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About the Journal

Overview

Pertanika Journal of Science & Technology (PJST) is the official journal of Universiti Putra Malaysia
published by UPM Press. It is an open-access online scientific journal which is free of charge. It publishes
the scientific outputs. It neither accepts nor commissions third party content.

Recognized internationally as the leading peer-reviewed interdisciplinary journal devoted to the
publication of original papers, it serves as a forum for practical approaches to improving quality in issues
pertaining to science and engineering and its related fields.

PIST is a quarterly (January, April, July and October) periodical that considers for publication original
articles as per its scope. The journal publishes in English and it is open to authors around the world
regardless of the nationality.

The Journal is available world-wide.

Aims and scope

Pertanika Journal of Science & Technology aims to provide a forum for high quality research related to
science and engineering research. Areas relevant to the scope of the journal include: bioinformatics,
bioscience, biotechnology and bio-molecular sciences, chemistry, computer science, ecology,
engineering, engineering design, environmental control and management, mathematics and statistics,
medicine and health sciences, nanotechnology, physics, safety and emergency management, and
related fields of study.

History

Pertanika was founded in 1978. A decision was made in 1992 to streamline Pertanika into three journals
as Pertanika Journal of Tropical Agricultural Science, Pertanika Journal of Science & Technology, and
Pertanika Journal of Social Sciences & Humanities to meet the need for specialised journals in areas of
study aligned with the interdisciplinary strengths of the university.

After almost 28 years, as an interdisciplinary Journal of Science & Technology, the journal now focuses
on research in science and engineering and its related fields.

Goal of Pertanika

Our goal is to bring the highest quality research to the widest possible audience.

Quality

We aim for excellence, sustained by a responsible and professional approach to journal publishing.
Submissions are guaranteed to receive a decision within 14 weeks. The elapsed time from submission
to publication for the articles averages 5-6 months.

Abstracting and indexing of Pertanika

The journal is indexed in SCOPUS (Elsevier), Clarivate-Emerging Sources Citation Index [ESCI (Web of
Science)], BIOSIS, National Agricultural Science (NAL), Google Scholar, MyCite and ISC.

Future vision

We are continuously improving access to our journal archives, content, and research services. We have
the drive to realise exciting new horizons that will benefit not only the academic community, but society
itself.



Citing journal articles

The abbreviation for Pertanika Journal of Science & Technology is Pertanika J. Sci. Technol.

Publication policy

Pertanika policy prohibits an author from submitting the same manuscript for concurrent consideration
by two or more publications. It prohibits as well publication of any manuscript that has already been
published either in whole or substantial part elsewhere. It also does not permit publication of manuscript
that has been published in full in Proceedings.

Code of Ethics

The Pertanika Journals and Universiti Putra Malaysia takes seriously the responsibility of all of its journal
publications to reflect the highest in publication ethics. Thus all journals and journal editors are expected
to abide by the Journal’s codes of ethics. Refer to Pertanika’s Code of Ethics for full details, or visit the
Journal’s web link at http://www.pertanika.upm.edu.my/code_of_ethics.php

International Standard Serial Number (ISSN)
An ISSN is an 8-digit code used to identify periodicals such as journals of all kinds and on all media—print
and electronic. All Pertanika journals have ISSN as well as an e-ISSN.

Pertanika Journal of Science & Technology: ISSN 0128-7680 (Print); ISSN 2231-8526 (Online).

Lag time

A decision on acceptance or rejection of a manuscript is reached in 3 to 4 months (average 14 weeks). The
elapsed time from submission to publication for the articles averages 5-6 months.

Authorship

Authors are not permitted to add or remove any names from the authorship provided at the time of initial
submission without the consent of the Journal’s Chief Executive Editor.

Manuscript preparation

Refer to Pertanika’s Instructions to Authors at the back of this journal.

Editorial process

Authors are notified with an acknowledgement containing a Manuscript ID on receipt of a manuscript, and
upon the editorial decision regarding publication.

Pertanika follows a double-blind peer-review process. Manuscripts deemed suitable for publication are
usually sent to reviewers. Authors are encouraged to suggest names of at least three potential reviewers
at the time of submission of their manuscript to Pertanika, but the editors will make the final choice. The
editors are not, however, bound by these suggestions.

Notification of the editorial decision is usually provided within ten to fourteen weeks from the receipt
of manuscript. Publication of solicited manuscripts is not guaranteed. In most cases, manuscripts are
accepted conditionally, pending an author’s revision of the material.

The Journal’s peer-review

In the peer-review process, three referees independently evaluate the scientific quality of the submitted
manuscripts.

Peer reviewers are experts chosen by journal editors to provide written assessment of the strengths and
weaknesses of written research, with the aim of improving the reporting of research and identifying the
most appropriate and highest quality material for the journal.
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Operating and review process
What happens to a manuscript once it is submitted to Pertanika? Typically, there are seven steps to the
editorial review process:

1.

The Journal’s Chief Executive Editor (CEE) and the Editorial Board Members (EBMs) examine
the paper to determine whether it is appropriate for the journal and should be reviewed. If
not appropriate, the manuscript is rejected outright and the author is informed.

The CEE sends the article-identifying information having been removed, to 2 or 3 reviewers
who are specialists in the subject matter represented by the article. The CEE requests them to
complete the review within 3 weeks.

Comments to authors are about the appropriateness and adequacy of the theoretical or
conceptual framework, literature review, method, results and discussion, and conclusions.
Reviewers often include suggestions for strengthening of the manuscript. Comments to the
editor are in the nature of the significance of the work and its potential contribution to the
research field.

The Editor-in-Chief (EiC) examines the review reports and decides whether to accept or
reject the manuscript, invites the author(s) to revise and resubmit the manuscript, or seek
additional review reports. Final acceptance or rejection rests with the CEE and EiC, who
reserve the right to refuse any material for publication. In rare instances, the manuscript is
accepted with almost no revision. Almost without exception, reviewers’ comments (to the
author) are forwarded to the author. If a revision is indicated, the editor provides guidelines to
the authors for attending to the reviewers’ suggestions and perhaps additional advice about
revising the manuscript.

The authors decide whether and how to address the reviewers’ comments and criticisms and
the editor’s concerns. The authors return a revised version of the paper to the CEE along with
specific information describing how they have answered’ the concerns of the reviewers and
the editor, usually in a tabular form. The author(s) may also submit a rebuttal if there is a need
especially when the authors disagree with certain comments provided by reviewer(s).

The CEE sends the revised paper out for re-review. Typically, at least 1 of the original reviewers
will be asked to examine the article.

When the reviewers have completed their work, the EiC examines their comments and
decides whether the paper is ready to be published, needs another round of revisions, or
should be rejected. If the decision is to accept, the CEE is notified.

The CEE reserves the final right to accept or reject any material for publication, if the processing
of a particular manuscript is deemed not to be in compliance with the S.0O.P. of Pertanika. An
acceptance letter is sent to all authors.

The editorial office ensures that the manuscript adheres to the correct style (in-text citations,
the reference list, and tables are typical areas of concern, clarity, and grammar). The authors
are asked to respond to any minor queries by the editorial office. Following these corrections,
page proofs are mailed to the corresponding authors for their final approval. At this point,
only essential changes are accepted. Finally, the manuscript appears in the pages of the
journal and is posted online.
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Foreword

Welcome to the 3 2021 issue for the Pertanika Journal of Science & Technology (PJST)!

PJST is an open-access journal for studies in Science and Technology published by Universiti Putra
Malaysia Press. It is independently owned and managed by the university for the benefit of the
world-wide science community.

This issue contains 47 articles; 5 review articles; 2 short communications and the rest are regular
articles. The authors of these articles come from different countries namely India, Indonesia, Iran,
Irag, Malaysia, Nigeria, Pakistan, Thailand and Yemen.

Articles submitted for this issue cover various scopes of Science and Technology including:
applied sciences and technologies; chemical sciences; earth sciences; engineering sciences;
environmental sciences; information, computer and communication technologies; material
sciences, mathematical sciences; and medical and health sciences.

The first article selected is on comparative analyses on synthetic membranes for artificial blood
feeding of Aedes aegypti using digital thermo mosquito blood feeder (DITMOF). In this study, three
synthetic membranes were compared (Parafilm-M, Polytetrafluoroethylene tape or PTFE tape
and collagen sausage casing) to blood feeding Aedes aegypti. The membranes were incorporated
with in-house developed device named as DITMOF to heat the cattle blood for mosquito feeding.
Results showed that PTFE tape recorded the highest blood feeding rate (95.00% + 1.67%) with
significant mean difference (p <0.001) as compared to both Parafilm-M (72.00% + 2.60%) and
collagen sausage casing (71.50% * 3.50%). However, there was no difference in term of fecundity
for mosquito feed with all three membranes tested (p=0.292). Full information on this study is
presented on page 2073.

A regular article titled “Spatial distribution of picophytoplankton in southeastern coast of
peninsular Malaysia using flowcytometry” was written by Roswati Md Amin and co-researchers
from Universiti Malaysia Terengganu. Picophytoplankton has been described as the smallest
known autotrophic species; it is of great significance and present in all oceanic provinces. In
this study, picophytoplankton was represented by Synechococcus, followed by picoeukaryotes
and Prochlorococcus. The flow cytometry revealed a coastal-offshore gradient dominated
by Synechococcus, followed by picoeukaryotes and Prochlorococcus. Synechococcus and
picoeukaryote abundance was primarily distributed along the coast and progressively decreased
seaward, whereas Prochlorococcus abundances showed a slight increasing trend from the middle
parts of the study area to the open oceanic waters. The results of canonical correspondence
analysis demonstrate that the total chlorophyll, pH, dissolved oxygen, and temperature would
favor the abundance of picophytoplankton assemblages in the study areas. Detailed information
on this study can be found on page 2103.



Rauda A. Mohamed and co-authors from National Defence University of Malaysia had proposed
in silico study of potential non-oxime reactivator for sarin-inhibited human acetylcholinesterase
(AChE). Fourteen compounds have been screened via in silico approach for their potential as
sarin-inhibited human acetylcholinesterase poisoning antidotes. A commercially available
antidote, 2-PAM was used for the comparison. Results revealed that (R)-Boc-nipecotic acid shows
shorter nucleophilic attack distance and high binding affinity implying that this compound could
be an alternative antidote towards sarin inhibited-hAChE. Despite the commercial charged oxime,
2-PAM, which might present better nucleophilicity towards sarin-inhibited AChE, the uncharged
(R)-Boc-nipecotic acid is presumed to penetrate the blood-brain barrier and worth to be proven
experimentally. Further details of the article are available on page 2217.

We anticipate that you will find the evidence presented in this issue to be intriguing, thought-
provoking and useful in reaching new milestones in your own research. Please recommend the
journal to your colleagues and students to make this endeavour meaningful.

All the papers published in this edition underwent Pertanika’s stringent peer-review process
involving a minimum of two reviewers comprising internal as well as external referees. This was to
ensure that the quality of the papers justified the high ranking of the journal, which is renowned
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ABSTRACT

A significant wastewater source in every household is washed rice water (WRW) because
it contains leached nutrients (from washing the rice prior to cooking) that could be used
as fertilizer. The paper reviewed the current understanding of the potential use of WRW
as a plant nutrient source. WRW was shown to increase vegetables growth, such as water
spinach, pak choy, lettuce, mustard, tomato, and eggplant. Different researchers have used
various amounts of WRW, and their results followed a similar trend: the higher the amount
of WRW, the higher the plant growth. WRW has also been used for other purposes, such as
a source of carbon for microbial growth. WRW from brown rice and white rice had nutrients
ranging from 40-150, 43-16306, 51-200, 8-3574, 36-1425,27-212, and 32-560 mg L' of N,
P, K, Ca, Mg, S, and vitamin B1 (thiamine), respectively. Proper utilization of WRW could
reduce chemical fertilizer use and prevent both surface and groundwater contamination

and environmental pollution. However, only

a few of the studies have compared the use

of WRW with the use of conventional NPK

ARTICLE INFO fertilizer. The major drawback of WRW
e B emmber 2020 studies is that they lack depth and scope,
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Therefore, it is recommended that studies on WRW effect on soil microbial population,
plant, and soil nutrient contents to be carried out to ascertain the sustainability of WRW
use as a plant nutrient source.

Keywords: Irrigation, liquid fertilizer, plant growth, soil microbes, wastewater

INTRODUCTION

Washed rice water (WRW) refers to the water used in washing rice before the rice is
cooked. Milled rice is washed prior to cooking to remove the bran, dust, and dirt from the
rice (Juliano, 1993). But rice washing can remove a significant amount of water-soluble
nutrients from the rice. Several studies as reviewed by Juliano (1985) have shown that
rice washing can lose up to 7% protein, 65% crude fat, 30% crude fiber, 59% thiamine,
26% riboflavin, 60% niacin, 26% Ca, 47% P, 47% Fe, 11% Zn, 70% Mg, and 41% K via
leaching from the rice. Although these losses mean fewer nutrients are available in the
rice for human consumption, they also mean the WRW, now enriched by these leached
nutrients, could be used as a liquid plant fertilizer and soil amendment. There are many
claims on the beneficial effects of WRW as a plant fertilizer, but these claims are very often
anecdotal, given without any support of strong scientific evidence.

Unfortunately, rigorous, and in-depth scientific studies on the specific use of WRW
as a plant fertilizer are very scarce. Instead, the research focus and interests on WRW are
mostly on its potential use for either human or animal health (e.g., use of washed rice water
as a health supplement or medical treatment) or cosmetology purposes (e.g., use of washed
rice water as a human facial, skin, and hair care). From our search of the literature, most
of the research on the potential use of WRW for agriculture purposes appears to be done
in Indonesia. Moreover, these studies are often reported in non-English (though some of
these reports include abstracts in English). These reports are also not easily available, and
they are mostly published in non-cited journals.

But why use WRW when there are conventional fertilizers available? Reusing washed
rice water ought to be encouraged because its practice is a part of better water governance.
Global freshwater demand is expected to increase by 55% by 2050 (Park, 2013). This
increase is mainly due to detrimental climate change and increasing world population,
driving the United Nation to advocate for more effective water governance. Wastewater,
rather than just being discarded into the environment, is instead reused, treated, or recycled.
The AQUASTAT database of the Food and Agriculture Organization of the United Nations
(FAO) estimates more than half of the global freshwater withdrawals are simply discarded
as wastewater into the environment (WWDR, 2016). Municipal water demand corresponds
to 11% of the global freshwater withdrawal, but out of this, only 3% is consumed, with
the remaining 8% simply discarded, unused, as wastewater. Used water is being generated
by towns and cities, from domestic purposes. These activities represent a waste product
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that must be utilized downstream as a resource or otherwise safely disposed. The average
volume of wastewater generated daily by human activities depends on the water availability
in the house, cultural type, cost of water, and socioeconomic conditions (Kalavrouziotis,
2015). “United Nations Agenda for Sustainable Development 2030 additionally aims to
manage and reduce the release of wastes and chemicals into the environment (FAO, 2015).

Amoro et al. (2019) stated that the increase in water scarcity has increased the interest
in finding various ways for wastewater reuse. Recently, there is an increase interest in
wastewater utilization for irrigation (Khalid et al., 2018). Water scarcity, together with soil
erosion, land degradation, and climate change, are the main threats to crop productivity
(Roy et al., 2011). The most significant contribution of wastewater reuse in agriculture is
to reduce the pressure on freshwater sources (Jaramillo & Restrepo, 2017; Winpenny et al.,
2013). The greatest global water user is agriculture, which consumes 70% of available water
(Pimentel & Pimentel, 2007). Thus, wastewater reuse contributes to food safety; thereby,
increasing agricultural production in regions experiencing water shortages (Corcoran et
al., 2010). The reasons for wastewater reuse are two-fold: water for the ever-increasing
world population and for agriculture activities (Pescod, 1992), which make it necessary and
worth to initiate and support wastewater reuse projects all over the world (Kretschmer et
al., 2002). Kretschmer et al. (2002) for instance, reported that wastewater has the potential
in improving soil properties and increasing plant yield.

The use of wastewater has been reported to save 45 to 94% of fertilizer needed in
alfalfa and wheat production (Balkhair et al., 2013). The effects of wastewater application
on the soil nutrient status and nutrient use efficiency are also reported in crop production.
It was observed that the yield of marketable fruit was higher with wastewater compared
to the use of groundwater (Gatta et al., 2015a; Gatta et al., 2015b). Some other studies
(Aghtape et al., 2011; Cirelli et al., 2012; Li & Li, 2009) have also indicated the efficacy
and superiority of wastewater irrigation which could be attributed to their enriched nutrients
content. The wastewater application on soil also affects the soil microbial activity either
directly or indirectly by changing the soil physicochemical properties (Ibekwe et al., 2018;
Oliveira & Pampulha, 2006).

Considering that rice is the second most widely grown cereal, and it is eaten by nearly
half of the world’s population (GRiSP, 2013), the practice of reusing WRW can potentially
lead to considerable savings in water as well as fertilizer use. Consequently, less dependence
on energy in today’s environment of detrimental climate change. The use of biofertilizers is,
therefore, a part of sustainable agriculture that was proposed to reduce the use of chemical
fertilizers (Sairi et al., 2018).

This review has found only 41 papers or studies that specifically used WRW as a
plant fertilizer or soil amendment. But only about 10% of these papers were published in
indexed journals, and the others: 61% in non-indexed journals and 29% in student research
reports. This breakdown of papers indicates a lack of in-depth study on the potential use
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of WRW. The objective of the paper was to review these studies to determine our current
understanding on WRW and its potential use as organic liquid plant fertilizer, identify the
knowledge gaps, and finally recommend future research.

RICE TYPES

There are many rice forms, such as rough rice, brown rice, parboiled rice, regular milled
white rice, pre-cooked rice, quick-frozen rice, and crisped, puffed or expanded rice
(Kanchanawongkul, 2004). The mineral composition of rice differs according to rice variety,
rice fertilization and cultivation, rice processing and cooking, and the soil type on which
the rice is grown (Abbas et al., 2011; Roy et al., 2011). The parboiling in rice processing
helps to retain some of the nutrients, where milling losses and rice recovery (whole rice
kernels after milling) are energy-and labor-intensive activities (Roy et al., 2011). Brown
rice is unmilled rice with its bran still intact. It is whole grain rice with an intact bran layer
having its inedible outer hull removed (Upadhyay & Karn, 2018). Many researchers have
reported that brown rice has a higher nutrients content than white rice (Babu et al., 2009;
Pascual et al., 2013). Essential nutrients like iron, manganese, phosphorus, zinc, thiamine,
niacin, vitamin E, dietary fiber, protein, and carbohydrate are higher due to the presence of
an unremoved bran layer (Babu et al., 2009; Pascual et al., 2013). Red rice is considered
as a weed in many countries, such as Greece, Latin America, Spain, and other temperate
regions where this rice is grown with white rice (Patindol et al., 2006). However, in some
countries, such as Sri Lanka and the Philippines, red rice is grown as a staple rice cultivar
(Itani & Ogawa, 2004). Red rice is gaining popularity in Japan as a functional food because
of its high polyphenols and anthocyanin content (Itani & Ogawa, 2004; Ling et al., 2001).
White rice is known to have a higher glycemic index than other types of staple foods such
as brown rice, whole grain, and barley (Helmyati et al., 2020). Black rice is one of the new
rice that has a lower patronization rate (Helmyati et al., 2020). Together with brown rice,
black rice is higher in fiber and antioxidants than white rice (Hernawan & Meylani, 2016).

WASHED RICE WATER AND WATER GOVERNANCE

Agricultural wastes are abundant in every country, with over 2 billion tons of household
wastes generated globally, with more than 60 tons every second in the year 2020 (World
Count, 2020). Malaysia produces about 2.6 million tons of agricultural wastes per year
(Sreenivasan et al., 2012). It is estimated that about 3 million tonnes of rice are consumed
yearly by Malaysians (Bee, 2019). As a conservative estimate, this works out to at least 3
billion L of WRW produced per year by Malaysians, and this amount is unused and simply
discarded. So, it would be beneficial if these wastes could instead be utilized to reduce
environmental pollution and to increase soil fertility. Different authors have reported an
increase in total organic carbon (TOC) and nitrogen due to irrigation using wastewater,
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depending on the amount of organic matter in the wastewater (Jaramillo & Restrepo, 2017;
Sun et al., 2014).

The indiscriminate disposal of WRW is harmful to the environment (e.g., via N and
P pollution) (Siagian, 2018). Based on the reported nutrient content of the WRW in Table
1, it is evident that it is a potential source of contamination of our water sources (He et
al., 2016b). Suryana et al. (2017) classified WRW as a waste considered insignificant or
unimportant by the Indonesian public. The growing concern about the negative impacts of
urban wastewater on the environment to reduce pollution has forced researchers to look for
new and effective recycling alternatives (Santos et al., 2017). WRW from the household
can serve as organic fertilizer for plant use (Iskarlia, 2017); besides, it can improve and
increase soil fertility (Supraptiningsih et al., 2019) and use as an amendment (Brown et
al., 2011; Cogger, 2005; Lehmann, 2011).

Many places around the world discharge domestic wastewater into natural waters.
Zou et al. (2012) reported about 96% of villages in China would simply discard domestic
wastewater, which have contaminated natural water bodies. Winance et al. (2018) reported
production of 4 L of WRW by every household in Baomekot Village being thrown every
day as waste, which can be utilized as irrigation water. Consequently, a few WRW reuse
communal programs have been established, such as in Lambangkuning Village, Indonesia
(Supraptiningsih et al., 2019). This village comprised about 30 households, and each of
them produced about 5 L of WRW every day, making 150 L per day. The WRW is collected
from every household, pooled, and used to irrigate the garden crops in the village and
homes. Another communal WRW program is in Polo Geulis, a village in Central Bogor,
Indonesia, which practices a centralized water-saving system. WRW is collected from the
town citizens, after which the water is used to irrigate and fertilize their neighborhood
crops of herbs and vegetables (The Jakarta Post, 2017).

Washed Rice Water as Fertilizer

The global mineral fertilizer demand increases every year because its demand is affected
by population and economic growth, agriculture production and governance, and food
price (FAO, 2015). Compared with mineral fertilizers, organic fertilizer has a longer-term
effect on soils and plants, and it is claimed to be more environmentally friendly (Chandini
etal.,2019; Sairi et al., 2018; Shaviv, 2001). However, one of the shortcomings of organic
fertilizer is its slower effect on plants than inorganic fertilizers due to the slower release
of organic fertilizers’ nutrients. Among the organic fertilizers, liquid organic fertilizer is
regarded to be better as the nutrients are applied in liquid soluble forms that can easily be
absorbed by plants (Duaja et al., 2012). However, the nutrients release rates must match
the plant nutrient uptake; otherwise, these nutrients, if not retained in the soils, may be
lost via leaching.
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Recent researches have shown that WRW can be used as a plant nutrient source as
indicated by Bahar (2016), Wardiah and Hafnati (2014), Suryana et al. (2017), Hairudin
(2015), Fitriani (2019), Hariyadi (2020), Handiyanto et al. (2013) and Leandro (2009). The
presence of carbohydrates, proteins, vitamins, and other minerals at different concentrations
in the WRW (Juliano, 1985; Purnami et al., 2014), depends on several factors, such as
the rice variety, rice sources, and rice washing intensity (Akib et al., 2015; Purba et al.,
2015; Purnami et al., 2014). Gibberellin and auxin are the two most common hormones
employed in stimulating plant growth and both are reported to be present in WRW by
Leandro (2009). Andrianto (2007) also attributed the increase in Adenium’s plant roots to
the presence of vitamin B1 in the WRW, which stimulated the plant growth into having
greater root biomass. Vitamin B1 (Thiamine) applied once every two days combined with
KNOs; fertilizer increased the vegetative growth of Dendrobium sp. (orchid) seedlings
(Sianipar, 2004).

The use of WRW as a plant nutrient source could reduce chemical fertilizer procurement
and pollution. Kalsum et al. (2011) reported that fermented WRW contains numerous
nutrients that are essential to plant growth and development. Carbohydrate is the most
abundant content in WRW, by up to 300 mg L' (Kalsum et al., 2011; Nurhasanah et al.,
2010). Dini and Salbiah (2019) found WRW have nutrient contents large enough to increase
the vegetative and physiological growth of pepper after being fermented with cellulolytic
bacteria. Generally, the efficiency of wastewater as a crop nutrient source largely depends
on the soil fertility level, type and nutrient requirement of the crop, and the nutrients in the
wastewater. The nutrient use efficiency for wastewater is high (Khalid et al., 2018). This is
because the nutrients present in wastewater are commonly found in a dissolved form and,
therefore, they are readily available for plant uptake (Khalid et al., 2017). Moreover, the
wastewater-induced nutrient supply matches the demand of crops because nutrients are
supplied with each irrigation, compared to synthetic fertilizers usually applied to crops in
splits (Khalid et al., 2017; Sadaf et al., 2017).

An evaluation of WRW on the growth of both tomato and eggplant at different
concentrations of the WRW gave a significant higher yield of their test crops such as in
plant height, leaf number, and fresh plant weight (Istiqgomah, 2012; Ariwibowo, 2012).
Likewise, Karlina et al. (2013) compared the growth of spinach using different organic
fertilizers and found WRW treatment to have a significant higher plant height than others.
Consequently, they attributed the higher growth and yield to the higher nutrient contents
of the WRW as well as the presence of a plant growth hormone (auxin).

However, WRW studies are often plagued by common inadequacies such as the
absence of an initial and final soil analysis (e.g., Hairudin, 2015; Hariyadi, 2020) and lack
of detailed description of the WRW application timings and methodology of the WRW
preparation (e.g., Handiyanto et al., 2013; Hikmah, 2015), soil physicochemical and
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microbial properties, and the application area (e.g., Ariwibowo, 2012; Fitriani, 2019), as
well as lack of comparisons between WRW treatments with conventional fertilizers such as
NPK (e.g., Bahar, 2016; Dini & Salbiah, 2019; Ginting et al., 2017; Wulandari et al., 2012).

Washed Rice Water as a Potential Environmental Pollutant

Urban runoff and stormwater can, in some instances, find their way into sewage works
(Duncomb et al., 1982). Industrial contamination is a major problem with sewage sludge;
however, domestic sewage is also a potential significant contaminant (Naidu et al., 2004).
Lack of such wastewater utilization practices will have adverse effects on nearby freshwater
ecosystems and groundwater (He et al., 2016b). Moreover, biochemical oxygen demand
(BOD) is high in WRW (2715 to 3800 mg L) produced from industrial rice washing
before use in food processing (He et al., 2016a). Starch, proteins (mainly composed of
glutelin), and vitamins are the main solid particles composition of WRW (Watanabe et
al., 2013). Malaysian soils are typically low in soil organic matter and have low cation
exchange capacity (Shamshuddin, 1989). Consequently, the country’s soils have inherently
weak retention of nutrients that could increase the risk of large losses of nutrients via
leaching. Leaching is a serious problem because large amounts of nutrients being leached
out from the soil could pollute the groundwater and other water sources. The nutrient
analyses of WRW show that it could be of greater concern due to its P and N content that
can cause eutrophication and groundwater contamination, respectively (Table 1), upon
their accumulation. The primary causes of groundwater contamination by nitrogenous
compounds are landfill leachates (Nooten et al., 2008) and nitrogen-based fertilizer used
in agriculture and uncontrolled wastewater discharge (Ghafari et al., 2008).

The treatment of wastewater generally requires a sewage system and a costly
wastewater treatment plant (Kretschmer et al., 2002). One reason for this is it requires
constant supply of power that may not always be available in some countries (Kretschmer
et al., 2002). He et al. (2016a) reported that WRW have NO;, NO,,, NH,, total N, and
total P in the range of 4.19 to 10.14, 0 to 0.08, 2.57 to 39.72, 51.26 to 84.79, and 23.41
to 58.12 mg L', respectively. He et al. (2019) further used WRW for denitrification as a
source of carbon for the microorganisms, which has a NO;", NO,", NH,", total N, total P,
and total organic carbon 0.63, 0.04, 0.17, 66.82, 33.96 and 495 mg L', respectively. The
presence of ammonia might be due to the degradation of WRW by microbes as stated by
Heetal. (2019). Deepa et al. (2008) reported that rice grains contain 7.95-9.52 g of protein
100 g of rice grains, which is second to carbohydrate (72.8-74.1 g 100g™! of rice grains).
The analyses by Deepa et al. (2008) indicated WRW could have a significant amount of
protein, and the protein degradation would produce ammonium via ammonification (Jones
& Kielland, 2012).
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Washed Rice Water Nutrient Contents and its Effect on Plant Growth

Researchers have tested WRW on several crops which is shown in Table 2. They found
that WRW increased the plant height, stem diameter, and yield of several crops such
as: tomato (Ariwibowo, 2012; Hariyadi, 2020; Istiqomah, 2012; Leandro, 2009), water
spinach (Bahar, 2016; Karlina et al., 2013; Syuhaibah, 2017), eggplant (Bukhari, 2013;
Yulianingsih, 2017), and pak choy (Wardiah & Hafnati, 2014). WRW was also reported to
have increased the lettuce yield and root weight (Siagian, 2018; Wulandari et al., 2012).
It also increased the growth of mushroom (Handiyanto et al., 2013; Kalsum et al., 2011),
height and leaf number of Adenium plant (Andrianto, 2007), chili (Sairi et al., 2018), as
well as mustard green plants (Hairudin, 2015).

Wulandari et al. (2012) attributed the higher root growth of lettuce to the high sulfur
(S) content (270 mg L) present in the WRW (Table 2), in which S helps in thiamine
synthesis. Thiamine (Vitamin B1) is an essential component of plant stress responses,
disease resistance, crop yield, and several non-coenzyme roles of this vitamin are being
characterized (Fitzpatrick & Chapman, 2020). As shown in Table 1, when WRW is
compared with organic material (OM), particularly liquid OM, WRW is a good plant
nutrient source. However, despite lower nutrient contents than compost and sewage sludge,
it is at par with EFB and POME for N, P, Ca, and Mg nutrients. This indicated that WRW
could make a significant impact when simultaneously used as irrigation water and plant
nutrient source (Kalsum et al., 2011; Karlina et al., 2013; Lestari, 2010; Nurhasanah, 2011;
Wardiah & Hafnati, 2014).

WRW will ferment over time. The maximum fermentation time tested was 6 days
(Akib et al., 2015), where the fermented WRW was found to produce higher ethanol,
phosphorus, nitrogen, and sulfur. Dini and Salbiah (2019) reported the nutrient contents of
WRW fermented with a cellulolytic bacterial consortium to be 400, 280, and 1000 mg L'
of N, P, and K, respectively. The relatively higher amount of N, P, and K, as compared with
Wulandari et al. (2012), Syuhaibah (2017), and Nurhasanah (2011), could be attributed to
the presence of the bacteria in the work by Dini and Salbiah (2019). Likewise, presence of
bacteria capable of fixing atmospheric N and P, K solubilization could be why it has higher
N and P (Table 1) as compared to the domestic waste used by Vermaat and Hanif (1998).
Compared with the general nutrients content of other soil amendments such as EFB and
compost (Table 1), WRW is a compatible plant nutrient supplement with the others. The
commonly used soil amendments are compost and peat moss (Harrison, 2008; Sullivan et
al., 2018), which compared with WRW, have higher N content by dry weight (3-1%), but
have lower plant available N forms of 0.05 nitrates and 0.01% ammonium (Harrison, 2008).

Diana (2016) recorded high N (1.2%) content in fermented WRW (fermented with
sugar and milk) for the development of biofertilizer (Table 1). Significant variability exists
more in the N content in the WRW, with some authors reporting as high as 1.2% (Diana,
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2016) while others far below 0.01% (Wulandari et al., 2012). These differences could be
associated with the inadvertent fermentation of the WRW or differences in the rice washing
intensity. When WRW is fermented, the complex compounds are broken down, which could
lead to greater nutrient content. Wastewater irrigation in soil altered the ammonia-oxidizing
bacterial population making the Nitrosospira and Nitrosomonas species dominant (Mechri
et al., 2008). It is reported that wastewater containing an average concentration of 35 mg
L' of N, 10 mg L' of P, and 30 mg L' of K, mostly meets many crops’ requirements,
particularly vegetables (Kalavrouziotis, 2015). Overall, the results showed that the nutrient
content, particularly N, P, and K (Table 1), are within the range expected to impact plant
growth and development by Kalavrouziotis (2015).

WRW can either be applied on a sole basis or in combination with other organic wastes
with irrigation water. When applied with other organic wastes WRW generally showed
significantly higher crop yields, particularly at higher WRW application rates (Table 2).
Sairi et al. (2018) used NPK in the growth of chili seedlings and found it to be on par with
fermented WRW, which led them to conclude that fermented WRW can be used as NPK
replacement. Hariyadi (2020) substantiated it with a recent study that reported that WRW
performed better than monosodium glutamate and air conditioner’s water on tomato’s
growth (Table 2).

Comparison between White and Brown Rice Washed Water on Plant Growth

Few studies compared WRW from white (WR) and brown rice (BR) on plant growth.
Waulandari et al. (2012) reported WRW from both BR and BR had non-significantly
increased the fresh and dry weight of lettuce as compared with just using tap water. Between
the two types of WRW, WR water improved the fresh weight of the crop more significantly
at an early stage, but at harvest, there was no significant difference than the BR water-treated
plants. When WR and BR water were compared with tap water (control), higher roots dry
weight was recorded in both WR and BR water, which differed significantly from control.
Waulandari et al. (2012) and Syuhaibah (2017) reported no overall significant difference
between WRW and tap water in lettuce and spinach growth, respectively (Table 2).
Purnami et al. (2014) evaluated the use of WR and BR water on the growth of
Phalaenopsis orchid nursery and found the use of BR water once every four days increased
the total fresh weight, root length, plant height and higher above-grown biomass more than
the WR water. Fitriani (2019) studied the effect of different sources of WRW on the growth
of pak choy at different concentrations but found no significant difference between the
WRW types on the growth of the plant. This indicates that the WRW had met the nutrients
requirement of pak choy enough to support its metabolism and growth. Istiqomah (2010)
stated that BR washed water had a significant effect on the increase in plant height and
number of leaves of celery plants. The results of Baning et al. (2016) showed the effect of
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BR water at different concentrations on the growth of pepper plants and found to increase
the number of leaves, fresh and dry weight and recommended its use on the growth of
pepper (Table 2).

Effect of WRW on Microbial Growth

Juwarkar et al. (1988) found populations of soil bacteria, fungi, and actinomycetes
increased with increasing domestic wastewater applications. An increase in Azotobacter
soil population was also observed due to the wastewater application (Juwarkar et al., 1988).
Other than for fertilizer, WRW has also been studied for its potential use as a growth media
for the bacteria Bacillus thuringiensis (Blondine & Yuniarti, 2008) and an alternative media
carrier for Pseudomonas fluorescence. These bacteria help to control rust disease and to
stimulate the growth of plants (Nurhasanah et al., 2010). Fermentation of WRW can be aided
using microorganisms such as Rhizopus, Aspergillus., Mucor, Amylomyces., Endomycopsis,
Saccharomyces, Pichia anomala, Lactobacillus, and Acetobacter (Akib et al., 2015). The
fermentation process helps break down the complex structure of carbohydrates into other
simpler compounds such as bioethanol and other elemental forms of the compound that
could easily be used by the plants. WRW can support the growth of useful microorganisms
(bacteria) such as Rhizobium, Azospirillum, Azotobacter, Pseudomonas, Bacillus for plant
growth, and soil fertility increased (Akib et al., 2015). Amalia and Chitra (2018) reported
the presence of Pseudomonas fluorescence bacteria among other microorganisms in
WRW. It is a potential biocontrol agent that adapts well to plant roots and can help plants
fight against pathogens or be resistant to disease (Hoffland et al., 1996). Furthermore,
the bacteria mentioned above can produce phytohormones, which stimulate growth and
increases cell enlargement. These microbes play a role in controlling pathogens that cause
rust and triggering the plant growth to be more effective (Hairudin, 2015). Sairi et al. (2018)
reported that Bacillus spp. and Lactobacillus spp. to be the common genus in WRW upon
fermentation. Ahemad and Kibret (2014) reported using both genera to increase plant
growth either as biofertilizer or as a biocontrol agent against plant disease. However, WRW
not only supports the growth of bacteria but also several fungi species, such as Trichoderma.
Penicillium and Saccharomyces, found upon fermentation for seven days, these fungi are
beneficial to plant growth (Sairi et al., 2018). WRW has also been used as growth media
for lactic acid bacteria (Watanabe et al., 2011; Watanabe et al., 2009).

LIMITATIONS

To our knowledge, this paper is the first review the specific use of WRW as a plant fertilizer.
Most of the prior studies on WRW were done at the diploma and undergraduate level,
which together with non-peer reviewed journals, made up 90% WRW studies. Only 10%
of the 41 WRW studies were published in peer-reviewed journals. For this review, the
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use of students’ reports and non-indexed journals were inevitable because of the lack of
literature on the WRW use as a plant fertilizer. This indicates a knowledge gap in WRW
reuse in agriculture.

Most WRW studies did not report the application frequency of the WRW, how WRW
was applied, or even the area of the field or plot used. Furthermore, most of the WRW
studies did not carry out the chemical analyses on the WRW used; neither did they analyze
the initial and final plant and soil nutrient content. Consequently, it is unknown if, or by
how much, the WRW had increased the nutrient content of the various test crops and soils
due to WRW application alone. The effect of WRW on many basic soil physicochemical
properties was also not measured. All their studies were focused only on a limited number
of plant growth parameters. WRW studies that did WRW nutrient analyses examined only
the macronutrients (N, P, K), none on the micronutrient contents, with few comparisons
with NPK mineral fertilizer. WRW studies so far have all been to examine WRW effects
over a short-term period (e.g., one planting cycle). But WRW may have a long-term impact
on the soil nutrients as well as the soil microbial population. Although many research
papers on WRW lack scientific robustness, they remain useful because their findings, at
best, suggest that WRW can be beneficial to plant growth and yield as well as increase
beneficial soil bacteria for soil health.

CONCLUSIONS AND RECOMMENDATIONS

WRW contains nutrients that could supplement conventional fertilizers (Table 1). It was
reported to increase the growth of many crops ranging from the above to below-ground
biomass (Table 2). Furthermore, it has also been used in combination with other wastes
and was observed to increase plant growth. Various rates of the WRW have been used,
with no reported negative effects even at high WRW rates. WRW appears suitable as a
supplemental organic fertilizer to other organic and chemical fertilizers. Thus far, the severe
limitation on WRW research is the lack of scientific rigor, lack of research methodology
description, and, most importantly, the bulk of the study was published in non-indexed
reports. Therefore, the results from these researches are at best tentative.

The following is recommended for a detailed evaluation of WRW as organic fertilizer,

soil amendment, and source of soil microbial population increase:

1. Soils should be subjected to initial and final physicochemical and nutrient analyses
to ascertain how the use of the WRW would alter the soils.

2. Soil microbial study should be incorporated in the study of WRW, particularly the
soil microbial population, as WRW contains minerals and compounds essential
for their growth and multiplication.

3. Long-term studies over several planting cycles on WRW should be conducted.
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4. Periodic soil nutrient content and microbial population should be carried out to
ascertain the temporal effect of WRW, particularly over prolonged periods.

5. The use of WRW should be compared with the use of conventional mineral fertilizer
and other organic soil amendments (such as composts and palm oil mill effluent).
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ABSTRACT

Indonesia reported a maximum annual temperature rise of 0.3°C in urban regions.
Semarang, the largest metropolitan city in the province of Central Java, is also experiencing
an increase in temperature due to climate change therefore activities in urban public spaces
are disrupted due to the absence of a comfortable temperature. Urban design elements,
including land cover materials, road geometry, vegetation and traffic frequency expressed
significant effects on micro-climate. Measurement of Thermal Comfort in Urban Public
Spaces Semarang was carried out s at the micro level as an old historical district The Old
Town and Chinatown. This increment indeed influences thermal comfort level in its outdoor
environments which are important for comfortability of outdoor activity. This study aims
to analyse surface temperature through Thermal Comfort Measurement. Data was obtained
by measuring air temperature, wind speed and humidity in the morning, afternoon, and
evening. Inverse distance weighted (IDW), thermal comfort calculations and micro-climate
model were employed to evaluate existing physical conditions of these settlements. The
results showed both Old Town and Chinatown observed thermal comfort value above 27°C
and are categorized as uncomfortable for outdoor activities. This research is contributing
to the need to further develop public spaces to potentially adapt to environmental changes.
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characterized by arise in sea level, increased surface temperature, abrasion in coastal areas,
and damage to marine ecosystems (Zikra et al., 2015). Population growth and its impact
on land use triggers temperature increase. Most severe conditions occur in certain urban
areas dominated by built-up land with high population density. Increasing urban population
poses a critical challenges as a result of the impact to rising surface temperature (Mathew
et al., 2018). This phenomenon instigates an extremely intensified city temperatures or
is often referred to as the surface urban heat island (SUHI) phenomenon (Mirzaei &
Haghighat, 2010).

Indonesia, the fourth most populated country in the world, shows a yearly increase in
average surface temperature up to 0.3°C due to the effects of climate change (Emmanuel,
2005). Land use change and illegal logging trigger approximately 85% loss of green
open spaces assumed to also contribute to the rising temperatures. Major cities, including
Semarang continue to expand and in turn consequently convert agricultural land for
building purposes (Pamungkas et al., 2019). Over the last decade, land use diversion had
significantly expanded by 13%. This condition triggered a warm surface temperature in
the entire Semarang area from 22-40°C in 2018, while the average range was estimated
at 18-33°C in 2008. However, the need for land, infrastructure, and buildings are very
important to support community activities and are known to greatly influence urban life
sustainability. In the debate on the importance of a city in creating a comfortable and safe
living conditions, surface temperature is a major indicator with an essential role. Therefore,
a city design with the potential to adapt to increasing surface temperature is also very
crucial (Djukic et al., 2016).

