
PROCEEDING 
The 8th Joint onference on 

Renewable Energy and 
Nanotechno ogy 2019 

(JCREN 2019) 

ISBN 978-979-18011-3-3 

• 'u. . . , §4 all19 , 

)\ I1IROS HI!'\.~ UNIV~ lrr 

Sponsored by: 

:w: TOYO KOA ~ 
PLN 



PROCEEDING 

(The 8th J CREN 2019) 

Improving International Networks and 
Research Collaboration 

Gowa Campus, November 5 - 6,2019 

Department of Mechanical Engineering 
Faculty of Engineering 
Universitas Hasanuddin 

Indonesia 



PROCEEDING 
The Sill Joint Conference on Renewable Energy and 

NanQtechnology 2019 
(The 8th J CREN 2019) 

Improving International Networks and Research Collaboration 

Organized by : 
Universitas Hasanuddin 

Co-organized by : 
Chulalongkom University (CU), Ehime University (EU), Hiroshima University (HU), King 
Mongkut ' s Institute of Teclmology Ladkrabang (KMITL), Kyoto University (KU), Kyushu Institute 
of Technology (KIT), National Nanotechnology Center (NANOTEC), Okayama Urtiversity (OU), 
Prince of Songkla University (PSU), Rangsit University (RSU), Tokyo University of Science (TUS), 
Yamaguchi University (YU) 

Conference Chairs: 
Andi Erwin Eka Putra (Universitas Hasanuddin), Chair 
Yukihiro Matsumura (Hiroshima University), Vice chair/General manager 
Tawatchai Charinpanitkul (Chulalongkom University), Vice chair/Thai representative 

Secretary : Azwar Hayat (Universitas Hasalluddi..Il) 
Treasurer: Novriany Amaliyah (Universitas Hasanuddin) 

Steering Committee : 
Muhammad Arsyad Thaha (Universitas Hasanuddin), Nasaruddin Salam (Universitas Hasanuddin), 
Ilyas Renreng (Universitas Hasanuddin), Onny S. Sutresman (Universitas Hasanuddin), Wahyu H. 
Piarah (Universitas Hasanuddin) 

RevIewer : 
Yukihiro Matsumura (Hiroshima University), Tawatchai Charinpanitkul (Chulalongkom University), 
Shinfuku Nomura (Eltime University), Ken·lchiro TANOUE (Yamaguchi University), Andi Etwin 
Eka Putra (Universitas Hasanuddin) 

Editori al Boar d : 
Achariya Suriyawong (Chulalongkom University), Akihiko Horibe (Okayama University), Akihiko 
Hotibe (Okayama University), Anita Bt Ramli (Universiti Teknologi Petronas), Apiluck Eiad·ua 
(King Mongkut' s Institute of Technology Ladkrabang), Apinan Soottitantawat (Chulalongkom 
University), Chalida Klaysom (Chulalongkom University), Esmat Maleki (University of Malaya), 
Hiroslti Katsurayama (Yamaguchi University), Hiroki Suzuki (Yamaguclti Uniersity), Hironticlti 
Toyota (Eltime University), Kajomsak Fawlgnawakij (National Nanoteclmology Center), Ken·ichiro 
TANOUE (Yamaguchi University), Kiyoslti Dowaki (Tokyo University of Science), Komkrit 
Suttiponpamit (PTT Research and Technology Institute), Kreangkrai Maneeintr (Chulalongkom 
University), Lam Man Kee (Universiti Teknologi Petronas), Maclti Karma (Hiroshima University), 
Masato Mikami (Yamaguclti University), Masaya Nakahara (Eltime University), Minato Wakisaka 
(Kyushu Institute of Technology), Nataporn Sowasod (King Mongkut' s University of Technology 



