l discharge into. the combustion chamber of 

~he furnace or boiler, in which all of the fugitives will 

be incinerated and exit to the fabric filter for further 

cleaning. A system similar to this has been employed in 

other FBG plants and has been found to be effective in 

eliminating all fugitive emissions. 

Discharging the char from th~ storage silo to trucks or 

rail cars for ground transportation can resultin possible 

fugitive dusting. Although the char was found to be non- 

hazardous by RCRA testing and was also found to have'low 

toxic levels, it ~s still desirable to minimize the fugitive 
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emissions due. to the black color and light density of the 

dust. These factors could result ~n an undesirable appearance 

and have undesirable effects on the surrounding cow.unity. 

To prevent this possible emission source the use of enclused 

convey'ing syutems which a=e v~_nted through dust cont--ol fans 

can be used. it is also possible to pneumat£ca!ly convey 

the char into tank cars for gEound tEansDoEtation- Experience 

at ~_he existing plant ~nd o~her similar plants shows that 

pne~matic conve.~ing to enclosed tank cars can comp!ete!y 

eliminate any fug.%tive emission ~r~b!ems and i~ ;s the 

recomended technology for this application. 

3-3.35 

4,: 



P 

3.6.2 Socioeconomic Effects 

3.6.2.a ~Ioym-nt ~n~ Fiscal Impac=s 

Thepropos~lalt~r~a~ive fuels plant will have small 

positivesocioeconomicimpacts on Houston- These impacts 

comprise employment i~pacts and fiscal impacts on the City 

o~ Houston. 

Houston, Texas has a population of 1,594,086 (U.S. 

CenSus 1980). The total labor force in Houston As 1,501,100 

(JUly 1981) with a 5% unemploymenn rane, 

The existing ARI facility presently employs app:oximately 

500 workers. The proposed plant will create openL~gs for Ii 

workers. The annu~l wage for the new employees will range 

from $15,000 to $25~000~ wi~ch is close to the average annu~! 

wage for the other workersaU the facility, and close to aver- 

ageannual pay for the Cityof Houston. The construc~ionman- 

power requirements will create work for an average of four 

men over a i0 =o 12 month period. No problems are anticipated 

in filling these new jobs due to the large labor force exist- 

ing An th~ area; and no measureable impact will be felt by 

the local municipality- 

No special federal, state, or local socioeconomic require- 

ment~ apply to the proposed facility, and no special land use 

restrictions apply to this site. 
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3.6.3 Health Effects 

3.6~3.a Ide~ti~ All Applicable Re~11ation5 a~d Local Data 

The proposed plant has been designed to minimize any 

possible detrimental health effects to the workers and sur- 

roundinq community. Potentially harmful health effects to 

the workers in the plant may result from accidental contact 

of the low Btu gas produced by. the FBG process, or from ex- 

posure tO the char byproduct. The applicable regulations for 

this type of facilityare defined by the Occupational Safety 

and Health Administration (OSHA)in the general industrial 

standards, section 1910uf ~heCode of Federal Regulations. 

In addition, emissions from ~he pro~sed facility may expose 

the communiuy and local environment to these materials. The 

applicable health regulations for these emissions are those 

environmental regulations enforced by TACB for the emissions. 

The allowable employee exposure levels for inert nuisance 

dusts, an defined by OSHA in section 1900.1000, Table 2-3 of 

CFR are 5 mg/cm respirable dust (<10u) and 15 mg/cm total 

dust. It is felt that the dust in consideration is non-toxic 

and only "nuisance" dust. In order to confirm thi~ extensive 

testing was conducted on the char as described below. 

The char was subjected to a battery of EPR level-I 

health and ecological effects tests, organic and inorganic 

chemical analysis. The results, described in detail in Sec- 

tion 3.i.5, show that the char had a negative response to the 

Ames test, low levels of toxicity in other tests, and was 

found to be non-hazardous in the RCRA tests. The Ames test 

results indicate that the char is not mutagenic or carcino- 

genic, the RAM and CHO tests indicated a low level of toxicity 

if inhaled or ingested. In vivo testing also confirmed the 
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i~ toxic level of the char. The organic analysis indicated 

low levels of potentially harmful organics at4 the inorganic 

tests showed low levels of heavy metal compounds. 

The ecological effects tests indicated that the char 

has low-levels of toxicity on the aquatic plant and animal 

life. In addition, the chaz was found to be inert with re- 

spect to th~ soil microcosms. 

The analyses oft.he low Btu gas produced by thegasi- 

fiergiven in Table ~.I.5-i show that extremely low levels 

of heavy organicsare contained in this gas. This is ex- 

pected since equilibrium favors the conversion to CO and other 

smallmolecalarweightcompounds. Due tot he high levels of 

CO in this gas, approximately 20%, caution should be observed 

so that personnel do not come in direct contact with the gas. 