Semarang City is in the North-Coast of Central Java (Figure 1). As the biggest city
in Central Java Province, Semarang grows as busies city which has so many important
activities such as trade and services, logistic and port activities as well as the central of
government in its province. Transport mass, such as airport, harbour, train station and
bus station are developed to support these activities as well as people’s travel. Besides,
Semarang has potential historical tourism attractions. Historical buildings, old settlements
and Dutch colonial heritage areas with European-style architecture still exist in Semarang.
Two of a big heritage area is The Old Town and Chinatown.

The Old Town and Chinatown has a strategic location which near to centres of
transportation mass such as Tawang Station, Bus Station and Tanjung Mas Port. The
proximity of public transports can attract and ease travellers to visit these heritage areas.
Besides, The Old Town and Chinatown has been recently positioned as the centre of tourist
activities and attractions in Semarang. Since 2014, the local government have continued to
carefully revitalize the Old Town into a tourist region. In January 2015, the Old Town and
China Town were accepted to be a part of a world heritage temporary list by UNESCO.
After revitalizing the Old City and Chinatown area tends to experience an increase in

1372 Pertanika J. Sci. & Technol. 29 (3): 1371 - 1395 (2021)



Thermal Comfort in Urban Public Spaces

413000 424000 430000 436000 442000
1 1 1 L L

| Ny

Ty, St

9232000
9232000

T imdeen

@

. Central JavaProvinee aran,
.

Semarang Barst = ] o
o

L

9228000
9228000

Orientation

9224000
9224000

Legend

D City Center
| IOther Area
I:I Java Sea

=== Primary Artery

9220000
9220000

9216000
9216000

=== SeconderyArtery

= Primary Colector

Secondary Colector SCALE 1:120.000

== Free Wa i I T !
Y © outom @ ctim Town 0 175 35 7km

T T T T T
418000 424000 430000 438000 442000

Figure 1. Semarang City, Indonesia

tourist visits compared before revitalization. Tourists visiting the area between the ages
of 19-28, which is dominated by the age of 22 (Putri, 2020). Apart from being a hub for
tourism development, these two locations are also included in the Bagian Wilayah Kota
I (City Area Section) believed to be a centre for trade and services. Most of the tourism
activities are carried out in an outdoor setting, including history tours, bicycle rides, and
photo hunting. The condition of the hotter open-air environment certainly causes discomfort
to the tourists. Therefore, a thermal approach was used to structure the environment to
adapt to the urban heat island phenomenon is needed to support tourism activities.

This research was carried out in three primary stages to assess urban design elements.
First, the Inverse Distance Weighted (IDW) method is employed to determine the value of
an unidentified position using a combination of linear weights from a set of sample points.
In this paper, surface temperature sample points were used as an assessment indicator.
Second, thermal comfort is calculated by comparing the average temperature of the two
locations with standard Temperature Humidity Index (THI), while the third process involved
conducting microclimate modeling for urban design elements through correlational and
simulation methods.
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LITERATURE REVIEW
Urban Public Space

Urban public space is an open space with infrastructures used to support community
activities in obtaining protection, satisfaction, and comfort in social life. According to
Huat (1992) (as in Purwanto, 2014), it is divided into outdoor public space including roads,
pedestrian ways, parks and indoor public spaces include trade and service centers. Whyte
(1980) (as in Purwanto, 2014) stated that it is necessary to pay attention to the factors that
influence the activities of urban public space, such as the physical factors that connect it
with circulation. Therefore, urban public space is not only a landscape design, rather it is
also influenced by human activities and tends to impact on the micro climate to provide
better air quality (Meziani, 2016).

Climate Sensitive Urban Design (CSUD)

Climate sensitive urban design (CSUD) is a concept in planning and design at the regional
level, and is responsive to climate elements as a sustainable development approach
(Emmanuel, 2005). The criteria applied in CSUD are micro-climate characteristics
including solar lighting, wind speed, and temperature on an urban scale (Kaya & Mengi,
2011; Tapias & Schmitt, 2014). This concept is a potential solution to problems in the
context of urban design and a basis to achieve a level of thermal comfort for space users.
Kusumastuty et al. (2018) stated the assessment of climate sensitivity to urban design
involves two main principles, termed urban environment and the available buildings.

Outdoors Thermal Comfort

Thermal comfort major component in planning and urban designs with a benchmark based
on micro-climate element factors influencing regional conditions (Koch-Nielsen, 2002).
In addition, the thermal comfort level affecting activities occurs both outside and inside
of space. Evaluation of thermal comfort is necessary to become an urban design guide
in order to improve the quality of life of urban communities (Koerniawan, 2015), where
people get to appreciate on a certain scale. According to Laurie (1990), the condition is
comfortable for a standard value of temperature humadity index (THI) estimated between
21-27, and with an ideal temperature acceptable by humans, ranged between 27-28°C with
a40% humidity. However, several factors unarguably influence thermal comfort of outdoor
activities, including air temperature, wind speed, humidity, sun exposure (radiation), and
other individual active human factors within the environment.

Urban Design Element and Climate

Urban development, believed to increase every year, is possibly responsible for the decline
in green open spaces instigating the urban heat island (UHI) phenomenon. Urban design
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elements and building functions are among the major factors contributing to thermal
comfort in cities (Ragheb et al., 2016). Based on the results of research conducted by
Oke (2006), urban design elements, in this case, is categorized as urban landscapes with
four basic features assumed to affect open-air temperature (thermal), including urban
structure (building dimensions and the spaces formed e.g., road width and distance), land
cover (buildings, paving, vegetation, empty land, and water), urban fabric (construction
and natural materials), and urban metabolism (heat, water, and pollution due to human
activities).

Vegetation as a Natural Component

The availability and arrangement of vegetation shows a positive effect on the formation
of the micro-climate (Hakim, 2013). Sufficient vegetation layout tends to influence the
direction of movement and wind strength, groundwater quality, micro-climate decline,
and passive cooling with shadows. However, the temperature during the day above the
open ground surface is higher compared to the temperature under the shade as a result of
solar radiation (Lakitan, 2004). Furthermore, vegetation centered on a green open space
potentially reduces air temperatures by 2-3°C in the city (Yu & Hien, 2009)

Pavement / Soil Coating

Pavement or soil coating is a significant factor affecting thermal comfort of surrounding
buildings against sun exposure (Nikolopoulou & Lykoudis, 2006). According to Johansson
(2006), the thermal properties of land cover components greatly contribute to the climatic
conditions. These are also affected by the reflectance and absorption values of various
materials and the land cover surface. Based on research conducted by Nichol et al. (2009),
close relationship between surface temperature and air temperature on changes and types
of land cover was established.

Shading

Shading of objects or buildings is among the primary factors to consider in minimizing
thermal discomfort due to direct solar radiation in outdoor space. The amount of this energy
is influenced by the geometric shape of the surface believed to determine the cover arising
from an object or building. In addition, building geometry creates shadow comparable to
the sky view factor (SVF). Therefore, there is a large correlation between road geometry,
SVF, and surface temperature that is capable of reducing the local air temperature (Shashua-
bar & Hoffman, 2003). According to Yeang (2006), in tropical areas, urban heat load from
the land cover surface is reduced by optimizing shading. Previous studies have observed
a cooling effect caused by the shading element from the geometry and characteristics
of trees, e.g., in Tel-Aviv, Israel (Shashua-bar & Hoffman, 2003). Based on the lighting
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direction, shading is categorized into two types, including vertical shading angel (VSA)
and horizontal shading angel (HSA).

Inverse Distance Weighted (IDW)

Inverse distance weighted (IDW) is a multi-variable interpolation method in processing
irregularly spaced data (Gholipour et al., 2013). The interpolation value appears more
accurate for close distances between the sample data. However, the weight is not influenced
by the location, but linearly changes based on the distance (Pramono, 2008), with evenly or
randomly distributed sample data points. The IDW approach is performed using ArcGis10.3
software designed to produce a digital map containing graphic data and attributes.

Thermal Comfort Calculations

The perception of thermal comfort by individuals is basically different even in areas with
similar climatic conditions. This awareness is significantly influenced by the wind reaching
the skin and the use of clothes and activities. In addition, the thermal comfort is affected
by air temperature and humidity. Therefore, the temperature (T) calculation and humidity
at each station is measured using Equation 1 (Handoko, 1995):

T = (Tmaximum + Tminimum)/2 [1]

Average air temperatures (Tr) based on measurements at 6 stations randomly distributed
in Old Town and Chinatown at 09.30, 12.30 and 16.00, are evaluated by Equation 2:

Tr = (2T 09.30+T 12.30 + T 16.00)/4 (2]

Average humidity / Relative humidity (RH) based on measurements at 6 stations
randomly distributed at 09.30, 12.30 and 16.00, are calculated using Equation 3:

RH = (RH 09.30 + RH 12.30 + RH 16.00)/3 (3]

Calculation of the temperature humidity index (THI) through the values of air
temperature and relative humidity uses the following Equation 4 (McGregor & Nieuwolt,
1998):

THI = 08xTr + ( RH x”) [4]
500

The results of the THI calculation were compared with the standard THI of a
comfortable category ranging between 21-27°C, and 40-70% humidity (Laurie, 1990).
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Micro-Climate Modelling and Perception of Urban Design

Correlational and simulation methods were applied to model the micro-climate conditions
of urban design elements. The correlational method detects the interconnection of variables
in a factor with other specified variables (Groat & Wang, 2002). In addition, previous
researches have already applied this approach, e.g., Oke (1976) studied to determine
the leverage of wind speed on temperature differences . Another research conducted by
Shashua-bar and Hoffman (2003) used similar method to describe the effects of tree shadows
on surrounding air surface temperatures. For both instances, the effects of urban design
elements, including material, shadow, orientation, geometry (H/W), traffic frequency, and
the presence of vegetation to micro-climate conditions, with multiple linear regression
methods were ascertained. Therefore, in this research, correlational methods were applied
in multiple linear regression through statistical data processing application (SPSS).

Subsequently, simulation method was employed to model the system characteristics
by using another system, e.g., computer programme. These techniques covered thermal
comfort simulation and shadow using ArcGIS, Ecotect Analysis and Sketchup. In addition,
2D data was introduced into the Sketch-up to be converted to a 3-D model and then shadow-
modeling was achieved with ArcGIS 10.3. Ecotect analysis is used to model the sunlight
direction and the percentage of shading in the area.

METHODS

The research method used is quantitative research methods. Data was collected in a few
days by measuring the microclimate, such as solar lighting, wind speed, and air temperature
as well as the external thermal comfort, i.e., air temperature, wind speed and humidity
in the morning (09.00 am), afternoon (12.30 pm) and evening (04.00 pm). The location
points of measurement have been carried out at Old Town which shown in Figure 2 and
at Chinatown which shown in Figure 4. This research has been conducted in three stages
to evaluate the physical conditions of Old Town and Chinatown. First, inverse distance
weighted (IDW) was applied to interpolate the surface by weighting the distance. Second,
thermal comfort calculation was employed to identify the level of existing thermal comfort,
while the third involved micro-climate modelling to detect the correlation of variables
(urban design elements) to air temperatures.

This research was carried out in two major urban public areas used as tourism centers
in Semarang, namely Old Town and Chinatown.

Old Town, Semarang

Old Town is a cultural heritage area with colonial architecture and historical tour covering
an area of approximately 33 hectares. This area is known as “The Little Nederland” because
historically the area was where the Dutch built with European-style architecture (Pratiwo,
2004).
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Figure 3. Six Stations in Old Town, Semarang, Indonesia
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Old Town also commonly called De Hollander or Little Netherland, was initially used
as special Dutch residence, and currently documented as a building and environmental
planning document as stipulated in the Regional Regulation of Semarang (Number 8 /2003)
Lembaran Daerah Kota Semarang, 2003). Old Town is currently used as a designated
tourist attraction used to describe the historical architectural, aesthetic, scientific and
culture growth of Semarang.

Figure 2 uses points to shows the temperature measurement that are randomly
distributed in six stations. Figure 3 shows the current situation in those stations at several
locations in Old Town, namely (1) Station 1 pedestrian in front of the Marba building,
(2) Station 2 pedestrian in front of PT Indonesian Trading Company, (3) Station 3 in
Dream Museum Zone (DMZ) parking area, (4) Tawang polder, (5) Spigel Restaurant, (6)
Srigunting Park.

Chinatown, Semarang

Chinatown is a Chinese settlement where trade and service covering an area of approximately
25.25 hectares. The development of this location is inseparable from Semarang’s history,
which is a city often visited by foreigners, including the Chinese.

Figure 4. Chinatown, Semarang, Indonesia
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(1) (2)

Figure 5. Three Stations in Chinatown, Semarang, Indonesia

The buildings in this settlement are grouped in based on functions, namely place
to live, trade, provide services, and warehouse for storage. Chinatown is dominated by
structures with floors of 8-10 meters large, and floor area ratio (FAR) of 1.0. Figure 4
shows the random distribution of 3 stations in several locations, namely (1) Station 1 in
Gg Gambiran Street, (2) Station 2 in Gg Warung Street, (3) Station 3 in Gg Pinggir Street.
Figure 5 illustrates the situation at the measurement point in the Chinatown area.

RESULTS
Microclimate Measurement: Air Temperature in Public Space Old Town Semarang

Figure 6 presented three measurements of air temperature in different times. Based on
the IDW interpolation results of six stations, the highest average temperature attained was
within a range of 35.5 - 36.9°C, while the lowest was 30.0-31.4°C. The results obtained as
at 09:30 a.m. in station 1, 2, 5, and 6 were between 30.0-32.7°C. This was lower in 3 and
4 with an average of 34.1-35.5°C and 35.5-36.9°C respectively. Meanwhile, the region
outside the evaluation area had a value of 32.7-34.1°C.

The IDW interpolation results at 12:30 p.m., obtained a temperature between
33.7-34.3°C for station 3 and 4, while the highest was at location 1 with an average of
35.4-35.9°C. Also, 5 and 6 had a value of 34.8-35.4°C, while the lowest was at 2 with
about 33.2-33.7°C. The region outside the measurement station had a range of 34.3-
34.8°C. Furthermore, the highest value measured at 16.00 p.m. was 32.5-32.8°C for 5,
and subsequently 6 with an average of 32.1- 32.5°C. Meanwhile station 1 and 3 had a
temperature of 31.7- 32.1°C with the lowest range of 31.0-31.3°C detected at station 2 and
4. The area outside was between 31.3-31.7°C.
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Figure 6. Temperature Measurements in Public Space Old Town Semarang, Indonesia

Microclimate Measurement: Humidity in Public Space Old Town Semarang

The percentage of humidity at station 1 and 2 decreased and attained a value of 62% at
09:30 a.m, while at 12.30 p.m. there was a decline to 52%. This parameter was stable at
09.30 a.m. and 12.30 p.m., then decreased to 52% at 16.00 p.m for 3. Meanwhile there
was a regular decline in 4 from 62% to 55% at 12.30 p.m. reaching 52% at 16.00 p.m.
while 5 and 6 tend to fluctuate. The result at each station indicates the humidity level was
categorized as normal because the percentage was above the standard intervals of 20-90%.
Table 1 demonstrated the influence of temperature range at each location in Public Space
Old Town Semarang

Microclimate Measurement: Thermal Comfort in Public Space Old Town
Semarang

Table 1 contains the results of the thermal comfort measurement obtained where each
station fall into the uncomfortable category. The highest average temperature was at
36.2°C while the lowest at 30.7°C in the Old Town area. Meanwhile, the peak Temperature
Humidity Index (THI) was only 31°C while the base was 29°C. According to According
to Stathopoulos et al. (2004). the ideal air climate for human comfort as an outdoor user
is between 27-28°C, while the comfort value ranges from 21-27°C.
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Effect of Wind, Vegetation and Air on Thermal Comfort in Public Space Old Town
Semarang

The wind speed at each station also affects the thermal comfort level of the outdoor activity.
Table 1 demonstrated the average values were between 2-4 m/s, which was categorized
as high compared to the standard range of 0.15-0.25 m/s. The beufort scale classified
the wind speed into categories, including light Airs at 09.30 a.m. and 16.00 p.m. for all
locations, gentle for 1, 2, 3, and 4, and light breeze for 5 and 6 at 12.30 p.m. In addition,
the parameter has no effect on activities based on the outdoor users’ perception, because
direction and speed basically assist in temperature reduction.

The lack of vegetation is one of the reasons for discomfort in outdoor activity. This is
because the presence of plants assist in temperature reduction to 2-3°C. Furthermore, look
at Figure 7 is station 1, 2, 5 and 6 that have a higher comfort value than 3 and 4 because
of some shady plants’ presence. This is able to provide a cooling effect on air through the
absorption of solar radiation. The station 3 does not have any vegetation, therefore the
climate is hotter in comparison. Meanwhile at 4, there is a little growth, although considered
less optimal for lowering the heat in the Tawang pedestrian.

The presence of water in large amounts basically provide a cooler temperature effect
to the surrounding region. Also, solar radiations on the surface of water converts the liquid
into vapor, therefore humidity is increased with a cooling effect on the area. The expanse
of water present in station 4 of polder Tawang assist in surface heat reduction around the
region. Furthermore, at 09.30 a.m the temperature in the riverine area termed polder had
arange between 35.5-36.9°C, while at 12.30 p.m the value decreased to 33.7- 34.3°C, and
continued declining to 31.0-31.3°C at 16.00 p.m. However, this reduction is considered
less than optimal because only places with water bodies are reached with a higher value
at a radius of 10 meters away.

Figure 7. Existing Vegetation in Public Space Old Town Semarang, Indonesia
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Microclimate Measurement: Air Temperature in Public Space Chinatown
Semarang

This parameter in public space Chinatown is identified through mapping with IDW
interpolation in three stations. Figure 8 displays the result with the highest average
temperature between 38-39°C while the lowest had a range of 32-33.4°C. The area outside
the measurement station was between 33.4-34.7°C and 36.2-37.6°C.
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Figure 8. Temperature Measurements in Public Space Chinatown Semarang

Microclimate Measurement: Humidity in Public Space Chinatown Semarang

Table 2 demonstrates the decline in humidity percentage at the three stations. Furthermore,
at 09:30 a.m. the level attained a value of 66% and then further decreased to 62% at 12:30
p-m. Meanwhile, at 16.00 p.m., there was a decline to 43% in 1, while at 2 and 3 reached
41%. The humidity per station was categorized as normal because the score between the
standard intervals was 20-90%. In addition, this parameter is affected by the change in
temperature range.

Microclimate Measurement: Thermal Comfort in Public Space Chinatown
Semarang

The result of thermal comfort at each station indicated an uncomfortable category, where the
highest and lowest average temperature was determined as 38.9°C and 32.7°C, respectively.
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Meanwhile, the peak Temperature Humidity Index (THI) was 34.1 and the base value
attained was 33.0. According to Stathopoulos et al. (2004), the ideal air temperature for
human comfort as an outdoor user was between 27-28°C, while the comfort value ranges
from 21-28°C.

Effect of Wind, Vegetation and Air on Thermal Comfort in Public Space
Chinatown Semarang

The wind speed of each station was between 1-4 m/s. This was categorized to have a higher
value than the standard of 0.15 -0.25 m/s. According to the beufort scale classification,
the wind speed at 1 and 2 was categorized as Light Airs, while at 3 as Light Breeze.
Particularly, based on the outdoor users’s perception, this parameter does not disturb the
activity, because the direction and velocity of the breeze along with vegetation basically
assist in temperature reduction. This creates comfort for the space users.

Figure 9 showed the vegetation map in Chinatown with barely any plant form. However,
the location was dominated by built-up areas, characterized by the presence of shops and
settlements. This city lacks vegetation assemblage, including park, linier or mini gardens
in front of the houses due to limited space. The air temperature tends to be high, therefore
facilitating the growth of more plants, especially the hanging and creeping varieties
necessary to maintain a cooler microclimate.

Furthermore, station 3 is located near to Semarang River. The water body of the river
assist in temperature reduction of the surrounding region due to the evaporation effect.
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Figure 9. Existing Vegetation in Public Space Chinatown Semarang
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The measurement at 09:30 a.m. indicates a range of 37.6-38.8°C. Meanwhile, at 12.30
p-m. there was a rise to 38.8- 39°C with a further decline at 16:00 p.m. to 34 -34.2°C. The
waterbody area was lower at 37.4°C at 09.30 a.m., while the value increased to 37.8°C at
12.30 p.m. and 16:00 p.m. respectively.

Climate Analysis on Urban Design Element in Public Space Old Town Semarang

The results of Multiple Linear Regression between microclimate elements, including
temperature, wind speed (m/s), and air quality (Aqi)) with urban design elements involving
land cover materials, geometry (H/W), vegetation, structure orientation, and traffic
frequency, contribute to the different relationships between these component. These results
demonstrate the effect of material constituents and other factors, including vegetation and
traffic frequency on the formation of temperature and air quality. The building geometry
element towards the road (H/W) affects the wind speed.

The research conducted by Nichol et al. (2009) demonstrated a significant relationship
between land surface and air temperature on changes and types of land cover or thermal
material. Also, paving materials in the public space Old Town area produced a thermal
value of 1000 J/Kg with a heat absorption and reflectance range of 85-95% and 15-5%
respectively. According to Shashua-bar and Hoffman (2003), there is a large correlation
between road geometry and land surface heat, especially for creating shadows of objects.
In addition, the presence of vegetation with higher LAI reduce thermal radiation by almost
92.55% or air temperature by 2-3°C (Yu & Hien, 2009).

Figure 10 shows the overlay between thermal comfort, wind direction, and building
distributions. In general, public space Old Town obtained a thermal comfort value above
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Figure 10. Simulation of THI Value and Wind Direction, and Design Recommendation in Public Space
Old Town Semarang
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27°C, and was then categorized as uncomfortable for outdoor activities. Irregular structure
layout in several partitions contributes to wind flow obstruction and further results
to rotating air pockets in the lobby. The northern section of Old Town observed high
temperatures due to the movement of dry winds towards the sea. Previous research reported
a significant variation in temperature extending to 2.1% between areas closer to the sea
level and sections with an altitude away (Purwantara, 2015). These locations prior to the sea
level attained relatively warmer surface temperatures characterized by high wind speeds.

Climate Analysis on Urban Design Element in Public Space Chinatown, Semarang

Regression analysis on public space Chinatown showed homogeneous results among the
various elements. In general,the micro-climate was influenced by land and building cover
materials as well as the traffic rates or environmental activities. Furthermore, public space
Chinatown is dominated by two-storey buildings with high density and are mostly built
using paving and concrete materials. These materials reflect heat effectively compared
to natural products (Nichol et al., 2009). In addition, public space Chinatown is known
to perform mixed functions, including historical tourism, residential, and trade area, and
therefore activities are always extensive on every occasion.

The simulation results of thermal, wind, and building comfort showed varied wind
movement patterns every hour. However, wind movement in this location was more stable
compared to public space Old Town due to a more uniform pattern of building layouts
with the tendency of a grid shape (Figure 11). The dominance of buildings with square
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Figure 11. Simulation of THI Value and Wind Direction and Design Recommendation in Public Space
Chinatown, Semarang
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facades on a straight road led to a more stable airflow in and out the area (Shishegar, 2013).
Moreover, the average thermal comfort of public space Chinatown indicated uncomfortable
conditions with temperatures above 27°C. Meanwhile, the northern part, including Station
2 and Station 3 appeared the warmest with a thermal comfort level extending to 34°C. The
road geometry to the building (H/W) also influenced the formation of air temperature and
wind flow (Dursun & Yavas, 2015), where both locations demonstrated a large geometry,
and the shading of objects occurred less significant to fill the alley.

DISCUSSION

Table 3 shows the variations in micro-climate characteristics between both locations,
where the thermal comfort for public space Old Town was better compared to public
space Chinatown. Shading in Old Town is greater than Chinatown, thereby leading to
a lower temperature that is far from an ideal condition and nearest 100% in the tropics
area. Conversely, lower SVF rate was achieved in the Old Town, which also affected the
temperature. Air quality index (Aqi) of Chinatown is better than Old Town, therefore, the
score still in the range of ideal condition. Furthermore, the SVF and shading score of Old
Town affecting Thermal Comfort in lower than Chinatown. It means the Old Town has a

Table 3

Simulation Results between Old Town and Chinatown Semarang
Categorization Ideal Condition Old Town Chinatown
Configuration - Irregular Pattern Grid
Building Height - 8-14m 8-14 m
Vegetation - More Vegetation Lack
Wind Direction - East and Northeast North, West, and

Southeast

Shadowing The tropics require up to 58% 55%

100% coverage
Source: Yeang, 2006

Thermal 27°-28°C
Comfort Source: Stathopoulos et al.

(2004) 31°C 34°C
SVF The greater the SVF score, the 16% 52%

warmer the temperature
Source: Lin (2009)

Peak Hours - In the Afternoon (Tourism)  Every time (Economic
Activity and Business)

Air Quality <50 15,5 5,6

(Aqi) Source: U.S. U.S. Embassy

and Consulates in Indonesia

Factor Affecting - Materials, Geometry, Materials and
Frequency, and Vegetation ~ Frequency
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cooler temperature than Chinatown, even though both are far from the ideal condition of
27-28°C.

The formation of micro-climate in Old Town area was more influenced by land
cover material, geometry, traffic frequency, and the presence of vegetation. Meanwhile,
Chinatown was more affected by land cover materials, land cover, and traffic rates. In
general, both towns were affected by the conditions of land cover material and traffic due
to tourism, economic and business activities.

In Old Town, land cover materials were produced from paving, while historical
buildings generally portrayed brightly coloured concrete material structures. The bright
colours further increased the surface temperature due to heat reflection and increase in
light effects. In addition, the presence of vegetation also influenced the formation of air
temperature with higher values during the day above the open ground surface than under
the shade as solar radiation on plants are not returned (Lakitan, 2004). Locations with high
intensity vegetation tend to effectively reduce air temperature. Meanwhile, areas with high
traffic rates and large geometric values generated warmer climate. The building geometry
(the ratio of the building’s height to the road and its facing orientation) is an important
factor known to serve as an indicator for assessing thermal safety in open space (Dursun
& Yavas, 2015). Furthermore, building orientation also affects shadow formation, where
the best pattern is assumed to face south.

To create a comfortable micro-climate, the arrangement and placement of vegetation
is carefully considered (Boutet, 1987). In Old Town, the vegetation was assigned to areas
with low thermal comfort levels and high temperatures. Maximization of hanging, potted,
vine, and hydroponic vegetation is highly recommended to prevent damaging the natural
structure of the existing cover in the cultural heritage area. Conversely, Old Town contained
some availabe land to serve as passive green open space for certain outdoor activities. In
addition, the optimization of public transportation, including Bus Trans Semarang and
proper parking arrangements is assumed to effectively minimize air pollution and further
manage regional traffic activities. Traffic emissions present a significant impact on outdoor
thermal comfort as a result of air pollution (Li et al., 2020).

The frequency of traffic directly influences the formation of micro-climate in
Chinatown. According to Johansson (2006), materials from land cover components affect
the value of reflection and sunlight absorption. The road is made of paving and asphalt
materials, while the building is brightly coloured, thereby forming hot climate, where less
heat is absorbed. In addition, the land cover generated is very minimal thereby providing
limited spaces between buildings. Similarly, as one of the trade and service areas and
settlements, traffic in Chinatown is always busy daily. However, this is different from the
Old City, where major activities are carried out in the afternoon. Moreover, the position
of the sun at certain period, as well as the direction towards the building shows significant
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effects on lower surface shadows (Bourbia & Awbi, 2004). The shade from the building
greatly reduces the high temperatures occurring in the morning and evening, however, the
building orientation does not affect structures with high density. Therefore, vegetation is
recommended for these areas in an effort to minimize increasing temperatures.

Chinatown is a protected cultural heritage in Semarang, therefore, there is need
to minimize the rate of development causing damage to natural structures through
the provision of portable vegetation in pots, vines, and hydroponics to create a serene
atmosphere. The selection of hydroponic formation in public space Chinatown varies from
Old Town due to a relatively narrow landscape, due to the appearance of more streamlined
and easily modified hydroponics in areas with greater residential activities during the day.
According to Hendrawati (2016), the provision of water pipes tends to create a peaceful
climate, therefore, this plant type is suitable for storage of water and green plants. Apart
from vegetation, traffic regulation and activities, such as the Trans Semarang public
transportation, are also recommended to minimize air pollution and improve connections
between areas in Old Town.

CONCLUSION

This study aims to analyse surface temperature in Old Town and Chinatown, Semarang
through Thermal Comfort Measurement. Measurement was implemented by collected the
microclimate data’s such as solar lighting, wind speed, and air temperature as well as the
external thermal comfort, i.e., air temperature, wind speed and humidity in the morning,
afternoon, and evening. Three stages for evaluate the physical conditions of Old Town
and Chinatown are inverse distance weighted (IDW), Thermal Comfort Calculation, and
Micro-climate Modelling. The results of thermal comfort measurements in Old Town and
Chinatown are categorized as uncomfortable public space for outdoor activities. In general,
thermal comfort value is estimated above 27°C, with the highest temperatures occurring at
station 4 and station 3. The simulation results and correlations in public space Old Town
showed land cover material, road geometry to buildings (H/W), presence of vegetation,
and traffic frequency are urban design elements with significant effect on micro-climate
formation. Meanwhile, land cover material and traffic rate or environmental activities
indicated a considerable consequence in public space Chinatown. In addition, the correlation
results revealed building orientation close to the sun also influences shadow formation.
The results of data analysis affirmed the presence of shadows with a high tendency to
reduce air temperature.

Furthermore, the general concept of applying for increase the thermal comfort
involves urban design element factors. The application of environmental adaptation, e.g.,
optimization of abandoned land as green open spaces, improving the provision of potted
gardens, creeping vegetation on building walls, enhancing the use of public transportation
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modes, boosting parking pockets, and procuring tourist rickshaws. Optimizing public
transportation, procurement of potted plants, hanging plants on building canopy, and vines
on building walls are very effective in maintaining a feasible temperature in public space
especially Chinatown.
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ABSTRACT

The fourth industrial revolution (IR 4.0) supports new solid waste management and
effective routing system for collection and transport of solid wastes, especially in achieving
Penang 2030 vision to become a pollution free smart city. This study will enhance
Seberang Perai Municipal Council (MBSP) solid waste routing system in Prai industrial
area by implementing Dijkstra and Travelling Salesman Problem (TSP) algorithms using
Geographic Information System version 10.1. The route optimization study involved
24 companies in Phase I, Phase II, and Phase IV of Prai industrial area. The authority is
currently using only one route to transfer the waste-to-waste transfer station. The Dijkstra
algorithm can optimize alternative route 1 distance by 19.74% whereby alternative route 2
ended up with extra distance by 3.73% compared to existing single route used by MBSP.
The forward Dijkstra algorithm involves single direction route with cleaning depot (source)
as starting point and waste transfer station (destination) as ending point. TSP algorithm is
having advantage with return direction route. The alternative route 1 evaluated through
TSP algorithm gave shorter distance by 6.61% compared to existing route. Alternative
route 1 evaluated through Dijkstra algorithm is potential to save fuel cost by 19.75%.
Existing route carries 9.2% per year of transportation carbon emission level. The alternative

route 1 assessed through Dijkstra and TSP

algorithms reported lower carbon emission
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INTRODUCTION

Modernization and industrialization keep increase managing cost of municipal facilities
with waste management operating cost at the top (Omran et al., 2009). Malaysia, a fast-
growing country in Asia with no exception to the dilemma of increase in waste generation
(Williams, 2012) due to the rapid development and industrialization. In most municipalities
in Malaysia, the local government is the one supervising solid waste collection (Penang
State Government, 2016). In year 2014, Malaysia spent RM 3.018 billion to cover for the
operating expenses of waste management in the country (National Solid Waste Management
Department, 2013). Seberang Perai Municipal Council (MBSP) allocated RM 1.241 billion
between 2006 and 2010 to cover the cost of solid waste management (SWM). The state and
local governments are still responsible for the operating cost on top of financial support by
Federal Government for the fundamental expenses. Rise in fuel cost is indirectly impacting
operational costs further (Penang State Government, 2016). Increase in industrial zones
and living estates, surging waste generation hence becoming a crucial issue all over the
world in SWM including Penang, Malaysia (Kumpulan Utusan, 2017).

Transportation is a primary component of any SWM system. It is important in
transferring waste from the point of generation to the transfer station or final landfill site
(Zam et al., 2007). MBSP faced challenges to identify distance between waste collection
points especially in Prai industrial area. It is important to optimize the travelling distance
from one waste collection point to another. This study was initiated to identify an optimal
route for waste collections and transportation using Geographic Information System (GIS)
to optimize the travelling distance, time, and fuel consumption.

The application of Geographic Information System (GIS) in SWM by different
countries shown in Table 1. Table 1 is also revealing limited studies done in Malaysia
covering the scope of SWM at industrial areas. Additionally, there is no evidence on any
study conducted at Prai industrial area using Dijkstra and Traveling Salesman Problem
(TSP) algorithms.

This research focused on route optimization of SWM by MBSP at Prai industrial area.
The intention of this study is to discover alternative route using GIS Software, compare
the route established by MBSP and assess shortest route identified by GIS. Both Dijkstra
and TSP algorithms used to identify the minimum distance path. This leads to possible
savings in operating cost and waste transferring time. The comparison summary of fuel
cost and carbon emissions is a useful input for management of MBSP to march towards
green city by 2030.

Following aspects taken into consideration for this research:

1. Transportation of municipal waste generated in Prai industrial area to Ampang

Jajar Waste Transfer Station.

2. Directed graph mechanism used for Dijkstra algorithm and Hamilton cycle

mechanism used for TSP algorithm.
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Table 1
The practice of solid waste management in different countries
No Author Location Method Criteria
(Anghinolfi et al., Minimize collection and
! 2013) Ttaly GIS & MILP Model transportation costs.
(Chipumuro et al., . . . Reduction of 10.45% in the total
2 2014) Zimbabwe Dijkstra Algorithm distance travelled.
3 (Bovwe,etal,, 2016) Nigeria GIS& Ant Colony
4  (Bhambulkar,2011) India ArcGIS Network
Analyst Route length
5 (Ahmad, 2016) Qat.ar GIS Time duration
6  (Ghoseetal.,2006) India GIS Route Optimization
7  (Patel etal., 2016) India Network Analyst
8  (Beijocoetal.,2011) Portugal GIS
9 (Zametal., 2007) Phuentsholing  GIS
(Shamshiry et al., . Response surface Less operation cost and fuel
10 2011) Malaysia methods (RSM) consumption.
11 (Singhetal,2014)  Kanpur Dijkstra Algorithm Ot the shortest path and shortest
route for one- way, two-way
12 (Kinobe etal,, 2015) Kampal GIS Diminish the costs of managing
wastes and environmental.
13 %‘%;l)y en-Trong et al., Vietnam GIS Reduce operation cost of SWM
14 (Tavares et al., 2008) Portugal 3D route modelling ngmgs in fuel & shortest
distance

3. Carbon emission rate calculated based on weight (kg) of collected waste and diesel
used by trucks in a month to travel between Prai industrial area and Ampang Jajar
Waste Transfer Station.

4. Only solid waste consist leftover food, plastic and paper is considered as waste for
the purpose of this study. Chemical, metal, and landscaping waste are excluded
from this study.

5. The waste collection schedule limited to period between 8 am and 4 pm. The

travelling time between points is also excluded in this study.

Network analysis finds the most effective path to solve a network problem by

calculating the shortest route with lowest cost on the network from one stop to

another or from one stop to several stops (Stewart, 2005). The layout of the waste collection
route needs to be well-planned, and the collection should adhere to the planned schedule,
as it will help to reduce the unnecessary amount in the budget. Penang control their SWM
autonomously. City Council of Penang Island (MBPP) is the administrative body for the
island while Municipal Council of Seberang Perai (MBSP) manages the mainland area
(Omran et al., 2009). Penang Island is divided into eight zones, consist of Tanjung Tokong,
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Batu Maung, Gelugor, Air Itam, Pulau Tikus, Jelutong, Padang Kota Lama, and Balik
Pulau. On the other hand, Seberang Perai divided into northern, central, and southern
zones which governed by MBSP.

Malaysia’s industrial areas are expanding annually. Free industrial zones located in
Seberang Perai are second largest industrial area for the State of Penang. The Prai industrial
area is divided into four phases, i.e., Prai Industrial Zone Phase I, 11, I1I, and IV, and about
440 industries are operating in these industrial zones (Penang State Government, 2016).
According to a MBSP Operation Manager, even though there are 440 companies in Prai
Industrial Zone, MBSP only collects solid wastes from 24 companies who pay fees for
garbage collection. MBSP collects about 710 kg of wastes in a day, and these companies
produce about 252.72 tonnes of waste in a year.
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In this study paper, firstly the existing route used by MBSP and alternative routes for
Prai Industrial Zone Phase I, II and IV were assessed using GIS. Secondly, the shortest
path was determined using Dijkstra and TSP algorithms. Fuel cost and carbon emissions
rate were determined for existing and alternative routes as a final part of this study. The
same method has been used in Vietnam, to reduce the operation cost of SWM (Nguyen-
Trong et al., 2017).

Figures 1-3 illustrate the map of Prai Industrial Zones of Penang mainland. The location
indicated in Figure 4 represent the Ampang Jajar waste transfer station. MBSP collects
and segregates all industrial waste from selected factories at the waste transfer station

(Google Map view).
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MATERIALS AND METHODS
Data

Data collection is done after reviewing previous studies. This study used both quantitative
and qualitative methods. Quantitative data from MBSP was obtained including collection
point, collection time, distance travelled, and quantity of labour involved. Meanwhile, a
qualitative survey was conducted in Prai Industrial Zone using Global Positioning System
(GPS) coordinate for the 24 companies located in Phase I, Il and IV.

After data collection, the Dijkstra

and TSP algorithms were used in
Data Qualitative

Collection Survey

ArcGIS version 10.1 to construct the

shortest route. Then the shortest route ( .
Qualitative

Survey

will be compared with the existing

and other alternative routes. The
classic Dijkstra algorithm clarifies

. Data Collection
Seberang Perai BSP

Industrial Area
- GPS Coordinate
- Phase of company

the single-source, shortest-path

- Interview with
operation manager
- Truck driver

problem of the weighted graph in
the ArcGIS. The route solver has the
option to generate the optimal strings

of visited stop locations while TSP

is a combination problem solver,
meaning there is no straightforward

Auvailable

| Dijkstra Algorithm and TSP
i in ArcGIS

way to find the best sequence.
Metaheuristics method used by TSP
is also handles time windows during

\.

collection stops. It finds the optimal

stops to visit and produce shortest

Optimized based
on existing route
Route (Shortest
distance travelling)

distance and time. Figure 5 shows the

process flow chart followed during

the research.
Data collection was done through

interviewing Operation Manager,

Industrial Zone from MBSP. It was
revealed during the interview session
that single garbage truck is being
occupied to collect industrial waste
from Prai Industrial Zones. Solid
waste is collected daily from those
24 paying companies between 7

- Compare existing Route
Carbon mission based on
fuel consumption
- Save management cost

\ 4
End

Figure 5. Research process flow chart (Self-design)
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a.m. and 7 p.m. Waste collection fees to follow the contract transpired between industries
management and MBSP. The number of companies which are paying collection fees to

MBSP are listed in Table 2 according to phases of Prai Industrial Zone.

Table 2

Number of industries that paying collection fees in the Prai Industrial Zones

Prai Industrial Zone

Total Factories

Fee Paying Factories

Phase |
Phase II
Phase II1
Phase IV
Total

239
100
42
59
440

Collection Route

The study was conducted in three phases in Prai industrial area. GPS coordinate of collection
points (locations of 24 companies) and Ampang jajar Waste Transfer Station identified
through high-resolution GPS technology which can be classified as qualitative method.
Secondly, the latitude and longitude coordinates for each station entered and mapped in
GIS using “Add XY Data” method. Based on entered GPS coordinates, GIS is capable
to identify the exact location of the collection points and waste transfer station. Table 3

represents the latitude and longitude of 24 companies in the Prai industrial area.

Table 3
Companies in Prai Industrial Zone Phase I, Il and IV
No Phases Company names Latitude Longitude
1 I Ann Joo 5.381795 100.375432
2 TNB Perai 5.351284 100.410467
3 POS MPSP 5.361493 100.385988
4 Irichi 5.364293 100.391606
5 ACM Perai 5.358480 100.403987
6 Parker 5.354693 100.410798
7 Food Court MPSP 5 5.353382 100.410995
8 Food Court MPSP Per 6 5.352732 100.405341
9 Food Court MPSP Per 8 5.354020 100.399807
10 LBSB 5.355230 100.410995
11 Loytape Industry 5.37598 100.387418
12 Ann Joo 5.381795 100.375432
13 Mattel 5.360842 100.398997
14 Kastam (MPSP) 5.356349 100.400581
15 I Loytape Industry 5.37598 100.387418
16 Nation Gate 5.379458 100.387001

Pertanika J. Sci. & Technol. 29 (3): 1397 - 1418 (2021)
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Table 3 (continue)

No Phases Company names Latitude Longitude

17 1I Food Court 3M 5.369801 100.38913

18 ILP Perai 5.372186 100.389312
19 Kastam 5.367332 100.393474
20 Bomba 5.366582 100.3938781
21 v Ais Top 5.353314 100.411877
22 Food Court Maju 1 (Shell) 5.351909 100.419253
23 LRG Maju 1 (Bawal) 5.347009 100.417776
24 Kampung Dock 5.345383 100.423161

(Source: MBSP Depot & Google Map)

Geographical Information System (GIS)

The Global Positioning System (GPS) technology was used to optimize the route by using
collected data. GPS was used to collect data that later transferred and integrated in the GIS
software. The Network Analysis extension in the GIS application was used to calculate the
shortest distance. Location of the collection point, waste transfer station, and road network
are also considered in the GIS software.

