International Journal of Latest Research in Science and Technol ogy
Volume 7, Issue 4: Page No.1-5, July-August 2018
https: //mww.mnkpublicati on.comyjour nal/ijlr st/index.php

ISSN (Online): 2278-5299

T

COMPARISON STUDY ON
CARBON INTENSITY OF BIOCHAR WITH
COAL IN POWER PLANT

Atiyyah Ameenah Azni®" , Azni Idris’
12Department of Chemical and Environmental Engineering/Sustainable Process Engineering Research Centre,
Universiti Putra Malaysia ,Malaysia
¥ atiyyah.leo@gmail .com , 2azni@upm.edu.my

Abstract — Major shifts in the global energy scene since 2015 toward a low carbon economy such as adoption of solar and biomass are
only adding the power capacity instead of replacing the large scale power of the coal. Life Cycle Analysis (LCA) specifically on carbon
intensity assessment was performed to evaluate the potential of minimising the carbon emissions related to coal fuel. The assessment was
carried out by calculating the carbon intensity (kg of CO, per kWh of energy consumed) of biochar from literatures and were compared
with coal for three boundary conditions, i.e. feedstock production, logistic used to deliver feedstock to power plant and the feedstock’s
stationary combustion. The carbon emission of feedstock production for empty fruit bunch (EFB) biochar in pyrolysis plant used was
0.046 kg CO,-equiv. kg™* EFB yr * meanwhile the carbon emission emitted from coal extraction and mining was 0.116 kg methane Million
BTU™ coal yr . The carbon emission for logistic was calculated for a scenario of 14,000 metric tons (MT) of dry feedstock (coal) shipped
from the departure port, Samarinda port, Kalimantan, Indonesia to the receiver port, Jimah coal power plant, Malaysia, with carbon
emissions of 10 g CO’MT/km distance. The carbon emission generated from feedstock combustion used was taken from a study on
bioenergy crop, Miscanthus with carbon intensity of 113 kg CO,/MWh. The CO, emission of sub-bituminous coal combustion was referred
to Intergovernmental Panel on Climate Change (IPCC) default emission factors of 1,676 kg CO,/ton. The LCA on three boundary
conditions have suggested that biochar has big impact on environmental benefits when considering coal substitution with biochar as to
minimize the lifecycle carbon footprint in which a noteworthy saving of 62.1% of carbon intensity can be achieved when biochar is

replaced with coal as solid fuel in power plants.
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. INTRODUCTION

Coadl is one of the primary energy sources which has been
helping the nation’s need as depicted by over 50 % growth
of world’s coal demand over 2003-2013. Coal can be
identified as a brownish to black sedimentary rock. It is
formed under high temperature and pressure from plants and
other organic matter that lived millions of years ago through
a geologic process known as codlification. There are four
main types of coal, classified according to the amount of
available heat energy. The types of coa include Anthracite,
Bituminous, Sub-bituminous and Lignite. The amount of
carbon, hydrogen, and oxygen in the coal are the main
factors that determine the amount of heat released during
combustion. The carbon content determines the amount of
carbon dioxide (CO,) emissions from each type of coal [1].

In recent years, coal power plants are faced with critical
issues as they are responsible for 44 % of globa CO,
emissions which has led to massive air pollution that has
caused health impacts with 17 % of the nation’s annual
deathsin China alone [2]. Mgjor shiftsin the global energy
scene have been happening since 2015 by the countries of
the top coal producers such as United States of America
(USA) and China for mitigating the climate change i ssues.
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For instance, the coa demand in the Organization for
Economic Cooperation and Development (OECD) regions
have already experienced a drop by 8 % over 2003 - 2013
and is expected to decline by 2040 by almost 15 % [1],[3].
Reducing carbon emissions, in the context of increasing use
of energy in growing economies, will be a challenge. In
USA, Clean Power Plan was introduced to expedite the
closure of the older coal power plants in the effort to reduce
CO, emissions. However, the shutting down of existing
plants requires large capital investment for modification
works, premature decommissioning cost of the power plant
and remediation of the site. Meanwhile, the current policies
resolved around adopting renewables such as solar is only
adding power capacity rather than replacing the existing
capacity from the coal [4]-[5].

