METHOD AND APPARATUS FOR PROCESSI NG EMPTY FRUI T BUNCHES (EFB) FIELD OF THE
| NVENTI ON The present invention relates to a nethod of processing
enpty fruit bunches (EFB) to convert the enpty fruit bunches (EFB) into
useful byproducts including fuel products. BACKGROUND OF THE | NVENTI ON

In many oil pal mgrow ng countries such as Ml aysi a, Indonesia and N geri a,
| arge anmount of palmoil are produced on a yearly basis. During the
production of palmoil and pal mkernel oil in palmoil mlls, mllions of
tonne of fresh fruit bunches are relieved of the oil bearing fruits which
are discarded as enpty fruit bunches (EFB), felled oil pal mtrunks (OPT)
and pruned oil pal mfronds éCP which are terned as bi omass. The quantity
of bi onmass created during EH%%dﬁ%b&?QﬁRQﬁU%@WﬂPBDPE§§"V%ry | arge and

massi ve which has limted use IEwwnnhwuhﬂBUNgHEQ(éhﬁ production chain. In
Mal aysia, an estimated 20 mllion tonne of enpty fruit bunches (EFB) are
produced as waste, annually. Since the enpty fruit bunches (EFB)
have yet toHEéDKHTTﬁleWENTﬁéd economically, the enpty fruit bunches (EFB)
are normal ly disposed usi ng conventional nethod such as putting the enpty
fruit bunches (ﬁF under the trees for mul ching where the deconposition of
the enpty fruit BERES @@"@EP@?rﬁPEﬁdb%”P@PﬁPfP?%ﬁ?”g?ﬁ@yﬁﬁﬁhﬁ%ﬁah B)f this
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are al so di sposed by being burnt in boilers as fuel. However, the burning
of the enpty fruit bunches (EFB) gives rise to ineffective burnlng in the
boi | er due g% CREBOUNRSH THE MVENHE@NUnused enpty fruit bunches (EFB) are

al so normal |y dlsposed by burnlng t hese residues in the open which create
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envi r onnent(OPTRand pruned oil palm fronds (OPF) which are termed as biomass. The quantity of
biomass created during the production of palm oil is very large and massive which has
limited use in contributing to the production chain. In Malaysia, an estimated 20 million
tonne of empty fruit bunches (EFB) are produced as waste, annually.

Since the empty fruit bunches (EFB) have yet to be fully utilized economically, the
empty fruit bunches (EFB) are normally disposed using conventional method such as
putting the empty fruit bunches (EFB) under the trees for mulching where the
decomposition of the empty fruit bunches (EFB) produce fertilizers. The maintenance of
this method consumes unproductive cost and energy. The empty fruit bunches (EFB) are
also disposed by being burnt in boilers as fuel. However, the burning of the empty fruit
bunches (EFB) gives rise to ineffective burning in the boiler due to its composition. The
unused empty fruit bunches (EFB) are also normally disposed by burning these residues
in the open which create environmental problems where due to the composition, it
generates air poliution which is damaging to the environment. Another common way to
dispose the empty fruit bunches (EFB) is by using land filling method. The handling of the
empty fruit bunches (EFB) in this land filing method consumes unproductive cost and
energy. Furthermore, the dumping of the empty fruit bunches (EFB) can cause additional

emission of methane into the environment.



The conventional nethods of disposal as described previously give rise to
potential environnmental issues such as air pollution and soil pollution
which is damaging to the environnment. The land filling nethod requires a
| arge footprint which proves costly and entails wastage of |and. An
Eur opean patent application no. EP 1,990,399 Al discloses a nethod for
treatnent of the enpty fruit bunch (EFB) material of palmoil trees
conprising (a) an optional pretreatnment of the EFB naterial thereby form ng
an optionally pretreated EFB material, and (b) torrefying the optionally
pretreated EFB material thereby forni2ng a torrefied EFB product. The
invention further provides a particulate torrefied EFB product conprising
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the hi gh praaduchiondva@sih thelBfgddresenivinavent i on was devel oped in
consi deration of these needs. SUWARY THE | NVENTI ON I n one

aspect, the invention provides a nmethod of processing enpty fruit bunches
(EFB), conpri si hgviehef dteelpgyecdmountd epasiduengareaptive émptytirubunedres EEBB) i nto
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byproducts; subj ecting the byproducts o e processed éenpty fruit
bunches (EFE) "% fﬂre%\?“le{'i'ﬁd ARHARASRYEHS £OTVSH thr eolty §ukbunches €EF BY terfbe stdages;
and products such as fuel which are economically useful. This also is in consideration of the
depleting conventional fossil fuel resources which lead to the need for alternative energy
(fuel) which are cheap, renewable and environmentally friendly. Many of the conventional
methods of disposing the empty fruit bunches (EFB) create damaging environmental
pollution problems. To minimize poliution, there is a need for an effective method and
apparatus to successfully process the empty fruit branches. Many conventional biological
process plants operates at a high production cost which produce end products which are
not significantly useful in economical sense to justify the high production cost. The present
invention was developed in consideration of these needs.



