ScienceDirect’

Submit your article 7 Guide for authors
Q_  searchin this journal

About the journal

Energy is an international, multi-disciplinary journal in energy engineering and research, and a flagship journal in the Energy
area. The journal aims to be a leading peer-reviewed platform and an authoritative source of information for analyses,
reviews and evaluations related to energy.

The ...

View full aims & scope

Article publishing options

Open Access

Article Publishing Charge (APC): USD 4.260 (excluding taxes). The amount you pay may be reduced during submission if applicable.

Review this journal’s open access policy.

Subscription

No publication fee charged to authors, and published articles are immediately available to subscribers.

32 days © 126 days © 149 days @

Time to first decision Review time Submission to acceptance

8 dClys ® View allinsights

Acceptance to publication



https://www.sciencedirect.com/journal/energy/publish/open-access-options
https://www.sciencedirect.com/journal/energy
https://www.sciencedirect.com/journal/energy/about/insights
https://www.editorialmanager.com/egy
https://www.sciencedirect.com/journal/energy/publish/guide-for-authors
https://www.sciencedirect.com/

ScienceDirect’

Submit your article 7 Guide for authors

Q. searchin this journal

Editorial board

Gender diversity of editors and editorial board members

69% man
29% woman

2% prefer not to disclose

Data represents responses from 76.90% of 121 editors and editorial board members

0% non-binary or gender diverse

Editorial board by country/region
119 editors and editorial board members in 39 countries/regions

1 China (22)
2 United States (11)

3 Brazil (8)

> See more editors by country/region


https://www.sciencedirect.com/journal/energy
https://www.editorialmanager.com/egy
https://www.sciencedirect.com/journal/energy/publish/guide-for-authors
https://www.sciencedirect.com/

Editor-in-Chief

Prof. Dr. Ruzhu Wang, PhD
Shanghai Jiao Tong University, Shanghai, China

Energy utilization in HVAC &, Refrigeration systems, Thermal activated cooling, Building energy saving with efficient use of

solar and ambient energy, Innovative researches on Energy-Material-Air-Water,

> View full biography

Deputy Editors-in-Chief

Neven Dui¢, PhD
University of Zagreb Faculty of Mechanical Engineering and Naval Architecture, Zagreb, Croatia
Energy planning, Demand response, Power to heat, Power to mobility, Energy system analysis

> View full biography

Paula Ferreira, PhD
Guimardes, Portugal
Energy planning, Energy economics, Impact assessment, Sustainability

> View full biography

Editor of Conference Relation and Special Issues

Henrik Lund, M.Sc.Eng., Ph.D., Dr.Techn

Aalborg University, Aalborg, Denmark

Energy Planning, Energy Systems Analysis, Energy Modelling, Green Transition, Energy Policy
> View full biography

Subject Editors




Rafaela Agathokleous

University of Cyprus, Lefkosia, Cyprus

Ofelia Q. F. Araujo, PhD
Federal University of Rio de Janeiro, RIO DE JANEIRO, Brazil

CO2 capture and utilization, Energy transition, Sustainability metrics, Fossil fuels, Lifecycle analysis, Energy

efficiency, Decarbonization, Energy and environment, Process Systems Engineering

> View full biography

|

i -N=

Rangan Banerjee
Indian Institute of Technology Delhi, New Delhi, India

Demand Side Management, Energy Modelling, Power Systems Planning, Energy Planning and Policy, Cogeneration, Fuel

cell/Hydrogen storage

> View full biography

8
i

Wojciech Bujalski

Warsaw University of Technology, Warszawa, Poland

Huang Diangui, PhD
University of Shanghai for Science and Technology School of Energy and Power Engineering, Shanghai, China
Wind Energy, turbomachinery

> View full biography

Neven Dui¢, PhD
University of Zagreb Faculty of Mechanical Engineering and Naval Architecture, Zagreb, Croatia
Energy planning, Demand response, Power to heat, Power to mobility, Energy system analysis

> View full biography



Yee Van Fan, PhD

Brno University of Technology, Brno, Czech Republic

Solid waste treatment and management, Composting, Waste to energy, Emissions assessment and mitigation,
Transportation Mode Choice, Life Cycle Assessment, Footprint and sustainability assessment, Biomass, Renewable Energy

Integration, Electrification, Biochar

> View full biography

Yilin Fan, PhD
Thermal Laboratory and Energy of Nantes, Nantes, France

Heat and mass transfer, Thermal energy recovery, storage and management, Optimization of energy systems, Heat sinks

and heat exchangers, Nature-inspired design and topology optimization

> View full biography

Paula Ferreira, PhD
Guimardes, Portugal
Energy planning, Energy economics, Impact assessment, Sustainability

> View full biography

Ca' 2
Tianshu S. Ge

Shanghai Jiao Tong University - Fahua Campus, Shanghai, China

Yurong He, PhD
Harbin Institute of Technology, Harbin, China

Renewable energy, Energy storage, Energy management, Flow &, heat and mass transfer, Batteries, Phase change

material, Fluidization in chemical engineering

> View full biography

Gregorio Iglesias, PhD



University College Cork, Ireland AND University of Plymouth, Cork, Ireland

Offshore renewable energy, marine renewable energy, wind energy, wave energy, tidal energy, coastal engineering, offshore

wind

Chew Tin Lee, PhD

University of Technology Malaysia, Skudai, Malaysia

Biomass to energy, Energy and environment, Greenhouse gases inventory, Sustainable materials, Waste

management, Circular Economy, Greenhouse gases inventory

> View full biography

S

Qiang Liao, PhD
Chongqging University School of Energy and Power Engineering, Chongqing, China
Heat and Mass Transfer, Interfacial Phenomena, Fuel Cell, Energy Conservation, Microbial Energy Conversion

> View full biography

Henrik Lund, M.Sc.Eng., Ph.D., Dr.Techn

Aalborg University, Aalborg, Denmark

Energy Planning, Energy Systems Analysis, Energy Modelling, Green Transition, Energy Policy
> View full biography

Lingai Luo
National Centre for Scientific Research, Paris, France

> View full biography

Diego Fernando Manotas-Duque, PhD
University of the Valley, Cali, Colombia

Energy economics, energy finance, financial engineering and energy planning, incorporating economic and environmental

criteria.

> View full biography

Natasa Markovska, PhD



Macedonian Academy of Sciences and Arts, Skopje, North Macedonia
Sustainable Energy Development, Decarbonization

> View full biography

Adel Mellit

University of Mohammed Seddik Benyahia Jijel Faculty of Science and Technology, Jijel, Algeria

Benedetto Nastasi, PhD

University of Rome Tor Vergata, Roma, Rome, Italy

Hydrogen, Smart Energy Systems, Energy Flexibility, Energy in Buildings, Renewables, Building energy data and analytics
> View full biography

Sandro Nizeti¢, PhD, Professor
University of Split Faculty of Electrical Engineering Mechanical Engineering and Naval Architecture, Split, Croatia

Clean Energy and Sustainable Engineering, Energy Efficiency, Mechanical Engineering, Thermodynamics and Fluid
Mechanics, Energy and Exergy Analysis, Renewable Energy, Heating and Cooling, Energy Economics, Energy Savings, Energy

use and integration

> View full biography

-

Xunmin Ou

Tsinghua University, Beijing, China
Transport Energy, LCA, Energy Strategy
> View full biography

e

Tomislav Puksec, PhD
University of Zagreb Faculty of Mechanical Engineering and Naval Architecture, Zagreb, Croatia
smart energy systems, distric heating, GIS, biogas, energy demand modelling, sustainable development, renewables

> View full biography



Iva Skov, PhD

Aalborg University Copenhagen Department of Planning, Kebenhavn, Denmark
Energy Planning and Renewable Energy Systems, Power-to-X, electrofuel

> View full biography

Isabel Soares
University of Porto, Porto, Portugal

> View full biography

S\

Vladimir Stevanovic, PhD
University of Belgrade, Beograd, Serbia
Thermal and Nuclear Power Engineering, Thermal-Hydraulics, Heat and Mass Transfer, Energy Planning and Policy

> View full biography

Petar S. Varbanov, Dr Habil, PhD
Brno University of Technology, Brno, Czech Republic

Energy saving and efficiency, Development and implementation of Process Integration, Total Site and regional integration
for energy, Water and Circular Economy- including retrofit, Waste to energy, Wastewater minimisation leading to GHG and

water footprints reduction

> View full biography

Ruzhu Wang, PhD
Shanghai Jiao Tong University, Shanghai, China

Energy utilization in HVAC &, Refrigeration systems, Thermal activated cooling, Building energy saving with efficient use of

solar and ambient energy, Innovative researches on Energy-Material-Air-Water,

> View full biography

Shengwei Wang

The Hong Kong Polytechnic University Department of Building Environment and Energy Engineering, Hong kong, Hong Kong



Chun Yang, PhD
Nanyang Technological University, Singapore, Singapore
Thermal Engineering, Microfludics, Electrokinetic Transport Phenomena, Thermal Energy

> View full biography

iT

Chuan Zhang, PhD

Peking University, Beijing, China

Energy systems decarbonization, techno-economic analysis, environment impact assessment, thermodynamics

> View full biography

Xiliang Zhang, PhD

Tsinghua University, Beijing, China

Xudong Zhao, PhD
University of Hull, Hull, United Kingdom
Energy Efficiency, Renewable Energy, Solar Thermal and PV, Sustainable Heating and Cooling, Heat Pump, Air

Dehumidification, Smart Energy Systems

> View full biography

{

Davide Ziviani, PhD

Purdue University, West Lafayette, Indiana, United States

Heat Pumps, Thermal Management Systems, Deep Space Habitats, HVAC&R
> View full biography

Honorary Editor

A

Soteris Kalogirou, PhD, DSc



Cyprus University of Technology, Lemesos, Cyprus
Solar Energy, Renewable Energy Systems, Solar Cooling, Desalination

> View full biography

Ethics Editor

Meng Yuan

Aalborg University, Aalborg, Denmark

Editorial Board Members

Robert Boehm

University of Nevada Las Vegas, Las Vegas, Nevada, United States

Maria de Graca Carvalho

University of Lisbon, Lisboa, Portugal

M Dolores Esteban

Universidad Politécnica de Madrid, Boadilla del Monte, Madrid, Spain

Mejdi Jeguirim
Mulhouse Materials Science Institute, Mulhouse, France

> View full biography

Alberto Mirandola

University of Padua, Padova, Italy

R. Venkata Rao

Sardar Vallabhbhai National Institute of Technology, Surat, India
> View full biography



Ray (Zhenhua) Rui
China University of Petroleum Beijing, Chang Ping Qu, China
> View full biography

Enrico Sciubba

University of Rome La Sapienza, Roma, Italy

John Twidell
AMSET Centre, Market Harborough, United Kingdom

Peng Zhang
Shanghai Jiao Tong University - MinHang Campus, Shanghai, China
> View full biography

Mustafa Acaroglu
Selcuk University, Konya, Turkiye
Energy Engineering, Fuel, Biofuel, Renewable Energy sources, Energy policy

> View full biography

LN

Yuri Aristov
Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russian Federation
Physical Chemistry, Adsorptive heat storage and conversion, Thermochemical heat storage

> View full biography

Bin Chen

Beijing Normal University, Beijing, China

Environmental Science, Energy Sustainability, Energy NEXUS, Environmental management, Climate change, Urban

sustainability

> View full biography



José Goldemberg
University of SGo Paulo, Sdo Paulo, Brazil

> View full biography

1€

Xiaosong Hu
Chongqing University, Chongqing, China

New energy vehicle power system control and optimization

4a

Hongguang Jin

9
i)

