
 

 

 
Abstract—Heightened concerns over the amount of carbon 

emitted from coal-related processes are generating shifts to the 
application of biomass. In co-gasification, where coal is gasified 
along with biomass, the biomass may be fed together with coal (co-
feeding) or an independent biomass gasifier needs to be integrated 
with the coal gasifier. The main aim of this work is to evaluate the 
biomass introduction methods in coal co-gasification. This includes 
the evaluation of biomass concentration input (B0 to B100) and its 
gasification performance. A process model is developed and 
simulated in Aspen HYSYS, where both coal and biomass are 
modelled according to its ultimate analysis. It was found that the 
syngas produced increased with increasing biomass content for both 
co-feeding and independent schemes. However, the heating values 
and heat duties decreases with biomass concentration as more CO2 
are produced from complete combustion. 
 

Keywords—Aspen HYSYS, biomass, coal, co-gasification 
modelling and simulation.  

I. INTRODUCTION 

ESPITE the fact that coal has been promoted as the best 
alternative primary energy source due to its abundance 

and availability [1], heightened concern over the amount of 
carbon emitted from coal-related processes are generating 
shifts to the application of biomass. This is because biomass 
resources are as abundant as coal, if not more, and it is 
continuously generated. Biomass is said to be carbon neutral, 
cleaner as they virtually produce no sulfur by-products [2]. 
Hence, the application of biomass as an energy source would 
mean the reduction in conventional fuel dependency. 
Furthermore, the introduction of biomass in coal gasification 
process is claimed to help reduce the total emissions [3], hence 
it can be seen as a ‘bridging’ technology. This is because 
biomass is not without its own limitations. Biomass is more 
prone to degradation if stored for prolonged period and would 
also requires pre-treatment [2] to ensure a more efficient 
conversion. These uncertainties may be eliminated by co-
gasifying coal and biomass in existing coal gasification 
facilities [4].  

Biomass introduction to the gasifier can be carried out 
either through co-feeding or via having an independent 
biomass gasifier and adding the produced syngas downstream 
of the process. Both configurations have their own advantages 
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and disadvantages. For example, biomass co-feeding has an 
advantage of having lower capital costs as no extra costs for 
the independent gasifier is required, but operational problems 
such as excessive slag formation may jeopardize downstream 
processes and reduce the efficiency of the process [5]. On the 
other hand, the independent biomass gasification may prevent 
slagging problems as operating conditions for biomass 
gasification can be tailored accordingly [5]. But, the capital 
and operating costs may increase. 

The objective of this study is to evaluate the biomass 
introduction methods in coal co-gasification, either through 
co-feeding of the biomass or setting up an independent gasifier 
for biomass. The manner in which biomass is introduced to the 
gasification process were examined and compared for the base 
case of 0%, 10%, 25%, 50%, 75% and 100% biomass (B0 – 
B100) by volume, as well as its gasification performance.  

II. THE MODELLING APPROACH 

A. Base Case 

The gasification island consists of an entrained gasifier and 
an equilibrium water-gas shift reactor, with secondary 
equipment such as a mixer, coal slurry pump and heat 
exchangers. The input coal is mixed with water to form coal 
slurry and pumped in the entrained gasifier represented by the 
Conversion Reactor in AspenHYSYS. The bottom product of 
the gasifier is slag and it is sent off to another part of the plant 
(which is not simulated here), while the raw syngas from the 
top is cooled. A fraction of the raw syngas is fed to a WGS 
reactor and mixed with steam to adjust the syngas ratio which 
the amount of required steam depending on the recycle flow 
from the flue gas of the downstream GTCC. The raw syngas is 
subsequently further cooled down before being fed to the 
amine plant, to remove pollutants produced. In this study, two 
biomass feed configurations are evaluated; co-feeding and 
independent gasifiers. 

The base case for this study is a coal to liquid (CTL) 
polygeneration (liquid and power generation) process is based 
on the values simulated by Kreutz et al. [6]. The coal used is 
the Pittsburgh #8 supplied at 0.1313 kmol s-1 and O2 from 
ASU at 7.94 kmol s-1. The coal feed is in slurry form, which 
was suggested at 64% by weight of solid in the slurry [7].  