coll ecting the byproducts of the processed enpty fruit bunches (EFB) at the

different stages of the heating and condensati on processes; wher ei n
t he byproducts conprise carbonaceous solid fuel product, |iquid chem cal
product, and a flanmabl e gas product. I n anot her aspect, the

invention provides a b oreactor for managing a process of converting enpty
fruit bunches (EFB) into byproducts, conprising: a vertical process chanber
for processing the enpty fruit bunches (ES); a combustion chanber for
heating a flow of air directed to the process chamber; wherein the flow of
hot air in a jacket of the process chanber heats up the enpty fruit bunches

(ES) to produce hot va a distillation apparatus for condensing
hot vapour s SYMEARY 2F ‘glﬁdWENEc’h’eatl ng of the enpty fruit bunches (ES) to
produce byproducts; wherein the bypr oduct s are collected at the
different st ages, of condensati o roc roducts
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f | ammabl e g8 Biredwasing the steps of :
depositing empty fruit bunches (EFB) into a process chamber:;

processing the empty fruit bunches (EFB) to yield byproducts;

subjecting the byproducts of the processed empty fruit bunches (EFB) to heating
and condensation processes at different stages; and

collecting the byproducts of the processed empty fruit bunches (EFB) at the
different stages of the heating and condensation processes;

wherein the byproducts comprise carbonaceous solid fuel product, liquid chemical
product, and a flammable gas product.

In another aspect, the invention provides a bioreactor for managing a process of
converting empty fruit bunches (EFB) into byproducts, comprising:

a vertical process chamber for processing the empty fruit bunches (EFB);

a combustion chamber for heating a flow of air directed to the process chamber;

wherein the flow of hot air in a jacket of the process chamber heats up the empty
fruit bunches (EFB) to produce hot vapours;

a distillation apparatus for condensing hot vapours generated from the heating of
the empty fruit bunches (EFB) to produce byproducts;

wherein the byproducts are collected at the different stages of condensation
processes;

wherein the byproducts comprises carbonaceous solid fuel product, liquid
chemical product, and flammable gas product.

The empty fruit bunches (EFB) suitably from paim oil plants are used to be
processed and converted into useful and environmentally friendly byproducts.

The invention provides a solution which allows all process variables to be
effectively controlled and manipulated to convert the empty fruit bunches (EFB) into
environmentally friendly byproducts of carbonaceous solid fuel, liquid chemical product,
and flammable gas product. The process of converting the empty fruit bunches (EFB) into
a variety of byproducts is called pyrolysis. Pyrolysis is simply defined as a thermal



The enpty fruit bunches (EFB) suitably frompalmoil plants are used to be
processed and converted into useful and environnentally friendly

bypr oduct s. The invention provides a solution which allows all
process variables to be effectively controlled and nani pul ated to convert
the enpty fruit bunches (EFB) into environnentally friendly byproducts of
car bonaceous solid fuel, liquid chem cal product, and flamabl e gas
product. The process of converting the enpty fruit bunches (EFB) into a
vari ety of byproducts is called pyrolysis. Pyrolysis is sinply defined as a
thermal 4 cracking of organic materidals in the absence of oxygen or any
ot her reagents, to produce a solid residue, known as char, a liquid
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to remove any solid particle in the hot vapor generated from the process chamber. The
hot vapors strike against the sheet of the impingement filter and then condensed as liquid
chemical and water. The liquid chemical and water are discharged through a valve and
collected by a first collection tank. The remaining hot vapors are then are directed to the
heat exchanger where the vapors are passed through a set of copper tubes where most of
the liquid material including water vapors is condensed into liquid chemical and water. The
liquid chemical and water are discharged through a valve in the heat exchanger and
collected in a second collection tank. The remaining hot vapors from the heat exchanger
are directed to the cyclone separator where they are subjected to a final condensation



