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Abstract

The conversion of biomass by means of gasification into a fuel suitable for a high-temperature fuel cell has recently received more attention
as a potential substitute for fossil fuels in electric power production. However, combining biomass gasification with a high-temperature
fuel cell raises many questions with regard to efficiency, feasibility and process requirements. In this study, a biomass gasification/molten
carbonate fuel cell (MCFC) system is modelled and compared with a relatively well-established biomass gasification/gas turbine (GT), in
order to understand the peculiarities of biomass gasification/MCFC power systems and to develop a reference MCFC system as a future
biomass gasification/MCFC power station.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction well as options for system integration. In this study, a biomass
gasification/MCFC system is modelled and compared with a

Biomass is supposed to be an important energy source ifpreliminary biomass gasification/gas turbine (GT) system.

a more sustainable production of electricity is required. Un- The trends of MCFC output performance and the limited

fortunately biomass cannot be seen as a favourable fuel forconditions of MCFC operation towards system parameters

producing electricity. The combination of biomass gasifica- (operating pressure, GHeforming rate and fuel moisture

tion with a high-temperature fuel cell (in this case, molten content) are discussed based on the comparison with the GT

carbonate fuel cell (MCFC)) offers an opportunity of using system. The comparative study is helpful in understanding

biomass for producing electricity in decentralized power sta- the difference between the selection criteria of MCFC sys-

tions. However, the biomass gasification system combinedtem and GT system and to develop a reference MCFC system

with a fuel cell raises many questions with regard to technolo- used for investigating future technology and system designs

gies, which must be applied, and overall system efficiencies, for biomass gasification/MCFC power stations.

which can be achieved. The selection of a suitable biomass

gasification system for small to intermediate scale applica-

tions (approximately 1-10 M\ requires a careful evalu-

ation of gasification processes and gas cleaning systems ag. Model used within the study

* Corresponding author. Tel.: +81 46 856 2121; fax: +81 46 856 3346. 1he system models in this study are simplified models to
E-mail addressmorita@criepi.denken.or.jp (H. Morita). help understand the difference between the selection criteria
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Table 1
Nomenclature Wood data
Elemental analysis CHo,

A frequency factor for resistance parameter jn C (wt.%, daf) 50 1.00

Egs. (8)—(10) H 6 143
E open circuit voltage of MCFC (V) © a4 0.66
F Faraday constant (C/mol) Heating value
H enthalpy (J/S) HHV (MJ/kg, daf) 20.0

. LHV 18.7

i/l current denfltﬁ_('ﬁ'{gﬁ Moisture content (wt.%)

gas concentratio .
m specific mass flow rate (mol/s) : 15" (5-50)
P partial pressure (atm) daf: ggr‘;";:rjsr;:;fe'
R gas constant (J/mol/K) point
Re.Re ?S%?ﬁz’) cathode reaction resistance of MCKC fluidised-bed gasifier (CFBG) has been selected for this study.
R internal resistance of MCFGXcr?) The reactions in the gasifier are thought to be a combustion
Sr stack area of MCEC (cR) reaction as shown ikq. (1) and a gasification reaction as
T temperature (K) shown inEq. (2)
U fuel utilization of MCFC : X Yy 3 X
Vf output voltage of MCFC%\Z) CH,O, [biomassh- (1 ta E) O — CO + EHZO
W output energy (W) (1)
Greek letters

f f ibi f . 1—-y-—
o ga{;:stoer)or describing Cll content of product CH, O, [biomassH- y aOz
AU activation energy ifEgs. (8)—(10)J/mol) 16 ¥ — da
P efficiency () —3(1 - @)CO+ aCHy + Hz 2
Nne Nernst loss of MCFC (V)
§ gza;ci:ftilgper?tlo of combustion to gasification in The values, y are assumed to be 1.43 and 0.66, respec-

tively, which are reported to be average values for widgd
Table 1shows the data of wood used in the calculatiom

of an MCFC system and a GT system; the processes are noEg. (1)indicates the reaction ratio of the biomass combustion,
always described in detail. The flow sheet diagrams of the 1—-£ in Eq. (2)indicates that of the biomass gasification. The
biomass gasification/GT system and the biomass gasifica-factora in Eq. (2)is introduced to describe the Gldontent
tion/MCFC system are shown Figs. 1 and 2The systems  of the product gas. When the temperature of the gasification
are composed of biomass gasifier, gas cleaning, GT andis below 1000C, areportis drawn up saying that the product
MCFC units. The gasifier and gas-cleaning units are common_..

