
BNL*83308-1998

Biochemical Production of Adsorhents and Snecialty
Chemicals from Fossil Fuel'Wastes

CRADA No. BI{LC-94-14

Summarv F'inal Renort

February 1998

E.T. Premuzic, BNL
M.S. Lin, BNL

ïH. Yen, UCLA
I. Yang, EER" Inc. RE,TËIVEÐ

ÀEJ$ I ã 1999

G ST'ü

akras
Typewritten Text
UNLIMITED RELEASE



DISCI.AIMER

This report was.prepared as an account of work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liability or responsibiliry for
the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or
represents that ¡ts use would not infringe privately owned
rights. Reference herein to any specific commercial
product, process, or servÍce by trade name, trademark,
manufacturet, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
necessarily state or reflect those of the Unitecl States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible
in electronic image products. lmages are
produced from the best available original
document.



OBJECTTVE:

To develop and/or modify biochemical processes for the conversion of fossil ñ¡el wastes

into valuable biomaterials. The experimental süategy based onthe experiences gained in the
program that dealt with the biochemical upgrading of healy crude oils serves as amodel in the

development of the new technology.

SIG¡IIT'ICAIYT ACCOMPLISHMENTS :

1. Survey of lVaste Oil Market and Current Recycle progrâms completed @ER" Inc.).
The survey andthe analysis included USA, France, United Kingdom, Gennany, Sweden,

Mexico, BraúL,Japan, Republic of China, Taiwan.

2. The existing hydrocarbon to protein technology (II-P) has been modified and

converted into an oil waste (UOP!Ð to biomass technology (UOPIU-BM) (EER,Inc)

3. The modified technolory (2) produces fractionable biomass, protein, carbohydrates

and lipids. The productyields have been optimized (BNLÆER).

4. Optimization R&D effort has identified:

Lower concentation of oil; larger concentrtion of biocatalyst phase. (BNL/EER)

Cost-effrciency trade-offs based on the cost of produced water teaünent relative

to net cost gains based on product yields. (EER)

Recycling and/or closed loop processes. @ER)

SIG¡UF.ICE¡IT PROBLEMS:

Some adminisbative, otherwise none.
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INDUSTRY ÉPT.TETTT REALIZED :

1. Variations in H*P technology to accomplish UOPW-BM defined and adapted which
allowed to model the new technology (EER).

2. A pilot pla¡rt has been designed and economic analysis based on the pilot has shown

that the modified technology is cost-efficienr (BNLÆER).

3. The economic analysis has been projected to a large-scale operatiorl and

modifications which are needed in the current technology have been defined (EER).

4. A Marketing Survey has been conducted and domestic and foreign customers

identified (EER/).

LABORATORY BEIYEFITS REALIZED:

The BNL/EER, Inc. R&D effort has contributed to BNL pro$ams dealing with the oil
cradle to grave cyclq particularly in terms of its chemistr5r, microbiology, engineering,

environmental, and economic aspects. This is a significa¡rt and valuable contribution to the core

fossil energy programs.

RECOMMENDED FOLLO\ry-ON TVORK:

Continuing work will address specific optimizattonstudies and elaborate on the

engineering and economic design strategies. This is essential, because the completed studies,

although very promising, are nevertheless, based on a model laboratory plant and projected

assumptions.

POTENTIAL BEIYEf,"IT FROM PT]R,STJING FOLLOW-ON \ilORK:

o Marketing of the live biomass as applied to the treatnoent of oils in sludge and

bioremediation is economically athactive.

. Marketing of products derived ftom the biomass such as lipids and carbohydrates,

because of the particular chemical properties ofthese products, is promising.

Therefore, these products should be fully explored. Particular attention should be

paid ttl the application of the üeated biomass, the adÈorbant and the lipids

application in speciaþ products industuies.