S process. Any liquid material remaining in the hot vapors is condensed and
collected in a collection third tank. The gas com ng out of the cycl one
separator is alnost free of any liquid or solid material and directed to
exit the bioreactor for open air for burning or directed to return to the
conmbustion chanber to be used for heating. The gas directed to return to

t he conbustion chanber is subjected to a process of condensation in an

i mpi ngenent filter to collect any remaining liquid naterial available in
the gas. Any remaining liquid material is collected in a fourth collection
t ank. A hot air blower is positioned at the topnost point of the
vertical process chanber to facilitate the flow of heated air fromthe
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type) for H@é@'rYﬁj‘fE@f*tﬁ@éé’%fW‘mes not require any pul verizing. As the
fuel's fire retention time is lower, it burns well w thout any problem

until the burni Ieve IS €O i ber at es ere t at a
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in its conpound unlike the other coke materials made from coal or petrol eum
products. A cooling tower is connected to the heat exchanger and screw conveyor through a
series of water pipe connection. The cooling tower provides a supply of water through a
water pump to cool the heat exchanger and screw conveyor. A water tank is positioned at

the top of the bioreactor which provides a supply of water to the cooling tower.

The remaining heated empty fruit bunches (EFB) in the process chamber are
reduced to a solid carbonaceous fuel material. The carbonized product has the potential
to be used as a fuel due to its high calorific value in the range of 5700 — 6000 kcal/kg. This
fuel may be used directly in boilers (fluidized bed type) for heating purposes and does not
require any pulverizing. As the fuel's fire retention time is lower, it burns well without any
problem until the burning level is completed. The fuel liberates more heat at a lesser time.
The burning of this fuel is not environmentally hazardous. The residues from the burning
of the fuel have a low ash content of not more than 16% and have a high potash content
of up to 40% which can be used as a high value fertilizer in any plantations. The major



The m xture of liquid chem cal and water is collected in all of the
collection tanks. Water and the liquid chem cal are separated by gravity.
The liquid material product ranges from 7-10% of the m xture collected in
the collection tanks, depending on the nature of the palmoil plant, its
origin and the soil conditions in which it grows. The liquid nmaterial, when
coated over steel surfaces, dries to give a continuous well adherent film
The filmhas sufficient corrosion protection properties that it can be used
as binder for making protective coating for exanple paints. The liquid

mat eri al conprises phenol up to 26% of the content, methyl ester of
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saving cost for the whole process.

In an embodiment, an agitator is fitted in the conical portion of the vertical process
chamber which directs the carbonized empty fruit bunches (EFB) into the screw conveyor.
The agitator which is a vibrating setup made of mild steel twisted rods provides agitation
to the flow of the carbonized empty fruit bunches (EFB) in the scenario where the flow of
the carbonized product may be blocked in the conical portion of the process chamber due
to the high volume of the carbonized product flowing from the process chamber. This
ensures the continuous flow of the carbonized empty fruit bunches (EFB) to the conveyor.



Figure 2a is a tabulated result of an analytical report which determ nes
the properties of carbonized fuel which is processed fromthe carboni zed
soi | fuel product: Figure 2b is a tabulated result of an anal ytica
report which determ nes the conposition of the flue gas after the burning
of the carbonized solid fuel product; and Figure 3 is a tabul ated
result of an analytical report which determ nes the conposition of the

fl ammabl e gas. 8 DETAI LED DESCRI PTI ON OF THE EMBODI MENT The present
invention relates to a nmethod of processing enpty fruit bunches (EFB) to
convert the enpty fruit bunches (EFB) to byproducts using a bioreactor
system Fi gure illustrates all the conponents of a bioreactor 100
to conduct QRWrQﬁ%“@T'BN&%&EPBWN@&t the enpty fruit bunches (EFB) to
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process chagaseiption plige amavaamemtemer@df themethien san@hjdmi:cgmxt?dﬁe Gecavetpengng The
process chajf@ihgd Hygeve %@%K@Ed:%@ntt%qwarakztnéﬁg@ Ocess ?gﬂih%{;bu?po% gtVTVhOf hot

air is pass dto formthe heati ng nedium o

heating of 'PYTEURAT F<PlaRatiop aiciEe neitpmy t?‘fﬂ“cﬁ?d'ﬁ“tt“ﬁéh‘} georeef the W@S@Gbne in a
seal ed prodesstiohdrizespelofwhich@ith bk ietepriesECtRe Sfpeaddttdims.