for GT and MCFC systems. The pressure loss of each piece 0finpyt data and performance of gasifier unit

equipment is assumed to be 0.5-1% of the inlet pressure; thqnput data

heat loss of the pipe has not been considered. For both sys- carhon conversion (%) 95
tems, the plant scale is assumed to be 10MWe process Heat loss (%, input fuel HHV) 5
simulation of the systems has been implemented with Visual CHs ratio factor (%J* 15
Basic. The models of the units are described as follows. Outlet temperature’C) 850

Outlet pressure (arm) 8* (2-20)

: . . . Perf tandard point
2.1. Biomass gasifier and gas-cleaning units erlormance on stancarc poin

Air equivalence ratio (%) 33.6
HHV of product gas (MJ/Nrf, wet base) 5.14
Regarding the biomass gasifier model, several elements HHV of product gas (MI/N dry base) 5.83
would have to be built to achieve a detailed mathematical Cold gas efficiency (%, input fuel HHV) 72.2
model using mass and energy balances of the entire gasifier Productgas k(vol.%) 137
based on the reactions taking place, their specific reaction 082 1126_'f
rates, the reaction heat of each reaction as well as the ther- ¢y, 35
mal constraints of the gasifier materials itself. This kind of N3 43.1
model would be very complex and cumbersome to use. The  H20 11.7

development of a detailed model is not the aim of this study. * Standard point.
Therefore, a simplified model for an air-blown, circulating ** Correspondence t@in Eq. (2)



H. Morita et al. / Journal of Power Sources 138 (2004) 31-40 33
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Fig. 1. Flow sheet diagram of biomass gasification/GT system.
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Fig. 2. Flow sheet diagram of biomass gasification/MCFC system.
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gas contains several percent £2,3]. The valuex is set at Table 3

15% to represent about 4% Gldf the product gasTable 2 Input data of gas-cleaning unit

shows the input data and the performance of the gasifier unit.Heat exchanger (HEX)

The input data of the gasifier is a carbon conversion of 95%, H?ath'oss_ (%, exchange heat) 10
5% heat loss of the input fuel HHV and an outlet temperature E'Ef(l zz'trl';fti%peratur 0 538
of 850°C. The composition of the product gas is determined  {exo outlet temperature €) 150

by the values of the input data. The value of the air equiva-
lence ratio, which provides the valégis necessary to satisfy
that of the heat loss in the gasifier. The composition of the
product gas is also assumed to satisfy the equilibrium of the
water gas-shift reaction shown fitg. (3)at the temperature

of the gasifier exit.

Filter
Heat loss (%, input heat) 5

Scrubber
Temperature®C) 60

tars, ammonia and NQ halogens, alkali compounds etc.)
CO+HO0 & COx+H2 3 and meet the required levg®-11] and finally cooled down
to 60°C. The cleaned gas leaving the scrubber is re-heated

The gasifier performance listed Table 2seems to sim- by heat exchangers before meeting the GT or MCFC unit.
uIatg the typical gas characteristics of bio_mass gasifica}tion As long as a low-temperature process is chosen for the gas-
by air-blown CFBG wel[2-6]. The calculation of the gasi-  ¢jeaning unit, most of the steam in the product gas is con-
fier performance is based on a biomass moisture content Ofgensed in the scrubber. The steam level decreases to the pres-
15%. Typical moisture contents of freshly cut wood range g re evel of saturated vapour, which corresponds to the tem-
from 30-60%, whereas most gasification systems use dry fedyerature of the scrubber despite the fuel moisture content.
biomass with moisture contents of 10—20% in order to gener- Fig. 4 shows the effect of the fuel moisture content on the

ate a product gas with areasonably high heating V. (jeaned gas composition and the steam loss in the scrubber
Some literature has discussed the effect the biomass MOISyith a pressure of approximately 8 atm. The moisture con-

ture content has on the gasifier performafi,é,8}. Fig. 3 tent of the cleaned gas leaving the scrubber®pis about
shows the effect the moisture content has on the gasifier per-go; 4t approximately 8 atm. At moisture contents of 5-50%,

