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Abstract

We have proposed a new waste-to-cnergy incincration system, or  “SCRG (Super Clean Recycle
Generation)”  system. This system is based on a fuel reformer/combustor which reburns incincrator
exhaust gas at high temperature (more than 8507C), in order to decomposc dioxins and NOx. In
addition, this system cnhances power generation cfficiency by rccovering heat from the high
temperature cxhaust gas duc to the reformer/combustor reburning.

We uscd a basic experimental model to confirm that the reformer/combustor can decomposc
dioxins as cxpccted.

Introduction

We have been focusing on  waste-to-cnergy incineration, in particular, making it more cfficient
and morc cco-fricndly for environmental protection and cncrgy savings. We have proposed
a new system concept to decompose dioxins while increasing gencrating power”,

Fig. | comparcs a convcntional system and our “SCRG (Super Clean Recycle Generation)”
system. The conventional system consists of two subsystems: (1) the cxhaust gas subsystem and (2) the
stcam subsystem. The former subsystem consists of a bag housc (dust remover) and a dioxin
remover, while the latter subsystem has a stecam turbine and a gencrator. The two subsystems arc
indcpendent of cach other except in the incincrator
boiler. In this respect, our system is different from
the conventional. Morcover, the following items — Stack
arc added to the SCRG system: (1) a reformer,
(2) a combustor, (3) a supcrheater and (4) a heat
recuperator. In this way, our system rcburns the
cxhaust gas in thc combustor downstrecam from
the bag house in order to break down and change
the cxhaust gas dioxins into harmless substances,
that is, water and carbon dioxidc. Duc to ijts high
temperature ( > 850°C) because of reburning heat, Incinerator Sicam
the combustor outlet gas can be used not only to Tubine
heat saturated steam from 300°C to 510C through
the superheater, but also to gencrate more stecam from (a) Conventionl Syfl:::“"““
watcr through the heat recuperator. As a result, this
system is cxpected to be able to attain both high
cleanliness and high power output ( high cfficicncy).

Fig. 2 shows a fucl rcformer/combustor. The Fxhaust )
reformer is an indispensable component of the system. Gos | AN 850°C
It converts fucl into fucl gas including hydrogen
according to the following hydrothermal reaction. F—
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The hydrogen in the fucl gas promotes stable and
fcan burning for the incincrator cxhaust gas which Incinerator
dccomposes the dioxins stably. With rcgard to the
reformer/combustor, we adopted heavy oil rather -
than LNG for the fuel despite a problem of (h) SCRG system
deterioration of reforming catalyst duc to a Fig.1 Comparison between conventional and SCRG systems

Stcam
Tuthine

Condensate

ORGANOHALOGEN COMPOUNDS
Vol. 36 (1998) 33



contaminant in the heavy oil. We solved that problem by oxidizing the heavy oil partially with no
catalyst to get an opcration cost reduction from the lower fucl cost.

[ncinerator
Thermal exhau;t gasD, .
ioxin
ins"la“"'\l\ Multi decomposition
ulti-
nozzle N
> NN IV 7
(Partial Zone
Fuel Low calory (>850CH__ o,
B fuel with H, .
oxidation)_/ Rc)snldc;wc
| — A/ 2 24 S
Air - / \\\\\\\
Steam+Fucl Fuel reformer Combustor

Fig.2 Schematic of fuel reformer/combustor

Experimental Methods

In order to cvaluate the decomposition performance for dioxins, we used the experimental
modcl shown in Fig. 3. It consists of a reformer/combustor and an injector of dilute dioxins solution.
The reformer, which is connected in scrics to the combustor, fecds the reformed fucl gas to the
combustor. The fuel gas is converted from heavy oil and steam. Air to the combustor is thinned with
nitrogen to 10-12% Oz so as to simulate the incineration cxhaust gas. In the dioxins decomposition
cxperiment,
we measured dioxin concentrations by injecting the dilute dioxins solution into the simulated exhaust
gas, and comparcd the concentration at the outlet (SP2) with that at the inlet (SP1). Taking into the
considcration the experimental results of Duval and Rubey”, we kept the combustor and the
downstream passage temperature at more than 850°C, and used a high temperature for more than 2
second, sclected for the optimal burning condition, to break down the dioxins completcly. In addition,
the simulatcd cxhaust gas passage to thc combustor was kept at more than 350 to prevent the
dioxins from sticking to the passage wall.
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Fig.3 Experimental model
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850°C at outlet ’
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Fig.4 Dioxins decomposition experiment results
(detail of Cases 1 and 2 : see Figs. 5 and 6)