North Bangkok), Nawin Viriya-empikul (National Nanotechnology Center),Nor Hisham B Hamid 
(Universiti Teknologi Petronas), Noriaki Sano (Kyoto University), Nuttapol Limjeerajarus (Thai­
Nichi Institute of Technology), Nuttapol Tanadchangsaeng (Rangsit University), Palang 
Bumroongsakulsawat (Chulalongkom University), Paravee Vas-urnnuay (Chulalongkom 
University), Pilasinee Limsuwan (King Mongkut's University of Technology North Bangkok), 
Pimpom Poonpetch (Chulalongkom University), Pramote Puengjinda (Yamanashi University), 
Pusanisa Patharachotesawate (Chulalongkom University), Sira Srinives (Mahidol Univresity), 
Shinnichi Namba (Hiroshima University), Shinfuku Nomura (Ehime University), Shinobu Mukasa 
(Ehime University), Shinsuke Mochizuki (Yamaguchi University), Shuhei Inoue (Hiroshima 
University), Suracha Udomsak (SCG Chemicals), Sutee Chutipaijit (King Mongkut's Institute of 
Technology Ladkrabang), Suthatip Sinyoung (Mahidol University), Suwanna Boontanon (Mahidol 
University), Suzana Bt Yusup (Universiti Teknologi Petronas), Takayuki Ichikawa (Hiroshima 
University), Takehiko Seo (Yamaguchi University), Trakam Prapaspongsa (Mahidol University), 
Varong Pavarajam (Chulalongkom University), Watcharop Chaikittisilp (The University of Tokyo), 
Wimonmas Boonyungyuen (Mahidol University), Winadda Wongwiriyapan (King Mongkut's 
Institute of Technology Ladkrabang), Wipawadee Wongsuwan (Thai-Nichi Institute of Technology), 
Yasushi Shibuta (The University of Tokyo), Yoshisugu Kojima (Hiroshima University), Yutaka 
Nakashimada (Hiroshima University), Yuushou Nakayama (Hiroshima University). 

Editor: 
Azwar Hayat, Gerard Antonini Duma, Asriadi Sakka 

Setting Layout: Muh. Firdan Nurdin 

Publisher: 
Department of Mechanical Engineering, Faculty of Engineering, Universitas Hasanuddin, Indonesia 

Editorial Staff: 
Jalan Poros Malino, Km. 6, Bontomarannu, Gowa, Sulawesi Selatan, Indonesia, 92171 
https:/ /eng.unhas.ac.id/mesin/id/pagell 033174/jcren-2019.html 
email: jcren2019@eng.unhas.ac.id 

@2019. All rights reserve 

ISBN 978-979-18011-3-3 

111111111111111111111111 
9 789791 801133 



Message from Chair of JCREN 2019 

Assoc. Prof. Andi ElWin Eka Putra 

We are pleased to welcome all participants of The 8th Joint Conference on Renewable Energy and 
Nanotedmology (JCREN 2019). This joint conference is held follmving the successful1'! JCREN in 
Bangkok, 2nd JCREN in Hiroshima, 3rd JCREN in Kanchanaburi, 4th JCREN in Matsuyama, 
5th JCREN in Kuala Lumpur, 6th JCREN in Bangkok, and 1h JCREN in Yamaguchi. This year, The 
8th JCREN 2019 is taking place in Makassar, Indonesia from 5th to 6th of November 2019 in the 
Engineering Campus of Hasan uddin University. 

In line 'Nith Hasanuddin University's commitment to increase international academic cooperation, 
joint conference program such as JCREN is a top priority in improving international networks and 
research collaboration. Through international conferences, it is expected that researchers in the 
eastern part of Indonesia can interchange information so that it can add insight and maturity of 
scientific thinking. International conferences can also be a means to establish cooperation among 
field research, especially those from abroad. 

We would like to convey our deepest gratitude to Prof. Yukihiko Matsumura, Prof. Shyam S. 
Pandey, and Prof. Tawatchai Charinpanitkul as Keynote Speakers and for their kind supports for the 
success of this joint conference. We would like to send our gratitude to all international and local 
Steering Committee for their valuable contribution to JCREN 2019. 

We would like to express our gratitude to all participants and we would like all of you to enjoy your 
time here in Makassar. While participating in JCREN, we hope that you IN.i.ll expand your network, 
add friends and engage in the many productive discussions that IN.i.il be held at this conference. 



Words for the JCREN2019 

JCREN20 12-20 14 Japanese Chair 

JCREN2015-2019 Vice Chair 

Yukihiko MATSUMURA 

Since the first JCREN in Bangkok, we have been continuing this conference every year, and it is 
already 8th meeting. We can count it as second one in Higashi- Hiroshima, third one in 
Kanchanaburi, fourth one in Matsuyama, fifth one in Kuala Lumpur, and sixth one in Bangkok, and 
seventh one in Ube. The rotation is Thailand-J apan-other country since the 3rd conference. This 
meeting is thus the 2nd "other country" conference for JCREN, and it is in Indonesia. 

