Energy, Waste & Resources — three sides
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Fuels, chemicals

UK Waste: 288.5 Mi

Household
31.5 Mtly
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EU-27 Waste Genera

Agriculture Others 13
45 Mt Mt

Households

MSW Treatmen

Waste management
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UK Household

Currently;
Landfill - 49%
Incineration with energy recovery - 11%
Recycling/Composting - 39%
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Thermal conversion t

Air '

MSW
Biomass Limited air
Waste plastics
Tyres

Pyrolysis

Fuels, chemicals and mat
waste
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Fuels, chemicals and m
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Pyrolysis

Pyrolysis - The thermal degradatio
oxygen to produce a carbonaceou
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Pyrolysis: Technologi

Technology Res;ii::a:ce Heatin
Slow pyrolysis Hours - days Ver
Conventional | 530 min

5—30 min

t pyrolysis 01—

Pyrolysis reactors

Reactor Type Heating

Fluidised Bed Heated recycle gas
Firetubes

Entrained Flow




> Very high heating rates and heat t

» Carefully controlled pyrolysis te
liquid yield

Short hot vapour reside
from the hot zone

Some Processes;

Dynamotive, Fluidised bed process

Dynamotive (Biotherm Process)

Quench ——

Hot syngas

Indirect
heat

Activated
carbon
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Ensyn entrained flow reactor

Ensyn (RTP Process)

Char/sand
separator

Recycled hot sand

Bio-oil from fast pyrolysis

» Potential substitute for fuel oi
production of synthetic gaso

However the bio-oil properti

» High acidity
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Bio-oil Fuel Specifications

Bio-oil fuel specifications

Feedstock
Moisture %

Hardwood
19
25
1154 (25C)

2.7(40C)
0.05
86.94

Example of compounds of bio-oil from scre
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Bio-oil upgrading

Catalytic cracki

Some Processes;
Plastics Pyrol
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Small scale, batch pyrolysis

Toshiba Mixed plastics pyro
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Splainex, Ltd, Netherlands

Pyrolysis of various wastes

Fuels, chemicals and m
waste

Contents
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o Pyroly
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Gasification Reacti

Gasification — The partial oxidation of wa
converted to a syngas comprising CO, H

Solid-Gas Reactions
C+7%0, — CO (partial combustio
C+0, - CO, (combustion)
C+2H, - CH, (hydrogasific
C+H,0 —» CO+H, (wa

Gasification Reactor De

Reactor Type Mo
Fixed Bed
Downdraft Solids move {, Gas moves V, i
Updraft Solids move ¥, Gas moves T,
Cross-draft Solids move , Gas moves a
Fluidised Bed
Bubbling Relatively low gas veloci
Circulating Much higher gas vel

circulated
Moving Bed Mechanical
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Syngas

Syngas can be used to produce F
However:, tar content & fine pa

SOx etc. are challenges for t
the gasification of waste

Combustion of the ‘dirty’
thermal oxidizer

Tar

A dark, oily, viscous material, consis
weight hydrocarbons: Causes block
downstream fuel lines, filters, engi

Methods to reduce/remove

Primary:
High-temp

March 12
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Gasification plants process

France
Germany

Australia

USA

Syngas end-use

Gas engine
(13-28% Net Efficiency)

Steam cycle
(10-20% Net Efficiency)
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Some processes;
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Combined Pyrolysis-Ga

Thermoselect — Pyrolysis/Gasification

Fuels, chemicals and mat
waste

Contents

= Pyrolysis
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“VALORIZATION

Valorization of Wa

Examples;

1. Tyres

March 12
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Pyrolysis of Tyres

1. Waste Tyres

Fuel Test Tyre Oil Gas Oil Light Fuel Oil

Pyrolysis Temperature (C)

CV MJ/kg 42.1 46.0 44.8
100 - Viscosity 60 °C 2.38 1.3 43
9 1 ~+—Char Yield 40°C 6.30 3.3 21.0
< w0 —=—Oil Yield Initial B.Pt. 100 180 200
g | —4- Gas Yield 10% B.Pt 140 - -
T @ e ——p 50%B.Pt. 264 300 347
= 01 90% B.Pt. 355 - -
-§ 40 4 — o+ o+ Hydrogen % 9.4 12.6 12.4
& 01 Carbon % 88.0 87.1 85.5
201 Sulphur % 1.45 0.2 1.4
Nitrogen % 0.45 0.05 0.15
450 500 Carbon residue 2.2 0.35 -
Flash point °C 20 75 79

