Pathways of Biomass Energy
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Pathways of Biomass Thermal Conversion

Biomass
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GASIFIER Air Oxygen Hydro Pyrolysis
TYPE Gasifier Gasifier Gasifier Gasifier
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Gasification Processes and Their Products

Adapted from Tom Reed
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Pyrolysis, Gasification and Combustion in a Flaming Match
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4 Processes in Gasification

not necessarily in order
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5 Processes in Gasification

The missing link
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Farzent of Initial Weight Remaining

Temperature and Yield Profile for Biomass Pyrolysis
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g The Reduction Reactions

The Heart of Gasification

C

carbon
INPUT OUTPUT
COZ + H20 Hz + CO
carbon dioxide + water vapor hydrogen + carbon monoxide

Red Hot Charcoal Bed

REACTIONS

COo,+ C= 2CO

carbon dioxide + carbon = carbon monoxide

HO+C=H:+ CO

water vapor + carbon = hydrogen + carbon monoxide
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Downdraft Gasifier

Nozzle and constriction {Imbert)
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Stratified Downdraft / Open Core
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Crossdraft Gasifier
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The Kalle Gasifier
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Downdraft Gasifier Types

Mozzzie and Consinction Closed Top Designs (aka- imbert type)
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Table 5-2. Imbert Mozzle and Hearth Diameters

Maximum Air
Range of Wood Blast
Gas Output Consumption Velocity

dnp dr dy h H R A dn Amx100 dr h max. min. Vm
dy/dn mm mm mm mm mm mm No. mm Ah  dn  dp Nm3/h Nm3h kg/h m/s
268/60 60 268 150 8O 256 100 5 7.5 7.8 4.5 1.33 a0 4 14 22.4
268/80 80 268 176 95 256 160 5 9.0 6.4 33 118 44 5 21 23.0
268/100 100 268 202 100 2586 100 5 10.5 55 2.7 1.00 63 8 30 242
268120 120 268 216 110 256 100 5 12.0 5.0 22 0.2 90 12 42 26.0
300100 100 300 208 100 275 115 5 105 55 3.0 1.00 77 10 36 29.4
300/115 115 300 228 105 275 115 5 11.5 5.0 2.6 0.92 895 12 45 303
300130 130 300 248 110 275 115 5 12.5 46 2.3 0.85 115 15 55 315
300150 150 300 258 120 275 115 5 14.0 4.4 2.0 0.80 140 18 67 30.0
400/130 130 400 258 110 370 155 7 10.5 46 3.1 0.85 120 17 57 326
400/150 135 400 258 120 370 155 7 12.0 4.5 2.7 0.80 150 21 71 3286
400/175 175 400 308 130 370 155 7 13.5 4.2 2.3 0.74 190 26 a0 31.4
400/200 200 400 318 145 370 153 g 16.0 3.9 2.0 0.73 230 33 110 3.2
Variables not given in figure are defined as follows:
dm = inner diameter of the tuyere. g
A = sum of cross sectional areas of the air jet openings in the tuyeres. 2
A = cross sectional area of the throat d, E
A = number of tuyeres. d P ——y @
Source: Kaupp 19843, Table 5: Fig. 75. % ! d
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Typical Vehicle Gasifier/Engine System
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GEK v2.0 Mcin Assembly

Gas Cowling, Reactor, Hopper
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GEK Flnm%e RTﬂqs and End Plotes v3.0

Cut from 1/8" mild steel sheet)
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GCEK Vessel Tubes v3.0: rolled from flat sheet

(Cut from 116" thick mild steel sheet)
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Layout for CNC Plosme Cutting

(Cut from 118" thick mild steel sheet) [Qut fram 1/8" thick mild steel sheet)
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GEK Scale—up STzan Steps

Eozh step bassd on cammon north amarcan tonk sizas.
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Hopper Mount Flange
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GEK tuel Drying and Auger teed Variciions
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GLK PyroColl rneat txchanger