The standard measurement to determine the optimal route or path to specified
destination is called metric. Optimal routes are determined by evaluating the metrics and
these metrics differ depending on the nature of the routing algorithm. GIS is a widely
used application in daily routine involving logistics and transportation industries. The GIS
software transforms data from attribute table to topology maps.

Dijkstra Algorithm

Dijkstra algorithm is a one of the mathematical models used to find the shortest path. As
noted by Ahuja et al. (1993), Dijkstra algorithm finds the shortest paths from point node
S (starting point) to all other nodes in a network with nonnegative arc lengths. Dijkstra
algorithm provides a distance labelled d(i) with each node i, which is an upper bound on
the shortest path length to node i. At any intermediate step, the algorithm divides the nodes
into two groups, which are permanent labelled and temporary labelled. The distance label
to any permanent node is defined as the shortest distance from the source to that node. For
any temporary node, the distance label is an upper bound on the shortest path distance to
that node.

In Dijkstra algorithm, the operation of selecting the minimum distance is labelled
as a node selection operation. The operation of checking whether the current labels for
nodes i and j satisfy the condition d(j) > d(i) + C; and, if so, then setting d(j) = d(i) +
C;as a distance update operation. Each shortest path algorithm can determine the tree to
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calculate the shortest route distances. The existence of the shortest path tree relies on the
following property.

Property 1.1. Ahuja et al., (1993). If the path S = i, — i, — ... i}, = k is the shortest path
from node s to node £, then for every g = 2,3, ..., h— I, the subpaths = i; — 1, — ...
[, is the shortest path from the source node to node i .

Let d (—) denotes the shortest path. Property 1.1 mentioned that if P is the shortest
path from the source node to some node k, then d ;) = d ;) + c;; for every arc (i, j)
€ P., the converse of this result is also true; that is, if d(;) = d() + c(y) for every
arc in a directed path P from the source to node &, then P must be the shortest path.
To establish this result, let S = i, — i, — ... i, = k be the node sequence in P. Then
where d(i;) = 0. By assumption, d(j) — d(i) = C;; for every arc (i, j) € P. using
Equation 1.

d(k) = cyy—qiy, + Cipsy, T Ciyiy = Z Cij (D

i,j EP

Travelling Salesman Problem (TSP)

As per the Dijkstra algorithm, TSP is also employed in ArcGIS to solve the shortest path.
TSP employed any type of constraint that enforces the provision of the problem (Gutin &
Punnen, 2002). The below code is used:

n = count of tour stops or count of nodes in the network

i, j, k = indices of stops that can take integer values from / to n

t = steps in the route between the stops

x; = 1 if the edge of the network from i to j is used in step ¢ of the route, 0 otherwise

d; = distance from stop i to stop j

A simple version of the problem involves visiting subsequent stops from given locations
(24 companies) and heading back to the starting point (cleaning depot). The perfect solution
is one that minimizes a waste truck’s overall travelled distance. The objective function (Z)
is the sum of all costs (distances) selected tour elements as shown in Equation 2:

Minimize
n n n

zZ= z Zdij Xijt (2)
i=1j=1t=1

The tour is subject to the following constraints. Since the traveler cannot travel
between more than one pair of stops at one time, for all values of ¢, exactly one arc must
be traversed, hence (Equation 3):
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Zx it =1foralli 3)

t=1

NGE

~
Il
[y

For each stop, i, there is just one other stop which is being reached from it, at some
time, hence (Equation 4):

zn:zn:xijt =1forallt 4)

i=1t=1

For all stops, there is some other stop from which it is being reached, at some time,
hence (Equation 5):

sz”t =1forallj )

i=1t=

When a stop is reached at time ¢, it must be left at time 7 + 7, to exclude disconnected
sub-tours that would otherwise meet all the above constraints. These sub-tour elimination
constraints are formulated as (Equation 6):

z Xije = Z Xjke+1 foralljandt (6)

n
i=1 k=1
In addition to the above constraints, the decision variables must be integers taking
only the value 0 or 1 (Equation 7):

Xije = 0,1 foralli,j,andt @)

If n is the number of stops to be visited, there are (n- 1 )! possible routes. As the number
of stops increases computational time, it will be important to analyse all possible tours
between stops to simply provide a problem that is difficult to solve. TSP is proven to be
an NP-complete combination optimization problem (Bodin et al., 1983; Hoffman et al.,
2013). Although specific large instances of the TSP have been solved with a combination
of robust solution procedures and a great deal of computing power, the general difficulty in
determining optimal solutions to even modest-sized instances of the TSP is the reason why
heuristic solution procedures are employed in GIS applications. The serious consequence
of employing those heuristics is the primary motivation for this article.

Like Dijkstra algorithm, TSP algorithm is also used to optimize the route. TSP is a
classic algorithm to determine the minimum distance by selecting Closest Facility solution
in GIS extension. Few methods and algorithms have been applied for optimizing routing
system in SWM.
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TSP uses Hamiltonian cycle to optimize the route. Hamiltonian cycle is involving
greedy method to resolve optimization problem. Then, the TSP method must find a route
for all points visited by waste collection truck. The truck starts at cleaning depot (initial
node) and visit all the collection points (intermediate node) exactly once and ends its
journey at the same initial point (ending node).

Carbon Emission

UNFCCC (2017) sets 40% as the recommended limit for carbon emission which increases
global warming, aims to strengthen the global response to climate change. Carbon emissions
calculator used in this study is based on weight of waste and fuel consumption of waste
truck attributes (Menikpura & Sang-Arun, 2013).

Daily waste and fuel consumption data were obtained from MBSP Operations Manager.
Table 4 shows the data of waste per month in the Prai industrial area for the existing route
compared to alternative routes. Equation 8 is used to measure the carbon emissions.

Table 4
Weekly waste collection in Prai industrial area
NO Company (kg) per Day Collection
1 Mattel 1200 3 days /week
2 Food Court 3M 300 Daily
3 Kampung Dok 300 Daily
4 Nation Gate 800 2 days/week
5 Ann Joo 700 2 days/week
6 Elna Sonic 200 3 days/week
7 Food Court MPSP 5 70 Daily
8 Food Court MPSP Per 6 70 Daily
9 Food Court MPSP Per 8 70 Daily
10 Kastam (MPSP) 150 2 days/week
11 Parker 100 2 days/week
12 LBSB 100 2 days/week
13 LRG Maju 1 (Bawal) 100 2 days/week
14 Food Court Maju 1 (Shell) 90 2 days/week
15  Loytape Industry 50 3 days/week
16  Kastam 60 2 days/week
17 ACM Perai 100 1 day/week
18  Bomba 50 2 days/week
19 Ais Top 50 2 days/week
20  ILP Perai 60 1 day/week
21 TNB Perai 50 1 day/week
22 POS MPSP 50 1 day/week
23 Irichi 50 1 day/week
24 Dateline Resources 10 2 days/week
Total 4780

(Source: MBSP Depot)
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Fuel (unit)

Waste (kg) - €mer9y (MJ \kg) x EF(kg\co;)  (8)

Emissiony (kg) =

Emission; = Emission carbon from transportation (kg CO,/tonnes of waste)

Fuel (unit) = Total amount of fuel consumption per month, (diesel in liter 36.42 MJ/L
and natural gas 37.92 MJ/kg)

MJ = amount of energy

EF 0, = Emission Factors of CO, of the fuel (e.g., diesel: 0.074 kg CO,/MJ, Natural
gas: 0.056 kg CO,/M1J)

RESULTS AND DISCUSSION
Existing Route

The GPS coordinates of companies located in Prai industrial area that getting MBSP
waste collection services, processed through Network Analysis extension GIS tool to
identify distance between one company to other companies. Name of the routes identified
individually on the map. Figure 6 shows the input locations for GIS Network Analysis.

Figure 7 shows the attribute table for existing routes with a total length of 57.1 km
based on outcome of GIS Network Analysis. MBSP truck driver using existing routes on
daily basis to collect industrial waste and bring it over to Ampang Jajar waste transfer
station. Movements between Prai industrial area and Ampang Jajar waste transfer station,
passes through the North-South Highway.
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Figure 6. Existing route from Prai industrial area to Ampang Jajar waste transfer station
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Routes
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Figure 7. Attribute table for existing route based on GIS Network Analyses

The GIS Network Analysis determined the weight and minimal distance between nodes
(from one company to another), for each edge. The scanned image of the road viewed in
geographic coordinates enables distances to be measured using GeoMedia’s measuring tool
to measure distances in GIS. Route distance was measured in kilometers, and the minimal
distance between two companies was narrow.

Alternative Route by Dijkstra Algorithm

For the current study, the speed limit for all trucks was expected to be the same. The
shortest route from each collection point to the waste transfer station was created in the
Network Analysis extension. The route network consists of nodes (company locations),
links connecting depot (initial node) and Ampang Jajar waste transfer station (end node).

Figure 8 shows the alternative route 1 by GIS Network Analysis, node by node. In
this route, each company is visited only once, and the truck did not return to the depot.
The alternative route 1 (45.8 km) is shorter compared to the existing route (57.1 km). The
alternative route 1 uses a route that connects to North-South Highway before reaching
waste transfer station as provided in spatial map in Figure 9.
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Figure 8. The alternative route 1 by GIS Network Analysis
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Figure 9. The attribute table of alternative route 1 by GIS Network Analysis
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Figure 11. The attribute table of alternative route 2 by GIS Network Analysis

Figure 9 is an attribute table, belonging to the spatial map shown in Figure 8, which
shows the total length of each location. The total distance of traveling is also provided in

this attribute table.

GIS Network Analysis also identified alternative route 2 which is 59.6 km in distance
that connects to the Ampang Jajar waste transfer station through Bukit Tengah and

Permatang Pauh. The alternative route 2 is longer than the existing

route (57.1 km) by 2.5

km. Figure 10 shows the alternative route 2 spatial map and Figure 11 shows the alternative

route 2 attribute table.

Traveling Salesman Problem (TSP) Algorithm

In this study, the adopted TSP algorithm identifies the minimal closed path that begins at

cleaning depot, goes to Ann Joo company, visits the rest of 23 companies exactly once
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Figure 13. The attribute table of location 1 to 25 creates from TSP Network Analysis

before returning to the same cleaning depot. This study found that the TSP method can
minimize travelling distance and cost. Figure 12 is a TSP spatial map of the GIS Network
Analysis that is connected to each node (company). The attribute table of location 1 to 25
created from TSP Network Analysis is as shown in Figure 13.

Bonomo et al. (2012) used the same method in the waste collection problem and found
that Classic TSP method can optimize distance travelled using GIS system. The solution
approach, employing graph theory, mathematical programming tools and data correction
process were fully discussed in that study. The proposed method reduced the distance
traveled by each collection vehicle between 10% to 40% compared to the existing routes.

Comparison between Existing Routes and Proposed Routes

GIS Network Analysis delivers route direction by counting route parameter to achieve
objective. The study was intended to plan the cost-efficient waste collection route for
transporting waste from Prai industrial area to Ampang Jajar Waste Transfer Station.
Table 5 shows the shortest distance calculation by GIS software using Dijkstra and TSP
algorithms compared to existing route. Distance between individual node (company) and
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total distance of identified routes summarized in the Table 5 in kilometer and percentage.
The comparison is done using existing route as base.

The original collection route length is 57.7 km, whereas the alternative route 1 and
alternative route 2 proposed by GIS using Dijkstra algorithm are 45.8 km and 59.2 km,
respectively, while TSP proposed route is 53.3 km. Figure 14 shows the comparison chart
of existing and optimized routes in the studied area.

In Table 5, the nodes are represented by the company’s name and distance between
nodes is provided in kilometer (km). Length of existing and alternative routes shown at
the bottom of Table 5. The comparison represented in kilometer variance and percentage.

Table 5
Comparison of Shortest Path by Using GIS

Existing (DJ) TSP
From Node To Node (km) Alt 1 (km) Alt2 (km)  (km)
Depot Ann Joo 5.1 5.1 5.1 5.1
Ann Joo ILP Perai 8.1 8.2 8.1 8.1
ILP Perai Nation Gate 9.6 9.6 9.6 9.6
Nation Gate LoyTape Industry 10.3 10.3 10.3 10.3
Loytape Industry Food Court 3M 11.3 11.4 11.3 11.3
Food Court 3M Irichi 12.2 13.7 12.2 12.2
Irichi Pos MBSP 13.5 17.2 13.5 13.5
Pos MBSP Kastam 20.3 17.3 20.3 20.3
Kastam Bomba 20.4 19.8 20.4 20.4
Bomba LBSB 20.6 19.9 20.6 20.6
LBSB Dateline Resources 20.8 20 20.8 20.8
Dateline Resources Parker 20.9 20.2 20.9 20.9
Parker FC5 21.2 20.3 21.2 21.2
FC5 Ais Top 21.9 20.6 21.7 21.9
Ais Top TNB Perai 24.1 213 22.0 24.1
TNB Perai FC6 244 23.5 24.6 244
FC6 FC8 254 23.8 24.9 254
FC8 Elna Sonic 26.4 24.8 25.9 26.4
Elna Sonic Mattel 27.3 25.8 26.9 27.3
Mattel ACM Perai 30 26.7 27.8 30
ACM Perai FC 1(Shell) 30.7 29.3 30.5 30.7
FC 1(Shell) Bawal Shop 31.8 30.1 30.8 31.8
Bawal Shop Kampung Dock 45.1 31.2 322 32.9
Kampung Doc Landfill 57.07 45.8 59.2 46.6
Landfill Depot 64.10 533
Compare with the existing route (KM) -11.9 2.13 =377
% -19.74% 3.73% -6.61%
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The negative value indicating shorter travelling distance (optimal results) while positive
value reveals increase in travelling distance. Based on results show in Table 5, alternative
route 2 is longer by 2.13 kilometer compared to existing route.

In Table 5, the total distance between nodes was calculated. The distance between
starting node Depot to node Ann Joo is about 5.1 km and accumulated distance from Ann
Joo to ILP Perai is 8.1 km. The variance of 3 kilometer is the net distance between Ann
Joo to ILP Perai. Similarly, accumulated distance between node ILP Perai to node Nation
Gate is 9.6 kilometer in existing route. The variance of 1.5 kilometer is the net distance
between these 2 places. This accumulation of distance happens between nodes until the
final node (destination). The sum represents total length of entire route.

Comparing the existing route with alternative route 1 results in a 19.74% reduction
of distance. While the alternative route 2 involves 3.73% more distance compared with
existing route. Although alternative route 2 is longer than existing route, the MBSP
management still can use this route when the existing route is under construction or there
is traffic congestion on the normal route.

The TSP method can minimize the distance approximately by 6.61% compared to
existing route. This method is more effective in identifying the shortest distance compared
to Dijkstra algorithm. The Dijkstra algorithm uses directed path which does not include
returning to the initial node while the TSP method returns to the initial node (depot). As
per information from MBSP Operations Manager, all the collection trucks will be parked
at the cleaning depot at the end of every collection trip. So, the TSP method can identify
the shortest route more effectively when the day trucks return to the depot by end of daily
waste collection operations.

70
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Figure 14. Comparison chart of existing and alternative routes from Prai industrial area to Ampang Jajar
Waste Transfer Station.
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Kalle et al. (2016) proved that use of GIS can reduce collection time, distance travelled
and fuel consumption. Also, they found that GIS also reduces working hours, vehicles
wear and maintenance cost. In addition, Zam et al. (2007) also proved that GIS minimizes
operational costs by optimizing routes in residential areas.

Cost of Operation

After determining minimum distance, this study also compared the cost of diesel utilized by
existing route and alternative routes. The diesel cost is important in determining travelling
cost. The diesel price during the study was approximately RM 3 per liter. MBSP Operations
Manager mentioned that 700 liters of diesel is consumed by the truck per month.

Table 6 clearly sets out the calculation of diesel cost of waste collection truck for
existing route and alternative routes. Figure 15 demonstrates, monthly diesel usage cost
reduced from RM 2100.00 to RM 1685.40 (-19.75%) for alternative route 1. Use of

Table 6
Comparison of fuel cost for existing and alternative routes

Existing Route ~ DJ-Alt 2 DJ-Alt 2 TSP

Total waste per month (24 Companies), kg 4780 4780 4780 4780
Diesel cost, RM/ [ 3 3 3 3
Diesel consumption/ month, / 700
Diesel consumption/ day, / 23.33
Total travelled distance/ month, km 1712.1 1374.0 1776.0 1599.0
Diesel consumption/ km, / 0.4089 0.4089 0.4089 0.4089
Diesel consumption/ month, / 700.0 561.8 726.2 653.8
Diesel cost/ month, RM 2100.00 1685.40 2178.60 1961.40
Cost variance, % - -19.75% +3.71% -6.62%
Comparison of Monthly Diesel Consumption Cost between Existing
and Alternative Routes
2500 RM 2100.00 RM 2178.60 RM 1961 40
RM 1685.40 ’
2000
=
=~ 1500
g 1000
500
0
Existing Route DJ-Alt 1 DJ-Alt 2 TSP
Route

Figure 15. Comparison of monthly diesel consumption cost between existing and alternative routes.
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alternative route 2 will increase the cost by RM 178.60 (+3.71%) monthly due to increase
in use of diesel consumption. The TSP method resulted in lower diesel cost as well, reduced
by RM 138.60 (-6.62%). The diesel cost calculation for TSP method is higher due to return
of waste collection truck to cleaning depot or initial starting point. State of Penang spends
approximately RM 1 billion for waste management cost alone. This amount can be reduced
by optimizing travel routes of waste collecting trucks which leads to overall fuel cost
savings. Many researchers used GIS techniques to minimize overall cost of management
that involves road travel. Other research (Kinobe et al., 2015; Ahmad, 2016; Kalle et al.,
2016; Beijoco et al., 2011) also successfully reduced the cost of SWM transportation by
implementing Dijkstra and TSP algorithm methods.

By finding effective routes, not only the cost of diesel is reduced but the savings can
be extended to labor cost, traveling cost, daily output or coverage, and truck maintenance
cost. The result of this study suggests that MBSP can invest additional fund for truck
maintenance to increase efficiency of waste collection process.

Carbon Emission

After determining the diesel cost, this research compares the carbon emission levels for
the existing route and alternative routes from Prai industrial area to Ampang Jajar waste
transfer station using Equation 8. The total monthly waste of 24 companies and amount of
diesel used by waste truck were recorded. From Equation 8, the energy released per liter
of diesel is approximately 36.42 and emission factor per liter is 0.74. Table 7 represents
the standard of energy content and emission factor in each liter of fuel.

After determining the travelling cost, this research compares the carbon emission levels
for the existing route and alternative routes from Seberang Perai industrial area to Ampang
Jajar waste transfer station. The Equation 8 was built to calculate carbon emission from
transportation in Seberang Perai industrial area to waste transfer station Ampang Jajar.
Therefore, the total waste of 24 companies every month and the amount of diesel used by
waste truck every month was recorded. In Equation 8, the energy that released per liter

Table 7
Calculation of Carbon Emission in for existing and alternative routes
Existing route Alt1 Alt 2 TSP

Energy Content Per liter 36.42 36.42 36.42 36.42
Emission Factor Per liter 0.074 0.074 0.074 0.074
Monthly waste disposal, kg 143,400 143,400 143,400 143,400
Monthly fuel consumption, liter 700.0 561.8 726.2 653.8
CO, Emission; per month (kg) 0.013 0.011 0.014 0.012
CO, Emission per year (kg) 0.158 0.127 0.164 0.147
Changes in CO, Emissiony, % - -19.6 +3.8% -7.0
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of diesel is approximately 36.42 and emission factor per litter approximately 0.74. Table
7 represent the standard of energy content and emission factor that is in each liter of fuel.

Carbon emission for the existing route is 0.013 kg per month, or 0.158 kg per year.
Alternative route 1 reported carbon emission level at 0.011 kg per month, or 0.127 kg per
year. Alternative route 2 reported slightly higher level of carbon emission; is 0.014 kg per
month, or 0.164 kg per year. The carbon emission for TSP method is 0.012 kg per month,
or 0.147 kg per year. Alternative route 1 is having lower emission by 19.6% compared
to existing route. Similarly, TSP method is also reported lower emission rate by 7.0%.
Alternative route 2 reported higher carbon emission level by 3.8% due to longer travelling
distance. This reveals route optimization can reduce carbon emission and contributes to
greener, cleaner, and healthier state. This finding is aligned with Ghadimzadehi et al.
(2015) which found that decreased fuel consumption reduces CO, emission from vehicles.

CONCLUSION

The study found that Dijkstra and TSP algorithms are useful to optimize the distance and
transportation cost for solid waste management in Prai industrial area via the use of GIS
approach by MBSP. The optimum route saves the travelling distance and fuel cost compared
to existing route evaluated through Arc Map Network Analysis. The analysis revealed
alternative route 1 as the shortest route. This study helps MBSP to control the cost of waste
management in terms of travelled distance, fuel, time, and labour. These shortest paths also
help MBSP to understand alternative routes in the case of construction or route crowding.
The positive outcome of this study is important to achieve the Penang 2030 vision.
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ABSTRACT

Noise due to motorized vehicles is a major problem in urban areas which can interfere
with physiological and psychological health. This study aims to determine the extent of
noise levels outside and inside the house around the function of different roads in Malang
City, East Java, Indonesia. The study was conducted by measuring the traffic noise level
using a sound level meter. Measurements were taken in the afternoon between 16.00-21.00
during the peak of heavy traffic and outside working hours when residents were already at
home. Statistical Student’s t-test analysis was used to test differences in the average noise
level outside and inside the house on each road function. Variance analysis was used to
compare noise levels around primary arterial roads, secondary arteries, primary collectors,
secondary collectors, primary local, and secondary local. From the measurement results,
it is known that the noise due to motorized vehicles is 84.28 dB on average. This exceeds
the threshold based on the Decree of the State Minister for the Environment Number 48

of 1996. There was a significant difference

in noise level between outside and inside the

house on each road function. There was no
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the city of Malang can be reduced to minimize the negative impact on physiological and
psychological health.

Keywords: National threshold, noise level, road function, traffic noise

INTRODUCTION

The increase in the number of motorized vehicles causes many problems in urban areas.
This is faced by many big cities in the world. This increase is in line with the increasingly
complex human needs that require the support of transportation facilities in the form
of motorized vehicles. However, in several big cities in Indonesia the rapid increase in
the number of motorized vehicles has not been matched by an increase in the capacity
of adequate road infrastructure (Ningsih, 2010). This has become one of the causes of
environmental degradation.

Facts obtained from several studies show that the big cities in the world cannot be
separated from traffic noise. In cities in India, traffic noise caused by heavy traffic flow
conditions in the main corridor Bus Rapid Transport System (BRTS) has exceeded the
national standards of the Central Pollution Control Board (CPCB) (Mishra et al., 2010).
Likewise in Tehran, most of the business centers and settlements around the main roads
are exposed to noise pollution (Alesheikh & Omidvari, 2010).

Research in Bandung shows that the average noise level on all major roads have
exceeded the specified quality standards (Pryandana, 2000). On several local roads in
Bandung also showed the same condition (Setiawan et al., 2016; Wahyuni et al., 2019).
The same results were shown in a study in Manado (Balirante et al., 2020), Meulaboh
(Kurnia et al., 2018) and Padang (Putra & Lisha, 2017).

The level of traffic noise that exceeds the threshold of the Decree of the Minister of
Environment No. 48 of 1996 can disturb people who are exposed both physiologically and
psychologically. There are two stages in the decline in mental health level as a result of
poor environmental quality including due to noise factors, namely (a) will directly affect
behavior, attitudes and utilization of health services, and (b) long-term related with the
accumulation of stress and limited environmental resources (Halim, 2008). Meanwhile,
research in primary schools shows that students exposed to traffic noise >61.8 dBALeq in a
school environment have a 10.9 times risk of experiencing psychological health problems
(Djaja & Wulandari, 2007), the same thing was also studied at SMPN 3 Kendari (Ibnu,
2019). The accuracy of hearing also decreased (Yadnya et al., 2009). Also found the fact
that there is a relationship between noise and hypertension suffered by women who live
around the railroad tracks (Rosidah, 2004).

From the revealed facts, it is necessary to do further research on the noise level from
motorized vehicle sources in Malang City. The purpose of this study was to determine the
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extent of noise levels outside and inside the house around the function of different roads
in Malang, East Java, Indonesia.

MATERIALS AND METHOD
Research Location

The research location is in the city of Malang, East Java province, Indonesia (Figure 1).
Malang City is the second largest city in East Java after Surabaya. Geographically, the
city of Malang is located at position 112° 38’ 01.7” East Longitude and 7° 58” 42.2” South
Latitude covers an area of 11,006 Km?.

Malang City is located in the middle of Malang Regency administration area. North
side, bordering Singosari District and Karangploso District Malang Regency. In the south,
it is bordered by Tajinan subdistrict and Pakisaji subdistrict, Malang regency. West side,
bordering Wagir District Malang Regency and Dau District Malang Regency. East side,
bordering Pakis District and Tumpang District, Malang Regency.

A ; Q}lntwu;r:yu Musetm ,_
e .
"_\J Kampung Warnas=
\“Af/? Warni JodipanMalang- )
Sy - \
Malang City |

Arterial roads
Collector roads

\\ L= Go g le

Figure 1. The research location on the arterial, collector, and local roads in the city of Malang

Types of Roads

Judging from the function of the roads contained in the city of Malang can be divided into:
Primary Arterial roads, Secondary Arteries, Primary Collectors, Secondary Collectors,
Primary Local, Secondary Local. In terms of existing road patterns, the Malang City road
transportation pattern is a radial concentric pattern with an inner ring system of the local
road network that forms a grid pattern. The total length of the road based on the function
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is 663.34 km. The details of the length of the ~ Table 1

road network in Malang based on the road Function and length of roads in Malang City

function are described in Table 1. No Function of Road Length (km)
1 Primary Artery 11.82
Research Methods 2 Secondary Artery 15.94
3 Primary Collector 8.16
The population of the road is the entire road 4 Secondary Collector 27.09
network in the city of Malang. Determination 5 Primary Local 9.66
of the sample of road segments is done by ¢ Secondary Local 590.67

selecting the road segments that represent Total 663.34
the functions of primary arterial roads, Source: “Studi Greater Malang Urban Road
secondary arteries, primary collectors, Network Study” and “RTRW Kota Malang”
secondary collectors, primary local and

secondary local. The selection of road segments is based on the consideration that in

addition to representing the function of the road, there are also many houses that are not
used as business premises around the road segments. This consideration was taken because
the focus was to find out the condition of motorized traffic noise that exposed the population
living in the vicinity. Based on the above criteria, a sample of 41 road sections are spread
across 6 road functions.

Noise measurement points are set at least in three places, namely the base, middle and
end of each road section. The determination of the three points is expected to be able to
represent the character of the flow of motorized vehicles passing along the road.

Data Types and Collection

The data was measured in the form of the distance from the house to the road axis and
noise data generated from the road outside and inside the house. Noise level was measured
using a Sound Level Meter. The measuring instrument used is the 4 IN 1 Multi-functional
Environmental Meter. This tool is capable of measuring noise in the range of Lo = 30-100
dB; Hi=65-130 dB.

Data collection points were determined at least at the end, middle and end of the road
section. Data was measured based on the ear height of a person sitting in a chair with
consideration at rest, many people do it while sitting. Data collection was carried out
in the afternoon until evening with the consideration that the residents were already at
home. Noise measurements were carried out on terraces and inside residents’ houses with
a duration of about five minutes. The data recorded was the average noise data over the
measurement duration.

Data Analysis

The data collected is carried out reduction and compilation to make an assessment according
to the category. Data were analyzed with descriptive statistical tools and analysis of
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variance. Descriptive analysis is needed to describe the distribution of the distance of the
house to the street. While analysis of variance is needed to determine differences in noise
levels on each road function.

The description of the data is presented in statistical Table 2 and Figure 2 as a
representation of the collected data. Table 2 contains frequency and percentage information
on the distance of the house to the ace of the road. While the graph is presented in the form
of three-dimensional blocks.

The difference in noise levels between outside and inside the house on each road
function is calculated by the Student’s t unpaired test. One-way analysis of variance
(ANOVA) was calculated using Excel, to see differences in noise levels between each
group of road functions.

After that proceed with making a map of Malang city traffic noise in the form of a
two-dimensional map for the road sections included in the study.

RESULT

Measurement of motor vehicle noise is carried out on samples of road segments that
represent the functions of primary arterial roads, secondary arteries, primary collectors,
secondary collectors, primary local and secondary local. The selection of road sections is
based on the consideration that in addition to representing the function of the road as well
as around these roads there are residents’ houses that are not used as places of business.

Distance From House to the Ace of the Street

From the data collected, it was found that most of the houses have a distance from the axle
of the road between 5.1 and 10 meters. Of course, such distance is too close to the source
of the noise on the road. Furthermore, it can be seen in Table 2 and Figure 2.

From the measurement, information was obtained that the existence of a house on
the side of the road is too close to the road. Examples of cases like this can be seen in
Figure 3 which was taken from Google Maps and Figure 4 which was taken directly at

Tabel 2

Amount and percentage of distribution of distances from houses to the axle of the road

No Distance from Road Frequency Percentage (%)

1 < 5 meters 7 4.52

2 5,1 — 10 meters 128 82.58

3 10,1 — 15 meters 18 11.61

4 15,1 — 20 meters 1 0.65

5 > 20,1 meters 1 0.65

Total 155 100.00

Source: Primary Data Processed
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Percentage (%) distances from houses to the axle of the road
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Figure 2. Percentage (%) distances from houses to the axle of the road
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Figure 3. An example of the location of a house that is too close to the road. The houses marked with an
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Figure 4. An example of the images of the houses that were too close to the road, which was taken directly
on Akordion streets, Malang city.
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the location. A distance that is too close like this has the potential for high levels of noise
to which it is exposed.

Analysis of the Mean Noise Level outside and inside the House

Based on research data obtained from measurement, data showed on the mean noise level
outside and inside the house for each of the functions can be seen in Table 3. The standard
deviation is calculated from the data collected can also be seen in Table 3.

To find out the difference in the mean noise level outside and inside the house for
each road function, it was carried out using the unpaired Student’s t test. The results can
be seen in Table 4.

From the analysis of Student’s t-test there was a significant difference at tys. A
significant difference in mean of noise level between outside and inside the house occurs
in each function of the road section. These differences show that the noise level outside the
house can be significantly reduced inside the house. This is caused by the various kinds of
efforts made by residents to reduce noise from motor vehicles on the road.

Some efforts to reduce the noise that is commonly found in houses scattered around
roads in the city of Malang, among others, close their homes tightly. Doors and windows

Table 3
Noise level & £ 5) outside and inside the house for each road function
No Road Function Outside the House Inside the House

1 Primary Artery Number of roads, n 4 4
Mean of noise level, X 84.55 70.10%*
Standard deviation, s 1.85 6.09

2 Secondary Artery Number of roads, n 4 4
Mean of noise level, X 85.13 69.40%*
Standard deviation, s 1.79 3.89

3 Primary Collector Number of roads, n 2 2
Mean of noise level, ¥ 83.20 67.15%
Standard deviation, s 0.57 2.62

4 Secondary Collector Number of roads, n 13 13
Mean of noise level, X 84.50 69.30*
Standard deviation, s 2.68 4,00

5 Primary Local Number of roads, n 2 2
Mean of noise level, ¥ 83.15 68.90*
Standard deviation, s 0.92 1.13

6  Secondary Local Number of roads, n 16 16
Mean of noise level, X 84.09 66.71%*
Standard deviation, s 3.40 9.15

Source: Primary data processed
Note: * there is a significant difference in t, s
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Table 4
Result of T test calculation
No Road Fungtion teount to.05 Conclusion
1 Primary Artery 4.541 1.943 Significant
2 Secondary Artery 7.347 1.943 Significant
3 Primary Collector 8.465 2.920 Significant
4 Secondary Collector 11.382 1.711 Significant
5 Primary Local 13.830 2.920 Significant
6  Secondary Local 7.122 1.645 Significant

Source: Primary data processed

are made tight and even air vents are also closed to reduce noise and prevent dust from
entering the room. The curtains that are used to protect the room from the eyes of people
outside the house also function as a silencer. Ornamental plants planted on the fence of
the house or the terrace of the house can also reduce the intensity of noise from the road.
Research has been conducted on various types of plants that can reduce noise in Malang
(Tjahjono & Nugroho, 2018) and Sidoarjo (Pudjowati et al., 2013). From both studies, it
is known that plant species can effectively reduce noise.

Analysis of Variance of Noise Level on Each Function of Roads

Data collected includes road segments grouped into road functions, the mean noise level
in each section presented in Tables 5 and 6.

By using analysis of variance, it can be concluded that there is no significant difference
between the functions of road segments (primary arteries, secondary arteries, primary
collectors, secondary collectors, primarily local and secondary local) for average noise
levels outside the house or inside the house. This shows that the noise level originating
from motorized vehicles in the streets of Malang has exceeded the required noise level.
Even though the noise inside the house can be muted, it is still above the threshold or
greater than 55 dB.

Table 5
Variance analysis for average noise level outside the house
Ftahle
Source df SS MS Foount
5% 1%
Treatment 5 9.26 1.85 0.23 2.49 3.60
Error 35 280.56 8.02
Total 40 289.82

Source: Primary data processed
Because F,, = 0.23 is smaller than F,. at the level of 1% = 3.60, so it can be concluded that there is no
difference in noise levels in each treatment group (road function)
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Table 6
Variance analysis for average noise level inside the house

Source df SS MS Feoun
Treatment 5 74.58 14.92 0.32
Error 35 1611.93 46.06

Total 40 1686.52

Source: Primary data processed

Because F,y, = 0.32 is smaller than F,. at the level of 1% = 3.60, so it can be concluded that there is no

difference in noise levels in each treatment group (road function).

Motor Vehicle Noise Level Mapping in the City of Malang

From the noise measurement data collected then plotted to the Malang City road map
which is downloaded from the Google Map. Roads with a noise level exceeding 55 dB

are colored red. There is no road noise level below 55 dB.

|, . RO2GS with a noise level exceeds 55 dB
" e+ PrOViNGe Road (ot included in the study)
e : Others roads that not included in the study

Figure 5. Traffic Noise Map in the Study Area in Malang City
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On the map image, the roads marked in blue are provincial roads. Roads that have been
measured for noise levels are those that are colored red. As for the blue and black roads,
no measurements were taken considering that there are almost no residential areas around
them, only business premises. The map can be seen in Figure 5.

DISCUSSION

In the road sections that were the focus of the study, it was found that most of the distance
from the house to the main road was 5.1-10 meters (82.58%), while those greater than 10
meters was 12.26%. The very close distance to the road, of course, the greater the noise
level.

The average noise level between outside and inside the house, there is a significant
difference in each function of the road section. This difference is associated with a
significant decrease in noise levels in the house. However, the decrease in noise level is
still in the range above the required threshold.

From the analysis of variance, it was concluded that in each group of road functions
there was no difference in the average noise level both outside and inside the house. Thus
it can be said that all roads in the scope of research in the city of Malang have a noise level
that exceeds the required noise level standard.

The results of research in several cities such as Bandung show that the average noise
level is above the national standard on the main and local roads (Pryandana, 2000).
Likewise, the results of research in Manado (Balirante et al., 2020), Meulaboh (Kurnia et
al., 2018), and Padang (Putra & Lisha, 2017) show that the average noise level exceeds
the specified quality standards on all major roads. and local. This is the same as what
happened in the city of Malang.

If we look at the development of the number of motorized vehicles in Indonesia from
2010 to 2018, it shows an increasing trend. From the total 76,907,127 vehicles in 2010, it
increased to 146,858,760 vehicles in 2018. Within eight years, the number of motorized
vehicles increased by 91% or 11% per year. With such an increasing trend there is also the
potential for an increase in the resulting traffic noise. This happens in big cities throughout
Indonesia, including in Malang.

The number of motorized vehicles which increase significantly each year has certainly
led to an increase in noise levels on the road. Meanwhile, the speed of increasing road
capacity in Malang City has not been able to keep up with the increase in the number of
motorized vehicles. Therefore the increase in noise still exceeds the quality standard for
the noise level required by the Minister of Environment Decree No. 48 of 1996.
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CONCLUSIONS

From the measurement results, that all roads targeted by the study indicate the level of noise
caused by motorized traffic exceeds the noise level standard for housing and settlements
(55 dB) based on the Decree of the Minister of Environment No. 48 of 1996. The measured
average noise level was 84.28 dB, greater than 55 dB. From the analysis of Student’s t-test
it was found that there was a significant difference between the noise level outside and
inside the house on each road function. While from the analysis of variance, it is known
that there is no difference in noise level in each road function (primary arteries, secondary
arteries, primary collectors, secondary collectors, primarily local and secondary local),
both outside and inside the house. This means that the existing noise level has exceeded
the specified standard that is 55 dB. It is recommended that noise levels originating from
motorized vehicles on Malang city roads can be reduced to meet national requirements.
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ABSTRACT

Green Information Technology (IT) has emerged as a crucial topic for environmentally and
sustainability development. At the same time, Green IT impacts the organisation as well.
Studies show there is a lack of a proposed framework in the Green IT literature. As the
IT industry is one of the significant sectors supporting the Green Technology Policy, this
study objective is to identify the factors rendered in the Green IT adoption and examine the
factors that drive the adoption of Green IT in Malaysia. The study referred to the case study
to show the most important factors rendered in Green IT adoption in the public sector and
the private sector in Malaysia. A qualitative method was applied through a semi-structured
interview by using open-ended questions as a guideline with five organisations from the
public sector and the private sector. This study prioritises the explanation building as a
specific approach to analysis. Results show that there are five factors rendered in Green IT
adoption in Malaysia: environmental factor, cost factor, organisational factor, technological
factor, and business opportunity factor. This study benefits policymaker, organisations,
and other researchers to support Malaysia’s pledge to reduce its Greenhouse Gas (GHG)
emission intensity of Gross Domestic Product (GDP) by up to 45% by 2030.
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Green Technology Policy was established in Malaysia in 2009 and addresses five strategic
thrusts. One of the strategies is to strengthen efforts in promotion and improve the awareness
of people in ICT technology (Ministry of Energy, Green Technology and Water of Malaysia,
2009). The 6™ Malaysian Prime Minister indicates:

“Green Technology is a blue ocean strategy as it transcends across all sectors
of the economy. It provides vast opportunities for government and business to
innovate and grow as well as developing new parts of competitiveness” (Kasbun
etal., 2016).

Thus, the National Green Technology Policy establishment strengthening the new
green ideas for the ICT sector (GreenTech, 2011).

Rad et al. (2018) reported that there is a lack of study in technology adoption. Studies
show that there are organisations in the government sector that emphasise environmental
aspects in Green IT adoption (Junior et al., 2018). While several past studies briefly
discussing Green IT adoption in the Malaysia organisation. Rahim & Rahman (2013)
briefly discussed the Green IT capabilities and resources in the Malaysia public listed
organisation; Esfahani et al. (2015) generally revised the importance of motivational
in Green IT implementation in the organisation. Therefore, this study focusses on two
objectives. First, to examine the most important factors rendered the Green IT adoption
by MAMPU, KeTTHA, GreenTech Malaysia, International Business Machine (IBM)
Malaysia and Hewlett-Packard (HP) Malaysia and second, is to propose a framework in
implementing the Green IT.

Green IT in Malaysia

The key landmark for the ICT industry in Malaysia started in 1997 when the Multimedia
Super Corridor (MSC) Malaysia becomes the national agenda for the nation’s development.
In July 2009, the National Green Technology Policy (NGTP) was established with a policy
statement which is “green technology shall be a driver to accelerate the national economy
and promote sustainable development” (GreenTech, 2013). The NGTP outlined five strategic
thrusts: 1) Strengthen the Institutional Frameworks, ii) Provide a Conducive Environment
for Green Technology Development, iii) Intensify Human Capital Development in Green
Technology, iv) Intensify Green Technology Research and Innovations and v) Promotion
and public awareness. Follows by four pillars in energy, environment, economy and social
and focus on six sectors including energy, water, waste, building, manufacturing, and
transport (Ministry of Energy Green Technology and Water, 2017). Thus, to achieve the
NGTP objective, this study focus on Green ICT Malaysia covers the term of adoption,
and factors, as the preparation which directly leads to in-depth understanding and finally
able to propose a framework that can be used to ensure the widespread adoption of Green
IT in Malaysia.
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Technology Adoption Models

This study applies two models - Technology-Organisation-Environment (TOE) and
Diffusion of Innovation (DOI). TOE model explains the organisational adoption and
execution of technological innovation. This model is recognised as determining factors
of organisation level innovation adoption (Cobos et al., 2016; Zhang et al., 2020). Whilst
DOI examines innovation adoption from a process perspective (Cobos et al., 2016). TOE
is consistent with DOI as both theories recognised as determining factors of organisational
level in innovation adoption. For instance, DOI’s innovative characteristics and internal
and external characteristics of the adopting organisation are accordances with the TOE
framework’s innovation and organisational contexts (Cobos et al., 2016; Asadi et al.,
2017). Besides, TOE and DOI models are aligned to apply in the qualitative method which
the researcher conducts this study through a semi-structured interview. From there, the
researcher able to find which factors are important in the adoption of Green IT in Malaysia.
Besides, through the TOE and DOI framework, the researcher able to apply the models
as a guideline in determining the factors that rendered Green IT adoption and place the
TOE models factor as the main factor. Therefore, TOE and DOI models are relevant to this
study. These models are applied to investigate the factors rendered in Green IT adoption
and how the Green IT technology diffused in the organisations.