B. Biomass Introduction Configuration 

Figs. 1 and 2 illustrate the schematic diagram of the two 
configurations for the introduction of biomass in gasification, 
either through co-feeding it with coal (Fig. 1) or by integrating 
an independent biomass gasifier (Fig. 2). In Fig. 1, the coal 
and biomass mixture is reacted with oxygen and/or steam in 

Evaluation of Biomass Introduction Methods in Coal 
Co-Gasification 

Ruwaida Abdul Rasid, Kevin J. Hughes, Peter J. Heggs, Mohamed Pourkashanian 

D

World Academy of Science, Engineering and Technology
International Journal of Chemical and Molecular Engineering

 Vol:8, No:12, 2014 

1350International Scholarly and Scientific Research & Innovation 8(12) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
he

m
ic

al
 a

nd
 M

ol
ec

ul
ar

 E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
12

, 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

99
53

.p
df



 

an
pr
w
w

an
en
ga
pr
of
w
w

C
O

H

n entrained f
roduced raw s

where addition
while the rest o

  

Fig. 1 Schem

 
In Fig. 2, th

nd/or steam in
ntrained flow
asifier, which
rocess. Simila
f the produced

where addition
while the rest o

 

Fig. 2 Schemat

Coa
biom

O2

H2

H

ECoal  
O2 

H2O 

H2

flow gasifier.
syngas is sen

nal steam is a
of the syngas i

matic diagram fo
gasific

he coal and 
n a separate ga

w gasifier, wh
h is a typica
arly, in the bas
d raw syngas i
nal steam is a
of the syngas i

tic diagram for 

E
al / 

mass 
2 

2O 

W
H2O 

Entrained 
flow 

gasifier 

Raw syngas 

Wa
s

re

Adj
sy

2O 

 In the base
nt to a water g
added to adju
s sent to the d

or co-feeding co
ation process 

biomass is r
asifier, where 
hile biomass 
al type for b
se case for thi
is sent to a wa
added to adju
s sent to the d

independent co

Entrained 
flow 

gasifier 

Raw sy

Water gas 
shift 

reactor 

Adjusted 
syngas 

Biom
gasif

ater gas 
shift 
eactor 

djusted 
yngas 

e case, 10% 
gas shift reac
ust the synga
downstream pr

 

onfiguration for

reacted with 
coal is reacte
in a fluidiz

biomass gasif
s configuratio
ater gas shift r
ust the synga
downstream pr

o-gasification pr

Slag

yngas 

Slag

mass 
fier 

O

H

B

 

of the 
ctor [6], 
as ratio, 
rocess. 

r co-

oxygen 
ed in an 
zed bed 
fication 

on, 10% 
reactor, 

as ratio, 
rocess. 

 

rocess 

thr
de
pre
the
To
eac
sim
req
on
mi
sug
ref
be
va
the
va
sto

as 
wh
Th
inc
ma
bio
CO
co
co
ox
alt
spe
co
inc
tre
inc

F

g

O2 

H2O 

Biomass 

I

A. Co-Feeding

Detailed anal
rough co-feed
fault values: o
essure of 72 b
e feed ratio o
o ensure reliab
ch mixture, w
mulation envi
quirement for

n the molar fra
ixture. The in
ggested that 
ferences sugg
tween 0.2 and

alue would giv
e amount of 

alues of 0.25 
oichiometric r
Fig. 3 illustra
well as the va

hich are CO, 
he produced 
creasing biom
ade on the m
omass content
O, as its com
ntrast, were in
nsistent ER 

xygen was incr
though the ER
ecies was diff
mplete comb
creasing with
end. This is d
creasing biom
 

Fig. 3 Total and

 

III. RESULTS 

g of Coal and

lysis has been
ding of coal 
operating tem
bar, no additio

of the raw syn
ble results, the
which is quite
ironment. Th
r each coal an
action in the in
nput referenc
for B0, the

gested value 
d 0.4 [9], bot
ve optimum sy

oxygen flow
for each biom

requirement of
ates the total m
ariation of the
H2 and CO2 a
syngas is sh

mass content. A
major product 
t of the fuel m
mposition red
ncreased with 
values for th
reased with in
R values wer
ferent as more

bustion. Hydro
h biomass con
due to the inc

mass content. 