Double shell gas circulating heat exchanger inserts into reoctor and
drives pyrolysis zone with IC exhoust or other extermaol heat source.
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GEK Tower of Total Thermal Integration s
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GEK Tower of Total Thermal Integration
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g ok
Monoralor
Hopper
Fier
—
sim:r Heat Exchanger #1
Drying Hucket
Heat Exchanger &2 - E ] Auger
PyraCaik 1C Exhaust - @ — i
Pyrobys Zone ; : o
| [ty Heat Exchanger 34
Heat Exchanger #3 - L o Cyclone with
Air Preheating - B S Steam Coil
Syngas Cooling i e

11
el

A Palent is adbn Pesling o o e inbvaliel sghi= and resusibililies. untill open hardears: oevers e belier pslabivcded

1010 Murray Street Berkeley, CA 94710 U.S.A.

Tel: 510-845-1500 Toll Free: 888-252-5324 sales@allpowerlabs.org www.gekgasifier.com



GEK Interncl Tar Scavenging
Fijector/Venturi Nozzles
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GEK Tnple Hips Downdrafit Study

Proposed GEK downdraft reackr nsert with four zone separation, inkemal tar recycting,
upward commeciion pymlysis, and open swirl cambustion chamber.
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Directions of Chemical Change
During Biomass Gasification

Gasilication Processes
For converting sofid fuels b0 gasecus tuels:

O * onygen procens

S « slwam process

H * hydrogen procens

F « Last pyralyss grocess
P » slow pyrolyss grocess

(Sowrch: Reed, 1981)
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Energy Content of Fuel Gases and Their Uses

Name

Source

Energy Range
(Btu/SCF)

Use

Low Energy Gas (LEG)
[Producer Gas, Low
Btu Gas

Low Energy Gas (LEG)
[Generator Gasl

Medium Energy GCas
(MEG)

[Town Gas; Syngas]
Biogas
High Energy Gas (HEG)
Natural Gas

Synthetic Natural
Gas (SNG)

Blast Furnace, Water
Gas Process

Air Gasifieation

Oxygen Gasification
Pyrolysis Gasification

Anaerobie Digestion
Oil/Gas Wells

Further Processing of
MEG and Blogas

80-100

150-200

300-500

600-700

1000

On-site industrial heat and power, process heat

Close-coupled to gas/oil boilers
Operation of diesel and spark engines

Crop drying

Regional industrial pipelines

Synthesis of fuels and ammonia

Process heat, pipeline (with serubbing)

Long distance pipelines for general heat,
power, and city use

Long distance pipelines for general heat,
power, and city use

Source: T. Reed, 1979
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Table 1.10. Combustion characteristics of fuels* (See also Tables 1.7,1.9,2.1,2.12, and 3.1)

Minimum Calculated flame Flammability limits Maximum flame % Theoretical
ignition temperature, t FIC % fuel gas by volume  velocity, fpsand m/s  air for max.

Fuel temp, F/C in air in O, lower  upper in air in0, flame velocity
Acetylene, C.H, $81°/305  4770/2632 5630/3110 2.5 81.0 8.75/2.67 ama 83
Blast furnace gas — 2650/1454 - 350" 735 e - —
Butane, commercial 896/480 3583/1973 - 1.86 8.41 2.85/0.87 - -~
Butane, n-C.H, 761/405 3583/1973 —-— 1.86 8.41 1.3/0.40 — 97
Carbon monoxide, CO 1128609  3542"1950 - 125' 74.2 1.7/0.52 = 55
Carbureted water gas — 3700/2038 5050/2788 6.4 37.7 2.15/0.66 — 90
Coke oven gas — 3610/1988 = 44' 340 2.30/0.70 - 90
Ethane, C;H. 8829472  3540/1949 - 3.0 12.5 1.56/0.48 - 98
Gasoline 536'/280 - o 1.4 7.6 —— - —
Hydrogen, H, 1062°/572  4010/2045 5385/2974 4.0 74.2 9.3/2.83 - 57
Hydrogen sulfide, H;S 558'/292 o -— 4.3 45.5 - — -
Mapp gas, C,H. ¢ 850/455 S~ 5301/2927 3.4 10.8 - 15.4/4.69 -—
Methane, CH, 1170°/632  3484/1918 — 5.0 15.0 1.48"0.45 14.76/4.50 90
Methanol, CH,OH ¢ 725/385 3460/1904 - 6.7 36.0 — 1.6/0.49 —
Natural gas — 3525%/1941 479072643 4.3 15.0 1.00/0.30  15.2/4.63 100
Producer gas (See Part 3) - 3010/1654 —_ 170" 737 0.85/0.26 — 90
Propane, C,H, 871/466 3573/1967 5130/2832 2.1 10.1 1.52/0.46 12.2/3.72 94
Propane, commercial 932/500 35731967 — 2.37 9.50 2.78/0.85 — —_
Propylene, CH, — - 5240/2893 — —_ — —_ —_
Town gas (Br. coal)’ 700/370 3710/2045 — 48 310 - — -