The 4th conference in Matsuyama was where we decided to have this conference in Indonesia some 
day. Prof. Nomura, the chair of the conference was working lNith Indonesian researcher, who 
participated in it. In this way, we are extending our network from one country to another, inviting 
more and more participants. This is actually what we intended. Networking of researchers allows us 
to achieve more than what we can do independently. 

It is also true for the research field. It is by association lNith other field that you get inspiration, and 
magic of synergy arises. Thus, we started to provide a stage for renewable energy researchers and 
nanoteclmology researchers to co-act. Now it is not only these two fields , but also many other 
fields that is joining the performance. I hope this JCREN2019 can be a wonderful stage for you to 
enjoy association lNith researchers from other fields. 

Finally, I would like to thank Dr. Andi Erwin Eka Putra, Universitas Hasanuddin, to be the chair of 
this conference and to invite all of us to this wonderful city of Makassar. The success of this 
conference really owes his efforts. My sincere thanks go to all the staffs in Universitas Hasanuddin 
who helped this conference organization and all the organizing committee members. If it were not 
for their kind help and cooperation, this conference could never be held. Hope you enjoy this 
conference, extend your network, and more and more collaboration come out. 

n 



Message for JCREN2019 from Thailand 

Prof. Tawatchai Charinpanitkul 

With the total population of more than 270 Million and consisting of more than 17,000 islands \Vith over 

1.9 million square miles of land, Indonesia is the 4th largest country IN.ith growing potential. Abundent 

unique natural resources and excellent human resource are strength of this great country. To serve the 
continuous gromh afthe country and the whole region, Indonesia has contributed a lot in developing 
and supplying energy, focxl, teclmology and many issues. Among those emerging issues, Rene-wable 
Energy and Nanoteclmology have dra\Vll attentions from multi-lateral collaboration among many 
stakeholders. With the dedication of Universitas Hasanuddin, it is a great opportunity that JCREN could 

be expanded to become a broader and energetic network among Indonesia, Japan, Malaysia, 
Philippines, Thailand, and other alliance countries . The 8th JCREN or JCREN2019 has been well 

organized in the beautiful cmnpus of Department of Mechanical Engineering, Universitas Hasanuddin 
situated in Makassar, Sulawesi Island, which is the biggest city in the Eastern part of Indonesia. All 

arrangement of JCREN2019 has followed the same objective as that ofthe previous JCRENs, which has 
focused on providing academic and cultural exchange as well as fostering young generation for 

contributing to the "Whole society. As a result, continual and irmovative topics covering Rene-wable 

Energy, Nanoteclmology, Chemical Engineering, Envirorunenial Engineering, Mechanical Engineering, 
and other relevant fields are emphasized to stimulate the intimate and friendly meeting among academia, 

researchers and industrial entrepreneurs. New opportunities in utilizing new knmvledge and experiences 
would be shared and discussed in either oral or poster sessions in JCREN2019. Additionally, a 

technical excursion would also provide gcxxl opportunity for all participants to broaden their vision. 

With all mentioned aspects, I am confident that JCREN2019 would certainly remark some impressive 

memories for all. 

I would like to take this opportunity to extend my sincere gratitude to all organizing committee 
members, especially, Prof. Andi Erwin E. Putra and all colleagues of Universitas Hasanuddin as well as 

all alliance institutions for their dedication to the successful JCREN2019. Certainly, many 

respectful supports from all industrial partners would also be acknowledged. Last but not least, I am 

confident that the success of JCREN2019 would help strengthen our nmltilateral collaboration in the 

field ofRene-wable Energy and Nanoteclmology which would be beneficial to our global society. 

(Prof. Tawatchai Charinpanitkul) 
Associate Dean for Academic Affairs 

Faculty ofFngineering, CHULALONGKORN University, Thailand 

iii 



List of Content 

Message from Chair of JCREN 2019, Assoc. Prof. Andi Erwin Eka Putra 

Message for JCREN2019 from Thailand (Vice Chair Prof. Yukihiko MATSUMURA) 

Message for JCREN2019 from Thailand (Vice Chair Prof. Tawatchai Charinpanitkul) 

List of Content 

Pages 

11 

111 

IV 

Keynote Speech I, Prof. Syam S. Pandey, Kyushu Institute of Technology, Japan 

Dye-Sensitized Solar Cells in the Reahn of Future Energy Challenges: Materials Design & 

Device Engineering v - VI 

Keynote Speech II, Prof. Tawatchai Charinpanitkul, Chulalongkorn University, Thailand 

