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PREFACE 

We are honored to bring you this collection of articles from the 2020 10th International 

Conference on Future Environment and Energy (ICFEE 2020) which was held in Kyoto, 

Japan from January 7 to 9, 2020. ICFEE 2020 is dedicated to issues related to Future 

Environment and Energy.  

 

The primary focus of the conference is to bring together academic scientists, engineers, 

and industry researchers to share their experiences and research results, and discuss 

the practical challenges encountered and the solutions adopted. The ICFEE 2020 

served as a good platform for the scientific community where more than 100 

participants met, exchanged ideas and research results, and examined the way 

forward regarding future environment and energy. 

 

ICFEE 2020 Conference Chair Prof. Kondo Akira Osaka University, Japan did the 

Opening Remarks and delivers his keynote speeches titled “Evaluation on current and 

future air quality in Continental Southeast Asia by using WRF/CMAQ”; also there were 

two other Keynote Speeches. They are Prof. Jae K. Park from University of 

Wisconsin-Madison, USA) presented Keynote Speech titled “Innovative Upcycling of 

Scrap Tires for Pollutant Abatement” on 8th January. This was followed by Keynote 

Speaker Prof. Rodney Stewart, form Griffith University, Queensland, Australia who 

spoke on “Role of Intelligent Sensor Networks and Big Data Informatics for Managing 

Urban Water and Energy Resources”. All the three keynote speakers focused on the 

latest information and most innovative developments in their respective expertise 

areas on future environment and energy. For the conference proper, there were nine 

sub-sessions and one poster session with various interesting topics as follows: 

Environmental Management and Sustainable Development, Atmospheric Monitoring 

and Water Quality Analysis, Environmental and Chemical Engineering, Building Energy 

Efficiency and Energy Management, Life Cycle Analysis of Photovoltaic Solar Panels, 

Combustion Science and Power Engineering, Urban Engineering and Transportation 

Engineering, Battery Technology and Photovoltaic System Optimization, Geological and 

Civil Engineering.   

 

ICFEE 2020 was indeed a golden opportunity for academics, students, researchers and 

engineers to interact with the experts and specialists to get their advice or consultation 

on state-of-the-art developments in future environment and energy, technical matters, 

as well as research methodologies and innovative strategies in the field of 

environmental and energy management. On the third day of the conference, we had a 

one-day visit in Kyoto city.  

 

This proceeding presents a selection from papers submitted to the conference from 

participants from universities, research institutes and industry. All papers were 

subjected to peer-review by conference committee members and international 

reviewers. The papers selected were based on their quality and their relevancy to the 
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conference. The volume tends to present to the readers the recent advances in the 

field of Future Environment and Energy and various related areas, such as Energy and 

Environment, Renewable Energy, Advanced Energy Technologies, Fuels and 

Combustion, Benefits of the Conference, etc.  

 

Finally, it is appropriate that we record our thanks to our organizing committees and 

reviewers for their work in securing a substantial input of papers from 15 countries and 

in encouraging participation from those areas. We are also indebted to those who 

served as Keynote Speakers, Conference Chairmen and Session Chairmen. Without 

their support, the conference could not have been as successful as it was. We also 

acknowledge the authors who have contributed to this volume, without whose expert 

inputs, this compilation of proceedings would not have been possible. We would like to 

thank all the conference participants for their support to ICFEE 2020.  

 

 

Prof. Kondo Akira  

Osaka University, Japan 

April 23, 2020 
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SJR

The SJR is a size-independent prestige indicator that

ranks journals by their 'average prestige per article'. It is
based on the idea that 'all citations are not created
equal'. SJR is a measure of scienti�c in�uence of

journals that accounts for both the number of citations
received by a journal and the importance or prestige of
the journals where such citations come from It
measures the scienti�c in�uence of the average article

in a journal it expresses how central to the global

Total Documents

Evolution of the number of published documents. All

types of documents are considered, including citable
and non citable documents.