Chinese Academy of Sciences, Beijing, China

> View full biography

Hussam Jouhara
Brunel University London, London, United Kingdom

Heat pipes, Heat Energy Storage, Cryogenic heat transfer systems, Single and two-phase heat transfer, Waste heat recovery
systems, Heat pipe based solar collectors, Development of sizing tools of heat exchangers, Energy active shelves, Thermal
management

> View full biography

=

ff

)

Tahir Hikmet Karakog

Eskigehir Technical University, Eskisehir, Tiirkiye

Willett Kempton

University of Delaware, Newark, Delaware, United States

> View full biography

Venkat Krishnan



National Renewable Energy Laboratory, Golden, Colorado, United States

Omid Mahian
Ningbo University Faculty of Mechanical Engineering and Mechanics, Ningbo, China
Renewable Energy systems, Hybrid energy system, Nanotechnology, Hybrid computational methods

> View full biography

—_—

Christos Markides
Imperial College London, London, United Kingdom
Energy, Heat Transfer, Thermal Engineering, Multiphase Flows, Optical Diagnostics, Experimental Techniques

> View full biography

al
Alan Meier

E O Lawrence Berkeley National Laboratory, Berkeley, California, United States

> View full biography

Tatiana Morosuk
TU Berlin University, Berlin, Germany
Exergy-based methods, Advanced exergy-based methods, Refrigeration, Cryogenics, Power generation, Optimization

> View full biography

™
r

Constantine Rakopoulos
National Technical University of Athens, Zografos, Greece
Internal combustion engines, Combustion and Pollution, Heat transfer

> View full biography

n

Dimitrios Rakopoulos

Centre for Research and Technology-Hellas, Thessaloniki, Greece



> View full biography

Julieta Schallenberg
University of Las Palmas de Gran Canaria, Las Palmas de Gran Canaria, Spain
renewable energies, 100% RES, wind, solar, RES application, desalination, etc., RES storage

> View full biography

Claudia Sheinbaum-Pardo

Autonomous National University of Mexico Faculty of Engineering, Ciudad de México, Mexico

Gordana Stefanovic

University of Ni§, Ni$, Serbia

Sergio Ulgiati
University of Naples Parthenope, Napoli, Italy

> View full biography

Vittorio Verda

Polytechnic of Turin, Torino, Italy

William M. Worek
Texas A&M University-Kingsville Eagle Ford Center for Research and Outreach, Kingsville, Texas, United States

> View full biography



Ernst Worrell
Utrecht University, Utrecht, Netherlands
Sustainable energy systems, energy effciency, industrial energy use, material efficiency, circular economy

> View full biography

J. Xaman t

National Center for Research and Technological Development Department of Mechanical Engineering, Cuernavaca, Morelos,

Mexico

Na Zhang
Chinese Academy of Sciences, Beijing, China

> View full biography

Fengqi Zhou

Shanghai Academy of Social Sciences, Shanghai, China

Term ending 2025

Mohammad Ahmad Al-Nimr
Jordan University of Science and Technology Department of Mechanical Engineering, Irbid, Jordan

> View full biography

b

( 'L'

Beng Wah Ang
National University of Singapore, Singapore, Singapore

> View full biography



z

‘,

Kathleen Bernardo Aviso
De La Salle University, Manila, Philippines
> View full biography

Giorgio Besagni
Polytechnic of Milan Department of Energy, Milano, Italy
> View full biography

Monica Carvalho
Paraiba Federal University, JOAO PESSOA, Brazil

> View full biography

Silvio De Oliveira, Jr
University of Sdo Paulo, Sdo Paulo, Brazil

> View full biography

Daniel Favrat
Federal Polytechnic School of Lausanne, Lausanne, Switzerland

> View full biography

:

o v

Aleksandar Georgiev
University of Telecommunications and Posts, Sofia, Bulgaria

> View full biography

Simon Harvey

Chalmers University of Technology, Géteborg, Sweden



> View full biography

Sotirios Karellas
National Technical University Of Athens Laboratory of Steam Boilers and Thermal Plants, Zografou, Greece

> View full biography

e

Zygmunt Kolenda

AGH University of Krakow, Krakow, Poland

Tyrone Lin

National Dong Hwa University, Shoufeng, Taiwan

Noam Lior
University of Pennsylvania, Philadelphia, Pennsylvania, United States

> View full biography

Lin Lu
The Hong Kong Polytechnic University Department of Building Environment and Energy Engineering, Hong kong, Hong Kong
> View full biography

’

Michael Moran

The Ohio State University, Columbus, Ohio, United States

Silvia Azucena Nebra



Federal University of the ABC, SANTO ANDRE, Brazil

Younes Noorollahi
University of Tehran, Tehran, Iran (Islamic Republic of)

> View full biography

Pawet Octon
Cracow University of Technology Faculty of Environmental Engineering and Energy, Krakow, Poland

> View full biography

Luis M. Serra
University of Zaragoza, Zaragoza, Spain

> View full biography

Arnaldo Walter

State University of Campinas School of Mechanical Engineering, CAMPINAS, Brazil

Qiuwang Wang

Xi'an Jiaotong University School of Energy and Power Engineering, Xian, China

> View full biography

Chi-Keung Woo
Kowloon Tong, Hong Kong

> View full biography

A

X




Jinyue Yan
The Hong Kong Polytechnic University, Hong Kong, Hong Kong
> View full biography

A\l

i
v

5‘

Ryohei Yokoyama
Osaka Metropolitan University, Osaka, Japan

> View full biography

Peng Zhou
China University of Petroleum East China, Dongying, China

> View full biography
Term ending 2026

Manimagalay Chetty
Cape Peninsula University of Technology - Bellville Campus, Bellville, South Africa

> View full biography

-l
4
Gianfranco Chicco

Polytechnic of Turin, Torino, Italy

> View full biography

Abel Hernandez-Guerrero
University of Guanajuato, Guanajuato, Mexico

> View full biography

Yunho Hwang



University of Maryland, College Park, Maryland, United States
> View full biography

9

Mark Kaiser

Louisiana State University, Baton Rouge, Louisiana, United States

3
S

Siir Kilkis
Scientific and Technological Research Council of Turkey, Ankara, Tiirkiye

> View full biography

w

Jyoti Parikh
Integrated Research and Action for Development, New Delhi, India

> View full biography

Roberto Schaeffer

Federal University of Rio de Janeiro Alberto Luiz Coimbra Institute for Graduate Studies and Research in Engineering, RIO DE
JANEIRO, Brazil

> View full biography

Ram Shrestha

Asian Institute of Technology Department of Energy Environment and Climate Change, Khlong Nueng, Thailand

Wojciech Stanek
Silesian University of Technology, Gliwice, Poland

> View full biography



i
Pascal Stouffs

University of Pau and Pays de 'Adour, Pau, France

A\

Jesse Van Griensven Thé

i

University of Waterloo, Waterloo, Ontario, Canada

> View full biography

George Tsatsaronis
TU Berlin University, Berlin, Germany

> View full biography

é

Zhien Zhang
The Ohio State University, Columbus, Ohio, United States

> View full biography

Assistant Editors

P

Géremi Gilson Dranka
Federal Technological University of Parand, Parand, Brazil

> View full biography

Weili Luo

Shanghai Jiao Tong University, Shanghai, China



Mette Reiche Sgrensen

Aalborg University, Aalborg, Denmark

)t
Jiayun Wang, PhD

University of Shanghai for Science and Technology, Shanghai, China

> View full biography

Book Review Panel

Mohammad Ahmad Al-Nimr
> View full biography

John Twidell

Krzysztof Ptasinski

Ernst Worrell, PhD
> View full biography

All members of the Editorial Board have identified their affiliated institutions or organizations, along with the corresponding

country or geographic region. Elsevier remains neutral with regard to any jurisdictional claims.

1]
ELSEVIER

All content on this site: Copyright © 2025 Elsevier B.V., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For

all open access content, the relevant licensing terms apply.

& RELX™


https://www.elsevier.com/
https://www.relx.com/

ScienceDirect’

Submit your article 7 Guide for authors

Q_  searchin this journal

Volume 285

15 December 2023

< Previous vol/issue Next vol/issue >

Receive an update when the latest issues in this journal are published

L\ Signin to set up alerts

Review Article

Review article ® Full text access
An ensemble learning framework for rooftop photovoltaic project site selection

Yali Hou, Qunwei Wang, Tao Tan
Article 128919

View PDF Article preview v

Full Length Articles

Research article ® Full text access
Optimization of a CHP system using a forecasting dispatch and teaching-learning-based optimization algorithm
Ashkan Toopshekan, Ali Abedian, Arian Azizi, Esmaeil Ahmadi, Mohammad Amin Vaziri Rad

Article 128671

View PDF Article preview v

G FEEDBACK


https://www.sciencedirect.com/journal/energy/vol/284/suppl/C
https://www.sciencedirect.com/journal/energy/vol/286/suppl/C
https://www.sciencedirect.com/user/login?returnURL=%2Fjournal%2Fenergy%2Fvol%2F285%2Fsuppl%2FC%3FfollowJournal%3Dtrue
https://www.sciencedirect.com/science/article/pii/S0360544223023137
https://www.sciencedirect.com/science/article/pii/S0360544223023137/pdfft?md5=147eb40c25912f7a4ef2d02d97df5811&pid=1-s2.0-S0360544223023137-main.pdf
https://www.sciencedirect.com/science/article/pii/S0360544223020650
https://www.sciencedirect.com/science/article/pii/S0360544223020650/pdfft?md5=bdf3a1fd252b2b82d1a40d8ad7090e7e&pid=1-s2.0-S0360544223020650-main.pdf
https://www.sciencedirect.com/journal/energy
https://www.editorialmanager.com/egy
https://www.sciencedirect.com/journal/energy/publish/guide-for-authors
https://www.sciencedirect.com/

Research article ® Full text access
Predicting the discharge capacity of a lithium-ion battery after nail puncture using a Gaussian process regression
with incremental capacity analysis

Casey Jones, Meghana Sudarshan, Vikas Tomar
Article 129364

View PDF Article preview v

Research article ® Open access

Economic and environmental viability of biofuel production from organic wastes: A pathway towards competitive
carbon neutrality

Benteng Wu, Richen Lin, Archishman Bose, Jorge Diaz Huerta, ... Jerry D. Murphy

Article 129322

View PDF Article preview v

Research article ® Full text access

Considering the dual endogenous-exogenous uncertainty integrated energy multiple load short-term forecast
Yongli Wang, Huan Wang, Xiao Meng, Huanran Dong, ... Juntai Xing

Article 129387

View PDF Article preview

Research article ® Full text access

Adaptive look-ahead model predictive control strategy of vehicular PEMFC thermal management
Zhaoming Liu, Guofeng Chang, Hao Yuan, Wei Tang, ... Haifeng Dai

Article 129176

View PDF Article preview v

Research article ® Full text access

Unleashing wastewater heat Recovery's potential in smart building systems: Grey wolf-assisted optimization aided
by artificial neural networks

Tao Hai, Guangnan Zhang, Pradeep Kumar Singh, Torki Altameem, Walid El-Shafai

Article 129307

View PDF Article preview v

Research article ® Full text access

Estimation of the cavity volume in the gasification zone for underground coal gasification under different oxygen
flow conditions

