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ABSTRACT: This study aims to unlock the information on the renewable energy production performance from carbon
emission potential waste palm biomass. The specific objective of this paper is to reveal the current advancement in the
pyrolysis process and its ability to replace fossil fuel with palm biomass. This study also addresses the problem relating to
carbon emissions from waste palm biomass for contributing to achieving economic and environmental sustainability in
Southeast Asian countries. The research methodology used for this study is reviewing the published research papers. The
number of reviewed journals was 75 and published between 2010 to 2022 on research findings relating to the aims of this
study. The study revealed that advancements in the pyrolysis process have significantly contributed to producing renewable
energy from palm biomass. The temperature range of palm biomass pyrolysis is from 3000C to 9000 C. Energy products of
this process are bio-oil, syngas, hydrogen, and bio-char. The energy output of this process is about 17.5MJ per kg of palm
biomass. Combined heat and power cycle installed in series with palm biomass pyrolysis for achieving energy production
efficiency up to 95%. Palm biomass pyrolysis offers a few benefits. It contributes to substituting fossil fuels with renewable
energy and reducing 0.75kg CO,eq emission. The research outcomes listed in this paper would be a guideline for investors,
policymakers, researchers, government agencies, and industries for making a strategic plan to implement palm biomass-based
renewable energy production plants. The novelty of this study is a presentation of ways to convert waste palm biomass into
renewable energy with advanced technology.
Keywords: Palm Biomass, Advanced Technology, Clean Energy, Production Performance, Optimization, Economic Sustainability,
Environmental Sustainability, Climate Change.

1.0 BACKGROUND OF THE STUDY

In 2020, the global Fresh Fruit Bunches (FFB) production
was about 220 million tons [1, 2]. The average rate of crude
palm oil (CPO) outputs from FEB was 22%, and the other
78% was waste [3-5]. The waste part is known as Empty
Fruit Bunch (EFB); and it is a biomass. EFB has traditionally

Es+ CO, + 6H,0 = CgH,,04 + 60, Eq (1)
Here, Es is the solar energy, and C¢H1,04 is biomass, and
a renewable organic material [11, 12]. Table 1 presents the
specific heat capacity of Palm biomass.

Table 1: Specific Heat Capacity of Palm Biomass

been dumped into the environment. A small part of this Type of Cpi Type of Cpi
biomass is also used for producing steam and energy. Biomass (kd/kg-K) Biomass (kd/kg-K)
When EFB degrades in the atmosphere, this biomass emits | FFB 3.231[13] MF 2.816 [13]
The carbon [CO,eq(methane-CH,) and carbon dioxide—COz)l EFB 1.483 [14] PKS 2.083 [15]
[6]. and carbon emission potential is about 60kgCOeq.(ton)™ | Nuts and 2.291[13] OPT 2.567 [13]
[7]. When EFB burns for steam and energy, the emission rate | shells

is about 29CO.,eq.(kWh)™. In both ways, EFB is
environmentally hazardous biomass. On the other hand, dry
EFB contains Carbon (45.53 wt. %) and hydrogen(5.46
wt.%), which represent energy[8]. his energy is
environmentally friendly and renewable [9, 10].

With this background, the current study has undertaken to
answer whether “is waste palm biomass a renewable green
energy source?” This study conducts to find the answer to
this question. Total 75 journal papers studied published
between 2010 and 2022 related to this question.

This paper divides into 5 sections. Energy contents of palm
biomass describe in section 2. Section 3 gives an overview of
advancements in technology relating to energy production
from waste palm biomass. Section 4 describes the economic
and environmental benefits of producing renewable energy
from waste palm biomass. Section 5 is for conclusion and
recommendation.

2.0 ENERGY POTENTIAL OF PALM BIOMASS

The earth receives around 1000 W.(m)? of power from the
Sun and only a fraction of this solar energy can convert into
biomass (chemical energy) via the process of photosynthesis
with water, and carbon dioxide. Palm biomass is also
growing by absorbing solar energy, water and carbon
dioxide. Equation 1.0 presents the formation of biomass.

The calorific value of FFB is comparable to the low-rank
coal. The energy contents of EFB depend on moisture level.
Palm biomass is highly volatile, and suitable for liquid fuel
production. The calorific value of palm residues varies
between 18 to 21 MJ. (kg)™. Palm kernel shell (PKS) and
Mesocarp fiber (MF) have used in the boilers to generate
steam [8], [16]. The Table 2 presents the energy contents of
EFB.
Table 2: Energy Content in EFB [17], [18]

Type of Energy and Physical Properties
Biomass Grogs_ Moisture Ash Volatile
Calorific Matter
Value (MJ kg’ Contoent Contoent Content
1) (wt.%) (wt.%) (WL.%)
EFB 38.3 35.3 22.1 2.7
MF 33.9 26.1 27.7 6.9
PKS 20.8 22.7 50.7 4.8
OPF 30.4 40.4 21.7 1.7
OPT 34.5 31.8 25.7 3.7

The energy value per kg of EFB increases with the moisture
reduction rate. For example, the calorific value or low
heating value (LHV) of palm biomass is about 15.0 MJ.
(kg) ! at moisture level 50%. The HHV is 17.17MJ. (kg)™
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when dry at 220 °C (moisture about 30%). The HHV is 17.67
MJ. (kg)* when dry at 250 °C for moisture level 20%) [19,
20].