conmbustion chanmber 5 which is cylindrical in shape with a di anet er of 1,720
mm and 2,000 nm | ong made of 4 nmthick mld steel sheet is ignited through
a set of burnerd fhﬁra%mwwmqi@«mgédh'ffetefetma@amugmalq eP@sed tp kYot skecomi ng
froma set pafts gacugeyltitdeusaiewken cylinders with 14. 7kg capacity of LPG
are connected to supply LPGto the burners in the conbustion chanber 5. The
set of burners has the capacity of burning up to 16kg of gas per hour. The
wal | s of the cofisust] e ehansar ofsa bipeattonidcondtdh teefrpeast @f camertingshe at i ng
bricks to awphdrineahcHee%sB)Theviip@led; air exits fromthe conbustion chanmber
5 through a highly insulated 8 inches of dianmeter outlet pipe connection
which is connected to the heating jacket |a of the process chanber 1 at the
bott om of the pFigeresza ¢hanfaeulatkd result of an analytical report which determines the

properties of carbonized fuel which is processed from the carbonized soil fuel product;

Figure 2b is a tabulated result of an analytical report which determines the
composition of the flue gas after the burning of the carbonized solid fuel product; and

Figure 3 is a tabulated result of an analytical report which determines the
composition of the flammable gas.



The heated flow of air fromthe conbustion chanber 5 maintained at 680C is
directed or sucked into the heating jacket |la of the process chanber 1 by
operating the air blower 9 driven by a blower notor 10. In other words, the
inlet tenperature fromthe conbustion chanber 5 into the vertical process
chanber 1 is 680C. The tenperature inside the process chanber 1 increases
steadily and reaches until 400C and the tenperature in the process chanber
1 is then maintained at 400C. The heat is transferred fromthe fl ow of
heated air in the jacket la to the enpty fruit bunches (EFB). The jacket |a
is fitted with ribs throughout the hei ght of the process chanber 1 in order
to obstruct the flow of heated air which would result in a higher

resi dent i al DETAREPMHESORIPHON QF THE EMBOSMMENT to an efficient heat transfer
in the process chanber 1. During this stage, the enpty fruit bunches in the
process chanber ected to the heat at tenperature of 400C start to

rel ease hot vapo §peF’Jﬁ%t mEAtRTeRes P dmelird ohriesssng prap {rHEL W hEUE Bbn
chanber 5 tferoongit thhemptabhieburicaesoEFBYte by@bddctalsinglaat@sstd: bpyider 1 and
escapes through the hot air vent 13 at an outlet tenperature of 260C.

The hot vapors are directed to the inpingenent filter 8 through a gas pipe
connection 16a. Figtee { divplerten ol bespmpenentsaf avkigserator 18P daseduéiraopyrelpss
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The renalnlng hot Vapo to a cyc separ a gas pipe
connect i on °L8¥/9br furt her condensatl on. I\/bst of the remaining liquid
chem cal in the hot vapor is condensed in the cycl one separator 20 when the

vapor strikes a | one se to the fine
particles and IQ% E’%Est;&h@ha er? ngﬁﬁa‘ "P@h%’ K’(St a#laénegéflol\#\g?%iﬂmbnd
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burned in t rPel’] at nosphere ur ner ositione
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bi oreactor 100. The gas pi pe connection 16e is connected to an i npingenent
filter 21 for the ﬁé&&pﬁﬂv of af Ilobreihk r&n@@éﬁoﬁ'c’ﬂ@mgér@ 'n%llrﬁén&lng ééoe’é’dsdt th
o the

chem cal Q g epr ouggh condensation before the gas Is directe

conbust i on“EHF ‘Wb‘g SUgRep Jpto N eiPRiaTEEt 1AM ﬁ?%ﬁ’fﬁ????r?@"’"f‘??fé Paprardingsheand

| i qui d cheai blalvei 8 dowdnl lycd eldwienmatoe 60. 18 GtHed Wotdanine TiBet temperature from the
combustion chamber & into the vertical process chamber 1 is 680°C. The temperature
inside the process chamber 1 increases steadily and reaches until 400°C and the
temperature in the process chamber 1 is then maintained at 400°C. The heat is
transferred from the flow of heated air in the jacket 1a to the empty fruit bunches (EFB).
The jacket 1a is fitted with ribs throughout the height of the process chamber 1 in order to
obstruct the flow of heated air which would result in a higher residential time for the hot air



The remai ning heated enpty fruit bunches (EFB) in the process chanber 1 are
reduced to solid carbonaceous fuel material product. The carbonized solid
fuel product is directed fromthe bottomconical portion | b of the process
chanmber 1 to a collection tank 18a through a screw conveyor 3 for the

pur pose of collection. The screw conveyor 3 is driven by a notor. An
agitator 22 is fitted in the conical portion Ib of the process chanber 1
whi ch directs the carboni zed enpty fruit bunches (EFB) into the screw
conveyor 3. The agitator 22 which is a vibrating setup nade of mld steel
twi sted rods provides agitation to tie flow of the carbonized enpty fruit
bunches (EFB) in the scenario where the flow of the carboni zed products may
be bl ocked eaditdi® cpefficieal hepbtraristan in the prbcéshehmmes!}xurmb&ni)ﬁagdtr@lwnmp t he

hi gh vol umeggf anraﬁes lﬁrtpé)ﬂnlo%&% Q{agl@?rc i stxgj&\f\éc{;g he ggﬁttgﬁ rRée?gtgr%sofCJa)

