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Introduction

MSW (municipal solid waste) incinerators are increasingly being used, particularly in densely populated urban
areas like Tokyo that have little space for landfill. Natural gas reburning technology, which was originally
invented to reduce NOx emissions from utility boilers (1-6), has been applied to the reduction PCDDs/Fs
emissions from MSW incinerators (7-13). This study highlights an experimental and theoretical study to
investigate the effect of natural gas reburning on the reduction of PCDDs/Fs. An existing full-scale MSW
incinerator in Tokyo area with the capacity of 105 ton/day was retrofitted to accommodate the natural gas
reburning. Detailed measurement of PCDDs/Fs was taken at various key points such as combustion chamber
exit, inlet and outlet of an ESP to investigate the effect of reburning on the whole process. Along with
PCDDs/FS sampling, temperature and major gas species were measured inside the combustion chamber as well
as along the exhaust gas cleaning process. The experiments yielded extensive set of data that show positive
effects of the natural gas reburning. Along with the experimental investigation, numerical method was
established to simulate the complex phenomena of flow, heat transfer and combustion in the MSW incinerator
(14, 15). Numerical simulation was conducted to optimise the design of the natural reburning and maximise the
effect of reburning.

Materials and Methods

Figure 1 shows the schematic of a stoker-fired MSW incinerator accommodating natural gas reburning, Natural
gas is injected to create a sub-stoichiometric environment in the reburning zone to reduce NO generated by the
combustion of wastes. The flow rate of natural gas is generally set at 5-20% of the wastes on heat value basis.
Secondary air is injected into the downstream of the reburning zone to complete the oxidation of CO and
possibly unburnt combustibles like dioxins and their precursors.
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Figure 2 shows the schematic of the MSW incinerator retrofitted for the natural gas reburning. The combustion
chamber was refractory lined. The exhaust gas from the combustion chamber was introduced into a water
quenching chamber to be cooled down to 1680
about 300C. After slaked lime injection for

HCl removal, the exhaust gas was led to an

ESP (electrostatic precipitator). Since it~ ap,
has only 1% of the flow rate of the primary
combustion product generated from wastes,

natural gas was mixed with re-circulated

exhaust gas (EGR) to boost the
momentum and promote the mixing with

the primary combustion products. Exhaust Baseline
gas was taken from the downstream of the
ESP and mixed with natural gas before
being injected into the combustion
chamber. Approximately 10-15% of the
total exhaust gas was re-circulated. The
combustion chamber had two different .oy Secondary
positions for the injection of the reburning A" Natural T
gas, one from the front and the other from +EGR
the rear. Secondary air was injected from
downstream of the reburning zone through
the both sides of the incinerator.
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Preliminary measurement was conducted
to collect detailed operational data that
were used for a numerical simulation of the
incinerator. Concentrations of 02, NOx, CO and CO2 and temperature were measured continuously at various
points inside the combustion chamber. By using the measured data, numerical simulation was conducted to
optimise and determine reburning operating conditions for injection position, flow rate and velocity of reburning
natural gas. Figures 3 and 4 show the results of CFD simulation. Figure 3 shows temperature. Under the
optimised reburning operation, temperature distribution in the reburning zone is more uniform and higher than
under the baseline. Figure 4 shows the
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Figure 4 Predicted distributions of CO

distributions of CO concentration. CO can be Table 1 Operating conditions
reduced faster under the reburning operation than
3 w1 Baseline with .
the baseline, presumably due to.enhabced mixing Conditions | Baseline | Lo Pt Reburning
as well as elevated temperature in the combustion Air Run 1 Run 2 Run3
Waste Feed (t/h)| 440 351 407 425 412
chamber. N TRV
(MJ/kg) 8.736 7.422 7.598 9.063 8.217
. . (kcal/kg) (2087) (1773) (1815) (2165) (1963)
Table 1 shows operating conditions for the Primary Air
. . (Nm*/h) 10600 10050 10360 9670 9740
demonstration test that were determined by the Tenition loss (%) | 2.47% 2.34% 2.62% 3.27% 2.77%
: 7 1 0, in Comb.
support of the numerical simulation. PCDDs/Fs oemore | ason 2208 2205 2208 605
0, at Comb.
Chamber Exit )] 11.20% 10.50% 6.00% 7.00% 7.40%
Front:8 Front:4 Front:8
Natural Gas Rear: 8 Rear:8 Rear:8
(Nm®/h) - - Total:9 Total:8 Total:8
ORGANOHALOGEN COMPOUNDS 271 Front:820 | Front:230 | Front:@00
EGR Rear:690 | Rear:270 | Rear:920
Vol. 41 (1999) (Nm*/h) - - Total:810 | Total:800 | Total:920
Front:540 | Front:200 |Front:480 |Front:570 |Front:100
Secondary Air | Rear:590 | Rear:370 | Rear:620 | Rear:650 | Rear:140
(Nm®/h) Total:330 | Total:870 | Total:300 | Total:320 | Total:240
Flue Gas
(Nm*/h) 36200 36000 35600 37800 30000
EP InletTemp.
c) 262 261 261 261 233
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were measured under five conditions: baseline, baseline with low primary air and three reburning conditions. In
the reburning operations, Runs 1 and 2 were employed to investigate the effect of the degree of EGR while
maintaining the flow rate of natural gas identical. Run 3 was aimed to investigate the effect of lowering the
temperature of ESP.