M/IJORPROGRESS:

L Sruvcy oe llt¡stc Oil M¡rtd ¡nd Curttnf Recydc Progrenr

In order n idcntify ¡nd conlar* c¡rstomcrs i¡¡lerested in a joint veature

domestically or Aø¡ othcr corntrícq s¡rt ¿T on ürc w¡stc oit marlaÉ for cach apecifio

r€giü trruÍ bc anal¡ræd Þtichg tæaalingütê ¡nd tæyclÈngqprions will bs importaut

fäctors to cvah¡åts the foåsibilhy of ailrptuion orf rhie process iu each specífic rqion,

Regulatory str¡.ture and cnfmccmcnt ability ôn ûaste oil muragcnrert diffcrs wiÉ¡ thc

connqy's sizn aú politicel stri¡cû¡rÊ- Fssilit¡es h cach toüntry ruay be sígníficentþ

difere¡a ftom orc a¡othor. Part¡e¡lår meidion and pdority witl bc giræn to obtain

ñnding forthe consruaion of a larger pilot phnt and field+etting of tûe performaocc of

the bioproduds.. Th,e reso{¡rce of ftc wasÞ oil has b be identified fust snd has ro be

stabtç and reliable, ¡nd ic readiþ avail¿ble for the l*rge pilot plart dornesticetly or

dobalþ. Ánatysis onthe represartativcl¡r¿stc t¡l samples is necessaryiuor&rto mnkc

adjuffirt in fu uu¡t opd¡ât¡on of the pnocesa rccordÍugly.

t. usA

fn lelay of 1992, $rc t¡nitcd Stalee Environmcdd Proûcr*ioo Admini¡¡¡afion

¡se¡cd stardarù e¡tablistìng a iresr¡epdon that dl uged o¡l ¡s ûo bc rsqrcled rurless a

usd oil ha¡rdlec diryoser ofused oil or eeuds uged oil for disposal. Spccífic roquircrnents

ard cxcmptiotrs ac liccd in 40 CER Paû779. Cunentty mst statcs hæe ndoptad rhc

fbderal usod oi.t mârìagÊment reandrds, tüoqú sotnÊ state$ haræ oade ¡ome revrrsÍons.

Fivc ststcs itrcû¡ditrg Califbrnia havc ado¡rtod. e more *ringent appmadr to usÊd oil

ms¡Egetnent tydefininguscd o¡l as ¿ ha¡a¡dou wasle-

Estimaled sboú 1.5 b¡llllr¡ gallonc used oil is genøced perfær. Ofthat tæI,

12% r€ûJrcled iato çgh quality products

56Y. üürnd

32% disposed illogÊlly



France imposes ôo very aaiw used motor oil marugemËnt pmgran in o¡der to

con^sËn¡c fhc ¡ration'a oil suppty end þ p¡otect thc envírnr¡ment bl'recyclt a¡d ra¡se the

u¡ed oil. The r¡Bste oil collection progret in France is urrently adminstcrerl by Açnce

de I'Envímnme¡rt a de b Maîr¡isc de lTnergic (ADEME)j

tn 1990, e rcpst by.åDEME ¡udioâtôd th*t a tcal of 915,576 tifotons of oil is

eold ¡mually in Francc ("n* recørt ñø¡ ¿vailablc) rnd rnorÊ ttËn half of this oil is for

auÞrrcdve uses. Ihc amou¡ú of used motor o¡l that hâs be€û collected for recycling or

rei,¡¡e has incrcrs¡d ûoru ¿bant 50 perccr* in 1990 to ?t p€rcent in 1995. Used qil

trätmcût facilitier in France re cithcr ro-reñuing plaûls, cstobu*ion plr¡t¡, redaiming

ptartr, or reproccssiqg ptanß. Direct burning; aomh¡stion accouds ftr morc thau 50

pqçcrrt of uæd oil disposat. Re'rufinÍng of ugcd oil tlrcn acaoürts for about 42 pcrccnÇ

whílc ¡bout 6 pcrccnt dl usod oil ia r€claimed. Ihe most coriceñ fsr thc used oil

rnuugêment in Francc is tl¡e toxic coûtårninsr¡ts likc PCB, clrlrrring and healy metsls in

You'

3. Unítcd Kingdom

Toûal uæd oil produaion is t billion liters (s M.n rnillio¡ gålbru) per ¡ærr. Of

tü¡t toa( abor¡t 50O millhns lileæ (*132.n n¡[ior gallons) ofihe t¡sed oil arc cottecæd-

And among tto collected uscd oil, 8boüt 2,10 millione liten (* 63.41 million gallons) aro

recyclcd.