Palm biomass is an environmentally friendly fuel compared
to the fossil fuel. The LHV of palm biomass is about 15.0
MJ.(kg) * with 0.24 kgCO,eq emission at 20% moisture [16].
On the other hand, the LHV of coal is 32.56 MJ.(Kg)™ with a
1.20 kgCO.eq emission [16, 21]. In this aspect of the
environment, the EFB is a better choice as a solid fuel
compared to coal. However, palm biomass can convert into
the renewable energy in the form of heat, gaseous fuels, and
electricity through various processes [22, 23].

3.0 TECHNOLOGICAL ADVANCEMENT IN ENERGY
PRODUCTION FROM PALM BIOMASS

Technology and process machinery require to produce
energy from palm biomass [24]. Organic Rankine Cycle
(ORC) is the most common thermal process used for energy
production from this biomass [25]. Pre-treatment for palm
biomass is the first step in energy production. The second
step is feedstock (pellet) preparation. The final step is energy
production by using gasification or pyrolysis with CHP [26].
The range of energy yield from palm biomass is from 60% to
over 90% [16] depending on technology used in energy
production [21].

3.1 Feedstock Preparation for Energy Production from
Palm Biomass

Energy production performance from palm biomass depends
on feedstock quality and technology use. Three steps involve
in feedstock preparation from palm biomass. The steps are
pre-treatment with an alkaline solution (NaOH), removing
moisture, and Pellet preparation [27]. Pre-treatment of palm
biomass speed up breaking the long chain of lignin to a short
chain and increases the cell surface area [28, 29]. In the
second stage, palm biomass dries to reduce moisture. Pellets
production is the final stage [26].

3.2 Pyrolysis Process for Energy Production from Palm
Pyrolysis is an endothermic process that requires thermal
energy from an external source [30]. This process performs
in the absence of oxygen. Hot air (>700 °C) and steam
supply to the pyrolysis reactor to speed up endothermic
reaction [31-34]. Palm biomass pellet feeds to a reactor for
decomposing biomass [35, 36]. Figure 1 presents a schematic
diagram of palm biomass pyrolysis process.

Palm Biomass Pyrolysis
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Syngas and Hydrogen

By 1 e for drying
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Figure 1: Schematic Diagram of Pyrolysis Process

This process occurs at a higher heat transfer rate, and a
process temperature of 300°C to 900 °C. Through the
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degrading process, palm biomass converts into the vapor. A
rapid cooling system uses for condensing the vapor into a
liquid fuel [35, 37].The energy products of pyrolysis are bio-
oil, biogas, hydrogen, and biochar [38-40]. The pyrolysis
with catalysis offers a higher energy yield at a lower process
time and energy [41, 42].Table 3.0 presents the energy
products of palm biomass pyrolysis.
Table 3: Yields of EFB’s Pyrolysis

. Product from Pyrolysis
Pyrolysis Lo Syngas .
Temperature (°C) Bio-oil (wt.%) %) Biochar (%)
300-400 48.5 [5], [43] 15.2 36.5[38][44]
500 56.2 [26], [45] 18.5 25.3
600 40 [46] 29.5 20.10
600-950 <40 [41] >30 <20

Table 3 demonstrates that at pyrolysis temperature 300°C to
500°C, the bio-oil (=48.5% wt.) and bio-char ((=36.5.5% wt.)
are the dominant products [5, 43, 47]. At pyrolysis
temperature more than 500°C, syngas production increase
with temperature; and yield of bio oil and bio-char reduce.
The vyield of syngas is the highest level ((>30% wt.) at
temperature 900°C [29, 44]. Table 4 presents the energy
value produce from palm biomass pyrolysis.
Table 4: Energy Properties of Palm Biomass [46, 48, 49]

Energy product Energy value (LHV)

Bio-oil, process temperature 24.90-31.16 MJ (kg)™ [50]
>300°C

Bio-char, process > 400°C 23-26 MJ (kg)* [51]

temperature >300°C

Methane gas >750°C 50-55MJ.(kg) }[52].

Hydrogen >900°C 120-142MJ.(Kg) ™ [52].

The data stated in Table 3 and Table 4 demonstrate that
syngas and hydrogen start to produce at temperatures ranging
from 430°C to 950°C [52]. At higher temperatures
(>750°C), CH,4 gas breaks and converts into hydrogen. The
energy production performance of pyrolysis has appeared at
an optimum temperature of 950°C, and this process
contributes to producing energy at a lower carbon emission
rate (CO,) [30, 53].