formance, which is obtained from the gasifier unit modelled 6 steam loss. which is condensed in the scrubber. reaches
here. The increase of the moisture content by a'pproximately70_95% of the amount of steam contained in the product gas.
5-50% leads to a large decrease of cold gas efficiency due torpg |o\-temperature process also results in a loss of sensible
the increase of the equivalence ratio in an attempt to keep thepaat in the product gas despite recovering part of the heat

exit temperature of the gasifier at 830. from the product gas by using heat exchangers.
Regarding the gas cleaning model, a low-temperature pro-

cess is chosen since this process is well established, whereas 5 a5 turbine unit
high-temperature processes are still undergoing develop-
ment.Table 3shows the input data of the gas-cleaning unit.
The product gas leaving the gasifier is introduced into a fil-
ter and scrubber in order to remove impurities (particles

The GT unitmodelled ifrig. 1consists of a GT, steam tur-
bine (ST) and heat recovery steam generator (HREh)e 4
' shows the input data of the GT unit. The inlet temperature and
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Fig. 3. Effect of moisture content on gasifier performance, carbon conver- Fig. 4. Effect of moisture content on cleaned gas composition and steam
sion = 95%; gasifier heat loss = 5%; gasifier outlet pressure = 8 atm; gasifier loss during low-temperature process; scrubber pressure = 7.84 atm; scrubber
outlet temperature = 85. temperature = 60C.
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Table 4 Table 5
Input data of GT unit Input data of MCFC unit
Gas turbine (GT) Molten carbonate fuel cell (MCFC)
Isentropic efficiency (%) 85 A (2cm—2) 1.40x 1072
Inlet temperature°C) 1200 AUjr (kd/mol) 23.0
Outlet pressure (atm) .05 Aa(S2 cr? atnf3) 2.04x 1073
Combustor heat loss (%) 0 AUg, (kd/mol) 23.7
Compressor (Compr.) Aci($2 e atrP2%) 3.28x10°°
Isentropic efficiency (%) 85 AUc1 (kJ/mol) 132
Aca(2cnP) 3.39x 1076
Steam turbine (ST) AUc (kJ/mol) 67.1
Isentropic efficiency (%) 70 Ag( cm?) 2.00x 1071
Steam temperaturéQ) 400 Heat loss (%) 0
Steam pressure (atm) 30 Current density (mA/cri) 200
Fuel utilization (%) 80
Heat recovery steam generator (HRSG)
- Inlet temperature°C) 600
Heat loss (%, steam production heat) 10 Outlet temperature C) 660
Pinch point (C) 10
Min. temperature of outlet flue gasQ) 120 Pre-reformer/combustor
CHjy reforming rate (%) 95(0-95)
Condenser Combustor heat loss (%) 0
Temperature®C) 40
Expander (Expan.)
Generator Isentropic efficiency (%) 85
Efficiency (%) 98 Outlet pressure (atm) 1.05
Blower
isentropic efficiency of the GT are set at 12@and 85%. Isentropic efficiency (%) 70
The expanded gas leaving the GT is passed to the HRSG in Mechanical efficiency (%) 95
order to be used for steam production and is exhausted in thenverter
stack. The steam conditions at the ST inlet are set at@00 Efficiency (%) 97

and 30 atm; the isentropic efficiency is set at 70% based on * Standard point.

a diagram comparing cycle efficiency with the thermal input

in superheated steah2]. The temperature of the exhausted Re — A AUy 8
gas leaving the HRSG has to satisfy the HRSG pinch point ©'" — r€XP{ &7 )
margin of 10°C, but should not be lower than 12G.

Ra Aaexp(AUa) P(Hz)~0% ©)

2.3. Molten carbonate fuel cell unit RT

The MCFC unit modelled irFig. 2 consists of a pre- AU
reformer, MCFC, expander and HRSTGable 5shows the R. = Aclexp(
input data of the MCFC unit. The re-heated cleaned gas leav- RT
ing the gas-cleaning unit is introduced into the pre-reformer
located in front of the MCFC in order to convert the £id

the fuel gas. The reforming reaction is as follows:

CH4 +H20O — CO+ 3Hy 4)

) P(Oz)_0'75P(C02)0'5

Ac2exp(AUc2/RT)
AgM(H20) + M(CQy)

(10)

E, 7ne, Rir, Ra, Rc and J are the open circuit voltage,
Nernst loss, internal resistance, anode reaction resistance,
; cathode reaction resistance and current density, respectively.
The temperature determining the output voltage is set at
630°C, which is the average temperature between the inlet
and outlet of the MCFC. The heat balance of the MCFC is
assumed as follows:

The inlet and outlet temperatures of the MCFC are set a
600°C and 660 C, respectively. The current density and fuel
utilization are set at 200 mA/chand 80%. The electrochem-
ical reactions of the MCFC are as follows:

Hy + CO3>~ — CO; + HoO+2¢~  : anode (5)
1 Hcathode OlﬁNO']-?) = Hanodei|(14) + Hcathodeit(le)
- - .
EOQ +CO +2¢7 — CO3 : cathode (6) — Hanode 0&15) — Wee (11)

The field in which reactions (4) and (5) occur is always ) ) )
assumed to satisfy the equilibrium of the water gas-shift re-  H IS a total enthalpy at each streamfog. 2andWec is
action shown irEq. (3) Regarding the MCFC performance, the MCFC outputiWec is defined byEg. (12)
Which.corresponds t'o the output voltagd (nder load, the 2FUi(mn,(14)+ mco(14))
following model[13] is used to evaluate the performance. Wrc =V xJ x §=VJ x 7

= 2FUtV (mn,(14) + mco(14)) (12)

V =FE —ine— (Rir + Ra+ Rc) x J (7)
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S F, U and m are the stack area, Faraday constant, 50
fuel utilization and specific mass flow rate, respectively. I
According toEq. (12) the MCFC output in this model is g 40 b /‘4
determined by the values of the output voltayg énd the T W xpan Compr.
mass flow rate of lland CO at the anode inleti(y, + mco) 2 I ///,:’; .
because the fuel utilizatiorJ¢) is constant at 80%. Due to 5307 P -
the amount recycled by the cathode blower (No. 19), the inlet £ 7/ T T
temperature at the cathode is set at ®00whereas due to the S 00 L ‘W " e
amount of air introduced into cathode through the combustor g T = G/Compr. oupat
of the pre-reformer (No. 13), the outlet temperature at the 8 d ~———GT/Compr.+ST output
cathode is set at 66@. The cathode gas leaving the MCFC “5 0F v,/ — — MCFC output
is led to the expander in order to generate power. The : ‘WGmompn_I"[lCFC+EXP"“'/C°mpr' output
expanded gas is cooled in the HRSG to generate steam and 0 L . . .
finally exhausted through the stack. The specifications of the 0 5 10 15 20
HRSG are the same as that of the HRSG in the GT system of Pressure at GT or MCFC inlet (atm)

Fig. L The steam produced in the HRSG is introduced into

the pre-reformer in order to be used for £Heforming and Fig: 5. Effect of pressure on GT and MCFC system performances, fuel

to prevent carbon deposition at the anode inlet of the MCFC, Moisture content = 15%.

The condition of the steam introduced into the pre-reformer

is a saturated vapour condition corresponding to the pressureMCFC unit. Fig. 5 shows the effect of pressure on the per-

of the pre-reformer inlet (No. 9). formance of the GT and MCFC systems. The performance
of the GT system gradually increases by increasing the
pressure, whereas the MCFC outpl{crc) beyond 6 atm

3. Results and discussion is relatively independent of the pressure, and consequently,
the performance of the MCFC system has an optimum point

Although several factors have an effect on the perfor- around 8atm. The reason for this optimum pressure point

mances of the systems describedrigs. 1 and 2the effects is due to the balance between the expander output and the

of the system pressure, Gleforming rate and fuel moisture  compressor working towards increasing pressure. According

content are discussed to be able to understand the differenceto Eq. (12) the MCFC output is proportional to the output

between the selection criteria of the GT system and the MCFC voltage ). Fig. 6 analyses the effect pressure has on the

system. The outputs ¢figs. 1 and 2ncluding compressor,  MCFC performance between 2 atm and 10 atm based on the

expander, generator and inverter are defined as follows: model described ifEqgs. (7)—(10) The pressure gain of the

output voltage inFig. 6 is relatively small beyond 6 atm.
WGT/Compr. = &generatorX (WGToutput— Wcompressorwor)( P g g y 4

(13)

WsT = égeneratorX WsT output (14) 950 1
WMCFC = é€inverator X WFC (15) < 51
WExpan/Compr = EgeneratorX (Wexpanderoutput % 850 | E26

50

— Weompressor work (16) % 64
>
The performance of the GT system consisté/fr/comp: 750 ‘
and Wst, whereas that of the MCFC system consists of 60
Wimcrc andWexpan,/compr - s
650

