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Principle analysis of energy saving of matched material and energy

flows in the industrial furnace and kiln
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Abstract: Industrial furnace is a huge energy consumption industry in China which accounts for about 1/4 of the total energy consumption
in China every year. In the increasing shortage of energy and environmental pollution today the energy saving and emission reduction is
very urgent for the industrial furnaces and kilns. The production of industrial furnaces is a process of collaborative works of different equip—
ments and processes including the conversion and transfer of material and energy between various systems. Therefore the analysis of mate—
rial flow and energy flow for industrial furnaces and kilns is the basis of realizing high efficiency and low emission. The general method
is mainly analyzed from the perspective of energy or waste heat utilization of the furnace products and the industrial furnace is not regarded

as a total system to investigate the material flow and energy flow status. In this paper based on the node calculation method and starting
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from the whole system of industrial furnaces a mathematical model of matching material flow and energy flow was established and the ener—
gy balance of different parts of a typical industrial furnace was obtained. Meanwhile the exergy loss of furnace system was studied by the
second law of thermodynamics and the key parts of furnace energy saving were found. The material flow and energy flow of 3 200 t/d typi—
cal cement kiln were analyzed and calculated by this method. The results show that the heat loss of cement kiln mainly includes high—tem—
perature loss and low—temperature loss. The high—temperature loss is mainly the heat loss of the kiln“s walls and the carbon heat loss of
unburned coal accounting for 6.84% and 1.95% respectively and corresponding to the loss of exergy as 4.17% and 2.59% respectively
which has a few energy—saving potential. The low—temperature heat loss includes the heat loss of flue gas at the tail of kiln and sensible
heat from the clinker out of the cooler. The heat loss of AQC furnace and SP furnace accounts for 3.06% and 6.19% respectively and cor—
responding to the loss of exergy as 1.26% and 1.45% respectively which is still worthy of utilization. According to the different reasons for
high temperature and low temperature heat loss in this paper the energy saving potential of furnace and kiln was evaluated and some new
technologies such as advanced heat insulation of furnace wall oxygen enriched calcination and low temperature waste heat utilization were
proposed which could further reduce the coal consumption of the kiln. In addition some new technologies are recommended to reduce the
electrical power consumption of the equipment such as the use of high—efficiency fans and permanent magnet motors combined with the
technology of surplus steam—driven fan and energy—saving management which is expected to achieve the goal of zero power consumption
of clinker sintering system.

Key words: industrial furnace and kiln; material flow; energy flow; matching; principal of energy saving
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Fig.1 Flowchart of new dry process cement clinker production line
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Fig.2  Flow network diagram of cement furnace and kiln
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Table 1 Main nodes in the cement process and the material and energy flow
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Table 2 Chemical composition analysis of raw meal and clinker
1%
Si0, ALO, Fe,0, Ca0 MgO S0, Loss >
13.25 3.09 2.18 41.64 2.33 — 36.29 98.78
22.38 5.07 3.30 63.77 3.73 — 0.10 98.39
3
Table 3 Proximate analysis of pulverized coal
/%
s 7y n v e, Qu /(K] * kg™) Quet aa /(KT * kg™")
9.40 0.87 27.44 27.80 43.89 22 189 24 514
4
Table 4 Operation parameters of main nodes of furnace and kiln
/C
sp AQC / / /
/ /
51 1 020 910 34 305/180 402/110 70 51/38 1 430/208 296/168
( Aspen—Plus 9.33% ( N
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(7) .
4:6 47%
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V' =(0.241 * Q,, ) /1 000+0.5 (11)
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Table 5 Calculation and test data of main operation parameters of furnace and kiln
/ / / AQC / sp / co,
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