The findings stated in this section conclude that pyrolysis is
an effective thermal process for producing renewable energy
from waste palm biomass; and a sustainable way to reduce
carbon emission [COeq.(kWh)?]. In that aspect, the
pyrolysis process installation at palm oil mills to produce
renewable energy would contribute to achieving SDG 7 and
SDG13 [53].

3.3 Combined Heat and Power Cycle
Production from Palm Biomass

The Combined Heat and Power (CHP) cycle uses in
pyrolysis processes [54, 55]. The CHP process contributes to
achieve thermal efficiency from 60 to 95 percent by utilizing
waste heat in renewable energy production [56-58].

There are two purposes of installing CHP in the palm
biomass thermal decomposing process. The first objective is
the increasing thermal efficacy by capturing waste heat and
for recycling. The second objective is the decreasing the
carbon emission rate per kW energy [59, 60].Various cases
also report that energy production from palm biomass can
reduce carbon emission rates [61, 62].

in  Energy
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3.3.1 Environmental Benefits of Using CHP Energy
Production from Palm Biomass

The CHP offers a few benefits when energy produces from
palm biomass. The CHP requires less palm biomass for
producing each unit of energy, which contributes to reducing
the emissions rate per unit of energy (CO,eq.(kwh)™* [30].
When energy produces without CHP, the emission rate is
0.15kgCO,eq.(kWh) ! at a thermal efficiency of 40%.
Emission is 0.06kg CO.eq. (kWh)™ when the plant operates
with CHP at a thermal efficiency of 95% [63-65].
3.3.2 Economic Benefits of Using CHP
Production from Palm Biomass

Energy production performance from palm biomass at
higher thermal efficiency (>95%) leads to achieving
economic sustainability [66], [67]. CHP process requires
about 40% less fuel to produce each unit of energy and
reduce energy production cost. If syngas and hydrogen
produce simultaneously from palm biomass, the thermal
efficiency would be about 95 percent [55, 68], and energy
production cost could be less than the fossil fuel [69, 70].
This background demonstrates that energy production from
palm biomass with the aid of CHP would contribute to
achieving SDG 7, SDG 8, and SDG 13.

4.0 SUMMARY OF FINDINGS

This paper underlines the advancement of technology that
has using in producing renewable energy from carbon
emission (CO,eq) potential palm biomass. Pyrolysis with
CHP uses to produce energy from palm biomass. The energy
product of palm biomass pyrolysis are bio-oil, biogas, and
biochar are energy products which are sustainable substitute
of fossil fuels. The energy yield (LHV) from this biomass is
15.0 MJ. (kg) " at moisture 50%. The HHV is 17.17 MJ.
(kg)™ when dry at 220 °C, while dry at 250°C, HHV is 17.67
MJ. (kg)™[71, 72].

4.1 Economic and Environment Benefits

Energy production from waste palm biomass offers two
environmental benefits. Firstly, it is a replaceable fuel by
fossil fuels that contribute to reducing carbon emissions at
the rate of 700kg. (kWh)™ to 1100kg. (kWh)™. The second
benefit is 1130kg CO,eq(t)™* carbon emission reduction from
palm biomass [62, 73]. The carbon reduction per unit of
energy is 0.76kg CO,(MJ)™ [74, 75]. In consideration of
coal, the estimated energy production and emission balance
from palm biomass is -1368g CO.eq.(kWh)™ [61, 62].

4.2 Challenges and Way Forward

The biggest challenge of using palm biomass for energy
production are:

High moisture (>50%) contents.

Lack of skilled human resources for design, set up, and
operations of plant machinery

The technology used in renewable energy production is still
young, pilot-scale, and not in a fully mature state.
Technologies currently available in the market for renewable
energy production are capital intensive compared to the fossil
fuel power plants.

A comprehensive plan requires to address all these
challenges. The findings suggest, require conducting in-depth
research to innovate sustainable technology. Southeast Asian
countries may take R&D projects to develop the required
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infrastructure and human resources. Government agencies-
Industry-University can work together to find a sustainable
solution of these constrains.

4.3 Implication of Findings

The results published in this paper would be a reference for
researchers to conduct further studies in this field. The
research outcomes would attract government agencies,
industries, and policymakers to implement palm biomass-
based renewable energy project.

5.0 CONCLUSION AND RECOMMENDATION

A key measure to combat climate change is renewable
energy production and use. A significant percentage of
emissions can reduce by producing clean energy from palm
biomass. These goals can achieve by the Southeast Asian
countries by setup R&D facilities aiming to develop the
required infrastructure. In addition, the relevant stakeholders
shall pay attention to finding ways to develop human
resources and technologies.

This study concludes that the clean energy (SDG 7)
production from carbon emission (CO,eq) potential palm
biomass may empower Southeast Asian countries to achieve
economic (SDG 8) and environmental sustainability (SDG
13).
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