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Insufficient and various environmental issues of fossil fuels as the current world dominated
energy is now becoming a serious global issue. The rapidly increasing demand for alternative
energy sources has confributed to the steady growth of renewable energy. Owing to the fact
FEEDSTOCKS of the abundant presence of palm kernel shell (PKS) as one of palm biomass wastes in South

East Asia region, this paper investigates syngas produced from gasified PKS. The investigation is
—swNeas  regarding its composition and combustion performance in a gas burner system. It covers

| oRiNG | emissions analysis, temperature profile and flame length. The produced syngas from
Rmﬁ downdraft gasifier was burned in the combustion chamber in air-rich and fuel-rich combustion
RS conditions. From the experiment, the results showed that the oxidation zone temperature of

A above 750°C for the downdraft gasifier is suitable for producing syngas. Produced syngas can
COMBUSTION / GASIFICATION be classified as pure-carbon monoxide (CO) syngas due to 94.9% CO content with no

v v v hydrogen (H2) content and low heating value (LHV) of 10.7 MJ/kg. The wall temperature
profiles for burnt syngas produced via downdraft gasification was higher with longer pattern at

fuel-rich condition, which signified higher energy of syngas produced from downdraft gasifier

e compared to fluidised bed gasifier. The associated flame length was also longer af fuel-rich

condition. Produced emission of 56 ppm NOx, 37 ppm CO and 1 ppm SO2 can siill be
considered as acceptable to human. It can be concluded that syngas produced from PKS

shown a high potential to serve as an alternative source of energy due to its high energy
content.

Drying food / wood

Keywords: Syngas, Palm Kernel Shell (PKS), gasification, combustion, emission

Abstrak

Kekurangan bahan api fosil serta pelbagai isu alam sekitar berpunca darinya kerana ia
mendominasi tenaga dunia masakini menjadi isu global yang serius. Permintaan sumber
tenaga alternatif yang meningkat secara mendadak telah menyumbang kepada
pertumbuhan mantap tenaga boleh diperbaharui. Oleh kerana fakta menunjukkan terdapat
lambakan tempurung isirong kelapa sawit (PKS) yang merupakan salah satu sisa biojisim sawit
di rantau Asia Tenggara, artikel ini memaparkan hasil kajian syngas yang dihasilkan daripada
penggasan PKS. la mengkaji komposisi singas dan prestasi pembakarannya dalam sistem
pembakar gas. Kajian meliputi analisis emisi, profil suhu dan panjang nyalaan. Singas yang
dihasilkan dari penggas tetap aliran fiup bawah dibakar dalam kebuk pembakaran pada
keadaan pembakaran yang kaya dengan udara dan yang kaya dengan bahan api. Dari
vjikaji, keputusan menunjukkan bahawa suhu zon pengoksidaan melebihi 750°C  untuk
penggas tetap aliran tiup bawah sesuai untuk menghasilkan singas. Singas yang dihasilkan
boleh dikategorikan sebagai karbon monoksida asli (CO) kerana 94.9% daripada
kandungannya adalah dalam bentuk CO, tanpa kandungan hidrogen (Hz). Nilai pemanasan
rendah (LHV) adalah 10.7 MJ/kg. Profil suhu dinding kebuk untuk pembakaran singas yang
dihasilkan melalui penggas tetap aliran tiup bawah adalah lebih finggi dengan corak yang
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lebih lama pada keadaan kaya bahan api, yang menandakan tenaga yang lebih tinggi
daripada singas yang dihasilkan dari penggas fetap aliran fiup bawah berbanding
menurunkan tekanan dari penggas lapisan terbendalir. Nyalaan adalah lebih panjang pada
keadaan kaya bahan api. Kepekatan emisi NOx pada nilai 56 ppm, CO 37 ppm dan SO2 1
ppm masih dianggap sebagai boleh diterima manusia. Dapat disimpulkan bahawa singas
yang dihasilkan daripada PKS menunjukkan potensi tinggi untuk digunakan sebagai sumber
tenaga alternatif kerana kandungan tenaganya yang tinggi.