Year Documents
2010 4
2011 12
2012 272
2013 177

Citations per document

This indicator counts the number of citations received

by documents from a journal and divides them by the
total number of documents published in that journal.
The chart shows the evolution of the average number of

times documents published in a journal in the past two,
three and four years have been cited in the current year.
The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2010 0.000
Cites / Doc. (4 years) 2011 0.250
Cites / Doc. (4 years) 2012 0.563
Cites / Doc. (4 years) 2013 0.108
Cites / Doc. (4 years) 2014 0.320
Cites / Doc. (4 years) 2015 0.333
Cites / Doc. (4 years) 2016 0.498
Cites / Doc. (4 years) 2017 0.362
Cites / Doc. (4 years) 2018 0.476
Cites / Doc. (4 years) 2019 0.461

Total Cites Self-Cites

Evolution of the total number of citations and journal's

self-citations received by a journal's published
documents during the three previous years.

 
Journal Self-citation is de�ned as the number of citation

from a journal citing article to articles published by the
same journal.

Cites Year Value
f

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document

and external citation per document (i.e. journal self-
citations removed) received by a journal's published
documents during the three previous years. External

citations are calculated by subtracting the number of
self-citations from the total number of citations received
by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles that

have been produced by researchers from several
countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one

country; that is including more than one country
address.

Year International Collaboration

Citable documents Non-citable documents

Not every article in a journal is considered primary

research and therefore "citable", this chart shows the
ratio of a journal's articles including substantial
research (research articles, conference papers and

reviews) in three year windows vs. those documents
other than research articles, reviews and conference
papers.

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years

windows, that have been cited at least once vs. those
not cited during the following year.

Documents Year Value
Uncited documents 2010 0
Uncited documents 2011 3
Uncited documents 2012 9
Uncited documents 2013 264
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Alharia Dinata 2 years ago

IOP Conference Series: Earth and Environmental Science - Volume 708 is not available in Scopus.
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Melanie Ortiz 6 months ago

Dear Naji, thank you very much for your comment. We suggest you consult the Scopus

database directly. Keep in mind that the SJR is a static image (the update is made one

time per year) of a database (Scopus) which is changing every day. 
 

The Scopus’ update list can also be consulted here:
 