0$HA regul~ions define ~he allowable 8-hour time weighted 

average for CO in CFR Table 7-1 as 9,000 mg/cm. 

The heatlh effects on the surrounding community are 

evaluated by the Texas Air Control Board (TACB). This evalua- 

tion will be made largely on the environmental emissions pro- 

duced by the plant, and no problems are anticipated in comply- 

ing with these environmental regulations, as sta~ed in the 

previous section. 

3.6.3h Describe an d Demonstrate Control Measures 

The potential routes to exposure of the workers to the 

char are by directly c0ntacti~g the substance or inhaling 

the char dust. The risks of ~hi~ e~osure are minimized 

by keeping the char in contained Vessels, by using a pneumatic 
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unloading system, hy employing adeq~atefugit/ve emission 

control strategies, and employing an adequate building 

ventilation mystem. In the eventthat it becomes neces- 

sary to handle the char, precautions should be taken to 

minimize exposure. These precautions include wearing pro- 

tective clothing on exposed areas and using a dust or gas 

mask. 

Exposure to the low Btu gas will occur only during 

upset conditions. If at, upset occurs, then corrective 

measures will be taken to stop any leaks, and special pre- 

cautions will be taken during this time including wearing 

gas masks to prevent unnecessary exposure. Again, the 

fugitive emission control system will limiC accidental 

exposures. 

To prevent any potential health risks to the surround- 

ing community, emissions will be minimized using the best 

available control technology (BACT) as described in Sec- 

tion 3.6.1c. 

In summary, the plant has been designed to minimize 

occupational and public exposures to any potentially hazard- 

ous agents. In addition, the plant will be well equipped 

with the necessary protective devices to pre~ent' health 

risks if an accident occurs. 

3.6.3c Special Considerations 

The existing plant presently uses natural gas for a fuel 

in the direct drying of white rice. It is proposed that the 

low Btu fuel-produced by ~he gasifier be use~ to re, lace the 
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natural gas in these drying operations. It is imperative 

that the use of the gas in the drying process present nu 

potential health risks if used in this direct contact d~er. 

The gas could he combusted and used directly to dry the rice 

or combusted and then fed to a heat exchanger which would heat 

ambient aiE for use in the dryers. The first option presents 

the risk of odor or health problems because the combustion 

produuts Of the low Btu gas will directly contact the rice. 

Pilot plant tests were conducted using a rotary dryer in 

which the low Btu gas was uombusted and then passed through 

the dryer, The rice which was dried by this process was then 

returned to the laboratory at ARI where color, odor, and taste 

tests were conducted. The results of these tests indicated that 

the gas imparted no noticeable taste or odor to the rick, al- 

though the rice was slightly discolored due to the fly ash 

carryover in the hot flue gas. The project team concluded 

that the gases could not he used directly due to the fly 

ash content of the gas~ and also any risks associated with 

possible taste or odor contamination in the full scale 

plant would be eliminated. Based on this recommendation, a 

heat exchanger was employed in design option 1 which uses the 

hot products of combustion to heat air to the desired tem- 

peratures for process drying. The net effect is a reduction 

in process efficiency, the ~ heat exchanger being approximately 

60% efficient, and an increase in the installed plant cost 

by as much as $200,000. 

3.6.4 Safety Effects 

3' 6.4a Identify Local.and State Regulations 

The applicable safety ~egulations have been identified" 

for the proposed plant. These ~egulations include the OSHA 

m 
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General Indus~ial Standards which are enforc@d by the state 

and the building construction regulations which are enforced 

by the public works department of the City of Houston. 

The 0SHAsafety regulations arQ defined in the code 

of Federal Regulations, Chapter X%riI. The applicable regu- 

lations include design requirements for walking-working sur- 

faces, me~s of egress, personal protective equipment, gen- 

eral environmental controls, medical and first aid, fire 

protection, machinery guarding, materials handling, and 

electrical ~odes. The building construction requirements 

include electrical codes, and plumbing and sewage codes. 

3.6.4b Description of Control Me~hods to Meet Requirements 

The appropriate ~eps will be taken to assure that all 

of the applicable safety regulations will be adhered to. 

The design teams will incorporate the necessary safety de- 

sign features into the building and equipment designs as 

required by 0SHA. ThiS will include the proper equipment 

lab, out design ho insure adequate access to equipment and 

exits, proper design of catwalks ~nd ladders, proper design 

of exhaust ventilation, and fugitive emission control system, 

and proper equipment design to insure machine guarding. 

A comprehensive operational safety and health manage- 

ment program will be implemented for the proposed plant. 