Kata kunci: Singas, Tempurung Isirong Kelapa Sawit (PKS), Penggasan, Pembakaran, Emisi

2019 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

Biomass is a renewable, sustainable and alternative
source of energy with a huge potential due to low
sulphur and nitfrogen content as compared to
conventional fossil-fuel resources. Fossil fuel resource is
the world dominated energy source. However, it
negatively impacts the environment [1-4]. An
economy related to biomass energy creates
singnifiant development since last decade. Various
types of biomass feedstock, wastes, products and
technologies are ready to be utilised and opfimised. At
the same ftime, to produce a clean and
environmentally friendly fuel with lower SOx and NOx
emissions. Besides, carbon dioxide (CO2) foot-print is
going to fulfill global demands and vast environmental
concerns. Furthermore, common environmental issues
due to the excessively produced emissions from the
fossil fuels sources have tempted the world to reduce
carbon emissions by 80% and shift fowards utilising a
variety of renewable energy resources which are less
detrimental to the environment such as solar, wind,
biomass etc in a sustainable manner [2].

Malaysian oil palm industry is one of the largest
contributors of lignocellulosic based biomass, which
comprises more than 90% of total domestic biomass,
as derived from 5.4 million hectare areas of oil palms.
The total oil palm biomass availability is forecasted to
increase further, owing fo current initiatives on fast-
fracking replanfing activity, improving oil extraction
rate and growing mill capacity. As an example of
palm oil biomass waste, PKS is carbonaceous solid
materials which are typically leftovers from palm oil mill
processing that contains high volume percentage of
carbon element and it can be converted to heat
energy source by thermal reaction [6]. PKS has a quite
significant content of volatile matter and a moderate
proportion of fixed carbon. However, it has a low
content of fuel moisture and ash, thus resulting in
higher high heating value (HHV) [6]. The proximate
analysis can experimentally determine fixed carbon,
moisture content, volatile matter and ash percentage
in the PKS. Through ultimate analysis, apart from
associated mineral, the main chemical elements in PKS
are carbon (C), oxygen (O), hydrogen (H), nitrogen
(N) and sulphur (S) are determined and balanced
accurately by chemical analysis and expressed on a
moisture free basis, apart from the fuel calorific value

(CV) determination.

Biomass waste possesses a fremendous prospect to
be a very promising alternafive source of raw
feedstock for generating synthesis gas (or syngas),
owing to the fact of its abundance, CO2 neutrality and
sustainability [8]. The utilisation of biomass feedstock is
preferred over other alternative resources due to its
convertibility info both liquid and gas fuel by both
biological and thermochemical techniques.
Technologies for converting biomass into the fuel can
be categorised into direct combustion, biochemical,
agrochemical and thermochemical processes [9].
Thermochemical conversion processes can be further
classified intfo gasification, pyrolysis, supercritical fluid
extraction and direct liquefaction. Gasification is one
of the most efficient thermochemical conversion
tfechnologies to produce gaseous fuel with high
calorific  value (CV) from biomass feedstock as
corresponded in high heating value (HHV) [10-12]. To
date, notable progress has been accomplished in
producing syngas from biomass feedstock [?, 13, 14].
Biomass gasification normally involves gasification
agents such as oxygen, air, steam or combinations of
few air-steam and steam-oxygen. Syngas that was
produced at low temperature (below 1000°C)
comprises mainly of hydrogen (Hz), carbon monoxide
(CO), carbon dioxide (COg2), nitrogen (N2), water
vapor, methane (CHs), other hydrocarbons, benzene,
foluene and tars [15,16]. Approximately 50% of the
energy in the syngas is contributed by H2 and CO
element, whereas the remaining energy is contained
in CHs and aromatic hydrocarbons. Typical
gasification reactor operation is drying, pyrolysis /
devoldatilisation, reduction and combustion [15-20].

Downdraft gasifier reactor operates with  the
primary gasification agent supplied at or above the
oxidation zone. Typically, downdraft gasifier capacity
ranges between 10 kW - 1 MW which makes it more
suitable for small-scale applications. As downdraft is
also suitable to produce highly volatile syngas, the
supplied biomass feedstock used should be relatively
dry (up to 30% moisture approximately) and contain
low ash (less than 1% in weight). Highly volatile matters
are highly prone to vaporise, hence can be
combusted easily. The presence of highly reactive
oxidised of carbon dioxide with the oxygen in the air
inside the oxidation zone is beneficial to produce hot
gas for combustion purpose. The high temperature at
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the outlet of gasifier is vital to produce low tar content
of less than 0.5g/m3 whereas high local temperatures
in the oxidation zone can potentially melt some ash
constituents. Overall, gasification using downdraft is a
very aftractive option due to its simple operation, easy
fabricafion and low tar confent formed in the
produced syngas [21-23].