https://www.elsevier.com/solutions/scopus/how-scopus-works/content
 

Best Regards, SCImago Team

M
SCImago Team

A

https://www.graphica.app/
https://adclick.g.doubleclick.net/pcs/click?xai=AKAOjsvWiXTqr05FG6JMCdc08hzRYdEyM-sZ6o16PID8RK9Z96YUPcnk6W14oIdDfOOntI0aPIeQ68kRPUOlT5IF6CsCANdJV9W_-D4AFSQzLwWAT97exIGAS9DzCHXHpP1Jc2KIv_Wguu2mGej-JSCNbI01pRyMVJkxscUXAOIXHMPE_nHduKlNxlgCJLVPmgAFF6YzTh31PQyrjLeMd29nYc9G56UdwguoW2T480N-zHSgK52zj0kUDEKtzh9qu89YZMECZZGjgyAmBTA_-fMSDSNtRwXcAmiufRnvj8BERZpARzgQF4SdsxLmYZVOtK0YmbTpFMjgkSeEPAk9s9xOGbFHxFYTb0NgloWe3D1aLshnO5ckljzOj4bSigYI3qcvp7RJNIPf3Nt6AtIuGzVQNEYtetlso6DzolLbCvpj-CQ_Zz-OFlSulpCuJErTK6ko7OGk_8Bo9HqR3hNvERBeEaOGqxl-a-Z-09KvgHdZlKY0rFg7Sj43O6wozEu9EL6TP5JiMlvhjdoa1eVp4g_2jHwo9mrQ9O92ku-YNO-wQroQ2sLFfKjDLMLWl8bRWq1qUeyLxMscUW-qiXGIdJEZxsfXsncD1nDCQLo-lfG6E27M4S4YKlLEdM7A3H2YHjNy9ErE1LvcOpITKosblnNOPcOrXcBVyXAHyAj2vAwS2558Fz40SZ_95QH7a11JqIT9nNIZPS5ntA15zhA90xa1Hi3NzzXFSP6juCv7nqk5FODdHzqc4EgndjTQEYdqZSN7sZbr8_J4so3HaeOA_5YtGz0gmF7j62ncPR_UJ_q2Y_G5zrhdvYNHHpV3aXVCl1bwGKGpm9dizbnBrMFCGcy6reMI04_XcRDg0GS1b_tOtzq9kRiu9BL4Jyz1Q0CPGAJDsLXYYJ_3MadWPfPUCmOqWn4CPXDCLS0bBO9tP67-nyAUiSfA09JfoTjIjK_zM49xNTlwFXZLV50KgaJRdzugdD3shvNOLlilinFTX_f9ADuk-EnfI5bEF3e23hVVYb5V1Cu8p5l5tk4DR_IweMlqnuOhgYXbpocvg0srkQXmwZBn2Hh8xj5Ch22e1IG-FX6Ns0FAmsZu5xKdUnzK3RAmycmkwRZ60d9-p3rkEM9V8oYTpACATt9Iunpy_7m4HJ5tbq-fNMf73rOfkcAo9_l09txHb2fTGPbXCYloAMAdL8cqOzMosk_ct2zVjJMcHMqiZGH4ZiKHHg&sai=AMfl-YR0XyEeSdo1GCaurZ0TfQykmasR-CUplt2UsyQ3ABPwVK_iTT7RiX3381OQi5Skkhfnnp2x_M8Tg9suIYyaAS5R9aJWbvQ7ocy4bzVsgTTfrtMfUGjCYutolp_I4dYxExfzgP3KPcOWlh913lPfjenXW20ZCG4ppGlvPbKFI2_Vc_RmX4zYP0d1XhEPrmb11K2uEnTZomWFwnuYvNY_ZgPNJ4GzfCL84XrlEw&sig=Cg0ArKJSzG1eTT6uDWEK&fbs_aeid=[gw_fbsaeid]&urlfix=1&adurl=https://bssn-software.com/products/animl-converters%3F%26utm_source%3Dprogrammatic%2520google%2520ads%26utm_medium%3Donline%2520display%2520ad%26utm_campaign%3Dchromatography%252fms%2520converter-tid-2022091049%26dclid%3D%25edclid!


CiteScore

�.� =

Calculated on �� May, ����

CiteScoreTracker ����

�.� =

Last updated on �� October, ���� • Updated monthly

Source details

IOP Conference Series: Earth and Environmental Science
Scopus coverage years: from ���� to Present

Publisher: Institute of Physics Publishing

ISSN: ����-���� E-ISSN: ����-����

Subject area: Earth and Planetary Sciences: General Earth and Planetary Sciences

Environmental Science: General Environmental Science

Source type: Conference Proceeding

  View all documents ▻  Set document alert  Save to source list Source Homepage

CiteScore ����

�.�


SJR ����

�.���


SNIP ����

�.���


CiteScore CiteScore rank & trend Scopus content coverage

i Improved CiteScore methodology

CiteScore ���� counts the citations received in ����-���� to articles, reviews, conference papers, book chapters and data

papers published in ����-����, and divides this by the number of publications published in ����-����.  ▻Learn more

×

����


��,��� Citations ���� - ����

��,��� Documents ���� - ����



��,��� Citations to date

��,��� Documents to date

CiteScore rank ����

Category Rank Percentile

Earth and Planetary
Sciences

 
����/��� ��th

 

Environmental
Science

 
����/��� ��th

 