Thi s ensures the continuous oni ze i rui't bunc

(EFB) to thB2EWFEats RohVaRerk Tmeaeated flow of ajx pagssh irAg ﬂﬂ%vmbwhqrsché@hﬁe’tt ed to

t he heat extﬁh)ag@efe jeckehrz06fdhe adridah b@kessadhembet PdCaBRREthiBlghLiha hotfhIe
cooling to Lt 173Qrag\ébgeefﬁempe%grglo}%&ﬁd?Mt er through a water punp 12 to cool
e

t he heat exchanger scharged fromthe heat exchanger 6
t hrough an outl et water pipe connection 17b to be returned to the cooling
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car boni zed fuel which rocesse rom-t ni ze ail ned
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5. 700 - Bgégcal T(ii %Thigﬁé? t!]i reg%z?}mr@ !g@xdec(%eréucael(s: tan ensec{ H}glyfqas r%n\?g H bed
type boi l eff@mﬁ’aﬁf'%%fthOhgapowﬁée&WmﬂS@g@ram 20 Rise helgeto ihgeadeghe velodtpes not
requi re anyeiakverizing. As its fire retention tine is lower, it burns well
until the burning level is conpleted. Two types of carboni zed fuel
processed fromtw types of enpty fruit bunches (EFS), 0-41 and 0-39 are
anal yzed in Fi giftes p2ssingRhogFrittgucyeloBa setanatondl) teogdsaint i9brobiatd with 4o and
0-39 is | e5sichbatn MYaaithbiGhs ihexdAlldic g%kryec A 2 T ARMAALLENAL4 Coal

has as nuch as 40% of " ash content™ after burnin ntam nates and

pol | ut es t WECTBMRA 9EnABHIed Thibe ogqi a§tselmtie ene b@f”ef ﬁ% whishbopesitieed ated
processed fartir bdight 082 betergfesh s@l ﬂeﬁz éx@aaéng@r odwetotf @@tres«asae Hiaéc@s the gasf )
envi ronmen The soa unt o urt her
good use. %?c%%s% (f%qﬁ %dmﬁ%%%'cp Tcont Jetr?'fmn The 'Ga[‘s amb gg’f’?r g}ﬁ (40. 8%
in dry bas®as)is &sb%t’lé{ﬂb%lc’ﬁgﬁw‘m tjﬁrlé’GZ%UPPWHQF fmhngabeélpwexﬂ aafat éﬂle shart ofitmey t he
fuel can bgndisebcass & thé Bibrakdie chertd bégs?e cenr% ;cm %é lsoém&&éd RN, or any
ot her plantati ons. f@ tﬁ’t’%ﬁ of the conten igS) 925 ny/ kg or
0. 002% 0. OFBNFSTRY gt PYRPSSH FIterEp any f‘t‘ﬁé?a‘é‘a*ﬁﬁéﬁ J S i
product i sthabapttrougbgbndginbdten bEfee thej g2t iadariagtheahnibhstionahbapérzed: f uel is
t he negligi bl e amount of sul phur in its conposition, unlike the other
conventional material made from coal or petrol eum products. Fi gure
2b is a tabulated result of an anal ytical report which determ nes the
conposition of the flue gas after the burning of the carbonized solid fuel
product. Fromthe information in Figure 2b, the flue gas analysis indicates
clearly that the contents of the toxic gases emtted fromthe burning of

t he carboni zed products to produce the carbonized fuel are within
permssible limts. The burning of this fuel is not environnentally
hazardous. The content of carbon nonoxide (CO is significantly | ow at
170ppm 12 ’



Figure 3 is a tabulated result of an analytical report which determ nes the
conposition of the flamuabl e gas which flows out fromthe cycl one separator
20. The flammbl e gas product conprises a volunme of 30% of nitrogen, 9.87 %
of nethane, 1.26 % of ethane, 0.50 % of propane-pentane, 42.37% of carbon
di oxi de and 16% of carbon nonoxi de. The flammable gas is returned to the
conbustion chanber 5 to be burned to provide heat for the pyrolysis process
in the bioreactor 100. The flammabl e gas has a calorific val ue of

