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Table 1- Produced gas components from biogas according to three different gasification processes

Gasification process Air Oxygen Steam
Heating value of produced gas (MJ Nm?) 4-6 10-15 15-20
CO;,, N,, Hz, CO, HC, -
Products Water, Asphalt HC, CO,, CO, H, CO, Hy, CHy, light HC
(H2:15%, CO:20%, CH4:2%, (H2:40%, CO:40%, (H2:40%, CO,:25%,
Average components of produced gas CO,:15%, Ny: 48%) C0,:20%) C0:25%, CH4:8%, N:2%)
Reactor temperature (°C) 900-1100 1000-1400 700-1200
Cost Cheap Expensive Moderate
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Figure 1- Gas production process from biomass
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Figure 2- Schematic of the proposed boiler
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Fritness(X) = Whet (Y)
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Table 2- Input parameters of boiler optimization

Input parametes value Unit
Condenser pressure 0.07 bar
Gas flow rate 500 kg s™
Ambient temperature 298 K
Minimum stack temperature 345 K
Vapor quality at the exit of low pressure turbine 0.88 -
Isentropic efficiencies of gas turbine and compressor 0.88 -
Maximum temperature at turbine inlet 850 K
Compressor pressure ratio 141 -

aoli 2 & (6999 o (S puiio - o
Table 3- Decision variables of program

Variable Upper limit Lower limit Unit
m e 90 40 Kgs?
mp 30 5 Kgs?
m, . 30 5 Kgs?
PP, o 30 0 K
PP 15 0 K
PP, 15 0 K
AT o 30 25 K
AT, 30 25 K
AT - 30 25 K
P 160 80 bar
P 50 10 bar
P 5 0.5 bar
AT oy 150 25 K
Tis 700 490 K
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Figure 4- Temperatre versus heat transfer rate through the recovery boiler
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Figure 5- Comparison of pollution levels between three fuels produced from different gasification processes versus inlet gas
temperature to the recovery boiler
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Figure 6- Fuel consumption rate of three gasification processes in terms of inlet temperature of combustion gases to the recovery
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Figure 7- Comparison of combustion gas temperatures (adiabatic flame temperature) of produced fuel in three gasification processes
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Table 4- Recovery boiler optimum design parameters in order to achieve maximum power and efficiency in the conditions of using
the produced fuel by oxygen and steam gasification processes

parameter Oxygen gasification Steam gasification Unit
My e 54.95 84.36 (kg s™
My 12.49 7.34 (kgs™
my e 16.48 7.74 (kg s™)
PP, 5.98 6.83 (K)
PP, 3.02 381 (K)
PP . 5.54 11.36 (K)
P 1171 132 (bar)
P 28.4 31.26 (bar)
P - 1.01 1.42 (bar)
AT o 25.39 56.94 (K)
AT 28.18 25.43 (K)
AT, 25 25 (K)
AT o, 27.82 138.46 (K)
Tru 520 603.12 (K)
W ., 95.93 142.45 (MW)
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Figure 8- Optimal mass rate of steam generated by the recovery boiler in the gasification process by oxygen and steam
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Figure 9- High pressure pinch temperature changes of the recovery boiler in the gasification process by oxygen and steam
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Figure 10- The effect of high pressure pinch temperature on output power of steam cycle
St IS selF olF 53 YUyLiad g slos il -1 Ui

oeals £l ol b > 5l ead Dbk sle S malS 4 By Ko oYL Hlad i sles ioliEl LS jebay
AV S5 50 il Ty gsdse nl Ol Vo JSE salie b eSS ol SRS amys 5 st B e
Olid (S EB g Glaicds lu g henST Julge Jawgd oogicuns 5l saiadgy 518 5l ol jo IS JST godgs ol

el 00 00l

450
400 —_

350

w
o
o

g
\

\

\
\
\

|
|

- — = Steam gasification

Wegps (MW)
N
o
o

= = = Oxygen gasification

=
al
o

100
50
O n n n n 1 n n n n 1 n n n n 1 n n n n 1 n n n n ]

36 38 40 42 44 46
mg (kg s%)

Figure 11- The output power of the cycle using the gas produced from the gasification process by oxygen and steam
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Figure 12- Efficiency of the cycle using the gas produced from the gasification process by oxygen and steam
St 9 ST Jalge Lawvgi 0395 s 3 sdgi 5U5 31 oolisan] 33 JSioms JS 033 el Y S

Jole lawgi oogicunn ) (saudes 315 5l eolatnl jo S IS ool aS 0y o A5 pl @ Glgi o AT USS sdalio
TOFIY s ST Jole (sl csmo ol 45 (5530 90 sl ke Y B 78410 cyay By 55 00 0lmo oyt ol
B ele Laogs outiadss I8 51 esliie 5 IS yiie 0adsf 0l lime 8 olgiige | ! ol s and OV b
e ooy e e il bl el Lags sy I 51 esliil [« ISams 033 <l sk g, anlice b el
e K0 4 (53955 S35 (sled Vb By S g (05 50 9z Spdige S adyaid) ol 5 o3l Rl Dad
ol Sl e il el o Jele ool 5 4l il Koo oYbyLid i sloo e wiud 3l L
Sl ol JLisas 5 s alil o gamays ol 555 e S ol 8lS s 5 sl S oliee 205
509 SV S35 sled 5 Y (Brae cigus lags 13 (gusmins oy S 035k G s 4 5395 Sl (L
s Gl Sl s Ko &