Fa-giang Su, Xiao-long He, Meng-jia Dai, Jun-nan Yang, ... Jiao-yuan Li

Article 129309

View PDF Article preview v

Research article ® Full text access

Cost-reliability trade-offs for grid-connected rooftop PV in emerging economies: A case of Indonesia's urban
residential households

Yusak Tanoto

Article 129388

View PDF Article preview v



https://www.sciencedirect.com/science/article/pii/S0360544223027585
https://www.sciencedirect.com/science/article/pii/S0360544223027585
https://www.sciencedirect.com/science/article/pii/S0360544223027585/pdfft?md5=7c65fffc24ded51b418b5d9973bc60e5&pid=1-s2.0-S0360544223027585-main.pdf
https://www.sciencedirect.com/science/article/pii/S0360544223027160
https://www.sciencedirect.com/science/article/pii/S0360544223027160
https://www.sciencedirect.com/science/article/pii/S0360544223027160/pdfft?md5=be9e1d8854f58c8e2bb122373d744b97&pid=1-s2.0-S0360544223027160-main.pdf
https://www.sciencedirect.com/science/article/pii/S0360544223027810
https://www.sciencedirect.com/science/article/pii/S0360544223027810/pdfft?md5=9e30b27b9a3c8debb7b7416a93530fcc&pid=1-s2.0-S0360544223027810-main.pdf
https://www.sciencedirect.com/science/article/pii/S0360544223025707
https://www.sciencedirect.com/science/article/pii/S0360544223025707/pdfft?md5=bf6f6a4c63d330133c544962f227272a&pid=1-s2.0-S0360544223025707-main.pdf
https://www.sciencedirect.com/science/article/pii/S0360544223027019
https://www.sciencedirect.com/science/article/pii/S0360544223027019
https://www.sciencedirect.com/science/article/pii/S0360544223027019/pdfft?md5=f93173f2e819e2af6c5573b99c0424da&pid=1-s2.0-S0360544223027019-main.pdf
https://www.sciencedirect.com/science/article/pii/S0360544223027032
https://www.sciencedirect.com/science/article/pii/S0360544223027032
https://www.sciencedirect.com/science/article/pii/S0360544223027032/pdfft?md5=231c1c954bb67140d028fa6210216f47&pid=1-s2.0-S0360544223027032-main.pdf
https://www.sciencedirect.com/science/article/pii/S0360544223027822
https://www.sciencedirect.com/science/article/pii/S0360544223027822
https://www.sciencedirect.com/science/article/pii/S0360544223027822/pdfft?md5=eb14081d51785af830807bb9f7b296ea&pid=1-s2.0-S0360544223027822-main.pdf
BAU-AMELIA
Highlight

BAU-AMELIA
Rectangle


5/21/25, 9:04 AM Energy

S J R Scimago Journal & Country Rank

Home Journal Rankings Journal Value Country Rankings Viz Tools Help About Us

18-20 June 2025

X ®

Energy

COUNTRY SUBJECT AREA AND PUBLISHER SJR 2024
CATEGORY
United Kingdom Elsevier Ltd 2 21 1
Energy °
___ Universities and Energy Engineering
II1 research institutions in and Power
United Kingdom Technology H-INDEX
Energy
¥ Media Ranking in (miscellaneous)
United Kingdom 274
Fuel Technology

Renewable Energy,
Sustainability and the
Environment

Engineering
Building and
Construction
Civil and Structural
Engineering
Electrical and
Electronic Engineering
Industrial and
Manufacturing
Engineering
Mechanical
Engineering

Environmental Science
Management,
Monitoring, Policy and
Law
Pollution

Mathematics
Modeling and
Simulation

https://www.scimagojr.com/journalsearch.php?q=29348&tip=sid&clean=0 1/9


https://www.scimagojr.com/
https://www.scimagojr.com/
https://www.scimagojr.com/
https://www.scimagojr.com/
https://www.scimagojr.com/index.php
https://www.scimagojr.com/journalrank.php
https://www.scimagojr.com/journalvalue.php
https://www.scimagojr.com/countryrank.php
https://www.scimagojr.com/viztools.php
https://www.scimagojr.com/help.php
https://www.scimagojr.com/aboutus.php
https://www.scimagojr.com/journalrank.php?country=GB
https://www.scimagojr.com/journalrank.php?area=2100
https://www.scimagojr.com/journalrank.php?area=2200
https://www.scimagojr.com/journalrank.php?area=2300
https://www.scimagojr.com/journalrank.php?area=2600
https://www.scimagojr.com/journalsearch.php?q=Elsevier%20Ltd&tip=pub
https://www.googleadservices.com/pagead/aclk?nis=4&sa=L&ai=ChbnakDQtaPLcG-iMjMwP0aGkIYa859F9hPvcla0Us5AfEAEgkNnHe2DpouKD4A2gAcX5-rgoyAEBqQJ--LmYd0WSPqgDAcgDywSqBIoCT9AjxiZ-ty-oUrOt5Bvk_efbhhxj-nanQgqr4Bt0o4ptuiUo63zQZcNJY-q73VradmrJ23wnIcBJV-rEeSA6UGfQABcJIQftWcJCLYA-cKtj8_X-ZSNKmS8ThhksHXiMNBaNO_1BENWFdB5q-CoGpRJOacMPIPTDGebaP6z8FGjj6xpOt6oGOnSOFclSXkGlwaQlDbNetTgkUVNtJCFlf7LD7wd_eZNoLByrWvIRrALLGVqIkDmjCBSHOj-qglJKXm4lMEG_X5_KDTxdAJ6Xc_EUDAWuqa8y70GB0qt0DEJxR2ndpZ_eh6lRn9S_NGgGM5K5BDi3hzRFqL9skhmaPPXUPJbREm_T_kzABImCzs6XBYgFzvOz3FKAB8Wxy5gDqAfVyRuoB9m2sQKoB7a5sQKoB6a-G6gH89EbqAeW2BuoB6qbsQKoB-C9sQKoB47OG6gHk9gbqAfw4BuoB-6WsQKoB_6esQKoB6--sQKoB5oGqAf_nrECqAffn7ECqAfKqbECqAfrpbECqAfqsbECqAeZtbECqAe-t7ECqAf4wrECqAf7wrEC2AcB0ggpCIBhEAEYnwEyAooCOg2AQIDAgICAgKiAAqABSL39wTpYm6rEuryzjQOxCeI9-cGTHbcsgAoBmAsByAsB2gwQCgoQkJ7BsNq-3dpGEgIBA6oNAklEyA0B6g0TCLb5_7q8s40DFWgGgwMd0RApBPANAtgTDdAVAZgWAfgWAYAXAbIXCxgBKgBCBQiFj_gvuhcCOAGyGAkSAv9OGAEiAQDQGAE&ae=1&ase=2&gclid=EAIaIQobChMI8uTEuryzjQMVaAaDAx3RECkEEAEYASAAEgIRo_D_BwE&num=1&cid=CAQSPADZpuyz_-uv6KHyc0CGIQ8Lm-dvEpdC2ZoMCCFIKSs9fbMm6IikIS7m_szYZ-6LdTcqWkDTqVlSuUBSexgB&sig=AOD64_20S-vqbtHUM29yAiJFVkrhGHKmkA&client=ca-pub-7636113250813806&rf=1&nb=0&adurl=https://www.japanenergyevent.com/visit/visitor-registration/%3Factioncode%3DCPC1006%26utm_source%3Dgoogle-display%26utm_medium%3Dcpc%26utm_campaign%3Dvisprom%26gad_source%3D5%26gclid%3DEAIaIQobChMI8uTEuryzjQMVaAaDAx3RECkEEAEYASAAEgIRo_D_BwE
https://www.googleadservices.com/pagead/aclk?nis=4&sa=L&ai=ChbnakDQtaPLcG-iMjMwP0aGkIYa859F9hPvcla0Us5AfEAEgkNnHe2DpouKD4A2gAcX5-rgoyAEBqQJ--LmYd0WSPqgDAcgDywSqBIoCT9AjxiZ-ty-oUrOt5Bvk_efbhhxj-nanQgqr4Bt0o4ptuiUo63zQZcNJY-q73VradmrJ23wnIcBJV-rEeSA6UGfQABcJIQftWcJCLYA-cKtj8_X-ZSNKmS8ThhksHXiMNBaNO_1BENWFdB5q-CoGpRJOacMPIPTDGebaP6z8FGjj6xpOt6oGOnSOFclSXkGlwaQlDbNetTgkUVNtJCFlf7LD7wd_eZNoLByrWvIRrALLGVqIkDmjCBSHOj-qglJKXm4lMEG_X5_KDTxdAJ6Xc_EUDAWuqa8y70GB0qt0DEJxR2ndpZ_eh6lRn9S_NGgGM5K5BDi3hzRFqL9skhmaPPXUPJbREm_T_kzABImCzs6XBYgFzvOz3FKAB8Wxy5gDqAfVyRuoB9m2sQKoB7a5sQKoB6a-G6gH89EbqAeW2BuoB6qbsQKoB-C9sQKoB47OG6gHk9gbqAfw4BuoB-6WsQKoB_6esQKoB6--sQKoB5oGqAf_nrECqAffn7ECqAfKqbECqAfrpbECqAfqsbECqAeZtbECqAe-t7ECqAf4wrECqAf7wrEC2AcB0ggpCIBhEAEYnwEyAooCOg2AQIDAgICAgKiAAqABSL39wTpYm6rEuryzjQOxCeI9-cGTHbcsgAoBmAsByAsB2gwQCgoQkJ7BsNq-3dpGEgIBA6oNAklEyA0B6g0TCLb5_7q8s40DFWgGgwMd0RApBPANAtgTDdAVAZgWAfgWAYAXAbIXCxgBKgBCBQiFj_gvuhcCOAGyGAkSAv9OGAEiAQDQGAE&ae=1&ase=2&gclid=EAIaIQobChMI8uTEuryzjQMVaAaDAx3RECkEEAEYASAAEgIRo_D_BwE&num=1&cid=CAQSPADZpuyz_-uv6KHyc0CGIQ8Lm-dvEpdC2ZoMCCFIKSs9fbMm6IikIS7m_szYZ-6LdTcqWkDTqVlSuUBSexgB&sig=AOD64_20S-vqbtHUM29yAiJFVkrhGHKmkA&client=ca-pub-7636113250813806&rf=1&nb=7&adurl=https://www.japanenergyevent.com/visit/visitor-registration/%3Factioncode%3DCPC1006%26utm_source%3Dgoogle-display%26utm_medium%3Dcpc%26utm_campaign%3Dvisprom%26gad_source%3D5%26gclid%3DEAIaIQobChMI8uTEuryzjQMVaAaDAx3RECkEEAEYASAAEgIRo_D_BwE
https://www.scimagoir.com/rankings.php?country=GBR
https://www.scimagomedia.com/rankings.php?country=United%20Kingdom
https://www.scimagojr.com/journalrank.php?category=2102
https://www.scimagojr.com/journalrank.php?category=2102
https://www.scimagojr.com/journalrank.php?category=2102
https://www.scimagojr.com/journalrank.php?category=2101
https://www.scimagojr.com/journalrank.php?category=2101
https://www.scimagojr.com/journalrank.php?category=2103
https://www.scimagojr.com/journalrank.php?category=2105
https://www.scimagojr.com/journalrank.php?category=2105
https://www.scimagojr.com/journalrank.php?category=2105
https://www.scimagojr.com/journalrank.php?category=2215
https://www.scimagojr.com/journalrank.php?category=2215
https://www.scimagojr.com/journalrank.php?category=2205
https://www.scimagojr.com/journalrank.php?category=2205
https://www.scimagojr.com/journalrank.php?category=2208
https://www.scimagojr.com/journalrank.php?category=2208
https://www.scimagojr.com/journalrank.php?category=2209
https://www.scimagojr.com/journalrank.php?category=2209
https://www.scimagojr.com/journalrank.php?category=2209
https://www.scimagojr.com/journalrank.php?category=2210
https://www.scimagojr.com/journalrank.php?category=2210
https://www.scimagojr.com/journalrank.php?category=2308
https://www.scimagojr.com/journalrank.php?category=2308
https://www.scimagojr.com/journalrank.php?category=2308
https://www.scimagojr.com/journalrank.php?category=2310
https://www.scimagojr.com/journalrank.php?category=2611
https://www.scimagojr.com/journalrank.php?category=2611
https://www.scimagojr.com/
https://www.scimagoir.com/
https://www.scimagomedia.com/
https://www.scimagoiber.com/
https://www.scimagorc.com/
https://www.graphica.app/
https://www.scimagoepi.com/
https://www.scimagolab.com/
https://www.scimagolab.com/