Synthesis of magnetic carbon nanomaterials and their applications in bio-circular economy 

Keynote Speech III, Prof. Yukihiko Matsumura, Hiroshima University, Japan 

Biomass Utilization as Carbon Source for 2050 

Parallel Session 

Reneawable Energy 

Ryoya Shiraishi, Shinfuku Nomura and Hiromichi Toyota 

RE l. Comparison of hydrogen production through in-liquid plasma methods 

Rahmat Iman Mainil and Yukihiko Matsumura 

RE 2. Effect of heating rate on supercritical water gasification of palm oil mill effluent 

Kazuma Takata, Nao Umehara, Ken-Ichiro Tanoue, Morihisa Yokota and Toyoaki Niki 

RE 3. Study on mass transfer of ash in combustion of bamboo powder 

Puji Rahmawati Nurcahyani and Yukihiko Matsumura 

Vll - Xl 

XU-XU1 

1-4 

5-8 

9 - II 

12 - 15 

RE 4. Influence of nutrient concentration on phosphorus consumption and biomass productivity of 

microalgae Chi orella vulgaris 

Tsuyoshi Komoto, Naoto Morishige and Ken-Ichiro Tanoue 

RE 5. Study on thermal and chemical reactions during major components of woody biomass 

Hiroki Yokoyama and Yukihiko Matsumura 

RE 6. Nitrogen behavior in supercritical water gasification of glycine at the initial stage 

Andi Erwin Eka Putra, Inong Oskar, HairulArsyad and Novriany Amaliyah 

RE 7. Characterization of Pyrolysis and Gasification Product of Cashew Nutshell Waste 

Muh. Firdan Nurdin, Andi Erwin Eka Putra and Novriany Amaliyah 

16 -18 

19 - 20 

21- 26 

27 -42 

IV 



RE 8. Plasma Treatment in-Water Processes of Sugarcane Bagasse 

Andi Amijoyo Mochtar, Jalaluddin Hadda, Rafmddin Syam and Amirullah Amirullah 43 - 46 

RE 9. Optimization of Methane Gas using Active Charcoal Purification, Plantain Banana Skin and 

Cows Waste in Biodigester 

Pongsert Sriprom, Pornyamon Leephisuth, Arthit Neramittagapong and Sutasinee 

Neramittagapong 47 - 50 

RE 10. Optimization of lignin conversion by hydrothermal process for recovery of vanillin 

KhairilAnwar, Syukri HOOran, Luther Sule and Nasruddin Azis 51 - 60 

RE II. Performance of Bach-type Savonius Wind Turbine with Modification of Straight Blade Angle 

Jufri, Daeng Paroka, Jalaluddin and Rustan Tarakka 61 - 68 

RE 12. Simulation of Sea Wave Energy Absorption Based on Overview of Wave Height, Shape and 

Size of Buoyancy 

Luther Sule, Andi Amijoyo M ochtar, Jalaluddin Hadda, Rajiuddin Syam and Aksan Eji 69-72 

RE 13. Axial Fan Performance using Variation of Number of Blades in Flow Direction 

Abdul Muis and Muhammad Sadat Hamzah 73 - 82 

RE 14. Design and Development of Crossflow Turbine for Low Head Application 

Mustofa, Basri, Hasan Basr~ Jumiyatun, Irwan Mahmud~ Hariyanto, Zuryati Djafar and 

Wahyu H. Piarah 83 - 91 

RE IS. Low Sun Spectrum on Simulation of an Amorphous Silicon Photovoltaic and Thermoelectric 

Generator Hybrid 

Azwar Hayat, Rafmddin Syam, Ilham, and Yasser Ridha Muslim 92-99 

RE 16. Performance analysis of flexible solar panels on electric motorcycles with flat and curved 

mounting positions 

Sallolo Suluh, Abd Rauf Musadat, Zuryati Djafar, Novriany Amaliyah, and 

Wahyu H. Piarah 100-106 

RE 17. The Performance of Biomass Briquette Stoves Made of Steel Plates with Aluminum Sheets 

Diameter Variations 

Nano Technology 

Riku Yamada, Shinobu Mukasa, Ryota Kikuch~ Koichiroh Sakai and Shinfuku Nomura 107 - 110 

NA 1. Sintering of Copper Nanoparticles Synthesized by Pulsed Discharge Method in Methanol 

