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Heliyon editors

Heliyon is actively building individual sections that are managed by respected researchers and experts in the field. These dedicated and
experienced section editors and their teams of associate editors, supported by our in-house editorial team, are responsible for
managing the peer review process for all submitted manuscripts within their subject sections. These dedicated sections allow us to
tailor each author's experience to the needs and standards they have come to expect within their respective fields.

Agriculture

Meet the full editorial team for Heliyon Agriculture.

Dr. Athanasios Damialis

Dr. Athanasios Damialis is a multi-disciplinary scientist working for more than 20 years on the fields of plant and fungal ecology,
environmental sciences, biometeorology, climate change and environmental health. His particular focus lies on the reproductive biology
of plants (flowering phenology, atmospheric circulation of airborne pollen) and on endophytic fungi. He uses an inter-disciplinary
research approach with environment-environment interactions and human-environment interactions. This includes mainly those
interactions including, but not limited to, the detection of bio-climatic indicators and spatiotemporal patterns of plant, forest and
agricultural habitats and ecosystems, in relation to ongoing and simulated climate change. His research goal is to comprehend the
responsive ability of organisms under stress conditions, ultimately, attempting to promote sustainable growth and environmental quality.

Arts and humanities

Meet the editorial team for Heliyon Arts and humanities.

Biochemistry, molecular biology and cell biology

Meet the full editorial team for Heliyon Biochemistry, molecular biology and cell biology.

Prof. Nicola Zambrano

Nicola Zambrano is professor of Molecular Biology at the University of Naples Federico II, and group leader at CEINGE Advanced
Biotechnologies, Naples, Italy. He holds a M.Sc. degree in biological sciences and a Ph.D. in biotechnologies, acquired within a joint
doctoral program from the Universities of L'Aquila and Naples, Italy. He was a visiting fellow at National Cancer Institute, NIH in
Bethesda from 1991 to 1994, and visiting scientist at EMBL in Heidelberg, Germany in 1997. His academic career at the Federico II
University in Naples started with an assistant professor position in biochemistry (1996), before being enrolled as an associate professor
(2002) and then, as a full professor in molecular biology (2010).

Prof. Jinrong Min

Professor Jinrong Min received his Ph.D. degree in physics from the Institute of Physics, Chinese Academy of Sciences in China, and
carried out his post-doctoral training in chromatin structural biology at the Cold Spring Harbor Laboratory, USA. He is currently the
principal investigator of the Chromatin Structural Biology Group at the Structural Genomics Consortium (SGC), University of Toronto,
and an associate professor in the Department of Physiology at the University of Toronto.

Biology

Meet the editorial team for Heliyon Biology.

Business and economics

Meet the full editorial team for Heliyon Business and economics.

Dr. Larisa Yarovaya

Professor Larisa Yarovaya received her doctorate in finance from Northumbria University in England. Currently, she is a lecturer in
finance, Programme Director BSc Finance, and deputy head of Centre for Digital Finance at the Southampton Business School,
University of Southampton. 

Prof. Yarovaya is a researcher the fields of international finance, digital finance, financial integration, Islamic finance, energy
economics, information transmission, and international business. She has published her research in peer-reviewed academic journals
and is an associate editor of the International Review of Financial Analysis, Journal of International Financial Markets Institutions and
Money, Heliyon, and Data-in-Brief.

Dr. Pavlos Delias

Pavlos Delias is a tenured faculty member at the International Hellenic University, Department of Accounting and Finance. He holds a
jointly supervised PhD from both Technical University of Crete and University Paris Dauphine, under a cotutelle agreement. 

Pavlos Delias has been invited as a visiting professor in several universities (national as well as international). He has contributed to
numerous research projects, focusing on applying the principles of business analytics and operational research to decision support
systems design and use. He is also a member of the coordination board for the EURO working group on decision support systems. His
research interests are in the areas of business process analytics, business analytics and operational research, and multiple criteria
analysis.

Cancer Research

Meet the full editorial team for Heliyon Cancer Research.

Prof. Graham Pawelec

Graham Pawelec received an MA in Natural Sciences and a PhD in Transplantation Immunology from the University of Cambridge, UK.
He is currently Professor of Experimental Immunology in the Department of Immunology, University of Tübingen, Tübingen, Germany.
He is a Visiting Professor at Nottingham Trent University, UK and at King´s College London, UK, holds an Honorary Chair at
Manchester University, UK. He is a member of the Cancer Solutions Program at the Health Sciences North Research Institute of
Canada, Sudbury, Ontario, Canada. He is currently Co-Editor-in-Chief of “Immunity and Aging”. Graham’s research interests are
centred on alterations to immunity, especially T cell-mediated immunity, in ageing and cancer in man, and the influence these have on
the outcome of vaccination and immunomodulatory antibody therapies. The impact of polypathogenicity (including multiple infections,
cancer, Alzheimer´s, diabetes, autoimmunity) as well as stress (psychological, nutritional) on immune signatures reflecting individual
immune status is of particular interest in the clinical context.

Chemical Engineering

Meet the full editorial team for Heliyon Chemical Engineering.

Prof. Bart Van der Bruggen

Bart Van der Bruggen received his PhD in chemical engineering from KU Leuven in 2000. He currently works as full professor at KU
Leuven (Belgium) and extraordinary professor at Tshwane University of Technology (South Africa). He has vast experience as an editor
for various journals and is a also very active author and reviewer, with over 600 publications, cited more than 25,000 times. His
expertise is in separation processes in classical and non-classical chemical engineering applications, with a focus on membrane
science and technology.

Chemistry

Meet the full editorial team for Heliyon Chemistry.