5/21/25, 9:04 AM Energy

PUBLICATION TYPE ISSN COVERAGE INFORMATION

Journals 03605442, 18736785 1976-2025 Homepage

How to publish in this
journal

Contact

SCOPE

Energy is an international, multi-disciplinary journal in energy engineering and research. The journal aims to be a leading
peer-reviewed platform and an authoritative source of information for analyses, reviews and evaluations related to energy.
The journal covers research in mechanical engineering and thermal sciences, with a strong focus on energy analysis, energy
modelling and prediction, integrated energy systems, energy planning and energy management. The journal also welcomes
papers on related topics such as energy conservation, energy efficiency, biomass and bioenergy, renewable energy,
electricity supply and demand, energy storage, energy in buildings, and on economic and policy issues, provided such topics
are within the context of the broader multi-disciplinary scope of Energy.

(Q Join the conversation about this journal

X Quartiles

FIND SIMILAR JOURNALS @

Energy Conversion and Energy Conversion and International Journal of Sustainable
, Management: X Management Green Energy Technologie
SJR R Total Documents A

https://lwww.scimagojr.com/journalsearch.php?q=29348&tip=sid&clean=0 2/9


https://www.journals.elsevier.com/energy
https://ees.elsevier.com/egy/
https://ees.elsevier.com/egy/
https://www.journals.elsevier.com/energy/editorial-board/henrik-lund
https://www.scimagojr.com/journalsearch.php?q=21100896269&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=29372&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=4700151730&tip=sid&clean=0
https://www.scimagojr.com/journalsearch.php?q=21100239262&tip=sid&clean=0

5/21/25, 9:04 AM Energy

3 5k
2
2.5k
1
@ Total Cites @ Self-Cites XA H#H Citations per document A
120k
12.5
60k 10
1999 2003 2007 2011 2015 2019 2023
5
@ External Cites per Doc @ Cites per Doc A
2.5
12
0
6
1999 2003 2007 2011 2015 2019 2023
0 Cites / Doc. (4 years)

@ Cites/ Doc. (3 years)

1999 2003 2007 2011 2015 2019 2023 @ Cites/ Doc. (2 years)

@ % International Collaboration A © Citable documents @ Non-citable documents A=

10k
40
20 5k
0
0

1999 2003 2007 2011 2015 2019 2023 1999 2003 2007 2011 2015 2019 2023

A ees @ % Female Authors A

© cited documents @ Uncited documents

10k

36
27
5k
18
9
0
1999 2003 2007 2011 2015 2019 2023 1999 2003 2007 2011 2015 2019 2023
© Documents cited by public policy (Overton) A © Documents related to SDGs (UN) A
400 3.6k
2.7k
200
1.8k
0 900
1999 2003 2007 2011 2015 2019 2023 2018 2019 2020 2021 2022 2023 2024
@ Estimated APC A @ Estimated financial value SIS

https://www.scimagojr.com/journalsearch.php?q=29348&tip=sid&clean=0 3/9



5/21/25, 9:04 AM

4k

3.5k

3k

1999 2003 2007

Energy
Building and
Construction

best quartile

SIR2024 e

2.21

powered by scimagaojr.com

Energy
80M
40M
0
2011 2015 2019 2023 1999 2003 2007 2011 2015 2019 2023

« Show this widget in G SCimago Graphica

your own website

Explore, visually
communicate and make
sense of data with our
new data visualization

Just copy the code below
and paste within your html
code:

<a href="https://www.scimag tool.

Metrics based on Scopus® data as of March 2025

Tareen © months ago

*Energy journal: Waste of time and efforts ...*

The submission process with *Energy* journal has been a disappointing and frustrating

experience. Despite submitting a high-quality article that initially received minor revisions (with one

of the two reviewers approving it outright), the journal's handling of the author addition was
unprofessional.

Following their guidelines, we submitted a revision that included an author who was initially part of

the manuscript team but omitted to expedite the review process. However, even though the journal
allows the addition of authors at this stage, they unexpectedly rejected the submission. They
neither provided a clear rationale nor engaged in any meaningful dialogue about their decision.
This kind of approach, where genuine concerns and clarifications are dismissed without proper
communication, is damaging not only to the authors but also to the journal's credibility. It's
troubling that they chose to exercise their authority in this manner, especially when it undermines
transparency and fairness. Additionally, their use of "no-reply" emails further limits any opportunity
for authors to address concerns or seek clarification, making the process feel unnecessarily rigid
and impersonal.

Such practices reflect poorly on the journal’s commitment to academic standards and the
professional treatment of contributing scholars.

< reply

é\\\ SClmago Team
{ . .
\\(O Melanie Ortiz  © months ago

=

Dear Tareen, thanks for your participation! Best Regards, SCImago Team

https://www.scimagojr.com/journalsearch.php?q=29348&tip=sid&clean=0

4/9


https://www.graphica.app/
https://www.graphica.app/

Source details

Energy

Publisher: Elsevier
ISSN: 0360-5442 E-ISSN: 1873-6785

CiteScore 2023

Years currently covered by Scopus: from 1976 to 2025
SJR 2023
SUbjECt area: CMcthemotics: Modeling and Simulotion) CEngineering: Civil and Structural Engineering) 2'110
CEngineering: Building and Construction) CEngineering: Mechanical Engineering) CEnergy: Fuel Technology)
View all v SNIP 2023

Source type: Journal

View all documents > Set document alert [ save to source list

CiteScore  CiteScore rank & trend Scopus content coverage

CiteScore 2023

184.935 Citations 2020 - 2023

15.3 -

Calculated on 05 May, 2024

12.098 Documents 2020 - 2023

CiteScore rank 2023 @

Category Rank Percentile

Mathematics

P
Modeling and #6/324 98th .

Simulation

Engineering

Civil and #8/379 98th

Structural

Engineering

CiteScoreTracker 2024 ®

235.137 Citations to date

16.4 -

Last updated on 05 April, 2025 « Updated monthly

14.308 Documents to date

View CiteScore methodology >  CiteScore FAQ >  Add CiteScore to your site ¢


https://www.scopus.com/source/citedby.uri?sourceId=29348&docType=ar,re,cp,dp,ch&citedYear=2024,2023,2022,2021&years=2024,2023,2022,2021&pubstageExclusions=aip
https://www.scopus.com/source/search/docType.uri?sourceId=29348&years=2024,2023,2022,2021&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

Energy 285 (2023) 129388

Contents lists available at ScienceDirect

EWERS I

Energy

journal homepage: www.elsevier.com/locate/energy

ELSEVIER

Cost-reliability trade-offs for grid-connected rooftop PV in emerging
economies: A case of Indonesia’s urban residential households

Yusak Tanoto

Electrical Engineering Department, Petra Christian University, Indonesia

ARTICLE INFO ABSTRACT

Handling Editor: Henrik Lund This study explores the potential of grid-connected rooftop photovoltaic (PV) systems in terms of how they can be

better planned and utilised by understanding possible trade-offs between cost and reliability while acknowl-

Keywords: edging challenges to utility supply security in the context of emerging economies. The study particularly ex-
g“'ind - amines the implications of unserved energy targets, PV capacity, and billing deduction factors on grid-connected
ooftop
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1. Introduction

The utilisation of solar photovoltaic (PV) systems has increased
significantly in recent years, with global capacity growth reaching 1.2
TW by 2022 [ [1-3]]. In several emerging economies and jurisdictions,
the installation of rooftop solar PV has witnessed significant growth [
[4-8]]. Grid-connected rooftop PV is a feasible option for providing
electricity in residential households in many urban areas [9]. Installing
grid-connected rooftop PV is simpler, cheaper, and requires almost no
maintenance compared to hybrid systems [10]. Adopting low-cost,
green technologies like PV can reduce CO, emissions and support sus-
tainable energy transition [ [11,12]]. However, when choosing
grid-connected rooftop PV, customers consider various factors,
including the system’s performance expectations, socio-environmental
beliefs, and price-value beliefs, among others [13].

E-mail address: tanyusak@petra.ac.id.

https://doi.org/10.1016/j.energy.2023.129388

Rising electricity prices in developed countries like Australia, the
Netherlands, Germany, and many others have fuelled the adoption of
residential rooftop PV systems along with the growth in capacity.
However, it is worth noting that rooftop PV development in emerging
economies has been influenced by both economic and technical factors.
Increasing electricity rates and challenges utilities face in providing a
reliable power supply, particularly in urban distribution networks, have
contributed to the rise of rooftop PV in these countries.

It is of importance to pay special attention to the low reliability of
urban distribution networks [14]. This is particularly essential for
households choosing the appropriate size of rooftop PV components. A
grid-connected system without any capacity shortage, representing
excellent reliability, would require a larger supply capacity to meet high
peak loads during a short period. This, of course, would come at a higher
cost. On the other hand, a smaller and less expensive system may meet a
reasonable portion of the load while allowing for some capacity
shortage.

Many studies have investigated different aspects of the techno-
economic feasibility of rooftop solar PV systems in the context of
emerging economies and developing countries. These studies have pri-
marily focused on grid-connected residential applications and have used
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various techniques and tools. Some studies have concentrated on system
planning through simulations, while others have evaluated the perfor-
mance of installed systems, either at a single location or across several
sites.

Gabr et al. [10] assessed the techno-economic feasibility of a
grid-connected rooftop PV system in Egypt, considering the ongoing
electricity retail prices and net-metering policy applied to three types of
housing rates with different demand levels. They used HOMER (Hybrid
Optimisation of Multiple Energy Resources) software [15] to measure
the net present value of energy cost, payback period, and bill savings.
Laib et al. [16] evaluated the performance of a grid-connected solar PV
system and its energy balance in Algeria. The authors developed a
Matlab-Simulink model to optimise, rationalise, and implement
energy-saving approaches to evaluate the system’s energy performance
and balance.