General Earth
and Planetary
Sciences

General
Environmental

 ▻View CiteScore methodology  ▻CiteScore FAQ  🔗Add CiteScore to your site

https://www.scopus.com/redirect/linking.uri?targetURL=http%3a%2f%2fconferenceseries.iop.org%2fees&locationID=8&categoryID=8&eid=&issn=17551307&linkType=JournalHomePage&year=&dig=06a4339224c806e967cd99ac56b86a61
https://www.scopus.com/standard/help.uri?topic=14880
https://www.scopus.com/source/citedby.uri?sourceId=19900195068&docType=ar,re,cp,dp,ch&citedYear=2022,2021,2020,2019&years=2022,2021,2020,2019&pubstageExclusions=aip
https://www.scopus.com/source/search/docType.uri?sourceId=19900195068&years=2022,2021,2020,2019&docType=ar,re,cp,dp,ch&pubstageExclusions=aip
https://www.scopus.com/standard/help.uri?topic=14880
https://www.scopus.com/home.uri?zone=header&origin=sourceinfo
https://www.scopus.com/home.uri?zone=header&origin=sourceinfo
https://www.scopus.com/freelookup/form/author.uri?zone=TopNavBar&origin=NO%20ORIGIN%20DEFINED


About Scopus

What is Scopus

Content coverage

Scopus blog

Scopus API

Privacy matters

Language

⽇本語版を表⽰する
查看简体中文版本

查看繁體中文版本

Просмотр версии на русском языке

Customer Service

Help

Tutorials

Contact us

Terms and conditions Privacy policy

Copyright © Elsevier B.V  . All rights reserved. Scopus® is a registered trademark of Elsevier B.V.

We use cookies to help provide and enhance our service and tailor content. By continuing, you agree to the use of cookies .

https://www.elsevier.com/online-tools/scopus?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/online-tools/scopus/content-overview/?dgcid=RN_AGCM_Sourced_300005030
https://blog.scopus.com/
https://dev.elsevier.com/
https://www.elsevier.com/about/our-business/policies/privacy-principles?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/personalization/switch/Japanese.uri?origin=sourceinfo&zone=footer&locale=ja_JP
https://www.scopus.com/personalization/switch/Chinese.uri?origin=sourceinfo&zone=footer&locale=zh_CN
https://www.scopus.com/personalization/switch/Chinese.uri?origin=sourceinfo&zone=footer&locale=zh_TW
https://www.scopus.com/personalization/switch/Russian.uri?origin=sourceinfo&zone=footer&locale=ru_RU
https://www.scopus.com/standard/contactUs.uri?pageOrigin=footer
https://service.elsevier.com/app/answers/detail/a_id/14799/supporthub/scopus/
https://service.elsevier.com/app/overview/scopus/
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/locate/termsandconditions?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/locate/privacypolicy?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/cookies/policy.uri
http://www.relx.com/


Hong Kong Chemical, Biological & Environmental Engineering Society (HKCBEES)

i

:,Part

.fo,
2020101h Intern attonal Confeierrce on Future

Environment and Energy (ICFEE 2020)
Kyoto, Jap an, January 7 -9,2020

Paper title: Combustion performance of Pterocarpus indicus
leaves wastes briquette with rejected papaya as
binding agent ': r'

Presenter's name: Willyanto Anggono (K5003)

P rese nte r's' affil iation : Petra Christian University, East

s
ww

s
w.c

Session Chair

EE$
bees"org Enviranm*nt and



IOP Conference Series: Earth and Environmental Science

PAPER • OPEN ACCESS

Combustion Performance of Pterocarpus indicus Leaves Wastes
Briquette with Rejected Papaya as Binding Agent
To cite this article: Willyanto Anggono et al 2020 IOP Conf. Ser.: Earth Environ. Sci. 581 012020

 

View the article online for updates and enhancements.