Germary

Crermsry rcgulatæ the coltecti<ry tmasport¡üor¡ attd disposal ofu¡aste oil- Ârid it

is r€r¡¡af¡Eeblc tl¡at of t&c 69O kiloûoas of uscd moør oil produced annually, g€b. 1996

.l"ta) thc gowrnmeur repûiled thÊr 94 pcrccrt is colleæed a¡d is either rçroscsscd

1diesel rhþ or gas oils) or hmcd (in ccrneat kilns or as rycdal waste].

..i'_-. - --:-;



Sweden

There is so ilfbnsl used ñotor oil rccycliag p¡ogra¡n in Suæden, but uscd motor

oil ls classifid and uanagcd as h¿zr¡dous urasûe. Sü¡ce r¡o nalional aollcdion systern is

sv's¡l8ble to rquldc fte €dlection wort gme gas *¡rtions ofrer enrironme¡rtal servlccs

fl¡dr as used oil ând us€d battcry collccti¡n- .âboü ?O pcrcørt of uscd motor oil in

Snedæ is colledod rnd delivcrcd to fbc cer!€flt ir¡dustry úo be used as fræl ¡r¡d

lnsherat€d eflirtivtty under corürolf ed condi¡irxs.

Marico

A proposal for updaed us€d oil rn¡ñ¡gÉmeut pr%rãm Ín MmÍco is arrent$

utder activc devclopmcrû antl will be soon rcvieured and approvod by Secraariat of

Socíat Developrneat (Scmduía de Desarrollo Sodr¡t - SEDESOL). tlscd motor oil has

been rcgulated 8s hszsrdüut u¡aste in Mexico sír¡ce 1988. lte hierarchy for tbe trÊatm€ñ

ofused oils üd lubrizrte estabtistrd in tlre rule ir in the followìng o¡dcc (l) re-rufining

(2) cottbustior¡ (3) hcincratío4 ûd (4) codìae¡ncnt. In 1996, ¿n estimared 30O million

titers ofus€d motq o¡t rvas jenrared in Mexico- B.ú thc ir¡fornst¡oa ¡bout the eod uses

ofused oil æmaincd unccrtsfu-

7. Brnz¡l

.Rcsolut¡on Nunber 9, of A¡¡gusr 31, 1993, is the national lqislaion on used

motoroil ræ1clíng in Br¡zit. In the ttsûlutio4 recycting is describod as exlher rccltclitlg

rlmryh regetæmtim or rø7reling rløgh aæ. Dircardiag lubricgnt oil" i¡to the

cnvi¡oomeut and thc produOior/satc of urecycleibte ¡rew oit of both dome¡tic and

imported orþin arc prohibited- ttc law reguiree ¡ll used lub¡icant oil to be reryclcd.

R€aycl€ or reü¡'e ûf us€d oil could be lkough re.reñaing cornbustion for power

g€nenatíori, or ìncineraion. The gas slâ&)fls (rnaúctere) collect uscd oil arrd sdl to tl¡e

rryocessing cotüpan¡es, wftothenrecyclethcoil and sell it becktotftems(þt€rs-



tapen

llage oil recycling progrsn iu Japan is ¡ot at nationd leræ|, nor m¡þr
IegÍsktlxt is specíSing the ¡cquhcrnc¡¡ts ôr the managancnt. Floq¡e{¡er, thongh thsrs

a¡e more úun & ¡nillion psssengÊr crs ånd owr 2I million tn¡cl¡s, busea and othcr

ryccirl F rpose ræüioles in Japsn, 8lrþsf Do m{rtor oil i¡ cha¡ged by DIYers. TTüs tb
collection a¡d rccychrycñr uscd Eotff oil is very hig[.