Dondariya et al. [17] predicted the performance of grid-connected
rooftop PV systems in Ujjain, India. The authors compared PV*SOL
[18], PVGIS [19], SolarGIS [20], and SISIFO [21] to analyse system
performance in terms of energy generation, performance ratio, and solar
fraction. Mohammadi et al. [22] analysed the impact of different
tracking options on the potential of grid-connected PV development in
Iran using RETScreen software [23]. Jesus et al. [24] proposed Solar-
Energy, a new optimisation tool for the techno-economic analysis of PV
microgeneration. The authors conducted a techno-economic analysis of
grid-connected PV systems in Brazil, providing decision-making in-
dicators such as net present value, modified internal rate of return,
discounted payback period, and sensitivity analysis of key
techno-economic parameters. In another study, Al Garni et al. [25]
assessed the optimal design of grid-connected PV by considering various
PV tracking systems applied in Makkah, Saudi Arabia. The authors used
HOMER to examine the horizontal axis, vertical axis, and a two-axis
tracking system. Earlier study by Lau et al. [26] analysed the pricing
mechanism for grid-connected PV projects in the residential sector of
Malaysia by evaluating the impact of component costs, feed-in tariffs,
and carbon taxes using HOMER.

Duman and Giiler [27] assessed the economic feasibility of 5 kW
grid-connected solar PV in nine provinces of Turkey. Using HOMER, the
study evaluated the discounted payback period, internal rate of return,
and profitability index, and found that the system would not be feasible
in two provinces under the practiced feed-in tariff. Bakhshi and Sadeh
[28] examined the economic feasibility of grid-connected rooftop PV
systems in Iran. They used PVsyst software [29] to estimate the annual
energy generation of a 5-kW peak system in different cities. Their
analysis included Net Present Value (NPV), Internal Rate of Return
(IRR), payback period (PP), and Levelised Cost of Energy (LCOE), and
employed a dynamic feed-in tariff strategy. Similar indicators, i.e., NPV,
LCOE, IRR, and static PP and dynamic PP, were used by Xin-gang and
Yi-min [30] in building a cost-benefit model to evaluate the economic
performance of China’s rooftop PV industry. Meanwhile, Orioli and
Gangi [31] considered the effects of time variation on the PP assessment
of grid-connected rooftop PV systems in Italy.

Li et al. [9] conducted a study to evaluate and compare the
techno-economic performance of grid-connected rooftop PV systems
and other alternatives in five climate zones in China using HOMER. The
study found that grid/PV systems were the most cost-effective option
among all the studied systems, and Kunming is the most economical
among other regions. Tomar and Tiwari [32] discussed the feasibility of
grid-connected rooftop PV for three residential households. The authors
used HOMER to simulate the impact of feed-in tariffs/net metering along
with a tariff-of-day policy in New Delhi, India. They concluded that
systems without energy storage are technically and economically viable
for decentralised households. An earlier study by Pillai et al. [33]
developed an economic evaluation methodology to assess the near-term
benefits of grid-connected residential PV systems in the United Kingdom
and India. The authors developed a metric called ‘Prosumer Electricity
Unit Cost’” (PEUC) and used it to examine the effects of solar input,
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financial mechanisms, and demand profiles in the near-term time frame
of the project.

While studies focusing on single household analysis or involving
multiple sites have provided useful insights for stakeholders regarding
the potential techno-economic impacts of grid-connected rooftop PV
and its deployment opportunity, less explored, however, has been the
impacts of setting and regulation through different unserved energy
targets, PV capacity, and billing deduction factors. In particular, there
has been little attention of the potential trade-offs between system
reliability and costs.

This paper aims to explore the potential benefits of grid-connected
rooftop PV in terms of how the systems can be better planned and uti-
lised through understanding possible trade-offs between system reli-
ability and cost while also recognising the challenges to utility supply
security in the context of emerging economies. While system reliability
and efficiency of residential rooftop PV can be enhanced by incorpo-
rating other technologies such as wind or diesel, gas, and energy storage
[34], this paper focuses on the grid-connected PV systems in urban
households in emerging economies. In particular, this study suggests a
method for incorporating billing deduction factors in HOMER optimi-
sation while taking into account the implications of setting and regu-
lation through different unserved energy targets, PV capacity, and
billing deduction factors on the assessment of cost-reliability trade-offs.
The city of Surabaya, Indonesia, is considered a case study.

Despite high-level supportive legislation, rooftop PV has only seen
modest deployment in Indonesia mainly due to non-technical barriers
and challenges, such as missing permits, lack of regulatory certainty,
lack of alignment and synchronisation of implementing regulations,
project bankability issues, and cost burden for PLN (Perusahaan Listrik
Negara, i.e., Indonesia’s state-owned electricity company that is solely
responsible for electricity generation, transmission, and distribution) as
the sole off-taker, among others [ [35-37]].

On the customer side, on the other hand, the decision regarding
whether to implement grid-connected rooftop PV or rely solely on
electricity from the utility grid, in many cases, has not been supported by
sufficient knowledge of techno-economic aspects, particularly on reli-
ability and cost implications due to different system settings and regu-
lations. In addition, lack of product knowledge, complicated permit
requirements, and perception of expensive systems were identified as
the main barriers to adopting rooftop PV for households [38].

This paper offers a new perspective on the ongoing rooftop PV
studies from a techno-economic standpoint. It introduces the concept of
reliability-cost trade-offs that may arise due to different energy targets
and the resulting variations in PV system sizes. These trade-offs are
particularly relevant in emerging economies given the level of reliability
and associated costs can vary significantly. The paper models unserved
energy targets by accounting for potential capacity shortages on the
supply side.

The paper is organised as follows. Section 2 provides a brief overview
of the current status of solar PV deployment, with a focus on rooftop
solar PV systems in Indonesia. Section 3 explains methods used in this
study, including an overview of the simulations, input data, and
modelling assumptions. Results and discussions are presented in Section
4. Finally, the conclusion of the paper is presented in Section 5.

2. Brief status of rooftop solar PV deployment for residential
households in Indonesia

The potential for rooftop solar PV systems in Indonesia is immense
due to the country’s vast solar irradiation coverage and large market
[39]. Despite this, the development of residential rooftop PV systems has
been slow. As of October 2022, 75 % of the 6,261 PLN customers who
installed rooftop PV were residential customers with mostly on-grid
systems [40]. The residential sector has installed rooftop PV with a
total capacity of 15.2 MW, representing approximately 22 % of the total
rooftop capacity for all PLN customers [41]. The Java-Bali area has the
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largest share of the national rooftop PV capacity, accounting for around
80 % in 2021 [42].

There are challenges to the slow deployment of residential rooftop
PV in Indonesia that are currently affecting all PLN customers. Some of
these challenges have been acknowledged in the PLN Electricity Supply
Business Plan (RUPTL) 2021-2030 [43]. These include: 1) several PLN
electricity networks are currently not prepared to handle distributed
renewable energy-based generation due to oversupply conditions caused
by decreased demand; 2) there will be a need for PLN to add more
generation plants to increase system flexibility if there is a relatively
massive penetration of rooftop PV; and 3) there will be additional in-
vestment costs in generation control and forecasting, dispatch system,
and grid code enforcement [ [44,45]]. While the challenges may delay
large-scale PV deployment, oversupply of system capacity, including
from coal-fired power plants, can present an opportunity to provide the
grid with increased flexibility [ [46,47]1].

Through the Ministry of Energy and Mineral Resources (MEMR), the
Indonesian government has made efforts to encourage the imple-
mentation of rooftop solar PV. This includes the issuance of Ministerial
Regulation No. 49/2018, revised by Ministerial Regulation No. 26,/2021
[48]. These regulations aim to achieve a rooftop PV capacity of 3.6 GW.
Although the revised regulation is seen as a positive step, especially
regarding the recognition of 100 % export of electricity back to the PLN
grid, implementation has been challenging.

As the grid operator, PLN is hesitant to approve applications for
rooftop PV installations up to the maximum allowable capacity quota
per customer due to oversupply and financial issues, mainly caused by
the ongoing take-or-pay scheme derived from the Power Purchase
Agreement (PPA) of large quantities of coal-based electricity from In-
dependent Power Producers (IPP). To address the situation, MEMR has
consulted with stakeholders to discuss various options, focusing on
revising Ministerial Regulation No. 26/2021. Due to the current over-
supply situation, rooftop PV users will most likely not be allowed to
export electricity to the PLN grid, according to the newly revised regu-
lation that has yet to be published [49].

Despite the positive efforts on the regulatory framework, the ongoing
35 GW coal power plant mega-project started in 2015 has become a
problem for Indonesia’s energy transition. The unchanging plans for
additional coal power plants, which are not yet built, are arguably seen
as one of the main barriers that hinder the massive development of PV,
including rooftop systems — that require a comprehensive solution.
While the share of coal in electricity generation is expected to decrease
from around 56 GW-40 GW, the capacity of coal-fired power plants is
proposed to increase by 13 GW in the RUPTL 2021-2030. It has come to
light that there are still plans to construct coal power plants in 2027, as
per the 2015-2019 PPA [50].

3. Methods

In this study, HOMER software is used to model grid-connected
rooftop solar PV systems. Possible system sizes with various load pro-
files are simulated, as are their economic parameters, such as total Net
Present Cost (NPC) and Cost of Energy (COE). Four different daily load
profiles for residential households with electricity contracts of 2,200 V-
Ampere (VA), 3,500 VA, 5,500 VA, as well as 6,600 VA have been
created. Fig. 1 depicts these load profiles.

While a preliminary survey has been carried out to obtain the load
profiles (as shown in Fig. 1) owned by different households in different
locations in Surabaya — to represent different residential customer seg-
ments — this study considers only one location to allow the same solar
irradiation data to be used in all simulations. It should be noted that all
load profiles surveyed, as shown in Fig. 1, are for weekdays. Neverthe-
less, weekend patterns for most residential segments show similar base
load values to weekdays but have slightly higher peak load, over a short
period, than weekdays. One thing to note is that the surveyed load
profiles have ruled out the impact of the Covid-19 pandemic which has
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Fig. 1. Surveyed hourly based daily load profile for four residen-
tial households.

recently subsided, where people spent more time at home due to re-
strictions on outdoor activities or working from home.

Meanwhile, Table 1 shows several loading parameters for all resi-
dential segments, including the base load, maximum (peak) load, de-
mand factor, and load factor. The demand factor is defined as the
maximum demand divided by the connected load. The load factor is the
ratio of average to maximum load for a 24-h period.

As shown in Table 1, the surveyed households have a fairly low to
medium range of demand factors and relatively low load factors, i.e.,
around 0.5-0.6. This, however, is a typical household situation in many
Indonesian urban areas, including Surabaya. Between 7 a.m. and 4 p.m.,
demand for electricity falls because most people spend their days outside
their homes studying or working. Furthermore, with the exception of
refrigerators, electricity has not been used for kitchen appliances. While
gas is commonly used in stoves and ovens, microwaves are uncommon in
Indonesia.

3.1. Solar resource data

Surabaya has huge untapped potential for rooftop PV. Located on the
east coast of the Java Sea, Surabaya is Indonesia’s second-largest urban
area of around 300 km? and has relatively high solar resources. Ac-
cording to a World Bank report that selected a geographical site of
—7.32° (7°19') South Latitude and 112.68° (112°40") East Longitude, the
long-term average daily Global Horizontal Irradiation (GHI) in Surabaya
has reached 5.29 kWh/m? [29], higher than Indonesia’s average daily
GHI of 4.8 kWh/m?2 Fig. 2 presents the map of daily and yearly
long-term averages of GHI values in Indonesia, including Surabaya, from
1999 to 2018 [51].