Bubbling fluidised bed (BFB) is a vessel with a grate
at the bottom through which air or steam is infroduced
as gasifying agents and utilises fine inert particles of
sand or alumina as bed material to prevent the ash
from softening and forming defluidisation phenomena.
Biomass feedstock is pyrolysed in the high temperature
bed above the grate to form char with gaseous
compounds. The char and gaseous compounds are
decomposed upon contact with hot bed material in
presence of gasification agent due to the frictional
force between the particles. The gas flow to
counterbalance the weight of the solids. Bubbling and
channeling of gas occur through the media as
characterised by discrete bubbles at relatively low
velocity (<5 m/s) [23]. The cyclonic mechanism
separates the extracted ash/char particles from the
produced syngas. The solid particles return to the
bottom of bed and form an internal solid circulation.
Strong vortex of gas-solid flow is supplied to increase
fluid velocity in the reactor, thus provide a
homogeneous  temperature  profile  throughout
biomass thermochemical reaction [25]. As the bed
comprises mostly ash, temperature is maintained at
700 — 1000°C by varying the air/biomass ratio to
prevent agglomeration. The equivalence ratfio of
gasifying agent to fuel ratio has effects on the CO,
CO2, CH4, H2 and N2 concentrations as well as CV of
the produced syngas [9, 23 - 27].

Previous researchers have studied on producing
syngas from various gasification methods from oil palm
biomass wastes such as palm oil mill effluent (POME),
empty fruit bunch (EFB), mesocarp fibers (MSF) and
palm oil fronds (POF) through various gasifiers have
also been researched [17,27,28]. Specifically on PKS,
an experimental study on combusting PKS in a conical
fluidised-bed combustor (FBC) has been conducted
and concluded that the best combustion and emission
performance are achievable when burning PKS with a
mean particle size of about 5 mm at excess air of 40 -
50% [29]. Under these condifions, the combustor can
be operated with high combustion efficiency (99.4—
99.7%) and gaseous emissions confrolled within
acceptable limits with no evidence of alumina
throughout experimental period [29]. Experimental
study on the combustion performance of palm oil
based biodiesels in an oil burner system has also been
conducted by several researchers, which produced
considerably low emissions, high temperature profile
(nearly 800°C) and long flame length (nearly 200mm)
[30-32]. The produced flame is longer at higher
temperature profile in fuel-rich combustion condition.
As there is no similar study on syngas, hence this
experimental research aims to produce syngas from
PKS via downdraft gasifier respectively and study its
combustion performance of the produced syngas in a

gas burner in term of its femperature profile, emissions
and flame length.

2.0 METHODOLOGY
2.1 Material

Biomass waste samples used in this investigation were
raw PKS with an average size of 4-20 mm which was
donated by Kyoto Oil and Grains Industries Sdn. Bhd.
This factory is located at Kuantan Port, Pahang. The
sample underwent the preparation stage such as
cleaning, drying and sizing with a purposes to reduce
the moisture content of the sample and to remove
any contaminant that may affect the results.
Optionally, the cleaned sample can also be placed in
an oven for overnight at temperature of 45°C.

2.2 Proximate and Ultimate Analysis

PKS was grinded and sieved in the size of 0.250 mm.
The 10g PKS sample was tested and analysed at
Chemical Engineering Laboratory, Faculty of Chemical
Engineering, Universiti Teknologi Malaysia for proximate
and ultimate analysis using methods as described in
previous publication [33] to determine the CV,
elemental and component composition, as shown in
Tables 1, 2 and 3.