@ledd Recyclod

Lrbrícatingoil ltl 1,588,000 900,(x)o

Coo&iryoil[kl] 4{X},000 250.000

ïLc pcrceufages for the option ofthe collected waste lubricating oil aæ as ñllow:

6A"l% burnad ¡s ftd.

1.5% reprocæsed for hb,ricating oil

38.4% Íncinerared

Thc ørd uscs ofthc rcqæled cooking ul are soap, *¡¡nt, ÊÊ4 fstilizer, lnd fi¡el.

f,)oe ¿o lack of DIY rnotor oil changers in Japal, it i¡ erçectêd tLat thc¡e ie ræry

littlcpúlic srrtlrutrell ø kaowlcdge ¡bun r¡¡ed ¡notor cil issl¡cs. Alm, tbc iuforra¿tion

¡lot¡t tüe corÉ¡min¡nts ¡n usÊd 'oil is rct reported publicty. Tbe.technofogics for

reclan¡atioû or rccyclc arc conrpardiræty low aud ca¡ be ímgrowd, rnost rectainers are

small-scale bus¡ngss.

9. Rcpubtic ofChina, Tainran

In 1995, the ¿¡¡¡oun of wasÞ l¡brí.,tì'rg oil recycled is about l,26o,3fXl literX

çåidr was estimîted æ25.2% of totrl ureste ¡utric€tíng oil generated. No l¡rfr'rnaion i¡
awilabls about the end r¡ses of collecred u¡cd oil. Lfte the cüc itr Japa¡+ almost no

motor oil chaqeed by DtYers.



If. Reviar on Exfrlirrg nccydingend Rcuæ Optfual

Of üar toal 1.5 hillion gallone srss oit generued each yeu in U.S.,

rpproximefaly only 12 ¡rr.;rxrrú, ir reqælcd ttrüo high qua¡ity producæ. the rest is eithcr

hrrned (56 percent) as low-grrde ñrel prinury frr epacc hcaers, commeroial ¡nd

industfhl boilerc; or dispod illqally (32 p€fç{nt} by landfiltirg; i¡rciner*ion or

dumping Si!ße thÈ w¡ste oíl ú,at ¡s bünied i¡ oaty mininalty cleanc{ ra a resuft,

harmftl rmtals a¡d oürcr cofüâminarttr in tl¡c ura.!ûe oil cs¡ld bc relea¡ed into our

ernrironrnent. furtlrermo¡rr h¡nrigrvase oil is æt recycligr¡¡¡¡te oil ¡o its highest and

best r¡alue.

lVrce oit is def¡nitely I.vitil Etnrrce of eaøgr Oil doesn't wear out; íti¡st gcts

dirty añer use. lryasÊ oil can be rareûncd íftto hbricst¡qg ü1 re¡rocessed es ñæl oil or

usedto as feÊ&Îockb producc pet¡oter¡m-brsed producfs orothr èonrmerciatly raluable

produds ví¡ differart methods. Thcrc ue sotne fa¡*s aba¡t conscrving rcso.rrces by

pruprtundtiqg ofuaste n¡l. Rlr€finîngvraste oil takeå aboú l/3 ofthe etrcrgy needed

ûo rcûnc crudc oil ro tubric¡¡t qustity, and oæ galton of \¡õsto oil tlw ls rirefined

produccsthe rntre2.5 gustts of lobriccirg oil as 42 gallone of cn¡de oil do. Ttrøeforg

cotteøi€ and req¡rclíng wa¡tc clil not only pronÉcls or¡r e¡tvboürrcr¡t from w¡ste oil

contamioetior¡ it also coffiEfle ¡ valurble non-ræwable rssourc€.

