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Thermal treatment option for MSW
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Market drivers and novel process for thermal
- lreatment

Market driver W
i |

Reduce the volume of waste

Render the waste safe and inert

Recover value from waste (mainly in form of electricity)

U000

Drive for more sustainable development leading to reuse and recycling initiatives

Conventional incineration plus vitrification

Pyrolysis or gasification to produced a syngas which is combusted
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Pyrolysis or gasification to produced a syngas which cooled and cleaned prior to the direct generation of electricity via gas

engines

O Pyrolysis or gasification to produce a transportable fuel
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Factors affecting the demand for Novel process

~

Increasing demand W

)
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Desire to recover valuable products and/or energy for waste

Negative image of incineration

Perception of new process as “greener” high technology solution

Constrains on land-filling untreated waste

Smaller chimney

Increasing cost of, and regulatory focus on, residue disposal from incinerators
Compatible with recycling (stable residues)

Marketing efforts of suppliers

Decreasing demand

—

Relatively unproven technology

Conservative nature of the industry

Mass burn incineration is proven technology

Lack of commercial track record by many supplies

Lack of knowledge of many processes among potential customers

Reducing amounts of waste in some countries
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Application of pyrolysis and gasification

Pyrolysis
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MSW : Municipal Solid Waste
ASR : Auto Shredder Residues
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Gasification
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Application of pyrolysis and gasification

Pyrolysis/Gasification + Combustion
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MPW : Mixed Plastics Waste
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Pyrolysis + Gasification
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Type of technology combination

% of process employing each technology
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Comparison of commercial status

Status Suppliers Process Markets
ABB/Ebara FB Gasification +Combustion ASR, MPW
BG System Gasification Argi-fuels
Fully

Foster Wheeler FB gasification Argi-fuels, RDF, MPW

Commercial
Nippon Steel Gasification/Melting MSW, ASR, MPW
PRME Gasification Argi-fuels
Conrad Pyrolysis Tire
ESI Pyrolysis Sewage sludge
Ferco CFB gasification Argi-fuels
Heuristic Eng. Gasification + Combustion Argi-fuels
Kvaerner Chemrec Gasification Block liquor
Lurgi Gasification Argi-fuels, MSW
Mitsue Pyrolysis + Combustion MSW, ASR

Commercial MTCI Gasification Paper, Sludge, RDF
Sacone Gasification Clinical, animal waste
Takuma Pyrolysis + Combustion ASR, MSW
Technip Gasification MSW, MPW
Thermogenics Gasification Argi-fuels, RDF
Thermoselect Pyrolysis + Gasification MSW, Industrial waste
TPS Gasification RDF, Argi-fuels
Von Roll Pyrolysis + Melting MSW, ASR




Comparison of power output

kWh/Ton of input waste
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Comparison of process char handling strategies
~@ >

- - - T
e

Char handling and processing methods
Process
Convert to product Gasify Combust Melt into slag Dispose
Bal Pac g
Compact Power gl
ESI gl
JND g
Nexus (offsite) E(on-site)
Noell g
PKA g g
Serpac g
Technip gl
Thermoselect gl
Thide 5] (off-site) Sl (on-site)
Traidec gl
WGT g
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Comparison of process tar handling strategies
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Tar handling Strategies for “Clean” Syn gas Production
Process Creaking or
Removal End use Gas cleaning process
Gasification
Battelle gl Disposal ws
EDL g Not applicable
JND gl Disposal Q-+ WS
Lurgi (CFB) g Q+ WS
Lurgi (LR) g Not applicable
Noell Pyrolysis g Fuel, Disposal Q+TS
PKA g
Texaco gl Recycle to Gasifier Q
Thermogenics gl Recycle to Gasifier Q + WEPS
Thermoselect gl Not applicable
TPS g Not applicable
Von Roll g Not applicable
\ WGT g Disposal Q + WESP +TS /
N .
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Process which produce a slag for recycling

~

Process

Process which produce a glass-like slag for recycling

S5 e | e | e
ABB/Ebara gl
Krupp Uhde (Precon) g gl el
Lurgi (BGL) El
Nippon Steel El gl el
Siemens/Mitsue g g
Noell (GSP) gl El
PKA g g g
Resorption g g
Texaco El
Thermoselect gl El gl
Von Roll (RCP) g g = g
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Mass balance(Waste ; MSW, CV=10MJ/kQ)

Recyclable
Input Residue
Output
(kg/T-waste) (kg/T-waste)
Supp-liers Process (kg/T-waste)
Syn Heavy metal
o, Fuel Additives Slag Metal Gypsum HCL S
Gas Sludge
50
Nippon Steel Gasification/Melting ? 50 90 10 30
(coke)
Pyrolysis
5
PKA Gasification 100 11 140 ? 20 18
(LPG)
Melting
s Pyrolysis + Comb » 68
iemens olysis + Combustion - 1 95 10 23 3
(LNG)
38
Mitsue Pyrolysis + Combustion - - ? 81 12.6
(or 19)
233
Thermoselect Pyrolysis + Gasification 514 20 230 895 29 2 195
(LNG)
Thermoselect 1~
Pyrolysis + Gasification 500 ? ? 60 722 0.5
(Kawasaki Steel) 6
5
Von Roll Pyrolysis + Melting 790 23.2 205 6 18( + 48)
(oil)
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4 Main markets curre

