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Abstract

The purpose of this study was to improve the performance of the bogie-type crematory, which is the mainstream of domestic
crematory equipment. A field scale technology was investigated via increasing the volume by changing the shape of the fur-
nace and reducing the cremation time and saving the energy usage through the optimization of burner combustion control.
First, the optimized structural design through thermal flow analysis increases the volume of the main combustion chamber
by about 70%, which increases the residence time of the combustion flue gas. A designed pilot crematory was then installed
and the combustion behavior was tested under various operating conditions and the optimum operating plan was derived from
for each furnace shape. Based on the results, the practically applicable crematory was designed and installed at Y crematorium
in the P City. Optimal combustion conditions could be derived through operating the demonstration crematory furnace. The
crematory time and fuel consumption could be minimized by increasing the energy efficiency by increasing the residence
time of high temperature combustion flue gas. In other words, the crematory time and fuel consumption were 38 min and
21.8 Nm’®, respectively which were shortened by 44.1 and 54.4% lower than that of the existing crematory, respectively.
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Table 1. Pilot Operating Variables of High-speed Crematory Facility

28 - 0

].’L\_E’_
[l

Turn Experimental Items Amount of sample” (kg) Top duct’ (Open) Combustor pressure (mmAq)
- Blank test (Fuel burning only) - O 3.5
- Blank test (Fuel burning only) - O 34
2 Test at set pressure with existing furnace 80 O -8.7
3 Change of combustor pressure ” O -84
4 Change of combustor pressure ” O -5.6
5 Influence of top duct ” x -7.7
6 Influence of top duct ” O -6.6
7 Auxiliary air injection into the cradle ” O -7.4
Y Existing furnace operation ” X -8.7
9 Restart after stopping operation (10 minutes) ” O -4.4
10 Restart after stopping operation (25 minutes) ” O -4.5
11 Auxiliary air injection into the cradle ” O -4.4
13 Expansion of combustor volume ” O -3.7
14 Expansion of combustor volume, sample 20 kg add 100 O -3.7
15 Expansion of combustor volume 80 O -3.7
16 Expansion of combustor volume 85 O -3.5
17 Expansion of combustor volume, increase/decrease burner output 80 O -33
18  Expansion of combustor volume, increase/decrease burner output ” O -3.2

1) Existing furnace, the rests are operated in pilot of high-speed crematory facility.
2) Top duct: Outer diameter 140 mm (Inner diameter 125 mm) x 2 set.
3) Sample: 15 kg (Pork, bone, wooden pipe etc).

Temperature

measurement

Exhuast gas measurement

Gas adjustment measurement %

in crematory
/' 2020202020202020Z0T0Z0Z0Z0Z0Z0Z020Z02020202020202020:0) Fuel consumption
< measurement
(“)e Main body o(7) =
(S)e of crematory @(8)
Front view Side view
Figure 2. Locations for temperature and fuel consumption measurement.
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Table 2. Improved Items Applied to Field Scale Crematory

Items Goals Applied technology
Total fuel consumption” 210,000 keal/each . Change.s.of }ntemal shape and volume in main combustion furnace, waste
heat utilization
Crematory time Below 40 min/each + Change to Main combustion furnace, waste heat utilization
Outer wall temperature External surface temperature + 40C - Application of high efficiency eco-friendly thermal insulation material
Combustion gas temperature Over 850 C . Completf: corpbustlon in the main combustion furnace by control of
combustion air volume
Dust 10 mg/Sm’
CO 20 ppm
HCl 5 + Optimization and supplementation of existing prevention facilities.
ppm + Minimization of unburned combustion products.
Air pollutants SOx 5 ppm + Application of low NOx burner.
NOx 20 ppm . Replgcer.nent of SCR catalyst and dioxin filter
+ Application of adsorbent for mercury removal
Dioxin 0.01 ng-TEQ/Nm’
Hg 0.1 pg/Sm’

1) Converted according to Enforcement Rule of Energy Law (9,420 kcal/Nm®)[5].