Dr. Francesco Epifano

Prof. Epifano obtained his degree in medicinal chemistry and pharmaceutical technology in 1993 from the University of Perugia, Italy. In
1998, he obtained his Ph.D. in agricultural entomology at the Faculty of Agricultural Sciences of the University of Perugia. Currently, he
is an associate professor of medicinal chemistry at the Department of Pharmacy of the University Gabriele D'Annunzio of Chieti-
Pescara. His recent work is concerned with synthesis and pharmacological properties of secondary metabolites from plants, fungi, and
bacteria. Dr. Epifano was the recipient of the 2010 IADR / Glaxo Smith Kline Innovation in Oral Care Award as the co-investigator of the
project entitled “Therapeutic potential of Citrus auraptene for periodontal disease”, the 2012 Apivita Award for Phytochemistry, and the
2017 Pierre Fabre – Phytochemical Society of Europe Innovation Award.

Clinical research

Meet the full editorial team for Heliyon Clinical research.

Dr. Carolyn Mackintosh-Franklin

Dr. Carolyn Mackintosh-Franklin has had an extensive career in both clinical practice and higher education working at the University of
Bradford, University of Liverpool, University of Hull and currently working at the University of Manchester. She received her first degree
from the University of Newcastle Upon Tyne, her MSc from the University of Manchester and doctorate from the University of Bradford.
She is also a registered nurse specializing in the assessment and management of acute and chronic pain. Her research interests are
broad ranging; encompassing work on health care professionals’ attitudes towards those in pain, aspects of pain assessment and
management, and pedagogic research into learning needs of mature students, with a range of highly cited publications and conference
presentations in these areas.

Prof. Giuseppe Musumeci

Giuseppe Musumeci received a BS, MS and PhD in Human Movement and Sport Sciences from the University of Catania, Italy.
Currently, he works as a Professor of Sports Sciences at the Department of Biomedical and Biotechnological Sciences, School of
Medicine, University of Catania, Italy. He is also an Adjunct Professor at the Temple University’s College of Science and Technology,
Philadelphia, USA and at the Faculty of Sport Sciences, Fujian Normal University, Fuzhou, China. Prof. Musumeci is the Director of the
Research Center on Motor Activities (CRAM), the Director of School of Posturology and Physical Exercise Sciences, the Dean of the
Human Movement Sciences Faculty and the Head of the Movement Innovation PosturaLab at the University of Catania. He is currently
Editor-in-Chief of "Journal of Functional Morphology and Kinesiology". Musumeci's research interests are centered on morphological,
molecular, biochemical and clinical aspects of osteoarthritis and musculoskeletal disorders and the relative effects of diet, ageing and
physical activity. Other research topics of interest are tissue engineering and mechanobiology related to the musculoskeletal system in
the clinical context.

Prof. Graham Pawelec

Graham Pawelec received an MA in natural sciences and a PhD in transplantation immunology from the University of Cambridge, UK.
He is currently professor of experimental immunology in the Department of Immunology, University of Tübingen, Tübingen, Germany.
He is a visiting professor at Nottingham Trent University, UK and at King's College London, UK, holds an honorary chair at Manchester
University, UK. He is a member of the Cancer Solutions Program at the Health Sciences North Research Institute of Canada, Sudbury,
Ontario, Canada. He is currently co-editor-in-chief of “Immunity and Aging”. Graham’s research interests are centred on alterations to
immunity, especially T cell-mediated immunity, in ageing and cancer in man, and the influence these have on the outcome of
vaccination and immunomodulatory antibody therapies. The impact of polypathogenicity (including multiple infections, cancer,
Alzheimer´s, diabetes, autoimmunity) as well as stress (psychological, nutritional) on immune signatures reflecting individual immune
status is of particular interest in the clinical context.

Computer science

Meet the full editorial team for Heliyon Computer science.

Dr. Jonathan Chan

Dr. Jonathan H. Chan is an associate professor of computer science and a co-founder of D-Lab at the School of Information
Technology, King Mongkut's University of Technology Thonburi, Thailand. Jonathan holds a Ph.D. from the University of Toronto, where
he has also served as a visiting professor. In addition to his role as the section editor of Heliyon Computer science, Dr. Chan is an
action editor of Neural Networks, and a member of the editorial boards of International Journal of Machine Intelligence and Sensory
Signal Processing, International Journal of Swarm Intelligence, and Proceedings in Adaptation, Learning and Optimization. 

Dr. Chan is a founding member and a current VP of the IEEE-CIS Thailand Chapter, and a senior member of IEEE, ACM, and INNS, a
member of the Professional Engineers of Ontario (PEO), and a governing board member of APNNS. He also holds an NVIDIA Deep
Learning Institute (DLI) University Ambassadorship and is a certified DLI instructor. His research interests include intelligent systems,
biomedical informatics, and data science and machine learning in general.

Earth science

Meet the full editorial team for Heliyon Earth science.

Prof. Andrew S. Hursthouse

Professor Hursthouse is a professor of environmental geochemistry at the University of the West of Scotland (UWS) and holds a Ph.D.
in environmental radioactivity from University of Glasgow and a B.Sc. degree in geochemistry from University of Reading. He holds a
100 talent high-end expert fellowship at Hunan University of Science & Technology, Xiangtan, PRC. He has editorial roles in several
earth and environmental science journals and has worked in academic and industrial research environments.

Professor Hursthouse’s areas of interest and expertise are in earth process interactions and the environmental geochemistry of metallic
elements, resource exploitation and implications for human health, and this approach also applied to environmental pollution, industrial
processes, economic development and society; remediation and treatment of chemical pollution; chemical and environmental hazards,
waste and environmental management and regulation.

Education

Meet the full editorial team for Heliyon Education.