__commercialprocess (1)

ntly targeted by specific

~

Dried Large
Suppliers T A Site-specific industrial S Small to medium o .Very large scale
waste scale MSW integrated plants
sludge MSW
ABB g
B9 energy gl
Balboa Pacific g g g g
Battelle/Ferco g
BG Systems gl
BSC/EDL g El g
Compact Power g gl
Dynamotive g
Enerkem g
Enersludge g
Ensyn g
EPI g
Foster Wheeler g
GTS Duratek g
Heuristic Eng, g gl
JND gl
Krupp Uhde gl
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4 Main markets curre

___commercialprocess (2)

ntly targeted by specific

~

Suppliers Aggicalurel rosidus Small sl borwase |51 PeCe sDwa: e - ::;:f;;j;
sludge MSW
Kvaerner Chemrc g
Lurgi process El El
Mitsue El
MTCI
Nexus g g
Nippon Steel g
Noell
Organic Power g g
Peat g
PKA g g =l
PRME g g
Byrovac g g
Resorption g
RGR Ambiente g
Sacone g
serpac gl
Technip g El E




4 Main markets curre

__commercialprocess (3)

ntly targeted by specific

~

Dried Large
. Site-specific industrial Small to medium Very large scale
Suppliers Agricultural residue Small scale bio-waste Sewage Scale .
waste scale MSW integrated plants
sludge MSW
Thermogenics E——"
Thermoselect E——" E——" E——"
Thide E——" E——"
TPS g
Traidec E——" E——"
UET El g
Von Roll E_—"
WGT g g
Waste to Energy E——"
Waterwide E——H E——"
Wellman E——" E——“




Thermoselect process

LIKE THE EARTH'S NATURAL PROCESSES,
CONVERTING WASTE INTO ENERGY AND NEW RESOURCES

From ancient times the earth has created coal and natural gas through high temperature and pressure. Kawasaki cconomy
Steel Thermoselect system is an environmentally friendly, next-generation recycling system which follows the
Earth's natural processes. Employing state-of-the-art technology, the system recovers purified and synthesized
gas from waste that can be used as a source of energy and converts metal and slag into reusable resources. | g - yaing

This non-polluting recycling process without waste incineration is attracting worldwide attention. High-speed Gas Cooling

Gas Is cooled from 1200C to

70°C at high speed, blocking

dioxin reformation. It produces
ns of fly ash

Shack Caoling Device

High-speed Cooling Device

Purified
synthesized gas

By maintaining pyrolysis gas Example (Vol%)
at 1200°C for 2 seconds or | | Hz : 35%

more, dioxins and tar are
resolved. Gas is reformed. | Gas Ref CO : 25%
! CO: : 35%

[ e |

Recovered gas is desullurized,
dehumidified, and purified
into clean fuel gas.
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-
" Waste Pit

it Device
Reusable Water
4§ Mixed Salt

Metallic Hydrate

Waste Reception D S ‘ 3 ai
. Bl - atment
Waste Compression El Y

Waste is compressed to
approximately a 1/5 of its

former size. And air contained

in the waste is removed to increase
heat transfer efficiency.

Household and industrial
wastes are brought into
the pit that is provided
with deodorizing devices.

Drying / Degassing

Drying /Degassing

Waste is dried and degassified
with an external heating process
in the degassing channel.

The waste remaining after the
degassing is pushed into the
High Temperature Reactor.

| Pyrolysis Carbon
Water Treatment

Water used in shock cooling
is recirculated. Furthermore,
excess water is reused after

Degassing channel

=
Gasification/Melting |4

Highly concentrated oxygen
is injected into the reactar
Rubble, metal and other materig|s
are melted by the heat reaction |wit
the oxygen and pyrolysis carbop

Slag / Metal Recovery Equipim:

: Slag/Metal Homogenization

After passing through the
homogenization chamber,
melted rubble and metal
are water-cooled and
become metal and slag.

|_Slag Recovery

metallic hydrates and mixed
salts are removed through a
water treatment system.

Water Treatment System




" Syn gas production as a function of waste heat
__content and throughput
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Black liquor gasification (Kvaerner Chemrec)

waste - O,

J Waste : Black liquor

1 Gasifier

v" Oxygen blown entrained flow gasifier
(Noell gasifier)

v 900~ 1000 °C
v 20~40 bar

2 Capacity : 550T/Dry solid/Day
) Start up : late 2000 — __
 Combined cycle plant —




Lurgi gasification technologies

Gasifier type Feed stocks Status
Fixed bed Mixed waste
Plastics
Sewage sludge
Rubber, ASR
BGL slagging Developed for coal gasification

Contaminated wood

Paint residue

MSW
CFB
-ZWS Wastes
-Okogas Biomass
-Wikonex
LR Dried sewage sludge
Pyromelt ASR, MSW Not currently being promoted

BGL : British Gas Lurgi, CFB : Circulating Fluidized Bed, LR : Lurgi Residue

MSW : Municipal Solid Waste




Lurgi gasifier

— coal

gas _— stirrer

crude gas

steam, oxygen b1 aditds
and tar ~‘_@ SRR -~

_.— slag lock

British Gas / Lurgi Gasifier

"—_l" i —‘ﬂ/)\ Offgas
.. — to Boiler
Collecting Bin
ce OFeed
Lift < Product to
Pipe|. * ¥’ Condensation

LR-Mixer Reactor

Surge Bin

LR(Lurgi Residue) Gasifier