M eutia Farida, Ilham AlOOuddin, Asri Jaya, Lily Fauzielly and Jimmi Nugraha III - 117 

NA 2. Identifiyng the Calcareous Nanofossils from Tonasa Limestone Karama Section Jeneponto 

Area South Sulawesi, Indonesia 

v 



Aishah Mahpudz, Siu Ling Lim, HitoshiInokawa, KatsukiKusakabe 

and Ryuichi Tomoshige ll8 - 121 

NA 3. Cobalt nanocluster intercalated on layered double hydroxide (LDH): Control of cluster size 

and effect on its catalytic activity for sodium borohydride (NaBH4) hydrolysis 

Phanatchakorn Mala, Chosel Lawagon, Araya Smuthkochorn, Tawatchai Charinpanitkul and 

Sakhon Ratchahat 122 - 127 

NA 4. Effect of temperature to electroless nickel plating on multiwalled carbon nanotubes 

Karina Irene Valeriano, Darlene Atienza, Dan Erson Talplacido, Rose Ann Tamo/ang, Tawatchai 

Charinpanitkul and Chosel Lawagon 128 - 133 

NA 5. Synthesis and characterization of multi-walled carbon nanotubes from turpentine oil using 

chemical vapor deposition with ferrocene 

Lennard Felipe, Celine Joy Cruz, Joshua Aldave, Florencio De Los Reyes, CllOsel Lawagon and 

Tawatchai Charinpanitkul 134 - 142 

NA 6. Synthesis and Characterization of Carbon Nanotubes Derived from Eucalyptus Oil for the 

Removal of Arnoxicillin from Aqueous Solution 

General and Innovative Technology 

Keitaro Fukumoto, Ryo Tanaka, YuusllOu Nakayama, Takeshi Shiono, Norioki Kawasaki, Naoko 

Yamano and Atsuyoshi Nakayama 143 - 146 

GI l. Synthesis and properties of sequence-controlled copolyesters composed of glycolic acid, 1,4-

butanediol and dicarboxylic acid 

Kentaro Kawa~ Ryoya Shiraish~ Shinfuku Nomura, Junichi Nakajima and KeiKirihara 

GI 2. Characteristics of ultrafine bubbles in an alkaline aqueous solution 

Kazuki Tange, Shinfuku Nomura and Junichi Nakajima 

GI 3. Methylene blue decomposition by various in-liquid plasma methods 

Haobo Yuan, Ryo Tanaka, YuusllOu Nakayama and Takeshi Shiono 

147 - 150 

151- 154 

155 - 158 

GI 4. Ring-opening polymerization of macrocyclic oligocarbonates with phosphazene superbase 

Ramiro Emerson Amon, Christian Lawagon, Keenan Jake Segamata, France Joshua Barrientos, 

Ronnel Esparagoza, Esther Consuelo Tan and Chosel Lawagon 159 - 165 

GI 5. Preparation of graphene-based conductive ink from spent zinc-carbon batteries 

Chosel Lawagon, Giang Le, Jamekorn Panichpol, Kantapong Arunaditya and Tawatchai 

Charinpanitkul 166 - 170 

GI 6. Preparation of sulfonated graphene oxide from petrochemical waste oil 

VI 



Francheska Therese Teiioso, Jennelle Andre Javier, Krizia Mharee Poja, Divine Angela 

Sumalinog and Jenyuk Lohwacharin 171 - 181 

GI 7. Utilization of coconut husk wastes as adsorbent material for the removal of Ibuprofen: Kinetic 

studies and mechanisms 

Hairul Arsyad and Sudarsono 

GI 8. The Effect of Width Scaling on Flexural Behavior of CFRP Laminates 

Yutaro Suzuki, Shuhei Inoue and Yukihiko Matsumura 

182 - 188 

189 - 192 

GI 9. Development of photoelectron yield spectrometer and measure electronic structure of 

photochromic materials 

Kosuke Okamoto, Ryoya Shiraish~ Shinfuku Nomura, 

Hiromichi Toyota and Shota Shimokawa 193 - 196 

GI 10. One-step ammonia synthesis under by in-liquid plasma ordinary temperature and pressure 

Takumi Harada, Yuushou Nakayama, Ryo Tanaka, Takeshi Shiono, Norioki Kawasak~ Naoko 

Yamano and Atsuyoshi Nakayama 197 - 200 

GIll. Development of poly(butylene furanoate )-based cationic ionomers 

Jumiyatun, Baso Mukhlis, Agustinus Kali, Ikhwal Syukur and Mustofa 201 - 2ll 

GI 12. Application of DCDC Boost Converter in the Utilization of Heat and Cold Temperatures 

