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Abstract

Municipal solid waste was gasified in a 3 ton/day capacity pilot plant based on thermoselect process with oxygen at a temperature of
around 1200 �C. CO and H2 content of synthesis gas were about 27–40 and 36–40%, respectively with high heating value 8.0–10.2 MJ/
N m3. Chlorinated compounds like furan, dioxin, and other organics in gaseous and liquid phase were effectively destroyed due to high
temperature of high temperature reactor and shock cooling. Exhaust gases were also found to be satisfying the Korean emission stan-
dard. Leachable concentration of heavy metals in the vitrified mineral aggregate were much less than the Korean regulatory limit values
due to high melting temperature (1600 �C). The vitrified slag of dark brown color was found to be glassy and non-hazardous in nature
and seems to have the possibility to be used as natural raw material in cement and construction industry.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

In recent years, the quantity of municipal solid waste
(MSW) has increased significantly in the industrialized
and developing countries raising the question of its sustain-
able disposal management [1,2]. Waste management sys-
tems include waste collection and sorting followed by one
or more of the following options: recovery of secondary
materials, i.e., recycling [3–5], biological treatment of
organic waste, i.e., production of marketable compost [6],
thermal treatment, i.e., incineration to recover energy in
the form of heat and electricity and landfilling [7]. Landfill-
ing of MSW release GHGs [8–10] and volatile organic
compounds along with leachable toxic heavy metals to
the surrounding environment [11–16]. Over the years,

incinerating waste to generate energy has become the most
common method of dealing with combustible waste effi-
ciently as it decreases the volume and mass of MSW [17].
But, incineration has drawbacks as well particularly haz-
ardous emissions and harmful process residues [18,19].
Incineration of MSW generates fly and bottom ashes which
release leachable toxic heavy metals, dioxin, furans and
volatile organic compounds [20–22]. Stringent environmen-
tal regulations are being imposed to control the environ-
mental impact of MSW and incinerator residues [23].

Furthermore, the experiences of the waste incineration
industry driven in the past by regulatory as well as techni-
cal issues may facilitate their commercial potentials outside
the common market especially in highly populated devel-
oping countries like Korea with scarce landfill sites. The
total amount of MSW generated by Korea was 50,763 ton-
nes per day in the year 2003 [24]. About 4.6 million tonnes
of total waste is being incinerated per year that leads to the
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generation of a large amount of solid residues including fly
ash and bottom ash and also emits hazardous gases to envi-
ronment [25]. Moreover, thermal waste disposal can no
longer be seen as a process for the reduction of the amount
of MSW by weight and volume with the disposal of the
generated ashes and Air Pollution Control residues on
landfill sites or their application in cement and construction
industry. Thus, there is a need to consider MSW as a valu-
able indigenous source of fuel abundant especially in con-
sumer-oriented societies able to substitute fossil fuels in
power generation and other industrial processes. Increasing
space constraints for landfilling of MSW and public oppo-
sition to new incinerators for waste disposal has effectively
eliminated this as a future option in many countries.

In recent years, several new technologies which involve
gasification or combinations of pyrolysis, combustion and
gasification processes are currently being brought into the
market for energy efficient, environment friendly and eco-
nomically sound methods of thermal processing of wastes
[26–33].

Recently, Daewoo Engineering and Construction Cor-
poration installed a high temperature recycling pilot plants
for waste of any kind with a patented process called ther-
moselect with the collaboration of THERMOSELECT,
Switzerland. The process consists of compression, degas-
sing with fixed bed oxygen blown gasification, and melting
of mineral residues [34,35]. In our previous paper, we stud-
ied the gasification of municipal solid waste using double
inverse diffusion flame burner and double normal diffusion
flame burner [36]. The goal of this paper is to study the
environmental impact of gasification of Korean MSW in
this pilot plant.

2. Pilot plant process description

2.1. Gasification of MSW

MSW collected from Y-city in Korea was used for gasi-
fication in 3 ton/day capacity pilot plant. Process flow dia-
gram of gasification process is shown in Fig. 1. In this
process, pyrolysis and gasification processes are carried
out in a single unit [37,38]. The stages of waste preparation
and sorting are eliminated. The wastes are compressed to
about one fifth of their initial volume using a hydraulic press
in a long canal heated from outside and maintained at tem-
peratures higher than 600 �C. The high degree of compac-
tion greatly reduces the residual air content, nitrogen does
not need to be heated and subsequently cleaned, and heat
conductivity is significantly improved. Liquids which escape
during compaction flow into remaining cavities. The com-
pression enables the canal to be airtight. As wastes move
through the canal they are heated, dried and nearly com-
pletely pyrolyzed by the time they reach the end of the canal.
The products of pyrolysis then enter into the gasification
zone called high temperature reactor (HTR) where the
materials are gasified with oxygen at a temperature of
around 1200 �C. A high quality synthesis gas and a molten

by-product are formed. The gas is rapidly cooled from
1200 �C to 70 �C by spraying water through the gas. This
rapid temperature reduction, i.e., shock cooling of gases
combined with an absence of available oxygen avoids the
reformation of dioxins, furans and other organic com-
pounds from elementary molecules in the syngas due to
the de novo synthesis back reactions [39]. Thereafter,
cleaned and made available for use either in power genera-
tion or as a raw material for chemical processes. The molten
by-product flows to the homogenization reactor where, with
a supply of oxygen and propane gas, the metal and mineral
components of the waste gets smelted at a temperature in
excess of 1600 �C ensuring thermal destruction of all chlori-
nated carbon and stabilization of heavy toxic metals.

2.2. Synthesis gas cleaning

Following the shock cooling, the synthesis gas flows
through an acidic scrubber where further HCl and HF
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Fig. 1. Block flow diagram for 3 ton/day gasification/melting furnace.
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