Table 1 Calorific value for PKS

Cadlorific value HHV (MJ/kg)
Quantity 22.3

Table 2 Proximate analysis result for PKS

Element (wt.% dry basis)
Moisture content 8.25
Volatile matter 63.76
Fixed carbon 17.31
Ash 10.68

Table 3 Ultimate analysis result for PKS

Element (wt.% dry basis)
C 34.07
H 3.35
(@) 48.29
N 0.86
S 0.09

2.3 Gasification and Combustion Performance Test
Experimental Set-Up

The set-up includes a DG-50 open top downdraft
gasifier, 25kW fluidised bed gasifier, gas burner with a
standard axial swirler (Brand: Baltur BT14), type-K
thermocouples with a maximum temperature of
1200°C, a 1000 mm length open-ended mild steel
combustion chamber insulated with cast cement, a
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Midi temperature data logger, an LCA 6000 air speed
indicator, a Horiba Enda 5000 gas analyzer, long high
temperature rubber hose, a 1 meter long ruler and few
digital cameras with fripods. The burner was positioned
at the inlet of the combustion chamber. Eight
thermocouples were placed on top surface along the
wall of the combustion chamber at equal distance of
100 mm. The thermocouples were connected to the
data logger, which produces wall temperature
readings from the generated electrical signal.

Figures 1 (a) unfil (c) indicate the downdraft
experimental set-up, schematic and procedure for the
gasification and combustion test. The gasifier was
ensured to be clean and PKS feedstock was fed from
the top, prior to commencing the gasification process.
Subsequently, the feedstock was burnt in the
downdraft reactor while fresh air flow as a gasifying
agent was supplied continuously at 1.133m3/min using
a blower through air inlet that is controllable using a
valve. Within the reactor, air reacted with PKS raw
feedstock to produce syngas. The gasification
operating temperatures varied between 100°C and
1000°C. The produced syngas was routed from the
outlet of the gasifier reactor to the gas burner rig via a
long high temperature hose and the syngas volume
was confrolled by an outlet valve. Typical duration for
syngas generation to commence was between 45

and 60 minutes.
\
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Figure 1 (a) Experiment setup for gasification via downdraft
gasifier (b) Downdraft gasifier (c) Schematic of gasification in
a downdraft gasifier

After 10 minutes of the first syngas produced, the
combustion was initiated at the gas burner by using an
external portable torch until the flame produced
reached stabilisation (around 10 to 20 minutes). The
wall temperatures along the combustion chamber
were recorded using the data logger and exhaust
emission is measured using Horiba Enda 5000 gas
analyser [30-32].

For the syngas combustion test experimental set-up,
the schematic is illustrated in Figures 2 (a) and (b).
After the wall temperatures recording were
completed, the flame length can be measured. A
long ruler was hooked up perpendicular to the burner
for proper measurement. Fuel-rich and airrich

combustion conditions can be simulated by varying
the air flow to the burner.

Thermocouple Reader

[e]e]e)

clone
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Figure 2 (a) Combustion chamber experimental set-up (b)
Schematics diagram of the experimental rig set up

3.0 RESULTS AND DISCUSSIONS
3.1 Syngas Composition

The produced syngas composition is summarised in
Table 4. From the experiment, the oxidation zone
temperature above 750°C for the downdraft gasifier is
suitable for producing syngas. The obtained syngas
can be categorised as pure-CO syngas as it is
composed of 94.9% CO with no H2 content [34].
Therefore, the syngas LHV value was much lower than
typical H2 rich gas fuel. The LHV of the syngas was
defermined by multiplying each element LHV with
each element gas composition that is H2, CO and CHa
due fo combustibility capability. Fundamentally in
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industrial application, volume fraction of H2 content in
syngas fuel significantly impact the life of hot sections
of gas turbines as resultant of higher flame
temperature for Ho-rich fuels as well as the moisture
content of combustion products [35].

Table 4 Syngas composition and heating value from
gasification of PKS.

co co H2 CO. CHa LHV
content (vol.%)  (vol.%) (vol.%) (vol.%)  (MJ/kg)
Pure 94.9 0.0 1.8 2.0 10.7

Lower heating value for CO = 10.16 MJ/kg; H2 = 120.1 MJ/kg;
CHs=49.9 MJ/kg: CO2 =0 MJ/kg.