Conversion Using Thermoelectric Generator and PID Controller 

Lamya Zahir, Ryo Tanaka, YuusllOu Nakayama and TakeshiShiono 212 - 215 

GI 13. Synthesis of Thermoplastic Elastomers using 2-Methyl-l,3-propanediol, Succinic Acid and 

Lactide 

Muh. Farid Hidayat, Ilyas Renreng and Fauzan Djamaluddin 216 - 225 

GI 14. Analysis of Crash worthiness and Optimization of Bi-Tubular Thin-walled Structures 

Sutami Suparmin, Muhammad Zakir, Irwan Ridwan Rahim and FaizalArya Samman 226 - 230 

GI 15. Comparative Experimental Power Measurements of Red Soil Battery with H2S04, NaCl, and 

NaOH Additive Solutions 

Misaki Honda, Yuto Yamasaki and Ken-Ichiro Tanoue 231- 234 

GI 16. Influence of operation pressure on heat and mass transfer in Si02 thin fihn coating by thermal 

CVD 

Fauziah Hamzah, Muhammad Aldian Adiputra Latif, Faizal Arya Samman, Rafiuddin Syam, 

Rhiza S. Sadjad and Tino Suhaebri 235 - 241 

GI 17. Variable Frequency Pulse Control Algorithm for Electric Motor Controller used in Electric 

Vehicle Applications 

Phetcharat Dhammayannarangsi, Chalida Nakalekha Limjeerajarus and 

Nuttapol Limjeerajarus 242- 246 

Vll 



GI 18. An FEA on a simplified 3D maxillary first premolar model suggested the commonly used 

modulus of elasticity values of the periodontal ligament may be incorrect. 

Shuhei Inoue, Kento Tobinaga and Yukihiko Matsumura 247 - 249 

GI 19. Evaluation of yellow phosphors synthesized by sol-gel method 

N ovriany Amaliyah, Azwar H ayat and M. Alif Prasetyo, Andi Erwik E. Putra, and 

MachmudSyam 250 - 258 

GI 20. Semiconductor Ti02 Coating deposited by Microwave Plasma Method 

Zulkijli Djafar, Ilhamzah Ilhamzah and Ilyas Renreng 259 - 266 

GI 21. The Effect of Seawater Immersion in Ramie Fiber Composites on Impact Strength 

Ham Hamsir, Onny Sutresman, Muhammad Syahid and HairulArsyad 267 - 273 

GI 22. Effect of Salinity and Temperature on Corrosion Rate of ST 41 and SS 304 Steels in the 

Seawater Environment 

Ratih Sholihah, Irwan Mahmudi, Yulius Pirade, Sari Dew~ Sitti Nurada, Asti Dian and 

Mustofa 274 - 282 

GI 23. Optimization of Distributed Generation Placement for Voltage Drop Minimization in 

PALAPAS's Radial Distribution System Using Genetic Algorithm 

Rustan Tarakka, Jalaluddin, and Wawan Rauf 283 - 291 

GI 24. Computational Analysis of The Application of Active Control on Vehicle Model with Varied 

Suction Velocities 

Viktus Kolo Koten, Syukri Himran, Nasaruddin Salam, and Luther Sule 292 - 303 

GI 25. Modified Blade Pitch Angle on the Changes Darrieus Turbine Tangential Speed 

V111 



JCREN 2019 
FULL PAPER 

=ized by' 

\: =IU" l\lla~nsnl 
" HIROSHIMA UNIVERSITY ~ ~~ 

.(' EHIME UNIVERSITY ~~~ Jl ~, (!) 

Sponsored by: 

;W; TOYO KOATSU :!t:. 
PLN 



JCREN2019. November 5-6, 2019, Gowa, Makassar 

Characterization of Pyrolysis and Gasification Product 
of Cashew Nut Shell Waste 
Andi Erwin Eka Putral, lnong Oskar2, Hairul Arsyadl, Novriany Anlaliyahl 

'Department of Mechanical Engineering, Faculty of Engineering, Hasanuddin University, 
Makassar, Indonesia 
2Department of Mechanical Engineering, Faculty of Engineering, Atmajaya University, 
Makassar, Indonesia 
*Corr8sponding author: novriany@unhas.ac.id 