From tte standpoid of ewrgy concen¡æioq reqrcling of, w¡ste oil efficiently

6âvcr a prccious, no¡neræwablc ¡csourcc. Only onc out <rf 7O barrds of cn¡de oil is

¡'mceaæd i*o vÍrgin fube dock That'¡ why mary oil oorpanics spend billion¡ of

dollars on c¡rplaring rccoycri¡rg; and refinÍng cn¡de oil. ¡,i* q*toy lube oìL tfthe waste

oil gcnerated by connrmøs crn be rscycled bac& to uscfi¡l poduas ucb rr puro lube oll

agAin and again, tancndor¡s timc asd money ca¡r be s¿wd. Morc irqportand5 our

n*,¡ral rsrou¡cas csr, ¡lso be cooseflt€d.

Repr¡Upssing

û¡c ofthc cconomicalþ ¡ttradive wayt to ntanâgc rnstp oil is lo h¡rn it as û¡el

Thur, rnoct wasteoils th¡t r¡c repmcessed are r+lïzed as fi¡cl. Proccsscs e¡ch ss adding

6
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ctnmical!, hcding; ültratio4 end ocrrtrifugatfrrn or combi¡a¡iøs of t&c ¡bovc are sblc to

$parate thc undcsirablo const¡h¡eots ûom .nluable porlrunr. Odor groduced &um

¡itrogeo and s¡lftr speciæ ir üre greerest sonçcrn in operatiæ thæs fecilities. Seve¡e

conosíon õry occur in the equþmcnt ¡ryhcr¡ acllic gares frmr edditive eleurerÍs nnd

u¡lfer vapofs combinc ùrftg &e process.

Re-rafininc

lYase oils c¡r¡ be prefi¡rcd iflo base lube oitg, In generEt, wrtø and dissolved

low boiling point orgnic rre rcmoved by rtnoepberic or moderde vacuum distillation.

I¿bc oil is the¡ recovered rod fafrionecd by distill¡rtion. Light ørds byproducts are

cønnronly u¡ed ñr plam comhnioo fi¡els. Die¡el f¡dÍou ¡¡d ge oil Êaction c¡n be

rccor¡ercd to l'igh quatity þgroductr ¡ftcr fi¡rthcr edvuccd tredmcd. Rcridual strÊsr¡rs

Êom dísfillation can be uæd by arylult irdustry as an asphaft û¡s to prodr¡ce roofi¡rg

asphelq pavi¡g asph¿tt, inwlrtîng matøials, a¡rd cther rsphalt based products

Trre rnajor differsncer arrKlrg all fte proeesses a¡e in ùw additives, impuities

ard sludge a¡e rernovcd Coosidøing fechr¡icât feosibilily, economic¡l profinbility, and

operdional easi¡e¡q ro-rcfining procosses are n¿mowed dor¡m to cmbin¡tionr of solve¡t

bcûneflt, distillatíoa, hy¿ronutuSt var¡¡¡nt distiltdioq day polishiag chemical

uealmeat, and denst¡Iliz¡tio. lf¡rkctability of products a¡d bj'pro&cls will afFect úe
combin¡tion choicts of thê prûc.sses. Pnooesres, wtri¿r do not gæerat! luza¡dous

u/astes that are diñimlt to üandlc, will bc preferred in the ñ¡tr¡re. Andher protlem ie that

thB ftfail acc€,ptsr¡ce or ræydldtrbe oil ir not as gre* as çOected.

Comhr*tian

'filas¿e oit ca¡ bè thcrnrlly destroycd by indnrration or comh¡¡tcd for æIEy
rnitizdíon. Due to the ecooomic bcncfit of recycling ivtste oits. only a vøy small

quanrity of wa^eæ oil ir orrrendy incínereted. Arrd lhe oil rhet i¡ insirnated ger€ralty has

high conccntrafion of toxic coË¡¡ninar¡ls drat matccs rwycling iuprarticat tr unsafc.

Orc of the r¡¡ost oorûÉn epptkxtions for recyetod oils is uscd as ñ¡els. Most



t€progcûsed oil combusted ¡s fi¡cls which ¿t tùc same time ireplacing a virgin ñ¡d oil is

€ænomically frvor¡blc.