HOMER allows users to enter GHI and/or Clearness Index [52]
values using one of the two possible approaches, i.e., by downloading
GHI and/or Clearness Index values from HOMER or by obtaining the
NASA/MERRA2 hourly-based datasets of GHI and/or Clearness Index
from the NREL National Solar Radiation Database (NSRDB) viewer [53].
While the first approach allows users to directly obtain ‘ready to use’
monthly average values of GHI and/or Clearness Index by specifying the
location’s latitude and longitude, the second approach lets users explore
the data using the following steps: (1) entering the location’s latitude
and longitude; (2) selecting available datasets; (3) selecting appropriate

Table 1
Loading parameters for all surveyed residential households.

Parameter Residential household segments

2,200 VA 3,500 VA 5,500 VA 6,600 VA
Base load 240 Watt 820 Watt 657 Watt 935 Watt
Maximum load 1,655 Watt 2,127 Watt 4,915 Watt 6,056 Watt
Demand factor 0.53 0.32 0.48 0.43
Load factor 0.56 0.63 0.53 0.51
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Fig. 2. A map showing daily and yearly long-term average GHI (kWh/m?) in
Indonesia and Surabaya [51].

attributes; (4) selecting year(s); (5) selecting time interval of the data;
(6) selecting data formatting options; (7) typing an email for receiving
the data; and (8) submitting the request.

While obtaining the GHI and/or Clearness Index data from the NREL
NSRDB data viewer website may provide users with flexibility and op-
tions of getting the preferred data granularity (10-min, 30-min, or 60-
min time intervals for Asia, Australia, and Pacific regions during
2016-2020), HOMER detects the time step of the imported data file
based on the number of lines. If, for example, the imported data file
contains 8,760 lines, HOMER assumes it contains hourly data. Subse-
quently, HOMER will convert the data into monthly averages, i.e., a
single value for each month. Users, however, should first convert the
GHI from hourly-based W/m? into daily-based kW/m? for a particular
year before importing the data into HOMER. In addition, if the year
selected on the NREL data viewer website is more than one specific year,
users must produce an average value for each time step within all
considered years.

This study applies the first approach, i.e., downloading the ‘ready to
use’ GHI and Clearness Index data for a location having a South Latitude
of 7°19' and an East longitude of 112°47’. While the considered latitude
in this study is slightly different from that in Ref. [51], the location
provides an average daily GHI of 5.26 kWh/m?, similar to that in
Ref. [51]. Table 2 presents numerical values of the monthly average
GHI, and Clearness Index obtained for this study, while Fig. 3 shows how

Table 2
Monthly average GHI and clearness index for the specified location.

Month Clearness index Global Horizontal Index (kWh/m?/day)
January 0.45 4.84
February 0.46 4.97
March 0.48 5.05
April 0.52 5.09
May 0.56 5.00
June 0.57 4.82
July 0.59 5.10
August 0.60 5.62
September 0.61 6.21
October 0.56 5.96
November 0.50 5.34
December 0.48 5.13
Average 0.53 5.26
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Fig. 3. HOMER visualisation of monthly average GHI and Clearness Index for
the specified location.

HOMER depicts the values graphically.

3.2. Reliability-cost trade-offs

The cost-reliability trade-offs in the context of residential grid-
connected rooftop PV analysis should demonstrate to customers the
importance of understanding the options available and their possible
two-sided impacts. This impact may be caused by different PV sizes that
customers may consider due to budget or other constraints, such as
daytime power requirements and supply reliability. In contrast to the
load profiles of commercial buildings in general, which have relatively
flat loads during the day, the load profiles for all surveyed households, as
shown in Fig. 1, can provide more options to all customers, particularly
considering the shape of a deep valley from 7 a.m.-4 p.m. However,
there are different consequences for installing any PV size that suits their
needs and limitations, not just only maximising the size allowed by
regulations up to the contracted amount of power.

The cost-reliability trade-off analysis in this study is based on the
maximum annual capacity shortage values assigned to the simulation.
HOMER uses the term ‘maximum annual capacity shortage’ to express
the system’s reliability constraint. It defines the total capacity shortage
as the total amount of capacity shortage throughout a year, expressed in
kWh/year. The value is used to calculate the capacity shortage fraction.
This fraction is a ratio between total capacity shortage and total electric
load, expressed in kWh/year. The simulated systems may end up with a
situation where there is an unmet load or unserved energy when the
electrical load exceeds the supply. Therefore, the total unmet load and
the unmet load fraction can be calculated accordingly. This study ap-
plies 0 %, 5 %, 10 %, and 15 % of the maximum annual capacity
shortage (or maximum unserved energy). Hereafter, the paper uses the
term ‘maximum unserved energy’ as the system reliability constraint
and ‘unserved energy’ as the result of system reliability.

3.3. System modelling, economic parameters, and assumptions

This study assesses the grid-connected rooftop PV systems for resi-
dential households by using HOMER software to model system config-
urations for four residential household segments with their associated
load profiles in the urban area of Surabaya, Indonesia, as a case study.
The complete model consists of an electricity grid, the household’s
loading pattern, and the main components consist of PV array and
converter. While much of the simulations are performed in HOMER, this
study takes into account the implications of setting and regulation
through different unserved energy targets, PV capacity, and billing
deduction factors on the assessment of cost-reliability trade-offs.

In particular, this study suggests a method for incorporating billing
deduction factors in HOMER optimisation since the software does not
account for billing deduction cases in its direct calculations. In HOMER,
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varying sell-back rates for energy sold to the grid can be used to account
for various billing deduction factors. To simulate a billing deduction
factor of 65 %, for instance, the model multiplies the amount of elec-
tricity sold to the grid by 65 % of the electricity full rate for customers.

This study examines four load profiles corresponding to the four
residential customer segments. Simulations are performed for each load
profile, considering the electricity export deduction factor. The appli-
cable kWh export deduction factor determines the proportion of kWh
exported to the grid that can be used as a factor for reducing electricity
bills. This study uses two different billing deduction factors, i.e., a 65 %
deduction factor according to Ministerial Regulation No. 49/2018 and a
100 % deduction factor according to Ministerial Regulation No. 26/
2021. The first deduction factor shows that only 65 % of the kWh
exported to the grid is permissible for customers to reduce electricity
bills. The second factor indicates that the customer can use all kWh
exported to the grid to reduce the amount of kWh purchased from the
grid.

In HOMER, these two conditions can be treated differently. HOMER
calculates the total energy charge without net metering, i.e., using the
65 % deduction factor, by multiplying the total energy purchased from
the grid by the electricity rate applicable to that household segment
minus the amount of electricity sold to the grid times the applicable sell-
back rate. Using a 100 % deduction factor (net metering), HOMER cal-
culates the total energy charge by multiplying the amount of net kWh
purchased from the grid by the electricity rate that applies to the
household segment.

No Time-of-Use (TOU) rate and demand charge is applied to Indo-
nesian residential sector customers. The electricity rate for households
with a 2,200 VA power contract (R1) is IDR 1,444.70 per kWh, while
households with power of 3,500 VA or above (R2/R3) are charged IDR
1,699.53 per kWh [ [54,55]]. Assuming the exchange rate is IDR 15,000
per USD 1, this gives us USD 0.096 per kWh for 2,200 VA customers and
USD 0.113 per kWh for 3,500-6,600 VA ones. The simulation, therefore,
applies different electricity rates between 2,200 VA and higher
segments.

2200 VA

, 23 Kwh/d
1 21 KW peak e d
Grd PV

Converter

AC DC
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The simulation also accounts for demand uncertainty by allowing for
up to 5 % day-to-day variability, i.e., the standard deviation in the
sequence of daily averages, and up to 5 % time-step-to-time-step vari-
ability, i.e., the standard deviation in the difference between the hourly
data and the average daily profile, depending on the contract. This
configuration results in a higher peak load than the surveyed households
have. For example, a 2,200 VA household with 22 kWh/day and a peak
load of 1.65 kW is simulated to have a peak load of 2.1 kW due to the 5 %
day-to-day and time-step-to-time-step variability. Aside from that,
electricity demand is assumed to remain constant over the PV’s lifetime.
The complete system configuration models for all households in HOMER
is illustrated in Fig. 4.

3.3.1. Solar PV array and converter

Since the effect of temperature on the PV array is not considered,
HOMER calculates the power output generated by the solar PV array Ppy
according to the following equation.

Gr
1
GT,STC) W

where Ypy is the rated capacity of the PV array (kW), fpy is the derating
factor (%), Gr is the solar radiation incident on the PV array in the
current time step (kW/m?), and Grsrc is the incident radiation at stan-
dard test condition (1 kW/mz).

In HOMER, the rated capacity of the PV array Ypy is specified by
users as one of the input variables to Eq. (1). Users can either enter at
least one size of solar PV module and the capital cost associated with
that particular size, for example, 2 kW, or in fractions, for example, 0.1
kW PV. If the second option were selected, the user must enter several
PV module capacities in multiples of 0.1 kW-2 kW or up to the
maximum capacity considered. HOMER simulates possible supply con-
figurations to meet hourly-based energy demand and displays the sys-
tem’s Ypy in the simulation results. Therefore, if users enter Ypy as
fractions, the number of solar PV arrays Npy can be obtained using the
following equation.

Ppy =Ypy ><va<

3,500 VA,
32 kwhid
2.6 kW peak
Grid

Converter

AC DC
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Converter
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Fig. 4. HOMER system configurations for residential households with 2,200 VA and 3,500 VA (top left to right), households with 5,500 VA and 6,600 VA (down left

to right) electricity contracts.
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- calc_Ypy

(2

" frac_Ypy

where cal_Ypy is the calculated system’s rated capacity of the PV array
(kW), and frac_Ypy is the fraction of the rated capacity of the PV entered
by users (kW).

HOMER models a converter, or better known as an inverter, to
convert DC electricity generated by solar PV arrays to AC electricity by
considering the user-specified efficiency 7 of the inverter side. HOMER
calculates the performance of a converter on an annual basis according
to the following equation.

_ kWh/year,,

— ST YeaTin 3
kWh/year &)

n

where kWh/yeary, is the DC electricity generated by PV arrays (kWh/
year), and kWh/yearo, is the AC electricity produced by inverter (kWh/
year).

The expected converter life is 15 years, with 90 % efficiency on the
inverter side and 85 % efficiency on the rectifier side. The converter-
rated capacity candidates can be slightly higher than the solar PV ca-
pacity specified in the simulation search space, as HOMER does not
consider the power factor of the load. Capital and replacement costs of
the 1 kW converter are assumed to be USD 400 (IDR 6,000,000) [56] and
USD 380 (IDR 5,700,000), respectively, without annual O&M costs.
Capital and replacement costs are assumed to increase linearly con-
cerning size.

This study assumes capital and replacement costs for the 0.1 kW peak
PV module in Indonesia to be USD 50 each (equal to around IDR
750,000) [57], and no annual Operating and Maintenance (O&M) costs
for the PV arrays. The cost of additional or replacement modules is
assumed to increase linearly. The derating factor is considered 80 %, and
the ground reflectance is supposed to be 20 %. Given an expected life-
time of 25 years, the PV arrays are installed without tracking. The slope
is specified in the same degree as the location’s latitude, 7.3°, while the
azimuth is set at 180° (due North).

3.3.2. System economic

This study considers a project lifetime of 25 years and assumes an
annual interest rate of 5 %. Other important assumptions include system
fixed capital cost and system fixed O&M cost. Considering the current
total installed cost of solar PV for the Indonesian residential sector, i.e.,
USD 1,000/kW peak (IDR 15,000,000/kW peak) [ [58,59]1, and the cost
of solar PV modules and converters, the system fixed capital cost and the
fixed O&M cost are set at USD 200 (IDR 3,000,000) [60] and USD
20/year (IDR 300,000/year), respectively.