1, 400kcal / kg. The supply of the flanmmable gas fromthe pyrolysis process
decreases the quantity of used LPG fol0 burning in the conbustion chanber 5.
Sonme of the remaining flanmble gas fromthe cycl one separator 20 is

rel eased fr omwntnbeAi remeangdine pertibles bod gl ¢hemidakls aplertedtimaspletion tank

The inventi g, may be enbodi ed in many ways other than those specifically
descri bed herein, without departing fromthe scope thereof. 13 CLAIMS 1. A
nmet hod of processing enpty fruit bunches (EFB), conprising the steps of :
deposi ting enpt yTHerinbinbynebes dpRB)ruit birghés (EtFB;:&S!&e@Fc&ﬁbﬁbhanﬂfeﬁG%éi ng the
enpty fruit t| ng

bypr oduct s OEEH%%%?‘{SE%@)Q%&O& ﬁj ep?‘g%ﬁ%i%gundhme PRt § 30 dlef% iPhg 8tnfil
condensat i oﬁ'r%feéé@%fég battonapw«@# e@rttorst!a@‘élse pragrss chamber 1 te @l dobretipmignk he

byproducts ¢fa mmg@@%ﬂesﬁmv@ymwo.f thiliptirpB s 6@ e diBH Bhheddcrdah&ordbfof arignt

stages of t dnveﬂ %9 Ea mn a rg agclt% or afltteg c»ra gc?n?csa?pomon 1b of the process chamber
1 which directs the carbonized empty fruit bunches (EFB) into the screw conveyor 3. The
agitator 22 which is a vibrating setup made of mild steel twisted rods provides agitation to
the flow of the carbonized empty fruit bunches (EFB) in the scenario where the flow of the
carbonized products may be blocked in the conical portion 1b of the process chamber 1
due to the high volume of the carbonized product flowing from the process chamber 1.
This ensures the continuous flow of the carbonized empty fruit bunches (EFB) to the

collection tank 18a.

A cooling tower 7 is connected to the heat exchanger 6 through an inlet water pipe
connection 17a. The cooling tower 7 provides a supply of water through a water pump 12
to cool the heat exchanger 6. The water is discharged from the heat exchanger 6 through
an outlet water pipe connection 17b to be returned to the cooling tower 7. The
temperature of the hot vapor at the inlet of the heat exchanger 6 is 230°C. By providing a
supply of water at a temperature of 30°C at a flow rate of 100 Uminute to the heat
exchanger 6, the outlet temperature of the condensed liquid is 30°C.

A water tank 19 located at the top of the bioreactor 100 supplies water to the
cooling tower 7. Water is supplied to the water tank 19 by water pumps 12 through pipe
connections 17e, 17f connected to a sump. The water tank 19 also supplies water for
cooling the screw conveyor 3 through an inlet water pipe connection 17¢ and exits from
the screw conveyor 3 through an outlet water pipe connection 17d. The water from the
screw conveyor 3 is returned to the cooling tower 7 through the outlet water pipe

connection 17d which is joined to the outlet water pipe connection 17b.



wherein the byproducts conprise carbonaceous solid fuel product, liquid

chem cal product, and a flammabl e gas product. 2. A nethod of
processing enpty fruit bunches (EFB) according to Caim1l, further

conpri si ng: controlling any one or nore of the treatnent process of
conbustion, heating, condensation and cooling to optim ze the process
condi tions. 3. A nethod of processing enpty fruit bunches (EFB)
according to Claim1l or 2, further conprising: supplying a flow of

heated air to a heating nediumin the process chanber allow ng the enpty
fruit bunches (EFB) to be indirectly heated in the absence of oxygen to
produce said liquid chem cal product. 4. A nethod of processing
enpty fruit bunchiebe ehdB) thaegaiydismgodkss &l taé Blo@actehedteihe ddngokiti@nofahe heat ed

?‘i r s Chan@@le@t@d ttglpt%dilc%; l%?é agffoﬁo%; %ri&(%ea‘s s@iﬁé@?%w‘&u&ﬁ%gb%% %qtﬁc@
indirect heating of the enpty fruit’ bunches rough cornductron and
radi ati on. chemical Pfoﬂ@*A“‘?r&?%@d”WWsi ng enpty fruit bunches (ES)
according to daim3 or 4, wherein the flow of air is heated and Lraidn'z)?i ned
P ocessi ng. empty PYGEE BuRCHEEHCEABP! A8 ot eid-gPet Weioh; e 6o
wher ei n t hepwretiss off caornizhe fuel guictl i€ henessad frpmadel carbbszdduprptiet obte@at ed wit h
condensat i Ofgm the processed empty fruit bunches which has undergone the pyrolysis process using

