PLANT BIONMASS: THE SWUSTAINABLE SOURGE @F

SNERENGAND OF INDUSTRIAL ORGANIC CHEVICAIES)S
: Millex,, JOSEph -
l ‘iver5|dade Federal da'Paraitha, DQ e LTk - Campus |

IeRPostal 5009, 56:051=0i70, Joao Pessoa/Pb Brasil

200 (GRS =2 e S == paren] e o pali [ d@) i o) 0 o) g

_4-

C
—
—

ABSTRACT ,,V erliave developed efficient economic continuous processes for the
difure zcid ydroly3|s off the cellulese of plant biomass (ligno-cellulose) to glucose,
for ferrnes) [atien te: ethanol; of the hemicellulose to pentoses and associated
PIEEEEESMIONT thE: conversion: of pentoses via furfural to tetrahydrofurfuryl nitrate
( [l FF EN)=Esafe cheap additive which allows azeotrope ethanol to substitute Diesel
i ..3 ﬁe lignin s converted via lignin coke by reaction with steam to Synthesis Gas
;for_%'l chemistry, including methanol, whose conversion to aromatics to C-10 is
= Well*known as is the Fischer- -Tropsch process to produce liquid fuels which can be
cracked; reformed efc.: “Fischer-Tropsch petrochemistry”. The aromatics include
penzene; toluene and the xylenes while the conversion of ethanol to ethylene,
propylene and the butylenes is also well-known. Thus globally the seven prime raw
materials ofi industrial organic chemistry, currently produced from petroleum and
natural gas, can be substituted. As a bonus we have shown that the autohydrolysis
of plant biemass produces an excellent feed for ruminants.
Keywords: acid hydrolysis; biomass conversion; chemicals from biomass.




e EMBASuate N IS PP oW plant piomass: (lIgne=celltlose) can
PIGVICES forf a sustainable future without petroleum, natural gas and
geire 'hemistry providing energy and industrial organic chenicals. It is not
onl\ rernewanie resodrce but 1ts very growth consumes carbon dioxide —
-vﬂlaln ameng greenhouse gases — as well as producing oxygen. It has
WIECH estimated that the world”s land masses produce annually some one

undred pillien tens dry weight of plant biomass.
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= == t"IS convenient now to present in chart form the principal products
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= and-prime raw: materials currently obtained from petroleum, natural gas
— and petrochemistry.
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EldejseiNEeducts and Prime raw, materials fitompPEtiole Ui
E anciNBwral Gas

Vietihane The seven prime raw
Etlhane materials of iIndustrial

Propane” organic chemistry:

Butane™ 1.Methane (and C-1

Gasoline chemistry via CO/H,)

s

= Diesel Oil 2 Ethylene (said to be the

Heavy fuel oils prime source of ca. 40% of
Cubricating Oils/Greases all industrialized organic
Asphalt (residue) chemicals)
3.Propylene
4.Butylenes
* The main components of 5.Benzene
liguefied petroleum gas (LPG). |6.Toluene
7.Xylenes
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[INSfcOnVenient to presenttnext some Basicidata on Plant
BieIass [ligno-cellulose] as a % age of dry weight, and
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-'Some PasIc data on Plant Biomass (as a % age of dry weight)

Type
Agricultural
Principal residues

Components

Cellulose up to 40

Hemicellulose 15 — 26

Lignin 22 — 30
Ash 1-8
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Iihe fellowing generic structure serves fok
cellulese,and hemicellulese: -

Cellulose R=CH,OH; Hemicellulose R=H
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WA part-structure of lignin

CH—CH20H

O—cf

OCHs

The use of lignin is discussed below.
A summary of the principal processes for plant biomass utilization
follows-shown for sugar-cane bagasse (an agricultural residue).




Sugar Cane Bagasse (per ton)
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— Project Catile-feed Project Furfural Project Ethanol

— | #  Methanel 10L
E DigestionPre-hydrolysis

Auto-hyd rolysis | i

— Furfural 30 L

p Aceticacid 28 L

ll Pentosesp rincipally Hydrolysis #
Rapid Decompression Hylosze Lignin 280 kgs*
! ! Glucose Real:timrw ith steam
Mainly carh ochydrates Dehvdration | I |
constituting high Fermentation N C0/H;
guality catile feed I | D
Furfural U | So-called Synthesis gas
950 kg 100kz=90 L Ethanol 160 L 5 |
M.B. relatively small | | T | |
+ units could he set up- Red uction, To substitute R Methanol Catalysis Fixrher-
= widesp read in agri- nitration gasoline and I | Tropschprocess
culiural areas | die se]l oil A Catalysis |
Tetrahyd rofurfuryl L with Fuel oils and source
nitrate (THFIN) Dehydration zeolites of Petro-Chemicals
Safe/cheap additive [ 0 | in general
allow ing ethanol Ethylene R Benzene
to sub stitute diesel oil I G Toluene
A Xylenes
C-4 compounds| |N
including I plus aromaticsto C-10; and
butylenes C C-1 chemistiry in general
[ including the Synthesis gas
Metathesis with | | C shift reaction which gives
ethylene H hydrogen
[ E
Propylkene M
I
5
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* and to supply energy for the process Y