In HOMER, the economic feasibility of the systems can be assessed by
using total Net Present Cost (total NPC), Cost of Energy (COE), and
operating costs. The total NPC, expressed in USD, is used in economic
analysis to show the system’s life cycle cost. It is calculated as follows.

C{lﬂﬂ tot
Cype =——— 4
NPC CRF(i7Rpmj) (C))
. i1+ 1)
CRF(i,N)=——F"— 5
M) = ®)
where Cann 1o is total annualised cost (USD/year), CRF is capital recovery
factor, i is interest rate (%), and Ry is project lifetime (year).
HOMER defines COE as the average cost per kWh produced by the
system. It is calculated by dividing the total annualised cost by the total
electricity produced including total grid sales as follows.

COE =———@mior 6)

Eprim,AC + Egrid,mles

where E,imac the total electricity produced by all components of the
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system in a year, and Egyg sates iS the total grid sales (electricity sold to the
grid).

Operating costs, expressed in USD/year, are the sum of the annual
O&M costs, and annualised replacement cost minus annualised salvage
value. For grid-connected systems, it includes the annualised cost of
electricity purchased from the grid minus electricity sold to the grid.
While the term operating costs is useful in providing the user with some
insights into the contribution of these types of costs on the total NPC and
typically decreases at higher unserved energy, this study rules out the
term operating costs in the analysis due to the focus of this study on
analysing the possible trade-off between the system cost, which is
already well represented by the total NPC, and unserved energy.

3.3.3. Scenarios and cases

This study considers two main scenarios in the simulation regarding
the selection of solar PV-size candidates. The first scenario is called
Maximum-PV-Capacity (MPVC). This basically refers to the maximum
PV capacity a customer can install, i.e., up to the power (VA) contracted
by a household, as per Ministerial Regulation No. 26/2021. For example,
a household with 2,200 VA contracted power can install PV panels up to
2.2 kW peak capacity. In this case, the simulation considers up to 2.2 kW
peak PV capacity in 0.1 kW PV arrays. This scenario considers PV sizes of
up to 3.5 kW peak, 5.5 kW peak, and 6.6 kW peak for households with
3,500 VA, 5,500 VA, and 6,600 VA, respectively. HOMER simulates
these size candidates and the fraction of electricity purchased from the
grid. The optimisation will result in a system configuration with the least
total NPC and other alternatives that exhibit higher total NPC.

The second scenario is called Half-PV-Capacity (HPVC). Under this
scenario, simulations use up to half the maximum allowable PV capac-
ity. For example, simulations for possible system configurations for a
2,200 VA household consider up to 1.1 kW peak capacity in 0.1 kW PV
arrays. Other simulations for households with 3,500 VA, 5,500 VA, and
6,600 VA are carried out considering PV capacity of up to 1.75 kW peak,
2.75 kW peak, and 3.3 kW peak, respectively. This scenario is based on
the low load during the day for all households, i.e., between 7 a.m. and 4
p-m. This study assesses the total NPC from both MPVC and HPVC sce-
narios for all household segments.

This study considers up to four cases for each household segment, i.
e., 100%-MPVC, 100%-HPVC, 65%-MPVC, and 65%-HPVC. In this re-
gard, either 100 % or 65 % refer to the applicable deduction factor ac-
cording to the regulations mentioned earlier in Section 2. In other
words, there are two cases for each scenario. The MPVC scenario con-
sists of 100%-MPVC and 65%-MPVC, while the HPVC scenario consists
of 100%-HPVC and 65%-HPVC.

4. Results and discussion

Tables 3-6 highlight the main results regarding important techno-
economic aspects for all the cases considered in a 2,200 VA house-
hold. In the 100%-MPVC cases (see Table 3), the total NPC has reached
USD 9,175 for 0 % maximum unserved energy (no-unserved energy) and
has declined to USD 7,987 or 13 % for up to 11 % simulated unserved
energy. As for no-unserved energy, the total NPC has increased to USD
10,031, USD 10,371, and USD 10,661 for the 65%-MPVC (see Table 4),
100%-HPVC (see Table 5), and 65%-HPVC cases (see Table 6),
respectively.

All the total NPC of 100%-MPVC is found to be the cheapest among
other cases considering all unserved energy. From the simulations, it is
revealed that the total NPC of 100%-MPVC with no-unserved energy is
USD 9,175, cheaper than the total NPC of 65%-MPVC with 7 % unserved
energy and of HPVC cases with 11 % unserved energy. The simulation
results have implied potential benefits of rooftop PV installation up to
the maximum permitted capacity and concerning a 100 % billing
deduction scheme for households with 2,200 VA, considering different
options regarding unserved energy, installed capacity, and percentage of
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Table 3
Simulation results for 2,200 VA: 100%-MPVC.
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Maximum annual unserved energy PV Converter Grid Initial Capital Total NPC COE (USD/ RE share Unserved energy
(%) kW) kW) kW) (USD) (USD) kWh) (%) (%)
0 2.2 1.5 1.8 1,900 9,175 0.081 33 0
5 2.2 1.5 1.4 1,900 8,796 0.081 34 4
10 2.2 1.5 1.3 1,900 8,446 0.080 35 7
15 2.2 1.5 1.2 1,900 7,987 0.079 36 11
Table 4
Simulation results for 2,200 VA: 65%-MPVC.
Maximum annual unserved energy PV Converter Grid Initial Capital Total NPC COE (USD/ RE share Unserved energy
(%) kw) (kW) &kw) (USD) (USD) kWh) (%) (%)
0 2.2 1.5 1.8 1,900 10,031 0.089 33 0
5 2.2 1.5 1.4 1,900 9,652 0.088 34 4
10 2.2 1.5 1.3 1,900 9,302 0.088 35 7
15 2.2 1.5 1.2 1,900 8,842 0.088 36 11
Table 5
Simulation results for 2,200 VA: 100%-HPVC.
Maximum annual unserved energy =~ PV Converter Grid Initial Capital Total NPC COE (USD/ RE share Unserved energy
(%) (kw) (kw) kw) (USD) (USD) kwh) (%) (%)
0 1.1 1.0 1.8 1.150 10,371 0.092 19 0
5 1.1 1.0 1.4 1.150 9,987 0.092 20 4
10 1.1 1.0 1.3 1.150 9,636 0.091 21
15 1.1 1.0 1.2 1.150 9,177 0.091 21 11
billing deduction. of HPVC.

As shown in Table 3 to Table 6, renewable energy’s contribution to
electricity generation has reached 33-36 % share in the cases of MPVC
and 19-21 % share in the cases of HPVC within the range of 11 % un-
served energy. As expected, reducing the installed capacity of PV
modules to half the maximum allowable capacity will decrease PV
penetration in the systems.

The optimisation results presented in Table 3 to Table 6 also provide
customers with another insight into the potential role of the system cost
components in shaping the cost-reliability trade-off. While the initial
capital costs are of course found to be lower in HPVC cases compared to
those in MPVC due to less PV array involved, i.e., USD 1,150 versus USD
1,900, it is found that the total NPC of MPVC cases are found to be
cheaper than those of HPVC cases within the same unserved energy.

From the simulation results in 100%-MPVC cases, for example, it is
found that 4 % unserved energy is equal to 283 kWh/year of unmet
electricity, while 7 % and 11 % unserved energies are equal to 542 kWh/
year and 881 kWh/year, respectively. On the other hand, the total NPC
of this particular case has shown a noticeable decrease of around USD
350 — USD 450 for every 3-4% additional unserved energy.

Tables 7-10 shows the trade-offs between the total NPC, as expressed
in annual total cost (USD/year), and unserved energy (kWh/year) of all
simulations for a 2,200 VA household. The optimisation results show
cheaper total annual costs as unserved energy increases. In addition,
MPVC cases have shown more affordable yearly costs due to fewer en-
ergy charges (electricity bills) spent by the customers compared to those

Table 6
Simulation results for 2,200 VA: 65%-HPVC.

It is of importance to observe the simulation results in terms of a
range of shares of energy charge to the total (annual) cost of the systems.
As presented in Table 7 to Table 10, all optimisation results in MPVC
cases have shown lower shares of energy charge to the (annual) total
cost compared to those in HPVC ones. It is found that the averaged
shares of energy charge to the total cost are 70 % and 74.6 % for 100%-
MPVC and 65%-MPVC, respectively, versus 83.9 % and 84.3 for 100%-
HPVC and 65%-HPVC, respectively.

As the finding compares MPVC and HPVC scenarios, it highlights the
potential benefits of higher PV penetrations in reducing the energy
charge component’s share of the total annual cost within the same un-
served energy range. In this regard, the lower applicable billing
deduction factor indicates the smaller revenue that a customer can
expect within the same scenario, which, of course, has an impact on the
higher portion of energy charge in the total annual cost. While this paper
highlights particular results for a 2,200 VA surveyed household, similar
implications as obtained in Table 7 are also expected to occur for other
households considered in this study, given the similarity of the house-
holds’ daily load profiles.

Figs. 5 and 6 depict the cost-reliability trade-offs in terms of total
NPC versus unserved energy for all cases in 2,200 VA and 3,500 VA, as
well as 5,500 VA and 6,600 VA households, respectively. From the
simulation results presented in Figs. 5 and 6, the total NPC of 100%-
MPVC cases is the cheapest in every unserved energy. The finding in-
dicates a comparative benefit of on-grid rooftop PV systems installing

Maximum annual unserved energy PV Converter Grid Initial Capital Total NPC COE (USD/ RE share Unserved energy
(%) (kw) (kw) kw) (USD) (USD) kwh) (%) (%)

0 1.1 1.0 1.8 1,150 10,661 0.094 19 0

5 1.1 1.0 1.4 1,150 10,277 0.094 20 4

10 1.1 1.0 1.3 1,150 9,926 0.094 21 7

15 1.1 1.0 1.2 1,150 9,467 0.094 21 11




Y. Tanoto

Table 7
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Trade-offs between annualised total cost and unmet energy for a 2,200 VA household.

Scenario Unserved energy ~ Unmet energy Annual energy charge Annualised total cost Share of energy charge to Averaged share of energy charge
(%) (kWh/year) (USD/year) (USD/year) total cost (%) to total cost (%)
100%- 0 0 481 651 73.8 70
MPVC 4 283 454 624 72.8
7 542 429 599 71.6
11 881 396 567 69.8
100%- 0 0 624 736 84.8 83.9
HPVC 4 287 597 709 84.2
7 546 572 684 83.6
11 886 539 651 82.8
65%- 0 0 541 712 75.9 74.6
MPVC 4 283 515 685 75.2
7 542 490 660 74.2
11 881 457 627 72.9
65%- 0 0 645 756 85.3 84.3
HPVC 4 287 617 729 84.6
7 546 592 704 84.1
11 886 560 672 83.3
Table 8 maximum PV capacity permitted combined with higher billing deduc-
able

The cost per watt of PV installed capacity with 0 % maximum unserved energy.

Household The cost per watt of PV installed capacity ($/Watt)
100%-MPVC 65%-MPVC 100%-HPVC 65%-HPVC
2,200 VA 4.17 4.56 9.43 9.69
3,500 VA 4.20 4.53 9.68 9.74
5,500 VA 5.55 5.93 12.34 12.54
6,600 VA 5.39 5.71 12.02 12.12
Table 9

The cost per watt of PV installed capacity with 5 % maximum unserved energy.