Prof. David González-Gómez

Heliyon Education is led by Section Editor David González-Gómez, Ph.D. Dr. González-Gómez is a Professor in the Department of
Science and Mathematics Education and the Dean of the Teaching Trainer School at the University of Extremadura (Spain). Dr.
González-Gómez is known internationally for work in science education; science, technology, engineering, and mathematics (STEM);
active learning methodologies for teaching science; affective domain in the science learning process; education for the sustainability;
SDGs. Currently, he is an advisory council of the Science, Technology, and Innovation of Extremadura government in Spain.

Energy

Meet the full editorial team for Heliyon Energy.

Dr. Socrates Kaplanis

Prof. Socrates Kaplanis obtained his degree in physics from University Thessaloniki, a MSc in nuclear reactors from Aston University,
and a PhD in radiation detection and modelling from the University Patra. He has held academic positions including professor of
renewable energy systems at the Technological Educational Institute of Patra, head of the renewable energy systems laboratory,
honorary professor and doctor honoris causa at the Transylvania University in Brasov, and as a visiting professor at the University of
Applied Sciences in Aachen, Germany. 

Prof. Kaplanis has a research background in solar radiation, prediction modelling, zero and intelligent energy buildings, PV systems
engineering, solar thermal engineering, and PV based hybrid systems. He has held various posts, including president of the
Technological Educational Institute of Patra, president of the Technological Educational Institute of Western Greece, and vice-president
and President of the European Institutions in Higher Education (EURASHE).

Engineering

Meet the full editorial team for Heliyon Engineering.

Dr. Andrea Francesco Morabito

Professor Andrea Francesco Morabito received his Ph.D. in computer, biomedical, and telecommunications engineering from the
University of Reggio Calabria, Italy, where he has also served as an assistant professor in electromagnetic fields since 2010. His
research work is mainly focused on models and effective strategies for the solution of inverse problems, in particular, antenna
synthesis, phase retrieval, and electromagnetic inverse scattering.

Prof. Mohammad Mehdi Rashidi

Professor Mohammad Mehdi Rashidi received his Ph.D. in mechanical engineering from Tarbiat Modares University, Iran. He is
currently a professor of mechanical engineering at Tongji University in Shanghai, China, and previously taught at Bu-Ali University in
Iran. Prof. Rashidi was named a 2018 highly cited researcher by Clarivate Analytics.

Environment

Meet the full editorial team for Heliyon Environment.

Prof. Frederic Coulon

Professor Frederic Coulon holds a chair in Environmental Chemistry & Microbiology at Cranfield University, UK. In addition to his
position as section editor for Heliyon Environment, Prof. Coulon is an associate editor for Environment International and Science of the
Total Environment. His professional interests include: soil and water chemistry; fate and transport of chemicals in surface and
subsurface waters; water and wastewater treatment; soil and sediment treatment; hazardous waste site remediation; energy and
environment; population and environment; and public communication of environmental science and engineering. His research
achievements address international priorities under the umbrella of the Water-Soil-Waste nexus across sectors and scales. His work is
premised on the understanding that environmental resources are inextricably intertwined and therefore there is a need of advancing a
nexus approach to enable integrated and sustainable management of water, soil and waste systems.

Prof. Christian Sonne

Professor Christian Sonne, DVM, PhD, DScVetMed, Dipl. ECZM-EBVS, holds a professorship in veterinary ecotoxicology and wildlife
medicine at Aarhaus University, Denmark. In addition to his position as section editor for Heliyon Environment, Prof. Sonne serves as
special issues editor for Environmental Pollution. Since 1997, Prof. Sonne has specialized in the cross-field of biological effects from
exposure to environmental chemicals, diseases and climate change, giving him a unique insight and profile working with a broad range
of animals including predatory mammals, raptorial birds, sea birds, fish and humans. He has a broad insight and interest in internal and
reproductive organs (histopathology, size, and morphology), skeletal system (bone density and morphology using e.g. DXA scanning),
immune system (intra dermal testing of lymphocyte functioning, immune globulin production and cytokine and APP expressions),
endocrine system (steroid and peptide hormones), PBPK modelling, blood biochemistry and infectious diseases (zoonosis). Prof.
Sonne uses his global network to obtain interdisciplinary research results. Since 2015, he has applied his in-depth knowledge and
understanding of biological processes to also include specific un-solved wildlife issues in Denmark (eider duck population declines) and
health of raptors. Recently his innovative approaches have led to the first interactions with private industry focusing on natural
resources developments and translational medicine within insulation, osteoporosis and metabolic syndrome. Prof. Sonne also
specializes in surgical field implantations of intra-coelomic (abdominally) and subcutaneously satellite transmitters (PTTs) in various sea
bird species and immobilization of deer spp.

Food science and nutrition

Meet the full editorial team for Heliyon Food science and nutrition.

Prof. Lilian Mariutti

Prof. Lilian R. B. Mariutti received her aaster and doctorate degrees in food science from the School of Food Engineering - University of
Campinas, Brazil, where she currently has a position as assistant professor. She was a researcher fellow in the Laboratory of
Veterinary Drug Residues of the Brazilian Ministry of Agriculture, Livestock and Food Supply. Her research focuses on the identification
and bioaccessibility of bioactive compounds and lipids and design of food ingredients from non-conventional sources.

Global Health & Infectious Diseases

Meet the full editorial team for Heliyon Global Health & Infectious Diseases.

Dr. Chaisiri Angkurawaranon
Public Health
Chiang Mai University, Chiang Mai, Thailand

Chaisiri Angkurawaranon received his MD from Chiang Mai University and specialises in Family Medicine. He received a Masters in
Medical Statistics and a PhD in Non-communicable Disease Epidemiology from the London School of Hygiene and Tropical Medicine.
His research focuses on global health issues related to ageing and chronic conditions (both communicable and non-communicable) in
primary care.

