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ABSTRACT The energy recovery rate estimation method proposed by the Wastes Control Act do not take into account the energy
used in practice. In addition, this has not led to efforts to develop new technologies and improved facilities to increase the energy
recovery rate caused by the lack of institutional measures. Therefore, it is necessary to prepare institutional measures and an energy
recovery estimation method, including the energy used in practice, to improve these issues. In the revised estimation method
(Notification No. 2015-215 of the Ministry of Environment), the energy recovery rate should be estimated based on the actual energy
used. In this study, the incineration heat energy recovery rate were estimated for 7 industrial waste incineration facilities according to
the revised estimation method. All data for the estimation related to energy recovery were achieved via a measuring instrument in each
incinerator and direct measurements by operators for calculation. As a result, the energy recovery rate for the integral type WHB
(Waste Heat Boiler) and separated type WHB incineration facilities was estimated to be 56.6% and 41.3%, respectively.

Key words Energy recovery rate(ol| 1 X| 3]4= 8 &), Industrial waste incineration plant(A} 4%} #| 7] & 42Z}A] A), Incineration
heat(£&2Z+4)
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Table 1. Status of industrial waste incineration facilities surveyed in this study

No. Facility (Unit) Incinerator type Capacity (ton/hr) WHB* type

1 AQ) Stoker 3.8 Integral type
2 B (2 Stoker 4.0 Integral type
3 C (2 Stoker 3.0 Integral type
4 D (3) Stoker + R/K 2.0 Integral type
5 EQ FBC 2.1 Separated type
6 FQ Stoker 4.0 Separated type
7 F (2 Stoker 4.0 Separated type
8 F (3 R/K 3.5 Separated type
9 G Q) FBC 2.1 Separated type
10 G (2 R/k 2.0 Separated type

* WHB : Waste Heat Boiler

Table 2. Data survey items in the

incineration facilities

Category

Details category

Waste type

Waste input

Waste feed rate

Auxiliary fuel type used in incinerator

Auxiliary fuel feed rate used in incinerator

Auxiliary fuel supply

Auxiliary fuel type used in atmosphere pollution prevention establishment

Auxiliary fuel feed rate used in atmosphere pollution prevention establishment

Flow rate of produced steam

Steam production

Temperature and pressure

Flow rate of used steam

Steam usage

Temperature and pressure

Amount of electricity generated

Power generation

Amount of electricity supplied to the outside among the generated electricity

Amount of electricity used in the facility among the generated electricity

Power consumption

Amount of electricity supplied from outside

Flow rate

Condensate water

temperature
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Fig. 1. System boundary for estimating energy recovery rate
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Table 3. Status of incineration heat energy production and usage

oy | Tomuane | 2| otetemy | wmeen T Eeo T e
(Mcal/ton) (Mcal/ton, a) (Mcal/ton, b) (%, b/a><100)

AQ) 12,308.6 3,782.1 2,649.8 2,484.3 93.8 Steam supply
B (2 11,5425 2,933.4 2,560, 4 1,930.2 75.4 Steam supply
c© 5.514.3 3.881.4 2,982.9 2.731.9 91.6 Steam supply
D (3) 6,127.5 2,803.2 2,240.2 1,742.8 77.8 Steam supply
E (1) 10,336.5 3,137.0 2,467.3 2.000.1 81.1 Steam supply
F Q) 6,626.5 3,381.2 2,400.3 1,978.1 89.4 Steam supply
F () 6.409.8 3.179.8 2.473.6 2,038.5 82.4 Steam supply
F(3) 6.275.6 5,928.7 2.044.1 1,641.8 80.3 Steam supply
G (1) 2,044.2 1,921.5 1,468.3 1,320.0 89.9 Steam supply
G (2 1,667.9 2,094.5 1,427.2 1,405.5 98.5 Steam supply

Table 4. Calculation condition of energy recovery rate

Category Category Measured data Unit
) Amount of waste input target incinerator 6,410 ton/38month
Waste input -
Lower heating value of waste 3,180 keal/kg
Auxiliary fuel type used in incinerator Refined oil
. Auxiliary fuel feed rate used in incinerator 6 ton/3month
Auxiliary fuel supply — - - - -
Auxiliary fuel type used in atmosphere pollution prevention establishment - -
Auxiliary fuel feed rate used in atmosphere pollution prevention establishment - -
Amount of produced steam 23,715 ton/3month
Steam production Temperature 205 (¢
Pressure 16 bar,G
Supply line A 15,284
Amount of used steam -
Supply line B 4,345
Supply line A 205
Temperature -
Supply line B 164
Steam use -
Supply line A 16 bar,G
Pressure
Supply line B 7 bar.G
Supply line A 668 keal/
Enthalpy pply : kg
Supply line B 657 keal/kg
Amount of electricity generated - -
Power generation Amount of electricity supplied to the outside in the generated electricity - -
Amount of electricity used in the generated electricity - -
Power consumption | Amount of electricity supplied to the outside 560 Mwh/3month
Amount of condensate water Flow rate - -
Condensate water -
temperature 100 C
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Table 5. Calculation method of energy recovery rate