3.2 Wall Temperature Profile

As illustrated in Figure 3, wall temperatures for burnt
syngas produced from gasification via downdraft were
higher than temperatures produced from fluidised bed
gasifier with longer pattern at fuelrich condition. This
means higher energy syngas was produced from
downdraft gasifier due to higher carbon conversion
[23]. The temperature profile begins with the increase
of the wall temperature at a distance of 100 mm to
400 mm from the burner inlet. The highest wall
temperature is at @ the chamber length of 600 mm
[80-32]. It is the point where air and fuel are
homogeneously combusted together to produce a
higher amount of heat energy [30-32] thus indicating
the size of the flame formed. The wall temperature
started to drop after that point, which means that the
flame is nearing ifs tip. The fuel to air (F/A) ratio or also
termed as equivalence ratio (ER) influenced the wall
temperature profile for the burnt syngas. Theoretically,
by increasing the ER from less than 1.0 to greater than
1.0, the fuel-air combustion condition changes from a
lean-fuel mixture to a rich-fuel mixture. As a result, the
volume of air flow decreases as the fuel flow rate
increases.

800

600

400 | /

200

o |
100 200 300 400 500 600 700 800

Distance from gas burner (mm)

~—

(=c)

Wall Temperature Profiles

—+— Downdraft Fluidized bed

Figure 3 Wall temperatures at fuel-rich combustion condition

3.3 Flame Length

As illustrated in Figures 4 (a) and (b) and 5, it can be
observed that the flame length for the produced
syngas via downdraft was 350 mm to 400 mm in air-rich

combustion condition. In comparison, in fuel-rich
combustion condition in Figure 5, the flame length for
produced syngas via downdraft was between 450 and
500 mm. These results synchronised well with the walll
temperatures data which is related to higher energy
syngas produced from downdraft gasifier. The flame
air-rich combustion seemed more straight and brighter
as soot formations also decreased at this condition [30-
32].

(o)

Figure 4 (a) and (b) shows a flame length in air-rich
combustion

Figure 5 Flame length in a fuel-rich combustion

3.4 Emissions

The experimental results for the gaseous emission
concentrations for NOx, SO2, and CO are recorded in
Table 5. The value of SO2remained low as the CO and
NOx emissions increased due to PKS contained low
sulphur content, as proven during the ultimate analysis.
However, during the combustion of the fuel-rich
condition, CO emissions increased to 37 ppm with NOx
content at 56 ppm. Theoretically, CO emission is
influenced by two main factors. The first factor is the
lack of air supply in which it is affected by O2 supply
during combustion while the second factor is low
combustion temperature. In this experiment, the first
factor was more dominant as it can be seen that the
O2 percentage continued to decrease as the CO
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emission increased [36]. Also, notably, there was a
relationship between NOx emissions formation and CO,
whereby CO emissions decreased, NOx emissions
increased.  Throughout the  gasification  and
combustion performance experiment, high level of CO
emissions was recorded due to the syngas composifion
was CO-pure and the produced syngas was not
freated after the gasification. The CO and NOx
emissions can be reduced when the combustion
process produces high temperatures, short residence
fime and short flame retardation [34].

Table 5 Emissions produced

Emission NOx SOz CcoO CO; 02
(ppm)  (pPpm)  (Ppm) (%) (%)
Quantity 56 1 37 594 1491

4.0 CONCLUSION

Syngas can be obtained from PKS as one of the
common biomass wastes through gasification process
using downdraft gasifier. From proximate analysis, PKS
contains the high value of fixed carbon content, thus
possesses high potential to produce syngas with high
LHV value. However, PKS has high ash content that
could result in inferior syngas production. From the
experiment, the oxidation zone temperature above
750°C for the downdraft gasifier is suitable for
producing syngas. The obtained syngas can be
classified as pure-CO syngas due to 94.9% CO content
with no Hz2 content. Thus, this syngas LHV value of 10.7
MJ/kg can be considered lower than typical Hz-rich
syngas, but still among the highest as compared with
other biomass. In term of combustion performance,
wall temperatures profile for burnt syngas produced
from gasification via downdraft was higher compared
to wall temperatures produced from fluidisedbed
gasifier with more extended pattern condition. This
means higher energy syngas produced from
downdraft gasifier due to higher carbon conversion.
The associated flame length was also much longer at
fuel-rich condition. As the produced syngas was not
treated after the gasification and possessed high CO
content readily, this has resulted in high CO gas
emission. Based on results obtained from the
experimental study, PKS was found to have high
potential as a fuel for gasification. Subjected to syngas
reconditioning, syngas derived from PKS has the
potential to be used as alternative fuel for power
generation, transportation fuels and chemical
production.
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