Dr. Nitika Pant Pai
Infectious Disease 
McGill University, Montreal, Canada

Dr. Nitika Pant Pai is a tenured Associate Professor in the Department of Medicine at McGill University. Her global implementation
research program for the past twenty years is focused on point-of-care diagnostics for HIV and other sexually transmitted blood borne
infections; specifically the innovation, implementation and impact of digital strategies with rapid diagnostics and wearable solution. She
develops integrated connected strategies with digital innovations, Bayesian diagnostics, artificial intelligence to plug health service
delivery gaps in diagnostics in rapid diagnostics. She serves to inform domestic and global policy on point-of-care diagnostics.

Her research program is based in Canada, India and South Africa. She has led many diagnostic trials, cohort/cross sectional studies,
meta-analyses, systematic reviews, modelling studies, to inform the gaps in policies to end the HIV epidemic. Her research has been
supported by grants from the Canadian Institutes of Health Research, the FRQS, Grand Challenges Canada, Bill and Melinda Gates
Foundation, National Institutes of Health, MRC SHIP, South African DST, IC-IMPACTS, Clinton Health Access Initiative, among others.

She has served on many technical working groups for national and international agencies: WHO, Foundation for Innovative
Diagnostics, PSI, The Bill and Melinda Gates Foundation, ASLM, CDC, PHAC, REACH, among others. She has advised the office of
the US Congress on multiplex testing. She has also contributed to HIV self-testing guidelines and policy guidance for HIV self-testing
for the WHO. She serves the Strategic Advisory Board of the Foundation for Innovative Diagnostics and is on WHO’s Roster of Digital
Health Experts. She serves on the Editorial Moard for biomedical journals and regularly reviews for key international health agencies.

She is an elected member of the College of New Scholars, Artists & Scientists of the Royal Society of Canada.

Materials science

Meet the full editorial team for Heliyon Materials science.

Prof. Luis M. Gandía

Luis M. Gandía is a full professor of chemical engineering at the Public University of Navarre (UPNA) since 2010. Prof. Gandía
obtained his Ph.D. in chemistry at the Faculty of Chemistry of the University of the Basque Country in Donostia/San Sebastián in 1993.
He is a founding member of the Institute for Advanced Materials (InaMat) at UPNA. He is the head of a multi-disciplinary research team
mainly working on renewable resources valorization and the development of catalytic materials for environmental and energy
applications. His research interests include: preparation and physico-chemical characterization of heterogeneous catalysts; structured
and micro-structured catalysts and chemical reactors; photocatalysis; biofuels and synthetic fuels; hydrogen energy; Li-ion batteries;
methane conversion; CO  valorization and Computational Fluid Dynamics (CFD).

Mathematics

Meet the full editorial team for Heliyon Mathematics.

Prof. Hermann J. Eberl

Dr. Hermann Eberl is a professor in the Department of Mathematics and Statistics at the University of Guelph (Canada), where he is
also the director of the Biophysics Interdepartmental Graduate Program. Prior to joining the University of Guelph he obtained his
graduate degrees (Dipl.Math., Dr.rer.nat) at the Technical University of Munich (Germany) and was a postdoctoral fellow first at the Delft
University of Technology (the Netherlands), and then at the GSF National Research Center for Environment and Health in
Oberschleissheim (Germany).

His research is in mathematical modelling, analysis, and simulation of biological systems and their interaction with their physical
environment. This encompasses dynamical systems, partial differential equations, numerical analysis and scientific computing. The two
primary strands of his research in recent years were the development and application of mathematical methods in biofilm research and
mathematical modelling of honeybee colonies and their diseases.

Microbiology

Meet the full editorial team for Heliyon Microbiology.

Dr. Dana Stanley

Associate Professor Dana Stanley was awarded a PhD in molecular microbiology from Victoria University, Melbourne, in 2009. Her PhD
project, “Generation and Characterisation of Ethanol-Tolerant Saccharomyces cerevisiae Mutants,” investigated the molecular and
metabolic determinants of ethanol tolerance in yeast and was awarded “the most outstanding PhD in 2009” by the University. Prof.
Stanley held a postdoctoral position in CSIRO’s Animal Health Laboratories (AAHL), one of the world’s most sophisticated animal
research laboratories, where she researched poultry intestinal health, specifically gut microbiota and genetics. Currently, Prof. Stanley
is a leader of the molecular microbiology research cluster at Central Queensland University, focusing in human and livestock intestinal
health, probiotic and next generation antibiotic development and pathogen control. She is working in collaboration with world’s leading
probiotic companies on research projects aiming to improve intestinal health of agricultural animals and humans. Prof. Stanley’s work
has been published in Nature Medicine (as the first author), Nature Communications and Nature Immunology.

Neuroscience

Meet the full editorial team for Heliyon Neuroscience.

Dr. Mario Tiberi

Dr. Mario Tiberi is a senior scientist at the Ottawa Hospital Research Institute’s Neuroscience Program, and associate professor at the
University of Ottawa Faculty of Medicine in the departments of medicine, cellular and molecular medicine, and psychiatry. He is also a
member of the University of Ottawa Brain and Mind Research Institute. Dr. Tiberi completed his PhD in Pharmacology (1990) on opioid
receptors at the Université de Montréal under the supervision of Dr. Jacques Magnan, before moving on to a very successful post-
doctoral training at the Howard Hughes Medical Institutes at Duke University in Dr. Marc Caron’s laboratory. It was during his
postdoctoral training that Dr. Tiberi refined his area of research expertise in molecular biology and biochemistry of dopamine receptors.
His research interests focus on dopamine receptors, G proteins, signal transduction, desensitization and phosphorylation. Dr. Tiberi’s
work aims to understand complex structure and molecular relationships of dopamine receptor signaling complexes using in vitro cellular
systems and pre-clinical in vivo models, with the aim of aiding in the development of novel therapeutic strategies for brain disorders
such as Parkinson’s disease, stroke, schizophrenia and drug addiction. Dr. Tiberi has published over 50 scientific papers and edited two
books. He has wide experience with undergrad and graduate student supervision as well as teaching. Many of his former graduate
students have gone on to successful independent research careers.