In Malaysia, the Feed-in Tariff (FiT) mechanism has been
implemented since 1 December 2011 and biomass has
become one of the fuel input to the power plants [6]. With
this, Malaysia has committed to achieving 50 % of
renewable energy in the energy mix by 2050 [3]. However,
the small scale power generation with biomass still does not
offer an immediate solution. In 2013, biomass contributes
0.3 % (297 ktoe) from the total energy mix compared to the
coa with the bigger contribution, 1.9 % (1824 ktoe) [7].
Moreover, based on Academy of Sciences Malaysia (2013),
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the production capacity of biomass by 2030 will be 1340
MW which is still less than coal’s contribution in 2013. The
limited utilization of biomassis aso related to the quality of
feedstock due to various reasons such as low value heating
value (HV), high ash and minera content. These issues may
cause operational problem in the boiler such agglomeration,
molten slag and others[8].

A better approach for the long-term solution by utilizing a
low carbon and sustainable fuel which has the similar
specification to the coal such as biochar is necessary to
represent global solution as to curb costs arise from the
closure of the plants [4]. According to International Energy
Agency (IEA), 1% increase in efficiency of coa power
plants can reduce 2-3 % of CO, emissionsimmediately. This
isan initial step toward other than carbon capture, utilization,
and storage. Improving the coal-fired power plants’
efficiency means reducing the amount of coal consumption
for the same amount of energy needed [9]. Therefore,
adopting biochar as solid fuel or coa-blend source can
potentially be considered as one of the options for upgrading
the efficiency of coal power plants.

In the study conducted by Ghani et al. [10], the coal-blend
was done with biomass in which the biomass sources from
agricultural residues (rice husk and palm kernel) were co-
fired with coal in fluidised bed combustor. The combustion
efficiency of co-combustion of a mixture of coal-blend
increased up to 20% depending upon excess air levels and
the carbon monoxide levels fluctuated between 200 and 900
ppm with the addition of cod. This has suggested that
efficient co-firing of biomass with coal can be achieved with
minimal modifications to existing coal-fired boilers,
therefore the same trend is expected for replacing biomass
with biochar as a blend source.

Biochar is a stable form of carbon substance, rich with
carbon content (65 to 90 %) that is produced when biomass
is heated under oxygen-limited condition and at relatively
low temperatures (T < 700 °C) [8], [11]-[12]. Biochar has
attracted many parties to discover more about its potential
and some literature supported the correlations between
biochar's physical and thermochemica properties that have
potential in the energy production [8], [11], [13]-[14]. In
order for opting sustainable solution, biomass is often
regarded as the world’s most widely available natural
resource and sustainably produced with Maaysia’s palm oil
industry alone produced over 83 million dry tonnes of solid
biomass per annum [15].

There are several thermal methods to produce biochar
which include direct combustion, conventional or Sow
pyrolysis, fast pyrolysis and gasification which involve
different pyrolysis temperature, feed’s burning rate and
residence time [16]-[19]. For instance, a biochar production
facility in Selangor, Maaysia which adopted slow pyrolysis
particularly on EFB required at least 4 h residence time with
pyrolysis temperature between 350-450 -C [20]. Meanwhile
Ariffin et a. (2014) in his study depicted that gasification
process run at feeding rate 126 kg/h and syngas flow rate
362 m*/h on EFB briquettes produces minimal production of
6% EFB biochar [21]. Hence, pyrolysis is most desirable
method as it produces high biochar yield. The pyrolysisis a
process of breaking down (lysis) of a substance by thermal
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assistance, heat (pyro). The development of pyrolysis
method was improved with the introduction of microwave
energy as a heating medium in a pyrolysis condition. The
energy transfer by dipole rotation and ionic conduction
causes the energy readily converted into heat inside the
particles. Microwave energy targets straight into the area of
interest when is heated, thus a rapid process is achieved and
faster than the conventional pyrolysis (>50%) [22],
consequently microwave technology created greater
attentions for exploration in thermo-chemical treatment of
waste materials. Some advantages of applying microwave
pyrolysis can be seen from a study by Abas and Ani (2014)
in which concluded that the quality of EFB biochar derived
from microwave pyrolysis is superior to the conventional
pyrolysis with the carbon content of EFB biochar derived
from microwave pyrolysis recorded higher than the
conventional heating which was correspondingly are 69.28%
and 59.62% [23], while 45% is reported by Harsono et al.
(2013) on conventional slow pyrolysis[20].