3 -
§ 25 L Gas temperature: §50°C, Residence time: 2.2s
o Dioxins concentration at inlet: 2. Ing-TEQ/m*N
3 = 2 | |pioxins concentration at outlet: 0.0012ng-TEQ/aN
- Decomposition rate: 99.9% , 12% 0, corrected
. i) 15 I [¥0: Mot deterained
g 1 |
£ :
b ; L s
g 05 ND ND
L i i i L i L L 1 & A A i 1 1L & ]
010101011010 NI PXEX I EXCRE X T
4 Kinds of dioxins
{ Fig.5 Dioxins decomposition data of case 1
3 0.05
g\i 004 | Gas temperature: 850°C , Residence time: 2.2s
8 Dioxins concentration at inlet: 209ng-TEQ/w’N
[ 003 | Dioxins concentration at outlet: 0.0003ng-TEQ/u’N
e Decomposition rate: 99.9% , 12% 0; corrected
< - :
= 002 } ND: Not determined
= 00V |
& ND

DOOOOEOEOOWHP@WOWB BWGE®
) Kinds of dioxins
Fig.6 Dioxins decomposition data of case 2
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Results and Discussion

Fig. 4 shows thc cxpcrimental results in the dioxins decomposition experiment. The objective of
this cxperiment was to grasp the rclation between inlet and outlet dioxin concentrations. In this
cxperiment, we changed the inlet dioxin concentration from 0.1ng-TEQ/m’N to 209 ng-TEQ/m’N.
Representing of all the cases, casc 1 and casc 2 in Fig.4 arc shown respectively in Figs.5 and 6, to dctail
the dioxins decomposition data. The bars indicatc the remaining rate of respective toxic dioxins, which

arc classified in Table 1. The rightmost bar indicates total cqunvalcnl remaining  rate.

concentrations arc cxpressed at 12% O,.
The following points were scen in the study.

(a) The reformer/combustor decomposcd the dioxins complctely ;

concentration dropped from 209 ng-TEQ/m’ N at the inlct to
0.0003ng-TEQ/m" N at the outlct. The total decomposition
ratc was 99.9%
(b) Al kinds of dioxins were reduced, and more than half the
toxic dioxins werc brought below the determination level.
Then, we were convinced from the decomposition data that the
reformer/combustor functioned very well, destroying the dioxins
by forming a high temperature zone and our system concept
was verificd. Concerning the dioxins which remained (Table 1,
@ and @), they were considered to require a little morce time or
temperature to be destroyed.

Conclusion

This paper described the “Super Clean Recycle Generation”
system in which wastc incincrator exhaust gas, though
difficuit to burn duc to its low O; concentration, is reburned
to destroy dioxins. The system has a rcformer/combustor
which produces fucl gas including hydrogen, which promotcs
stablc burning of the incincrator cxhaust gas despitc its low
combustibility. Though the present experiment was at a basic level,
wc confirmed that the reformer/combustor could break down
the dioxins, rcducing their concentrations from 209ng-TEQ/m’N to
0.0003ng-TEQ/m’N. The experiment results of the reformer/

Table I Kinds of dioxins

@ 2.3,7.8-TetraCDD

D 1,2,3,7.8-PentaChD

@ 1,2,3.4,7.8-lHexaCDD
@ 1,2,3,6,7.8-HexaCDD
® 1,2,3,7,8.9-HexaCDD
® 1,2,3,4,6,7,8-1HeptaCDD
@ OctaCDD

® 2.3,7.8-TetraCDF

® 1,2,3,7.8-PentaCDI

0 2,3.4,7.8-PentaChF

@ 1,2,3,4,7.8-1HexaCDE
@ 1,2.3,6,7.8-lexaCDF
M 1,2,3,7.8,9-1lexaCDF
@ 2,3,4,6,7.8-1exaCDL

® 1,2,3.4,6,7.8-1leptaCDF
® 1,2,3,4,7,8.9-HeplaCDI
@ OctaCDF

@ Total(PCODs+PCDIe)

The

combustor verified its cffcctivencss as a gas purificr and indicated that the syslcm was feasible.
Currently, we arc applying the reformer/combustor to a public waste disposal facility in order

to  collect design data and demonstrate its applicability.
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