3.1. Effect of system pressure 1.93 385 578 771 9.64

- . . P tm
The pressure at the gasifier exit varies from 2atm to ressure (atm)

20atm. An increase of the gasifier pressure causes for an | Ooutput voltage (V) B IR drop (RirxJ)

increase of the pressure in the GT and MCFC units. The B Cathode CO2 reaction (Rc2xJ) E Cathode O2 reaction (Rc1xJ)
pressure ratio of GT and compressor increases in the GT
unit, whereas the pressure ratio of the expander and the

compressor, a_nd the pressure of the pre-refor_mer, MCF(_: andsig 6. Analysis of effect pressure on MCFC performance, temperature =
steam, which is passed to the pre-reformer, increases in th&3o°c; current density = 200 mA/chnfuel utilization = 80%.

B Anode reaction (RaxJ) B Nernst loss (nne)
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The reason for the trend in the MCFC performance beyond 70

6 atm is mainly due to the increase of the cathode carbon _ — — Supply from HRSG

dioxide reaction resistance corresponding to the second £ 60 < Min. for preventing C deposition

term in Eg. (10) The system pressure increase causes for g so |

a composition deviation of the cathode stoichiometric ratio ?;»

(COx/02 =2 inEq. (6)), because the increase of the pressure § 40

ratio at the compressor boosts the air temperature for cooling 2

the MCFC and is responsible for increasing the amount of §30F

air introduced to the cathode of the MCFC. g :  Carbon N
Regarding the MCFC operation under pressurized con- g 20 r | deposition risk AN

ditions, it is required that the enough amount of steam is 3 0l i

introduced into the MCFC to prevent carbon deposition at v ;

the anode inlet. In general, the criterion for preventing car- 0 . E )

bon deposition in the MCFC is based on the equilibrium line 0 5 10 15 20

between the water-gas shift reaction (3) and the Boudouard Pressure in MCFC (atm)

reaction (17)14].
(17114] Fig. 8. Effectof pressure on amount of steam passed to MCFC, fuel moisture

2CO0< C+CO 17) content = 15%; MCFC inlet temperature = 6@0; HRSG pinch point =
10°C.

Fig. 7 shows the carbon deposition criteria compared to

the pressures in the-G-O ternary diagram according to crease of saturated vapour pressure in the steam. After all,

which the addition of steam is necessary for the cleaned gasy . ovhaust gas temperature must satisfy the HRSG pinch
to leave the low-temperature gas cleaning process and escapsoint margin. Another method to prevent the carbon depo-

from thg carbon deppsmon area. The ampunt of steam N€Csition is the introduction of an anode recycling system in
essary increases by increasing the pressﬁlgessh.ows the he form of an anode blower. However, an anode recycling
effect pressure has on the amount of steam, which is passe ystem is thought to be unfit for a small-scale plant such as

to the MCFC. The minimum amount of steam necessary to a biomass gasification system. If an anode recycling system

prevent carbon deposition increases by increasing the PreSyvas introduced, the plant scale would have to be much larger
sure, whereas the steam generated by the HRSG decreases k% ! '

; . . ) X Ymilar to an integrated coal gasification MCFC (IG/IMCFC)
increasing the pressure. According to this analysis of steam[15]. Therefore, the pressure range of the biomass gasifica-
balance, an operation of MCFCs at more than 9 atm possi- :

. g tion/MCFC system for decentralized power stations should
bly runs the risk of carbon deposition. The reasons for de- 4 b

I th t 8 atl ith to effici -
creasing the quantity of steam generated by the HRSG arebe ess than about 8 atm with regard to efficiency and op

inlv two fact One is the d £ thal erating constraints. When applying a high-temperature gas
mainly two factors. ne Is Ine decrease of iue gas entha pycleaning process, the operational pressure range of the MCFC
to the HRSG resulting from the greater expander output due

) . ; ) xpands, because the steam wasted in the scrubber dur-
to the increased pressure ratio. The other is the increase o

.~Ing low-temperature processes is used effectively in the
the gas temperature exhausted from the HRSG due to the 'n'MgCFC P P y

C 3.2. Effect of CH content in product gas

CORHO=CO . 7)) \ Latm criterion In the MCFC unit modelled here, a pre-reformer is