the bioreactor 100. The carbonized product from pyrolysis process is used as fuel due to

its high calorific value in the range of 5,700 — 6000 kcal/kg. The fuel can be used directly

in the fluidized bed type boilers for heating. The advantage of this fuel is that it does not

require any pulverizing. As its fire retention time is lower, it burns well until the burning

level is completed. Two types of carbonized fuel processed from two types of empty fruit

bunches (EFB), C41 and C-39 are analyzed in Figure 2a. From Figure 2a, the ash

content of both C-41 and C-39 is less than 16%, which is significantly low. The

conventional coal has as much as 40% of ash content after burning which contaminates

and pollutes the environment. The low ash content of the carbonized fuel processed from

the carbonized solid fuel product offers a more environmentally friendly option. The small

amount of ash is put to further good use. Because of the high potaéh content in the ash

composition (40.8% in dry basis) as stated in Figure 2a, the ash obtained after burning the

fuel can be used as a high value fertilizer in palm oil plantations or any other plantations.

The range of the content of sulphur (S} is 19-25 mg/kg or 0.002%-0.003%. The content of

sulphur (S) in the carbonized solid fuel product is almost negligible. The major advantage

of the carbonized fuel is the negligible amount of sulphur in its composition, unlike the

other conventional material made from coal or petroleum products.

Figure 2b is a tabulated result of an analytical report which determines the
composition of the flue gas after the burning of the carbonized solid fuel product. From the
information in Figure 2b, the flue gas analysis indicates clearly that the contents of the
toxic gases emitted from the burning of the carbonized products to produce the
carbonized fuel are within permissible limits. The burning of this fuel is not environmentally

hazardous. The content of carbon monoxide (CO) is significantly low at 170ppm.



14 T A nethod of processing enpty fruit bunches (EFB) according to
any of the preceding clains, wherein excess flammbl e gas product at the
end of the treatnent process is heated up and returned to the process
chanber . 8. A nethod of processing enpty fruit bunches (EFB)
according to any of the preceding clains, wherein excess flammbl e gas
product at the end of the treatnent process is released and burn in open
ai r at nosphere. 9. A nethod of processing enpty fruit bunches (EFB)
according to any of the preceding clains, wherein the solid fuel product is
substantial ly sul phur-free. 10. A nmethod of processing enpty fruit
bunches (EFB) according to any of the preceding clains, wherein the liquid
chemi cal product Figaaps iis estadtlyted Nes@ir ohan earafytigheanlt, wieh hydteregieerthef
hexanedecang c f essing
enpty fruit uncﬁfoﬁi ?E%égaﬁg%tg%r %n\gm%’oﬂo%s o frofnht%% cyﬁor@%%%%t 200 R(gv\,he rein
t he fIannabﬂ@“@a@es?%ﬂa@ﬁf€6W§§P%é§dhmﬁpbégh0fW@Kﬁﬁn%87%{ﬁéﬁémﬂﬁ 126

Er opane- pe nb/agrgem&@r @Q@%jbfq%édizﬁeiééﬂaﬁ@Mb@'?%@ﬁ:@%bﬂ@wxnde and 16%1e2. cafbgn ]
(EFB) i nto BYBTArs rOam Pet RUFORadch PP amopoe e R arbee ety
processi ng pdoelderirlpavorf Wa|plyr0b/ausqinms$ EFB} ; bioreactor 100.aT reoftdpursatil®@ gasc haarber (5)
for heati ng.fodak oWRS ofah RodttAIRE! B8Rk Qo SF RILRERF YA om the pyrolysis

process decreases the quantity of used LPG for burning in the combustion chamber 5.

Some of the remaining flammable gas from the cyclone separator 20 is released from the

bioreactor to be burned in the open atmosphere.

The invention may be embodied in many ways other than those specifically
described herein, without departing from the scope thereof.



wherein the flow of hot air in a jacket (la) of the process chanber heats
up the enpty fruit bunches (EFB) to produce hot vapours; a
distillation apparatus for condensing hot vapours generated fromthe
heating of the enpty fruit bunches (EFB) to produce byproducts:

wherein the byproducts are collected at the different stages of

condensati on processes; wherei n the byproducts conpri ses v
car bonaceous solid fuel product, liquid chem cal product, and flammabl e gas
product. 15 13. A bioreactor (100) according to Claim12, wherein

the distillation apparatus conprises:i3i npi ngenent filter (8); heat

exchanger (6); and
CLAIMS

1. A method of processing empty fruit bunches (EFB), comprising the steps of :

depositing empty fruit bunches (EFB) into a process chamber;

processing the empty fruit bunches (EFB) to yield byproducts;

subjecting the byproducts of the processed empty fruit bunches (EFB) to heating
and condensation processes at different stages; and

Co!!ecting the byproducts of the processed empty fruit bunches (EFB) at the
different stages of the heating and condensation processes;

wherein the byproducts comprise carbonaceous solid fuel product, liquid chemical
product, and a flammable gas product.