This content was downloaded from IP address 110.139.53.21 on 10/12/2020 at 09:22

https://doi.org/10.1088/1755-1315/581/1/012020
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvzZDcAm2crpqtQJWvSicTpGfb8aVnEzhYnIsAPyyLNR6ElkMwinZX8w7KLmqsLsgQqGr8KcCUV6wCe6_clvELX3jLBHlh3CMd8_BVjVdUGiqxMtA32sdlnK20y9APbq7FXuY98asO6feZndnCv38L42j4tEEFWZlppWeDidLe2SGs0C7Gn20d8JUvCB01P0Voy8UHGKQUFWa2oxyHl6fOecf-orU6o5dM9-SVCmKAKcmQS-OIe&sig=Cg0ArKJSzOvTSADgz8oQ&adurl=https://ecs.confex.com/ecs/239/cfp.cgi%3Futm_source%3DPW%26utm_medium%3DPDFCover%26utm_campaign%3D239AbstractSubmit%26utm_content%3DBanner2


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

2020 10th International Conference on Future Environment and Energy

IOP Conf. Series: Earth and Environmental Science 581 (2020) 012020

IOP Publishing

doi:10.1088/1755-1315/581/1/012020

1

 

 

 

 

 

 

Combustion Performance of Pterocarpus indicus Leaves 

Wastes Briquette with Rejected Papaya as Binding Agent 

Willyanto Anggono
1,2

, Sutrisno
1,2

, Fandi D. Suprianto
1,2

, F.X. Yulio Arifin
1,2

, and 

Gabriel Jeremy Gotama
3,4

 

 

1 Mechanical Engineering Department, Petra Christian University, Surabaya, 

Indonesia 

2 Centre for Sustainable Energy Studies, Petra Christian University, Surabaya, 

Indonesia 

3 School of Mechanical and Aerospace Engineering, Nanyang Technological 

University, Singapore 

4 Department of Mechanical Engineering, Technical University of Munich, Garching, 

Munich, Germany 

E-mail: kj-mesin@petra.ac.id 

 
Abstract. Pterocarpus indicus is a plant commonly found in Indonesia and it produces wastes 

from its leaves falling. Earlier investigation indicated that transforming these leaves into 

briquette could clean them and provide a new source of energy. However, the use of tapioca as 

binding agent in the previous study may be criticized for affecting the food availability as it is 

edible. To solve this issue, tapioca is substituted with rejected papaya. The briquette was then 

investigated to find out the best manufacturing parameters and its viability as a sustainable fuel. 

The optimum ratio of Ptercarpus indicus leaves waste and rejected papaya, which yield 

calorific value of 4338.79 Kcal/kg, is found to be 95% and 5%, respectively. Proximate and 

ultimate analyses corroborate the use of this briquette. Investigation of four combustion 

parameters (ignition time, flame temperature, combustion rate, and burning time) indicates that 

the best briquette is manufactured with biomass of 60 mesh size or 250 μm and compacted 

with hydraulic pressure of 2 MPa. 

1. Introduction 

The increase of the overall human population reduces the supply of available fossil fuel [1,2]. This 

situation promotes the development of modern sustainable fuels. The cost of fuel may stabilize with 

the addition of new sources of renewable energy [3,4]. Biomass has been investigated meticulously for 

its potential as a sustainable fuel. Various types of biomass comprise of factory waste, algae, wood, 

city and animal wastes. The convenience of acquiring the biomass with low price to no cost is one of 

its advantages [5]. Biomass also has the potential to be a CO2 neutral fuel [5]. 

General process of using energy residing in the biomass is by directly combusting it [6]. However, 

direct combustion requires certain condition. High water content in biomass will stop the combustion 

to take place and biomass with high water content are prevalent [4]. Therefore, it is crucial for the 

biomass to be processed as to decrease its water content. Another weakness of the direct combustion is 

in logistic. Biomass requires large space due to its low bulk density which translates to higher 

expenditure when transporting it [7]. 

The disadvantages of directly combusting the biomass can be solved by turning them into briquette, 

which has better energy and bulk density, better heating value, better energy properties, and less water 
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content [7-9]. Furthermore, the energy obtained from the use of briquette is larger compared to the 

energy needed to convert the biomass into briquette [10]. In social context, briquette is beneficial to 

society by decreasing the scarcity of energy and providing additional income, particularly to those 

who lives in rural area [5,11]. 

