Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2014, 6(6):2769-2778

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Thermal and environmental performance of | GCC system with
wood dust asfeed

Hairong Wang, Jianbo Yan, and Yu Yuan

School of Engineering, Sun Yat-senUniversity, Guangzhou, PR China

ABSTRACT

increasingenvironmental problem have raised interest in energy saving and renewable energy development.As the
most potential renewable energy resource, biomass energy is not only rich and abundant, but also available and
clean. Biomass gasification technology is good at the adaptability of raw material and quiet mature in China, which
is applied for the power generation industry. This paper investigates the operation of IGCC plants with wood dust
as feed. The investigated plant designs gas - steam combined cycle with biomass gasification technology, leading to
different energy vectors(power, heat etc). Gasification of wood coupled with gas - steam combined cycle will pave
the way towards zero emissions power plants. The energy conversions investigated in the paper were simulated
using Aspen Plus in order to produce rigorous material and energy balances nessary for the proposed evaluation.
As illustrative cases, the thermal and environment performance under different gasification parameter, were
presented. The case studies investigated in the paper produce a up to the total energy efficiency of 75% and CO,
emissions of 0.68Kg/KW ¢ h. Special emphasis were given to optimalization of gasification process, to select the
parameter for gasification reactor, analysis the thermal performance of the energy conversion process and etc.
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INTRODUCTION

The IGCC (Integrated Gasification Combined Cyclhstem with wood dust as feed is an advanced poysteis
developed by combining gasification technology gad-steam combined cycle. IGCC has the advantddgagio
efficiency, low pollution, and the ability to intege with other chemical processes. As a resudiatgattention has
been paid to IGCC in recent ye&rd. Many domestic and overseas scholars have donk exgtoratory research
on the thermal performance and environmental benefithe coal-based IGCC system. For example,idahgpuan
et al.”¥ studied on the comprehensive evaluation standarde performance of the IGCC system and came up
with an evaluation method based on the comprehemsiilution index of energy efficiency. Zachary Ffinén et al.
%] researched on the thermal-economic benefits anchren investment of the IGCC system. Meanwhileprider
to reduce greenhouse gas emissions, various texdieslof the IGCC system for GQ@apture and storage were
presented successively, so as to explore new agipesand methods for the IGCC system to realize rzdease of
COL*7. However, fundamental research on the IGCC sysitiriomass fuels is still insufficient. Biomassads
clean renewable energy source with the charadterisf large resource quantity, wide distributitmw price, and
ease of material drawing. The “China’s Nationaln@te Change Program” enacted by the National Dpnetmt
and Reform Commission in 2007 confirmed that greesk gas emissions would reduce by 30 million S0,
equivalence annually through developing biomasdsfugfter 2010, Moreover, the chemical molecular
constitution and energy utilization pattern of bass fuels are quite similar to those of fossil sudlherefore,
biomass fuels could replace regular fuels withaghificantly improving existing industrial techngjes. In this
case, this paper analyzed the gasification proaedsits characteristics in all operating statethefIGCC system
with wood dust as feed by using Aspen Plus, andtilhted the relationship between the gasificagimotess of
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wood dust and the overall performance of the IGg€&esn. The research achievements are of importactipal
significance for the energy industrial restructgrin China.

IGCC SYSTEM MODEL

PHYSICAL MODEL

The IGCC (Integrated Gasification Combined Cyclestsm with wood dust as feed mainly consisted sffigation
unit, treatment and condition unit, combined cyai®t, and heat recovery stream generator(HRSGhasn in
Figure 1. The main process was that proportionambss was added from the top of the gasificationaite,
gasifying agent (air) was added through the oxigatayer in the middle of the gasification furnatieen the
biomass went through the top-down gasification gss¢ including moisture removing, thermal decomntpmsiof
volatiles, incomplete combustion of volatiles amdbon, and secondary decomposition of macromolemi&iles;
the high-temperature combustion gas generated Fiomass gasification exchanged heat with the arhaater
and low pressure reheaterof the combustion gagiemd HRSG, in order to lower the temperaturerantbve the
dust. The acid gas from cooling syngas went throNgty removal, desulfurization, and other decontamimatio
devices, mixed with the outside air pressurized¢daypressors, then entered the combustion gas éutbiether for
combustion. Outside air needed to go through tlesdeaction processes before entering the combuatat,the
extracted air was used for cooling the gas turbierwards, the exhaust gas emitted from the coetbicycle unit
exchanged heat with condensate water in the HR&Bsd0 recover the waste heat from exhaust gdsr Aéat
exchange condensate water with high, medium, andolessure evaporated through the economizeroextgy,
and superheater, and finally entered the steanntufbr electricity generation.