AZIAEol S| A2t
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Category

Calculation method

Ey

* Waste input X LHV of waste
= 6,410 ton/3month X 3,180 kcal/kg < 1/1000
= 20,382 Gcal/3month

= 9,551 Geal/3month

+ Amount of used steam X (Steam enthalpy — Enthalpy of condensate water) X 1,1 X 1/1000
Line A = 15,284 ton/3month X (668 — 100) kcal/kg X 1,1 X 1/1000

= 2,663 Gcal/3month

* Amount of used steam X (Steam enthalpy — Enthalpy of condensate water) X 1,1 X 1/1000
Line B = 4,345 ton/3month X (657 — 100) kcal/kg X 1,1 X 1/1000

- Steam energy supplied to line A + line B
Total = 9,551 Geal/3month + 2,663 Gcal/3month
= 12,214 Geal/3month

- Auxiliary fuel input <X LHV of fuel
= 6 ton/3month X 9,360 kcal/kg < 1/1000
= 56 Gceal/3month

* Electricity consumption X Unit conversion factor X 2.6
= 560 MWh/3month X 859,85 kcal/kWh X 2.6 > 1/1000
= 1,252 Geal/3month

Energy recovery

B — (Br + E)} / {0.97 X (Ey + E} > 100
= {12,214 — (56 +1,252)} / {0.97 < (20,382 + 56)} > 100

rate — 55.0 %
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= /\]gg 7 AR o] AH|E 931 R] ko m g =7 Facility Energy recovery rate factor (Gcal/kg—waste)
T AT Eakih o714 Mg E 5719 & | e £, & g
A 3,782.1 | 2,202.1 0.7 188.0
oﬂuxlak—% | gl 7)) £ 9 el oH%EJ% W | 37821 | 2202, : :
-+ olcrlo] 3 o B (9 2,933.4 | 1,785.2 1.4 52.1
EX 1] 9] Z}o IEFIA =S
Agmeh S5 dEof Aol Oﬂ A 7R AlS 1.1 C @ 3,881.4 | 2,4459 10.8 104.1
Q3 5 A azbHdu] T3
= Agsto] APgRitt. Eeo] A 47dH] o BRdR D (3) 2,803.2 | 1,373.9 7.3 99.9
94 oYA7t 3=, BxAR T ofux| g & E (1) 3,137.0 | 1,699.6 99.2 188.9
7|12 0] Zoaradeke. Aeslo] APyt B HlR]A] F (1) 3,38L.2 | 1,657.6 9.2 65.3
A Rzoz g azHu|o)A] ARRE A7|o|U |7} L3k F (2 3,179.8 | 1,732.3 8.8 75.1
N F(3 59287 | 1,395.1 25.4 115.0
¥, U A7l A1) 2,69] 7153 A4E %8l L L -
) G @ 1,925 | 1,237.4 68.1 158.1
APggitt,
G© 2,594.5 | 1,197.6 20.9 154.8
Average 3,354.3 1,672.7 25.2 120.1
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Fig. 2. Input and output energy flow at the system boundary of energy recovery rate

Table 7. Estimation result of energy recovery rate

Energy recovery rate (%) Potential
WHB type Facility (Unit) Incinerator type Prodiced Used energy (%)
energy (a) energy (b) (@) - (b)
A Stoker 57.6 02,7 4.9
Integral B (2) Stoker 75.1 64.2 10.9
type (OX @) Stoker 711 63.8 7.3
D (3 Stoker + R/K 65.7 45.6 20.1
EQ FBC 57.1 40.8 16.3
F@ Stoker 99.2 50.0 9.2
Separated type F (2) Stoker 70.5 55.0 15,5
F @) R/K 28.6 21,0 7.6
G@ FBC 46.6 45.7 0.9
G (2 R/k 36.2 35.2 1.0
Integral type 67.4 56.6 10.8
Average Separated type 49.7 41,3 8.4
Total 56.8 47 4 9.4
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