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(V) €5,% (fragmentation)

Pl e IS 8 A 0 W g Mol ) duala 3 e
(charcoal) e &3 1 Jsd 4 ala U ()

S ) o g 5 o IS Ay e U8 (¥

() H20 5 CH4 ¢ CO2 ¢« CO : Jak 38 3\ (¥

Biomass Pyrolysis Processes

Char Liquid Gas
CARBONISATION 35% 30% 35%
low temperature
long residence time
FAST PYROLYSIS 12% 75% 13%
moderate temperature
short residence time
GASIFICATION 10% 5% 85%

high temperature
long residence time
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Biomass Pyrolysis Pathways

Primary Processes Secondary Processes Tertiary Processes
Light HCs, 2 O
gzgg; co':'coo, ‘F;;l;;a;y A,'om,m, g:f:a:. &l;on:':gs Al ’““:"‘;g:'_. :& :’,b
2 " & Oxygenates ' 2 4.0. CH, a
’ i + T M
| ! ! |
Q| | | |
g | | 1 i 1
| | I |
=it High | | |

Condensed Oils
(phenols, aromatics)

Pyrolysis Severity
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I8 Ll L <l
(il 4 52)

(H20) < A5y (drying) o Sia <Y..

Jeilia ¢ Sl ) (rectification) sshii | Yo..YY.
(MeOH)

(extractives) & o jlas (torrefaction) s Jjbm 43 YA-YO.
o s Gl B | (devolatilization) o) 4aas ga& A | daeaFe

Oloké L8 ¢ o iy (carbonization) ¢a& &3 >0+

(tars)
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o)Ak e JBI 3 sdee n Sise Jal e

(feedstock properties) ¢sifal 9 Hsbu oot ¢ Holu ¢ jiusld lala ()
(pyrolysis temperature) o <l (Y

(process pressure) i b jLié (¥

(vapour residence time) J\as alga csa (¥

(particle size) s wlakid 5304 (&

(heating rate) alesw (e & ldka 5 &y (7

(V) (biomass burn off « heat integration) 8 AL Jal s slaa (V

Charcoal Yields

Stoichiometric:

53.0% (100% C)
Thermodynamic:

Cellulose:

CeH.0s —— 3.74C + 2.65H,0 + 1.17CO, + 1.08CH,
27.7% (62.4% C)

Antal, M J. and Gronli, M, Ind.Eng.Chem.Res 2003, 42, 1619-1640

Practical:

CH,,0,s —— charcoal + gas + liquid
10-35% (15-60% C)
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D0 Alibe Gl e JBI A8 Wl S fiaga
(fuel) < s ()

(activated carbon) Jué s (¥

(V) (metallurgy) <3t gl (¥

Earth Mound Charcoal Production

— A - fuelwood

=" th ¢ i i
A5 coarse grass o die B - carbonisation zone
C - charcoal zone

stack W

air
inlet S it \ e W X - : ;
= SIS prrenniad  GANMGAARLAMDARE R Swedish earth kiln with chimney
DHhED S S v Qv,,.ig- .',rl,' D T s ¢ ¥ A .
Ll Simple technologies for charcoal making
\ L—l_l /
%ol 54 FAQ Forestry Paper 41, Rome 1987

Release of pyrolysis gas and vapor to atmosphere
nt wood burn off for process

No heat recovery; significa
energy

Low yield; environmental pollution
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sl sl (iS5 (il 3 ey MGl g™ Ay VL S (JUalilBa V) A A o al L (¥
g o

gl 38) Sl 21 g0 e el 3 g by alad o JLAG ol 9 (o 381 1 s )3 LA U8y (Y gk (e (F
23R JIE3 G 4y sala sl sla ()

Gl sy UL 8 g 8 ISl oS Gadia K ey (O

G942 Gl JUS oS Co 4y jade (lagn g3 aS Alad Culaa 1 g ladad G e s 1) (7
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(V) 2y g oligS Gl il b g O3 Gligald 1 Al B UL dal e ) g qualia (Y

"r(V) ey S g o La 8 GAET (Vg

LA A g s L
(il 4 2)
5 otk ) (il PRy <YA.
(depolymerization) (endothermic)
GRS SEA
(drying)

) A0S uAS
(devolatilization)

J&3 58 I8 e I3k S IS R
(char formation) (exothermic)
Od e ke £ >0
(char carbonization) (endothermic)
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O o b IS 5 o Jaid) ) Ll sl z oA Gk ) (Y
(1) 2038 W 10 31 2 ad s Gk ) (Y