Pharmaceutical science, pharmacology and toxicology

Meet the full editorial team for Heliyon Pharmaceutical science, pharmacology and toxicology.

Prof. Emilio Clementi

Emilio Clementi graduated in medicine and surgery at the University of Milano, received his doctorate in pharmacotherapy at the
University of Brescia to move as research fellow to the University College London. He is currently full professor of pharmacology and
director of the clinical pharmacology unit of the National Health System at the University of Milano, co-opted member in the executive
committee of the International Union of basic and clinical Pharmacology (IUPHAR).

He has published on the pathophysiology of nitric oxide and its relevance in therapeutic perspective, especially in skeletal muscle, and
on pharmacokinetics, pharmacogenetics and pharmacoepidemiology in paediatry. He is presently the editor in chief of pharmacological
research.

Dr. Dimitrio Lamprou

Dimitrios Lamprou (Ph.D. MBA) is a reader in pharmaceutical engineering and the MSc programme director in industrial pharmaceutics
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A B S T R A C T

Pallets are crucial in the logistics infrastructure system of various industries and manufacturing companies. They
are made of wood and used to store various large and heavy goods. However, pulp and paper manufacturing
companies undergo material shortages to make wooden pallets. Therefore, this study aimed to apply the 3-R
concept (Reduce, Reuse, Recycle) to deal with pallet shortages at the companies. After several experiments,
the researcher developed three techniques based on the 3-R concept with the closed-loop system: (1) repairing
and (2) reusing waste pallets from/to customers, (3) using Finger Glued-Laminate's products provided internally
as raw materials for pallets; all three met several mandatory criteria of strength and design in a pallet. This
research aimed to help companies make policies and strategies related to applying the 3-R concept to deal with
pallet shortages. If the pallet quantity can meet the company's needs, it will improve the logistics process quality
and deliver the products to consumers right on schedule.

1. Introduction

In the process of shipping or logistics, products are placed onto pallets
promoting safe and efficient transporting, storing, and shipping with
various conveyances (Waseem et al., 2013; Bilbao et al., 2011). The use
of pallets is modern and global. Pallets are developed using a variety of
materials, models, types, dimensions suitable for the product, convey-
ance, delivery, and storage destination; the common materials used are
metal (considering the strength (Abdullah et al., 2018)), plastic, paper,
iron, and mostly wood (Singh, 2013). Pallets are used for three primary
purposes: protecting products, streamlining storage, and streamlining
product distribution (Karaçalı and Ulguel, 2014); safety is also an
essential part of business regarding work performance (Handoko et al.,
2020).

The short and end-of-life cycle of wood pallets at final landfills affects
the environment more severely than carbon dioxide emissions generated
through tree logging, heat treatment, and fumigation (Bilbao et al., 2011;
Grande, 2008; Paula and Handoko, 2016; Kustamar et al., 2018). Pallets
are crucial in supporting the distribution and logistics process, so their
shortage or unavailability will affect the manufacturing industry. In the
case of Indonesian paper manufacturer companies, the government pol-
icy in limiting logging areas constricted by Sistem Verifikasi Legalitas Kayu

or SVLK (Indonesian Timber Legality Assurance System) is an external
threat to pallets availability; it affects wood procurement as the raw
material for making pallets and can cause delays in product delivery. An
exporter company must also heed global warnings related to company
management's green industry concept (Handoko et al., 2014, 2016, 2018;
Hidayat et al., 2018). The company must meet consumers' demands,
government regulations, and community needs to maintain its sustain-
ability (Suarniki et al., 2019).

Consequently, companies need to develop environmentally sound
strategies and innovations in the pallet procurement unit to meet dis-
tribution needs. Knowledge and technology regarding the green
approach will help companies to be aware of environmentally friendly
manufacturing through assisting the organization in improving knowl-
edge and technology capability (Wijayaningtyas et al., 2019, 2020; Putri
et al., 2020; Hulukati et al., 2020; Handoko et al., 2014, 2016, 2017,
2019; Hidayat et al., 2018). This research is a case study of pallet
shortage in the pulp and paper industry in Indonesia. The 3R approach
(Reduce, Reuse, and Recycle) is developable in minimizing the envi-
ronmental impact of the production process. Pulp and paper
manufacturing companies expect to overcome pallet shortages with
used-pallets, wood waste, internal paper production processed with
closed-loop system technique, and glued laminated-finger joint. This
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research aimed to build a strategy and innovation of pallet material using
Reduce, Reuse, and Recycle (3R) concept in the pallet procurement unit
to meet the production unit's needs and prevent product delivery delays.

2. Pallet materials

A pallet is made from wood, plastic, metal, paper, and recycled ma-
terials; each has its advantages and disadvantages. In many cases, pallet
choice depends on the type of product and supply chain configuration
(Bilbao et al., 2011). In the United States, 90% of these pallets are made
of solid wood consisting of 22.4% hardwood, 7.1% softwood, and 10%
various materials such as iron, aluminum, HDPE plastic, PVC, PC,
plywood, cardboard, paper, and other composite materials; the main
concern is the material's strength. These pallets have different charac-
teristics depending on cost, durability, weight, sanitation, decontami-
nation, load value, arrangement, and what is allowed in existing
regulations (Bilbao et al., 2011).