Abstract 
This research examines the characteristics of pyrolysis and gasification product of cashew 

nut shell waste. Pyrolysis products such as charcoal, oil, and tar were analyzed using proximate 
testing, scanning electron microscope, x-ray diffraction, and chromatography at pyrolysis 
temperature of 600°C and 900°C. The gasification products such as tar and gas were analyzed 
using chromatography at the addition of oxygen and the absence of oxygen and heating time was 
observed. The result shows that charcoal products of pyrolysis obtained higher heating value 
(HHV) equal to 6853 kcallkg and 6474 kcallkg at 6000 and 9000 C of pyrolysis temperature 
respectively. Scanning electron microscope result of charcoal shows a non -uniform pore size of 2 
to 10 flm. Oil viscosity was obtained at 0.9528 cP and tar content was dominated by phenol 
compound group of 46.52%. The gas content of the gasification product of cashew nutshell waste 
was dominated by propane of 44.20% with a higher heating value of 938.24 kcal/kg. The heating 
time with the addition of oxygen takes a longer time of 10% to 45% than in the absence of oxygen. 

1. Introduction 

The cashew tree (anacardium occidentale) is a tropical evergreen tree that originally came 
from Northern South America. Later on, this plant grows in some tropical countries including 
Indonesia. In Indonesia, it is locally named as Jambu Mete and mainly planted in several regions 
including west Sumatra, Lampung, north and southeast Sulawesi, west Nusa Tenggara, central 
and east Java[l]. The cultivation process is relatively easy. Data reported by Indonesian ministry 
of agriculture on 2009, there are 570,000 ha of cashew tree cultivated area with production of 
cashew nut around 142,000 metric tons/year[2]. The main products ofthe cashew are pseudo fruit 
(cashew apple) and cashew nut. The cashew nut consist of the shell nut and the kernel. The shell 
ofthe nut is approximately 1/8 inch thick and become a potential agriculture byproduct to produce 
cashew nutshell liquid. 

Previous studies have reported the utilization of cashew nutshell liquid (CNSL). A single 
cylinder compression ignition engine was successfully operated using neat CSNL with various 
blends of oxygenated, alcohols, and vegetable oils[3]. In material application, CSNL was used as 
bio-resin, that when it combined with glass or carbon, the composite materials will have a greater 
renewable content and minimizing greenhouse gases typically associated with petroleum based 
resin[4][5]. The cashew nutshell extract was also reported as the most prominent source of 
antioxidants compare to coconut oil and groundnut hulH6] 

Several attempts have been made to produce CSNL. A number of researches have reported 
pyrolysis method of cashew nutshell. Pyrolysis process comprises the thermal degradation of 
materials in the absence of an oxidizing agents leading to the formation of solid (char), liquid (bio­
oils), and gaseous products. Two step pyrolysis of cashew nutshell in a fixed bed pyrolysis reactor 
with temperature of 1750 C was reported produced dark brown oil and combustible oil fraction. 
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These oils were found to have a unique characteristic with the presence of long linear chain in 
the compounds, which is become an excellent solubility in diesel oil and light lubrication oils[71. 
CNS oil with caloric value of 40 MJlkg, near to that of petroleum fuel was produced in a packed 
bed vacuum pyrolysis unit. At pyrolysis temperature of 500oC, the optimum yielding of the 
maximum percentage of oil was obtained[Sl. In a laboratory· scale fixed bed reactor, a feasibility 
of obtain solid and liquid fraction usable as a fuel was demonstrated at the pyrolysis temperature 
between 400 and 600 oC[91. 

At the higher temperature rather than pyrolysis process, studies of the gasification 
process of cashew nutshell have been explored. Gasification is a thermochemical process at high 
temperature (SOO - 1100oC) in the presence of gasifying agents such as air, steam, and oxygen to 
produce a gaseous products. A simple downdraft fixed bed gasifier was developed to consider the 
potential use of cashew nutshell as replacement fuel for wood. A high energy content and similar 
chemical composition of gas was obtained and generated less waste[lOl. 