Carbon emissions intensity which can be agreed as carbon
emissions per unit of economic output [24] is become one of
the tools to measure the carbon emission, with one of the big
elements is emission generated from shipping. This was
evidenced by over the period of 2007 to 2012, the total ships
accounted for approximately 1 billion tonnes of greenhouse
gases (GHGs) emissions. GHGs was contributed from the
fuel consumption, operational efficiency, energy use,
installed power, cargo carrying capacity, operating hours,
distance travelled, and operating speed [25]. The emissions
from shipping will be kept incline if there is no measures
and initiatives to combat the emissions as shown from the
total shipping emitted CO, emissions from 2013 to 2015
which has increased from 910 million tonnes to 932 million
tonnes (+2.4%) [26]. Therefore, based on the outstanding
values possessed by the biochar from the literatures, a
comparison study was undertaken to evaluate the
environmental impacts of biochar as green alternative to coal
substitution through carbon footprint assessment within the
defined boundary conditions.

[I. METHODOLOGY

The assessment on total carbon intensity (kg of CO, per
kWh of energy consumed) of biochar in genera was
calculated to offer strategy in minimising the carbon
footprint related to coal. In this study, the Life Cycle
Analysis (LCA) specifically on carbon intensity was
assessed and the boundary was divided into 3 conditions
namely the total carbon intensity of feedstock production,
the total carbon intensity of logistic used to deliver feedstock
to power plant and the total carbon intensity of stationary
combustion of feedstock [27].

A. Calculation of Carbon Intensity of Feedstock Production

The net CO, emissions of biochar was based on a study of
direct empty fruit bunch (EFB) biochar production in
pyrolysis plant in Selangor, Malaysia which was account for
0.046 kg CO,-equiv. kg * EFB yr . The emissions include
EFB production in the mill, transport of EFB to the pyrolysis
plant, electricity generation from the grid, biochar
production via slow pyrolysis, transport of EFB biochar to
warehouse and transport of biochar to plantation [20].
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Meanwhile, carbon intensity of coa extraction and mining
was taken from a study in U.S. which recorded about 0.116
kg methane Million BTU * coal yr *. Where, 1 kg of CH, is
equivalent to 25 kg of CO% During the extraction phase,
the emissions include the burning fuel to run the mining
equipment [28].

B. Calculation of Carbon Intensity of Logistic

An assumption was made in which biochar production
plant is located adjacent to one of the coal-fired power plant
in Malaysia, Jmah Coal Power Plant, Port Dickson as
Malaysia has abundance of biomass and it is more viable to
reduce the logistic use. Therefore, emissions can be avoided
for this scenario. However, this scenario does not include the
emissions generated from the use of other machineries to
transport biochar to the coal plant. In terms of coa delivery,
CO, emissions generated from sea shipping was constructed
from a literature which is 10 g COYMT/km distance [29]. A
scenario of 14,000 metric tons (MT) of dry feedstock supply
to Jimah Coal Power Plant which is based on typical weight
per shipment [30] was studied with approximately 1,266
nautical miles (2,342.1 km) distance from the departure port
for imported cod supply, Samarinda port, Kaimantan,
Indonesia to the receiver port, Jimah Coa Power Plant,
Maaysia[31].