2.1. Types of pallets

Selecting pallet type and pallet management depend on the supplier
chain's product type and configuration (Bilbao et al., 2011). In general,
there are two types of pallets. The first type is stringer pallets (those
having two-way or four-way entry); they use three or more parallel
wooden frames; the top and bottom deck boards have the same spacing.
The second type is block pallets (those having four-way entry); they use
solid wood blocks at the bottom deck board to support the top deck
board. A variety of pallets have been developed in the past few years,
such as the single face, double face reversible, non-reversible double face,
single-wing, double-wing, plug type, four-way notched stringers, and
two-way pallets; all types of pallets are adjusted to the conveyance and
the goods' capacity (NWPCA, 2014).

2.2. Reuse pallet: pallets return

In a broad sense, packaging can be reused; it includes the pallets,
shelves, containers, and wooden supports in which products can be
moved efficiently and safely throughout the entire supply chain. Manu-
facturers and their vendors/consumers reuse packaging by organizing a
good supplier chain under strict delivery arrangements. The reusable
packaging is made of durable materials such as iron, plastic, or wood. It is
designed to withstand the logistics system's harsh treatment; it will offer
a quick return on investment and lower cost for each shipment than a
single-use packaging (Reusable Packaging Association, 2014).

2.3. Recycle pallet: finger joint pallet

Finger joint woods are made by interlocking pieces of wood glued/
laminated at their ends, and the joint resembles interlocked fingers.
These woods are made by removing defects reducing wood's strength and
attaching the wood pieces; additionally, short woods that are finger-
jointed can create the desired wood length. The finger joint wood can
have desirable properties such as straightness, dimension, size stability,
and strength; these can replace solid wood. It also offers unlimited length
suitable for various applications, such as laminated wood glue, wood-
block, and truss (Gong et al., 2009).

2.4. 'Reduce' pallet: paper material

Paper pallets are commonly made by combining paper, paperboard,
corrugated paperboard, honeycomb, and adhesive. These pallets offer
lower support costs than conventional pallets while remaining light and
robust (Harry, 1993). Paper pallets consist of several structures. A flat
paper pallet is placed at the pallet's top; it comprises several layers and
thick paperboard sheets. The sheet-shaped paper-based packaging can be
thick and three-dimensional; it is laminated using glue or other materials.

Additionally, putting two paper materials together into a single structure
(one layer) requires quite a large force (Diana, 2015).

A corrugated pallet is made of kraft-paper layers forming a corrugated
structure. Corrugated cardboard is one of the most popular packaging
materials used for various products; the paper's quality is adjustable to
the packaging's use and size, thickness, paperweight, layers of paper and
the number of layers, also the groove-type of corrugated cartons used in
various production (Bivainis and Jankauskas, 2015). Corrugated paper is
a multi-layered structure (three or five layers) material separated by
paper glue.

2.5. Principles and benefits of 3R (reduce, reuse, and recycle)

3R is a concept used for waste management to prevent pollution;
developed into 5R, Replace and Replant are added to the 3R. The prin-
ciple of 'Reduce' is optimized to minimize the use of goods or materials;
the more materials are used; the more waste is produced. Suyoto (2008)
explained that the 'Reduce' program includes: avoiding the use and
purchase of products generating waste, buying goods in large packaging
(instead of sachet packaging), buying goods with recyclable packaging
(paper, leaves, and others), while 'Reuse' is optimized by selecting reus-
able goods.

Additionally, it is essential to avoid using disposable items to extend
their usage time before becoming waste; the 'Reuse' program includes
selecting products with recyclable packaging, using refillable products,
and reducing disposable materials. Moreover, the 'Recycle' program is
optimized by recycling goods that are no longer useful. Recently, many
non-formal and home industries use waste to create their products,
although not all goods can be recycled. The recycling program includes
turning plastic waste into souvenirs, processing organic waste into
compost, and turning paper waste into painting or miniature toys.

3. Methodology

This research underwent two phases of fieldwork: (1) preliminary
fieldwork and (2) fieldwork research and development, including the
analysis and validity phase.

3.1. Preliminary fieldwork

The preliminary fieldwork was conducted to gain initial information
about pallet shortage. In this phase, the researchers collected initial data
and information regarding policy to deal with the problem by performing
the following activities:

1. Discovering the phenomena regarding pallet shortage and its impact
on environmental issues

2. Obtaining the preliminary information regarding the company busi-
ness process where wood was chosen as the packaging material in the
manufacturing process and collecting information regarding its
impact on the environment

3. Conducting a literature review regarding the green industrial system,
the environmental issues resulting from using pallets in the
manufacturing process, alternative materials for pallets, palletizing,
methods and techniques, including research instruments.

3.2. Fieldwork research and development

The researchers utilized the relevant literature review and the pre-
liminary fieldwork result to create methods, techniques, and research
instruments in conducting the full-range fieldwork research and devel-
opment. This phase involved the following activities:

1. Collecting data from a pulp and paper industry organization;
2. Processing the data statistically and getting an overview of the con-

ditions and production processes of the company;
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3. Developing strategy and innovation for pallets by reusing pallets from
consumers, utilizing wood waste and other waste, and utilizing in-
ternal products (paper) through the process of returning wood pallets,
recycling of joints, and assembling paper pallets.

The 'Reduce' process included substituting materials from wood to
paper using the glued-laminated technique. The 'Reuse' process involved
returning pallets from consumers; the pallets were used for shipping
finished products to the consumers. The researchers developed the
closed-loop system method. The 'Recycle' process entailed recycling
wood scraps and pieces from the pallet manufacturing process and taking
workable wood pieces from pallets using the glued-laminated finger joint
technique.