(a) Burner side (b) Internal combustion chamber
Figure 3. The crematory system used for field experiments in facilities
in Y crematorium in P city.
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Figure 4. Bumer output and internal temperature distribution during Figure 5. Burner output and internal temperature distribution during
blank test operation (internal pressure: -3.4 mmH,0). crematory operation (16~18 times) (internal pressure: -3.2 mmH,0).
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Table 3. Experimental Results of Pilot Crematory Facility

Top duct open,  Top duct open,

Existing Top duct Top duct o . L
Items S . auxiliary air expansion into
facility closing open L .
injection combustion
Dead body, wooden pipe, etc (kg/each) 80 80 81.7 80 80
Fuel . LPG (Nm®/each) 41.0 11.3 9.4 9.55 9.41
comsumption
LPG (Mcal/each) 902.0 248.1 207.4 210.1 207.0
Exhaust gas flow rate (Nm*/min) 30.5 27.0 25.7 23 327
Total exhaust gas volume (Nm®/each) 2,135 1,407 1,229 1,011 1,143
Burning time (min/each) 70 50 47 40 35
Excess air ratio 2.2 2.6 2.5 1.78 1.72
Combustor exit (right) 827 640 733 711 1,019
Combustor exit (left) - 788 830 806 802
In-combustor top of burner (3) - 731 850 748 896
Temperature In-combustor bottom of burner (5) - 612 700 659 912
distribution
(C) In-combustor middle top (6) - 770 859 767 827
In-combustor middle bottom (8) - 830 949 899 1,013
Top of duct 436 581 649 568 794.5
Final 106 100 104 104 115
0, (%) 16.6 11.6 11.0 13.3 134
CO, (%) 32 6.9 7.3 6.0 43
Outlet average H,O (%) 8.5 39 35 5.0 5.0
concentration CO (ppm) 337.7 789 103.9 157.6 120.1
NOx (ppm) 70.3 119.9 148.7 163.3 167.5
SO, (ppm) 2.0 0.2 3.0 0.8 0.0
Remark: Numbers in parentheses indicate the temperature measurement point inside the furnace.
0y, C0; S=(%) CO, NOX 5 =(ppm) 0, CO, BE(%) €O, NOX 5= (ppm)
250 100.0 250 1,200.0
4
I 1,000.0
20.0 80.0 200 A
’;" :, 800.0
60.0 15.0 3
|43

5.0

0.0 0.0

0:20
— 02 (%) [oCO2 (%) ----- €0 (ppm) NOx (ppm)

Figure 6. Oxygen and air pollutant concentration distribution during
blank test operation (internal pressure: -3.4 mmH,0).
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Figure 7. Oxygen and air pollutant concentration distribution during
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Figure 8. Combustion air temperature according to air mixing damper
aperture ratio.
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Table 4. The Temperature Distribution and Combustion Time according to Setting Internal Pressure as Main Combustor

Setting internal pressure In-combustor In-combustor Maincombustor Re-combustor Burning time
(mmH,0) (burner, C) (middle, C) (exit, C) (exit, C) (min)
-3 1,002 1,128 720 638 47
-4 1,006 1,093 808 659 48
-5 970 1,057 806 676 42
-6 949 1,032 784 627 44

Table 5. The Temperature Distribution and Combustion Time according to Setting Temperature as Main Combustion Chamber

Set Temperature In-combustor In-combustor

Main combustor Re-combustor Burning time

(0) (burner, C) (middle, C) (exit, C) (exit, C) (min)
800 860 911 721 624 51
850 885 963 777 626 47
900 970 1,057 806 676 42

Table 6. Optimum Operating Conditions of Practically Applicable
Crematory Facility

Table 7. Experimental Conditions of Burning Efficiency according to
Auxiliary Combustion Air

Optimum operating

Parameter conditions
Burner maximum output 450,000 kcal/hr
Internal pressure of combustion chamber -4 or -5 mmH,O
Burner low output hold time 7 min
Set temperature as main combustion chamber 900 C
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(a) Closed state of auxiliary combustion air damper.
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(c) An auxiliary combustion air damper opened for 10 min.
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(b) An auxiliary combustion air damper opened for 5 min.
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(d) An auxiliary combustion air damper opened for 15 min.
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Figure 9. Air pollutant concentration changes with supplementary combustion air injection.
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Table 8. Optimum Operating Conditions for Performance Test of
Practically Applicable to Crematory Facility of Y Crematorium, Pusan

Optimum operating item Optimum operating conditions
Burner maximum output 450,000 kcal/hr
Internal combustor pressure -4 or -5 mmH,O
Burner low output hold time 7 min
Set temperature as main combustor 900 C
Auxiliary combustion air damper open The first 15~20 minutes
Top duct opening with main combustor Yes

Table 9. Comparision of Fuel Consumption and Combustion Time
between Existing and Improved Crematory Facility

RIEE

Existing facility High-speed facility
Turn Time Fuel Time Fuel
(min) (Nm’/each) (min) (Nm®/each)

Average 68 47.8 38 21.8
Ist 60 432 46 21.6
2nd 74 522 37 23.6
3rd 65 45.0 35 22.0
4th 74 50.7 35 20.2
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