d major species 
c

AND DISCUSS

d Biomass 

n modelled for
and biomas

mperature of 17
onal steam to

ngas to the W
e ER values a
e a challengin
is is because

nd biomass wa
nput that varie
ce value from
e ER value 

between 0.1
th of which f
yngas produc

w was adjuste
mass mixtures
f the mixtures

molar flow of t
e major specie
as a function 
hown to incr
An interesting

distribution 
mixture has a
duced steadil
biomass addi

he mixtures, 
ncreasing biom
re consistent,
e oxygen is av
ogen producti
ntent, followi
reased amoun

molar flow wit
ontent 

SIONS 

r the co-gasif
ss at the fol
773 K and op

o the slurry fe
WGS reactor a

are kept const
ng task even 
e the stoichio
as determined
es according t

m Kreutz et 
to be 0.33. 
5 and 0.35 

found that low
tion. In this s
ed to yield t
s based on th
s.  
the produced 
es at the gasifi
of biomass c
rease linearly

g observation 
whereby incr

a negative imp
ly. CO2 and 
ition. In determ
the molar fl

mass content. H
, the impact 
vailable to all
ion is shown
ing CO2 prod
nt of hydroge

h increasing bio

fication 
lowing 
erating 

eed and 
at 10%. 
tant for 

in the 
ometric 
d based 
to each 
al. [6] 
Other 

[8] or 
wer ER 
section, 
the ER 
he total 

syngas 
fier exit 
ontent. 
y with 
can be 
reasing 
pact on 

H2 in 
mining 
low of 
Hence, 
on the 

low for 
n to be 
duction 
en with 

 

omass 

World Academy of Science, Engineering and Technology
International Journal of Chemical and Molecular Engineering

 Vol:8, No:12, 2014 

1351International Scholarly and Scientific Research & Innovation 8(12) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
he

m
ic

al
 a

nd
 M

ol
ec

ul
ar

 E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
12

, 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

99
53

.p
df



 

ga
N
ill
co
be
ot
S-

pr
in
pe
se
de
H
H

in
In
Th
w

The minor 
asification pro

NO, SO2 and H
lustrates that
ollectively is d
ecause biomas
ther fossil-bas
-based species

 

Fig. 4 Minor sp
 
Fig. 5 illust

roduced raw s
ncrease in biom
er mass (MJ 
ensitive towar
etermined that

H2 and although
Hence, the decr

 

Fig. 5 H

B. Independe

Independent 
ndividual proc
n this section, 
he operating 

were maintaine

species tha
ocess are illust
H2S as a functi
t increasing 
detrimental fo
ss in general 
sed fuels, as it
s production a

pecies molar flo

trates the low
syngas and it i
mass content.

kg-1), which
rds ‘heavier’ s
t in term of m
h CO was hea
reasing trend o

Heating values 

ent Coal and B

gasification 
cess operation

ER is fixed a
conditions fo

ed as in the co

at were pro
trated in Fig. 4
ion of biomas
biomass in 

or all of the m
could potentia
t can potentia
and emission t

ow with increas

wer heating v
is shown to b
. The LHV va
h means that
species that w
mass, more CO
avier, it has a 
of the LHV.  

for the produce

Biomass Gasif

offers the op
n to get the m
at 0.25 for eac
or the entraine
o-feeding stud

oduced durin
4 which are C
s content. The
the feed m

minor species. 
ally replace c

ally reduce the
to the environ

sing biomass co

value (LHV) 
be decreasing w
alue determin
t it would be

were produced
O was produc
lower heating

ed raw syngas 

fication 

pportunity to
most optimum 
ch biomass m
ed flow coal 
dy as well, at 

 

ng the 
CH4, N2, 
e figure 

mixtures 
This is 
oal and 

e N and 
ment.  

 

ontent 

for the 
with an 

ned was 
e more 
. It was 
ed than 
g value. 