Green Information Technology (IT)

According to Asadi et al. (2019), the concept of Green IT is affected by and related to
sustainability, ecological sustainability, information systems, and information technology
concepts. In the meantime, many scholars express Green IT terminologies with green
computing, environmentally, sustainable computing, and energy efficiency based on their
perspective of business concern and organisation operation. Dalvi-Esfahani et al. (2020)
defined Green IT as the process of manufacturing, using, and disposing of all related IT
(hardware and software) concerning eco-friendly issues. The definition focuses on both
enhancing energy efficiency and intensifying the sustainability of the environment by
reducing the pollution released from IT hardware and software. Besides, it is also an
example of a green growth initiative pointed at enhancing performance and productivity
through sustainable utilization and production of organisational and societal resources
(Gazzola et al. 2018). Therefore, this study focuses on Green Information Communication
Technology to examine the factors that rendered the Green IT adoption in Malaysia.

The Factors Rendered Green IT Adoption

There are seven factors discusses in Green IT adoption. The factors identify the Green IT
adoption based on literature in Malaysia organisation.-Below explain the details.
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Technological Factor. Unhelkar (2016) points out that there are two primary technologies
in Green IT which are hardware within the organisation and application. De Zoysa and
Wijayanayake (2013) illustrate more on the technology areas of Green IT includes the
data centre, virtualization, utilization, storage area network and the other application.
However, as Green IT adoption possess various scope in the technology aspect, the wide
ranges of technical aspects related to design, manufacture, use, and disposal of Green IT
technologies are focused. However, most of the studies records technological factor are not
tend to organisation studies. For instance, consumers’ intention toward adoption of vehicle
(Asadi et al., 2020); green fertiliser technology through farmers behaviour (Adnan et al.,
2019); green building sector (Azis, 2021) and the awareness of solar energy technology
among households (Malik & Ayop, 2020).

Competitive Pressure Factor. Referring to De Zoysa and Wijayanayake (2013), the
organisation may feel the pressure from competitors in the same industry, which comes
from strong company’s background to keep their image. This means when a competitor’s
products or services are better than our company, we will feel the pressure that our profits
will decrease. Simon (2013) expresses that one of the key drivers of successful technology
development and adoption is a market formation which is developing marketplace by
developing new products and services, identify customer and users’ needs, develop viable
business models, consider possibilities for exports, and needs for imports. Therefore,
companies should adopt technological tools to meet certain demands in the market (Khan
& Faizal, 2015).

Organisational Factor. Dash et al. (2016) demonstrate that every organisation pursues
to improve their business operation which includes the necessity of strategic planning to
adopt new technology in establishing several process stages to improve the organisation
performance. In Malaysia organisation, study shows that there is a relationship between
Green IT attitude and engagement in support green computing practices (Ojo et al.,
2019). Letlonkane and Mavetera (2014) emphasize that top management, such as Chief
Information Officer and IT managers have an optimistic attitude on the advantage of
adopting Green IT to the organisation. Besides, Molla and Abareshi (2014) examine that
actions undertaken by senior management can introduce complementary structures to assist
learning and innovation.

Environment Factor. According to Fernando and Wah (2017), environment performance
in organisation processes to achieve firms goals for environmental improvement and gas
emission reduction in Malaysia. Shameer et al. (2015) highlight that Green IT is the solution
concerned with reducing the environmental impact of IT before IT devices are purchased,
during their lifetimes and after consumers have finished with them. Given the example of
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environmental performance in an organisation, Saha (2014) mentions that electricity is a
crucial cause of climate change as the thermal power plants that aid generates electricity
also releases a high amount of carbon dioxide and many other harmful particles into the
atmosphere. As we know that the consumption of IT generated by electricity, Lee et al.
(2013) examine that IT products consume considerable amounts of energy, contributing
to the emission throughout their entire life cycle, from production to use and disposal.
Shibly (2015) supports that most of the components discovered in prevalent computers are
not only harmful to the environment but potentially harmful to human health. However,
Asadi et al. (2020) reports that there is still a lack of green initiatives study relates to the
environment in Malaysia organisation.

Regulatory Support Factor. According to Zailani et al. (2015) illustrate that the
involvement in environmental protection obliged through legal regulations. Taruna et al.
(2014) examine that one of the strategies regarding the adoption of Green IT is being as
such the countries, especially emphasizing toward the developing countries must have to go
through the policies strictly or to adopt Green IT policy seriously. This stated in Unhelkar
(2016) indicates that some governments are forcing companies to make a report on their
carbon emission every year. Therefore, Murugesan and Gangadharan (2012) highlight that
this will bring towards the success of Green IT adoption and implementation and it will
confirm the reduction of the carbon footprint from the organisations. This is supported
by Mergel and Bretschneider (2013) emphasize where the organisation may follow the
regulation to avoid the penalties and other taxes.

Business Opportunity Factor. Singh and Vatta (2016) mention that opportunities in green
technology ordain like never in history and organisations are looking at it as a technique
to generate new profit centres while trying to support the environment. Unhelkar (2016)
claims that the adoption of Green IT provides the opportunity for the organisation to offer
product or services to the other organisation at the same time achieve green initiatives and
goals. Moreover, Gupta and Kumar (2012) emphasize that major IT companies are already
applying green standards to their operations to gain new revenue opportunities and promote
social and environmental responsibility influencing customers and market competition.
Besides the development of policies and the provision of supervisory support, Lee et al.
(2013) state that overseas governments have proactively taken the lead concerning Green
IT and technology initiatives by funding R&D collaboration between the government,
academia, and industry, and offering incentives for deployment.

Cost Factor. Referring to Chen and Ma (2014) and Dibra (2015), claim that cost is one
of the factors in the adoption of new technology. In implementing the new technologies,
especially in green technology, the start-up cost was high, but the government believed that
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the maintenance costs would be low in the long run, making the technologies cost-effective
(Managi et al., 2014). De Zoysa and Wijayanayake (2013) pointed out that even though
the time taken to reach breakeven is high, however, government incentives may contribute
to the value proposition, and new challenges will come up as new technology, skills, and
process changes. Plus, Mohammed et al. (2015) illustrate that the adoption of Green IT is
a significant saving in the product costs by utilizing resources efficiently.

Theoretical Framework

The theoretical framework is constructed as a guide for the entire process in this case study.
Figure 1 shows the theoretical framework of Green IT adoption based on the collected
secondary data from the academic scholar about technology adoption and Green IT. It is
formulated to explain, predict, and understand phenomena and to challenge and extend
existing knowledge within the limits of critical bounding assumption. The theoretical
framework in this case study consists of seven factors which is Technological Factor,
Organisational Factor, Environmental Factor, Regulatory Support Factor, Competitive
Pressure Factor, Business Opportunity Factor, and Cost Factor. In each of the listed factors
has further explanation enables to go in-depth about the research topic. Based on the

theoretical framework, the elements guided

the whole process for the adoption of Green

1T 11’1 MalaySIa 11’1 term Of management. AS Factors Rendered in Green IT
shown in Figure 1, this study concluded that Adoption

F1: Technological Factor 2
F2: Organisational Factor
based on the research objectives as the F3: Environmental Factor ©
F4: Regulatory Support Factor 4
F5: Competitive Pressure Factor ©

the theoretical framework was constructed

research objective is to examine the factors

rendered in Green IT adoption and the F6: Business Opportunity Factor !
proposed framework in Green IT adoption. F7: Cost Factor¢
Thus, based on this theoretical framework, l’

the researcher is able to conduct semi-

structured interviews to test this theory in GresnllAdontion

order to gain the outcome and finally will

be able to propose new framework. Figure 1. Theoretical framework

MATERIALS AND METHODS

This study is conducted qualitatively in semi-structured interviews and a purposive
sampling approach. The 23 respondents participate in these interviews with open-ended
questions (six respondents from KeTTHA, six respondents from MAMPU, one respondent
from GreenTech Malaysia, six respondents from IBM Malaysia and four respondents from
HP Malaysia). The respondents are a policymaker, ICT coordinator, execution of Green
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Technology Policy and IT producers. Purposive sampling or judgmental sampling was
applied in collecting the data following the opinion of an expert in a particular field is the
topic of interest (Martinez-Mesa et al., 2016). This study, specifically selected respondents
from public and private company mentioned to contribute to the Green IT adoption topic
and sharing their expert knowledge and experiences on the factors and the process of
adopting Green IT in organizations. The 23 respondents are sufficient to represent this
study as data reached a point of saturation which when the new themes stop emerges, the
researcher can conclude that there is no need for more interviews (Saunders et al., 2016).
Saunders et al. (2016) claimed that the minimum sample size for in-depth interview is 5 — 25
respondents. Besides, at least 15 interviews were needed for the sample size requirement
for all types of qualitative research (Guest et al., 2006). As a rule of thumb, it can be said
that interview studies tend to have around 15 participants, which is a number that makes
possible practical handling of the data (Brinkmann, 2013).

RESULTS AND DISCUSSIONS
Technological Factor

According to Shibly (2015) stated that technology is not a passive observer, but it is an
active contributor in achieving the goals of Green IT. There are three criteria elaborate on
the technological factor. First, the company following the trend and direction of technology;
second is adopting IT software (green data centre, cloud computing, adopted virtualization
of technology); and third is I'T hardware (thin client which shared personal computer (PC)
that has a small Central Processing Unit (CPU) and optimizing the use of CD, driver, and
other hardware which at the end contribute to the electronic waste). Results show that 14
out of 16 respondents agreed technological factor is one of the factors in adopting Green
IT. One of the respondents from KeTTHA quotes that

“...Technology is always coming and we need to pursue the technology”.
One of the Respondents from MAMPU agrees that:

“For Green IT technology, the company is constantly looking at new technologies
and alerts about the latest technology to support the reduction of carbon emission.

One of the respondents from Green Tech said that:

“The technology that's appropriate, fulfilling the desired green requirements, will
be adopted into the organisation”.

Thus, the similarities public and private sector is the adoption the latest technology
such as cloud, green data centre, and virtualization, shared the same views regarding the
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technologies are growing over time and they took as an advantage to their organisation to
improve the technologies in the organisation. Plus, four respondents from IBM Malaysia
and HP Malaysia agree that must grab the new technologies as an opportunity to develop
the new products and services to meet the customer expectation based on the circulation
of time. One of the respondents from the Company stated that:

“...HP Malaysia is always looking for growth technologies which able to meet
the customer expectation at the same time contribute to the eco-friendly by
manufacturing a new product which minimizes the use of hazardous materials
and fulfils the global requirements”.

Table 1 simplify the result.

Table 1
Technological factor in Green IT adoption

Technological

o Result from Public Company Result from Private Company

factor criteria
Follow the trend  “Technology is always coming and we need to “HP Malaysiais always looking
and direction of  pursue the technology” (Respondent from KeTTHA) for growth technologies which
technology able to meet the customer
Adopting IT “For Green IT technology, the company is constantly expec.lation at the same time
software looking at new technologies and alerts about the contribute 10 th? eco-friendly
latest technology to support the reduction of carbon by manuf gctur ing a new
emission (Respondent from MAMPU) product which minimizes the

use of hazardous materials and
fulfils the global requirements”
(Respondent from HP
Malaysia)

IT hardware “The technology that's appropriate, fulfilling the
desired green requirements, will be adopted into the
organisation” (Respondent from GreenTech)

Organisational Factor

There are six criteria in the organisational factor. First, responsible in developing country
and plays its role with the nation as stated by Ministry of Energy, Green Technology
and Water of Malaysia (2009) that Malaysia has taken serious steps in addressing global
emissions problems by launching a program of National Green Technology Policy in
2009. Second criteria are based on three stages of adoption in government which is
procurement side (match with a green aspect such as Energy Star, EPEAT), uses side
(electric consumption on hardware such as PC, Monitor, server, printer, notebook, and the
application) and disposal side (follow government disposal procedure asset 2007). Third,
forced by Green Technology Policy and IT as an initiative to develop Green IT. Fourth is
top management support to make the organisation a role model or benchmark. The fifth
is improving the environmental performance and sixth is the opportunity to gain profit at
the same time responsible to provide the best product and services through the adoption.
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12 out of 13 respondents were agreed towards this factor. One of the respondents from
MAMPU responded:

“...Either organisation wants to adopt it or leave it, the decision is fixed where we
need to adopt the Green IT due to Malaysia wants to be seen as the responsible
developing country that plays its role with the nation”.

Respondents from IBM Malaysia responded that:

“...We adopt green to the organisation first in each operation of IT, and then we
will deliver to the customers”.

Thus, the results show that the similarities between public and private sector through
top management think are Green IT able to improve the overall performance at the same
time being a benchmark in supporting Green Technology Policy, the adoption also one of
the values for the organisation to be leading in the development of ICT technologies and
provide the best solutions to the nation. Table 2 quotes the result.

Table 2
Summarize of organisational factor in Green IT adoption

Result from Private

Organisational factor criteria
Company

Result from Public Company

Responsible in developing country “...Either organisation wants to
adopt it or leave it, the decision is

fixed where we need to adopt the

“...We adopt green to
the organisation first in
each operation of IT,
and then we will deliver

Three stages of adoption in
government:

e procurement side
e usesside
e disposal side

Forced by green technology policy

Green IT due to Malaysia wants to

be seen as the responsible developing

country that plays its role with the
nation” (Respondent from MAMPU)

to the customers
(Respondent from IBM
Malaysia)

Top management support

Improve the environmental
performance

Opportunity to gain profit

Environment Factor

For the environment factor, there are six criteria listed. First, reduce energy usage on the
hardware of IT; second is implementing of cloud which could reduce electronic waste;
third is preserving resources; fourth is responsibility leading to climate changes and
commits to reducing the carbon footprint; fifth able to manage its environmental impact
by adopting environmentally responsible emphasized in every department including
operation, manufacturing, supply chain and sixth is specified all products meet the global
green standard such as Restriction of Hazardous Substances (RoHS), Energy Star and Waste
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Electrical and Electronic Equipment Directive (WEEE). In this factor, 13 out of 13 stated
this is the reason they are adopted Green IT. One of the KeTTHA respondent stated that:

“After Green IT was adopted in KeTTHA, it can be seen that reduction around
60% to 70% of energy”.

This is supported by KeTTHA and Green Computing Initiative (2012) claimed that
through the measurement via Power Usage Efficiency (PUE) tools, it can be seen that
previous conventional technology, the new generation facility has enabled energy savings
0f 61.79%. The similarities among five organisations: the reducing of energy consumption
and carbon emission from the operation. One of the IBM Malaysia respondents claim that:

“...As we can see, companies need IT equipment for business matters connected
with the other individual or organisation. Besides, IT hardware such as a PC,
printer, storage and other equipment contained hazardous materials which
produced lots of carbon emissions. From there, the company starts to produce all
the equipment and technology that suits the environment and people concern”.

Differences can be seen where the public sector is more on the using and disposing
side where monitoring is easier than the private sector. The private sector needs to focus on
every side of adoption, which is manufacturing, design, using and dispose of. It includes
monitoring to achieve the mission in reducing the consumption of energy and decreasing
the carbon emission. Table 3 simplifies the result.

Business Opportunity Factor

The criteria of business opportunity recorded sixth factor. First is producing products and
services which can be commercialized to the internal and external of Malaysia. Second is
high demand in a business opportunity. The third is the government more towards strategic
collaborative engagement sharing the adoption knowledge among the agencies. Fourth is
offers other private companies rebate and incentive to implement green technology project
as highlighted by MyHijau (2017) that the government also pledged to deliver investment
tax such as green investment tax allowance for companies that undertake green technology
projects for business purpose, purchase green technology products, equipment and system
that qualify as capital assets, and green income tax exemption for the company undertaking
new green technology activities approved by GreenTech Malaysia. Fifth is depends on
customer requirement and sixth is challenges and listening to the customer as a priority
and start producing products. The result shows eight out of ten respondents were agreed
towards this factor. One of the GreenTech respondent stated that:

“...Green IT generates an opportunity to an organisation especially for an
organisation that produces products and services. GreenTech has produced and
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Summarize of environmental factor in Green IT adoption

Environment factor
criteria

Result from Public Company

Result from Private Company

Reduce energy usage
on hardware of IT

Implementation of
Cloud

Preserve resource
Responsibility leading
to climate changes
and commits to reduce
carbon footprint.
Adopting
environmentally
responsible

Meet the global green
standard

“After Green IT was adopted

in KeTTHA, it can be seen that
reduction around 60% to 70% of
energy”

(Respondent from KeTTHA)

The measurement via Power Usage
Efficiency (PUE) tools, it can be
seen that previous conventional
technology, the new generation
facility has enabled energy savings
0f 61.79% (KeTTHA and Green
Computing Initiative,2012)

“...As we can see, companies need
IT equipment for business matters
connected with the other individual
or organisation. Besides, IT hardware
such as a PC, printer, storage and
other equipment contained hazardous
materials which produced lots of
carbon emissions. From there, the
company starts to produce all the
equipment and technology that suits
the environment and people concern”
(Respondent from IBM Malaysia)

developed Green IT solution that calls as a thermodynamic solution by ourselves

and we already commercialized to the external market. Therefore, today and the

future, we have been moving forward by issuing standards, practices and provide
advice to the European (EU) market”.

A respondent from IBM Malaysia stated:

“... IBM Malaysia has adopted Green IT as a company is a leading company

which the core business is to provide IT products, design of worldwide data centre,

relocation and other services since the establishment of the company. Thus, the

adoption of Green IT is a big opportunity to meet the customer requirement at the

same time support the global mission to reduce the carbon footprint”.
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Therefore, it is understood that when the organisation looking at the business
opportunity side, organisations will see that the adoption of Green IT provides the best
profit in end-to-end IT life. Moreover, through the offers by government sector such as
financing loan, rebates, tax allowance, and other incentives, the organisation will be able to
adopt Green IT as their initiative to face the challenges to meet the customer requirement
and lastly fulfil the satisfaction from the products and services. Table 4 quotes the result.

Cost factor

First, initial costs of converting from conventional to Green IT technology is high, but
reduction costs can be seen in the operational and provide a solid return to the business
in the return of investment (ROI). This is supported by KeTTHA and Green Computing
Initiative (2012) that Green IT adoption has reduced the overall expenditure of operating
the public sector’s backend IT facilities which currently stands at RM 120 million annually,
compared to previously where cost electricity is expected to rise sharply over the next few
years, amidst the planned end of gas subsidies coupled with the ever-growing IT facilities

Table 4
Summarize of business opportunity factor in Green IT adoption

Business opportunity

factor criteria Result from Public Company Result from Private Company
Producing products and “...Green IT generates an opportunity IBM Malaysia has adopted Green IT
services which can be to an organisation especially for an as a company is a leading company
commercialize to the organisation that produces products which the core business is to provide
internal and external of  and services. GreenTech has produced IT products, design of worldwide
Malaysia and developed Green IT solution data centre, relocation and other
that calls as a thermodynamic services since the establishment of

solution by ourselves and we already  the company. Thus, the adoption
commercialized to the external market. of Green IT is a big opportunity to

Therefore, today and the future, we meet the customer requirement at
have been moving forward by issuing  the same time support the global
standards, practices and provide mission to reduce the carbon
advice to the European (EU) market”  footprint”. (Respondent from IBM
(Respondent from GreenTech) Malaysia)

High demand

Government-strategic
collaborative among the
agencies

Offers other private
companies rebate and
incentive

Customer requirement.
Customer as priority
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requirement, the amount that government should pay is RM619 million for 2020. Second
is reducing cost in term of energy consumption, human resources, and maintenance which
decrease the cost up 30% on maintenance cost. Third, the adoption of Green IT will cut the
workforce from 50 to only a few workers compared to conventional. Reduce the costs in
terms of employment, equipment, expertise, salaries, and many others. Fourth, the public
sector is more geared towards performance and service, but private is more concerned with
performance and profit. 14 out of 14 agreed cost is one of the factors in adopting Green
IT. One respondent from MAMPU claimed that:

“...The development of Green IT is consuming high cost. But it will reduce costs
over a long period due to the cost of startup Green IT is quite high. However,
saving energy consumption has been greatly reduced where KeTTHA has savings
of RM7000 to RM8000 per month when compared with conventional ”.

One of the respondents from HP Malaysia believes that:

“...In the development of new technology especially green technology, it utilizes
a lot of initial costs and I believed that cost factor is one of the reason company
adopt Green IT due to the profit that will gain from the production of a green
product that generates from an expensive price on the market”.

Based on the five organisations, it demonstrates that organisations believed converting
to the Green IT requires high cost due to the certain high technologies with the green
specification. Even though the cost of development is expensive, it proved that the
development would help organisations toward efficiency, cost-saving, and increase the
performance. However, as the private sector is looking for the profit, they believed that the
adoption would show the impact based on the supporting of customers to their products.
Thus, it shows that cost is a small issue to be compared with the return they obtain from
the products and services. Table 5 quote the result.

As a conclusion, the result discussed above, shown that regulatory support factor and
competitive pressure factor is not influence by the adoption of Green IT for the public and
private sector. The reason is the respondents are not looking for regulatory and competitive
in the adoption of Green IT. Plus, 11 out of 12 stated the regulatory support factor and 7
out of 11 clarified competitive are not relevant to adopt Green IT. The results rendered
to the environmental factor, cost factor, organisational factor, technological factor, and
business opportunity factor. It is not denying that the government sector is more toward
performances of service to the society without thinking of competition among each other,
whereas this study found that competitive pressure among private sector is not valid due
to small market in Malaysia.
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Table 5
Summarize of cost factor in Green IT adoption

Cost factor criteria Result from Public Company Result from Private Company

Initial costs is high but "...The development of Green IT “...In the development of new

reduction costs can be seen  is consuming high cost. But it will technology especially green

in the operational reduce costs over a long period technology, it utilizes a lot of initial
due to the cost of startup Green costs and 1 believed that cost factor
IT is quite high. However, saving is one of the reason company adopt

energy consumption has been greatly Green IT due to the profit that will
reduced where KeTTHA has savings — gain from the production of a green
of RM7000 to RM8000 per month product that generates from an
when compared with conventional”  expensive price on the market”.
(Respondent from MAMPU) (Respondent from HP Malaysia)

Reduce cost of:

energy consumption,
employment, equipment,
expertise, salaries.

in public sector
(performance and service)
in private sector
(performance and profit)

The Proposed Framework in Implementing Green IT

Results from the first objective to identify rendered factors are environmental factor, cost
factor, organisational factor, technological factor, and business opportunity factor. The
results lead to the second objective in proposing a framework on the factors rendered
in Green IT adoption. As this study is based on a deductive approach which using the
theoretical framework to help organize and direct the data analysis, the researcher analysed
the data based on the research questions and research objectives at the same time using
the theoretical framework as a guideline. Figure 2 shows the Proposed Framework in
implementing Green IT.

Factors rendered in Green IT adoption
F1: Technological Factor
F2: Organisational Factor
F3: Environmental Factor Green IT Adoption
F4: Business Opportunity Factor
F5: Cost Factor

Figure 2. The proposed framework in implementing the Green IT
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Figure 2 shows significant in this study. This is related to the strategy to develop
the proposed framework of Green IT adoption in Malaysia, starting from the literature
review on the research objective. After the researcher gone through the literature reviews,
the researcher constructed the theoretical framework which consists of seven factors of
Green IT adoption as shown in Figure 1. Secondly, after the theoretical framework was
constructed, the researcher collected the data through a semi-structured interview. The
interviewer conducted to gain an in-depth understanding regarding the Green IT adoption
at the same time to test the theoretical framework with five organisations that have their
roles in the adoption of Green IT. Next, this study explained based on a deductive approach
which using the theoretical framework to help organise and direct the data analysis, the
researcher analysed the data using explanation building based on the research questions
and research objectives at the same time using the theoretical framework as a guideline.
Therefore, Figure 2 is an outcome of a theoretical framework that called a proposed
framework which can be assisting policymaker, organisations such as public and private
sector and other researchers to support Malaysia’s pledge to reduce its Greenhouse Gas
(GHG) emission intensity of Gross Domestic Product (GDP) by up to 45% by 2030.

CONCLUSION AND RECOMMENDATION

This study aims to identify the factors rendered in the Green IT adoption in Malaysia and
examine the factors that drive the adoption of Green IT in Malaysia. First, there are seven
factors rendered in Green IT adoption in Malaysia (Figure 1). Two models are applied (TOE
and DOI) to investigate the factors rendered in Green IT adoption and how the Green IT
technology diffused in the organisations. Second, through the semi-structured interview,
the result shows that the regulatory support factor and competitive pressure factor is not
influential in the adoption of Green IT in the public and private sector. The reason is the
respondents are not looking for regulatory and competitive in the adoption of Green IT.
The results are more focus on the environmental factor, cost factor, organisational factor,
technological factor, and business opportunity factor (Figure 2). It is not denying that the
government sector is more toward performances of service to the society without thinking
of competition among each other, whereas this study found that competitive pressure among
the private sector is not valid due to the small market in Malaysia.

This study concluded that competitive pressure happens when it comes to market
positioning and competitive pressure would not happen if the company is looking forward
and focuses on the environmental responsibility to achieve the goal and improve the
quality of business. In terms of the regulatory support factor, the researcher agreed that the
respondents are not looking for the regulatory due Green IT in Malaysia is still new and
the development of policy, regulation, enforcement is quite difficult. Thus, there are two
parameters have been considered by the government body to encourage more organisation
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to adopt Green IT which is surveying numbers of the organisation have been adopted
Green IT and start to prepare the development of Green IT policy and its enforcement with
concern on several elements that would win both sectors.

Nonetheless, there are several benefits to the proposed framework. The proposed
framework will go to the policymaker as a policymaker is acting as a funnel to gather
information through consultation, research and to reduce and extract from the information,
policy or set of policies that serve to promote what is the preferred course of action.
From the new framework that been proposed, the policymaker able to see that regulatory
support factor is petty looking by the organisations as Green IT policy does not exist
yet in Malaysia. From the Green IT policy development, policymaker will be able to
stringent the enforcement to the organisations to adopt the Green IT. Besides, from the
proposed framework, MAMPU, KeTTHA and GreenTech will be able to develop the
Green IT strategies and Green IT agendas to ensure that the Green IT could improve the
adoption and well-spread implementation among the public and private sector. They also
need to strengthen the activities which will lead the organisation to attract to adopt Green
IT. Moreover, the proposed framework also provides the benefit to all private company
including IT producers or service providers as a guideline for them to produce, designing,
manufacturing Green IT products. The proposed framework also significance to the other
researchers who willing to conduct further research. The proposed framework can be a
guideline and reference for the researchers to conduct the other renewable energy sources
such as solar computing as an innovative suggestion to the organisation where this initiative
has been developed and produced by the other countries such as solar photovoltaic keyboard
as Malaysia market about the solar photovoltaic in still low development.
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ABSTRACT

This study investigates the properties and potential application of Mg-PKS biochar
composite for methylene blue solution (MB) adsorption. The Mg-PKS biochar composite
was developed from palm kernel shell biochar via steam activation followed by MgSO,
treatment and carbonization. The effect of process parameters such as solution pH (4-10),
contact time (30-90 min) and adsorbent dosage (0.1-0.5 g) were investigated via central
composite design, response surface methodology. Results revealed that the Mg-PKS
biochar composite has irregular shapes pore structure from SEM analysis, a surface area of
674 m’g! and average pore diameters of 7.2195 pm based on BET analysis. RSM results
showed that the optimum adsorption of MB onto Mg-biochar composite was at pH 10,
30 min contact time and 0.5 g/100 mL dosage with a removal efficiency of 98.50%. In
conclusion, Mg treatment is a potential alternative to other expensive chemical treatment
methods for biochar upgrading to the adsorbent.
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biomedical colouring for cell staining, phototherapy and cancer research (Sahu et al., 2020).
However, exposure to MB at high concentration can affect human health, for example,
difficulty in breathing, retching, nausea, gastritis, and diarrhoea (Sahu et al., 2020). At
doses greater than 7.0 mg/kg, MB could cause high blood pressure, mental disorder, and
abdominal pain (Albadarin et al., 2016).

Adsorption, ion exchange, and precipitation are some of the approaches that always
have been improved to extract dyes, including MB, from wastewaters (Karaer & Kaya,
2016). Adsorption is the most preferred technique to remove organic contaminants from
an aqueous solution as it has produced results with high removal capacity (Alene et al.,
2020). The effectiveness of the adsorption process is attributed to several factors related
to the adsorbent used, for instance, large specific surface area, porous structure, enhanced
functional groups and mineral components (Tan et al., 2015).

Adsorption of MB using adsorbents derived from agricultural waste-based biochar has
received considerable attention in previous studies due to its low raw material cost and good
adsorption capacity (Niran et al., 2018; Kuang et al., 2020). Its utilization as an adsorbent
also helps to solve the problems of agricultural waste management. Several researches
have been carried out on the use of chemically modified biochar as an adsorbent for the
removal of MB. For example, sulfuric acid-treated coconut leaves biochar (Jawad et al.
2016), and phosphoric acid-treated PKS biochar (Niran et al., 2018) has been studied for
MB adsorption from aqueous solution. Most previous studies focused on MB removal by
acid/base treated biochar and rarely by minerals.

At the same time, previous studies indicated that Mg treatment could effectively
improve the biochar properties and adsorption capacities. Mg salts and their oxides have
several advantages for biochar’s chemical treatment due to its low treatment cost, easy
availability, and environmental soundness (Zhao et al., 2018). Mg salt which has a good
dehydration ability could react with the carbohydrate polymers in biomass to maximize the
release of volatile matter during pyrolysis. The process results in Mg-biochar composite
with excellent porosity, which in turn, improves the adsorption properties (Shen et al.,
2018). Mg-biochar composite has been studied for the removal of phosphate (Jung &
Ahn, 2015; Zhang et al., 2012), nitrate (Zhang et al., 2012), lead (Jellali et al., 2016),
and levofloxacin (Zhao et al., 2018) from aqueous solution. However, there is currently
no published information available on the applicability of Mg-PKS biochar composite
to remove MB from an aqueous solution, especially concerning the removal efficiency
and adsorption capacity. Considering the applicability of Mg biochars in treating several
common pollutants in water, it is crucial to evaluate the potential application of Mg-PKS
biochar composites for removing common dyes, such as MB, from wastewater.

This paper reports the properties and application of Mg-PKS biochar composite derived
from palm kernel shell (PKS) biochar for MB removal. In this work, Mg-PKS biochar
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composite was developed via steam activation of PKS biochar, which was followed by Mg
treatment and carbonization. The efficiency of Mg-PKS biochar composite for the removal
of MB from aqueous solution was investigated. The effect of process factors such as pH,
contact time and dosage via RSM were also determined.

MATERIALS AND METHOD
Preparation of Mg-PKS Biochar Composite

The PKS biochar used as a precursor for Mg-PKS biochar composite was prepared through
fast carbonization via rotary kiln (800°C, 10 min), followed by steam activation for 8 h. The
biochar was washed with distilled water to eliminate impurities and dried before mineral
treatment. PKS biochar (0.5 mm, 20 g) were soaked in 500 mL MgSO,.7H,O (30°C, 60 h)
(Zhao et al., 2018), vacuum filtered, and oven-dried (90°C for 12 h). The Mg-PKS biochar
composite was then carbonized (500°C, 30 min) (Zhao et al., 2018). The resulting Mg-PKS
biochar composite was cooled to room temperature, rinsed with distilled water to remove
debris, and dried prior to use.

Adsorbent Characterization

The proximate analyses of biochar samples were conducted based on ASTM D3173,
ASTM D3174, and ASTM D3175. The carbon, hydrogen, nitrogen, sulfur, and oxygen
content of the adsorbent were determined using CHNS Elemental Analyzer (Thermofisher
Scientific Flashmart, United States). The Brunauer—-Emmett-Teller (BET) analysis of
surface area and pore volume of adsorbents were determined using Surface Area Analyzer
(Quantachrome® ASiQwinTM, United States) with nitrogen (N,) adsorption technique
(Sartape et al., 2012). The functional groups of adsorbents were determined via Fourier
Transform Infrared Spectroscopy (FTIR) (Thermo Nicolet Is10, United States) analysis.

Stock Solution Preparation

MB stock solution (Bendosen, Malaysia) was prepared by dissolving 1 g of MB in 1000
ml distilled water to obtain 1000 ppm concentration (Fatiha & Belkacem, 2015). UV/Vis
spectrophotometer (JASCO V-730, Japan) at a wavelength of 665 nm, was used to evaluate
the concentration of MB. Calibration was conducted using various standard concentrations
of MB solution (1, 2, 3, 4, 5, 6, and 7 ppm) (Hasbullah et al., 2014). The amount of MB
absorbed at equilibrium, q. (mg/g), was calculated using Equation 1 (Gnanasundaram et
al., 2017).

(Co — CIV .
Qe = (Te Equation 1
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Whereas the adsorption efficiency (%) of MB was calculated by using Equation 2
(Gnanasundaram et al., 2017).

_ (CO - Ce) .
Percentage removal (%) = —c x 100 Equation 2
0

Where,
C, = initial concentration of MB (mg/1)
C. = equilibrium concentration in liquid phase (mg/I)
V = volume of solution
W = mass of adsorbent

Adsorption Study via Response Surface Methodology (RSM) approach

Response surface methodology (RSM) with central composite design (CCD) was employed
to optimize the MB removal parameters by Mg-PKS biochar composite. RSM was chosen
as the statistical technique to verify the relationships between the independent parameters
and their effect on the adsorption (Mousavi et al., 2017). CCD was applied to study the
effects of pH (4-10), contact time (30-90 min) and adsorbent dosage (0.1-0.5 g) on the
removal efficiency of MB by Mg-PKS biochar composite (Table 1). Each factor was ranged
in terms of +1 and -1, signifying high and low levels, respectively.

Table 1

Experimental factors design using CCD
Parameters Units Low High
pH pH 4 10
Contact time min 30 90
Adsorbent dosage g 0.1 0.5

RESULTS AND DISCUSSION
Preparation of Mg-PKS Biochar Composite
The modification of PKS biochar was carried out to improve the adsorption capability
of the biochar as an adsorbent. In this study, PKS biochar was chemically modified with
magnesium sulfate. Scheme 1 displayed the proposed mechanism for the impregnation
of Mg on biochar.

The compound was formed during the modification process of biochars, where the
biochars were soaked in magnesium sulphate. The Mg?" from MgSO,would bind or attract
the negatively charged biochar, as shown in the equation as follows.
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Electrostatic
attractlon

Biochar

BE g

Scheme 1. Proposed mechanism for modification of Mg-PKS biochar composite

MgS0, (s) + H,0 (1) » Mg** (aq) + SO~ (aq)

Mg is a positively charged compound as well as MB, thus, the repulsion between Mg
and MB might happen. However, based on the SEM image of Mg-PKS biochar composite
(Figure 1b), it can be observed that the Mg-treatment did not cover the whole biochar
surface, thus leaving the negatively charged surface as it is, indicating that electrostatic
interaction might occur between Mg-PKS biochar composite and MB. Cation exchange
might also involve the adsorption of MB onto PKS biochar (Fan et al., 2016; Zhu et al.,
2015). MB is widely used as a standard reagent for cation exchange determination in soil

(Zhu et al., 2015). Scheme 2 is the proposed mechanism of MB adsorption onto the surface

of Mg PKS biochar.

= qQ S

00

CHs

Scheme 2. Proposed mechanism of the adsorption of MB onto the surface of Mg PKS biochar
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The occurrence of cation exchange during the adsorption of MB might occur when Mg
compounds on the biochar surface are released and replaced with MB. The possibility of
intraparticle diffusion and pore diffusion to occur is also higher during the adsorption of
MB onto all chemically modified biochar (Fan et al., 2016; Mahmoudi et al., 2015). Surface
complexation comprising a few functional groups such as -CH, -OH, —-CO, and -COOH
are inclined to be involved in MB binding onto the surface of biochar as well (Fan et al.,
2016). The aromatic structures of both biochar and MB could instigate n—r (pi) stacking
interactions, causing MB to be readily adsorbed by biochar, facilitating the adsorption
process (Wu et al., 2014).

Adsorbent Characterization

Ultimate and Proximate Analysis. Table 2 displays the element content of the Mg-PKS
biochar composite for both ultimate and proximate analysis. The highest element content
in the samples is carbon, followed by other elements like oxygen, hydrogen, nitrogen and
sulfur. Carbon and oxygen can be regarded as significant elements in the samples, while
hydrogen, nitrogen and sulfur are the minor elements since they are in low concentration
(Liew et al., 2017).

Table 2
Ultimate and proximate analysis for steam activated biochar and Mg-PKS biochar composite
Ultimate analysis Proximate analysis
Elements Stegm activated  Mg-PKS .biochar Elements Stegm activated Mg-PKS -biochar
biochar (%) composite (%) biochar (%) composite (%)
Carbon 70.37 62.81 Moisture 10.81 19.28
content

Hydrogen 2.02 1.70 Ash content 26.62 28.48
Nitrogen 0.25 0.34 Volatile matter 45.90 14.26
Oxygen 26.78 32.72 Fixed carbon 11.84 37.97
Sulfur 0.57 2.43

High carbonization temperature enhances the carbon content of biochar, related to the
aromatic part of the biochar (Wahi et al., 2015). Carbon content is an essential aspect of
identifying valuable and excellent biochar (Mahmood et al., 2015). From Table 2, it can be
observed that Mg-PKS biochar composite has a high fraction of carbon content of 62.81%.
This biochar can be regarded as a promising biochar owing to the fact that its carbon content
is higher than 60% (Mahmood et al., 2015). There is no significant change in nitrogen
content since nitrogen functional groups cannot generate vaporized molecules, but they can
produce complex substances (Fang et al., 2014). In terms of sulfur content, there is a high
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possibility that sulfur was not detectable in raw PKS because the concentration discovered
was below the lowest detection limit of the CHN analyzer (Liew et al., 2017). Mg-PKS
biochar composite exhibits a negligibly low concentration of sulfur of 2.43%. The sulfur
content might be derived from the sulfate of MgS0O,.7H,0 during the loading process.

Mg-PKS biochar composite shows high moisture content (19.28%), which might
be due to biochar being soaked in MgSO,.7H,0 solution for 60 h. The reason might be
caused by the washing process during the modification of the PKS biochar. Biomass with
a moisture content of more than or equal to 40% is not deemed suitable for carbonization
since the process will require more energy and time, which are not economically feasible
(Tripathi et al., 2016). Ash content is incombustible minerals such as calcium, magnesium,
phosphorus, sodium, potassium, and iron found in the biomass (Pinto et al., 2019; Patel &
Gami, 2012). Mg-PKS biochar composite has an ash content of 28.48%, which is likely
due to the addition of Mg minerals in the biochar (Zhao et al., 2018).

Volatile matter contains flammable gases, namely methane, hydrogen, oxygen and
carbon monoxide, and non-flammable gases (Sarkar, 2015). The volatile matter for the
Mg-PKS biochar composite is 14.26%. High-volatile biochar combusts more readily than
biochar with low volatile matter due to a high amount of combustible gases (Sarkar, 2015).
The high temperature used during the carbonization process was responsible for the volatile
matter to discharge from weaker bonds hence being released to the atmosphere (Antunes
et al., 2017). Biochar with low residual volatile matter is a valuable characteristic of the
biochar to act as an adsorbent. The chemical compounds that might be released by the
remaining volatile matter in the biochar may react with reactants or products that are parts
of any suitable chemical reaction and then produce side products or solely contaminate
the products straight away (Lam et al., 2018). High release of volatile matter leads to the
production of biochar with additional new pores, hence improving the surface area of the
biochar (Liu et al., 2015; Wahi et al., 2015).

Fixed carbon is the residue left in the biochar after devolatilization occurs, and subtracts
moisture and ash content (Sarkar, 2015). It is fundamentally carbon comprises of oxygen,
hydrogen, nitrogen and sulfur, which are in small quantity (Sarkar, 2015). The fixed carbon
in the biochar has the possibility to develop the structure of carbons into pores, which further
denotes the potential improvement of the adsorption sites of the biochar (Liew et al., 2017).

SEM Analysis. SEM analysis was piloted to observe the external morphology and pores
formation of steam activated PKS biochar and Mg-PKS biochar composite, as revealed
in Figure 1a and b, respectively. The presence of pores can be seen clearly in the sample
consisting of both small and large pores. The large pores could efficiently enhance many
liquid-solid adsorption processes (Rout et al., 2016). Highly porous biochar has the benefit
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Figure 1. SEM and EDX spectra images of (a) steam activated PKS biochar 2000x, (b) Mg-PKS biochar
composite 2000%

of more adsorption of organic pollutants (Rout et al., 2016). Mg-PKS biochar composite
displayed irregular-shaped pore structures, including a few notable particles that might be
the chemicals. Mg component has been adequately coated on the biochar since the presence
of Mg particles can be spotted on the surface of the biochar. The negatively charged surface
of biochar attracted the positively charged Mg, thus facilitating the coating process onto
the biochar’s surface (Rajapaksha et al., 2016). Figure 1 also provides energy dispersive
spectroscopic (EDX) results that verify the presence of elements such as carbon (C), silicon
(Si), magnesium (Mg), oxygen (O) and potassium (K) in both biochars. Figure 1a indicated
that steam activated PKS biochar comprised of C, Si and K with a weight percentage
of 98.32+0.23%, 0.56+0.08% and 1.12+0.13%, respectively. Whereas in Figure 1b, the
EDX spectra proved the presence of Mg in the Mg-PKS biochar composite with a weight
percentage of 1.52+0.09%. The presence of C, O and Si in biochar was also validated with
weight percentages of 87.28+0.25%, 9.62+0.24% and 1.57+0.11%, respectively. Steam
activated PKS biochar has average pore diameters of 1.80+0.32 um while Mg-PKS biochar
composite with average pore diameters of 7.219543.5404 pm.