Plant waste has been recognized as a potential biomass fuel [12]. Indonesia, a developing country with 

tropical climate, has an abundant source of plant biomass [5], including Pterocarpus indicus leaves 

wastes. Pterocarpus indicus trees are generally found in the street of Indonesia and create a surfeit 

amount of litters in the form of leaves. An example of the Pterocarpus indicus plant commonly seen in 

Indonesia is displayed in Figure 1. It may be observed from this figure that the leaves that fall from the 

tree become litters. To clean these litters, people commonly burn these leaves. The burning of leaves 

generates additional greenhouse emission and wasting possible energy source. Turning these litters of 

leaves into briquette is a viable solution to stop the mistreatment of Pterocarpus indicus leaves wastes. 

The preceding investigation has discovered the possibility of manufacutring briquette using 

Pterocarpus indicus leaves wastes and tapioca flour as its binder [4]. However, the use of tapioca as 

binding agent in that study may be criticized for it is an edible source and therefore affects the food 

availability. To solve this issue, rejected papayas are used as the binding agent instead. Rejected 

papayas, as shown in figure 2, are papayas that are not sold or consumed due to their lack in quality 

during sorting process. Their sugar and natural fibre content make it possible to use them as binder for 

briquette. Most of the time, they are left to rot, causing odour problem and unsightly view. Hence, 

rejected papayas are considered to be wastes and their utilization is useful in reducing them. 

 

           
 

In this study, the investigation focuses mainly in obtaining the best briquette that is made of 

Pterocarpus indicus and rejected papaya. Crucial attributes that affect the quality of the produced 

briquette are compacting pressure, ratio of biomass to binder, and particle size of the biomass [2,13]. 

This study was conducted to discover the optimum level of these parameters. Firstly, the optimum 

proportion of biomass and binder is found by comparing their calorific value. Afterward, the best 

proportion of briquette underwent proximate and ultimate analyses. Optimum particle size and 

compacting pressure were found through testing of ignition time, combustion rate, flame temperature, 

and burning time. 

2. Experimental method 

Firstly, in order to manufacture the Pterocarpus indicus leaves wastes and rejected papaya briquette, 

the raw materials are gathered. Both leaves and rejected papaya were easy to obtain and only require 

little to no cost. After obtaining both materials, the moisture content in the leaves were reduced by 

directly exposing them to sunlight for 3 days. As for the rejected papayas, the papayas were squashed 

into liquid to prepare them as binder, as shown in figure 3. Subsequently, the dried leaves were cut 

into several smaller pieces according to the pre-determined particle size required for the investigation. 

 
Figure 1. Pterocarpus indicus tree 

found in Indonesia. Leaves wastes are 

seen beneath it. 

 
Figure 2. Rejected papayas that are left to 

rot and become unpleasant to look. 
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Afterward, the shredded leaves were combined with the squashed papayas in a mould. The mould was 

then exposed to a hydraulic pressure to compact both leaves and papaya into briquette. The final result 

of the briquette is displayed in figure 4. The acquired briquettes, which were manufactured 

distinctively under numerous combinations of proportion, size, and pressure, were then tested to find 

out their best proportion, proximate and ultimate analyses, and combustion characteristics. 

 

   
In this investigation, the proportion of biomass to rejected papaya is varied from 75% biomass-25% 

rejected papaya to 95% biomass-5% rejected papaya with a 5% increment of biomass proportion. The 

estimation of the calorific value was performed using 1341 Plain Coat oxygen bomb calorimeter to 

determine the calorific value of briquette for each proportion. 

Proximate and ultimate analyses were also performed on the manufactured briquettes. The result of the 

proximate analysis provides insight to the fuel’s properties including volatile matter and water content 

which are crucial when discussing the fuel’s viability in society. The result of ultimate analysis 

provides insight to the essential elemental composition of the briquette including carbon, hydrogen, 

nitrogen, and oxygen. All of these tests were performed under ASTM standards. 