^ôdrna¡rages sf This Bíochemiçsl Prgccsg

Thc cåaugc in virgi¡r cn¡de oit ptror'""o diredy affect thc wase oil rtqrcling

ogûone If tho cn¡dc oil prices drop, petroleum product picec witf fall eccordingly-

G¡soü¡e and fï¡el oil pices tr¡dc cn¡dc oil pnccs ræry c,losd¡ wftile fubricating oil

priæs rcact vcr¡'slou, with cn¡dc oil pric* cbange since lube oil contain nary additiver

a¡d other comporrsrts thåt ådd ûo thß finsl proùu coc. A drop in cnrdc oil príoo wÍtl

decrce¡e the wlue of regroc€ssçd oit aotd as s fi¡el npplencm and as well as lower rhÊ

rerdiner$' rçr¡€n¡es. lf highcr-valuc proûrcts otttr ûaa pctrole{rn pro&cts ca¡r be

reoü¡Éred or ¡roduced forn the waste oil by romc ncw tcchnologies, tl¡ey co¡¡ld garcrate

largø profit maryins lhaa rqlmcee¡¡d oil or rc-refined oil as expeoted. UnfortunatelS

not maûy reSea¡ches are to\Ã¡srd to thi¡ dirc*ion. Thd's thc miluenæs urd nrpericríty

of this biochemical proccrs to ourvert waste dl to conrme¡cially rraluable pmûras.

l& trrsúe0ilRarc¡rcc¡

fuitomotive qnsts oils inctuding engfuc crErikcssc oi[ .dieec{ cnginc oil and

[ydraulicbmko, transdssioq pourer eteeríng fluids constihrûe a large proportion of waste

oils. Sornccs of automotive o.il rrç dù¡t-'ðr¡rself cril clrangcrs @fYcrs), service stetions,

repair and nraintena¡ce ahops, vcùicle dcalers, tn¡ck Erd uxi flct*t, miiltory installatiors,

a¡d iodr¡suíal atrd rmnrfartuirg fasilÍtics. AntÉhÊr ¡n¡in crtegpry of rresto oils is

ìndu*rirl wasæ oite, vüich ircludc hrbricüïlg oil, þdrurlic oil, grezsc, and process oil
In mosf lubricatÍng and indurri¡l applicdioq ttrc cúl mu.qt hc rçlaccd þ neur oil

whcn ths perftxmance of the oif detcriorafcs otær time ac sddiliv€s trak do$m srid

contminants build up. 8üt the f¿ption of ttte ncu/ oil thar bccons cãse oit varics

wilely for üferçm applicuiote, Fr exarplg onty l0 percent of industriat procæs oils

rold ara generated ar wæte oil, compared to 90 perccnt ofclesaical tra¡sformer oils. The

----a--



wasro oil gerneration rgte fbr n¡tonodræ oils is aüo{ 60 perceof n¡hich i¡ ¿ liule bit

higher then 52 perccat for industrial o¡Ir But ttæ recycling r¡te for a¡rtomotive oih (s 6o

to 70 pcrccut) is much higftEr thsû that for ¡rdustrial oilr (ø 25 to 40 p€rccnt).

ltssfË oils from diffcrcnt sor¡¡oä may havc d¡ffËr€ût oonfltucnts. Gmcralþ,

w¿ste cr¡ls ofteû contåin maals, chlorinæcd sohrcsts, and o'úer organic co¡rpounds,

lncluding those listËd rs prioríty pollutrøs þ the U.S. EPÁ. ,{r¡tomstivc wastê oils tcnd

o h¿ræ high conccnrnüon ofpoæntially tcandos hearry me{rb, usnlÍy as tbe result of

agioe orbearing rrear, ortùe ¡oclusicn oftl¡¿sc metal¡ in oil ¡ddÍtives. I¡duwíal w¿ste

oils tend to havo hig[ levd of chlorinæcd sdvente md sCB¡ th¡ougå careleas

m¡nsgeún€nt practiccs. The prcsæe oforgaric compoundr like berzene 66 ¡¡Phtbrleæ

is usr:ally assooiatcd with o¡l fon¡rulatíon it¡¡¡lf Tte cor¡tar¡inaru:.s typicalty forrnd in