Gas composition (wt%)

Hydrogen

Carbon monoxide 0.22
Carbon dioxide 0.60
Methane 0.96
Ethane 0.51
Ethene 0.40
Propane 0.43
Propene 0.60
Butadiene 213
Other C, hydrocarbons 0.37

Total

Typical char properties

Char Test Tyre Char

CV Mi/kg
Moisture content % 0.4
Volatiles %

Ash content %

Carbon %
Hydrogen % 1.1
Nitrogen % 0.7
Sulphur %

Surface area m2/g

March 12
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Tyre oil composition

Tyre Oil

Catalytic pyrolysis of Tyre

Fluidised
bed

Control Condensation

Nitrogen system Gas sample
pre-heater Water 0, point
Cooled A cefone
Cooled

Gas pre-heater

Fluidised
Bed Reactor

Condensers |

March 12
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Production of premium grade

Catalytic pyrolysis of tyres

T 90
2 80
2
E‘ 70 —&—benzene
5 60 —8—toluene
£ 50 y
§ 40 —&— m/p-xyiene B
2 30 —o—o-xylene 3
E 20 —#— limonene 2 20
8 3 —e—benzene
2 1 3 45
38 £ —=—toluene
c
S —4—mlp-xylene
g 10 p-xy
Catalyst:feed ratio £ —e—o-xylene
)
2
o
o
0+ T T T d

450 500 550
Catalyst bed temperature (°C)

Char: Production of activate

ot y
6004—— = Steam -
®  Carbon Dioxide
500 +—— =
4 Char 7

BETSAm 2g-

Steam

30 40 50 60 70 80
Burnoff Wt % daf

- Carbon Dioxide |

30 40 50
Burnoff Wt % daf
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2. Waste plastics

Plastics pyrolysis: Product

Feedstock Oil/Wax Char
(Wt%) (Wt%)

Plastic Mixture Vacuum

Plastic mixture Fixed bed

Plastic mixture Fluidised bed

Plastic mixture Fixed bed

MSW Plastic Fluidised bed

Reactor CsH, | CHyo
T (Wi%) | (wi%)
Fixedbed | 0. 1.90 221 6.08 . 0.22 . -
Fluidised | 0. 238 6.7 200 X - . -

Fixed bed | 0. 114 1.67 4.00 E X 0.32 . -

co HCl
(Wt%) | (wt%)

cH, |CH, |cH,
(Wi%) | (wt%) | (Wi%)

MSW Plastic

Ultra fast 22 - 28 -
Fluidised 4.6 22 19.4 . 130
Fixed bed 3.52 K 0.23
Fluidised | 0. X 139 . : -
Fixed bed | 0. 0.26 . X 0.00
Fluidised X 0.04 -
Fixed bed 3 0.15 . 0.11
Fixed bed | 0. 5 X 141 . X 0.00
Fluidised | 0. X . - . . -
Fluidised | 0. 3 . 72 . E -
Fixed bed

Fluidised
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Oil Analysis: Pyrolysis o

Oil Composition

Production of hydrogen: Two-Stage Py

Hopper
Catalytic
Gasification
Steam inlet
Screw Condensation
Controls Feeder Pyrolysis system

Feeder
Motor

Rotary
Feeder Gzl

l s I
e eee—————.

Solid
Residue
Collector
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Coke deposition on the sur

TGA-TPO 1%E TGA-TPO
o o

b
b
b b
1 Ni;M}—AI (1:1:1) fop \//X
bs Ni-Mg-Al (1:1:1, 850)
& / :
E Ni-Al(1:2) .,
b e
:

T i 2o s abo sl e 700 sk

3. Composite plastic
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Recycling process for glass fib
composite plastic waste

Recovered Glass Fibre

= Virgih Glass{F\ibfe s ("Récovered. Glass Fiby(

@ Virgin
O Recovered

Breaking Elongation  Tensile
force strength

Fibre Test
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Recovery and re-use of

Carbon Fibre/Plastic

a

(a) Carbon fibre/ resin waste

Virgin Carbon Fibre Recovered Carbon Fibre

Breaking Elongation  Tensie  Youngs
force strength  modulus
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Activated Carbon Fi

Conclusions

U Enormous research and int
biomass & waste

O Commercialization of s
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Energy, Waste & Resources — thre
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Fuels, chemicals
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