In investigating the effect of biomass size, 3 distinct particle sizes were chosen, 60 mesh or 250 μm, 

40 mesh or 420 μm, and lastly, 20 mesh or 840 μm. In investigating the effect of applied hydraulic 

pressure, two degree of pressure were exposed to the briquette, 1 MPa and 2 MPa. The mould is 50 

mm in length and 12.5 mm in radius. Several briquettes were manufactured through numerous 

combinations of three distinct sizes and two distinct pressures. The results were then tested to find the 

best combination of particle size and pressure which yield the best briquette. Combustion 

characteristics such as ignition time, flame temperature, combustion rate, and burning time of the 

briquette were examined to ascertain the briquette’s performance as renewable fuel. The combustion 

characteristics test was conducted for 3 repetitions for each combination of particle size and pressure 

to ensure the significance of the results. 

3. Results and discussion 

The calorific value for various ratio of Pterocarpus indicus leaves waste and rejected papaya blend is 

shown in figure 5. The results suggested that briquette made of 95% Pterocarpus indicus leaves waste 

and 5% rejected papaya has the highest calorific value. This result is due to the Pterocarpus indicus 

leaves waste having higher calorific value (4427.62 Kcal/kg) [4] compared to rejected papaya (435.02 

Kcal/kg) and therefore larger proportion of Pterocarpus indicus leaves wastes increases the overall 

calorific value of the briquette. According to figure 6, the calorific value obtained in this study is 

comparable to the Pterocarpus indicus leaves wastes briquette with tapioca as binder and others 

biomass briquettes [13-15]. Briquette bonded with tapioca has higher calorific value since tapioca has 

larger calorific value (3574.47 Kcal/kg) [4] as opposed to rejected papaya (435.02 Kcal/kg). 

The results of the ultimate and proximate analyses are given in table 2 and 3, respectively. The low 

moisture content, and the lower fixed carbon value compared to the volatile matter indicates that the 

briquette can be easily combusted [16]. The sulfur content is considered to be within acceptable range 

as compared to other briquettes such as Cerbera manghas leaves (0.19%) [13], rice straw/sugarcane 

leaves (± 0.04%) [14], Pterocarpus indicus twigs (0.17%) [16], areca leaves (± 0.6%) [17], and water 

 
Figure 4. Result of Pterocarpus indicus 

leaves waste and rejected papaya briquette. 

 
Figure 3. Squashed rejected papaya. 
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hyacinth charcoal (± 0.36%) [18]. The ultimate analysis results indicate the combination of both 

hydrogen and carbon in briquette is higher than 50 %wt in which they contribute to the calorific value 

of the briquette [16]. These analyses corroborate the use Pterocarpus indicus leaves waste and rejected 

papaya briquette as fuel. 

 
 

     
 

The influence of various particle sizes and hydraulic pressures on the flame temperature is given in 

figure 7(a). High flame temperature is desired as it contributes to higher rate of heat transfer. Smaller 

particle size and larger pressure resulted in larger flame temperature. Peak flame temperature (586 °C) 

is found in briquette with 2 MPa compacting pressure and biomass size of 60 mesh. 

The influence of various particle sizes and hydraulic pressures on the ignition time is given in figure 

7(b). Ignition time relates to the time required for the briquette to be ignited [19]. Longer ignition time 

means that the briquette requires more time to be combusted. Smaller particle size and larger pressure 

 

Figure 6. Comparison of various briquettes 

calorific value [13-15]. PIL is an abbreviation 

for Pterocarpus indicus leaves. CML is an 

abbreviation for Cerbera manghas leaves. 

Table 3. Ultimate analysis results.  

Parameters Unit 
As 

received 

Test 

Method 

Carbon %wt 46.12 
ASTM D 

5373–16 

Hydrogen %wt 5.09 
ASTM D 

5373–16 

Nitrogen %wt 3.58 
ASTM D 

5373–16 

Oxygen %wt 27.02 
ASTM D 

3176–15 

 

Table 2. Proximate analysis results. 