BET Analysis. The surface area and total pore volume of the Mg-PKS biochar composite
were computed using the BET instrument. Surface area and pore volume are a few of
the essential characteristics for carbon adsorbent, namely charcoal, activated carbon and
biochar, to identify its adsorption capacity (He et al., 2018). The bigger the surface area,
the better its adsorptive capacity (Liao et al., 2013). In the current study, the sample was
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ground to the size of 0.50 mm. The results discovered that the surface area and total pore
volume of steam activated PKS biochar are 592 m?g! and 0.353 cm’g™'. Table 3 displayed
the comparison of surface area and total pore volume for raw PKS, PKS biochar and Mg-
PKS biochar composite.

Table 3

Surface area and total pore volume for raw PKS, PKS biochar and Mg-PKS biochar composite
Sample Raw PKS PKS biochar Mg-PKS biochar composite
Surface area (m?g™') 0.848 592 674
Total pore volume (cm?/g) 0.003 0.353 0.424

Chemical activation and high carbonization temperature affect the size of the surface
area of biochar, which leads to the development of additional pores on the biochar (Antunes
et al., 2017). Volatile matters discharged during carbonization assist the pore formation in
the biochar structure (Antunes et al., 2017). In addition, steam explosion can also affect
the size of the surface area of biochar, which can be observed in previous study where
biochar derived from wheat, rice, and cotton straws displayed a large specific surface area
(>180 m?*/g) (Xue-jiao et al., 2019). The Mg-PKS biochar composite was able to show the
highest surface area, which is 674 m?g'. The plausible reason for the high surface area is
the reaction between MgCl, which has a good dehydration ability, and the carbohydrate
polymers in biomass. The reaction increases the release of volatile matter and enables the
creation of more pores during pyrolysis at high temperature (Shen et al., 2018). Shen et
al. (2018) showed a similar result where MgO-treated corncob biochar (26.56 m?g™') has
a greater surface area than the surface area of corncob biochar which is 0.07 m?g.

However, a few studies displayed different results where the surface area of Mg-
PKS biochar composite is smaller than the PKS biochar due to the accumulation of Mg
elements on the surface of biochar (Fang et al., 2014; Riddle et al., 2019). Mg-PKS biochar
composite made from PKS displayed a relatively large surface area compared to other
feedstocks such as corncob and wood chips, where at least numerous of them are below
<500 m2g! (Shen et al., 2018; Zhao et al., 2018). The outcome shows that the chemical
modification of PKS biochar has increased its surface area and adsorption capacity. Table
4 presented the comparison of surface properties between Mg-PKS biochar composite and
other chemically modified biochars. Mg-PKS biochar composite has the highest surface
area (674 m’g") compared to other Mg biochars and other chemically modified biochars.

FTIR Analysis. The information on the existence of various surface functional groups of
the samples is obtained by FTIR spectroscopy. The FTIR spectra of the Mg-PKS biochar
composite are presented in Figure 2. The main characteristics that indicate cellulose,
hemicellulose, and lignin in the PKS biochar are when the functional groups such as
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Table 4
Comparison of Mg-PKS biochar composite surface properties with other Mg treated biochars
Characteristics
Biochar Surface area  Pore volume Total pore Reference
(m?g™) (cm’gt) diameters (um)
Mg-PKS biochar composite 674 0.424 7.22+3.54 Present study
MgO-treated corncob biochar 26.56 - - Shen at al. (2018)
Mg modified biochar 490.294 - - Fang et al. (2014)
MgO-impregnated wood chips 225 - - Zhao et al. (2018)
biochar
Mg-treated carrot biochar 12.65 0.0133 0.0042 Carvalho et al. (2019)
Mg-impregnated biochar 66.1 - - Riddle et al., (2019)
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Figure 2. FTIR spectra for steam activated PKS biochar and Mg-PKS biochar composite

C-0, C=0, C-H and O—H present in the spectra (Johari et al., 2016). The bands that are
slightly shifted to a new one in biochar demonstrate that chemical exchanges transpired
on the modified biochar surface (Komnitsas & Zaharaki, 2016). The presence of strong
and broad bands between 3200 and 3500 cm™! could be deduced to the O—H stretching
vibrations indicative of hydroxyl group and water adsorption by the samples (Garcia et
al., 2018). This peak range is also ascribed to the presence of crystalline cellulose (Liu
& Han, 2015). From the Figure 2, the peaks at 3455.23 cm™ and 3449.85 cm™! ascribe to
O-H stretching vibrations demonstrating the presence of chemical compounds like alcohol,
phenol, or carboxylic acid (Liew et al., 2017).
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A series of peaks at 800—400 cm™! in the case of Mg-PKS biochar composite can be
credited to Mg—O and O-Mg—O, which suggests the presence of Mg oxyhydroxides (Zhao
etal., 2018). The peaks of the Mg-PKS biochar composite imply that magnesium particles
do not influence the structure of functional groups in Mg-PKS biochar composite (Fang
etal., 2014). Additional OH groups were produced on Mg-PKS biochar composite, which
may be responsible for the adsorption ability of biochar (Zhao et al., 2018). The bands at
around 600 cm™! in all samples can also be assigned to C—H bending vibrations in aromatic
compounds (Komnitsas & Zaharaki, 2016).

The peaks at 1646.50 and 1646.46 cm! can be consigned to carbon species in the form
of C=C stretching vibration, suggesting the presence of aromatic and alkene compounds in
the samples (Liew et al., 2017; Rugayah et al., 2014). Similarly, according to Jindo et al.
(2014), the peaks between 1650 cm™ and 1620 cm™ may also denote the presence of C=C
stretching vibration indicative of the aromatics group, which appears for all samples. On the
contrary, Johari et al. (2016) proposed that the peaks around ~1600 cm™ can be attributed to
C—O0 or C=0 stretching vibration corresponding to functional groups like alcohols, esters,
ether, and carboxylic acid. Correspondingly, Garcia et al. (2018) also agreed that the band
around 1625 cm' signifies the presence of C=0 deformation of aldehydes, ketones, and
carboxyl groups. Notably, the C—H (—CH, and —CH3;) bending vibrations at the peaks ranged
from 1407.81 to 1388.26 cm™! in all samples, possibly indicate the presence of alkanes
components. The peaks around ~2350 cm™' represent strong O=C=O stretching vibrations
in all biochar samples, showing carbon dioxide (Komnitsas & Zaharaki, 2016). Table 5
summarized the peaks obtained in this study.

Table 5
Summary of the peaks obtained from FTIR spectra

Wavenumber of samples (cm™)

Wavenumber . - -
(em) Assignments Steam agtlvated Mg-PKS bl.ochar
PKS biochar composite

3500-3200 O-H stretching indicative of alcohol, phenol or 3449.85 3455.23
carboxylic acid

~2350 CO, stretching 2362.26 2381.62

1700-1600 C=0 or C=C stretching in aromatic ring or 1646.50 1646.46
alkenes

1500-1300 C—H (CH, and CH;) bending in alkanes 1389.21 1390.22

900-600 C—H bending vibrations in aromatic compounds 672.03 605.57

800-400 Mg-0O and O-Mg-O - 605.57

Adsorption Study via the RSM approach

MB removal via adsorption by Mg-PKS biochar composite to determine the independent
parameters, namely pH (factor A), contact time (factor B), and adsorbent dosage (factor
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C), with their effect on removal of MB. Mg-PKS biochar composite is chosen for the
optimization study because it showed the highest MB removal percentage compared to
other biochar. Optimization of MB adsorption study was finalized using central composite
design (CCD), a sub-program of RSM, through Design-Expert (version 12.0) software. The
response can be associated with the operating parameters by linear or quadratic models
(Ozturk & Sahan, 2015). Seventeen experimental runs were carried out to develop the
correlation between the functional variables of Mg-PKS biochar composite to the removal
of MB from an aqueous solution. The parameters used in this study are pH (4—10), contact
time (30—90 min) and adsorbent dosage (0.1—0.5 g), as well as their response (percentage
MB removal efficiency).

Based on Table 6, MB removal efficiency by Mg-PKS biochar composite ranged
between 59.44% and 98.50%. Run 6 has the highest MB removal efficiency, 98.50%,
operated at pH 10, contact time of 30 min and adsorbent dosage of 0.5 g. Simultaneously,
Run 1 displayed the lowest removal efficiency of MB of 59.44% with an adsorbent dosage
of 0.1 g, a contact time of 30 min and pH 4. MB reached equilibrium after 30 min based on
the experimental data for the lowest and highest removal efficiency of MB. This result is
supported by a few types of research that also recommended the sufficient time taken for
removal of MB to attain equilibrium is 30 min (Bendaho et al., 2015; Ocholi et al., 2016;

Table 6
Experimental factors and response for MB removal by Mg-PKS biochar composite
Parameters Mg-PKS biochar composite
Run pH  Time (min) Dosage (g) Acgglci\:ri;e(r&(gval Predé%ec?eﬁ]z/ Eﬁ/rﬂr)loval
1 4 30 0.1 59.44 58.96
2 10 30 0.1 91.03 92.00
3 4 90 0.1 86.10 83.95
4 10 90 0.1 85.31 85.27
5 4 30 0.5 79.83 79.70
6 10 30 0.5 98.50 100.48
7 4 90 0.5 88.57 87.44
8 10 90 0.5 76.17 76.49
9 4 60 0.3 75.72 79.61
10 10 60 0.3 93.88 90.65
11 7 30 0.3 75.06 72.72
12 7 90 0.3 70.23 73.23
13 7 60 0.1 87.54 89.24
14 7 60 0.5 96.27 95.23
15 7 60 0.3 87.16 83.65
16 7 60 0.3 88.20 83.65
17 7 60 0.3 76.93 83.65
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Tang et al., 2017). The highest (Run 6) and the second highest (Run 14) percentage MB
removal have the adsorbent dosage of 0.5 g, whereas the lowest (Run 1) and the second
lowest (Run 12) percentage MB removal with an adsorbent dosage of 0.1 g and 0.3 g,
respectively. The removal of MB amplified as the adsorbent dosage increased. It might
be due to the improved availability of the adsorption sites and surfaces of the adsorbents
(Pathania et al., 2017).

Run 6 has a pH of 10, indicative of alkaline solution, while Run 1 has a pH of 4,
signifying that the solution system is acidic. Alteration of pH value can enhance the
adsorption process (Guarin et al., 2018). When pH condition is low (acidic), there is an
electrostatic repulsion between hydrogen ions, magnesium ions and the positively charged
MB ions on the biochar surface, thus restricting the adsorption process of MB on the
negatively charged adsorbent (Marrakchi et al., 2017; Pandimurugan & Thambidurai,
2016; Pang et al., 2017). At high pH conditions (alkali), deprotonation took place on the
biochar surface, causing the surface to become negatively charged, assisting the adsorption
of MB (Guarin et al., 2018). Hence, it is recommended to conduct adsorption of MB at a
pH value of 10.

Design-Expert software provided a few statistical tables such as linear, two-factor
interaction (2F1), quadratic and cubic polynomials to classify the suitable model to describe
the relationships between the parameters and the responses for the adsorption study (Stat
Ease, 2019). The present study found that the quadratic model fits the data as the software
suggested it since the model has the highest R?, adjusted R? and predicted R* which are
0.9186, 0.8139 and 0.6531, respectively, as compared to other models. The multiple
correlation coefficient, R%, nearer to 1, indicates a better correlation between experimental
and predicted values (Thakkar & Saraf, 2014). The equations of the quadratic model are
as follows (Equation 3):

MB removal efficiency (%) =83.65 + 5.52A + 0.2520B + 2.99C — 7.93AB — 3.07AC
—4.32BC + 1.4.8A*—10.68B* + 8.58C? Equation 3

A, B and C represent pH of a solution, contact time and adsorbent dosage, respectively.
The coefficient with one factor illustrates the effects of the variable itself, whereas the
coefficient with two factors demonstrates the effect of the interaction between two factors
(Wahi et al., 2014). Furthermore, the coefficient with the power of two represents the effect
of quadratic factors. The negative signs denote the antagonistic effect, and the positive
signs display synergistic effects (Wahi et al., 2014).

Figure 3 revealed the predicted versus actual plot of MB removal efficiency for Mg-PKS
biochar composite. Based on the Figure 3, the scheme presented an excellent capability of
the developed quadratic model, which fit all the experimental results due to the apparent
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small distances between the cluster of points
and the diagonal line. Ideally, all the points
are reasonably near the diagonal line, which
can be observed from the Figure 3. When
the actual removal efficiency is 59.44%, the
predicted value should be considered close
to the real value, 58.96%.

Design-Expert software can also be
applied to evaluate the statistical analyses
to visualize the effects of the selected
parameters on the Mg-PKS biochar
composite adsorption capacity. Analysis
of variance (ANOVA) is utilized to assess
the numerical significance of the quadratic

R?2=10.9186
Adjusted R?=0.8139

Predicted

Actual

Figure 3. Predicted vs actual removal efficiency of
MB using Mg-PKS biochar composite

model equation between pH value, contact time and adsorbent dosage, as displayed in
Table 7. ANOVA is summarized by presenting the sum and mean of squares for each factor,

degree of freedoms, F-values, and p-values. The significance of the quadratic model is
analyzed by using F-test ANOVA. The model with the F-value of 8.78 showed that the
model is significant. There is only a 0.46% possibility that this large F-value could ensue

because of noise. When the F-value of the factor is getting larger, its effect on the response
will also become greater (Kim, 2014). Prob > F or p-values less than 0.05 signify that

Table 7
ANOVA results of the regression model for the optimization of MB adsorption by Mg-PKS biochar composite
Source Suares reodom  Square VI Dbty
Model 1503.20 9 167.02 8.78 0.0046 significant
A-pH 305.04 1 305.04 16.03 0.0052
B-Time 0.64 1 0.64 0.03 0.8602
C-Dosage 89.52 1 89.52 4.70 0.0667
AB 503.24 1 503.24 26.44 0.0013
AC 75.22 1 75.22 3.95 0.0871
BC 149.04 1 149.04 7.83 0.0266
A? 5.85 1 5.85 0.31 0.5967
B? 305.48 1 305.48 16.05 0.0051
C? 197.33 1 197.33 10.37 0.0147
Residual 133.22 7 19.03
Lack of Fit 55.64 5 11.13 0.29 0.8873 not significant
Pure Error 77.582 2 38.79
Correlation Total 1636.42 16
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the model terms used are significant (Thakkar & Saraf, 2014; Wahi et al., 2014). In this
study, factors A, AB, BC, B? and C? are regarded as significant model terms. The ‘lack of
fit F-value’ of 0.29 denotes the lack of fit value is insignificant relative to the pure error.
There is an 88.73% probability that this massive ‘lack of fit F-value’ could happen because
of noise. Non-significant lack of fit is compulsory for the model to fit.

In the present work, the pH value of the solution attained the highest F-value (16.03)
amongst contact time (0.03) and adsorbent dosage (4.70), with a p-value of 0.0052 (less
than 0.05), indicating that pH factor has substantial influence in the removal of MB by
Mg-PKS biochar composite. The interaction between the effects of pH and time (AB)
obtained a high F-value of 26.44 and p-value of 0.0013 as well as the effects of time and
dosage (BC) (F-value of 7.83; p-value of 0.0266), proving that the respective interactions
give a significant result on the responses whereas AC (F-value of 3.95; p-value of 0.0871)
has fewer notable effects. The quadratic function of the effect of contact time (B?) and
adsorbent dosage (C?) with high F-values of 16.05 and 10.37, respectively, have a better
remarkable effect as compared to the effect of pH (A?) with a lower F-value of 0.31.

Three-dimensional response surface graphs that are disclosed in Figure 4a-c describe
the behaviour of the combined effects of various parameters on MB removal efficiency.
Figure 4 shows, 3D response surface graph and contour plot, are showing the effect of
(a) pH and time, (b) time and adsorbent dosage, and (¢) pH and adsorbent dosage on MB
removal efficiency by Mg-PKS biochar composite.

Figure 4a showed that shorter contact time is needed as the pH value increased to
achieve the highest MB removal efficiency onto Mg-PKS biochar composite. It is observed
that the combination of pH 10 and contact time of 30 min with a fixed adsorbent dosage
of 0.5 g gave the highest removal of 98.50%. Figure 4b described that adsorption took
about 30 min to reach equilibrium with 0.5 g as adsorbent dosage. In contrast, Figure 4c
revealed that when the combination of adsorbent dosage and pH conditions increased,
high removal efficiency could be attained. The red regions on the graph plots indicate the
highest removal of MB based on different parameters. The blue areas on the plots visualize
the lowest removal efficiency of MB by Mg-PKS biochar composite. The optimization
analysis recommends using a pH value of 10, contact time of 30 min, and adsorbent dosage
of 0.5 g to achieve 100% MB removal. The result is comparable with previous study
whereby the optimized pH value was obtained at pH 9.5 and dosage of 0.6 g by using
maple biochar (Allouss et al., 2019). Another study using cellulose-based beads mentioned
that maximum adsorption capacity for MB was obtained at higher pH (9—-10) (Choi et
al., 2020). However, Mousavi et al. (2017) showed that the best maximum adsorption
was found to be at pH 3, a dosage of 0.2 g/L with a contact time of 10 min. This result is
the opposite of the current study, probably due to the type of adsorbent used, which is V.
microphyllum activated carbon.
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Figure 4. 3D response surface graph and contour plot showing the effect of (a) pH and time, (b) time and
adsorbent dosage, and (c¢) pH and adsorbent dosage on MB removal efficiency by Mg-PKS biochar composite

Validation Experiment

The factors affecting the removal performance of MB by Mg PKS biochar were attained
via Design-Expert software: The optimum combination of pH, contact time and adsorbent
dosage suggested by the software were 8.72, 54.07 min and 0.2828 g, respectively. Based
on the RSM analysis, the predicted removal efficiency was 87.62%. Validation experiments
were conducted under the optimum parameters of pH 8.5, contact time of 55 min and
dosage of 0.3 g. Table 8 is the results of validation experiments.

From the Table 8, the actual experimental MB removal efficiency was found to be
84.97%. The percentage deviation from the predicted value was 3.02%, which means the
error is small (Zhou et al., 2019). Thus, it can be concluded that the RSM model could
predict the removal efficiency of MB by Mg-PKS biochar.
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Table 8
Validation experiment results under optimum parameters
Parameters Mg-PKS biochar composite
. . Experimental MB removal Predicted MB removal
Run pH Time (min)  Dosage (g) efficiency (%) efficiency (%)
1 8.5 55 0.3 84.97 87.62

Biochar Properties Comparison

Table 9 shows the comparison of the properties between steam activated PKS biochar and
Mg-PKS biochar. Based on the characterization of both biochars, Mg-PKS biochar has
a larger surface area of 674 m?g!' compared to steam activated PKS biochar (592 m?g™).
Mg-PKS biochar also has a larger total pore volume of 0.424 cm®g! than the total pore
volume of steam activated PKS biochar, which is 0.353 cm’g™'. Both biochars contained
high carbon content. The carbon in the biochar can develop the carbons’ structures into
pores, indicating the potential enhancement of the sorption sites on the surface of the
biochar (Liew et al., 2017). Mg-PKS biochar is porous as the adsorbent displayed high
adsorption capacity. O-H groups are present in both biochars (Figure 2). However, Mg-PKS
biochar composite managed to generate extra O-H groups, which facilitate the adsorption
ability of Mg-PKS biochar (Zhao et al., 2018). The band spectra that representing the O-H
group shifted to higher wavenumbers because of the increase in the interactions between
the hydroxyl group of the biochar and MB (Komnitsas & Zaharaki, 2016). Adsorption of
contaminants from aqueous solution by adsorbents is caused by chemical interactions such

as electrostatic interaction, cation exchange and surface precipitation (Sizmur et al., 2017).

Table 9
Comparison of the properties between steam activated PKS biochar and Mg-PKS biochar
Properties Steam activated PKS biochar Mg-PKS biochar
Specific surface area 592 m?g’! 674 m’g’!
Pore volume 0.353 cm’g’! 0.424 cm’g’!
Organic matter 70.37% 62.81%
Porosity - Porous
Functional groups O-H present Extra O-H generated
Adsorption - Higher adsorption capacity
CONCLUSION

Mg-biochar composite developed from PKS biochar exhibits excellent adsorbent properties
and high removal efficiency for MB in an aqueous solution. The Mg-PKS biochar composite
has irregular shape pore structure, a surface area of 674 m’g!' and average pore diameters
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of 7.2195 um. The optimum removal of MB onto Mg-PKS biochar composite was at pH
10, 30 min contact time and 0.5 g/100 mL dosage with a removal efficiency of 98.50%.
This study suggests the potential application of Mg treatment as an alternative to other
chemical treatment for biochar upgrading to adsorbent for removing MB from water bodies.
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ABSTRACT

The beach in Semarang’s city has a variety of uniqueness with a variety of types and
potential. The beach located on the north coast of Semarang city has various characteristics
and strengths, and weaknesses. In overcoming differences in management and avoiding
misunderstandings between governments, it prioritizes managing the coastal location.
At least four integrated coastal management sub-systems consist of Human Resources
Management, Accessibility, Beach Location Infrastructure, and Management Policies.
This research was conducted from April 2020 until August 2020, to determine the
most appropriate alternative strategy to be chosen and implemented in coastal location
management. Study analysis with an Analytical Hierarchy Process-AHP analytical
technique use with Application R - Open sources. The integrated coastal area management
can as the most appropriate coastal location management strategy to implement the current
situation and future planning. Alternative methods planned for use are the Availability of
a Security Guard, Ease of Access with Signage, Parking Lots, and Rule or regulations
to an Integrated Location. The study results stated that the best strategy is management
collaboration in the form of interrelated rules.
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was a cluster of small islands. As a result of the deposition, which is still ongoing, these
clusters are now coalesced to form the land.

According to regional governance, the definition of regional autonomy is the rights,
authorities, and obligations of the autonomous region to regulate and manage government
affairs and the interests of regional communities in the system of the Unitary State of the
Republic of Indonesia. The beach tourism sector plays an important role in realizing the
welfare needs of the community through recreation and travel and increasing state income
to realize people’s welfare. The beach tourism sector is a sector that can develop as a source
of regional income.

The role of the city government in developing the existing and untapped beach tourism
potential. Semarang City must be able to compete with other cities as a tourist destination,
not only as a transit city but also as a national and international tourist destination. Other
benefits obtained at once are the opening of job opportunities for the community, an increase
in the beach tourism industry sector, and an increase in local revenue. The city government
has made no effort to produce positive results, but the management of the coastal beach
tourism sector is still considered inadequate compared to other regions. The community
still lacks information about tourist objects and the lack of public facilities to support beach
tourism activities. There are still many conditions for damaged and unkempt tourist objects
and beach tourism preservation activities or events that are still less varied.

Broadly speaking, the role of government in beach tourism development is to provide
infrastructure (not only in physical form), expand various forms of facilities, coordinate
activities between government and private officials, regulation, and general promotion
abroad. However, it also needs input from academia as part of development. The criticism
and suggestions from this journal are to build a coastal beach tourism area with several
recommendations to do at this time.

LITERATURE REVIEW

Coastal resources provide various environmental products and services that support
various living needs and various economic activities. The potential of coastal recreation
can give hope for the adequacy of the financial needs of people’s lives, especially those
living around the coast. The most formidable challenge is that the Semarang coastline’s
length occurs by jutting into the sea with significant changes every year (Bott & Braun,
2019; Fithor et al., 2013).

Under the spatial planning and governance in the Semarang city government
environment, Semarang’s northern coastal area is worth making new beach tourism a
magnet to increase tourists’ number. The choices of resources become an essential matter
that influences the direction of utilization. It means that utilizing the type of resources might
require shifting to be raised into a new attraction (Brand & Spencer, 2019; Liu et al., 2019).
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The requirements for developing a beach tourism location are human resources, access
roads, infrastructure for coastal zones, and management policy (Wever et al., 2012). The
management policy continues to develop the beach tourism area to support management
wisely. The beach location can benefit Semarang as a provider of alternative beach tourism
at affordable prices and bring a new attraction for beach tourism (Lithgow et al., 2019).

Various studies have multiple systems in life; decision-making considers providing
a better perception and a more systematic approach in this study area. Decision-making
can do in the field of human resources and management. Decision-making and selection
processes become increasingly technical and automatically calculate the qualifications and
rankings of alternative individuals by eliminating or minimizing the subjectivity of the
decisions indicated (Artiningsih et al., 2016; Buchori et al., 2018).

Sholeh and Farid (2021) presented shared beach tourism that can be solved using an
analytic hierarchy process analysis discussed in a more depth manner that has been proven
very efficient in selecting and ranking processes. Thus, it uses as a calculation means in
this study.

The maritime beach tourism sector is inseparable from the community and local
government’s participation as a regulator. This role can implement in various forms of the
beach tourism service business. The existence of the potential of these natural attractions
cannot develop optimally. This condition has become a valuable component, including
ecosystems, communities, and socioeconomic risks under pressure from marine dynamics
(Liu et al., 2019).

Various studies conducted but reviving the atmosphere of beach tourism locations’
novelty seems not to have been studied yet. New attractions in management can be a
management challenge. Marina Beach has now managed in a mature and integrated manner
is the only coastal area managed directly by the Semarang City Government. However, the
government has not managed other beaches, such as Maron, Tirang, Baruna, and Cipta.
Therefore, the private sector’s role can take over one or several coastal locations as an offer
from the city government to the private sector, for there are many locations that might be
new attractions in Semarang (Nurhidayah & Mcllgorm, 2019).

This study recommends wise management to build strategic locations to be new
attractions to create a unique atmosphere and the latest offers to several beach tourism
sectors in Semarang. Smart management requirements include 1) the principle of
expediency to the leading industry and 2) Urban development policies equally developed
indiscriminately.

MATERIALS AND METHODS

This study was conducted in the coastal area of Semarang City precisely as in the following
map; namely several legendary beaches in the city of Semarang (Figure 1) (Sunaryo et al.,
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2018). Good management can produce some visitors who can increase the beach tourism
area, besides non-natural beach tourism in Semarang (Solihin et al., 2020).

This study is an evaluation made as a prospect of better utilization and management,
especially in the area’s control to better policies and provision of other coastal regions
considered necessary for educational beach tourism.

This method uses a boxplot reading in the image to see the distribution of data where
the maximum value, minimum value, quartile 1, 2, and 3, and extreme data will be visible.
The advantage is that this application is open source and free of charge, complete output
with visualization, and much of its use comes from the internet network. The weakness is
that it is difficult for the ordinary person to do.

Data Collection Method

Data collected includes the average and characteristics of the tourist destination, including
the number of samples divided into informants, the city government, the private sector,
and visitors or tourists.
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Figure 1. Research location
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Types and Data Sources

Primary data is data taken directly from the source that is a research object. The research
item in materials and terms determines the best choice for having recreation (Dube et al.,
2021). Secondary data is data taken indirectly from the source. In this final report, secondary
data obtained from library books, scientific journals, papers, theses, and searching for
information from the internet, which serves as the theoretical basis and complementary

primary data, besides Table 1 below.

Table 1
Pairwise comparison scale
Intensity of Importance Definition
1 The equal importance of both elements
3 Weak importance of one element over another
5 The essential or vital essence of one aspect over another
7 Demonstrated importance of one factor over another
9 The absolute volume of a component over another
2,4,6,8 Intermediate values between two adjacent judgments

Method of Collecting Data

Rstudio is an IDE (integrated development environment) of the R programming language
(Zheng et al., 2020). Steps to enter data into Rstudio:

1. Create a New Project in Rstudio, select a directory (e.g., E), then type the project
name.

Insert the excel file into the same folder as the Rstudio project.

3. Import data directly using the ‘import data’ feature. Or you can type the code
-library (readxl) - beach <- read_excel (“Pantai.xlsx”, sheet = “according to which
sheet will be analyzed”)

4. Make sure you have installed the readxl packages; if not, you can type the code.
install.packages (“readxl”).

5. Make sure you are connected to the Internet when installing packages.

Criteria and Alternative Assessment

A scale of 1 to 9 is the best in expressing opinions on various issues. In this AHP, alternative
assessment can do by the direct method (direct), the method used to enter quantitative data
(Sholeh & Farid, 2021). Considerations for pairwise comparisons to gain overall importance

through the following stages, besides in Table 2 below.
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Table 2
The framework of the value evaluation and follow-up of the indicators

Indicator

Criteria

Al.
A2.
A3.
A4.

B1
B2

C1

Security officer availability
Customer service availability
Cleaning service availability

Entrance ticket availability

. Easy access for private vehicles

. Easy access to public transportation
B3.
B4.

Ease of access with signage

Ease of access with expressway and railroad

. Parking lot
C2.
C3.
C4.
DI1.
D2.
D3.
D4.

Swimming pool

Kids garden

Jogging track

Rules or regulations related to studying tour groups
Rules or regulation related to tourist-specific locations
Rules or regulation related to an integrated location

Rules or regulation related to management authority

Human Resources (A)

Accessibility (B)

Infrastructure ( C)

Policy (D)

RESULTS

This study found both government and private sector made similar evaluations. There was

the role of visitors but only a little in terms of enjoying beach tourism objects. It should

underline that Indonesia’s policy manager always experiences a deadlock in management

that often overlaps.
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In Figure 2, the boxplot shows that A1 criterion has the highest proportion of weight
compared to other criteria. The boxplot position of each criterion follows the calculation
of the weight proportion that has previously to obtain. The average CR is 0.075.

Based on the priority value, in the A1 boxplot, the image shows a priority weight
of 44.87%, and below, the square image already represents, it can determine that the A1l
criterion can select as a priority in making decisions—security guard — A1 needs for beach
tourism object in Semarang. The moral responsibility of residents is still very lacking in
terms of maintaining cleanliness. It has become the residents’ bad habit. Convenience and
some attractions affect several beaches, with moderate category values in management
(Abbasi-Moud et al., 2021).

In Figure 3, the boxplot shows that the B3 criterion has the highest proportion of weight
compared to other criteria. The boxplot position of each criterion follows the calculation
of the weight proportion that has previously to obtain. The average CR is 0.107.

Nurhidayah and Mcllgorm (2019) ease access to signage is essential in collaboration
with residents around the beach by placing object choices in Semarang’s society. In the B3
boxplot, the image shows a priority weight of 52.88%, and below, the square image already
represents. Existing policies from the past few years need to be evaluated and improved
according to the existing access. Analysis of tourist visits is required to manage without
building new locations (Abbasi-Moud et al., 2021).

In Figure 4, the boxplot shows that the C1 criterion has the highest proportion of weight
compared to other criteria. The boxplot position of each criterion follows the calculation
of the weight proportion that has previously to obtain. The average CR is 0.144.

In the C1 boxplot, the image shows a priority weight of 43.75%, and below, the square
image already represents. Furthermore, economic value is uncertain, but the government’s
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relationship should raise economic value rather than regional expenditure income (Sunaryo
etal., 2018). Just a Parking lot is undoubtedly an absolute beach tourism undertaking with
third parties. It makes managers focus on beach tourism vehicles’ security, provide entry
tickets for treatment (not anyone who can manage it), and convenience in the tourist sites.

In Figure 5, the boxplot shows that the D3 criterion has the highest proportion of weight
compared to other criteria. The boxplot position of each criterion follows the calculation
of the weight proportion that has previously to obtain. The average CR is 0.2.

1482 Pertanika J. Sci. & Technol. 29 (3): 1475 - 1486 (2021)



New-Semarang Coastal Resources Management

In the D3 boxplot, the image shows a priority weight of 53.66%, and below, the
square image already represents (Antunes do Carmo, 2019). The construction of the sea
highway on the city’s north coast has become a chance for the residents to make it easy
to bring in tourists from outside Semarang (Artiningsih et al., 2016). The interview with
the respondents, especially with the city leaders, might evaluate several beaches’ current
management concept, whether they are still following their land. New policies on the
priority scale become a vital object to avoid misunderstandings (Aznar, 2021).

DISCUSSION

This study resulted in a new strategy in terms of beach recreation management. Instead of
strengthening cooperation between individuals, prioritizing a new system might be better
instead. The designs provide security personnel, free access to the coast supported by
highways and railroads, plan parking lots and prioritize integrated management policies.

Those strategies expect to be a new strategy for refreshing the Semarang city
government. Therefore, cross-sectoral cooperation is needed with one of the manifestations
to divert the management of beach tourism areas in some of these beach locations belonging
to the Semarang city government. Hopefully, this strategy also can be adapted to other
beaches. The city government takes the following steps in implementing the following
strategies.

Planning

Strategic planning that schedules development activities, all programs that support and
create good community services, including efforts to improve the performance and capacity
of the bureaucracy, management systems and utilization of information technology with
policies directed at increasing tourist visits, improving the management of objects and
beach tourism partnerships in the form of 1). Improve the performance of the apparatus;
2). Increasing the quality and quantity of beach tourism destinations; 3). Increase the
number of foreign and domestic tourist visits; 4). Improve the facilities and infrastructure
and event; 5). Increase the professionalism of human beach tourism resources (Sholeh &
Farid, 2021; Solihin et al., 2020).

Organizing

The findings show that city governments have limited human resources in carrying out
their duties and functions. The ability to exist human resources is not optimal because not
all of them know about beach tourism (Bott & Braun, 2019).
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Program Implementation and Implementation

The field’s findings reveal that having human resources who do not have an educational
background in the beach tourism sector makes it difficult to optimize performance, while
the beach tourism sector is a complex field (Dube et al., 2021; Sholeh & Farid, 2021).

Findings in the field the implementation of strategies to improve the quality and quantity
of beach tourism destinations is carried out by developing existing tourist destinations and
searching for and exploring undiscovered potential beach tourism objects to become new
tourist attractions. However, the implementation has not been optimal, as evidenced by
the disappointment felt by tourists and business actors with the condition of facilities and
access to several beach beach tourism attractions—the process of determining/developing
a long attraction and the attitude of indigenous people.

The implementation of the strategy to increase the number of foreign and local
tourist visits by adding several tourist attractions in various tourist objects and significant
recurring events held every year. Implementation of beach tourism promotion and
marketing activities essential in beach tourism development, making promotional materials,
procuring promotional media at home and abroad. Collaboration with private parties,
namely hotels and travel tours, in the form of an appeal to provide space for beach tourism
promotion and offers of tour packages to tourist objects. However, behind the increase,
in its implementation, a problem was found that was sufficient to increase tourist visits.
The problem is branding, which tourists still know as a transit city, not a destination city.

Implementing strategies to improve the infrastructure to be less than optimal where
there were complaints from tourists regarding traveling comfort, limited budgets, and lack
of synergy between stakeholders and related service offices. However, efforts to recommend
permits for tourist attractions, and fostering the implementation of beach tourism following
the legislation, have continued to be carried out to results in satisfactory results where the
number of hotels has increased on average and reached the targeted number.

This partnership-building activity program is scheduled and carried out regularly. In
this activity, education on beach tourism gives to beach tourism business actors from the
government by presenting speakers who are competent in their fields—carrying out the
development of beach tourism activities, discussing the urgency of the problems found and
solving problems, and finding the best solutions to overcome the problems experienced by
beach tourism business actors. Training and coaching focus and order human resources
engaged in the existing beach tourism sector by implementing such training, education, and
coaching can help beach tourism human resources optimally and create HR professionalism.

Monitoring and Evaluation

To determine the extent to which the strategic plan requires evaluation activities annually,
the government does not evaluate the strategy annually. The beach tourism management
strategy is only a plan and does not work as it should (Bott & Braun, 2019).
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CONCLUSION

Management consistency needs a more dignified beach recreation management framework-
this the private sector’s desire to manage new beach tourism to increase its income and
employees. City governments must improve planning for area preservation, management,
maintenance, and quality development of beach beach tourism areas. Improvements in the
bureaucratic system to facilitate the planning process to increase the quality and quantity of
beach tourism destinations must be more intense in coordination between related agencies to
carry out activities to improve facilities and infrastructure in several coastal beach tourism.
Making technological developments and globalization, providing more opportunities for
the community to take an active role in beach tourism marketing activities by organizing
creative activities so that people are more enthusiastic about beach tourism activities.
Increase cooperation with the private sector by planning and implementing beach tourism
activities involving the private sector to feel given a forum and support to participate in
joint activities. Improve coordination with beach tourism activists and entrepreneurs.
It enabled Semarang City’s branding as a beach beach tourism destination by holding
various promotional activities and beach tourism activists and entrepreneurs, conducting
cooperation in coastal beach tourism management with the private sector.
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ABSTRACT

Organic and inorganic substances are released into the environment because of domestic,
agricultural, and industrial activities which contribute to the pollution of water bodies.
Removal of these substances from wastewater using conventional treatment involves
high energy cost for mechanical aeration to provide oxygen for aerobic digestion system.
During this process, the aerobic bacteria rapidly consume the organic matter and convert
it into single cell proteins, water, and carbon dioxide. Alternatively, this biological
treatment step can be accomplished by growing microalgae in the wastewater. Chlorella
vulgaris immobilized in calcium alginate was used to study the removal efficiency of main
nutrients in wastewater such as ammonium and phosphate that act as an important factor in
microalgae growth. The immobilized cells demonstrated higher percentage of ammonium
and phosphate removal of 83% and 79% respectively, compared to free-suspended cells
(76% and 56%). COD removal recorded was 89% and 83% for immobilized cells and free-
suspended cells, respectively. The kinetics parameters of nutrients removal for immobilized
C. vulgaris in synthetic wastewater were also determined. The specific ammonium removal
rates (R,) and phosphate removal rates (Rp) for Chlorella vulgaris in synthetic wastewater
were 8.3 mg.L'day! and 7.9 mg.L-'day’!, respectively. On the other hand, the kinetic
coefficient for each nutrient removal determined were k, = 0.0462 L.mg"' day' NH, and &, =
0.0352 L.mg'day! PO?[ . This study proves the application of immobilized microalgae cells
is advantageous to the wastewater treatment efficiency. Furthermore, optimization on the

immobilization process can be conducted to
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INTRODUCTION

Microalgae are unicellular photosynthetic organisms consist of both prokaryotic and
eukaryotic and commonly grow in various aquatic environments. Photosynthetic algae
are important to the global nutrients cycle such as carbon and oxygen and about 40% of
photosynthesis is performed by microalgae (Benedetti et al., 2018). They can easily grow
with adequate amounts of carbon (C), nitrogen (N), and phosporus (P) with other essential
trace elements (Stockenreiter et al., 2016). In recent years, microalgae have been widely
applied in various biotechnology areas such as aquaculture, cosmetic, food and pharmaceutical
industries (Rizwan et al., 2018). In addition to that, microalgae have shown a great potential
to treat the industrial wastes such as petroleum, heavy metals, dyes, and toxic gases (Kaur
et al., 2019; Qiu et al., 2019). These versatile microalgae can also be used in the treatment
of agro-industrial (Halim et al., 2019) and aquaculture effluent (Tejido-Nunez et al., 2019).

Water pollution that mainly consists of nitrogen and phosphorus has become a serious
issue to environment which contributes to eutrophication. Eutrophication is known as the
nutrient enrichment that may change the structure and function of aquatic ecosystems
(Pacheco et al., 2015). It can cause damage to biodiversity, ecosystem sustainability and
affects human health. Alternatively, these pollutants can be utilized for microalgae growth.
Both water medium and necessary nutrients are freely available from the wastewater that
are ideal for microalgae cultivation. With various mode of metabolism, microalgae can
remove a common pollutant from the water course. Therefore, integrating wastewater
treatment with algae cultivation may have the economic potential and simultaneously
promoting green technology to treat wastewater as well as contributing to the algae-based
chemicals production.

Utilization of free suspended microalgae cells in wastewater treatment has a great
potential in removing the nutrients in the wastewater. Despite of the low cost and shorter
hydraulic retention time (HRT) compared to the conventional wastewater treatment, this
system has low cell loadings and biomass removal issue. The nature of the cells that are
negatively charged and small in size (5-50 um) prevent cells aggregation (Wu et al.,
2012). Therefore, the removal of the algal biomass from the treated water requires high
energy intensive and costly operation. Various methods have been used to address the
biomass removals such as centrifugation, filtration, flotation, and flocculation. On the
other hand, immobilization technique can be used to solve the biomass harvesting issue
and simultaneously retaining the high-value biomass for further processing.

Various methods of microalgae immobilization have been reported (Kaparaku, 2017).
Among them are adsorption on a surface, encapsulation, entrapment within a matrix and
containment within a polymer. Majority of the works used entrapment method by employing
natural and synthetic polymers. The utilization of alginate bead has been considered as one
of the most suitable methods for cell immobilization. This is due to their characteristics
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of mild gelation properties, inert aqueous matrix with high porosity that help preserve the
physiological properties and functionality of the encapsulated cells (Gao et al., 2016).
Moreover, the entrapped microalgae are protected from mechanical stress while nutrients
and metabolites can diffuse through the semi-permeable bead (Acarregui et al., 2012).
Studies have shown that immobilized cells are more efficient in removing N and P with
higher cell loading as compared to free suspended cells (De-Bashan & Bashan, 2010). In
this study, microalgae were immobilized in alginate beads and the removal efficiency of the
main nutrients and COD was compared with free suspended microalgae cells. The kinetics
parameters of nutrients removal for immobilized C. vulgaris in synthetic wastewater were
also determined.

METHOD
Microalgae Strains

Chlorella vulgaris (Algae Research Laboratory, Institute of Ocean and Earth Sciences,
University Malaya) was grown in Tris—acetate—phosphorus (TAP) media and 150 rpm in
a rotary shaker. The microalgae cells were grown at room temperature (25°C) in 12 hours
light and 12 hours dark cycles.