3.3. Analysis and research validity phase

The fieldwork and development phase involved the following
activities:

a. 'Reduce' Pallet: Paper Pallets.

The researchers processed the data concerning the pallet's strength
using a compression test (kgf). A pallet pressing test compared paper
pallets with the main pallets (wooden) using the gap analysis method.
The researchers conducted field tests with common pallet-treatment
conditions that included arranging the pallets in four stacks, with fork-
lifts, conveyors, and trucks treatment.

b. 'Reuse' Pallet: Reusable Wooden Pallets

The consumer data processed was based on the area and quantity of
goods retrieval regarding using a pallet. The design system method could
create a standard operation procedure (SOP).

c. 'Recycled' Pallet: Finger Joint Pallets

The researchers processed the data about the pallet's strength using a
compression test (kgf). A pressure test compared the finger joint pallets
with the main pallets (wooden) using the gap analysis method. The re-
searchers conducted field tests with common pallet-treatment conditions
that included arranging the pallets in four stacks, with forklifts, con-
veyors, and trucks treatment.

d. 'Reduce, Reuse, Recycled' Pallet

The researchers processed the data about the pallets' strategic value
adjusted to the category and standard value of Green Industry Standard
(SHI). Using the Value Stream Mapping method, the researchers
compared the strategic value with the SHI value.

4. Research results and discussion

Pallets are part of the finished-product packaging at pulp and paper
manufacturing companies. They are produced internally in the pallet unit
and transferred to the production unit for the packaging process. Wooden
pallets use solid softwood material in the form of boards and beams
purchased from external vendors. Making wood pallets begins after the
woods are approved (those without mould or are not weathered, without
wood knots and insects inside). For export purposes, these pallets must
undergo several treatments to meet the International Standards For
Phytosanitary Measures # 15 (ISPM # 15) requirements, such as knot-
free wood and bark, heat treatment, fumigation, ISPM stamp # 15.

Recently, using wood products and their by-products requires a cer-
tificate of Sistem Verifikasi dan Legalitas Kayu or SVLK (Indonesian Timber
Legality Assurance System). It is a part of pest prevention and forest
preservation even though it may require investment and long processing

time. The pallets will be transferred to the production unit as per ordered
specifications, including size, model, and type. Furthermore, the com-
pany covers local and export sales. The data obtained from the shipping
report were mapped based on the distribution areas. Based on the results,
the average pallet distribution-areas is as follows: Java covered 60%
(55% Regular and 5% Non-regular), outside Java covered 10%, and
export covered 30%. Correspondingly, the local area (Java - Regular
Consumers) covered the largest consumers; the return and reuse project
were implemented in this area.

4.1. The Closed Loop System design in the return pallets

The Closed Loop System was developed through:

1. Determining consumer areas with the most extensive pallet distri-
bution. The previous data shows that the largest pallet distribution
area (as the target area for return pallets) was the local and regular
Javanese consumers.

2. Determining the pick-up path of return pallets. The determination of
the pick-up path was done once per month or more if deemed
necessary; the pick-up path could be determined for one or more
consumers, depending on the truckload and the path direction; the
company used trucks returning from shipping finished goods, both to
the same and different consumers that were still in the same direction.

3. Establishing Standard Operating Procedure (SOP)

Marketing: making standard bonuses, cutting payment systems,
negotiating with consumers, andmaking a letter requesting return pallets
and getting approval; Quality Assurance: making return pallets specifi-
cations and checking their quality and value; Warehouse: making the
standard handling of pallets and socializing it to consumers; Transport:
transporting/arranging the trucks, path and pallet layout for the return
pallet process.

4. Obtaining approval of return pallets from the consumers. The key to
implementing pallet return and reusewas consumer approval. Request
letters were distributed to all regular consumers in the Java area.

The most significant benefits of this closed-loop system were: wood
material savings, process and energy savings in making pallets, reduced
production cost savings, significantly reduced chemical emissions from
fumigation, and significantly reduced logging. Differences in the design
before and after pallet distribution are as follows: in the former, pallets
were distributed from the company to consumers and reached the end-of-
life (EOL). Most consumers hoarded the pallets and sold them to other
parties as waste; in the latter (after research), pallets are distributed from
the company to the consumers. These pallets will be sent back to the
company and reused for shipping finished goods. To extend the pallets'
life cycle, the company and consumers need to consider how they will
handle them.

4.2. Recycle pallet

4.2.1. Recycle pallet material
Recycled pallets are made of 3 materials:
(1) the remaining pieces of wood from making solid wood pallets, (2)

damaged woods from the process of making pallets, the packaging pro-
cess in the production unit, the warehousing and loading process, and (3)
woods from damaged return pallets of consumers. The suitable woods are
selected for recycling. The minimum length of the wood is 300 mm with
an adjusted width. The woods will undergo a cleaning process using
shaving and saw machines.

4.2.2. The mechanical design of the joint finger palette
The finger joint palette is made using the glued laminated - finger

joint technique on the raw wood pieces; the production process starts
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with using a semi-automatic finger joint machine in the following stages:
(1) four or more woods are stacked (or adjusted to the size of the table),
(2) the woods are sawed using a machine and (measured) with finger
geometry, (3) using the laminated technique, the woods are automati-
cally jointed with glue; Finger joint wood is pressed to strengthen the
glue, as drawn in Figure 1. Moreover, the finger joint palette assembly
process is done similarly to a solid wood pallet: cutting the pieces
following the size, assembling them based on the pallet model, and
nailing them between the joints (Paula and Handoko, 2016). The most
significant benefits in finger joint palette are: wood material savings and
significantly reduced logging.