LCNEC — Satm criterion fitted in front of the MCFC in order to reform the GH
— 15 atm criterion

3 ; which is an ingredient of the cleaned gas, whereas the fuel,

S which is converted during the electrochemical reaction in
depi?m“area high-temperature fuel cells consists of bothz &hd CO,
A Yo o and not CH. Fig. 9shows the effect the CHeforming rate

has on the MCFC system performance. When increasing
the reforming rate from 0 to 95%, the GHontent of the
cleaned gas changes slightly from about 4% to almost O.
However, the effect the reforming rate has on the MCFC
output is significant. As the output of the MCFC decreases at
lower reforming rates, the output of the MCFC around 8 atm
o is lower than that of the GT/compressor in the GT system
on the condition of 20% lower reforming rates. Therefore,

Fig. 7. Ternary diagram showing carbon deposition criteria compared to F€forming S’_everal percent of the Gl th_e biomass product
pressures at temperature of 6@ fuel moisture content = 15%. gas according t&g. (4)is a key factor to improve the MCFC

Cleaned gas "{’

points

\ g A

CH, / 0 AR
£ e

: No Carbon

. depositionarea

H \ L)
H,0
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Fig. 9. Effect of CH reforming rate on MCFC system performance, fuel
moisture content=15%; MCFC pressure=7.71 atm; GT pressure =7.75 atm.

output because the output of the MCFC definedEly (12)
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///

Wi"‘.xpan‘-"(‘nmpr.

GT/Compr. output level

Wicre
— — MCFC output
—— MCFC+Expan./Compr. output
I 1 I 1 I 1 I 1 1
0 20 40 60 80 100

CH, reforming rate (%)

is proportional to the amount of¢-and CO.

3.3. Effect of fuel moisture content

gas decreases to 3% at around 8 atm when leaving the scrub-
ber as shown ifig. 4, a higher fed moisture content decreases
the GT and MCFC system performances by decreasing the
gasifier performance as shownkig. 3. When comparing

the variation of both system efficiencies regarding higher
moisture contents, the power reduction due to the increased
moisture content is larger in the case of the MCFC system
than in the case of the GT system. The larger reduction in
the MCFC system is due to the decrease of the MCFC out-
put Wvicrc). The factors determining the MCFC output are
output voltage ¥) and mass flow rate of Hand CO at the
anode inlet g1, + meo) according toEq. (12) The output
voltage reflects the performance of the MCFC itself, whereas
the mass flow rate reflects that of the gasifier. The reduction
of the MCFC output is proportional to that of the cold gas
efficiency, as shown iRig. 3 because the value of the output
voltage remains a constant (about 767 mV in this case) in the
variation of the cleaned gas composition as showrign 4.

A constant output voltage is determined due to the behaviour
of the anode voltage drop under load. In general, the voltage
loss due to the anode reaction resistance in the MCH& (=

x Jin Eq. (7) under pressurized conditions is smaller than
the loss by other factors as showrHig. 6. The output volt-

age under pressurized conditions is relatively independent of

Fuel with a moisture content above about 30% makes ig- the variation of the anode gas composition.

nition difficult and reduces the calorific value of the product ~ In the above discussion, a low-temperature process
gas due to the desire to evaporate the additional moisturehas been selected for the gas-cleaning unit. However, the
before combustion/gasification can ocda6]. Therefore, low-temperature process provides the operating constraints
the biomass moisture content should be below20% be- described irFig. 8 due to the steam wasted in the scrubber.
fore gasification. The moisture content in biomass differs be- Therefore, a high-temperature process, which has the func-
tween raw biomass, which refers to the biomass at the planttion of removing the unwanted components from the product
gate, and the fed biomass, which refers to the biomass en-gas without wasting steam, is a key issue for a successful
tering the gasifier after dryinff]. However, literature dis-  application of the biomass gasification/MCFC system.
cussing the biomass gasification/MCFC system suggests thaRegarding high-temperature process technologies for gas
fed biomass does not need to be dified]. Fig. 10shows the cleaning, the technologies are still undergoing development
effect of the moisture content on the GT and MCFC system and involve many uncertain factors. In this study, a diagram
performances. Although the moisture content of the cleanedmodification shown irFig. 11is introduced to express the
high-temperature process descriptively rather than quantita-
tively. The diagram should only be considered as a guideline

3 Gain by high temp. for high-temperature processes performing gas cleaning.
= cleaning process When applying a simple high-temperature process for gas
2 40 | cleaning instead of a low-temperature process, the steam
fu W_“f"“_“"‘""“”" wasted in the scrubber during low-temperature processes is
£ 0 b " —-_.T___ -4 able to pass into the MCFC without the loss showRii 4.

