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L¥H L¥h i 

i 

10 J 
20 INPUT " INPUT r C CO/I12/C02/H20/N2/02/CH4 ";TC, Ml, M2 , M3 , M4, M5 , M6 , M7 
30 IF TC>727 GOTO 230 
40 IF TC>327 GOTO 140 
50 DT=TC-20 
60 
70 112= (6. 
80 113-(8. 
90 
100 
110 
115 II7=(8. 
120 lIG=IIl+II2+H3+114+H5+II6+H7 
130 PRINT USING :END 
110 DT=TC-327 
150 
160 
]70 113=(3138+11. 
180 114= (2555+8. 
190 
200 II6=(2257+7. 
205 
210 IIG=Hl+II2+113+114+H5+H6+H7 
220 PRINT USING :END 
230 DT=TC-727 
240 H1=(5244+7. 
250 
260 
270 
280 
290 116= (5465+8. 
295 II7=(9208+17. 
300 IIG=H1+H2+H3+114+II5+H6+H7 
310 PRINT USING :END 

0 + 3 H2 

: F e 

2 9 8. 1 5 89125. 2. 0045 x 10-25 4.217 x 1016 

400 1 4 7 9. 2. 3442X 10-16 1. 8793 x 1013 

500 1 2 8. 8 2 8. 3176 X 10 1 1 3. 6728 x 10 1 1 

600 2 6. 915 4.8529 X 10-7 3.1046XI010 

700 9. 120 1 2.5823 X 10-4 5.2966X109 

800 4. 073 8 3.013 x10-2 1. 2445 X 109 

900 2. 1 878 393 2 3.6058 X 108 

1 000 3 8 0 4 2. 559 1. 2677 X 108 

1 100 O. 9 0 7 8 2 7. 8 5.224 X 107 

120 0 O. 6 7 1 4 2 2 2. 3 2.4604 X 107 

1 300 O. 524 6 1 297 1. 2972 X 107 

1 400 O. 427 6 5.861 X 104 7.4302X106 

1 500 O. 3 5 9 8 2. 173 X 100 

1 600 O. 3 1 0 5 6.855 X 105 

170 0 O. 274 2 1. 879 X 106 

1 800 O. 2 4 5 5 4.571 X 106 

1 900 O. 223 9 1.019x107 

2 0 0 0 206 5 2.094 X 107 
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2) Co 0 1 Wa t e 
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Southern Carifolnia Edison (S C 

Soh i Ott. Ese 1 DOE 

E PR 

4 1] IU 
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8.3% 

10.0% 

11. 6% 

5.1% 

… 24.1% ... 

5.1% 

3.5% 

32.3% 

100.0% 

310. MW 100.0 % 

5MW 26.7 % 

52.8MW 21. 8 % 
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A B S T R A C T 

A Study of Thermal Efficiency Analysis and 

Cooperated Control of an Air Blow Entrained-bed Integrated Coal 

Gasification Combined Cycle Power Generation System 

By Hideto Moritsuka 

A Thesis for a Doctor of Engineering Degree OSAKA UNIVERSITY 

Power (plant consumplion) Power 
The object of this paper is to study a new coal-fuel thermal power 

Air 

Gas ll  
generation system , that is , an integrated coal gasification combined 

Generotor 

cycle power generation system (IGCC) composed of an air-blow two-stage 

Condensale 
pressurized entrained-bed coal gasifier , dry gas clean-up facilities 

and a high-temperature gas turbine. 

For this purpose , the thermal efficiency of these systems is first 

analysed by means of a heat and material balanc e , and a cooperated 

Raw waler control strategy of the whole IGCC system is proposed by means of a 

dynamic modeling on a control engineering method in order to gain not 

only high efficiency or such environmental cons e rvations , but also 

Sulfur rapid load trace characteristics. 

Slog/fly osh First , the modeling of coal as an input of the IGCC system is 

discussed , that of gasification reactions of the lower stage 

(combustor) and the upper stage (reductor) at the air-blow 

pressurized entrained-bed coal gasifier , and that of desulferization 

and regeneration reactions with iron oxide are made. 
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Second , based on these reaction equa 1:. ions , the heat and mater�l 

balances of a gasifier , gas clean-up facilities and combined cycle 

power generation facilities are analyzed and are arranged by the 

several evaluation indices of the system performance , and the thermal 

efficiency and characteristics of the IGCC is estimated by means of a 

heat-flow diagram. 

Third , the effects of the changes of these indicies of each 

composed fac i 1 i ty on the coa 1 types , the system capac i ty and the 

operating cond�ions are grasped. 

Fourth , th8 air blow two-stage pressurized entrained-bed coal 

gasifier is regarded as two-parts lumped parameter system and the 

gasification reactions with the strong non-linear characteristics for 

furnace temperaturc are modeled by means of a carbon conversion ratio 

from the non-dimensional reaction time , which is a quotient 

of the furnace average residence time to the reaction finishing time 

ot the representative temperature assuming the surface reaction 

control. The gasifier is modeled dynamically by means of the heat 

transfer characteristics between gas and gasifier wal1 , and the flow 

characteristics of gas. The property of this dynamic model is 

verified by the dynamic behavior test on the two-tons per day bench 

scaJe gasifier. In the same way , the dynamic models of the gas cleanｭ

up facilities and the gas turbine are constructed by the dynamic 

model匤g. 

After these dynamic models are connected with each other and the 

whole system' s controler is added , the IGCC system's dynamic model is 

completed. 

Now , the waste heat recovery steam cycle (a heat recovery boiler 

and a steam turbine) is omitted from these modelings , because this 

dynamic response wi 11 be slow as compared with the gas 

characteristics. 

248 -

The simulated dynamic response of these dynamic model using the 

dynamic simulater composed of the multi CPU digital controler , load 

trace responses of gasifier lead control method and the gas turbine 

lead control method based upon the way of load error feedback are 

investigated , and the gasifier gas turbine cooperated control method 

is also investigated. 

As a result , the rapid load response and the small pressure change 

are obtained from this cooperated control method. In addition , the 

load feedforward cooperated control method using the final stable 

input requested by the gasifier and estimated to calculate thc 

system's heat and material balance is proposed. And the good load 

response as rapid as the previously mentioned cooperated control 

method with a high adaptability of coal type , etc. 

In conclusion , it has been made clear from the presenl Jabor that 

the total system' s control strategy of the IGCC with a gasifier , gas 

clean-up facilities and gas turbine connected in cascade should first 

of al1 control the gas turbine's fuel control valve in order to 

respond to the load temporarily and then control the gasifier's coal 

and air input an the same time. 
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