Parameters Unit 
As 

Received 

Dried 

Basis 

Test 

Method 

Total Moisture %wt 11.15 - 
ASTM D 

3302 – 17 

Ash Content %wt 6.82 7.68 
ASTM D 

3174 – 12 

Volatile Matter %wt 66.30 74.62 
ASTM D 

3175 – 18 

Fixed Carbon %wt 15.73 17.70 
ASTM D 

3172 – 13 

Total Sulfur %wt 0.22 0.25 
ASTM D 

4239 – 18 

Gross Calorific 

Value 

Kcal/ 

Kg 
4341 4886 

ASTM D 

5865 - 13 

 

 

Figure 5. Calorific value of Pterocarpus 

indicus leaves waste and rejected papaya for 

various proportion (5% to 25%wt of rejected 

papaya). 
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resulted in larger ignition time for the briquette. Peak ignition time (295 seconds) is found in briquette 

with 2 MPa compacting pressure and biomass size of 60 mesh. 

The influence of various particle sizes and hydraulic pressures on the burning time is given in figure 

7(c). Burning time shows the time required for the fuel to reduce into ashes after being ignited [19]. 

Longer burning times means that the briquette last longer when used as fuel. Smaller particle size and 

larger pressure resulted in slightly larger burning time of the briquette. Peak burning time (4394 

seconds) is found in briquette with 2 MPa compacting pressure and biomass size of 60 mesh. 

The influence of various particle sizes and hydraulic pressures on the combustion rate is given in 

figure 7(d). Combustion rate shows the rate of which the combustible component of the fuel is 

consumed when combusted. Larger burning rate means that the briquette burns at a faster rate and 

therefore will not last for long. Smaller particle size and larger pressure resulted in slightly less 

combustion rate of the briquette. The smallest combustion rate (0.00253 gram/second) is found in 

briquette with 2 MPa compacting pressure and biomass size of 60 mesh. 

The result of the burning time and combustion rate only have a slight difference between different 

hydraulic pressures. However, these results are in line with the previous studies where larger hydraulic 

pressure leads to longer burning rate and larger combustion rate [2,16]. 

 

           
 (a) (b) 

           
 (c)  (d) 

Figure 7. (a) flame temperature, (b) ignition time, (c) burning time, and (d) combustion rate of 

briquette at various particle size and compacting pressure. 

4. Summary 

The result of this study suggests that briquette manufactured with ratio of Pterocarpus indicus leaves 

wastes and rejected papaya of 95% and 5%, respectively, yields the highest calorific value of 4338.79 

Kcal/kg. The calorific value of the briquette bonded with rejected papaya is comparable with other 

types of briquette and slightly lower compared to briquette bonded with tapioca due to their respective 

binder’s calorific value. Ultimate and proximate analyses support the use of Pterocarpus indicus 

leaves waste and rejected papaya briquette. Burning time, ignition time, and flame temperature raises 
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with the increase of the applied hydraulic pressure and reduction of the shredded biomass size. In the 

other hand, the reduction of applied hydraulic pressure and the raise of biomass size increase the 

combustion rate. 60 mesh (250 μm) particle size and 2 MPa hydraulic pressure were found to be the 

best manufacturing parameters for the briquette. Briquette manufactured under these attributes has 

4394 seconds of burning time, 295 seconds of ignition time, 586 °C of flame temperature, and 0.00253 

gram/second of combustion rate. 

While 60 mesh particle size and 2 MPa hydraulic pressure are the most optimum manufacturing 

attributes discovered in this investigation. Universally, it might not be the best parameters for 

manufacturing Pterocarpus indicus leaves waste and rejected papaya briquette. Prospective studies 

may investigate the biomass size and hydraulic pressure comprehensively through addition of larger 

hydraulic pressure and much finer particle size. Another alternative binding agent may also be 

investigated in the future; Particularly, those that increase the overall calorific value of the briquette 

without affecting the availability of the food source. 
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