- — — =
— — —

- — — —{m=he

Fig. 1 a schematic of the |IGCC system

The IGCC system with wood dust as feed used theFAE®mbustion gas turbine as the prime mover. Tésgth
parameters of the turbine in combined cycle westedi in Table 1.
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Table 1 operation parametersfor gasturbine

Inlet temperature for combustion chambér( 340

Air flow for combustion chambef kg/s) 602
Inlet temperature for turbine( 1175
Pressure ratio for turbine 14.285
Exhaust gas temperaturé( 557
Pressure ratio for compressor 1 9.7
Pressure ratio for compressor 2 1.46
Pressure ratio for compressor 1 1.06
Exhaust volume of aspiratorakg/s) 25.63
Exhaust volume of aspiratorgg/s) 19.69
Exhaust volume of aspirator@g/s) 17.12
Exhaust temperature of aspiratoX 1°) 307
Exhaust temperature of aspiratoK Z) 379
Exhaust temperature of aspiratoK %) 382

RESULTSAND DISCUSSION

Compared with regular IGCC systems, the IGCC sysidth wood dust as feed combined the gasificatibn o
biomass. As a result, the gasification unit wascibie equipment of the system, influencing on tdealland output
of the combined cycle and followed HRSG. In termh@ @ertain gasification process, four indicatoramely gas
yield, heat value, gasification efficiency, andhzar conversion ratio, were normally considet&d.

THE THERMAL PERFORMANCE OF GASIFICATION PROCESS
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Fig. 2 therelationship between oxygen equivalent ratio and the gasification process

Material properties and operating conditions are thain factors affecting the biomass gasificationcpss.
Operating conditions including the reaction temper reaction pressure and oxygen equivalent.Fagjore2
showed the relationshipbetweengasification processaygen equivalent ratio. In figure 2 (a), wittetincreasing
oxygen equivalent ratio, the volume percentage @ @ecreased first and then increased. When the oxyge
equivalent ratio was at 0.35, the volume percentag€O, reached the minimum value, which was 9.27%. In
contrast, the oxygen equivalent ratio was at 028 volume percentage of CO reached the maximuoeyathich
was 25.23%. The volume percentage of,@kadually decreased, when the oxygen equivaldiot was at 0.13, the
volume percentage of GHvas only 3.02%. In figure 2(c), the gas yield aratbon conversion ratio showed a
tendency of increasing while oxygen equivalenoraibetween 0.15-0.51. When the oxygen equivakdid was at
0.27, the gasification efficiency of wood dust feed its maximum value, which was 77.45%. At theeséime, the
heat value of syngas would reduce sharply withilbeeasing oxygen equivalent ratio, especially wtienoxygen
equivalent ratio was above 0.27. The temperaturth@freactors was restricted to about 90fue tolimitation
ondurability and the added cost of higher tempeeatuaterials.It could be concluded thatthe oxygeuiwvalent
ratio should be 0.15~0.31from Figure 2 (b). Lv PMied Lu Pengmei’'s experiment provides. HCO. CO,. CH,
yield that used pine as its fé€d*. The volume percentage of,kh the referring mentioned aboveis28.93%
whilethe simulation result on modeling the gastiima of biomass is 32.26%. It must be highlights énror of CQ
CO,. CH, volume percentage is more litter. Therefore sinaulation result is credit.
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Fig. 3 therelationship betweenreaction pressureand the gasification process

Figure 3 showed that the relationshipbetweengasifin processand reaction pressure. The volumespige of
N, increased from 44.44% to 46.76%, the volume peagenof CQ increased from 9.02% to 10.02%, and the
volume percentage of GHncreased from 0.25% to 2.13%. However, the volymecentage of Hand CO
decreased. In figure 3 (b), when reaction pressbhamged within 3~60 atm ,the syngas temperatureé ugifrom
784.531 to 906.19]. It could be concluded that the effect of pressumethe gasification process was relatively
small. In figure 3 (c), with the increasing reantjressure, gas Yyield, gasification efficiency, aatbon conversion
ratio all decreased, while the heat value of gaseeased first and then decreased. The main reassnthat

increasing pressure led the reactions C+6@CO and C+HO—CO+H, to react towards the direction in which the
volume of H and CO decreased.
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Fig. 4 Fig. 3 therelationship betweenreaction temperatureand the gasification process

Figure 4 showed the relationship betweenreactiompégatureand the gasification process. In fig. 4fa)volume
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percentage of CO continuously increased with tregeimsing temperature, from 22.08% at56quably up to
28.65% at 950. However, the volume percentage of £ghd CH linearly decreased. The volume percentage of
CO, decreased from 11.67% to 7.06% and that of, @etreased from 2.00% to 0.07%. It was becausetliat
endothermic reactions C+G&2CO and C+HO—CO+H, move forward intensely, while exothermic reaction
C+2H,—CH, react in the reverse direction intensely, whichdfiged the production of CO and, ldnd thus led to a
more obvious tendency of decreasing,@@d CH. The temperature was not the higher the bettersaondld be
decided according to fig.4(b) and fig.4(c). In terof wood dust, the best reaction temperature coeldontrolled
as4201. The JinhuiAn’s thesis provides a reaction tempeearange of 300-500 which was used as one of the
operation parameter for the gasifier of Hull, sastdatraw’.

