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ABSTRACT

Three types of rice mills are studied: the white rice mills that use only electricity, the white rice mills
that use electricity and steam engines and the par-boiled rice mills that use electricity and steam in the par-
boiled process. The white rice mills and par- beiled rice mills use steam in heating process for paddy drying.
Electrical energy consumption in the milling process of white rice mill and par- boiled rice mill are
approximately 110 MJ/ton paddy and 129 MJ/ton paddy respectively. Electrical energy consumption of white
rice mill is spent 43% in whitening and polishing process, 26% in screening and blowing process, 23% in
bucket and conveyor process, and 8% in husking process.Electrical energy consumption in the milling process
of par-boiled rice mill is spent 43% in whitening and polishing process, 38% in screening, bucket and conveyor
process, 14% in blowing process,and 5% in husking process .The thermal energy consumption for par-boiled
rice process is 2,410 MJ/ton paddy,of which 8% for scaking process, 6% for cooking process and 86% for
paddy drying process. In the paddy drying process, the moisture content of the grain is reduced from 34%
w.b. to 14% w.b. and thermal energy used is 10 MJ/kg water evaporated.

The results of the analysis show that the total electrical energy consumption ; milling process,drying
process,improving and packing process, office and boiler in the white rice mill is approximately 190 MJ/ton
paddy and 238 MJ/ton paddy in par- boiled rice mill. Assuming that steam turbine cogeneration is used, the
electrical energy generated from 312 rice mills is therefore, 217 MW, of which 57% is used within the rice
mills and 43% is left. The thermal energy generated from the rice mills is 3.16 x 100 MJ/year, of which
5.37 x 10° Ml/year is used within the rice mills and 2.62 x 10! MJ/year is left However, optimization of
cogeneration system may help to reduce the amount of steam left.
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Total electrical energy consumption is 110 MJ/ton paddy excluding drying process.

Figure 1 Percentage of electrical energy consumption in white rice milling process of white rice mill
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Figure 2 Percentage of electrical power consumption in white rice mill no.1.
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Total electrical energy consumption is 102 MJ/ton paddy excluding drying process.

Figure3 Percentage of clectrical energy consumption in white rice milling process of white rice mill
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Total electrical energy consumption is 129 MJ/ton paddy excluding drying process.

Figure 4 Percentage of energy consumption in par-boiled rice milling process of par-boiled rice mill
no.3.
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Total thermal energy consumption in par-boiled rice process is 2,412 MJ/ton paddy

Figure 5 Thermal energy consumption in par-boiled rice process of par-boiled rice mill no.3.
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Figure 4  Percentage of energy consumption in par-boiled rice milling process of par-boiled rice mill
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Table 1 Detail infronation of electrical production in white rice mill.

Cogeneration type Steam turbine  Steam turbine  Steam turbine  Steam turbine
(Back-pressure) (Back-pressure) (Back-pressure) (Back-pressure)
Fuel type Rice husk Rice husk Rice husk Rice husk
Mill capacity (ton/day) 100 - 199 200 - 299 300 - 399 400 - 600
Number 199 39 11 11
Cogeneration capacity ( kW) 505 927 1,378 2,309
Average mill capacity (ton/day/mill) 124 226 336 563
Rice husk production (ton/day/mill) 31 57 84 141
Operating hour (hr/yr) 270 270 270 270
Heat to power ratio (Process) 1.30 1.30 1.30 1.30
Designed steam mass flow rate (kg/hr) 4,410 8,110 1,200 2,000
Inlet steam pressure ( bar, a) 50 50 50 50
Inlet steam temperature ( C) 450 450 450 450
Electricity consumption (kWh/ton paddy) 53 53 53 53
Electricity consumption (MJ/ton paddy) 190 190 190 190
Generated electricity ( kW/mill) 504 927 1,378 2,309
Electricity demand (kW/mill) 274 499 742 1,243
Generated electricity (MW) 100 36 15 25
Excess electricity (kW/mill) 230 428 636 1, 066
Total electricity demand (MW) 54 19 8 14
Total excess electricity (MW) 46 17 7 12
Heat consumption (MJ/ton paddy) 242 242 242 242
Heat consumption (kWh/ton paddy) 67 67 67 67
Annual generated heat ( MJ/yr/mill) 7.37E+07 1.36E+08 2.00E+08 3.35E+08
Heat consumption (MJ/yr/mill) 8.10E+06 1.48E+07 2.19E+07 3.68E+07
Excess heat (MJ/yr/mill) 6.56E+07 1.21E+08 1.78E+08 2.99E+08
Excess heat (MJ/yr) 1.31E+10 4.71E+09 1.96E+09 3.28E+09
Total heat consumption (MJ/yr) 1.61E+09 5.75E+08 2.41E+08 4.04E+08