wastc oils a¡e listd in Túle l. thesc cootarnina¡ts may be trvric to thc beçtcrif, strBins

ured ín tb proccss ûo lower ths producf yietds" So lhe ¡dection of bsctería srains is very

im¡nrant for this proaese, If propcr prarcamcrn can bc applied to the wa¡ts oil sto*
bêfôrg s¿ûf. to thc ferrrente¡ ûo ¡crnsr¿e ihc* to<ic êotüÂrltintrit¡, not onþ tbc cflicicncy

of the proces! woutd bc higher, br¡t rhe p¡oduct yields can rlso bo rars€d.

Tvro gallon¡ of the represartatiræ eråste oil aample ootlectËd frøt Los åsgctcs

¡rca have bccn sent to ENL e¡r fecdstock for bionnss produdiou Prc¡imhary anal¡rsis

crtrductd by instnrnrørts urch !¡ TIÆ üd IC?-MS o¡ rhc waste oil sample was donc.

¡{¡d the tcs forthoir cuitóîlity Ín lhc biomass proúrdion ia under pçogress. The procæs

yield aud prodr¡d pÊrerm¡¡¡ce r¡ñl be eult¡atcd lrta-

T¡blc L. T¡pioat Commin¿nts in Wasrc ûlc

ClftdnrtcdSolvcü OeËr OË¡¡deConpcnnda

Çadnftlrn

fto¡¡ríum
A.rsqd'D

Eerir¡üt

Zírc

I,âÅ

Dichlqodift¡srofidbæc

Trchløocúcnc

Tctæútcocttrylaæ

l, 1, 1.][riåloroctb¡¡æ

fríútuotrifluæodbaoe

TúIdo¡ine

Ecaæ(aþ¡rcnc

Bcnzo(eþnthraccac

pCR3

Naph&alctrc

Brøø¡¡rc

Tohrqe

Xytcrc



W. F¡occrr llllodif¡c¡tio¡ rnd Adinrtmeui

t. TlreHydrocarüontoheí¡(tI+P) Pmcem

Sotvcd a¡d deæ¡get cecrlü

Deta¡led e4ginccrirrg desg cilt bc foud ín ne¡a ûtrcc pagies.
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Biomacs Proiluction from OilWrstes -- Fctrmentation Soetion

ìlrti¡olFædTok

Alrhmp Flll¡r

Cîoc6últôd Astiræ
Etonoss Stoagr

To
LipidürtrrctÍon r¡d

Produ¡l DryingScctÍon



Biomass Product¡on fron oil \ilasúes - Lipid Extnclion anil Produd DrJ|lg s+ction
t.

Fræ Detugnt tlY¡¡h Scdiæ
SpcsrSotrt¡l

Ihy û!dÊ
Bbrrare Sur¡n

SohredSforagcT¡ûk

BiOttr..Pmtl¡tUt
sbacp

Lipil StûtaeÊ
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3. Specificrnalyticaltedmíquesofbilcomp@rtl

Tbp sourc¿ of UOP\f, hns to be identif¡ed ad a background informetion of

UOPW hal to bc ectablish€d" To dímínde tåe adverec etrec& Êou læevy mctals or

PÁHi in ttr n¡¡¡tc otl ¡o rbe mlcroorgaubm+ it's bcttcrto Íernovc both¡cetsls a¡¡d PAltr

prior to tlo fermcut¡tim proces Prareatmcnt opions. m8y bê \råricd with ditrc¡em

aourrÆ of UOPTV. Some rimple phpieclrcmical mahods havc bosn dewl@ to

convert any wa¡úe oil into e üemic¡l forn s¡iuble &r tl¡is biochcmic¡l proccús. "In order

to cJrsrrõtcriæ diftren¡ murcee ofUOPW for proper sÉleclioo of prdreatutt methods,

a rpecific arralyt¡cal proccdure has to bc u¡ed. Tlre tedrniqúec include hydrocarüon typc

d€*Éminat¡on by GC-MS and mefal daerminstion by ICP-lvfS.