 

o adjust 
output. 

mixtures. 
gasifier 
1773 K 

an
op
wh
ma
op

inc
sho
bio
bu
pro
the
an
spe
stu
bio

pro
ha
we
MJ
are
He
of 

nd 72 bar. H
perating press
hile the opera
atch that of a

perating tempe
The simulatio
creasing biom
ows that simil
omass content

ut the product
oduction is co
e co-feeding, 

nd the mixture
ecies produce
udy. The main
omass increas
 

Fig. 6 Distribu

Fig. 7 Distri

 
On the othe
oduced synga

ad consistent 
eight of CO h
J kg-1. For bi
e concentrate
ence, the heati
f H2 and CO ar

 

However, for 
ure was set 

ating temperat
actual biomas
erature [10]. 
on results for t

mass in the fee
lar to earlier f
t is detriment
tion of H2 an
ontributed on
H2O was only

es only a sma
ed reveals si
n difference is
se. This is illus

ution of the thre
gasifica

ibution of the m
gasifica

er hand, Fig.
as. The synga
product distri

hence its heati
iomass gasifie
d with CO2

ing values are
re lower. 

the biomass
at a similar p
ture was set l
s gasifier pro

the major spec
ed mixture are
findings on co
al towards the
nd CO2 is en
nly from the b
y detected at 
all amount is 
imilar trends 
s that the cha
strated in Fig.

e major species
ation process 

 

minor species in
ation process 

. 8 illustrates
as produced b
ibution, whic
ing values are
er on the othe
which is abo

e a lot lower, a

s gasifier, on
pressure of 7
lower, at 112
ocess that has

cies productio
e shown in Fi
o-feeding, incr
e production o

nhanced, whil
biomass gasif
B100, while 
present. The 
as the co-f

anges are linea
 7. 

s in independen

n independent co

s the LHV 
by the coal g
ch is about 72
e comparable a
er hand, the s
out 83% by w
as the concent

nly the 
72 bar, 
3 K to 

s lower 

on with 
ig. 6. It 
reasing 
of CO, 
le H2O 
fier. In 
for B0 
minor 

feeding 
ar with 

 

nt co-

 

o-

of the 
gasifier 
2% by 
at 13.8 

streams 
weight. 
trations 

World Academy of Science, Engineering and Technology
International Journal of Chemical and Molecular Engineering

 Vol:8, No:12, 2014 

1352International Scholarly and Scientific Research & Innovation 8(12) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
he

m
ic

al
 a

nd
 M

ol
ec

ul
ar

 E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
12

, 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

99
53

.p
df



 

bi
cu
sh
he
re
bi
re
in
am
ga
ga
co
C
fo

F

ga
in
ev
ga
in
do
in
in

Fig. 8 The LH

C. Compariso

Comparison 
iomass gasific
umulative hea
hown in Fig. 8
eat is at par. H
eduction in th
iomass, the h
emoved (belo
ndependent ga
mount of hea
asification p
asification pro
ombustion, w
O2 by weigh

ound in the pre
 

Fig. 9 Heat gen

In this pap
asification of 
n Aspen HYS
valuated, whet
asification of 
nput (B0 to B1
one. It was fo
ncreasing bio
ndependent sc

HV of the produc
pe

on of the Biom

of the co-fe
cation process
at consumed 
8, B0 is the o
However, add
he amount of
heat input sh

ow Qgasifier = 
asification pro
t emission, m

process. This
ocess has the 

which also ex
ht that leads 
evious section

nerated or consu
biom

IV. C

per, a proces
coal and biom
SYS. The bi
ther through c
biomass. Eva

100) and its g
ound that the
omass conte
chemes. Howe

ced syngas with
ercentage 

mass Introduc

eeding and in
s is through th
or generated 

only point in w
dition of biom
f heat supplie
hifted to hea

0). As obse
ocess was pred
mainly influen
s suggests 
tendency to 
plains the hi
to relatively 

n.  