Total annual generated heat ( MJ/yr) 1.47E+10 5.29E+09 2.20E+09 3.69E+09

"Note ;"

Steam turbine of Turbodyne

(Anon a, 1991and Anon b, 1986) efficiency 65% at 50 bar 450 C Back Pressurcs
Mode 500 capacity 2611 kWe Hg = 3, 316 kl/kg at 50bar 450 C
Mode 300 capacity 597 kWe Hf = 2778 kJ/kg at 10.3 bar
Mode 500 HS capacity 1492 kWe Hf = 125.8 kJ/kg at 25 C
Elliott AYR capacity 500 kWe

Boiler efficiency 70% (Wibulswas, 1991)
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Table 2 Detail infronation of electrical production in par-boiled rice mill.
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Cogeneration type

Steam turbine

Steam turbine

Steam turbine

(Back-pressure) (Back-Pressure) (Back-pressure)

Fuel type Rice husk Rice husk Rice husk
Mill capacity (ton/day) 100 - 199 200 - 299 300 - 500
Number 28 15 9
Cogeneration capacity ( kW) 513 915 1,312
Average mill capacity (ton/day/mill) 125 223 320
Rice husk production (ton/day/mill) 31 56 80
Operating hour (hr/yr) 270 270 270
Heat to power ratio (process) 4.40 4.40 4.40
Designed steam mass flow rate (kg/hr) 4,490 8, 000 1,148
Inlet steam pressure (bar, a ) 50 50 50
Inlet steam temperature ( C ) 450 450 450
Electricity consumption (kWh/ton paddy) 66 66 66
Electricity consumption (MJ/ton paddy) 238 238 238
Generated electricity (kW/mill) 513 915 1,312
Generated electricity (MW) 14 14 12
Electricity demand (kW/mill) 344 613 880
Excess electricity (kW/mill) 169 302 432
Total electricity demand (MW) 10 9 8
Total excess electricity (MW) 5 5 4
Heat consumption (kWh/ton paddy) 283 283 283
Heat consumption (MJ/ton paddy) 1,019 1,019 1,019
Annual gencrated heat ( MJ/yr/mill) 7.37E+07 1.33E+08 1.90E+08
Heat consumption (MJ/yr/mill) 3.44E+07 6.14E+07 8.80E+07
Excess hcat (MJ/yr/mill) 3.93E+07 7.18E+07 1.02E+08
Excess heat (MJ/yr) 1.10E+09 1.08E+09 9.20E+08
Total heat consumption (MJ/yr) 9.63E+08 9.20E+08 7.92E+08
Total annual generated heat ( MJ/yr) 2.06E+09 2.00E+09 1.71E+09
"Note ;"
Steam turbine of Turbodyne
(Anon a, 1991and Anon b, 1986) efficiency 65% at 50 bar 450 C Back Pressures
Mode 500 capacity 2611 kWe Hg =3, 316 kJ/kg at SObar 450 C
Mode 300 capacity 597 kWe Hf = 2778 kJ/kg at 10.3 bar
Mode 500 HS capacity 1492 kWe Hf = 125.8 kl/kg at 25 C
Elliott AYR capacity 500 kWe

Boiler efficiency 70% (Wibulswas, 1991)
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