* For combustion with air at standard temperature and pressure. These flame temperatures are calculated for 100% theoretical air, dis-
sociation considered. Unless otherwise noted, data is from Reference 1.i.

t Flame temperatures are theoretical—calculated for stoichiometric ratio, dissociation considered.
$ From private communications.
Small letters refer to references at end of Part 1.
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Mole Fraction
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Figure S-3. Equilibrium Composition for Adiabatic
Air/Biomass Reaction
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Temperature (K)
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Figure S-2. Biomass Adiabatic Reaclion Temperatures
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Main Gasification Reactions

Combustion:

Carbon: C+ 02 = CO2 + 393.77 kJ/mole
Hydrogen: H2 + 72 02 = H20 + 742 kJ/mole
Carbon Monoxide: CO +7% 02 = CO2 + ?7??
(add in other gasses, tars)

Reduction:
Boudouard Reaction: CO2 + C =2C0O - 172.58 kdJ/mole
Water Gas: C + H20 = CO + H2 — 131.38 kd/mole

Shift Reactions:

Water Shift: CO + H20 = CO2 + H2 + 41.2 vkJ/mole
Methanization: C + 2H2 = CH4 + 74.9 kd/mole
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Reaction Equilibrium: CO2 + C <==> 2C0
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Reaction Equilibrium: H20 + C <==>H2 + 2C0
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Reaction Equilibrium: C + H2 <==> CH4
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Gross Structure of a Typical Hardwood
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Chemical Composition of Wood:
Cellulose, Hemicellulosa, Lignin & Extractables
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Table 3-1. PROXIMATE ANALYSIS DATA FOR SELECTED SOLID FUELS
AND BIOMASS MATERIALS
(Dry Basis, Weight Percent)

Wolatle Flxed
Matter Carten

R (FC) Ash® Referencs
Camla
Pittsburgh smm coal 3.8 43,4 103 Bituminous Coal Research 1974
Wyeming Elkal coal 44.4 il4 42 Bibremintes Coal Hedsareh 1974
Lignite 43.1 45.5 0.4 Bituminois Cosl Hessirsh 1574
e Wosts
ESUET Iedimloel 34.3 1500 i ) Hoslett end Samec=2 (717
Douglas e §4.2 137 g.l Hewlact asd Camestss [BTT
White fir 244 1510 d:3 Howlett and Gamache 1977
Fondermsa pime 170 13 o= Howlett and Camachs 1977
B admoad L [ 4 Hewlart and Camache 1977
Ceder Fif ) 2100 T Hiowlett wrd Samsche 1377
Cven Diry Bards
'Westerm hemioek Ti.2 . P 1.5 Howlet: and Gamache 15377
Dougles {Ir i .2 %2 Hewlett and Gamaahe 1977
Whime NF Ta.d 4.0 ] Howlstt and Jamache 13TT
Pondarosa ane T4 5.9 2.7 Howlett and Gamache 19377
Reciwond T3 1.2 0.8 Howl|ett and Camache 1377
ey EE.T 121 Bz Howleif and Gamache 1377
MIll WondessTE Samnles
-4 dle=n redwood wmavings 6.2 3.5 0.3 PBoley and Landess [P43
=] Haih Alisama cakctom 4.7 1.9 53 Baley and Landers |3