2. Experimental 

The experimental apparatus scheme is shown in fig. I. A 0.5 g of cashew nutshell was put 
in the reactor then heated using a burner. In the pyrolysis step, cashew nutshell was heated at 
vacuum condition of ·15 Psi until temperature reach 600 oC and 900 oC. The pyrolysis of cashew 
nutshell generated products such as gas, oil, and char. At the gasification step, an oxygen of 10% 
and 25% was injected in the reactor respectively at the same temperature of pyrolysis step. The 
gasification generated products of gas and char. Pipeline was used to distribute and separate oil 
and gas products of pyrolysis and gasification process. The proximate analysis (moisture, ash 
content, volatile matter, fixed carbon, and heating value) of char produced after pyrolysis was 
analyzed, and a scanning electron microscope (SEM) was used to study the surface feature of char 
produced. A viscometer was used to analyze oil and tar product. Gas composition characterization 
of gasification product was conducted using gas chromatograph. 

REACTOR 

BURNER 

RfSEAVl)IR GAS 
Of CASHEW NUT StlEl.I.5 

OKSIGEN RESERVOIR 

Fig. 1 Experimental apparatus scheme 
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3. Result and Discussion 

3.1. Proximate Analysis 

Table 1 summarized the solid products characteristics that were determined in this 
study. Char present a moisture in a range of 2.72 to 3.81 %, decrease around 80% at 
gasification step with temperature of 600'C with addition of 10% 02. Low moisture content can 
ensure good quality gas production[ll]. In the pyrolysis step, increasing temperature from 
600'C to 900'C resulted decreasing content of volatile matter and moisture content, while 
increasing fixed carbon and ash content. These trends are in accordance with those studies 
reported in literature [9]. In the gasification process, increasing temperature will decrease 
moisture content and fixed carbon, while ash content and volatile matter tend to increase. At 
the gasification temperature of 600'C, the addition of 02 from 10% to 25% result in the 
decreasing of moisture content and fixed carbon. while ash content and volatile matter were 
slightly increase. A high HHV of 7020 Kcal/kg was obtain in gasification step with addition of 
25% of 02 

Table 1. Characteristic of char produced 

Condition 
Composition (%) 

H HV (Kca I/Kg 
Moisture Ash Volatile Matter Fixed Carbon 

raw eNS 13.61 1.77 73.67 10.95 1962 

600 3.78 12.64 26.04 57.55 6853 

600 + 10% 02 3.81 9.88 28.19 58.12 6923 

600 + 25% 02 3.64 10.16 28.3 57.9 7020 

900 2.77 15.79 22.4 59.04 6474 

900 + 10% 02 2.72 13.97 22.06 61.25 6583 

900 + 25% 02 2.84 14.22 20.41 62.52 6606 

3.2. Scanning Electron Microscope analysis (SEM) 

SEM pictures of char product at temperature of 600 'C and 900 'C is shown in fig.2 and 3. 
The average pore diameter was found in a range of 2 flm to 10 flm. 
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Fi B" 2 SEM picture of char produced at 600 °C 

Fi B" 3 SEM picture of char produced at 000 °C 
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3.3 Liquid and Tar product 

Oil produced from pyrolysis product then analyzed usinB" viscometer to obtain 
viscosity It was found that CNS oil has a viscosity of 0.9528 cP Tar product from pyrolysis 
process analyzed usin B" GCMS-QP2010 illtra Shimadzu. The peak is shown in fi B" ure 4. Stron B" 
peak was observed at 91 0 contained Pheno13-pentadecyl with are of 14.85% The hiB" h level of 
phenol also reported in the previous study{6l 

, 

".: 

FiB" 4 Gas Chromat0 B"raphy peak of Tar from pyrolysis product 

3.4 Gas product 

Characterization of B"as produced from pyrolysis and B" asification of cashew nutshell was 
conducted usin B" B" as chromato B"raph (GCMS-ASTM D2163) The B" as product obtained consist 
of some hydrocarbons such as methane, etha ne, propane, n-butane, iso butane, n-pentane, and 
iso pentane These values are presented in table 2 

Table 2. Gas composition of cashew nutshell 

Component Result (%liquidvolume) 

N1ethane 2268 

Ethane 224 

Propane 44.2 

n-Butane 271 

iso butane 6.% 

n-pentane 0.26 

iso pentane 0.76 
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4_ Conclusion 
Cashew nutshell products have been studied using pyrolysis and gasification step. A 

higher heating value (HHV) of 7020 Kcallkg in gasification step with addition of 25% of 02. 
SEM pictures of char produced at temperature of 600 oC and 900 oC shown at average pore 
diameter of 2 flm to 10 flm. High phenol composition was detected at tar product, while 
viscosity of liquid product was observed at 0.9528 cPo Some hydrocarbon detected at gas 
product from gasification step. 
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