For all operations PCDDs/Fs in exhaust gas were sampled at the combustion chamber exit, cooling chamber
exit, ESP inlet and exit. Bottom ashes, cooling chamber ashes and ESP captured ashes were also sampled and
analysed. Beside PCDDs/Fs, Chloro-benzenes and Chloro-phenols were sampled and analysed as well.

Results and Discussion

Figure 5 shows PCDDs/Fs concentration in exhaust gas at combustion chamber exit, cooling chamber exit and
inlet and exit of ESP. The baseline and baseline with low primary air operation showed PCDDs/Fs of 1.4 and
2.6 ng I-TEQ/Nm3 at the combustion

chamber exit respectively. Reburning

operations showed promising results. , ¢ Baselne
PCDDs/Fs  concentrations at the 8= Daselne with Low
combustion chamber exit reduced by 2 N - © - Reburning(Run 1)
more that half, down to 0.17-0.54 ng g AN — £ =Reburning (Run 2)
I-TEQ/Nm3. These results clearly = 2 AN = - Reburning (Run 3
demonstrated the positive effect of g AN -
reburning on the reduction of PCDDs/Fs e N .
in the combustion chamber. The ER . e
oxidation of combustible precursors as g ) T el N i
well as PCDDs/Fs is expected to be R S R
promoted under the reburning process g LT s |
that creates relatively uniform and high @Combuston - (@/Caolng Chamber  (BESP It @ESP Bk
temperature  distribution in  the

combustion chamber. As for PCDDs/Fs Figure 5 PCDDs/Fs in flue gas

concentrations at the ESP exit, baseline

and baseline with low primary air operation showed 1.2 and 1.6 ng-TEQ/Nm?3 respectively. Under reburning,
PCDDs/Fs were reduced to 0.85 and 041 ng I-TEQ/Nm3 for Runs land 2 respectively. The effect of ESP
temperature is also shown in Figure 5. With lowered ESP temperature of 230C for Run 3, PCDDs/Fs
concentration was reduced to 0.26 ng I-TEQ/Nm3 at the ESP exit. Clear effect of ESP temperature was
observed.

Figure 5 shows somewhat inconsistent behaviour of PCDDs/Fs variation across the air preheater and the ESP.
Runs 1 and 3 showed greater increase in PCDDs/Fs between the cooling chamber exit and the ESP inlet and
again greater decrease between the inlet and exit of the ESP than the other Runs. Reasons for this behavior is
under investigation.
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Figure 6 compares total PCDDs/Fs
emission including PCDDs/Fs in exhaust
gas and ashes at the three different ash
collecting points. Runs 1 and 2 resulted in 35

relatively low concentrations of total BBS DESP‘ASh
PCDDs/Fs of 23.5 and 149ug I-TEQ/ton e Ot
of wastes respectively, compared to the — B Fle Gas

baseline and baseline with low primary air
operations of 27.4 and 32.8ug I-TEQ /ton.
Run 3, reburning with low temperature
ESP, resulted in the lowest total PCDDs/Fs
emission of 14.5ug I-TEQ /ton. While the
mechanisms of formation and destruction
of PCDDs/Fs in the reburnjng process are Baseline Baselne with ~ ReburningRuni  ReburningRun2  Reburning Run3
not yet well-known, the observation here Low Primary Ar

shows somewhat encouraging results on
the positive effect of reburning,

Total PCDDs/Fs (¢ g~TEQ/ton)

Conditions

Figure 6 Total PCDDs/Fs from incinerator
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