(V) CAlida oW gy o JE3 ad g Gladily (FJga"

(%) J&3 g lanily SR B Gy e s Gy
<\. (earth pit) ¢! i s 068 Gl (g
(mounds) ¢! 28 & (batch process)
Youv. 3 lasa ¢ gl s 8 s
s
v. (retorts) ) 45y s 68
ro.Y. e o Ay aglaa slaaid
(lambiotte) continuous )
LA ) i g ya Adlaia e ST (processes
(herreshoff reactors)
O G O3 A8 Cred slaaiy 8
(flash carbonization) (Novel processes)
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pS A S des (¥
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alr inlet carbonization zone

hurning zone
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) ASiy b 98 G Ol ) SR s J8d bad A A (W
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Lambiotte Retort

Continuous operation

Wood moves down in
countercurrent with hot flue
gases from combustion of
pyrolysis gas

Cool charcoal is retrieved at
the bottom through a lock
mechanism

Pyrolysis liquid are
condensed and used as by-
product

Pyrolysis gas is heated in the
bottom section then burned
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PR b JEA" b Ay J83 43¢5 a5 Ll 3a
(batch) "e sy JAE™ L MEAELI" b gad o 18 S (1
(canister) aiila b alidaa ja (b g (500) s NG (¥
JsodeIGE Y Al (Y

3 I A 3 WO+ Ol Ay A3 Syl e (¥

ABBY Y ead e Cida Ay JullBa oY LSS ala) (&
da s Feade JB Al g Gladilg (7

A d VoA Ol e Ay O S i (Y

(tar) ¢ skd adsi ) Jom o 3 sa s S ASG (A
Al A9 A I 299 il (4

(V) ¥R UI0A Y Tagas alaa ilaal Ad3a ()

Beston (Henan)Machinery Co.Ltd

Carbonizeation gas
gESTON cataiytic combustion

chamber

Exhaust duct

Discharge screw

Exhaust heat

Elevator
conveyor

If the equipment is

made into a dry ~
carbonization system w.m\

heat from the carbonizatuon system
can be directed Into the drying system
for a further cost regducton
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p e JEd Al g Ay alia daugi U

(pit Kilns) o) alla ia sla 0,98 1 ulad (o) oabe (ks J) g JW83 A3gd Ay () pariana () 90 b 2
93 alia (510 L e CrS U i)y 0 a8l (earthen Kilns) sy @) W o8 g
A AZ8L o gl 38 (i siSU W gy Gy ATl 35l aR) 81 il 38

SR VY i dy 55 sle mlia (s & sl s JE 3 A5 (e a8 B bl 3 Wany
(beehive type) (AsiS sl o,58 Gk 3 Udes cga JE3 &) e Cp) .28l (i 381 Jlw 3 0

S g oad o) Ay (sl 08 (i 3ala AS (] e Juala

”“,f p = __-'__A_M i
- = e e R S B e e 2008

Concrete kiln of 100-cord capacity.

adalddly La) cidly J 935 (5 1A 7 Ay sa VAT Jlu ja LGl 1k (sdbs Jala g g JB3 2l 8

Al Jga d Jlu a (1R 00 4
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R 0338 Jsilia

SV ol L ¢ 1A 08+ ) Gl ASSUaTT My gl Ar ke V408 Jlu o g JBI Al g O S
4l Jala (recovery plants) «dbjy clada s g (kilns) W o8 )

AS ey (IR YO« aa Ay gl Jo 3 oDl 1Y 0 F e ol Jlw dbald 3 g J83 65 O e
Ay o0 @3 gl g olad Gl S Ui jlas 45 Ut

A 3 o De V407 Jlw Ll g ¢ I0A YA aa 0 oDa 14F0 Jlw b 0 gy J3 Al g e
() el 228y g 3 G IR YRR

Commercial. rectangular brick kiln with steel doors.
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(F) 250 o e ¥/Y pLEH) 5 e /Y lign o e FY sy o) s
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(stacking) B e GaS 4 (Y

(¥) (coaling) s J&d (¥

Fuel stacked for ignition of kiln charge of green wood.
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Flash Carbonization

Batch operation; 10 tons/day
charcoal.

Biomass loaded to a canister
then heated up to 350°C at
0.7 MPa for 30-90 min.
Charcoal yield 40-50%
(70-80% fixed carbon).
Catalytic afterburner for tars
eliminates smoke from reactor
effluents.

Capital cost $200,000.

HNEI Flash Carbonization™
Demonstration Reactor
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