umed in the gas
mass content 

CONCLUSION 

ss model to
mass was deve
iomass introd
co-feeding or 
aluation of bi

gasification pe
e syngas prod
ent for bot
ever, the heat

h increasing bio

tion Methods

ndependent co
he assessment
in the gasifi

which the am
mass content ca
ed, and with 
at that needs
erved in the 
dicted to have
nced by the b

that the b
proceed to co
igh concentra

low heating 

sifiers with incr

 represent t
eloped and sim
duction metho
through indep

iomass concen
erformance we
duced increase
th co-feedin
ting values an

 

 

omass 

oal and 
t of the 
ers. As 

mount of 
aused a 
further 

s to be 
figure, 

e larger 
biomass 
biomass 
omplete 
ation of 

values 

 

reasing 

the co-
mulated 
od was 
pendent 
ntration 
ere also 
ed with 

ng and 
nd heat 

du
inc
lar

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10

 

uties decrease
crease in CO
rger amount o

BP. BP Statist
2012); Availab
Long, H.A. 
Gasification in
2011, 2011: p.
Demirbas, A.
Progress in En
Hernandez, J.J
Biomass Wast
An Experimen
Abdul Rasid,
Gasification P
Kreutz, T.G., 
fuels from co
CSREA Press.
Liu, G., E.D. L
Fischer-Tropsc
Performance a
437. 
Mohammed, 
Mohammad A
bunch for hy
Energy Conve
Skoulou, V., 
temperature ga
for H2-rich pr
2008. 33(22): 

0] Higman, C. 
Petrochemical

es with incre
2 from compl
f molecular ox

REFE

tical Review of W
ble from: www.bp
and T. Wang, 

n IGCC Applicat
. 15. 
, Combustion ch
nergy and Combu
J., G. Aranda-Alm
tes and Coal-Cok
ntal Study. Energy
, R. Modelling
rocess. PhD Thes
E.D. Larson, G. 

oal and biomass
. 
Larson, R.H. Wi
ch Fuels and 
and Cost Analysi

M.A.A., A. Sa
Amran, and A. Fak
ydrogen-rich gas 
ersion and Manag

G. Koufodimos
asification of oliv
roducer gas. Inte
p. 6515-6524. 

and M. van 
l & Process: Gulf

asing biomas
lete combusti
xygen.  

ERENCES  
World Energy. 20
p.com. 

Case Studies 
tions. Proceeding

haracteristics of 
ustion Science, 20
mansa, and C. Se
ke Blends in an 

gy & Fuels, 2010. 
g and Simulatio
sis, University of
Liu, and R.H. W

s. 2008. Pittsbu

lliams, T.G. Kreu
Electricity from

is. Energy & Fu

almiaton, W.A.K
khrul-Razi, Air g

production in 
gement, 2011. 52(
, Z. Samaras, an
ve kernels in a 5-
ernational Journ

der Burgt, G
f Professional Pub

 

ss, possibly d
ion, as bioma

010 June, 2010 (A

for Biomass/Co
gs of ASME Tur

different bioma
004. 30(2): p. 219
errano, Co-Gasific
Entrained Flow G
24(4): p. 2479-2

on of Entraine
f Leeds, 2013. 
Williams. Fischer
urgh, PA, United

utz, and X. Guo,
m Coal and B

uels, 2011. 25(1):

K.G. Wan Azlin
gasification of em

a fluidized-bed 
(2): p. 1555-1561
nd A. Zabanioto
-kW fluidized bed
nal of Hydrogen 

Gasification. C
blishing. 2008. 

due to 
ass has 

Accessed 

oal Co-
rbo Expo 

ss fuels. 
9-230. 
cation of 
Gasifier: 

2488. 
ed Flow 

r-tropsch 
d states: 

 Making 
Biomass: 
: p. 415-

na, M.S. 
mpty fruit 

reactor. 
1. 
ou, Low 
d reactor 
Energy, 

hemical, 

World Academy of Science, Engineering and Technology
International Journal of Chemical and Molecular Engineering

 Vol:8, No:12, 2014 

1353International Scholarly and Scientific Research & Innovation 8(12) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
he

m
ic

al
 a

nd
 M

ol
ec

ul
ar

 E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
12

, 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

99
53

.p
df