# via lianin coke




Seme additional comments are approphiete”
- g

isEIENG] as s, aZE0LePE W|th \Water IS, a geod. substituie: for
gasolifng agel s sgonusael i B o a2 millienTcars and™ ight
VERICIES Etlnanol with' added THEN (tetrahydrofurfuryl nitrate) serves
vvell: Sha substitute for ordinary Diesel fuel, proven by extensive road
IEStistAS ittler as 3-4% THFEN seems to be effective.
eiuinaryDiesel fuel is improved (higher cetane number) by adding
SR ENEVIethanol with added THEN also serves as a substitute for
= 0rdinary Diesel fuel.
e 2. As already emphasized, ethanolic fermentation is a key
S compoenent In substituting fossil fuels by plant biomass. This is already
carried out onm an enormous scale in Brazil using sucrose (from sugar-
cane) even though batch processes are used: it can just as easily be
carried out using glucose. In the long-term continuous ethanolic
fermentation will be highly desirable. There is already know-how for
this in Brazil and in other countries, so that it should not be too long
before large-scale commercial continuous ethanolic fermentation

processes are in place.
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liiere Is no need"to restrict ethanalic fermentation to thie sele Use of
LI rEsncerey/sSiaea: research is activer in the. employiients of SCHiEI
CIEeIOenISmS. A bacterium! ofsthe: Zymomornas genusisrespecially promising
WiiRiEREEVantage of being able“toerment to 18%: etiianel. The possibility: of
NN ERMENTAIONIS, 2ISONIEING StlICIE.

2 Tre orneles flzilleigiela it ines sipleile EREAE  rFEMains the
JEVEIGIINEN OIf ENETQY-SParing Processes for separating ethanol from ethanol-
WEISTRIIXAIES. Tiiier most promising possibilities at present are (a) the use of
Embleneiechnology; (b) the use of a low-pressure system with heat
HENGETS, It which ethanol is continuously pumped off. The development of
ENGOPNINC bacteria for ethanolic fermentation may also make a positive

BCOnIItion to the solution of this problem.

g5, What about Lignin? Its key planned use is to convert it to Synthesis gas

e

= (CO/H?). Thus
— Lignin coke + H20 (g) > CO + Hz
Jhis can be coupled with the Synthesis gas shift reaction to produce more
hydregen: CO + H20(g) =2 CO2 + H2
These are essential for the overall substitution of C-1 chemistry of
petrochemistry by plant biomass. It needs to added that the corresponding
reactions with Coal/Coke/Lignite + H20(g) - CO + Hz, would form a key part of
a scenario for the interim substitution of Petroleum and Natural gas by Coal and

Lignite efc.




@I presentation” has already (lUstrated™ oW plant biomass can

JUENIEUreleum, naturall gas and petiechemistry.

To rounelgifuigies glGivigenliilsave giglfe=siagolglzisiiAlglejesiolflea (i)
JEVEIGIIMENTLS and selecting new developments/perspectives.

‘Lot a'rge—scale contnyoys processes of ethanolic fermentation should
sEeeInEIcomnercially avaiable in the not-too-distant future.

= ~(a) Use efi micro-organisms other than Saccharomyces cerevisiaea tor

inelIC Terrmentation — Zymomonas bacteria are very promising candidates

(¢ *possuble use of thermophilic bacteria.
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'__-_'-_ = 3. Pevelopment of energy-sparing processes for separating ethanol from
= ethanol-water mixtures remains something of a challenge, although there are
promising developments.

4. Bacterial conversion of glucose to hydrogen (and water). The inventors
are studying the possibility of converting cellulose to hydrogen — sometimes
referred to as “the Clean fuel” since its combustion forms water.

5. Use of ethanol, methanol and hydrogen in fuel cells is a real possibility.




diiegen for catalytic reduction of carbon dioxideNONTIEHAN]ANS

j2 e
7, eroi methanol and’ ethanoll to produce methyl®™eand. ethyl~tertiary
suIREIENS (VITBE and ETBE); éspecially: ETBE, ter improve conventional
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geasolirie — flguar ggiElm]e number andiessinexious exnaust gases i I particular.
ST 1| CI e e LALOT O Stgarsr Lo SingleT Cell™ Proteinr (SCP). T As
EX emole prediuct with 45-50% protein has been obtained using 7orula utilfs.
WACTODIC fermentation of methanoll to SCP.

‘--_‘erobic iermentation of sugars to amino-acids.

IACTOIC fermentation of glucose using Alcaligenes entrophus to give a
siclenreolarsbiodegradable copolymer of  y-hydroxybutyric acid and &-

'm/% Oxaleric acid: HO(CH2)2COzH and HO(CH2)4CO2H.
,-,_; _12 Anaerehic fermentation of organic residues, including “rubbish”,
.methane (so-called Biogas).
— 13. Well-known fermentation routes to acetic, butyric, citric and lactic
aclds; to,acetone, butanol, butylenes, glycol /nter alia.

14. Genetic modification of plants so as to increase the amount of
biomass. As example a current study in Brazil is concerned with increasing the
biomass produced in Eucalyptus plantations.

15. In these areas where “Biodiesel” is a valid additional option it will be
necessary in the future to use methanol and ethanol from biomass.
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IGIIINENE. are many areasseiithe world unsuitablesercommercial crops
WhiliseoUld be utilized to preduce plant biemass.

IVSRASKEYE Bspectinol thepuliliZationy el Plant, Bioniass, e, substitute
SEBIEII ALl 0as anal PErOCHEMISiy IS that 1ts Very: growth consumes
I BINEIOXIGEL TSt dees not diminishr the importance of chemical and
MAnencstudies specifically directed to recycling carbon dioxide;

IS AlIeEydrelysis of plant biomass produces an excellent feed for
LI AIEL)ES,
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