I'-II.I:|'|I|HI:I-il Ralsia ahd Malcs Casaoneqts

AVErAgE while 55.9 2.1 5.0 Hlams and Ghoal 1972
Hﬂ::lln-l-r':# 4% of gvesage waste) 86,7 2.2 1.4 Klam and Ghosh 1873
Peper boves (35_1%) a1.s 1x3a L Hlas and Cheal 897
Magmnzine paper (§.37%) sB2 Tl 234 Klass and sl (BT
Brown paper [5.4%) L a4 i.] Klam snd Cheal 1973

Poraliviba E!I
B D | Fo 103 Fl bt Tan - Howleil sad Game=se [FTT
Redwood (633 P e IT24 B) a3 0 4.1 Howler snd Camacsg LI17T
Cak (920 Fea 1135 F¥ pi- T | 9.2 14.3 Howlert a=d Samesrs [J77
Qux (1060 ) . .5 1T Howistt snd Gamecss (757
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Table 3-4. ULTIMATE ANALYSIS DATA FOR SELECTED SOLID FUELS AND BIOMASS MATERIALS
(Dry Basis, Weight Percent)

Higher Heating Value

Materlsl c " N S 0 Ash (Atw/ib) Reference
Pittshurgh seam coal 75.5 50 1.2 1.1 4.9 10.3 13,650 Tiliman 1078

Wost Kentuoky No. 11 cosl T4 5.1 1.5 is 7.0 7.3 13,460 Mtuminous Conl Researeh 1974
Utah cosl 79 <60 1.5 L 2.9 1.1 14,170 Tillman 1978

Wyoming Elkol coal 71,8 5.3 1.2 09 18,9 1.2 12,710 Htuminous Cosl Research 1974
Lignite 640 42 09 1.3 19.2 1.4 10,712 BDitwninows Cosl Research 1974
Clhnr conl 8.3 LN | 0.2 0.0 1.3 24 13,370 THiman 1078

Nougles fir 52.3 6.3 0.1 0.0 ns 0.8 9,050 THiman 1978

Dowglas fir bark 56,2 59 an on - T 1.2 0,500 THiman 1978

Pine bark . 62,0 58 n.2 0.0 LN 29 8,7%0 THiman 1978

Western homlock 50.4 s8 0.1 0.l 1.4 2.2 4,620 THimen 1978

R edwood 538 5.9 0.1 0.0 4.3 0.2 9,040 Tillman 1978

Neech AN ) 8.3 0.0 0.0 4.5 0.6 8,760 Tiimean 1978

Hickory LN 8.5 na 0.0 4.1 nT 8,670 Tillman 1978

Maogde H0.8 8.0 0.3 0,00 9. 1.4 8,580 Tillmean 1978

Poplar 516 6.3 an an 1.5 n.eé 8,0 Tillmaon 1978

Itice lulls 38.5 5.7 ns 0.0 3.8 5.5 6,610 Tillman 1078

Rice straw 39.2 5. 05 0. 5.8 19.2 6,540 Tilman 1978

Sawust pellets 41.2 65 0n 0.n 8.4 1.0 8,814 Wen et al. 1974

Poper 134 5a 0.3 0.2 “3 6.0 7.5712 Howermon 1069

Helwood wastewcod 834 60 0l 9.9 0l 0.6 9,163 Boley and Landers 1969
Alshaine cak woodwaste 9.5 5.7 0.2 0.0 4.3 3.3 8,266 Noley and Landers 19610

Anlmal woste 2.7 55 24 0.3 3.3 17.8 7,380 Tiimean 1978

Mumicipal solid waste 1.5 &n 1.2 n.a 3120 120 8,508 Saaner el al. 1970
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Ideal Thermal Relationships
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Ideal Chemical Relationships

—

Water Vapor Tar Gas
(H20)

Pyrolysis = Combustion ™= Reduction

Dry Biomass
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