C. Calculation of Carbon Intensity of Feedstock’s
Sationary Combustion

The data was based on the stationary combustion of
biochar originated from bioenergy crop, Miscanthus with
carbon intensity of 113 kg CO,/MWh [32]. To our
knowledge, there was no study on the stationary combustion
of biochar from palm biomass wastes. On the other hand,
the stationary CO, emission of sub-bituminous coal was
chosen to compare with the biochar. The stationary CO,
emisson of sub-bituminous coa was referred to
Intergovernmental Panel on Climate Change (IPCC) default
emission factors of 1,676 kg CO,/ton [33].

I11.RESULT AND DISCUSSION

Table | and Figure | present the simulation scenario of
carbon intensity of biochar and coal within three boundary
conditions. In paralel to Malaysia's Low Carbon Cities
Framework and Assessment System (LCCF) to reduce 40%
of carbon intensity per GDP by 2020, the present study
addressed on one of the elements which is the transformation
of the stock using available knowledge and tools for cost
minimal and energy optimal solutions over their whole
lifecycle [27].

For feedstock production or extraction, based on the
preliminary calculation based on literatures, EFB biochar
production has less carbon intensity (537.7 kg CO,/kWh)
than that of coal extraction (849.7 kg CO./kWh). In this case
the avoided emission intensity achieved is 36.7% when EFB
biochar production substitutes with the cod extraction. This
can be explained by the high emission intensity of coal
extraction from mining activities which generate massive
methane emissions [28]. LCA study on the logistic used to
deliver the feedstock to the power plant based on the current
practice [30] has shown that one shipment of imported coal
generates about 0.004 kg CO,/kWh. On the other hand, the
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carbon intensity for biochar delivery was not calculated with
the assumption that it is imperative to construct localy
biochar production plant close to the power plant. Therefore,
the assessment for this condition is nearly 100% carbon
emission can be mitigated from biochar substitution
regardless of emissions generated from other machineries. In
terms of stationary combustion of feedstock, the calculations
used from the literatures has clearly reputed that biochar is
62.1% less emission than the coal with the carbon intensity
of biochar and coa are 0.11 kg CO,/kWh and 0.29 kg
CO./kWh, respectively.

Table |: Carbon intensity of biochar and coal in 3
different boundaries and avoided emission intensity from
biochar substitution.

Carbon intensity Biochar Coal Avoided
emission
intensity

Feedstock 537.7  849.7 312.0

production/extraction (36.7%)

(kg CO/kwh)

Logistic of feedstock
delivery to power O 0.004 0.004

plant (kg COZIkWh) (100%)
Stationary

combustion of 0.11 0.29 0.18
feedstock (62.1%)
(kg COzlkWh)

© ® ®
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Figure |: Carbon intensity of biochar and coal for three

different boundaries with; (1) feedstock production, (2)

logistic for feedstock delivery to the power plant and (3)
feedstock’s stationary combustion
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IV.CONCLUSIONS

This study will have a substantial impact to the coal
industry as it will support the principle of upgrading the
worlds’ efficiency of coal power plants. Large capital
investment is needed for older power plant refurbishment or
sophisticated technologies deployment. The policy may
consider applying biochar as the alternative solid fuel such
as coal-blend other than utilization of biomass to supplement
the coal for power generation. The production capacity of
biomass for power is still less than coal’s contribution
couples with the limitation which is related to the quality of
feedstock due to various reasons such as low value heating
value (HV), high ash and mineral content.

The LCA particularly on carbon intensity on three
boundary conditions have suggested that biochar has big
impact on environmental benefits when considering coal
substitution with biochar as to minimize the lifecycle carbon
footprint in which a noteworthy saving of 62.1% of carbon
intensity can be achieved when biochar is replaced with coal
as solid fuel in power plants.
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