Immobilization of Microalgae

150 mL of microalgae containing 5x10° cells/mL was centrifuged at 3500 rpm for 10
minutes. The cells were suspended and mixed with 80 mL of 2% alginate solution, and
slowly mixed with a stirrer for 15 minutes. The alginate beads were obtained by dropping
the alginate—algae mixture from a syringe into 2% CacCl, solution. The beads formed were
left for 1 hour in the solution for hardening process. These beads were washed off several
times with sterile distilled water until their pH reached pH 7.

Synthetic Wastewater Preparation

Synthetic wastewater for the experiment was prepared using the following components
(mg/L): Glucose (256.41), NH,CI (35.33) and KH,PO, (43.8) to obtain 300 mg/L of
Chemical Oxygen Demand (COD), 10 mg/L of ammonium and 10 mg/L of phosphorus.
The pH was adjusted to 7 with KOH (Hernandez et al., 2006; Mujtaba et al., 2015).

Determination of Microalgae Growth

Cell number was determined once in every two days, using a hemacytometer under a
microscope. 10 pl of cell suspension (or 1 drop from a transfer pipette) was added to the
hemacytometer and cells were observed under the microscope. For immobilized cells in
alginate beads, ten beads were taken from flask and solubilised by immersion in 1 mL of
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4% NaHCO; solution for 30 minutes before the cells were observed under microscope. In
determining the optical density, 1 mL of the sample was taken every two days and measured
by spectrophotometer at 680 nm of wavelength.

Analytical Tests

The performance of wastewater treatment by microalgae system was indicated by the
percentage of COD and nutrients (i.e., ammonium and phosphorus) removals. The
percentage of removal was calculated as shown in Equation 1.

% J= Initial concentration (m g/L) — Final concentration (m g/L) 100
bof removal = Initial concentration (m g/L)

[1]

Standard methods for the examination of wastewater were used to analyse the COD,
ammonium, and phosphorus removals (APHA, 1999). COD, ammonium, and phosphorus
were respectively analysed by closed reflux of colorimetric method, phenate method and
ascorbic acid method.

RESULTS AND DISCUSSION
Growth of C. Vulgaris in TAP Media

The growth profile of free suspended and immobilized Chlorella vulgaris in TAP media is
shown in Figure 1. Two main growth phases were observed during 10 days of experiment
(log phase and stationary phase). No lag phase was observed for both microalgae cultures.
The cells number increased exponentially and reached the maximum cells concentration of
53 x 10° cells/mL and entered the stationary phase on day eight of the experiment for free
suspended cells. Similar trend was observed for immobilized C. vulgaris which showed
rapid growth with maximum cells concentration of 64 x 10° cells/mL. Immobilized cells
showed better growth than free suspended cells as reported by other studies (Aguilar-
May & Sanchez-Saavedra, 2009; Singh, 2003). Ruiz-Marin et al. (2010) reported similar
observation on the cell growth where the cells number increased rapidly once the beads were
added into the medium. However, immobilized cells may also undergo lag phase because
of cell adaptation to the new environment (Shen et al., 2017). The specific growth rate of
the immobilized cells is comparable to the free suspended cells during the exponential
phase which are 0.13 day! and 0.10 day', respectively. This result shows that the growth
of the encapsulated algal cells was not reduced compared to the free cells. The medium
nutrients can diffuse through the semi-permeable beads allowing the cell to undergo the
cell division process. On the contrary, some entrapment matrices made from synthetic
material may produce small pore bead size that restricts nutrients diffusion which affect the
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Figure 1. Growth profile of Chlorella vulgaris in TAP media and synthetic wastewater. Error bar shows one
standard deviation of mean (n=3)

cell morphology and viability (Shen et al., 2017). Moreover, high cell loading may impede
the cell growth as there is limited space for the cell to grow or possibly due to restriction
on nutrient movement (Leenen et al., 1996). Nevertheless, the results prove that alginate
can be used efficiently for cell immobilization.

Growth of Chlorella vulgaris in Synthetic Wastewater

The growth profile of both free suspended cells and immobilized cells cultivated in synthetic
wastewater is illustrated in Figure 1. Similar trend of growth was observed for both cultures
as compared to the growth in TAP media. Maximum concentration for free suspended cells
and immobilized cells were 13 x 10° cells/mL and 20 x 10° cells/mL respectively. The
increase in cell numbers indicated that the algal cells were able to undergo cell division
when cultivated in a limited nutrient medium. While the specific growth rate of free
suspension cells and immobilized cells were 0.119 day™! and 0.122 day' respectively. The
maximum number of cells grown in synthetic wastewater were slightly lower than the one
cultivated in TAP media which was expected as TAP media contains optimum nutrients
needed for microalgae growth while the synthetic medium only consist a few nutrients.
However, these data show that synthetic wastewater were able to support the growth of the
cells with the minimum nutrients of ammonium, phosphate, and carbon source (glucose).

Nutrients Removal

The removal of ammonium by the free suspended and immobilized cells is shown in
Figure 2. Nitrogen in the form of ammonium is essential to many functional components
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Figure 2. The percentage removal of ammonium by free suspension cells and immobilized cells. Error
bar shows one standard deviation (n=3)

of algae and reported to be the main source of nitrogen for algae. The nutrient uptake
occurs through direct assimilation between the cells and ammonium based on the form
and concentration available (Sanz-Luque et al., 2015). Both cells type achieved rapid
removal of 51-58% on day 2 and gradually increased until day 10. The rate of ammonium
removal is at the highest during the first two days when the nutrient availability was high.
The high ammonia concentration triggered the rapid uptake where the cells passed from
a least concentrated to a more concentrated medium. As the day progressed, the nutrient
uptake slows down and achieved a total of 76% and 83% ammonium removal on day 10
for free and immobilized cells, respectively. The results show the immobilized C. vulgaris
has slightly higher percentage removal than the free suspended cells. These values were
well correlated with the cell concentration profile in Figure 1. Similar trend was reported
by several studies on higher ammonium removal for alginate-immobilized microalgae as
compared to the free suspended cells (Banerjee et al., 2019; Soo et al., 2017).

The phosphate uptake by the cells started slowing around 21% and 26 % on day 2 and
achieved final removal of 56% and 79% on day 10 for free cells and immobilized cells
respectively (Figure 3). The percentage nutrient removal by microalgae cells is lower for
phosphate compared to the ammonium especially for free suspended cells. In general,
ammonium is the most preferable nitrogen source as it requires less energy for its uptake
compared to the other form of nutrients (Delgadillo-Mirquez et al., 2016). Similar trend
was observed by other studies which reported higher removal of ammonium compared to
phosphate (Samsudin et al., 2018; Shen et al., 2017). Rapid removal of COD was observed
on day 2 by freely suspended (61%) and immobilized (71%) C. vulgaris (Figure 4). The
percentage removal gradually increased until day 10 with maximum removal of §9% by
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Figure 3. The percentage removal of phosphate by free suspension cells and immobilized
cells. Error bar shows one standard deviation (n=3)
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Figure 4. The percentage removal of COD by free suspension cells and immobilized cells. Error bar shows
one standard deviation (n=3)

the immobilized cells and 83% for free cells. On the first 2 days of the cell cultivation, the
cells were actively doubling their number in which reflected the higher uptake of glucose
that provide high amount of energy needed for the cell’s activities, hence the consumption
of glucose as the carbon source was very high within the short period. This indicates high
efficiency removal of COD by microalgae cells.

Based on the results discussed above, the performance of nutrient removal of
immobilized microalgae is relatively higher compared to the free cells. Immobilized
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Chlorella vulgaris exhibits uptake rates of 23%, 7% and 6% higher than suspended free
algae for phosphate, ammonium, and COD, respectively. This result is consistent with
the previous findings in other study (Covarrubias et al., 2012). The enhanced removal
performance can be described based on the chemical interactions between alginate
matrix and the nutrients. The presence of carboxyl group (COO") attracts cations and
the free binding site on the surface of the alginate matrix provides the medium for
physical adsorption for both NH** and PO, ions before assimilation process occur by
the encapsulated algae (Banerjee et al., 2019). Higher adsorption rate is expected with
increment in alginate concentration. The optimum adsorption rate was achieved at 3%
alginate concentration with high removal of nutrients conducted using Chlorella vulgaris
(Banerjee et al., 2019). The removal of nutrients by the alginate bead alone was reported
to be minimal compared to the alginate-immobilized microalgae cells (Banerjee et al.,
2019). Even though the contribution of alginate in removing nutrients are evident, the
primary mechanism of nutrient removal through microalgae uptake is more significant
compared to the chemical and physical processes. Moreover, the utilization of immobilized
cells using alginate matrix provides protective environment against the mechanical shear
stress and external microorganisms contamination which enhanced the overall nutrients
removal performance.

Kinetics of Nutrient Removal by Immobilized Chlorella vulgaris

In this study, the ammonium and phosphate removal rates were determined using Equation
2.
S,-S;

R=220 2]
Where R represents the removal rate of nutrients (ammonium and phosphate), S, represents
the initial concentration of nutrients, S, is the nutrient concentration at time #;and ¢, is the
time when there was no significant change taking place for nutrient concentration. The
specific ammonium removal rates (R,) and phosphate removal rates (Rp) for Chlorella
vulgaris in synthetic wastewater were 8.3 mg.L-'day! and 7.9 mg.L-'day, respectively.

In this study, ammonium and phosphate removal fitted well with the second order
reaction of equal initial concentration of nutrients (ammonium and phosphate). The defining
second-order differential Equation 3 and 4 as below:

dc
A= —d—tA = kCi = kCZ(1 - X,)? [3]
Which on integration yields

RN S v — [4]
Ca Cao Cao 1-Xau
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Therefore, the reaction of ammonium and phosphate can be expressed by Equation 5.
CA = CAO e_kt [5]

where C, represents nutrient concentration at time ¢, C 4, represents the initial concentration
of nutrient, and £ is the second order reaction constant.

Experimental data given in Figure 2 were plotted in the form of 1/C, versus time as
shown in Figure 5. From the slope and intercept of best fit line of this plot, kinetic coefficient
of ammonium removal by C. vulgaris were determined with k, = 0.0462 L.mg"' day' NH,
(R*=10.98006).

Similarly, from the experimental data in Figure 3, the coefficient for phosphate removal
was found with k» = 0.0352 L.mg"' day"'! PO?[ from the intercept and slope of best fit line
of 1/ C, versus time, (R*? = 0.8711) as illustrated in Figure 6.

The yield coefficient for ammonium and phosphate removal was calculated using

Equation 6.
Cc—C,
i [6]

where Y'is the yield of biomass linked with the consumption of nutrients, S,, is initial nutrient
concentrations and S is final nutrient concentration. C represents the concentration of cells
with respect to the nutrient S and C,, is the initial concentration of the cells. Therefore,
the kinetics parameters of nutrients removal for C. vulgaris in synthetic wastewater are

summarized in Table 1.
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Figure 5. Determination of kinetic coefficient for ammonium removal by C. vulgaris
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Figure 6. Determination of kinetic coefficient for phosphate removal by C. vulgaris

The specific ammonium removal rates
(R,) and phosphate removal rates (Rp) for C.
vulgaris obtained were 8.3 mg.L-'day! and
7.9 mg.L-'day’, respectively. Other studies
reported various results depending on the
condition of the experiments such as the
initial nutrient concentration, reaction time,
and bead’s condition. Aslan and Kapdan
(2006) reported 10.5 mg NH, L-'day and
2.0mg PO?[ L-'day'while Lau et al. (1998)
obtained 5.44 mg NH, L'day'and 1.3 mg
PO, L-'day, both were using C. vulgaris
cells. On the other hand, the biomass yield

Table 1
Kinetics parameters of nutrients removal for
immobilized C. vulgaris in synthetic wastewater

Kinetics Parameters Data
Initial N/P

(mass ratio) 1
R, (mg.L'day") 83
Rp(mg.L'day™) 7.9
Y, (mg mg' A) 0.0407
Y, (mg mg' P) 0.0318
Yo Y, 0.781
ks (L.mg'day' NHy) 0.0462
ke (L.mg" day' PO; ) 0.0352

based on ammonium and phosphate consumption obtained were 0.0407 mg.mg'NH, and

0.0318 mg.mg! PO?[ respectively. The ratio of % (0.781) indicates the amount of the
P

ratio of P/A required (mg P consumed/mg A consumed) to produce the same unit amount

of biomass. The kinetic coefficient for ammonium and phosphate removal were determined
based on second order reaction model with &k, = 0.0462 L.mg"' day' NH, and k» = 0.0352
L.mg'day" PO?( . In other study the kinetic coefficients reported were k, = 0.00249 L.mg’!
day!'NH, and k», = 0.192 L.mg! day! PO, for ammonium and phosphate removal by C.

vulgaris respectively (Banerjee et al., 2019). The difference value between these kinetic

coefficients is due to the different conditions of the experiments as well as the model used.
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CONCLUSION

This present study demonstrated that alginate immobilized C. vulgaris showed higher
nutrients (ammonium and phosphate) and COD removal efficiency from the synthetic
wastewater than the free cells. The percentage removal of ammonium and phosphate for
immobilized cells were about 83% and 79%, respectively compared to free suspension
cells which were 75% for ammonium removal and 56% for phosphate removal. Similarly,
with the COD, over 80% of glucose were removed from the synthetic wastewater by
both the alginate immobilized microalgae cells and free cells within 10 days. The main
reasons for high removal performance could be correlated to the high metabolic activities
of the immobilized cells and the interaction between the supporting materials and the
nutrients ions in wastewater. The kinetics data determined in this study include, the
specific ammonium removal rates (R,) and phosphate removal rates (Rp) which were 8.3
mg.L'day! and 7.9 mg.L'day", respectively. Moreover, the kinetic coefficient for each
nutrient removal obtained were £, = 0.0462 L.mg ! day' NH, and k, = 0.0352 L.mg! day'
PO?[ . The findings from this study provide some insights on the utilization of immobilized
cells in wastewater treatment. Nevertheless, this method can be further integrated with
several components such as CO, biofixation and biofuel production to efficiently manage
the environmental issues.
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ABSTRACT

Agro-waste can be commercialised into another useful product such as natural coagulant for
wastewater treatment. The purpose of this study was to quantify the ability of agro-waste
(Manihot esculenta peel extract (MEP)) as an aid alongside the utilisation of chemical
coagulant (polyaluminium chloride (PAC)) based on the removal percentages of selected
parameters at the optimum coagulant dosage and pH of stabilised leachate. Series of jar
tests were used to compare the leachate treatments using single and the dual coagulant of
PAC and MEP with respective standard methods to analyse the removal parameters, i.e.,
Colorimetric (APHA Method:5220 C, HACH Method:8000) for chemical oxygen demand
(COD), Conductimetric (APHA Method: 4500-N, HACH Method: 8038) for ammonia
nitrogen (AN), Nephelometric (APHA Method:2130) for turbidity, Spectrophotometric
(APHA Method: 2120 B, HACH Method: 8025) for colour, and Gravimetric (APHA
Method:2540 D, HACH Method:630) for suspended solids (SS). Leachate treatment
using the application of single PAC coagulant at the optimum conditions of 3,750 mg/L

dosage and pH 6.0 of leachate managed
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34% of AN, 96.9% of turbidity, 92.1% of colour, and 99% of SS. The application of MEP
as coagulant aid also managed to reduce the aluminium (Al) content in PAC dosage from
577.5 mg/L to 539.0 mg/L without affecting much of its efficiency.

Keywords: Coagulation-flocculation; jar test; natural coagulant; polyaluminium chloride; removal efficiency

INTRODUCTION

The percolation of rainwater through the degraded solid waste in the open landfill has
resulted in the generation of leachate (Aziz et al., 2015). According to its classification,
the composition of leachate may contain loads of toxic elements, which are harmful to
the environment. The ignorance to treat leachate through proper disposal also could cause
unpleasant pollution to receiving waters such as ground aquifers (Kamaruddin et al.,
2015). The contents of chemical oxygen demand (COD), ammonia nitrogen (AN), and
heavy metals are among a few of most environmental threats that become the significant
considerations for leachate to be treated (Yusoff & Zuki et al., 2015). COD is a chemical
indicator that indicates the required oxygen to oxidise soluble and suspended organic
matter. The high concentration of COD signs the degradation of the dissolved oxygen
levels in water bodies. Meanwhile, the high level of AN can cause toxicity to aquatic life
and human beings when the leachate leaks to the water resources (Mehmood et al., 2009).
For instance, the villagers around Simpang Renggam’s landfill site (SRLS) are jeopardised
due to the exposure of contaminated water sources with high levels of AN. The untreated
AN also becomes the main factor of reduced performances for biological treatments,
dissolved oxygen reduction, and speeded up eutrophication in surface water (Aziz et al.,
2015). Meanwhile, the high concentrations of suspended solids (SS), turbidity, and colour
would eventually result in the poor aesthetic quality of the water (Wang et al., 2017).
Physical and chemical treatments such as the coagulation-flocculation (CF) process
using jar test with the help of coagulating agents are favoured for the treatment of stabilised
leachate due to its characteristics (Syafalni et al., 2012). In the CF treatment, the usage
of effective coagulants is important. In this study, to tackle the drawbacks of chemical
coagulant, the raw Manihot esculenta peel extract (MEP) peel is used and recycled as a
natural coagulant aid to treat stabilised leachate. The peels were obtained from a chip’s
factory at Parit Raja, Johor, Malaysia. MEP may have been used as a coagulant aid in
water and wastewater treatment, but MEP is never used for leachate treatment to the
best of our knowledge. The chemical analysis of MEP has verified its competence as a
natural coagulant through the existence of polysaccharides form of sugars (holocellulose
and starch). Besides, the existence of functional groups (carboxyl, hydroxyl, and amino
groups) from pectin, cellulose, and amino acids may also have cogency as flocculating
agent (Mohd-Salleh et al., 2020a; Asharuddin et al., 2017). Asharuddin et al. (2018) used
the same source of coagulant and alum as a dual coagulant to remove turbidity from dam

1504 Pertanika J. Sci. & Technol. 29 (3): 1503 - 1516 (2021)



Treat-ability of Manihot esculenta Peel Extract as Coagulant

water and achieved 91.47% removal. The MEP as the natural coagulant used in this study
is made and developed from scratch without any chemical modification. Therefore, the
purpose of this study was to quantify the ability of agro-waste (MEP) as an aid alongside
the utilisation of chemical coagulant (PAC) based on the removal percentages of COD, AN,
turbidity, colour and SS at the optimum coagulant dosage and pH of stabilised leachate.
Basically, this study attempts to develop a green coagulant aid for the treatment of high-
strength polluted wastewater. The effort of the study is also relevant as the developed natural
coagulant could emphasise more usage of agro-waste as a natural material and give benefits
to low social communities. This approach aims to increase the recycling and recovery rate
of waste while improving the management of landfills to reduce the amount of waste and
pollution. Furthermore, the findings would be useful for conserving human health and the
environment as the consequence of the treatment of landfill leachate. In the dimension
of economic development, this study would assist in sustainable energy for drivers and
enablers and increasing innovation and productivity to the next level in the imperatives
by focusing on natural coagulants and landfill leachate. Specifically, this study may also
be a jumping-off point towards researchers, through the optimisation of leachate pH and
dosages of PAC and MEP as a guideline to select a suitable condition range for leachate
treatment with better removal percentages of respective contaminants in the future.

MATERIALS AND METHODS
Leachate Sampling

The leachate sample was taken from the Simpang Renggam landfill site (SRLS) (1°53°41
“N 103°22°35” E). SRLS is built in 1996 and still operating up to 2019 with 6 hectares
in total size. As for now, the landfill is closed to focus on the treatment of left leachate.
Approximately 250 tons of solid wastes were disposed into SRLS daily during its operation,
which was over the limit practice. Based on the latest leachate characterisation study done
by Mohd-Salleh et al. (2020b) and Zailani et al. (2018) that used the leachate samples
taken from the same study area, the landfill was validated to generate stabilised leachate.

Preparation of Manihot Esculenta Extract Peel Coagulant and Stock Solution

Manihot esculenta peels (MEP) were collected from the chip’s factory at Parit Raja, Johor,
Malaysia. There is no cost to produce this natural coagulant because it is an agro-waste
taken from the chip’s factory for free. On the same day, upon arrival in the laboratory, the
peels were separated from the big tubers and washed with tap water to remove the attached
soils and impurities. The preparation of starch powder from the peels was according to the
study done by Asharuddin et al. (2017) and Mohd-Salleh et al. (2020a). The brown peels
were expelled, and only the white flesh from the cortex was scratched using a scratcher. The
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white flesh was blended using a domestic blender with distilled water. Next, the white flesh
solution was filtered using a muslin cloth to filter the flesh waste. The blended white flesh
was settled down for 24 hours, and the excess distilled water was rinsed out. The sticky
blended white flesh was spread onto a tray and sundried until completely dry. Finally, the
dried white flesh was smashed into a fine powder and stored in a tight container at room
temperature. Figures 1 and 2 show the peels and their powder form. The stock solution
of MEP was made in a concentration of 1% by diluting 1 gram of MEP into 100 mL of
distilled water. A preliminary study was done to select the optimum concentration of MEP
between 0.5%, 1%, 3%, 5%, and 7% in treating leachate, of which 1% of MEP had shown
satisfactory removal (Mohd-Salleh et al., 2020a). Thus, it was used in this study.

Figure 1. Manihot esculenta peels Figure 2. Powder form of MEP extract

Preparation of Polyaluminium Chloride Stock Solution

Polyaluminium chloride (R&M brand) was purchased from the local laboratory supplier
that cost $15 per bottle. The preparation of PAC’s stock solution was done by following
the methodology of Mohd-Salleh et al. (2018) and Ni et al. (2015) that used 10% of PAC.
The coagulant needed to be prepared freshly; thus, it was prepared on the same day as the
jar test for the CF process. To make a 10% concentration of the stock solution, 10 grams of
PAC were weighed and diluted into 100 mL of distilled water. The compound formula for
PAC is AL,CI(OH) with total 174.75 g/m of molar mass (A1=26.982, O=16, H=1, CI=35.45).

Experimental Procedure

The CF experiments were performed in a conventional jar-test apparatus (VELP-Scientifica,
Model: J LT6, Italy) comprising six paddle rotors (2.5 cm x 7.5 cm), equipped with 6
beakers of 1 L each. The operating conditions of the jar test in this study were according to
the study of Shaylinda et al. (2014). Two mixing stages were applied, i.e., rapid mixing at
200 revolutions per minute (rpm) for 4 minutes and slow mixing at 30 rpm for 15 minutes.
The time and speed for rapid and slow mixings were set with an automatic controller. The
settling process was set for 30 minutes. The volume of the leachate sample used in the
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study was 500 mL (Zainol et al., 2011). In the jar test of the CF process, two factors were
considered in determining the optimum treatment process, i.e., the coagulant dosage and
leachate pH by dual and single coagulants of PAC and MEP.

In the CF treatment process, by using a single coagulant, a range of coagulant dosages of
single MEP and PAC would be added into the respective altered pH of the leachate sample,
right before the rapid mixing started. While for the treatment process using a dual coagulant,
arange of coagulant dosage of MEP was added in the second stage of flocculation. The idea
of dual coagulant was similar to the double dosage of different coagulants in one treatment.
The dosage of PAC was added before the rapid mixing started, while the addition of MEP
was done before the slow mixing of the jar test. The pH of the leachate sample was altered
by using 1N hydrochloric acid (HCI) and 1N sodium hydroxide (NaOH) to obtain the
desired pH 3.0-10.0 range. The experiments were carried out based on the conventional
optimisation method of the one-factor-at-a-time (OFAT) method, which involved the try
and error practices (Shaylinda et al., 2014).

Optimisation of Coagulant Dosage and Leachate pH

The selected range of dosages in leachate treatment by using a single PAC coagulant
was from 2,250 mg/L to 4,500 mg/L (Mohd-Salleh et al., 2018). This dosage range was
decided based on the preliminary study of dosage optimisation by using macro and micro
ranges of coagulant dosages. While for PAC application in dual coagulant, the optimum
dosage obtained from the CF was used as a constant factor while varying the dosage of
MEP. For the dosage of 1% MEP as a coagulant aid, the dosages used were 50 mg/L-500
mg/L (Mohd-Salleh et al., 2020a). Again, this range was chosen from a preliminary study
to decide the appropriate MEP range dosage to aid in the CF process using dual coagulant.

The optimisation of dosage was carried out first by altering the pH of the leachate
sample into pH 7.0. It was selected due to its neutral properties that are desired in most
treatments. After the best dosage was obtained, the pH optimisation was taken place by
adjusting the pH from 3.0 to 10.0. In the first dosage optimisation of PAC and MEP in this
study, the amount of single optimum PAC at 3,750 mg/L was used as a constant dosage
following the study of Mohd-Salleh et al. (2018). Consequently, the different MEP dosages
started from 50 mg/L to 500 mg/L was used as the coagulant aid. To achieve this, the pH
of the leachate sample and the PAC dosage were remained constant at pH 7.0 and 3,750
mg/L dosage, respectively. The optimum conditions of these factors and the treatments’
efficiency would be determined by the highest removal percentages on COD, AN, turbidity,
colour, and SS. After accomplishing the jar tests, supernatant samples were withdrawn
from the beaker by using a plastic syringe from the point located about 3 cm from the
surface for the analysis and kept into another bottle. The analysis was done within the
next 5 minutes after the settling process to prevent any changes in the characteristics of
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the treated leachate samples with respective standard methods to analyse the removal
parameters, i.e., Colorimetric (APHA Method:5220 C, HACH Method:8000) for COD,
Conductimetric (APHA Method: 4500-N, HACH Method: 8038) for AN, Nephelometric
(APHA Method:2130) for turbidity, Spectrophotometric (APHA Method: 2120 B, HACH
Method: 8025) for colour, and Gravimetric (APHA Method:2540 D, HACH Method:630)
for SS. The measurement of all parameters was also done in the triplicate analysis by
following the standard method of water and wastewater (APHA, 2017) to come out with the
mean readings. The formula to calculate the removal percentage was based on Equation 1.

Initial concentration—Final concentration
Initial concentration

x 100 [1]

Percentage removal (%) =

Meanwhile, Equation 2 below is the calculation for the Al content in the PAC dosage.

10% = (10 g/100 mL) x (1,000 mg/1 g) x (1,000 mL/1 L) 2]
= 100,000 mg/L
= (100,000 mg/L) (X) = (3,750 mg/L) x (500 mL)
X, V1=18.75mL

Dosage of Al in 3,750 mg/L of PAC
=(1.54 g/100 mL) x (1,000 mg/1 g) % (1,000 mL/1 L)
= 15,400 mg/L
= (15,400 mg/L) (18.75 mL) = (X) x (500 mL)
X =577.5 mg/L of Al

RESULTS AND DISCUSSION

Coagulation-flocculation Treatment Process of Leachate Using Dual Coagulant of
PAC and MEP

Effect of PAC and MEP Dosages. The ability of MEP as a coagulant aid in the treatment
of stabilised leachate is carried out first by pairing it with PAC in the first optimisation
process. Figure 3 shows the outcome of dosages optimisation of PAC and MEP in term
of removal percentages of respective parameters. Using this combination of a primary
coagulant of PAC and a coagulant aid, pleasing results were given even though at the
minimal dosage of MEP. The major removal was done by the PAC coagulant itself since
the high dosage was added. Based on the observations of Figure 3, the removal outcomes
were high, especially for turbidity, colour, and SS parameters. Increasing the MEP dosage
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Figure 3. Dual coagulant at pH 7.0 with PAC (3,750 mg/L) and MEP (50-500 mg/L)

did not significantly affect the turbidity, colour, and SS removal, but rather it resulted in a
linearly constant removal pattern.

The removal for colour and SS at all MEP dosages was quite satisfying by achieving
more than 80% removal. However, there was a bit of fluctuating removal for the turbidity
parameter, especially at the final dosages range. This might be due to the high dosage of
MERP that caused the addition of turbidity in the leachate sample. The highest elimination
obtained by COD, AN, and turbidity was obvious to happen at 250 mg/L of MEP by
removing 44.5%, 20.9%, and 90.9% removal, respectively. Thus, according to this, 250
mg/L was decided as the optimum MEP dosage, with the removal of 44.5% COD, 20.9%
AN, and 90.9% turbidity, 91.7% colour, and 98.8% SS. For the next optimisation, by
using the reduced optimum amount of MEP dosage at 250 mg/L, the PAC dosage was
varied again to verify the optimum dosage that happened at 3,750 mg/L. Figure 4 shows
the removal results using PAC dosage varied from 500 mg/L to 5,000 mg/L, respectively.

Based on the evaluations of Figure 4, the removal of COD, turbidity, colour, and SS
continued to increase as the dosage increased. However, the removals started to remain
constant at the PAC dosage of 2,000 mg/L and decreased gradually at the dosage of 4,000
mg/L. While for AN, the removal was lower compared to another four parameters. It was
noticeable that the elimination of AN was the highest at the dosage of 3,000 mg/L and
3,500 mg/L with 33.4% and 33.8%, respectively, just by having a 0.4% difference. For
other parameters, the high removal could be observed at the dosage of 3,000 mg/L and
3,500 mg/L as well, with a very close gap. At the dosage of 3,000 mg/L, the removal for
all parameters was 55.9% of COD, 33.4% of AN, 93.1% of turbidity, 96.3% of colour,
and 99% of SS. While for 3,500 mg/L, the achieved removals were 57.4%, 33.8%, 95.8%,
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Figure 4. Dual coagulant at pH 7.0 with MEP (250 mg/L) and PAC (500-5,000 mg/L)

96.6%, and 99% for COD, AN, turbidity, colour, and SS, respectively. Thus, based on
the removals, the PAC dosage of 3,500 mg/L was determined as the optimum PAC for
dual coagulant, with the aid of optimum MEP dosage at 250 mg/L. Hence, the optimum
dosages of both PAC and MEP were obtained at 3,500 mg/L and 250 mg/L, respectively,
by applying the dosages at pH 7.0 of leachate samples.

Effect of Leachate pH Using PAC and MEP Coagulants. The next optimisation was
carried out to discover the optimum pH condition that worked best for the combination of
PAC as primary coagulant and MEP as the coagulant aid in this study. The samples’ pH
was varied from pH 3.0 to pH 10.0 by using 3,500 mg/L PAC dosage and 250 mg/L MEP
dosage, as shown in Figure 5. Based on the CF process of dual coagulant in Figure 5, the
removals of colour and SS were started quite high at pH 3.0, but it decreased as the pH
increased to pH 6.0. However, at pH 7.0, it rose again and became the highest reduction
with 92.1% and 99% removals, respectively. The turbidity parameter was also observed to
be effectively removed at pH 7.0 with a 96.9% reduction. The removal for turbidity started
low at pH 3.0 with 18.8% elimination. Even though the removal for colour and SS at pH 3.0
was quite satisfying, the turbidity of the treated sample was not well eliminated. The high
elimination was observed to be at pH 7.0 and pH 8.0 with 58.3% and 57.8%, respectively,
with less than 5% difference for the removal of COD. Meanwhile, for AN, the elimination
was high at both pH 6.0 and pH 7.0 with 35.5% and 34% removal, respectively, with less
than 5% difference. However, most of the highest elimination of parameters happened at
the neutral pH 7.0 of leachate samples. Therefore, it was decided that the dual coagulant
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Figure 5. Dual coagulant of PAC (3,500 mg/L) and MEP (250 mg/L) at varied pH 3.0-10.0

worked effectively at pH 7.0 by eradicating 58.3% of COD, 34% of AN, 96.9% of turbidity,
92.1% of colour, and 99% of SS as the finals results.

Performance Comparison of Dual Coagulant (PAC and MEP) With Previous Studies.
The performance of dual coagulant in the present study was compared with the capability
of other studies that utilised primary coagulant with a coagulant aid in treating the leachate
sample. In dual coagulant practice, the inorganic coagulant such as PAC promotes the
colloid destabilisation with the key mechanism of charge neutralisation. The addition of a
polymer would act as the bridging agent in encouraging the small colloids to agglomerate
together and become bigger and heavy flocs (Mohd-Salleh et al., 2020c; Awang & Aziz,
2012). The matching pair of PAC and other natural coagulants as dual coagulants were
investigated based on their performance to remove the respective contaminants in the
comparison studies. The appropriate teaming would generate good achievements in the
CF process, which was the highlight point in the significance studies of dual coagulant.
It was such a good undertaking that many kinds of research had been made on the locally
grown plants to diverge their function, such as being a sustainable coagulant for water
and wastewater treatment.

Al-Hamadani et al. (2011) had studied the capability of PAC and psyllium husk as the
dual coagulating agent of leachate treatment. They obtained the neutral pH of 7.2 as the
ideal leachate pH with 400 mg/L of psyllium husk and 7,200 mg/L of PAC dosages with
satisfying removals, i.e., 64% of COD, 90% of colour, and 96% of SS. The tobacco leaf
(1000 mg/L dosage) was also used as the coagulant aid by obtaining the apparent COD
removal at 91% indeed with 1,500 mg/L dosage of PAC at pH 6.0 (Rusdizal et al., 2015).
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The result for the AN parameter (54% removal) was also good enough to initiate the leaf
as a competitive natural coagulant.

However, a bit lower removal was observed for physical parameters of turbidity and SS
at 21% and 48%, respectively (Rusdizal et al., 2015). Tobacco leaf could be classified as an
anionic coagulant with -3.57 mV zeta potential, which had a higher negative charge than
tapioca starch at -0.56 mV (Azizan et al., 2020; Rusdizal et al., 2015). The attraction of the
opposite charges in the treated sample using tobacco leaves is possibly stronger than others;
thus, it succeeded in removing the high percentages of organic contaminants (Rusdizal
et al., 2015). The same starch source was also reported in the study of Asharuddin et al.
(2018) to remove turbidity from dam water. The term used for the natural coagulant was
cassava peel starch (CPS). It was used as an aid with alum and achieved a high turbidity
removal with 91.47%, at the optimum conditions of pH 9.0, 7.5 mg/L of alum dosage,
and 100 mg/L of CPS dosage. The addition of CPS in the treatment system also reduced
about 50% of the alum dosage (Asharuddin et al., 2018). Hence, based on the comparison
performance, it is proven that natural coagulant extracted from agro-waste like MEP has
a positive effect on improving coagulation treatment.

Comparison of Treated Leachate Sample with EQA 2009. The final concentrations
value of evaluated parameters in treated leachate using PAC and PAC+MEP coagulants
and the Environmental Quality (Control of pollution from solid waste transfer station &
landfill) Regulation 2009 under the laws of Malaysia Environmental Quality Act 1974 are
shown in Table 1. The CF treatment on 500 mL leachate sample using a single coagulant
of PAC managed to remove about 54.1% of COD, 28.0% of AN, 91.1% of turbidity,
98.0% of colour, and 98.0% of SS, by employing pH 6.0 of leachate and 3,750 mg/L of
PAC dosage. Meanwhile, for the application of dual coagulant, the combination of 3,500
mg/L (PAC), 250 mg/L (MEP) and pH 7.0 of leachate achieved better removal except for
colour parameter, with 57.4% of COD, 33.8% of AN, 95.8% of turbidity, 96.6% of colour,
and 99.0% of SS. The comparison of removal percentages using PAC and PAC+MEP is
tabulated in Table 2.

Table 1
Comparison of the final concentration of treated leachate with EQA 2009

Parameter Treated leachate with PAC Treated leachate with PAC Malaysia’s EQA

+ MEP 2009
COD (mg/L) 1,157.6 465.0 400.0
AN (mg/L) 816.3 417.5 5.0
Turbidity (NTU) 12.2 23 n.a.
Colour (ADMI) 144.2 191.18 100.0
SS (mg/L) 5.9 1.0 50.0
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Table 2
Comparison of the removal percentages between PAC and PAC+MEP
Parameter Removal (%) using PAC Removal (%) using PAC + MEP
COD (mg/L) 54.1 57.4
AN (mg/L) 28.0 33.8
Turbidity (NTU) 91.1 95.8
Colour (ADMI) 98.0 96.6
SS (mg/L) 98.0 99.0
Optimised conditions pH 6.0 of leachate pH 7.0 of leachate
3,750 mg/L (PAC) 3,500 mg/L (PAC) + 250 mg/L (MEP)

From this finding, it was observed that the superiority of the treatment possibly
happened due to the high molecular weight of MEP that helped to stimulate the
flocculation development. Simultaneously, the adsorption bridging mechanism influences
the aggregation process due to the interaction of high-molecular-weight coagulant and
natural polysaccharide composition with impurities in the leachate sample (Mohd-Salleh
et al., 2020c; Li et al., 2015; Oladoja, 2016). Besides, the removal mechanism of charge
neutralisation for the treatment using PAC was also expected to be superior to PAC+MEP,
considering the higher dosage. This was because PAC would encounter hydrolysis activity
that resulted in amorphous aluminium hydroxide Al(OH); (Aljuboori et al., 2015). Based
on the comparison with local’s regulations, only the SS parameter from both treatments
complied with the discharge standard. Even though the other parameters did not meet the
limit set by the local regulations, the outcome was reasonable by considering the sample
used was the raw leachate, without any prior treatments at the landfill site.

CONCLUSIONS

In conclusion, based on the observations on the effectiveness of single coagulant PAC and
dual coagulant (PAC + MEP), it could be denoted that the combination of PAC and MEP
as the primary coagulant and the coagulant aid could enhance the removal of respective
parameters, which was better than the performance of single coagulant of PAC alone. The
treatability studies on stabilised leachate using 10% PAC with the optimum conditions
happened at pH 6.0 and dosage 3,750 mg/L. Meanwhile, the highlight findings were in
the utilisation of both PAC and MEP, in the optimised conditions of pH 7.0, 3,500 mg/L
dosage of PAC, and 250 mg/L dosage of MEP, respectively, with a 6.7% reduction of Al
content dosage from 577.5 mg/L of single PAC coagulant to 539 mg/L in dual coagulant.
Thus, the new MEP coagulant was verified to offer the full role-play as a coagulant aid by
producing a good synergistic effect together with the coagulating benefits from PAC. This
was especially in obtaining the neutral pH and lower chemical dosage content as the ideal
conditions for the treatment system. Overall, this study concluded a distinctive conclusion
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that natural coagulants isolated from agro-waste could also enhance the treatment of highly
polluted wastewater like leachate, which most other scholars did not prefer for a treatment.
It is desirable to have further research on green natural coagulants to improve leachate and
wastewater treatments in the future.
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ABSTRACT

In this work, activated carbons were produced by the thermochemical treatment of palm
kernel shells with different activation time. The developed products (activated carbon
samples) were described by their surface area, porosity, and applied for lead(II) ions separation
from liquid phase. By prolonging the activation time beyond 2h, some of the micropores
collapsed to form mesopores without causing a significant transformation in the surface
area. The influences of solution pH, mass of biosorbents, concentration of Pb(Il) ions, and
temperature on the entrapment of lead(Il) ions explored. Based on experimental outcome,

the best-suited condition for the Pb(IT) uptake

was 0.13 g AC-4, 250 mg L' concentration,

and pH 4. The Pb(Il) entrapment process
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INTRODUCTION

Presence of heavy metal ions, especially lead in water bodies constitute environmental
pollution because they are not biodegradable and highly poisonous to human and aquatic
organisms. The discharge of industrial effluent without apposite treatment, jeopardize
the environment and consequently public health (Krika et al., 2016). Lead extrudes into
the environment through mining and smelting, paint and rubber industries, and battery
manufacturing, recycling, and disposal. Content of lead in industrial effluent varied
from one industrial activity to another, while the regulated contamination level is 0 ppm,
according to the United States Environmental Protection Agency (EPA, 2017). Several
separation techniques, including electrocoagulation, chemical oxidation and precipitation,
ion-exchange, and membrane filtration, are available for separating heavy metal ions from
liquid phase.

The methods highlighted above are not without shortcomings. For instance, chemical
precipitation and coagulation methods are straightforward to operate and inexpensive, but
excessive sludge is generated, leading to disposal problem. The ion-exchange treatment
progression is non-selective and highly depend on pH (Malik et al., 2016). Adsorption is
the favourable and commonly adopted technique for the sequestration of heavy metals
ions because of its eco-friendliness and simple procedure, produce limited secondary
environmental pollution, and capable of removing low concentration heavy metal ions
(Zuo, 2014; Tang et al., 2017). Among various solid adsorbents employed, activated carbon
is a widely used due to its larger surface area and porosity. The use of agricultural and
industrial wastes as starting ingredients in the manufacture of activated carbon has gained
interest because of the high expenses associated with commercial activated carbon, coal,
and lignite.

One of the major exporters of products from palm oil is Malaysia. The associated waste
products generated from the industrial milling operation of the palm oil produce such as
trunks, mesocarp fiber, empty fruit bunches, fronds, and its shells (Poudel et al., 2017;
Sani et al., 2015). Approximately 60 % of the resulted fibers and shells are employed as
fuel for electricity and steam generation, out of the industrial wastes (Shafie et al., 2012).
This scenario highlights the necessity to convert the overwhelming waste biomaterials by
searching for new economic applications. Because of the abundance of palm kernel shells
(PKS), the translation of PKS to activated carbon is desirable and has received substantial
attention (Table 1) as it proven to be a viable and sustainable ingredient for the activated
carbon (AC) preparation (Xu et al., 2017). AC can be synthesized via the physical, chemical
activation process or combination of both physical and chemical method of activation.
During chemical activation operation, the use of activating agents, such as ZnCl,, KOH,
and H;PO,, is vital in altering the textural features in PKS made ACs. H;PO, is selected
for this study due to lower environmental and toxicological challenge (Khadiran et al.,
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2014). These chemical agents are desiccating naturally and affect the thermal denaturing
and thwart tar formation or development during the manufacturing of the activated carbon
(Saygili & Giizel 2018).