THE ENVIRONMENTAL PERFORMANCE AND EFFECIENCY OF IGCSYSTEM

The overall performance of the IGCC system has laéseimulated on the Aspen Plus platform.AndThedeosate
water flow in the HRSE maintained at 330 t/h, theod dustamount of 170 t/h. In this condition, tmisonment
performance and efficiency of the IGCC system wdiscussed.the overall performance of the IGCC gyste
included:the total energy effeciency, equivalenergyefficiency, andeconomic exergyefficieA&y”. Generally
speaking, the higher the exhaust temperature obastar, the higher the efficiency of power generativould be.
But due to the limitation of technological levdiettemperature of inlet in the turbine could notabeve 1600.
Within this scope, for an increase aofl in temperature of the inlet gas, the exhaust teatpee of combustor and
turbine increased by 0.169and 0.106/ respectively. In order to maintain the steady apien of the turbine , the
gasification efficiency of gasification units must kept within a relatively stable range. In thedeloused in this
paper, the syngas flow of the combined cycle shddnaintained at about 100kg/s. According to #wmilts of
gasification analogue simulation, the reaction gues should be set at 1atm, the temperature sleuset at 420,
and the oxygen equivalent ratio should be set 2f.0The performance of the IGCC system under tippased
condition were shown in Table 2.

Table2 parametersperformancefor IGCC system

Inlet temperature of combustion chambér( 389
Inlet pressure of combustion chamber(MPa)  1.5081

Inlet temperature of turbine( 1189
outlet temperature of turbinej 5715
outlet pressure of turbine (MPa) 0.1106
outlet temperature of HRSG] 104.1
Power produced by gas turbif@&\W ) 228.357
Power produced by stream turbid®wW ) 123.930
power (MW) 246.130
the total energy effecienc§%) 77.228
equivalent exergy efficiency%) 45.249
economic exergy efficiency%) 53.469

The rated temperature of inlet in the combustor 834%1, and the simulation result was 388@ table 2. The rated
inlet temperature of theturbine was 11F75and the simulation result was 1188 table 2.The rated outlet
temperature of the turbine was 55and the simulation result was 57118 table 2. Therefore, this IGCC system
was able to make sure the operation of the combigelunder the supposed condition. The emissidrssiifide
and nitride from the IGCC system could meet thietstst requirements of environmental protectionerEfore, tts
environmental performance focused on,Gnissions. the thermal and environmental perfoomaof the IGCC
system were shown in Fig. 5-6.
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The increasing tendency of energy efficiency becamderate at around 420 , as shown in Figure 5 eTfhets of
the temperature on G@missions were relatively complex. When the temfpee of gasifying reaction was 420 ,
CO, emissions were about 0.68kg/kW-h. Figure 6 shawatlenergy efficiency of the IGCC system increafast
and then decreased with the increasing oxygen alguit/ratio. Meanwhile, CQOemissions showed an increasing
tendency with the increase of oxygen equivalemb rat

CONCLUSION

When the reaction pressure was at 1 atm, the texyperwas at 420, and the oxygen equivalent ratio was at 0.27,
the IGCC system with wood dust as feed was abledet the requirements of stable operation. Attihie, CQ
emissions were about 0.68 kg/kW-h and the totatggnatilization ratio of the system was 75%. Theref the
system was better at environmental protection aedgy conservation compared with coal-fired powants.

when the reaction temperature was below‘@00ncrease in heat value, yield, and temperatursyofgas was
obvious. Increasing temperature and heat valuetdas/ would lead to increase in outlet temperatéitbeoturbine
and HRSG. However, overlarge variation in the dudlenperature of the turbine would cause excessraporation
of the vapor in HRSG, which did not follow the givéemperature curve. And it was required by theonat

standards that the gas yield in the gasificatimtess must be above 70%. In a summary, the redetioperature
of gasifier could be between 300-500At the same reason, the oxygen equivalent ratitddoe 0.25-0.31.

Effects of the reaction pressure on the gasificafimcess were relatively small. When the oxygeuivedent ratio
was above 0.27, the heat suppliedby the combiniésd decreased quickly and electricity graduallyrdesed as the
gas yield declined, which led the relative energgservation ratio to increase first and then degebowever, the
total energy utilization ratio of the system wouldt decrease with the increasing oxygen equivaksi. It was
because that the oxidation process was more coenplighh the increasing oxygen equivalent ratio, therseiving
more thermal energy. Decrease in the relative gnewgservation ratio only indicated that directlyrhing biomass
fuels would cause great energy losses from anginspective.
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