Household The cost per watt of PV installed capacity (USD/Watt)
100%-MPVC 65%-MPVC 100%-HPVC 65%-HPVC
2,200 VA 3.99 4.39 9.08 9.34
3,500 VA 4.00 4.34 9.30 9.36
5,500 VA 5.24 5.62 11.75 11.95
6,600 VA 5.06 5.39 11.36 11.46
Table 10

The cost per watt of PV installed capacity with 10 % maximum unserved energy.

Household The cost per watt of PV installed capacity (USD/Watt)
100%-MPVC 65%-MPVC 100%-HPVC 65%-HPVC
2,200 VA 3.84 4.23 8.76 9.02
3,500 VA 3.71 4.05 8.71 8.77
5,500 VA 4.91 5.29 11.11 11.31
6,600 VA 4.78 5.10 10.78 10.88
11,000
10,500 2,200 VA
m]
10,000 a o
& 9,500 ° a a X 100%-MPVC
o) ° A
< 9000 4 100%-HPVC
= x o
s} 0 65%-MPVC
° 8,500 X
0 65%-HPVC
8,000 3
7,500
7,000 + t t "t +—t
0 1 3 4 5 6 7 8 9 10 11 12

Capacity shortage (unserved energy, %)

tion factors (here is 100 %) over other configurations. Moreover, there is
arelatively large difference in total NPC between the 100%-MPVC cases
and the 65%-MPVC cases concerning all unserved energies up to a 15 %
maximum annual unserved energy constraint, while insignificant dif-
ferences of the total NPC are found between those in the 100%-HPVC
cases and the 65%-HPVC cases, particularly in 3,500 VA and 6,600 VA
households.

Residential customers can further estimate one of the important
indices for rooftop PV installation decision-making, i.e., the cost per
MWh consumed (USD/MWh). Using 100%-MPVC cases in a 2,200 VA
household as illustrations, and given the cost is the total NPC, as pre-
sented in Fig. 9, the costs per MWh consumed during the project lifetime
for 0 %, 4 %, 7 %, and 11 % unserved energies are USD 37.19/MWh,
USD 36.70/MWh, USD 36.22/MWh, and USD 35.54/MWh, respectively,
provided the total MWh consumed over the 25-year project lifetime are
246.68 MWh, 239,68 MWh, 233.20 MWh, and 224.73 MWh, respec-
tively for the associated unserved energies.

From this particular analysis, it is found that, despite a considerably
large difference in terms of total NPC between the system with no-
unserved energy and that with the poorest reliability (USD 1,188 dif-
ference), the cost per MWh figures have shown a relatively small gap of
cost difference during the project lifetime, i.e., USD 1.65/MWh, between
no-unserved energy and 11 % unserved energy.

In addition to merely exploring and comparing economic parameters
such as total NPC, the share of energy charge to total annual cost, and
COE, it is also of interest to assess the potential economic impact of the
systems in terms of cost per watt of PV installed, i.e., through exploring
which households exhibit the lowest cost per watt of PV installed ca-
pacity. The cost per watt of PV installed can be used as one of the in-
dicators for customers in deciding the capacity of PV to be installed

18,000
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16,000 g
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0 15,000 o 8 )
S @ || 100%Hpve
T 14,000 + x o 0 65%-MPVC
(=}
=4 e 9
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X
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0123456 7 8 91011121314

Capacity shortage (unserved energy, %)

Fig. 5. Total NPC versus unserved energy in all cases for 2,200 VA (left) and 3,500 VA (right).
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Fig. 6. Total NPC versus unserved energy in all cases for 5,500 VA (left) and 6,600 VA (right).

while considering possible techno-economic scenarios, including the
potential impact of applicable billing deduction factors and a range of
different unserved energy.

The lowest cost per watt of PV installed capacity can be obtained for
all scenarios by comparing the total system cost (total NPC) with the PV
installed capacity. Table 8 presents variations in cost per watt of PV
installed capacity for all the optimisation results of 100%-MPVC and
65%-MPVC, as well as 100%-HPVC and 65%-HPVC given no-unserved
energy (0 % maximum unserved energy), while Tables 9-11 present
variations of the cost per watt of PV installed capacity considering 5 %,
10 %, and up to 15 % maximum unserved energy, respectively.

As shown in Table 8, the total NPC per watt of PV installed capacity,
under 0 % unserved energy, varied from USD 4.14/Watt to USD 12.54/
Watt in all cases across all households. The results show similar costs in
the MPVC cases concerning 2,200 VA and 3,500 VA households, slightly
more than double in the HPVC cases, and similar for 5,500 VA and 6,600
VA households. It is also found that the results are not affected by the
applicable billing deduction factors but simply by the PV capacity.
Nevertheless, it should be noted that the results obtained in Tables 8-11
are largely influenced by the household’s daily electricity load profile
and other applied scenarios.

The simulation results in terms of possible system capacity, consist-
ing of grid and PV capacity across all unserved energy in all cases of all
households, are depicted in Figs. 7 and 8.

As seen in Figs. 7 and 8, higher unserved energy has resulted in lower
grid capacity required by the system to meet the demand according to
the system’s maximum unserved energy constraint, and the PV capac-
ities are maximised across all unserved energies in different scenarios.
Moreover, it is interesting to note that the PV capacities across all MPVC
cases are always higher than the grid ones. On the other hand, the grid
capacities are mostly higher than those of PV in most HPVC cases, except
in 3,500 VA for 9 % unserved energy and beyond. In all cases, the grid
capacities have similarly decreased within the unserved energy range.
For example, in 2,200 VA (see Fig. 7 left), the grid capacities are found at
1.8 kW, 1.4 kW, 1.3 kW, and 1.2 kW for 0 %, 4 %, 7 %, and 11 % un-
served energy, respectively, and similarly in other households.

A sensitivity analysis of the techno-economic factors influencing
system performance would benefit stakeholders, particularly residential
customers. While focusing on system reliability, this study uses only a 5
% annual interest rate and fixed electricity rates associated with

Table 11
The cost per watt of PV installed capacity with 15 % maximum unserved energy.

Household The cost per watt of PV installed capacity (USD/Watt)
100%-MPVC 65%-MPVC 100%-HPVC 65%-HPVC

2,200 VA 3.63 4.02 8.34 8.61

3,500 VA 3.52 3.86 8.32 8.38

5,500 VA 4.68 5.06 10.45 10.65

6,600 VA 4.43 4.76 10.23 10.33

household segments. As a result, the sensitivity variable used in HOMER
is maximum annual unserved energy.

Taking a 2,200 VA household with 100%-MPVC as an example, a
graphical sensitivity result depicting possible trade-offs on total NPC
versus unserved energy fraction and a sensitivity result of net grid
purchases (electricity purchased from the grid minus electricity sold to
the grid) versus maximum annual unserved energy are presented in
Figs. 9 and 10, respectively. Meanwhile, a sensitivity result of total NPC
versus total electricity production is shown in Fig. 11.

Maximum annual unserved energy constraints have varying effects
on total NPC, total electricity production, and nett grid purchases. As
shown in Fig. 9, total NPC cannot be less than USD 8,500 when unserved
energy is kept at or below 6 %. According to Fig. 11, a 10 % unserved
energy would result in approximately 9,700 kWh/year of electricity
production, which would equal approximately USD 8,500 in total NPC.

Despite possible variations and differences in households’ daily
loading profiles along with other affecting factors, which, of course, may
provide different results and interpretations, this study has sought to
explore possible cost-reliability trade-offs in Indonesia’s urban resi-
dential grid-connected rooftop PV due to three key factors, namely po-
tential unserved energy, PV capacity, and possible billing deduction
scheme. The significance of these factors has been shown in the analysis
considering different residential household segments, and therefore,
should be considered not only by customers who are willing to apply on-
grid rooftop PV but also by stakeholders such as government and utility
companies according to their role in supporting more grid-connected
rooftop PV capacity.

5. Conclusions

This paper explores the potential of grid-connected rooftop PV sys-
tems in terms of how they can be better planned and utilised by un-
derstanding the possible trade-offs between system reliability and cost
while recognising challenges related to electricity supply security in the
context of emerging economies. The effects of various unserved energy
limits, PV capacities, and billing deduction factors (modelled in HOMER
using different sell-back rates) on the systems’ techno-economic pa-
rameters have been investigated in order to better understand possible
cost-reliability trade-offs for total NPC and unserved energy. The ana-
lyses are carried out with the help of HOMER, with four different resi-
dential household segments in Surabaya, Indonesia, serving as a case
study.

In all four cases of each household segment, i.e., 100%-MPVC, 65%-
MPVC, 100%-HPVC, and 65%-HPVC, the optimisation results show
reliability-cost trade-offs between the total NPC and all unserved en-
ergies. Furthermore, the role of cost components in the trade-offs be-
tween HPVC and MPVC cases in terms of initial capital costs and total
NPC was highlighted in the analyses. The findings revealed a relatively
large difference in total NPC for all households between 100%-MPVC
cases and 65%-MPVC cases for all unserved energies, while differences
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Fig. 9. Sensitivity result of total NPC versus unserved energy fraction in a 2,200 VA household with 100%-MPVC.

between those in 100%-HPVC cases and 65%-HPVC cases are insignif-
icant. The simulation results implied potential benefits of rooftop PV

installation up to the maximum permitted capacity and a 100 % billing

deduction scheme for households with 2,200 VA, taking into account

10

different options for unserved energy, installed capacity, and billing
deduction percentage.

Among the significant results of this study that highlight the benefits

of grid-connected rooftop PV are the following: 1) higher renewable
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energy penetration for MPVC systems compared to HPVC systems
regardless of the billing deduction factors; 2) cheaper total NPC are
shown by MPVC cases than those of HPVC cases within the same un-
served energy; 3) lower shares of energy charge to the annual total cost
in MPVC cases compared to those in HPVC ones; and 4) Over the project
lifetime, the cost per kWh consumed (USD/MWh consumed) showed
only a slight variance between the system with no-unserved energy and
the system with the poorest reliability, given 100%-MPVC cases in 2,200
VA as an example; 5) All households with a 15 % maximum limit on
unserved energy have the lowest costs per watt of installed PV capacity,
and these costs are unaffected by billing deduction factors; 6) based on
the system’s maximum unserved energy limits, higher unserved energy
has led to a decrease in the amount of grid capacity needed by the system
to meet demand, and the PV capacities are maximised across all

11

unserved energies in various scenarios; and 7) Sensitivity analyses have
revealed a range of impacts of maximum annual unserved energy con-
straints on various parameters, including total NPC, total electricity
production, and net grid purchases.

When it comes to grid-connected rooftop PV, residential customers
must be thoughtful, as there are potential trade-offs between cost and
reliability. At the same time, attention must be paid to changing regu-
lations that may have an impact on overall profitability. This study’s
analyses provided important findings and insights not only to the resi-
dential customers but also to stakeholders involved in the planning and
implementation of rooftop PV policies.

Finally, there is no doubt about the grid-connected rooftop PV’s
techno-economic potential for accelerating distributed renewable en-
ergy penetration. Nonetheless, because rooftop PV deployment appears
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to be modest, especially in Indonesia, changes to the existing set of
regulations are required. More encouraging, innovative policies should
be introduced to address the barriers and challenges that customers and
the industry face in moving rooftop PV deployment forward.
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