Numerous studies, as shown in Table 1, focused on the influence of carbonization
temperature and the activating agent on the physicochemical features of the activated
carbon. However, studies on the effect of activation time are limited. This study aimed to
examine the impact of activation time on the physical and chemical features of the produced
AC, and its adsorptive performance towards Pb(II) from liquid environment. To delineate
the PKS sourced activated carbon capability in the management of lead-bearing wastewater,
adsorption isotherm and kinetic data were also modeled and analyzed.

Table 1

Preparation and application of palm kernel shell based activated carbon

Preparation method Application Reference
Physical steam activation Palm Oil Mill Effluent Rugayah et al. (2014)
(800°C)
Chemical activation CO, capture Hidayu and Muda (2016)

(ZnCl,, 550°C)

Chemical activation - Andas et al. (2017)
(KOH, 500-900°C)

Chemical activation Dye removal Garcia et al. (2018)
(ZnCl,, 500-550°C, 1h)

Chemical activation Water treatment Razi et al. (2018)
(H;PO,, 550°C, 2h) (Grey water)
One stage CO, activation CO, capture Rashidi and Yusuf (2019)

MATERIALS AND METHOD
Preparation and Characterization of ACs (Biosorbents)

The PKS was impregnated first by concentrated orthophosphoric acid at the feed ratio of
PKS to acid (1:2) based on weight. Measured 100 g of PKS powder was introduced to
phosphoric acid (85 % by weight) solution (120 mL) and thoroughly agitated manually.
The impregnated samples were oven-dried for 24 hours at 110°C. Then, the impregnated
PKS sample (10 g) was thermally activated at 600°C in a vertical tubular furnace under
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N, gas flow of 20 mL min™! for predetermined duration (1 to 4 hours). The resulting AC
cooled to room temperature, then rinsed severally with deionized H,O, until the pH of the
filtrate is constant, filtered, and oven-dried at 110°C for 24 hours. The powder activated
carbon (AC) produced was denoted as AC-#, where # is the activation time of 1 to 4 hour.

The ACs pore diameter, volume and surface area was determined from N, adsorption-
desorption isotherm (Quantachrome Autosorb-1) using the Brunauer—Emmet-—Teller (BET)
and Barrett-Joyner-Halenda (BJH) method, respectively. The iodine number and Methylene
blue number was determined using standard procedures (Nunes & Guerreiro, 2011). The
pH drift approach was employed to determine the zero-point charge (pH,,.) of the ACs
(Wang et al., 2009; Wang & Jian, 2013).

Batch Adsorption Experiments

The lead(Il) ions stock solution was prepared by adding predetermined mass of Pb(NO5),
salt (Fisher Scientific, Malaysia) in 1.0 L deionized water in a volumetric flask. Prior to
each experimental adsorption study, solution of various Pb(Il) ion concentrations were
made via dilution of the standard solution with deionized water. The adsorptive uptake
of Pb(II) onto the activated carbon as a function of time, amount of adsorbent (0.1-0.6
g), Pb(IT) concentration (100-250 mg L), initial solution pH (1-5) and temperature (25-
50 °C) were investigated using batch experiment. The solution pH was varied to the
predefined value by the dropwise addition of 1.0 M NaOH or HCI solution. In a typical
adsorption experiment, a measured quantity of AC add into 250 mL flasks containing
200 mL of identified concentration of Pb(Il) ions. The mixture was agitated at 110 rpm
speed using a temperature-controlled water bath shaker (Memmert, Germany) for 120
min. At certain time intervals, an aliquot of the sample was collected and analyzed using
an AAS spectrophotometer (Thermo Scientific-S series). All experiments were executed
in triplicates at 25°C. The extent (%) of metal uptake and the adsorption capacity was
determined respectively by Equations 1 and 2.

(Cp — Cy)

Removal( %) = C
0

x100 [1]

_(C -
m

qr 4 [2]

C, (mg L") denote initial concentration of Pb(Il) ions, q, (mg g') and C, (mg L) is the
amount of Pb(II) adsorbed by the AC adsorbent and the Pb(II) concentration in solution at
time t, respectively. V (L) and m (g) represent respectively the volume of metal solution,
and weight of AC used.
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RESULTS AND DISCUSSION
Surface Characterization of Prepared AC

The percentage yield of the produced ACs at different activation time is presented in
Table 2. The decrease in the yield of AC-1 to AC-4 is due to the increased loss of volatile
constituents in the PKS with longer activation time.

Table 2

N»-BET surface area and porosity of PKS activated carbons prepared at different activation times

Sample Yield Surface Area Average Pore Micropore Volume
(%) (m*/g) D(A) (cm*/g)
AC-1 47.4 1059 21.631 0.6442
AC-2 443 1083 25.290 0.6956
AC-3 42.6 1004 22.557 0.0625
AC-4 39.8 1040 21.092 0.5551

The adsorption and desorption isotherm of N, at -196°C of the prepared activated
carbons is shown in Figure 1. Both AC-1 and AC-2 exhibited the typical type I isotherm
as IUPAC classification, which suggests a predominantly microporous structure activated
carbon. However, at prolonged activation time, the adsorption isotherm showed type IV
isotherm and a small hysteresis loop, indicating the development of mesopores in the
sample. Figure 2 displays the distribution of pore size of the prepared ACs, confirmed the
change in the porosity of the ACs from microporous to micro-mesoporous with longer
activation period. Table 2 also reveals that the surface area and the porosity of the ACs
increase with increasing activation time up to 2h before it decreases at prolonged activation
time. This result shows that the number of micropores increases initially, which corresponds
to the increased surface area but then collapsed to form mesopores, bring about a shrinkage
in the surface area of the AC.

The amounts of micropores and mesopores of the prepared ACs can be deduced from
iodine value and methylene blue (MB) value, respectively. Figure 3 depicts the iodine and
MB sorption onto the PKS based activated carbon samples. The iodine and MB adsorption
capacity increased by 15% and 10% when the activation time is prolonged from 1 to 4 h.
This result indicates a small change in porosity with lengthier activation time, this agreed
with the previous report of Mopoung et al. (2015). A slight reduction in iodine value at 4
h activation time could be probably associated to the collapse of the micropores to form
mesopores.
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Figure 1. N, adsorption-desorption isotherm for (a) AC-1, (b) AC-2, (¢c) AC-3 and (d) AC-4
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Adsorption Performance of Activated Carbon

To select the best adsorbent, the produced ACs were screened by adsorbing Pb(II) ion in
batch adsorption studies. Figure 4 depicts that there is insignificant variance in the Pb(II)
ion uptake by AC-3 and AC-4. In this work, AC-4 was selected as an adsorbent for other
experiments due to highest adsorption capacity.

Figure 5 shows the extent (in %) of Pb(Il) removal and the AC-4 sorption capacity,
as a function of adsorbent quantity. The percentage Pb(Il) sequestration increased as the
AC dose increases to 0.2 g but remained quite constant with further mass increment.
This observation could be due to the agglomeration of adsorbent, inhibiting Pb(II) from
attaching to the AC surface. However, the adsorption capacity (q.) presented the opposite
trend. The decline is attributable to the growing number of vacant sites as the ratio of lead
(IT) ions to the sorption sites reduces with increasing AC doses (Amarasinghe & Williams,
2007). Judging by both the extent of lead uptake and the amount adsorbed, the optimum
AC weight for the separation experiment is selected as 0.13 g.

Figure 6 illustrates the time and initial lead (II) concentration as parameters that
influence the uptake Pb(Il) by AC. The removal extent decreases as the initial concentration
of Pb(II) ion increases, while the quantity adsorbed increases. With a fixed amount of AC,
the number of available vacant sites is constant. At low concentration of metal ion, the
ratio of adsorption sites to lead ion is large, leading to a high percentage of removal (Figure
6A). However, this ratio becomes smaller at high metal concentration, ensuing into a lower
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percentage lead removal. In the same vein, as the lead concentration increases, the driving
power to subdue the resistance between metal ion in aqueous phase and solid sorbent
phases becomes stronger, culminate to rise in adsorption capability. The adsorption ability
increased rapidly up during the first 40 min contact time of the experiment as revealed in
Figure 6B. This is associated to the handiness of a greater number of unoccupied sorption
sites. It then gradually decreased because of repulsion forces between the attached metal
ions and the ions present in the mixture, eventually equilibrium is attained as the solid
surface become saturated.
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Figure 6. The adsorption of various concentration of Pb(II) ions on AC-4 (Condition: 0.13 g AC-4, pH of
solution = 4)

The pH has an essential influence on the separation of metals because it defines the
charge on adsorbent surface, the ionization extent, and speciation of adsorbate (Mouni
et al., 2011). The pH of point zero charge, pH,,., of the AC-4, as estimated using the pH
drift method, was 2.8, which implies that the biosorbent surface was charged positively at
pH < 2.8 and negatively charged at pH higher than 2.8. Since lead ions are well-known
for precipitation [Pb(OH),] at pH greater than 7, the impact of solution pH on Pb(II) ions
entrapment onto AC-4 was examined in 1-5 pH range (Figure 7).

The quantity of lead ion adsorbed was found low in highly acidic environments (pH
1-2) owing to existence of electrostatic revulsion between metal ions and positively charged
AC-4 surface. Moreover, struggle for the vacant sites between the abundantly available
H" ions and Pb(II) ion, also propelled reduction in Pb(Il) uptake. The uptake of lead ion
is more significant at a pH range of 3 to 5, with the highest sorption capacity of 93 mg g!
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observed at pH 4. The enhancement of the quantity of adsorbed Pb(II) was induced by the
electrostatic attraction between the metal ion and the AC-4 negatively charged surface.
This phenomenon was also described by Zaini et al. (2009) in batch entrapment of lead
unto cattle-manure-compost based AC. A decline in Pb(Il) removal was witnessed at pH
above 4, this is due to soluble hydroxide complexes formation.

120 1q

100 - [

80

qe (mg g-1)
(o)}
o

1 2 3 4 5
pH

Figure 7. Sequestration of Pb(Il) on AC-4 at different pH of the Pb(II) solution (Condition: 0.13 g AC-4; 80
mg L' Pb(II))

Adsorption Isotherm, Kinetics, and Thermodynamics

To delineate the lead ions sequestration pattern, the adsorption behavior of lead on AC-4
was explored by fitting the experimental data to the Langmuir and Freundlich adsorption
isotherm model. The linear form of the two models is respectively, represented by Equation
3 and 4.

Ce 1 1

= + —C,
de Kiqm dm € [3]

1
log ge = logKp + p logCe [4]

C. and q. represents the concentration (mg L) of lead ions, and the quantity (mg g') of
Pb(1l) ion entrapped at equilibrium. q,, is the Langmuir maximum adsorption capacity (mg
g ). K, represents the Langmuir parameter (L mg™') associated with the binding site affinity.
n and K; are Freundlich constants associated with the intensity and sorption capacity,
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respectively. The results presented in Figure 8 and Table 3 show that the Langmuir model
provides a well fit with a R*-value of 0.992, signifying a monolayer adsorption process.
However, the possibility of multi-layer adsorption is not ruled out based on the R? value
greater than 0.8 as indicated by Table 3.
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Figure 8. Adsorption isotherm of Pb(II) linearized according to (a) Langmuir (b) Freundlich

Table 3
Isotherm parameters for Pb(ll) sequestration onto AC-4

Langmuir isotherm Freundlich isotherm
-1 -1 2 2
AC-4 qn (mg g")  K; (Lmg") R Ke n R
222.22 0.067 0.992 59.43 3.85 0.843

The adsorption experimental data were also fitted to proven kinetics models; pseudo-
first order (PFO), pseudo-second order (PSO), and intraparticle diffusion (IPD), to analyse
the adsorption mechanism and estimate the reaction rate constant. The linearized form of
the PFO and PSO kinetic models are presented, accordingly in Equations 5 and 6.

In(ge—qp) = Inge — kyt [5]
t_ 11,
q kal q [6]
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where k; and k, represent the rate constant for the PFO and PSO, while q.and q, denote
respectively the quantity of lead ions adsorbed at equilibrium and at any specified time t. The
model constants, sorption capacities, and the correlation coefficient (R?) for the Pb(II) ion
uptake at different concentrations, on AC-4 are presented in Table 4. According to R? values
and the excellent closeness of the calculated q. to the experimental q., the adsorption data
fitted the PSO kinetics well, indicating that the sorption process is ruled by the handiness
of the vacant adsorption sites than the lead ion concentrations (Arshadi et al., 2014). The
entrapment process strongly involved complexation of metal ions with the binding sites
on AC-4. Hence, chemical adsorption is assumed the rate controlling step.

The impact of diffusion in the mechanism of lead ion uptake was analyzed employing
the intra-particle diffusion (IPD) model, in which its linear form is defined by Equation 7.

ar = kidt% + C [7]

kiq is the intra-particle diffusion rate constant (mg g'.min"?), and C is attributed to the
boundary layer depth. The IPD model plot, Figure 9 illustrated multilinearities throughout
the whole-time range, an indication of a multi-step sorption process. The initial first step
is due to the entrapment of lead onto the adsorbent’s surface through boundary layer
diffusion (Abdelwahab et al., 2013), while the subsequent adsorption step is attributed to
the pore diffusion of metal ions into the solid adsorbent where the rate controlling step is
IPD (Gao et al., 2013).

250 ~

200 ~ .

150 A

ge (mg g-1)

100 A ‘

50 A

¢ 100 mgLt e 150 mgL? 2 200 mglLt + 250 mglL?

O T T T T T 1
0 2 4 6 8 10 12
t1/2 (min)

Figure 9. The IPD modeling of Pb uptake by AC-4 at varied concentrations (Initial pH =4; ads. dosage =0.13 g)
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Table 4

Kinetics parameters for sequestration of lead (II) on AC-4

C, (mg L) 100
Q. expt. (mg g') 125.7

PFO

q.. calc. (mg gt) 86.5

k; (min™) 0.0514
R? 0.9949
PSO

Qo> cale. (mg g') 1351
k; (g mg-' min')  9.54 x 10*
R? 0.9998
IPD

k, 12.49
R? 0.9966
k, 2.37
R? 0.9781

150
157.4

90.6
0.0450
0.9672

161.3
9.61x 10+
0.9972

18.13
0.9892
3.11
0.8114

200
195.1

119.8
0.0286
0.9925

212.8
3.57 x 10+
0.9985

15.10
0.9804
6.34
0.9758

250
195.9

91.2
0.0344
0.9164

208.3
7.68 x 10+
0.9983

17.35
0.9174
1.30
0.9612

Adsorption thermodynamics of Pb(Il) on AC-4 was study by carrying out the adsorption
experiment at different temperatures. The thermodynamic parameters, namely Gibb’s free
energy (AG®), enthalpy (AH®) and entropy (AS°) associated with the Pb(Il) uptake, were
calculated with the aid of Equations 8-10:

AG°=-RT In K.
k= (3 - (494

I<C = Cads/ Csol

(8]

[9]
[10]

R represent the universal gas constant, K. denote the equilibrium constant, and C,4 and
C,, 1s the concentration of Pb(Il) adsorbed on the AC-4 and present in the solution at
equilibrium, respectively. By using van’t Hoff plot (Figure 10), the AH° and AS° can be
estimated from the gradient and intercept of the linear graph. AG°, AH®, and AS° deduced are
presented in the inset of Figure 9. With increasing temperature, the AG® value became more
negative, indicating the increase in the degree of spontaneity, attributed to the increased
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mobility and diffusion of the ions into the adsorbent’s pore sites. As for enthalpy, the value
is negative and fall between 2.1 and 20 kJ mol™, designating that uptake of lead(II) ion
by AC-4 is a physical sorption process and exothermic (in nature). Furthermore, there is
decline in the randomness at the AC sorbent-Pb(II) adsorbate solution interface during
Pb(II) uptake as revealed by the negative entropy value. This is consistent with the report
by Hannachi et al. (2019) on the separation of cadmium ions from aqueous environment
with novel xerogel adsorbents.

1/T (K-1)
3.00E-03 3.10E-03 3.20E-03 3.30E-03 3.40E-03
0 1 1 1 J
Parameter Temperature Values
)
AG*® 298 -0.12 -
(kJ mol ™) 308 -0.48
0.1 313 -0.67
323 -0.94
AH® 9.7 y =1166.8x - 3.971
(kJ mol ) R? = 0.9942
o s
5 -0.2 4 ASO -33

(J mol''K'1)

-0.3 4

0.4 4

Figure 10. Vant Hoft plot for Pb(II) uptake and the thermodynamic parameters

The sorption capacity of AC-4 is compared with previous work reported in the literature
(Table 5) in evaluating the potential use of the AC derived from the palm kernel shell to
remove Pb(II) in water. The AC-4 shows higher capacities for lead removal compared to
activated carbons derived from other agro-wastes. The significant variation in the adsorbent
capacity could be due to the precursor properties, the methods in the synthesis of the AC,
and the experimental adsorption conditions used.
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Table 5

Adsorption capacities (q,,) of lead(Il) ion with various agro-waste sourced ACs.

AC Experimental Qun References
Conditions (mg g

palm shell activated Dosage : 0.65 gL; 222.22 This study
carbon pH:4; T:25°C
Hazelnut husks Dosage : 12 g L 13.05 Imamoglu and Oktay (2008)
activated carbon pH:6.7; T:28°C
grapeseed activated Dosage : 10 g L; 71.430 Baylan and Meri¢gboyu
carbon pH:5; T:25°C (2016)
Coffee waste Dosage : 1 g L, 95.2 Yeung et al. (2014)
residue activated pH: 5; T:27°C
carbon
Bamboo activated Dosage:10 g/L; 124.2 Ademiluyi and Nze (2016)
carbon pH:7; T:27°C

CONCLUSION

Conversion of PKS to microporous AC biosorbents was successful via the chemical and
thermal activation method. Although, extension of the activation period beyond 2 hours
ensued in the collapse of micropores to mesopore, the surface area of the activated carbons
was not significantly affected. The activated carbon produced after 4 hours of activation time
(AC-4) exhibited the highest adsorption capacity towards lead metal uptake from aqueous
solution. The suited optimum condition for the sequestration of Pb(II) was 0.13 g AC-4,
250 mg/L Pb(II) solution, and pH 4. The entrapment of Pb(II) on AC-4, was spontaneous
and exothermic. The adsorption fitted the Langmuir adsorption model, with a maximum
adsorption capacity of 222 mg/g, and the pseudo-second-order kinetics model signifying
chemisorption between biosorbents and lead molecules. The produced activated carbon is
efficient in removing heavy metal ions in the aqueous environment and could be used as
promising adsorbent for the removal of lead ion during wastewater and water treatment.
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ABSTRACT

Untreated effluents from the textile industry containing colorant dyes are harmful to the
environment, aquatic organisms, and human health. Among these effluents, Rhodamine
6G is known as a corrosive and irritant dye. A coconut shell-derived nanomagnetic
adsorbent composite (CS-NMAC) was developed to remove Rhodamine 6G from
aqueous solution. Physical and adsorption properties of CS-NMAC were characterized
via Brunauer—Emmett—Teller (BET) surface area analysis (Sger: 1092.17 m?/g; total pore
volume: 0.6715 cm?®/g), X-ray diffraction (Fe;O, [6=35.522], Fe,0; [6=35.720] and FeO
[6=41.724]) and Fourier transform infrared spectroscopy (Fe—O, C—H, asymmetric C=C=C,
CN and O-H). CS-NMAC was found to be electropositive within a broad pH range of
3—-10) owing to the presence of nanoscale iron oxides on the surface of the coconut shell-
derived adsorbent that enhanced the chemical and electrochemical outputs. Isotherm
study revealed that the adsorption process of Rhodamine 6G followed a multilayer type of
adsorption onto a heterogeneous surface. Freundlich model fitted better (R? = 0.981) than

the other models (Langmuir, Temkin and
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INTRODUCTION

Textile operators are the 3rd largest exporter of Malaysian products and a notable
contributor to the country’s economic growth (Azlan & Haseeb, 2019). However, the
industry consumes enormous amounts of water and dyes during manufacturing processes.
The effluents containing dyes derived from the textile industry continuously contaminate
the water resources (Sundarajoo & Maniyam, 2019).

Rhodamine 6G is an azo dye with one or more —-N=N- groups attached to an aromatic
structure. The dye is chemically stable and recalcitrant because of its chromophoric
characteristics (Miranda et al., 2019).

Exposure to Rhodamine 6G dye is detrimental to health as it can cause allergic
dermatitis and severe damage to the nervous system (Rasheed & Bilal, 2017). Over the
past decades, many approaches for cleaning up dye pollutants have been developed and
applied (Sahu & Singh, 2019). According to Wimalawansa (2013), the commonly used
water treatment methods are chemical coagulation, sludge sedimentation, filtration, reverse
osmosis, and carbon adsorption. Among these methods, activated carbon is widely used in
the industry to remove dye pollutants. Although activated carbon is effective for cleaning
up dye pollutants, its cost can become high (Sahu & Singh, 2019). Several approaches
that involve the use of adsorbents have been proposed to overcome this problem. For
example, Clitoria fairchildiana pods can adsorb up to 73.84 mg g' of Rhodamine 6G
dye through chemisorption, but its application is time consuming (Miranda et al., 2019).
Ni—Al-layered double oxides can remove dyes with 16% removal efficiency (Intachai et
al., 2019). Therefore, high-quality adsorbents must not only be cost effective but also have
competitive performance and are environmentally friendly (Suwunwong et al., 2020).

Various biocarbon materials have attracted increased attention owing to their
innovativeness, modifiability, low cost, ease of preparation and ecofriendliness. Biocarbon
is a carbon-rich, porous, and finely ground materials derived from carbonaceous biomass
through limited air thermal decomposition process (Godwin et al., 2019). The biocarbon
surface is generally negatively charged because of the dissociation of functional groups
containing oxygen. As biocarbon uses carbonaceous biomass for processing, agricultural
wastes can be possibly exploited to produce biocarbon (Vyavahare et al., 2019). Coconut
wastes have been identified as a potential carbonaceous biomass for biocarbon because
of its abundance, high biodegradability, and low cost (Nadzri et al., 2020). Moreover, the
ash of coconut shells contains silicon oxide (Si0O,) at the same level as the components
of metal matrix composites (Bahrami et al., 2016). The International Union of Pure and
Applied Chemistry classifies the pore diameter of coconut shell biocarbon (micropores)
with mesoporosity having the average pore diameter of adsorbent pores (Muzarpar et al.,
2020). Therefore, the biocarbon derived from coconut shells is a potent adsorbent (Nadzri
et al., 2020).
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Although the performance of biocarbon in removing pollutants is effective, the
separation of powdered biocarbon from an aqueous solution is difficult (Godwin et al.,
2019). Physical modifications have been made to overcome this problem. Magnetic
precursors, such as hematite, magnetite, siderite, and pyrite, are transformed into magnetic
particles and attached onto the biocarbon surface. The application of magnetic particles
to the separation process has been getting attention since the 1990s (Booker et al.,
1991). Magnetic properties facilitate the separation of biocarbon from aqueous solution,
thereby avoiding secondary pollution (Feng et al., 2020). However, magnetic powdered
carbon adsorbent aggregates with weak dispersion in the presence of a magnetic field;
thus, the application of iron oxide nanoparticles to powdered activated carbon not only
rapidly adsorbs contaminants but also has a stronger ferromagnetic property that can be
homogeneously dispersed in solution (Guo et al., 2020).

Moreover, the synthesis of coconut shell-derived nanomagnetic adsorbent composites
(CS-NMAC) involves chemical coprecipitation. In this study, chemical coprecipitation was
adopted because this process is easy to control. The common magnetic precursors used in
the chemical coprecipitation were Fe** and Fe*". A magnetic precipitate was generated on
the surface of the adsorbent composite by adding an alkaline solution into the magnetic
precursor solution with the dispersed adsorbent composites (Feng et al., 2021). Furthermore,
a surfactant crosslinker was applied in the synthesis process to obtain relatively stable
nanomagnetic adsorbent composites (Li et al., 2019).

Many studies have investigated the adsorption of Rhodamine 6G. However, the
mechanism of adsorption by CS-NMAC has not been elucidated yet. CS-NMAC contains
magnetite (FeO") that has an interesting property: it is an amphoteric compound. Therefore,
the efficiency of dye removal using CS-NMAC was investigated in terms of isotherm,
kinetics, and mechanisms during adsorption reaction.

MATERIALS AND METHODS
Chemicals and Reagents

All chemicals and reagents used in this study, namely, ammonium hydroxide (NHj;.
H,0), ammonium hydroxide (NH,OH), hydrochloric acid (HCI), nitric acid (HNO),
sulfuric acid (H,SO,), sodium hydroxide (NaOH), potassium hydroxide (KOH), iron
(III) chloride hexahydrate (FeCl;.6H,0), iron (II) sulphate heptahydrate (FeSO,.7H,0),
potassium hydroxide (KOH), 70% of ethanol and distilled water, were of analytical grade.
Commercial activated carbon (CAC) obtained from Friendemann Schmidt. Rhodamine
6G dye was purchased from Sigma Life Science. Rhodamine 6G, also known as basic
red 1 (CyH;N,O5Cl), with 95% dye content was used without further purification. The
properties of Rhodamine 6G are given in Table 1.
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Table 1
Properties of Rhodamine 6G

Molecular Molecular Molecular structure Molecular  Solubility Colour
name formula weight (mg

(g mol™) mL™1)
Rhodamine C,H; CIN,O4 479.01 20 Red
6G brown

Preparation of CS-NMAC

The preparation process commenced with carbonization of raw CS via the modified top
lit up draft carbonization drum method. Afterward, the carbonized CS was ground into
powder. CS-NMAC was prepared following a previously described method with slight
modifications (Sannasi et al., 2021; Wannahari et al., 2018). The specific surface area and
pore volume of the carbonized CS powder were increased by subjecting it to KOH activation
at a ratio of 1:3 (carbonized CS powder:KOH) with slow agitation. The mixture was left
for approximately 5-6 h to ensure complete intercalation of K into carbon compound.
The intercalation reaction resulted in permanent expansion of carbon lattice in the carbon
matrix (Wang & Kaskel, 2012). Subsequently, KOH was washed away from the expanded
carbon lattice in the carbon matrix by repeatedly using deionized water (ddH,O). The clean
powder was dried at 90°C—100°C prior to heating at 800°C—900°C at a rate of 10°C/min
for 15-30 min in a muffle furnace. The obtained sample allowed to cool down and then
neutralized with 5% HCI before subsequent modification steps. CS-NMAC synthesis
involved treatment with nitric acid (HNO;) solution for 1 h at 80 °C to remove impurities
from the adsorbent surface. A solution was then prepared with continuous stirring. First,
FeCl;.6H,O and FeSO,.7H,0 were dissolved in 450 mL of ddH,O for 30 min at 30°C.
Afterward, 30—60 mL of NH,OH was added at 70°C for 1 h, followed by 5 g ammonium
hydroxide (NH;.H,0O) solution and the CS-modified biocarbon powder. Finally, 6 mL of
epichlorohydrin was added into the solution and mixed at 85°C for 1 h. Epichlorohydrin
served as a crosslinker to form chemical bonds between Fe;O, and the CS-modified
biocarbon powder. The solution was sonicated (Q Sonica) at 80 A for 1 h, followed by more
continuous stirring at 85°C for 1 h. The mixture that formed with precipitate allowed to
cool down at 28°C, and the precipitate was washed with ddH,O and ethanol. The sample
(CS-NMAC) was dried at 50°C and collected using an external magnetic bar. The chemical
reaction for generating CS-NMAC is as defined in Equations 1 and 2.
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2FeCl,.6H,0 + FeSO,.7H,0 + 8NH,OH — 6NH,CI + (NH,),SO, +Fe;0, + 17H,0
(D
CS + Fe;04 + H,0 — CS-NMAC )

Sample Purification

The newly synthesized CS-NMAC was sorted according to particle size range by using
a sieve filter (45-300 pum). The samples were repeatedly washed and filtered to remove
impurities until the filter appeared clear with a pH approaching 7. The samples were dried
in an oven at 80°C for 3—5 d and later kept in a container prior to use.

Characterization of CS-NMAC

Images of CAC and CS-NMAC were obtained using a scanning electron microscope (Jeol
JSM-IT100) with a voltage of 10 KV at 2000x magnification. CS-NMAC morphology
was examined via X-ray diffraction (XRD; Bruker, D8 Advance XRD) under following
conditions: room temperature; CuKa radiation A=1.5406 A; and scan range 20: 5°-90°0.
The diffraction peaks were analysed using the Diffract Plus Eva software. CS-NMAC
surface characteristics, including Brunauer—Emmett—Teller (BET) surface area, pore
volume and pore size, were obtained via BET analysis of N, adsorption—desorption isotherm
measurement at 77 K. Infrared spectrum of absorption was measured via Fourier transform
infrared (FTIR) spectroscopy to identify chemical bonds. Functional groups and molecular
components were detected and identified from the infrared absorption spectrum (Jasmin
etal., 2013).

Effect of Contact Time and pH

The experiment was performed in batch mode under following parameters: room
temperature (27 °C); 25.5 mg L™ initial dye concentration; 0.05 g CS-NMAC:; and agitation
at 150 rpm (Orbital shaker 14A-OBS602). The effects of contact time were evaluated by
analysing the samples for 15—-60 min and again for 5-30 min to determine the existence of
quasiequilibrium situation according to patterns of adsorption at shorter times. The effects
of pH were assessed by analysing the samples at pH 3—-10.

Batch Adsorption Experiment

First, 0.05 g of CS-NMAC was added into Rhodamine 6G solution at different concentrations
(1-15 mg/mL) and agitated at 150 rpm. Afterward, CS-NMAC was separated from the
sample solution using an external magnetic bar. The remaining solution was analysed using
a Thermo Scientific Genesys 20 UV—Visible spectrophotometer at 440—570 nm.

The adsorption capacity of Rhodamine 6G dye by CS-NMAC at equilibrium, ¢, (mg/g),
was determined by Equation 3.
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Co—Ce
w

Q= 1V, 3)

where ¢, 1s the amount of Rhodamine 6G dye adsorbed to the adsorbent (mg/g or mg
g, Co is the initial concentration of Rhodamine 6G dye (mg L), Ce is the equilibrium
concentration of Rhodamine 6G dye (mg L"), V' is the volume of solution (L) and W is
the weight of adsorbents (CS-NMAC) used (g).

The percentage of Rhodamine 6G dye removal was calculated from Equation 4.

Lo — e 5 100% &)

% Adsorption or % Dye Removal = | W

Where Co (mg L") and Ce (mg L) are the initial concentration and the equilibrium
concentration of Rhodamine 6G dye, respectively.

Adsorption Isotherm and Kinetic Studies

Adsorption equilibrium experiments were conducted using different concentrations of
Rhodamine 6G dye solution (5, 10, 15, 20, and 25 mg L") under optimized parameters:
contact time of 14.33 min, adsorbent dose of 0.05 g, particle size of 190.26 um and pH
6.54. The equilibrium data calculated from the formula were used to fit the corresponding
isotherm models. Freundlich, Langmuir and Temkin isotherms are widely adopted in dye
removal studies (Santhi & Kumar, 2015; Wannahari et al., 2018). Variations in different
isotherm models with their corresponding linear form of isotherm models are presented in
Table 2. In the present study, Langmuir, Freundlich and Temkin isotherms were calculated
using Equations 5, 6, and 7, respectively, to determine the adsorption capacity of the
adsorbents at different concentrations of dye solution.

1 _ ge
ge = qm — (ﬁ) (E) (5)

Where ge is the uptake of Rhodamine 6G at equilibrium (mg/g), gm is Langmuir maximum
uptake of adsorbate per unit mass of adsorbent (mg/g), K; is Langmuir constant related to
rate of adsorption (L/mg) and Ce is concentration of Rhodamine 6G at equilibrium (mg/L)
(Wannabhri et al., 2018).
1
lnqezanF-I—(—)lnCe (6)
n
Where ge is the uptake of Rhodamine 6G at equilibrium (mg/g), K is the Freundlich
adsorption constant (L/mg) and Ce is the concentration of Rhodamine 6G at equilibrium
(Wannabhari et al., 2018).

RT RT
qe:(?)lnk’t-l—(?)ln(fe (7
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Where ge is the uptake at equilibrium (mg/gb), b is Temkin constant (heat of sorption)
(J/mol) and Kt is Temkin isotherm constant (Lg™!) (Nimibofa et al., 2017).

The kinetics of Rhodamine 6G removal were investigated under optimized parameters
0f 26.12 mg/L dye concentration, 0.05 g adsorbent dose, 190.26 um particle size and pH
6.54 and different contact times ranging from 5 min to 25 min with a time interval of 5
min. The kinetics of Rhodamine 6G adsorption from aqueous solution were analysed
using pseudo-first-order, pseudo-second order and intra-particle diffusion models.
The compatibility of the experimental data with the kinetic model was ensured using
the correlation coefficient (R?) value. A high R? value indicates that the model fits the
Rhodamine 6G dye adsorption kinetics (Vijayakumar et al., 2012). The equations for
pseudo-first-order, pseudo-second order and intra-particle diffusion kinetic models are
given in Equation 8, 9, and 10, respectively.

In(ge — qt) =Inge — K.t (8)
Where ge is the amount of Rhodamine 6G adsorbed at equilibrium (mg/g), gt is the amount
of dye adsorbed at any time (mg/g) and K| is a rate constant of the pseudo-first-order kinetic
model (min™") (Vijayakumar et al., 2012).

t 1 t

L L5 9
qt K:qe? qe ©)

Where ge is the uptake of Rhodamine 6G at equilibrium (mg/g), gt is the uptake of
Rhodamine 6G at any time (mg/g) and K is the rate constant for pseudo-second-order

kinetic model (min') (Vijayakumar et al., 2012).
1
qe =kitz+c (10)

Where ¢t is the uptake of Rhodamine 6G at any time (mg/g), £, is intra-particle diffusion

rate constant (mg/g. min™') and ¢ is a constant of the thickness of the boundary layer (mg/g)
(Wannahari et al., 2018).

Comparison between CS-NMAC and CAC in Rhodamine 6G removal

First, 0.05 g each of 74-250 um CS-NMAC and CAC was added into an Erlenmeyer flask
containing 26 mg/L Rhodamine 6G (pH 6.54). Afterward, the samples were agitated at
180 rpm for 14 min. The sample containing CS-NMAC was then separated using a magnet
and a filter paper. Meanwhile, the sample containing CAC was filtered using a filter paper.
Finally, the absorbance at 530 nm for each sample was recorded using a spectrophotometer.

RESULTS AND DISCUSSION
Characterization of CS-NMAC
The morphological structures of both CAC and CS-NMAC are presented in Figure 1.
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Compared with CAC, iron oxide nanoparticles are embedded on the CS-NMAC matrix
without obvious aggregations. This condition indicated that the CS-NMAC matrix and the
iron oxide nanoparticles had a good mechanical binding.

(b)

Figure 1. SEM images of (a) CAC and (b) CS-NMAC at 2000x magnification at 10.0 kV
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The surface of the CS-derived adsorbent was modified by adding iron oxide
nanoparticles. The existence of these nanosized iron oxide materials on the surface of
CS-NMAC was confirmed via XRD analysis (Figure 2). The iron oxide nanoparticles,
namely, magnetite (Fe;0,), maghemite (¥-Fe,0;), hematite (a-Fe,O;) and wuestite (FeO),
are superparamagnetic; thus, they display a strong ferromagnetic behaviour (Kandpal et
al., 2014).

| COD 2101926 Fe3 O4
1 COD 9006317 Fe2 O3 Maghemite
1 _COD 9009766 Fe O Wuestite

Counts

o i T T T ! T ! I T T ! I T I i T
10 20 30 40 50 60 70 80 90

2Theta (Coupled TwoTheta/Theta) WL=1.54060

Figure 2. X-ray diffractogram for CS-NMAC with 100% relative intensity spectra for Fe;O, (0=35.522), Fe, 0,
(6=35.720) and FeO (0=41.724)

The BET surface area (Sggr) and total pore volume (TPV) of CS-NMAC were 1092.17
m?/gand 0.6715 cm?/g, respectively. These Sger and TPV values of CS-NMAC were higher
than those of other magnetic adsorbents reported in the literature: -magnetic iron oxide
nanoparticles derived from Cyanometra ramiflora fruit extract waste (107.97 m%g, 0.13
cm?/g) (Bishnoi et al., 2017); magnetic biochar derived from Astragalus membranaceus
residues (203.7 m%g, 0.187 cm?/g) (Kong et al., 2017); activated carbon derived magnetic
CS (951.84 m*/g, 0.6715 cm®/g) (Hao et al., 2018); and magnetic corn waste straw (313.9
m%g, 0.22 cm?/g) (Khan et al., 2020). Thus, CS-NMAC is expected to have a better
performance in adsorption than the magnetic iron oxide nanoparticles derived from other
carbonaceous biomass owing to its high porosity.

Effects of Contact Time and pH

The effects of contact time on the percentage of Rhodamine 6G removal are depicted
in Figure 3(a). The percentage of Rhodamine 6G removed was paltry after 33 min.
Thus, steady state approximation was likely reached, and this result was accepted as a
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quasiequilibrium situation (Mane & Babu, 2011). By contrast, at the second phase (after
33 min), the process became slow as repulsive forces occurred between the adsorbate and
the adsorbent. The reaction achieved the maximum point when a longer contact time was
applied.

The quasiequilibrium situation for a shorter time (below 30 min) was also tested in
a separate experiment [Figure 3(b)]. The percentage of dye removed gradually increased
from 5 min to 20 min, and the increase in the amount of dye removed was small from 20
min to 30 min. According to Patrick et al. (2014), at the initial phase of the adsorption
process, adsorption rapidly occurs there are more vacant and available sites.

120

: //_’_‘
R g &

Percentage of dye remowval {3%)
=
1

Percentage of dye removal {26)
=
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Figure 3. Percentage removal (%) of Rhodamine 6G by CS-NMAC in batch adsorption reaction at 27°C, 150
rpm and 0.05 g CS-NMAC according to (a) 15-60 min and (b) 5-30 min of contact time.

The initial solution pH was tested because pH governs the surface charge of CS-NMAC
and speciation of polluting dyes. The percentage of dye removed increased as pH increased
(Figure 4), demonstrating that CS-NMAC was electropositive within a wide range of
pH from 3 to 10. The initial pH of the dye solution affected the functional groups on the
surface of CS-NMAC. Adsorption occurred because of electrostatic interaction (alkene)
and hydrogen bonding (hydroxyl) on the surface of CS-NMAC and the dye. According to
Ahmadgurabi et al., (2018), the cationic functional group (NH*) of Rhodamine 6G forms a
hydrogen bond with the anionic functional (FeO™) of CS-NMAC in basic pH media. Such
reaction occurred because magnetite (FeO™) has amphoteric properties. Moreover, the
nature of CS-NMAC was electropositive within a wide pH range (3—10) during adsorption
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because the alkaline mineral ash on the surface of the adsorbent was released into the
solution (Kuang et al., 2020).

Furthermore, pH only had a slight effect on the percentage of dye removed not only
because of the presence of amphoteric FeO™ functional group on the CS-NMAC surface
but also because of the salting out effect phenomenon, which occurred because high salt
concentrations affect pH and solution solubility. Decreases in the amount of Rhodamine 6G
dye in solution due to the salting out effect induced the diffusion towards the hydrophobic
surface of CS-NMAC. Such interaction later increased adsorption efficiency (Reguyal &
Sarmah, 2018).
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Figure 4. Percentage removal (%) of Rhodamine 6G by CS-NMAC in batch adsorption reaction at 27 °C, 150
rpm and 0.05 g CS-NMAC according to pH.
Equilibrium Adsorption Isotherm Studies

The performance and mechanism of dye removal were predicted and compared by fitting
the experimental data into the corresponding linearized isotherm models (Figure 5). The
respective parameters of each model are summarized in Table 2.
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Figure 5. Graphs depicting the removal of Rhodamine 6G in aqueous solution by CS-NMAC at 27°C; 5, 10,
10, 15, 20 and 25 mg/L initial concentration (Co); 0.05 g adsorbent dose; 150 rpm agitation rate; and 14.33
min contact time: (a) Langmuir isotherm, (b) Freundlich isotherm and (¢) Temkin isotherm.
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Table 2

Coconut Shell-Derived Nanomagnetic Adsorbent Composite

Isotherm model parameters for Rhodamine 6G adsorption

Isotherm models Parameters Values
Freundlich Kr 6.864
n 2.208

Jm (Mg/g) 32.020
R? 0.981

Langmuir Ky 0.3179

Ry 0.0309-0.1367

Jm (Mg/g) 33.0033

R? 0.9514
b (J/mol) 24.08

K (L/g) 15.107

R? 0.8649

Among the isotherm models, the Freundlich model had the highest R? value of 0.981.
The n value (n =2.208) was sufficiently high for separation and indicating that Rhodamine
6G removal favoured the Freundlich isotherm model. An # value equals to one (n = 1)
indicates that the partition between the adsorbent and the adsorbate is independent of
concentration. However, when the n value greater unity (n>1), the reaction has high
affinity towards the occurrence of chemisorption between the adsorbate and the adsorbent;
thus, it is considered chemisorption (Wang et al., 2015). This route reflects a multilayered
adsorption process on a heterogeneous surface, which has the advantage of having more
adjacent carbon atoms to provide interaction with adsorbing molecules. Similar findings
were reported by Wannahari et al. (2018) and Mohammed et al. (2017) for the removal of
heavy metals (Cu*"). A comparison of the Rhodamine 6G adsorption performance among
the other adsorbents in terms of adsorption capacity is shown in Table 3. The adsorption
capacity of CS-NMAC was higher than that of the other adsorbents because of its high
Sger value, which indicated that CS-NMAC had a large surface area for adsorption.