';i' Wer| - \ The result of not wasting steam is the expansion of the

'\:- v P g operational pressure range in MCFCs as showhign 12

?;‘ 20 | e CUN N Independent of the gas cleaning temperature, the optimum

£ - GT/Compr. output point of pressure in high-temperature processes is the same

;E_z I — GT/Compr+ST output as in low-temperature processes as describedrign 5

@ = i f:;';:‘wompr‘ —_— Regarding the efficiency gains in the GT and MCFC system
VT performances by applying high-temperature processes, the

0 g 1'0 2'0 310 4‘0 5'0 increase is about12% at a moisture content of 15% (typical

Fig. 10. Effect of moisture contenton GT and MCFC system performances;
GT pressure =

Moisture content of fuel (wt%)

7.75 atm; MCFC pressure = 7.71 atm.

fed biomass) and about4% at 50% (typical raw biomass)

in both systems. These gains increase by increasing the mois-
ture content. This contributes towards resolving the disadvan-
tage of the system efficiency, which is due to the use of a fuel
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Gas-cleaning unit (Low temperature process) 4. Conclusions

397°C ] i According to the results of the comparative characteriza-
# HEX2 | y5pec, Sorbber tion of GT and MCFC systems, a reference system, which is
d | ¢ 4 51 used for investigating future technology and system designs,
H : in the form of a decentralized biomass gasification/MCFC
or biomass gasification/GT power station is expected to have
the following peculiarities.
MCFC unit; an operation of the MCFC over about 8 atm
756°C has no advantages with regard to the system efficiency or the
operating constraint due to carbon deposition. The MCFC
system prefers pressures ranging from 1 atm to 5 atm. In this
range, the variation of the MCFC performance itself is rel-
Gas-cleaning unit (High temperature process) atively small compared to that of the GT performance and
e e 3 maintains a moderate efficiency (>25% input fuel HHV) even
i : at nearly atmospheric conditions. Reforming almost all of the
: + CHg included in the product gas has a significant influence on
: 2 14 - > the MCFC performance. When the @ebntentin the product
850°C § nl 478°C gas is not converted togtnd CO before entering the MCFC,
! gEX1 | S00°C N Sinlibes the MCFC output is possibly lower than the GT/compressor
2 FIT " (High temperature media) outputs over about 8 atm.
fersessmnnnafersennnsnninnsnsesnnesssensissnssssnnssssnnsssnnsnasnnsnnna H Gas-cleaning unit; high-temperature gas cleaning which
795°C is able to remove unwanted components from the product
gas without wasting steam, is preferred in order to prevent
Fig. 11. Gas-cleaning diagram showing to modify low-temperature process Carbon deposition in the MCFC and improve the decrease of
to high-temperature process on both GT and MCFC systems, temperatureGT and MCFC system efficiencies due to the use of a fuel
profile based on gasifier outlet temperature = 8 atm and fuel moisture contentyyith a higher moisture content.
= 15%. Gasifier unit; the gasifier process is required to enable
. . . the gasification of biomass with higher moisture contents.
with a higher moisture content, because the decrease of the]’he use of biomass with higher maisture contents is not al-
system efficiency with higher moisture contents lessens byways a disadvantage for the operation of the MCFC if high-
applying the. high-temperature process. The use of fuel with temperature gas cleaning is applied. Moreover, in view of an
a h|gher. moisture content. "."ISO reduces the cost O.f thg dryerideal thermal integration between gasifier, gas cleaning and
Iocatgd in front of the gasifier. Therefore, the application of \,~c~ units, the temperature at the gasifier exitis preferredto
th_e high-temperature process would have the advan';age %e as close as possible to the temperature level of the MCFC
widespread deployment of biomass for power production. (~600°C). These requirements would decrease the gasifier
performance such as carbon conversion or cold gas efficiency.

500°C 478°C
9 Filter

20 However, the development of a gasifier process satisfying
= Low temp. process these requirements would provide an important advance-
) —ifidh e . ment for decentralized biomass gasification/MCFC power
= igh temp. process A
= stations.

15}
= )
= Expansion of MCFC
=] operational range
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