V. Prdiu¡hsry Fno¡omic Analyrir

Sînce the finat engineering dcsieo is Do¿ ræry complae, dÉûs¡ted economio

analpis crn not be outlinçd ¡t this timc. However,'throügfi appropriate assrmptìon and

correl¿tios to olh€r sim¡lar E--rP pruccss, ruæfr estimatinn ca¿ be obtained:

Toral capital investme¡¡ for e ptara tnving opa¡¡ty of 100,0{n Meúic tmdyr b'pmass

pmduaÍorr fmur waste dl ea þn¡¡gþy ed¡msted as follours:

Assumptions:

¡ 0.9drcam ñctor

" Theaüiuål biomarsproducion ir t00,000 tou.

t lW/c of ltc produairm is li¡úd by-prod¡¡€r snd gU/â ie defþidrr€d biomrss.

¡ Ttc produaion co¡t c¡ch¡des eny cædit for l¡pid by-product and liccnsiag expcûscs.

. the cost for vrast€ oil consunêd ig E,08 ð€nrit(8

. '[Ire p,roccss yield il 50 þ pmducÉ p€r I00 kg uastc ctil coß¡mËd.

wt¡øÊ CE Cogt Index = 389-7 (br Oct- 1997)

t5



Sq

Total capiht invcstnrenl nct lnchrding lu¡d: t 16o million

Total fixcd cüpitål invesrnent:

Total produaion çost pcr ¡æar:

$ 126million

$ ?8.3 million

ø78.3 crrrttkg

VL Mûlreting of tba Bioproduct and Coopcretlon of thc Teúoologr

lrf¡¡tet¡ng of the lívc bío¡u¿ss qplied to freatrnem of oite in sludge and

bioren¡ediution of ¡oílg co¡rtanin*ed widr wesfÊ oil ís Ínitiøed. Siæe cr¡¡re¡É dat¿ arç

€nod¡rqglng end very prornidng for liæ biom¡s¡ to be uscd ìn thesc two applications,

scfoctioa ofzuit¡ble rìtes forlidd tenting is in progress in o¡dcrþ øh€r re¡l field dar¿-

Ttìe can attract more cnúomcrs fô gÉ inrtlved for a þint ver!¡re. Markctiqg of lipids

ând delþ¡dated biomass ia also in pogress by couectürg wÍth many pûtÊût¡al partncns for

various applic¡tbns.

lvfany dorcstic and forcþn o¡stomcrs h¡ve been contacted in order to seck the

chancc ftr aþim v€ÍürE. Domês¿iD cr¡gomerE uo rnodly e¡¡vÍros¿estal conslting or

emironrne¡tel ¡ervice coopanies. Thcy did slrour higlrly ¡ltercst ia hclping to gst ¡n

tnrch wiúr nrany cli€nts thæ n€Êd.to clcan up oit-contaminded sites to try this tectnologr

for fietd tcstin& Foæign coatr¿ts conccrÉrafe bn getring coq€rúve partnership and

rhen thc key issrc ia kying to ohs¡n ñrnding for the constnrctbri of a largcr piht phrn

Aoca:'dlhtg !o thc roscsro[. on wsstc oil nulag it m¡kes rKrro s.rr6e a¡d also easier ûo

find, intcrest prúes fum E¡mpmn eü¡ffi*r orJrpat. Since s,ingle cell protsån p¡þoess

hss b€en pracdrÍng in Ernope for a long time, and rnoet Eurropean cor¡ntÍcs ard lapan

law þpwasto olf ræyde progn¡n ü, Eosure stc:dï wacc oil ftcdatoclr for this

*r4 Furtherrnore, tbc bcadit ñom this proc€ss that the bioru¡ss (protein) produced

W-U-ç rrsø as urimal feed would gflract European cor¡strÍ{:s urrd Japan that re highly
t

I UA.øent on cott sr mytxan import lhe fist of compauies ¡¡¡d conta¡t p€rsd$ ar€ as

I fo[o*:
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