Table 3

Comparison of the adsorption capacities of Rhodamine 6G with the adsorbents

Adsorbent Adsorption Model pH SBET References
capacity (m*/g)
(mg/g)
Moroccan 6.84 Langmuir 5.2 18.8 Bensalah et
natural al. (2017)
phosphate
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Table 3 (Continued)

Adsorbent Adsorption Model pH SBET References
capacity (m?/g)
(mg/g)
Kappa-carrageenan 8.38 Freundlich >7 0.0502 Kulal and
grafted with Badalamoole
N-hydroxyethylacrylamide (2020)
Fe;O,-composited biochar 9.42 Langmuir 7 Not Suwunwong
derived from rice husk cited et al. (2020)
Mesoporous silica 13.70 Langmuir Not 1078 Kachbouri et
nanoparticles cited al. (2018)
Coconut shell-derived 32.02 Freundlich 7 1092.17  This study
nanomagnetic adsorbent
composite

Kinetic Models for the Adsorption of Rhodamine 6G Dye

The mechanism and potential rate-controlling step of Rhodamine 6G adsorption by
CS-NMAC by applying adsorption kinetics models consisting of pseudo-first-order,
pseudo-second order and intra-particle diffusion kinetic models. The obtained correlation
coefficients (R?) were used to assess the applicability of the kinetic models (Sharifi & Shoja,
2018). The values of the adsorption kinetic model constants are summarized in Table 4.
The pseudo-second-order kinetic model showed an excellent correlation coefficient (R? =
0.9995) compared with the pseudo-first order and intra-particle diffusion models (Figure
6). Aside from high correlation value, the pseudo-second order showed high proximity
between the experimental uptake capacity (qe ) (14.445 mg/g) and the calculated
uptake capacity (qe ) (15.1515 mg/g), indicating that the adsorption of Rhodamine 6G
to CS-NMAC was controlled by chemisorption. The presence of iron oxide nanoparticles
endowed CS-NMAC with a strong ferromagnetic property. During the adsorption reaction,
the Rhodamine 6G dye considerably faded, and the powdered CS-NMAC aggregated
and homogeneously dispersed toward the external magnetic field. As a result, the strong
ferromagnetic properties allowed for convenient separation and overcame the problem of
remaining adsorbent residues. Valence forces were involved in the chemisorption process
by sharing or exchanging electrons between the Rhodamine 6G dye molecules and the
CS-NMAC surface (Figure 7).
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Figure 6. Representation of (a) pseudo-first order, (b) pseudo-second order and (c) intra- particle diffusion
plots for Rhodamine 6G adsorption into CS-NMAC at 27 °C, 150 rpm agitation, 26.12 mg/L dye concentration
and adsorbent dose of 0.05 g.
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Table 4
Values of kinetic model constants for the adsorption of Rhodamine 6G
qe (exp) (ME/E) PSEUDO- Pseudo-
FIRST ORDER second order
e (cal) k;(min") R? e (cal) k, R?
(mg/g) (mg/g) (min™)
14.4450 6.11223 0.1500 0.9572 15.1515 0.0437 0.9991
Qe (exp) (ME/E) INTRAPARTICLE
DIFFUSION
K C R?
(g/mg
min!)
14.4450 0.2296 11.6870 0.9469

Coconut shell
derived adsorbent

© Magnetite (Fe304)
@ Rhodamme 6G dye
__ Hydrogen bonding

_ _ Electrostatic interactions

Figure 7. Chemisorption between Rhodamine 6G and surface of CS-NMAC

FTIR Analysis after Rhodamine 6G Adsorption into CS-NMAC

The peaks with respect to chemical functional groups observed before and after Rhodamine
6G dye adsorption are plotted in Figure 8. FTIR analysis was performed within 500-4000
cm! to identify the functional groups on the surface of CS-NMAC that formed bonding

structures during adsorption.
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The peaks of CS-NMAC at 1716.07 cm™! that appeared before adsorption and at
1718.53 cm™ that appeared after adsorption were attributed to CN stretching. The peak
at 1988.94 cm™! corresponded to the C—H functional group before adsorption, but it
shifted to 1845.52 c¢cm ! after adsorption. Prior to the adsorption reaction, asymmetric
C=C=C stretching was observed at 1999.28 cm™!, which later appeared at 1988.63 cm!
after the reaction. The shift in CS-NMAC peaks during the adsorption reaction indicated
interactions between the active sites on the surface of the adsorbent functional group and
Rhodamine 6G (Sharifi & Shoja, 2018).

Moreover, the shift in O—H vibration peaks within 3522.17-3688.95 cm™! before
adsorption and the shift in O—H stretching peaks within 3503.76-3702.70 cm™' after
adsorption, as well as the shift in the peak intensity of Fe—O stretching from within
506.16-575.72 cm! to within 502.15-575.78 cm! after adsorption, affirmed the
formation of hydrogen bonds. Popoola (2019) reported that the formation of hydrogen
bonds during Cd ?* adsorption by nanomagnetic walnut shell rice husk was due to shifts
in the peak of O—H.

Gow ) ?’\‘.}\ = Before Adsorption
! \:::_\\-___l | CN | — After Adsorption
s Lon | T
i .\___\_ \_\1\\\\_‘,} | c=C |
] | e
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Figure 8. FTIR spectra of CS-NMAC before and after adsorption of Rhodamine 6G dye

Comparison of Removal Efficiency of CS-NMAC with that of CAC

The effectiveness of CS-NMAC in removing Rhodamine 6G from aqueous solution was
evaluated via adsorption experiments by using CAC under the optimized conditions. CAC
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was produced via steam activation (~1,000°C). The different methods for separating and
removing Rhodamine 6G dye and the percentage of their removal are presented in Table 5.

Table 5

Percentage of Rhodamine 6G dye removal for each adsorption

Adsorbent Separation Percentage of Dye Uptake Capacity
Method Removal (%) q (mg/g)

CS-NMAC Magnet + 99.9968 31.219
Filtration

CAC Filtration 99.9964 28.029

CAC and the nanomagnetic biocarbon composite both exhibited good adsorption
capacity and achieved high removal efficiency (Table 5). Both displayed high percentage
(~99%) of Rhodamine 6G dye removal; thus, they were effective adsorbents. The adsorption
capacity of CS-NMAC (nonsteam activated) was also high and comparable to that of steam-
activated CAC because of the availability and higher affinity of nanomagnetic particles.
The presence and characteristics of nanoparticles affected the adsorption capacity of the
adsorbents.

Moreover, CS-NMAC held a competitive advantage over CAC in terms of diamagnetic
properties. Nanomagnetic biocarbon composites that resulted from the modification and
innovation of biocarbon could be easily separated from the solution and thus resolve the
separation problem of CAC. Furthermore, CS-NMAC could adsorb various pollutants,
such as cationic dye (Rhodamine 6G, this study) and heavy metals (Cr **) (Wannahari et
al., 2018) because of the amphoteric properties of magnetite (Fe;O,4) on the surface of the
adsorbent.

CONCLUSION

CS-NMAC was found to have a high active area for adsorption as indicated by Sggr (1092.17
m%g) and PVT (0.6715 cm?/g). Both characteristics are advantageous for surface-bound
adsorption processes. The presence of maghemite, hematite and wuestite as confirmed by
XRD analysis indicated that nanosized iron oxide particles were embedded on the matrix
of the CS-NMAC surface. FTIR analysis revealed that the FeO functional group on the
surface of CS-NMAC was vital to the adsorption and separation in solution. The best
fit model for CS-NMAC adsorption was found to be the Freundlich model (R>= 0.981),
which revealed that adsorption occurred on the heterogeneous surface with a maximum
adsorption capacity of 32.020 mg/g. However, Rhodamine 6G adsorption obeyed the
pseudo-second-order reaction, implying the onset of chemisorption in the process. This
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situation likely occurred owing to the valence electron of surface atoms of maghemite,
hematite and wuestite crystals. Furthermore, the dye removal performance was comparable
to that of CAC but with a more convenient magnetic separation of the used material from
the solution. Therefore, iron oxide nanoparticles on the surface of CS-NMAC not only
greatly influenced the performance in adsorption but also enhanced the isotherm and
kinetics of the adsorbent.
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ABSTRACT

Length-weight relationships and relative condition factors were conducted to provide
information on fish species’ growth conditions and general well-being in the freshwater
habitat. This study was conducted using fish as a bioindicator for the health of the ecosystem.
Cyclocheilithys apogon (Beardless barb) and Notopterus notopterus (Bronze featherback)
are the most dominant species in Subang Lake. A four-month sampling was conducted to
collect the sample of Beardless barb and Bronze featherback. A total of 422 individuals
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of Beardless barb and 344 individuals
of Bronze featherback were measured
and weighed. The mean total length of
Breadless barb was 13.11 = 1.31 cm with
the mean weight of 31.88+9.93 g. The mean
of the total length and weight of Bronze
featherback was 16.05 +2.07 cm and 30.38
+ 15.63 g. Both fish species showed negative
allometric growth with the exponent b
value 2.884 and 2.886, respectively. The
condition factor of Beardless barb (1.184
+ 0.134) and Bronze featherback (1.010 +
0.163) obtained from this study reflects a
fair growth condition based on K value by
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Barnham & Baxter (2003). Further studies need to be conducted to determine the significant
impacts that affect fish species’ growth conditions.

Keywords: Freshwater fishes, length-weight relationship, relative condition factor, Subang lake

INTRODUCTION

The information such as the fish species’ growth pattern, general health of fish, habitat
conditions, and the fish’s morphological characteristics can be revealed by the Length-
weight relationships (LWR) (Jisr et al., 2018; Froese, 2006). LWR is widely applied in
fisheries management because it provides information on the stock condition and indicates
the degree of stabilization of fish’s taxonomic characters (Isa et al., 2010). There are several
studies of the length-weight relationship and condition factor in Malaysia. According to
Amonodin et al. (2018), there were approximately 102 LWR studies of 64 species that
belong to 20 families. The Cyprinidaec was the most studied family in the Malaysian
freshwater system. Amonodin et al. (2018) documented a higher number of fish species
experienced positive allometric growth, whereas a lower number of fish species experienced
negative allometric growth in the Malaysian freshwater system. The variation of fish growth
was attributed by the environmental condition, seasonal variation, general fish condition,
age, maturity, health, and stomach fullness (Kaur & Rawal, 2017). Fish species experienced
positive allometric growth in a generally healthy environment with sufficient food supply
and good water quality condition, whereas, fish species experienced negative allometric
growth in a poor environmental condition. Also, the variation of fish growth was affected
by the adaptive response of fish response to the ecological condition (Kaur & Rawal, 2017).

Meanwhile, the condition factor is used to demonstrate the state of fish well-being and
useful indicators of fish growth rate (Farooq et al., 2017). A fish’s condition indicates the
fish’s current physical and biological circumstances; thus, the condition factor provides
essential information about the present and future population success via its association with
growth, reproduction, and survival. Apparently, in a favorable environmental condition,
fish species should demonstrate faster growth rates, more significant reproductive potential,
and higher survival rates (Pope, 2007). According to Karna et al. (2012), environmental
condition is an important factor that induced the phenotypic flexibility. Also, most studies
suggested that there is a significant relationship between temperature, population size, and
the maturity of fish.

The Subang Lake is an undisturbed endorheic lake surrounded by hilly and forested
area, and there is no study concerning the fish LWR and condition, especially on these native
species (Beardless barb and Bronze featherback) found in the lake. Hence, this study’s
objective was to estimate the LWR of two dominant native species, Beardless barb and
Bronze featherback, and determine the Kn that evaluates fish growth condition to further
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relate to the environment condition. Consequently, this knowledge is essential to local
management to prioritize the control and coordination fisheries’ management options for
native species in Subang Lake. This study demonstrates the understanding of these native
species’ growth and their condition in a small and undisturbed water body.

MATERIALS AND METHODS

This study was conducted at Subang Lake, located in Petaling District, with a latitude of
3.1672° N and a longitude of 101.4798° E (Figure 1). Subang Lake is an endorheic lake
and was built in 1950. The capacity of Subang Lake is about 777.00 mg. The impounding
capacity of Subang Lake is 3531.8 mL, and the impounding area is 96 hectares. The
catchment area of Subang Lake is 10.16 km? and the maximum depth is 8.5 m. The study
area was divided into seven sampling points which are Muka Sauk (SP1), Tanjung Panjang
(SP2), Tanjung Batu 4 (SP3), Tanjung Jelutong (SP4), Tanjung Hantu (SPS5), Tanjung
Ampang (SP6), and Tanjung Terung (SP7) (Figure 2).

N

A

Petaling Jaya

Legend

- Subang_lake
l:l Petaling Jaya

0 62.5125 250 375 500
Kilometers

Figure 1. The location of Subang Lake in Selangor, Malaysia
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The sampling was carried out four months (July 2018, June 2019, August 2019, and
October 2019) using five different mesh sizes of gill net (1 /% inch, 2 inches, 3 inches, 4
inches, and 5 inches) and two fish traps. The sampling locations were stratified-randomly
selected with major coverage of Subang Lake. The gill nets and fish traps were set overnight
in four consecutive days at each sampling point from morning 0800h and checked every
four hours until 1800h. The total length of individual fish was measured using the measuring
board in centimeter, and the weight of individual fish was taken as the nearest gram using
an electronic balance (LT2002, Smith).

o] 0.2 04 0.8 1.2 1.6
- . E—— s Kilometers

Figure 2. The distribution of seven sampling points in Subang Lake

The growth pattern of the fish can be determined by the score of the growth exponents,
b. According to Froese (20006), the allometric growth versus isometric growth and the
different body shapes of the individual species can be determined from the 82% of the
variance in a plot of log a over b. In most fishes, the value of » >3.0 indicates a positive
allometric growth where the relative body thickness or plumpness is increased with the
length, whereas when the value of b < 3.0 indicates negative allometric growth. The fish
body growth is relatively less rotund as the length increases (Amonodin et al., 2018).
The current form of LWR determines the length-weight relationship, and also, the linear
regression analysis is used to determine the length-weight (log-transformed) relationship
(Froese, 2006). The linear regression of LWR is log W = log a + b log L, whereas the
modern form of LWR is defined as Equation 1.
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W =al? [1]
Where,
W = Body weight (g)
L = Total length (cm)
a = coefficient
b = exponent

The condition factor is also used to determine the fishes’ condition in their habitat (Jones
et al., 1999). The relative condition factor of fish is determined by using the observed
weight and the estimated weight. The relative condition factor is suitable for value b </
> 3. The relative condition factor (K) is used to assess a specific environment’s fitness for
fish growth through the deviation of an organism from the sample’s average weight (Jisr
et al., 2018). According to Le Cren (1951), K > 1 indicates the fish’s growth condition is
a good and contrary condition when K < 1. However, Barnham and Baxter (2003) stated
that the K value greater than 1.4 is categorized as excellent fish growth, whereas less than
1.0 showed a poor growth pattern. The mean condition factor (K) is defined as Equation 2.

K=W/W’ [2]

Where,
W = Observed weight of fish individual
W’ = Estimated weight of fish individual

Descriptive statistical analysis was conducted by calculating the mean values of the
length-weight relationship and the relative condition factor of Beardless barb and Bronze
featherback throughout the sampling periods because of these factors affecting the length-
weight relationship, such as habitat and seasonal effect. Stomach fullness, maturity stage,
age, and sex were not considered (Hamid et al., 2015).

RESULTS AND DISCUSSIONS

A total of 422 individuals of Beardless barb and 344 individuals of Bronze featherback
were captured in this study (Table 1). Both fish species were the dominant species in
Subang Lake. The total length of Breadless barb at Subang Lake ranged from 10.0 cm to
16.9 cm with the mean total length of 13.11 + 1.31 cm, and the weight ranged from 11.80
g to 70.52 g with the mean weight of 31.88+9.93 g (Table 1). The mean of the total length
and weight of Bronze featherback is 16.05 +2.07 cm and 30.38 + 15.63 g (Table 1). The
total length of Bronze featherback ranged from 9.80 cm to 26.40 cm, and the weight of
Bronze featherback varied from 4.99 g to 153.04 (Table 1). The coefficient of determination
(r?) value of Beardless barb and Bronze featherback was 0.8588 and 0.8828, respectively
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(Table 1). A lower value of 1* indicated a narrow range of fish size with higher correlation

and statistical significance (Gaygusuz et al., 2012). The lower value of r*also affected by

human error during data collection and inconsideration of outliers of length and weight

during the LWR calculation. Good quality of prediction of linear regression was obtained

from the high coefficient of determination values.

The b value of Beardless barb and Bronze featherback was 2.884 and 2.886,
respectively, categorized as negative allometric growth (Table 1). The negative allometric
growth was recorded for both fish species (b < 3) suggested that the fish species have a
relatively slow growth rate. According to Froese (2006), the expected b value was varied
from 2.5 — 3.5. The b value that exceeded the range of standard b value was considered
a consequence of small sample sizes (Gaygusuz et al., 2012); however, the case did not
happen in this study. The K value of Breadless barb (1.184) and Bronze featherback (1.010)
indicated that the fish have a fair growth pattern (Barnham & Baxter, 2003). The condition
factor was associated with the LWR that was recorded in this study.

Table 1

Summary of length-weight relationship and relative condition factor. K value was based on Barnham and
Baxter (2003)

. Lmin- Wmin- Growth

Species N max max (g) a b r’ behavior
(cm) &

Cyclocheilichthys .
apogon 422 }(6)'(9) ) ;(1)22 T 001843 2.884  0.8588 zlef;‘fggc 1.184
(Beardless barb) ’ ’
Notopterus
notopterus 9.80- 4.99- Negative
(Bronze 344 26.40 153.04 0.0095 2.886  0.8828 allometric 1.010
featherback)

The negative allometric growth of both fish species, Beardless barb and Bronze
featherback, was recorded in the present study. This result is in accord to Nyanti et al.
(2018) where a negative allometric growth of Beardless barb (b =2.678) was recorded from
downstream of the Batang Ai Dam (Malaysia); however, the condition factor of Beardless
barb was in good condition (K > 1) (Table 2). Food availability and the environmental
condition were the significant factors that affect the length-weight relationship and growth
condition of fish in Batang Ai Dam. The findings of Rosli and Zain (2016), Zulkafli et al.
(2016), Hamid et al. (2015), and Isa et al. (2010) indicated a positive allometric growth of
Beardless barb in most of the Malaysian freshwater bodies (Table 2).

Several previous studies recorded that Bronze featherback has positive allometric
growth (b > 3). For instance, the positive allometric growth of Bronze featherback was
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recorded at Pedu Lake (Kedah) and Sukhna Lake (India) with 3.25 (Isa et al., 2010) and
3.57, respectively (Kaur & Rawal, 2017) (Table 2). According to Dubey et al. (2012),
Bronze featherback has a positive allometric growth in the less disturbance or favorable
condition in River Ken (India). Besides, negative allometric growth was reported in the
finding of Khan (2003) due to several factors such as the selectivity of gill nets, relatively
cold climate, and the lower productivity of Tilaiya Reservoir. Sarkar et al. (2013)
documented that difference in parameter b value was attributed to the differences in the
specimens’ observed length ranges. The positive allometric growth was recorded in the
study by Kaur and Rawal (2017) due to the smaller range of length (21.00 — 28.30 cm);
however, the length ranges of Bronze featherback (N = 344) caught in Subang Lake were
more comprehensive (9.80 cm to 26.40 cm).

The finding of Martin-Smith (1996) categorized the b value range from 2.60 — 2.75
as flattened body shape, whereas the b value ranged from 2.88 — 3.15 as a heavy-bodied.
The expected range of exponent b value was 2.5 — 3.5. Although negative allometric
growth was obtained in the current study, the results were within the expected range and
considered heavy-bodied. According to Isa et al. (2010), a higher value of b showed that
the environment is more favorable for the fish species. Moreover, Rosli and Zain (2016)
and Dalu et al. (2013) suggested the variation of b value was due to the variation of length
and weight, seasonal variation, gonad maturity, diet, health, food availability, and other
environmental factors.

The relative condition factor (K) in the present study for both fish species was greater
than 1. According to Le Cren (1951), K> 1 reflects a healthier physiological state. However,
Barnham and Baxter (2003) stated that the K value greater than 1.40 is categorized as
good to excellent growth condition, whereas the K value lower than 1.0 categorized as
poor growth condition. Barnham and Baxter (2003) have a comprehensive identification
of fish conditions than Le Cren (1951). Hence, the condition of the Beardless barb and
Bronze featherback were found to be relatively fair (1 <K < 1.40) at Subang Lake based
on the standard of Barnham and Baxter (2003). This study found that both Beardless
barb and Bronze featherback dominated Subang Lake. Therefore, both fishes condition
indicated that Subang lake provides adequate food supply and favorable environmental
conditions for them to survive and grow. According to Sharip et al. (2017), Subang Lake
was a mesotrophic-eutrophic lake with the domination of green algae, which provides
sufficient food for both fish species. Furthermore, seasonal variation, breeding activities,
and biological activities indicated no physiological stress to these populations. With a
distinctive slender and elongated body, giving Bronze featherback a knife-like appearance
(Kumar & Karin, 2016), it was evident that its body increases more in length than in
weight. Thus, the body form and shape strongly affect the relative condition. Logically, the
morphological factors also influence body form and weight, and, by extension, condition
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factor. It is possible for an individual fish could increase energetic fitness without a change

in body weight.

Table 2
Literature reports pf allometric growth of fish compared to findings in the current study

Study N Location

Species area b (Literature) N b References
Cyclocheilichthys . .
apogon i‘i‘é‘“g 422 2.884 ?;rfng Al 08 2.678 g%afg)‘ ctal
(Beardless barb)
Males: Males:
Muda 166 3.150 Rosli and
Reservoir Females: Females: Zain (2016)
141 3.185
Temengor Hamid et al.
Reservoir 233 3.157 (2015)
Kerian Isa et al.
River basin 46 3.516 (2010)
Notopterus
notopterus Subang Sukhna Kaur and
(Bronze Lake 344 2.886 Lake 4 3.570 Rawal (2017)
featherback)
. Dubey et al.
River Ken 28 3.32 (2012)
Isa et al.
Pedu Lake 120 3.250 (2010)
Tilaiya 300 2.902 Khan (2003)
Reservoir

* N = number of individuals, b = exponent b (slope of the equation log W =1log a + b log L)

CONCLUSION

In conclusion, both fish species are in a healthy intermediate state (fair condition growth)
when the K value is greater than 1.4. Subang lake’s ecological factors are observed to
support these dominant fishes. The negative allometric growth of both fish species may
be attributed to the fish’s morphological characteristics. The results of the length-weight
relationship (LWR) and relative condition factor (Kn) recorded in this study contribute to
the knowledge of the fish condition in Subang Lake and the relevant information in the
conservation management of Subang Laker’s fish. The results obtained can also provide
useful information about the fish communities in an endorheic lake.
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ABSTRACT

Environmental issues and economic factors such as emission of Greenhouse Gases (GHGs),
fossil fuel depletion and fluctuation of oil prices are also the reason behind the utilization
of sunlight as a source of energy. Even though with the spread of unprecedented pandemic
of COVID 19, the industry of solar photovoltaic (PV) is surviving at a very promising rate
compared to the oil industry. Malaysia has a high potential to be successful at harnessing
solar energy as this country is located within the equatorial region. The government
of Malaysia (GoM) introduced various policies, acts and incentives programs for the
purpose of increasing this country’s potential to harness solar energy. Along with the
efforts, goals and aims have also been set as a benchmark to measure Malaysia’s success
in utilizing sunlight as an energy source. This study reviews the roadmap programs
executed by GoM to elucidate the significant roles played in the development of solar PV
starting from a few pilot projects in1980s until present. The roadmap focuses on incentive

programs namely Feed-in Tariff (FiT), Net

Energy Metering (NEM), Self-Consumption
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Scheme (SELCO), Large Solar Scale (LSS),
Supply Agreement with Renewable Energy
(SARE) and ‘Peer-to-Peer’ (P2P), which
complement all the projects and solar PV
applications in Malaysia. The contributing
result of this roadmap is the highlights on the
continuous solar PV programs stimulated
by GoM, the identification and effort to
improve the less performing GoM incentive
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programs combined with the positive responses from communities and industries, have
laid a strong platform to forecast a promising future of solar PV industry in Malaysia.

Keywords: Feed-in tarif; large solar scale; net energy metering; peer-to-peer; self-consumption scheme

INTRODUCTION

Malaysia’s electricity demand is forecasted to rise by 35% in 2030 from 14 007 MW in
2008. The rise in demand for electricity calls for the utilization of renewable energy as
an alternative to non-renewable energy sources. Malaysia is blessed with an abundance
of renewable energy sources, particularly sunlight. The average annual sum of global
horizontal irradiation (GHI) of Malaysia is between 1400 kWh/m? to 1900 kWh/m?
(Samaiden, 2020). On top of that, Malaysia receives on average 12 hours of sunlight daily
(Aziz et al., 2016; Bakh et al., 2014). Harnessing solar energy for source of sustainable
energy can be done by utilising solar photovoltaic (PV) technology (Pacudan, 2018).
Through proper policy and encouraging incentives, solar energy potential to become this
country’s source of sustainable energy can be enhanced (Pacudan, 2016).

Various initiatives have been carried out by the GoM in order to maximize solar energy
harnesses (Hussin et al., 2012). In 2000, Fifth Fuel Policy 2000 which included renewable
energy as the fifth fuel in the energy mix was introduced during the 8" Malaysia Plan (Bakh
et al., 2014; Maulud & Saidi, 2012; Petinrin & Shaaban, 2015). Renewable Energy Act
2011 (Act 725) was introduced by the GoM to implement a special tariff for enhancing
the generation and utilization of renewable energy in Malaysia. Feed-in Tariff (FiT) was
the tariff highlighted in the act (Sustainable Energy Development Authority, 2011) and
was the foundation policy for solar PV in Malaysia (ASEAN Centre for Energy, 2016).
The incentive programs were taken very seriously by GoM, hence the incentive programs
were introduced under the Ninth and Tenth Malaysia Plan (2011-2015). The programs have
stimulated PV systems installations by providing benefits to the applicants.

Four more major programs have been employed consecutively as an effort to
harness renewable energy sources in Malaysia namely Net Energy Metering (NEM),
Self-Consumption Scheme (SELCO), Large Solar Scale (LSS), Supply Agreement with
Renewable Energy (SARE) and ‘Peer-to-Peer’ (P2P). Besides these five significant and
recent programs, there are many more programs successfully executed by GoM in the past;
but this study is limited to discuss in-depth of these five programs.

The objective of this paper is to trace the roadmap of solar PV in Malaysia. The
roadmap is presented in a timeline, which has been divided into three different categories
which are past, present and future. The significance of this study is to forecast the future
development of solar PV in Malaysia, acknowledge and encourage the application of best
practice mechanisms in promoting solar PV and learn the drawbacks of the less performing
incentive programs related to solar PV development.

1568 Pertanika J. Sci. & Technol. 29 (3): 1567 - 1578 (2021)



Revisiting Solar Photovoltaic Roadmap of Tropical Malaysia

ROADMAP OF SOLAR PHOTOVOLTAIC (PV)

The roadmap includes the development of solar PV in Malaysia, incentives carried out
for facilitating the utilization of solar PV technologies, and any events related to solar PV
in Malaysia.

Past

In the 1980s, solar PV applications were first used for rural electrification and to power
telecommunications infrastructure. The PV system used was off-grid photovoltaic (OGPV),
which required minimum maintenance due to its simple operation (Almaktar et al.,
2015). In order to provide electrical energy to rural communities in Malaysia, more rural
electrification programs were accepted by the Ministry of Rural Development. Under the
initiatives of the Ministry of Energy, Water and Communications (MEWC) and support from
the Japanese New Energy and Industrial Technology Development Organization, a pilot
project of solar PV was implemented in Marak Parak, Sabah in the year 1995 (Almaktar et
al., 2015; Solangi et al., 2011). The project implemented was an OGPV system consisted
of 1887 solar panels (Dalimin, 2018).

Chua et al. (2011) mentioned that the Grid-Connected Photovoltaic (GCPV) in Malaysia
was first installed in July 1998 in Universiti Tenaga Nasional, having 3.15 kWp capacity.
Following the event, British Petroleum (BP) Malaysia installed 8 kWp GCPV at BP petrol
station and Universiti Kebangsaan Malaysia (UKM) installed 5.5 kWp GCPV at Solar
Energy Research Park. These were three of six pilot projects of GCPV in Malaysia aimed
to minimize consumer’s electricity bills by reducing the amount of electricity imported
from the grid (Almaktar et al., 2015; Ruoss, 2007).

Ruoss (2007) stated that the first house to have Building Integrated Photovoltaic (BIPV)
installed was the home of Tenaga Nasional Berhad (TNB) senior officer’s house in Port
Dickson with 3.15 kWp capacity in August 2000. The second BIPV was installed at a
house in Shah Alam in November 2000 with a capacity of 3.24 kWp. In November 2001,
another BIPV with a capacity of 2.8 kWp was installed in Subang Jaya (Mekhilef et al.,
2012; Ruoss, 2007). These three BIPV home installations were the continuity of the GCPV

Figure 1. Port Dickson, Shah Alam and Subang Jaya first home installed BIPV (Haris et al., 2003)
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pilot project in Universiti Tenaga Nasional, BP petrol station and Solar Energy Research
Institute (SERI). Figure 1 shows the image of the first three home installed BIPV system.

Under the 8™ Malaysia Plan (2001-2005), Fifth Fuel Policy was implemented in
2000 to introduce renewable energy as a part of the energy mix (Chua & Oh, 2012). The
implementation of this policy was driven by the increase of oil price and depletion of fossil
fuel (Maulud & Saidi, 2012; Petinrin & Shaaban, 2015). Small Renewable Energy Program
(SREP) was launched in 2001 with an aim to make renewable energy sources contribute
to 5% of electricity generation (Malaysian Building Integrated Photovoltaic Project Team,
2006). Unfortunately, only 0.3% of electricity was contributed from renewable energy
sources by 2005 (Spicher et al., n.d).

Along with the 9th Malaysia Plan (2006-2010), a Five-year project called Malaysian
Building Integrated Photovoltaic (MBIPV) was launched on 25 July 2005. The MBIPV
project aimed to provide an encouraging environment of BIPV application in Malaysia
so that solar energy uptake can be intensified (Almaktar et al., 2015; Petinrin & Shaaban,
2015). Consequently, dependency on fossil fuels as a source of energy can be reduced.
Under MBIPV, a program Surial000 was launched on 22nd June 2007 as a financial
incentive to aid the MBIPV project (Mekhilef et al., 2012).

Present

National Renewable Energy Policy and Action Plan (NREPAP) was launched in April
2011. This policy was also included in the 10™ Malaysia Plan (2011-2015) (Almaktar et
al., 2015). Under the 10™ Malaysia Plan, FiT was introduced as an incentive to increase
renewable energy utilization (Chua et al., 2011). The mechanism of FiT is investors are
rewarded upon electricity generation. The FiT was quite desirable because the program
was a business opportunity as it encourages the export of electricity generated to the grid.
The benefits of FiT are guaranteed payment, consumers have access to the grid and the
creation of jobs (Pacudan, 2018). According to Bakh et al. (2014), 8% of yearly degression
is very discouraging to investors. Table 1 shows the FiT rates after the yearly 8% degression
rate and also the details of bonus FiT rates for Solar PV installations ( Sustainable Energy
Development Authority, 2012):

11™ Malaysia Plan covers the time span of 2016 until 2020. In 2017, FiT was no longer
an incentive program for solar PV but limited to biomass, wind and small hydro (Chen et
al., 2018). Three new incentive programs were introduced under the 11" Malaysia Plan
which are NEM, SELCO and LSS (Ahmad, 2019a).

Net Energy Metering (NEM). NEM was introduced to replace FiT. The concept of NEM

is consumer utilise the electricity generated from solar PV and export the excess energy
generated to the grid to be sold to utility (Sustainable Energy Development Authority, 2017).
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Table 1
FiT rates for solar PV (21 years from FiT commencement date) ( Sustainable Energy Development Authority,
2012)

FiT rate (RM)

Basic rates according to installed capacity

2012 2013 2014
Installed capacity up to and including 4 kWp 1.23 1.1316  1.0411
Installed capacity above 4 kWp and up to and including 24 kWp 1.20 1.1040  1.0157
Installed capacity above 24 kWp and up to and including 72 kWp 1.18 1.0856  0.9988
Installed capacity above 72 kWp and up to and including 1 MWp 1.14 1.0488  0.9649
Installed capacity above 1 MWp and up to and including 10 MWp 0.95 0.8740  0.8041
Installed capacity above 10 MWp and up to and including 30 MWp 0.85 0.7820  0.7194
Bonus FiT rates according to the following criteria (one or more) 2012 2013 2014
Use as installation in buildings or building structures +0.2600 +0.2392 +0.2201
Use as building materials +0.2500 +0.2300 +0.2116
Use of locally manufactured or assembled solar PV modules +0.0300 +0.0276 +0.0254
Use of locally manufactured or assembled solar PV inverters +0.0100 +0.0092 +0.0085

Instead of being paid for gross electricity generated as in FiT, consumers are paid based
on the net energy generated (Razali et al., 2019). However, due to its poor financial return
of RM 0.31/kWh for low voltage PV (below 1 kV), NEM that was initially introduced
in 2016 failed miserably (Sustainable Energy Development Authority, 2020). To fix the
flaw of NEM, the GoM introduced a new NEM in January 2019 in which excess energy is
exported to the grid on a one-on-one offset basis (same gazetted tariff, G7). The mechanism
of the new NEM is calculated based on Net Charge Amount (NCA). NCA is expressed as
Equation 1 (Ahmad, 2019b):

NCA = (zX GT) — (y X GT) []

Whereby,
z = energy imported
y = energy exported

Application of solar PV under NEM is open to broader types of consumer, which are
domestic, commercial, agricultural and industrial consumer. The cumulative net metered
rooftop solar capacity, increased by 7.8 times from the first three years of the new version
of NEM implementation (The Malay Mail, 2020). A study was also conducted to compare
the previous and present NEM. The study found that the new NEM is more cost saving for
most large and medium consumers excluding small scale consumers (Razali et al., 2019).
Figure 2 shows the significant increase in cumulative net metered rooftop solar capacity
after 11 months of new NEM implementation (Bhambhani, 2020).
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Figure 2. Cumulative net metered rooftop solar PV capacity in Malaysia (Bhambhani, 2020)

Self-Consumption (SELCO). Self-consumption (SELCO) is a scheme in which consumers
generate electricity from solar PV for their own consumption that cannot be exported to the
grid (Ahmad, 2019b; Chen et al., 2018). Solar PV installed under the SELCO scheme can
be on-grid or off-grid. If it is on-grid, the capacity limit is 75% of the maximum demand of
the existing installation, meanwhile for off-grid type there is no capacity limit. According
to Chiew (2019), excess energy generated under the SELCO scheme goes to waste. The
participants for the SELCO scheme are limited to only individual and commercial premise
consumers (Ahmad, 2019b). Under the SELCO scheme, a private generating license is
compulsory for the system beyond 72kW (Sustainable Energy Development Authority,
2017). By the end of 2018, the total capacity recorded under the SELCO scheme was 60
MW (Chen et al., 2018).

Large Solar Scale (LSS). Large Solar Scale (LSS) is a bidding program to lower the
levelized cost of energy (LCOE) for LSS PV plant development (Samaiden, 2020). This
incentive program is for a local company with a minimum of 51% equity interest. Chen
et al. (2018) stated that besides NEM, LSS is also reported to be the main driver of solar
PV markets in Malaysia contributing to gigawatt worth of solar potential in Malaysia.
In 2016, the first LSS tender achieved an aggregate capacity of 200 MW and 60 MW
in Peninsular Malaysia and Sabah respectively (Energy, 2019). The increased aggregate
capacity of 360 MW for Peninsular Malaysia and 100 MW for Sabah was achieved in
the second tender in 2017. The third LSS bidding opened in February 2019 targeted 500
MW of aggregate capacity and waiting to be commissioned in 2021. Post COVID-19 has
strengthened Malaysia’s solar PV industry with the announcement of the fourth LSS with
a targeted capacity of one gigawatt. This fourth cycle is expected to be operating by end
0f 2023 ( NST Business, 2020).
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Supply Agreement with Renewable Energy (SARE). Supply Agreement with Renewable
Energy (SARE) was announced by GoM on 18" October 2018 and the mechanism started
on the 1% January 2019. SARE aims to transform Malaysia’s energy landscape to be
greener. This act involves three parties which are prosumer, asset owner or investor and
utility provider. The advantage of SARE is the zero upfront cost when installing a GCPV
system. There are three types of solar solution under SARE, which are solar Power Purchase
Agreement (PPA), Solar Hybrid and Solar Lease. Both Solar PPA and Solar Lease can enjoy
zero upfront cost but not for a solar hybrid which requires approximately 20% contribution.
These three types will also differ in terms of the contract term, solar tariff rate, installment
and metering requirement (Tenaga Nasional Berhad, 2020). Nevertheless, the uncertainty
in the trading is still significant to study and to find ways of mitigation in strengthening
the programs and making it more financially attractive.

Peer-to-peer (P2P). Peer-to-peer (P2P) energy trading is introduced by GoM to increase the
momentum of the community to produce green energy. The pilot run of P2P took place in
November 2019 in two phases; ‘Alpha run’ and ‘Beta run’. Malaysia is the second country
in ASEAN to execute P2P after Thailand (Sustainable Energy Development Authority,
2019). P2P mechanism allows a consumer who generates green energy via NEM and has
surplus energy to sell the surplus to other consumers. The consumer with the surplus of
green energy is called ‘prosumers’. The bridge between the prosumers and customers is
the utility grid, which is the TNB grid in Peninsular Malaysia. The bridge cost has to be
taken into account in calculating the economic return.

This scheme enables the prosumer to sell green energy to other consumers of higher
tariff (tariff B) at an estimated profit of 10% higher than the production cost of the green
energy. On the other hand, the consumer can enjoy an estimated 11% saving from this
trade. Since the program is still in the pilot run stage, a reliable forecast of the economic
return of this program is still debated. One of the drawbacks is on the untraded energy;
is it a condition when the amount of surplus energy is greater than the traded energy. A
pilot run involved up to 5 prosumers and up to 8 consumers employing ‘regulatory sand
box’ was conducted in Malaysia with the involvement of multiple bodies including GoM
(Sustainable Energy Development Authority, 2019).In this study, an analysis of the result
from the pilot run was conducted and Figure 3 shows the percentage of untraded energy
during the pilot run from November 2019 to June 2020. The minimum, median and
maximum untraded energy were 4%, 18.5% and 54% respectively. It is significant to notify
that maximum untraded energy was in March 2020 during the Movement Control Order
(MCO) due to the unprecedented pandemic COVID-19 in Malaysia, where the majority
of industries, which represents the consumers were shut down. This is one of the identified
drawbacks of this program, which the untraded energy is a bonus to the utility company
and not pleasant to the prosumers.
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Figure 3. Percentage of untraded energy during
P2P pilot run from November 2019 to June 2020

Future

The way forward of the Solar PV roadmap is forecasted to be very promising when the GoM
has positioned two solar PV initiatives under the Ministry of Energy, Science, Technology
and Environment Malaysia (MESTECC) in the ‘The eleventh Malaysia Plan’ (RMK11).
The two initiatives are extending access to basic infrastructure in providing electricity by
applying solar PV together with micro and pico hydro in the remote area, and ensuring solar
PV contribution in renewable energy electricity generation by executing big scale program
(LSS) and net energy metering (Kementerian Hal Ehwal Ekonomi, 2018). Even though
RMK 11 has just ended, the GoM announcement of the target to achieve 20% of renewable
energy contribution in the energy mix by the year 2025 continues to keep the solar PV
industry at high momentum (Choong, 2019). Hence, Malaysia is also said to harness solar
power up to 17 075 MW solar capacity by the year 2030. Consequently, this will contribute
to 11.4% of the energy mix in Malaysia (Bhambhani, 2016). Figure 4 shows the Malaysia
PV target from 2020 until 2030. The effort of GoM in keeping the future of solar PV has
also proven with the new initiative of the Renewable Energy Transition Roadmap 2035
(RETR), which will help in strategizing to achieve 20% of renewable energy contribution
in the energy mix by the year of 2025 (Kementerian Tenaga dan Sumber Asli, 2021).

The trend that portrays the bright future of solar PV as a promising sector is also
observed when one of the GoM programs, which is LSS4 has attracted 138 bidders.
This program of LSS4 as described in the previous section will eventually create job
opportunities for approximately 12, 000 people (Yee, 2021).

Furthermore, one of the major and dominant players of energy providers in Malaysia,
Tenaga Nasional Berhad (TNB) is also seen to be progressing very fast through their

1574 Pertanika J. Sci. & Technol. 29 (3): 1567 - 1578 (2021)



Revisiting Solar Photovoltaic Roadmap of Tropical Malaysia

20000 1
17075
S
S 15000 1
z
E
£ 10000 A
S 6393
=¥
5 5000 -
o
w2
0 |
2020 2025 2035
Year

Figure 4. Malaysia Solar PV Capacity Target (Bhambhani, 2016)

investment and involvement in the Solar PV sector. The GoM initiatives together with the
positive acceptance of the industry players depict and interpret the bright future of solar
PV in Malaysia.

CONCLUSION

Malaysia has a high potential to succeed in harnessing solar energy due to its location
that provides almost consistent high solar irradiation all year round with slight monthly
variation. Environmental issues and economic factors should be the main driver for
harnessing solar energy because harnessing unlimited energy can reduce dependency
on non-renewable energy sources such as fossil fuel and yet provide a worthy financial
return to investors. The GoM has been doing a great job in continuously upgrading flawed
incentive programs to maximize this country’s potential to harness solar energy. Finally,
the most effective program would be the one that provides the highest financial return to
its investor. The solar PV road map in Malaysia has witnessed the success of solar PV
development and proven the role of the GoM in keeping the solar PV momentum to become
a promising energy sector in Malaysia.
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