ST 500 3 003L (3198 w1y O3 by K0 8,5 hos sl ab 31 g 0395 S 5 dunns o

ity el S S amtys 5 ol iy Koo Fan¥T e alS L3l IS Slaal 1 S, 4Kl 4 axs b
Soge ol Gl ol slasls (San¥T gliee Sl gnb 55 ki o lowd gl g 5 0055 ) o (slamlis
s guw ol 5l oolarwl daylpl (o 003l o IS (sodsr olgs oyl ObsL e oo o Slee auo sl (pien S8
sbeo g &yl o, Jedoas by i S g 35 4 ond baud eogicenn ) 5l ekaier s .l KuSG L placglay ax
Ol (Bpas o0 biawd ;o olen b cnl sl oolain] b 5L aslie ol p ‘QT Sl sl Jol> o5 oYL
38 g o Jele lawgy dll) §iine S g 0055 ) 3l 0dad gl 8 0 0z a0 SLuS 5 WD Jadz 10 0,5 duslie |, LQJ
DYl ot sols las amb

A



Gila> (W Gigpm 5 (Slbolez Sgame

b 3B g 5l Jole g Al Gidio b ga 0395 S j 3 oudbad g I 50 39290 LS 5 -0 Jgua
Table 5- Components in gases produced from waste with steam gasification process compared to natural gas

Fuel type (MJ m®) Heating value (%vol) Components
0O,: 2%, H,: 66.2%, CH,4: 9.98%, CO:
Fuel from waste [26] 17.8 17.37%. CO,: 4.59%, C,Ha: 1%
CH,: 86.14%, C;He: 9.34%, C3Hs:
3.25%, C4H10: 0.25%, CO.: 0.47%

Natural gas [23] 35.98
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Table 6- Results of optimizing the design parameters of the recovery boiler for obtaining maximum power for fuel from waste
and natural gas

Prameter Fuel from waste Natural gas Unit
my e 43.3 79.19 (kg s
My 13.59 16.05 (kgs™)
My 1p 17.92 12.98 (kg s™)
PP 1.98 55.93 (K)
PP,- 0.95 29.76 (K)
PP_, 0.75 14.28 (K)
P 115.1 150.9 (bar)
P 33.2 28.73 (bar)
P 151 1.54 (bar)
AT, 25.54 90.45 (K)
AT o 25 25.39 (K)
AT - 25 25 (K)
N 25.21 167.77 (K)

T en 513.66 552.53 (K)

W .. 7175 147.91 (MW)
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Figure 13- Comparison of maximum output power with using of natural gas and fuel from waste
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Figure 14- Comparison of maximum cycle efficiency with using of natural gas and fuel from waste
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Figure 15- Comparison of mass consumption rate of natural gas and fuel from wastel for the same temperature of combustion gases
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Figure 16- Comparison of NOx content in combustion gases of natural gas and fuel from waste for the same combustion
temperature
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Table 7- Comparison of the optimal result values of the present work with the reference [12]

Parameter Present work Reference [12] Difference Unit
My 79.36 - (kg s™)
My e 7.09 - (kg s™)
My 1 10.31 - (kg s™

> my, 96.76 95.13 1.63% (kgs?)
PP, 9.9 10 1% (K)
PP, 21.85 22 0.6% (K)
PP, 10.78 11 0.2% (K)
P 164.13 165 0.5% (bar)
P, 24 23.79 0.8% (bar)
P - 2.1 215 2.3% (bar)
AT,p 41.49 - (K)
AT o 29.39 - (K)
AT, 26.13 - (K)
N 1143 - (K)
T 590 - (K)
W et 136.82 - (MW)
W crp 430 425 11% MW)
Tlccre 63 62.8 0.3% (%)
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English Abstract

Pollution reduction analysis and modeling of a heat recovery boiler with
using of different biomass syngases
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In this paper, the performance of a triple pressure heat recovery boiler with gaseous fuels from biomass is
discussed in terms of power output, efficiency and pollutions at oxygen, air, and steam gasification processes.
The main parameters to optimization of heat recovery boiler by using genetic algorithm method are water and
steam mass flow rates, high to low pressure pinch points temperatures, and temperature difference between
the superheat steam and gas flows. It was found that the use of steam gasification in comparison with oxygen
gasification increases the power output and efficiency of cycle 117 MW and 3.24%, respectively. However,
the NOx production in oxygen gasification process is 790 gr/s less than steam gasification. Also different
types of biomasses are compared in terms of power generation, efficiency and emissions production with
each othe.

Keywords: Heat recovery boiler, Gasification, Biomass, Combustion pollutants
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