2. A method of processing empty fruit bunches (EFB) according to Claim 1, further
comprising:
controlling any one or more of the treatment process of combustion, heating,

condensation and cooling to optimize the process conditions.

3. A method of processing empty fruit bunches (EFB) according to Claim 1 or 2,
further comprising:

supplying a flow of heated air to a heating medium in the process chamber
allowing the empty fruit bunches (EFB) to be indirectly heated in the absence of oxygen to

produce said liquid chemical product.

4. A method of processing empty fruit bunches (EFB) according to Claim 3,
wherein the flow of heated air is channeled to a jacket of the process chamber to facilitate
an indirect heating of the empty fruit bunches (EFB) through conduction and radiation.

5. A method of processing empty fruit bunches (EFB) according to Claim 3 or 4,
wherein the flow of air is heated and maintained at a predetermined temperature of at

least 400°C.

6. A method of processing empty fruit bunches (EFB) according any of Claims 1 to
5, wherein the excess from the liquid chemical product is further treated with

condensation.



cycl one separator (5); wherei n byproducts are subjected to further
treatnent at different tenperatures and process conditions to yield

addi ti onal byproducts. 14. A bioreactor (100) according to Claim12
or 13, further conprising at |east one collection tank (18a, 18b, 18c, 18d,
18e) to collect the byproducts. 15. A bioreactor (100) according to

any of Clains 12 to 14, further conprising a screw conveyor (3) for

col l ecting the carbonaceous solid fuel product fromthe vertical process
chanber (1). 16. A bioreactor (100) for managi ng a process of
converting enpty fruit bunches (EFB) i4nto byproducts according to any of
Clains 12 to 14, further conprising a water cooling tower (7) for cooling
t he conponents of A hetHod aif @aieeding empty fruit bunches (EFB) according to any of the

preceding claims, wherein excess flammable gas product at the end of the treatment
process is heated up and returned to the process chamber.

8. A method of processing empty fruit bunches (EFB) according to any of the
preceding claims, wherein excess flammable gas product at the end of the treatment

process is released and burn in open air atmosphere.

9. A method of processing empty fruit bunches (EFB) according to any of the
preceding claims, wherein the solid fuel product is substantially sulphur-free.

10. A method of processing empty fruit bunches (EFB) according to any of the
preceding claims, wherein the liquid chemical product comprises any one or more of

phenol, methy! ester of hexanedecanoic acid and 1-tetradecanol.

11. A method of processing empty fruit bunches (EFB) according. to any of the
preceding claims, wherein the flammable gas product comprises nitrogen, methane,

ethane, propane-pentane, carbon dioxide and carbon monoxide.

12. A bioreactor (100) for managing a process of converting empty fruit bunches
(EFB) into byproducts, comprising:

a vertical process chamber (1) for processing the empty fruit bunches (EFB);

a combustion chamber (5) for heating a flow of air directed to the process
chamber,

wherein the flow of hot air in a jacket (1a) of the process chamber heats up the
empty fruit bunches (EFB) to produce hot vapours;

a distillation apparatus for condensing hot vapours generated from the heating of
the empty fruit bunches (EFB) to produce byproducts;

wherein the byproducts are collected at the different stages of condensation
processes,

wherein the byproducts comprises carbonaceous solid fuel product, liquid

chemical product, and flammable gas product.
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13. A bioreactor (100) according to Claim 12, wherein the distillation apparatus
comprises:

impingement filter (8);

heat exchanger (6); and

cyclone separator (5);

wherein byproducts are subjected to further treatment at different temperatures

and process conditions to yield additional byproducts.

14. A bioreactor (100) according to Claim 12 or 13, further comprising at least one
collection tank (18a, 18b, 18c¢, 18d, 18e) to collect the byproducts.

15. A bioreactor (100) according to any of Claims 12 to 14, further comprising a
screw conveyor (3) for collecting the carbonaceous solid fuel product from the vertical

process chamber (1).

16. A bioreactor (100) for managing a process of converting empty fruit bunches
(EFB) into byproducts according to any of Claims 12 to 14, further comprising a water

cooling tower (7) for cooling the components of the bioreactor.