4.3. 'Reduce' pallet

4.3.1. Paper material palette substitution
To reduce using wood material in making pallets, the company

substituted materials from wood to the industrial paper type and by-

products, such as chipboard paper and spiral cores; they prioritized
using the reject and remaining production materials.

4.3.2. Paper palette engineering design
The company developed a flat pallet design with the following details,

as drawn in Figure 2: the pallet used 9-layers chipboard paper on the deck
(top board, stringer, bottom board) and the inter-layer lamination pro-
cess used internally formulated paper glue; the bottom deck used a spiral
core; the assembly process between parts used formulated internally
paper glue; the pressing process was required to strengthen the lamina-
tion assembly process (Paula and Handoko, 2016).

4.4. Research results validity

System Design Method was used to test the 'reuse' palette program
validity, which was to build a new system, be accepted, and implement it
with the Standard Operational Procedure (SOP) of handling return pal-
lets from the consumers. It included consumer criteria and approval,
return pallets using return conveyances, the return-path direction of one
or more consumers, pallet-values checking by the QC (Quality Control)
according to the work instructions and specifications, and the pallet-
value recalculating in the next billing deduction.

Gap Analysis Methodwas used to test the 'reduce' and 'recycle' pallet
programs validity. The researchers performed compressive testing (kgf);
a solid wood palette's compressive strength was measured using a finger
joint and a paper pallet. The test results show that solid wood pallets'
strength was not similar to finger joint and paper pallets; thus, the re-
searchers conducted further analysis to determine the weight range of
products packed at the company, finding that the weight of the product/
load from the company ranges from 300-700 kg. In the next step, the
product weights were grouped and compared with the pallet's strength,
explained as follows:

1. Wood Pallets: product load was greater than 600 kg
2. Finger Joint Palette: product load was less than and equal to 600 kg
3. Paper Pallets: product load was less than 400 kg

Value Stream Mapping Method was used to test the validity of the
'reduce', 'reuse', and 'recycle' pallet programs. The test was conducted
using the Green Industry Standard (SHI) assessment criteria, focusing on
aspects of the production process - material inputs. The indicators show
that wood material can be substituted for paper material by 36% in paper
pallet making from the 'reduce' pallet program. As per the SHI criteria
assessment, the material substitution input was greater than 7.5%; the
highest value (4) was fulfilled. Moreover, from the 'reuse' pallets pro-
gram, the researchers found that return and recycling pallets and finger
joint pallets could save wood use up to 21%. As per the SHI criteria
assessment, the material's efficiency input was greater than 7.5%; the
highest value (4) was fulfilled.

Product Financial Feasibility In the strategy and innovation of the
3R program, a financial feasibility analysis focused on calculating the

Figure 1. Finger joint palette.

Figure 2. Paper palette.

Table 1. Potential cost comparison in pallet.

Item Wood Pallet (solid) Finger Joint Pallet Paper Pallet

Material

Acquisition External/Vendor Internal
External - Consumer

100% internal, and downgraded, rejected, broken-products oriented

Availability Limited Limited Unlimited

Cost Uncontrolled Controlled Controlled

Production cost

Sorting Material Performed Performed Not performed

Heat Treatment Performed Performed Not performed

Fumigation Performed Performed Not performed

ISPM stamp #15 Performed Performed Not performed
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cost of goods manufactured (COGM) using the variable cost method for
paper pallets to meet the company needs; it was a major success in this
research. The solid wood pallet's COGM was the benchmark, with
average COGM was IDR 83,000 per wood pallet, while the paper pallet's
price was IDR 63,060 per pallet. The price difference was IDR 19,940 per
pallet. The paper-pallet rawmaterial's price was calculated with the usual
quality paper; thus, if they used low-quality paper (down-graded, rejec-
ted, broken), the price could be very far below IDR 63,060 per pallet.
Additionally, Table 1 presents a comparison between material procure-
ment and the process for obtaining strategic applications' approval.

The results show that the development and innovation using the 3R
approach offered a potential solution to overcome pallet shortage in the
pulp and paper industry. With the weight of the product/load from the
company ranges from 300-700 kg, the results show that the 3R-based
modified pallet could be the solution to the pallet shortage in which:
(1) the wood pallets could be used for product load greater than 600 kg,
(2) the finger joint palette could be used for product load less than or
equal to 600 kg, and (3) the paper pallets could be used for product load
less than 400 kg.

5. Conclusion

Creating strategy and innovation with Reduce, Reuse, and Recycle
(3R) solved the problem of wood shortage (the material for making
pallets) at the pulp and paper manufacturing company; the program was
applied to meet the company's need for pallets and create new oppor-
tunities. The Sistem Verifikasi dan Legalitas Kayu or SVLK (Indonesian
Timber Legality Assurance System) led to the problem; it is a mandatory
government program supporting ecosystem conservation and the coun-
try's image intended to make the products accepted in the international
market. 'Reduce' pallets were made by substituting wood to paper in the
form of chipboard and core. The paper was laminated and assembled into
parts of the pallet deck using the glued laminated technique, while the
core was used as the pallet bottom deck. Paper pallets could carry less
than 400 kg of transport loads; consequently, they can meet the com-
pany's needs unless there is a transport load greater than or equal to 500
kg 'Recycle' pallets were made by utilizing wood scraps/waste/damaged
woods. The woods were jointed and assembled into a joint finger palette
using the glued laminated - finger joint technique; this pallet can carry
less than 600 kg of transport loads. 'Reuse' pallets were made by utilizing
used pallets from consumers. With a closed-loop system, finished goods
with wood pallets (solid) were sent to consumers, and the pallets were
piled up at the consumer's place for later return (to the producer) and
reused; this pallet can carry greater than 600 kg of transport loads. This
green approach overcame the pallet shortage of the pulp and paper
manufacturing industry.
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