This program will be constantly monitored and ~nforcedby 

the full time safety director at the existing plant and 

make use of the other in-plant safety personnel including 

a full time nurse. The program will includ~ the devel- 

opment and adoption of safe operating procedures, development 

of a safety and health inspection and maintenance program, 

.T" 
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development of emergency procedures, including procedures 

fo9 fire andexplosion, and evacuation~ an industrial hygiene 

program~ on-sitefirst aid~medical and rescue ~uipment; 

plant security requirements, and in-service training pro- 

grams in occupational safety and health. 
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SECTION FOUR 

CONCLUSIONS & RECOMMENDATIONS 

The purpose of this study was to investigate the feasi- 

bilityof the construction of an alternative fuel production 

facility using rice hulls, a waste product geherated at the 

ARI plant in Houston, Texas. The existing plant has needs 

of steam, hot air and electricity, making it anideal consumer 

of the various forms of energy produced from the proposed 

alternative fuel conversion plant. In this feasibility study 

all aspects ofthis proposed facility were evaluated and 

the following conclusions and recommendations made. 

• The fluidized bed gasification (FBG) process combined 

with the appropriate steam and electrical power generation 

equipment has been selected as the optimum technology for 

this application. The FBG process was compared to other 

gasification and combustion processes and found to be the 

most viable process, based on economic and technical consid- 

erations. 

• A fuel production schedule was developed for the 

proposed FBG plant and it was found that energy output of the 

plant is equ£valent to approximately 172,000 BBLS/yr of o41 

or 950,000 MCF/yr of natural gas based on a 90% on line 

factor and pilot plant yield data developed in this study. 
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• Complete engineering analysis was performed on the 

"proposed alternative fuel production facility. Process 

flow diagrams with heat and material balances, Process. 

and Instrumentation Diagrams, Equipment'Lists and layouts 

and all raw material supportrequlrements were developed. 

This detailed analysis further confirmed viability of the 

proposed process from an engineering standpoint. 

• A management plan was developed for the proposed 

project and an overallproject completion schedule of 12 

months developed. In this analysis equ/pment deliveries, 

manpower and subcontractor needs, site preparation, erection 

and instal~ation schedule were determined and a CPM and 

overall project schedule developed. 

• Complete capital and operating c o s t s  were developed 

for the three process options in conside~-ation. A complete 

investment analysis was performed ,~td returns on investment 

calculated for these options.-. The FBG process combined with 

a d~rect fired boiler producing 30,000 ib/hr of steam and a 

gas engine/generator producing 5,17 MW of electricity 

(Option 3) was found to h.~ve the highest return on investment 

of 36.8%. The complete installed capital cost for this 

process option was $8,787,000. 
....'.'. 

• A financial risk analysis was made for the proposed 

process and the sensitivity of the ~eturn on investn~nt tG 

those variables quantified. The power value and energy 

inflation parameters have the greatest potential impacts on 

the return on investment basedon'their moderate to high 

influence on both ~e degree of sensitivity and uncertainty. 

4-2 
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• Due to the inherently high risk perceived by financial 

institutions for alternative energy systems similar to the 

FBG process proposed for this application, sDecial financing 

arrangements may be required. The project team recommends 

that a price guarantee of $25/ton and a 90 percent loan 

guarantee for the plant bemade available by the Department 

of Energy. 

e Acomplete analysis was made ofthe potential site 

for the proposed plant and it was concluded that the optimum 

location for the proposed plant is on an available plot at 

the existing ARI faoility. Uslngthis site offers many 

economic advantages than other sites including reduced land 

costs and low transportation costs, i.e. close prqximity to 

raw mnterial and user, and is feasible from a technical 

aspectt 

• Extensive testingwas conducted on the char and it was 

found robe non-hazardous, by RCRA testing, and non-toxic 

based on Level 1 EPA toxicity analysis. Additional chemical 

and physical properties of the char have been identified and 

used to aid in the Mmrketing Survey. 

• Potential markets for the char byproduct have been 

identified, samples sent to potential users and field 

studies conducted. There has been a°great deal of interest 

shown in the char; however, there have been no formal 

commitments made by anyone to purchase the material until 

it is demonstrated that a constant quality .char is produced 

~n reliable quantities. 

• It was concluded by the project team that the flue gas 

produced by the combustion of the low Btu gas could not be 

used directly fo~ direct rotary drying of whole race due to 

the h~gh ash carryover in the gas. Based on this finding, it 

will be necessary to incorporate a flue gas to air heat 

exchanger in the plant designs which include process drying 

options. 

4-3 



• Environmental, Socioeconomic, Health and Safety baselines 

ha vebeen determined for the proposed plant. The applicable 

regulations have been identified and tlle necessary =ontrol 

strategies defined. It ~as found ~hat a fabric filter is 

the Best Available Control Technology for the control of 

particulate emissions and will be employed in the process 

design as required. By adhering to the a_Dpliaable re_cmlations 

no adverse health or safety effe=t~ will be p6sed by the 

proposed process. 

: .  4 - 4  
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